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In 1972 I published a ‘History of the Torpedo’ as a series of articles in an in-house journal of what was then the Royal Naval Scientific Service. Despite the limited availability of this journal, photocopies of this history were widely circulated in the 1970s.
Part 1 of the series has appeared online and a Google search produces over four thousand citations to it. Part 1 covered torpedo developments up to the end of the nineteenth century. The full set of my articles reproduced below take the history of torpedo development through the first half of the 20th century.
Since 1972 a great deal has been written about the Victorian era and two excellent books by Edwyn Gray comprehensively cover this era 
, 
 and little further is ever likely to be published that add to these two books.

In the 1950s fantastic schemes were proposed by UK weapon designers for flying torpedoes, flying submarines and submersible aircraft carriers. Detailed information on these imaginative devices was not available in 1972 but subsequently drawings have become available as shown below.
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Proposal for a Flying Torpedo 
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Proposal for a Submersible Aircraft Carrier

Perhaps I will get around to writing up the history of the torpedo for the second half of the 20th century one day?

In 2000 I published an article “The Development Of Rocket-Propelled Torpedoes” in an in-house journal. This covers the history of underwater rocket-propelled torpedoes from the mid-19th century until the end of the 20th century.

As for my articles published in 1972, this much more recent article has been extensively copied and distributed around the world. This was posted online in August 2010 
. 
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A HISTORY OF THE TORPEDO
PART |—THE EARLY DAYS

G. J. Kirby, B.Sc., F.R.A.S., R.N.S.S.
Admiralty Underwater Weapons Establishment

Abstract

The development of the torpedo is traced from the fireboats of the six-
teenth century, through the first Automobile Torpedoes of Robert Whitehead
to the modern sophisticated underwater guided weapon. The history is

traced over the course of four articles.

Geoff Kirby graduated from London
University in 1960 and worked for
six years with the UKAEA carrying
out fluid flow and boiling heat
transfer research as part of the
power reactor programme. Trans-
ferred to AUWE, Portland in 1966
since when he has been employed
on torpedo research problems as a
Senior Scientific Officer.

The Torpedo fish is an electric ray capable
of delivering a stunning shock to its prey and
in the eighteenth century an American, David
Bushnell, first applied the name to a weapon
of his invention. This first torpedo was simply
a mine which was attached to the hull of a
ship and exploded either by remote control or
by a clockwork fuze. The name was also
applied to floating mines and even blazing
barrels of pitch carried into harbours by the
tide. Within this general application of the
name the history of the torpedo up to about
1860 is synonymous with the history of the
mine. In order to give a continuous account
of the torpedo’s development we will go back
to Roman days and note the use of fireships
to destroy enemy fleets. The use of drifting
weapons of destruction, powered by the ocean
currents, is not so very far removed from
destructive weapons powered by other means
as in the present understanding of the name
“ torpedo.”

This work has been undertaken as an extra-mural
project and the opinions expressed here are those of
the author and do not necessarily correspond to
those of the Ministrv of Defence (Navy).
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weapons appears in 1585 when the Italian
Zambelli destroyed a bridge by means of a
drifting boat loaded with explosives which were
detonated by a clockwork delay fuze.

The first reference to the idea of a self-
propelled underwater weapon appears in a play
by Ben Jonson where the following dialogue
occurs:-

“Thos.—They write here one Cor-
nelius Son hath made the
Hollanders an invisible eel to
swim the Haven at Dunkirk,
and sink all the shipping
there.

Pennyboy.—But how is’'t done?

Cymbal —TI'll show you, Sir, it is an
automa, runs under water,
with a snug nose, and has a
nimble tail made like an
augur, with which tail she
wriggles betwixt the costs of
a ship, and sinks it straight.

Pennyboy.—A most brave device to
murder their flat bottoms.”

The Staple of News, Act iii, Sc. 1.

We next find David Bushnell on the scene
again with his submarine, Fig. 1. This remark-
able one manpower vessel actually once sank
a ship. The operation of the boat is quite
obvious from the diagram. The operator used
both hands and feet to control the forward
and vertical motion by means of screws as well
as operating a footpump and rudder. The
“ torpedo ” was a charge of explosive fixed to
a ship’s hull by means of the woodscrew illus-
trated and ignited by delayed action fuze. The
operator then cranked himself furiously away
frorm the area before the “ torpedo ” exploded.
The best documented attack by a Bushnell
boat was made against the flagship of the
British fleet sent to quell the unruly colonists
towards the latter end of the eighteenth cen-
tury. The submarine was successfully position-
ed under the ship but the woodscrew failed to
penetrate the copper sheathing recently intro-
duced onto the hulls of British warships.

Robert Fulton, another American, developed
Bushnell’s submarine into a more workable
version named Nautilus. With this boat he sank
several ships during demonstrations but was
not very successful in selling his submarine to
the American Navy. Working successively with
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FIG. 1. Bushnell's Boat (1775).

the French against the British, with the British
against the French and finally with the
Americans against allcomers, he appears to
have been a brilliant inventor and an oppor-
tunist. A very glamourised account of Fulton’s
machinations at the end of the eighteenth
century recently appeared on B.B.C. television
as a children’s adventure series . Fulton must
however be credited with the development of
the submarine and its weapon, the mine, to a
point where it could be used in wartime.

Soon after Fulton’s work the name
“Torpedo > became applied to a new class
of weapons and the development of the mine
continued on its own separate path. This new
weapon was the Spar Torpedo Boat(®.

New SiwaLe PoLe OUTRicat FiTrincs ron 37 Feer 1048 FEET Srea Pianacts.

FIG. 2. British Spar Torpedo Boat.

Many forms of Spar Torpedo were used,
particularly during the American Civil War.
Nearly all types were basically the same and
consisted of a steam launch having an ex-
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plosive charge mounted at the end of a long
pole projecting ahead of the boat. Fig. 2 shows
a typical form as used by the Royal Navy™
around the 1880’s. The launch carried a small
crew one of whom viewed the external world
through a steel conning tower. The launch
approached an enemy ship under cover of
darkness and placed the explosive charge
against the ship’s side and detonated it
electrically.

The spar torpedo was quite successful and
one of the most successful types was the
““ David ’ boat operated by the Southern States
in the American Civil War. These carried a
60 1b charge on the end of a 25 ft long pole
and the explosion was set off 6 ft below the
waterline. A crew of eight was used and the
boat ran awash. Indeed, it was fitted with
hydroplanes for brief dives but these were
often fatal.

Although spar torpedoes were extensively
used by the Americans, French, Russians and
Chinese, the British considered them ‘“ unsport-
ing >’ and were late introducing them. Indeed,
the spar torpedo arrived in Britain just as the
automobile torpedo as we think of it today
was entering service and the spar torpedo then
soon went into a decline in popularity.

Because I wish primarily to cover those
aspects of torpedo development not covered
in the literature at present I will pass on from
the spar torpedo pausing only to mention the
Lay spar boat. This was controlled by a crew
of one. To each leg and arm was attached a
string and each string controlled a different
part of the mechanism! It seems quite a
knotty problem, and reminds me of the
apocryphal ‘ cat-guided bomb > supposedly
devised during the recent World War. The
cat, slung beneath a bomb dropped in the
vicinity of a ship, had strings running from
its paws to vanes on the bomb. Appalled by
the sight of water beneath it the cat pedalled
its way towards the “safety ” of the ship and
thereby guided the bomb, via the moving
vanes onto the ship. It seems unlikely that the
idea could work but the Lay spar boat is
recorded with one ship sinking !

The spar boat was easily hit by gunfire and
therefore became unpopular. As a result the
automobile or “fish” weapon was invented
and I shall now begin the story of the weapon
known universally as the Torpedo.

Robert Whitehead was born at

Whitehead’s Bolton in 1823, the son of the
Flash of owner of a cotton-bleaching
Genius business. He was apprenticed

at 14 to an engineer and there-
after travelled widely throughout Europe
showing the way to improve silk-weaving
machinery. In 1856 he became manager of an
Austrian engineering company, Stabilimeno
Technico Fiumano. The company was heavily
engaged in providing engines for the Austrian
Navy which was at war with Italy. It was
through Whitehead’s connections with the
Navy that he was approached by a Captain
Giovanni Luppis who had an idea for con-
trolling a spar torpedo boat remotely by two
ropes strung out from the tiller. Whitehead
built a model but decided that the idea was
not viable.

He did however start to think about the
problem of setting off explosive charges
remotely below a ship’s waterline—this being
far more effective than above water bombard-
ment. In 1866 his ideas took shape in the form
of the first automobile torpedo.

The weapon was built with the help of
Whitehead’s 12 year-old son and an old work-
man. The exact form of this first weapon is
not known because Whitehead never revealed
drawings even many years later and refused to
describe the machine to inquirers. Eyewitness
accounts® describe it as blunt nosed “like a
dolphin > with four long fins extending almost
along the whole body length. The engine was
driven by compressed air stored at 370 p.s.i.*
and regulated to approximately constant speed
by a simple valve. The engine is generally des-
cribed as a twin cylinder Vee but this probably
refers to the later models of 1868. The original
engine was based on two eccentric cylinders
having a sliding vane to divide the volume
into two parts. In this fashion the air pressure
caused direct rotation of the outer cylinder
which was coupled to the single propeller®.

The weapon was designed to be fired from
an underwater tube and a constant depth was
aimed at by means of a hydrostatic valve acting
directly on the elevator controls. Azimuth
control was simply by means of trim tabs set
by trial and error over a 400 yards range at
Fiume. The weapon achieved about six and a
half knots to 200 yards and a further 100
yards at lower speed. The propeller speed on
this first weapon was about 100 r.p.m.

* Although keen on S.I. units I consider them
inapplicable here !
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very erratic. Within two years two new
weapons had been produced which incor-
porated a device to be known for decades
afterwards as “ The Secret.” This consisted of
a hydrostat-pendulum combination after the
fashion of Fig. 3. The simple hydrostat con-
trolled depth according to the law
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where D, is the set depth and x is the distance
run. Such a control law has no inherent
damping and as a result the original weapon
oscillated wildly. The introduction of the pen-
dulum by means of the lever system illustrated
introduced an additional term in the above
equation proportional to pitch angle which is
very nearly proportional to depth rate. Thus
a damping term has been introduced. The
depth errors were found to reduce from
+40 ft to as little as +=6in. Such was the
success of Whitehead’s ““Secret” that it
remained in use virtually unchanged until the
end of World War II, a remarkable tribute to
a great Victorian engineer.

In 1868 Whitehead demonstrated two new
models before representatives of the Austrian
Navy; a 14in and a 16 in type. The weapons
carried wet gun-cotton warheads and achieved
speeds of about seven knots to about 700
yards. Fig. 4 shows the probable form of these
early weapons. The propeller is shrouded to
prevent damage and a large azimuth control
vane is at the rear. These two features were
soon to disappear however.

E

¥

W = PENDULUM WEIGHT
A = PIVOT ON PENDULUM ARM
H = DEPTH BELLOWS
P = PENDULUM PIVOT
E = ELEVATORS
=S

FIG. 3. Pendulum-Hydrostat depth gear of early
torpedoes.
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FIG. 4. Probable form of Whitehead
Torpedo (1868).

The Austrian Naval Officers attending the
trials were impressed sufficiently to order
weapons to be produced but were unable to
buy the patent rights outright.

In the Autumn of 1869 Royal
British Navy representatives visited
Torpedoes Fiume and reported favourably
Enter Service on the weapons being tested.

As a result Whitehead was
invited to England to demonstrate the ability
of his weapons. He brought two types of tor-
pedo with him, a 16in. by 14 ft. carrying
67 1bs. of wet gun-cotton and a second weapon
of 14 in. diameter and a little under 14 ft. in
length. This latter weapon carried a warhead
of dynamite weighing 18 Ibs. The table at the
end of Part 1 summarises the main char-
acteristics of these and later weapons.

The weapons were fired either from the
surface or from a submerged tube built by
Whitehead into Oberon. Over 100 firings were
made during September and October of 1870,
the average weapon performance being seven
knots to a range of 600 yards.

As a grand finale a wooden coal hulk was
moored off Cockleshell Hard and surrounded
with protective nets. A 16 in. weapon with its
warhead charged by Professor F. A. Abel was
fired from a range of 134 yards. The weapon,
determined to demonstrate its potency, went
around the net and blew a hole measuring
20 ft. by 10 ft. in the old corvette and it sank at
once. Faced with such conclusive evidence of
the weapon’s capability the Royal Navy
ordered a batch of Whitehead torpedoes which
were received in 1870.

It was most appropriate therefore that one
century later a new torpedo trials ship should
have been launched with the name E.T.V.
Whitehead.

Two types of weapon were received from
Whitehead’s works at Fiume; these being
14in. and 16in. diameter. In 1871 the
Admiralty bought the manufacturing rights
for £15,000 and production was started at the
Royal Laboratories, Woolwich the following
year. This sum of money seems very small for
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such an important weapon especially when
only a decade later a certain Mr. Brennan was
paid nearly 10 times as much for the rights
of an inferior type of torpedo.

The example of the Royal Navy was quickly
followed by the French, Germans and Chinese
and soon Whitehead was exporting his tor-
pedoes around the world. Several countries
started building their own pirated copies of
the Whitehead but these were notably unsuc-
cessful. The stringent specifications laid down
by foreign navies caused Whitehead to give
consideration to the improvement of perform-
ance. He appears to have regarded the weapon
as primarily for use in harbours against
moored ships. Under these circumstances a
speed of only seven knots is acceptable and
the main areas for improvements lie with the
accuracy of steering and the reliable opera-
tion of the impact fuse. However, the Ger-
mans Specified a weapon performance of 16
knots to 550 yards. Whitehead carried out
various improvements including the replace-
ment of the twin cylinder Vee engine by a
three-cylinder engine built by Peter Brother-
hood, Ltd., of Peterborough. Thus by 1875 a
14 in. weapon was produced having a per-
formance of 18 knots to a range of 550 yards.

In 1872 Whitehead bought the firm and
re-named it Silurifico Whitehead. A remark-
able feature of this story is the instant success
of the novel weapon. The very first experi-
mental torpedo worked well and was being
mass produced for export within four years.
An envious record for any new product !

With the introduction of the new engine and
contrarotating propellers (this latter by a
foreman mechanic at Woolwich) no significant
improvements were then made until the intro-
duction of the gyroscope for azimuthal steer-
ing in 1895. Fig. 5 shows the transitional form
of the weapon in about 1875. The extended
fins thereafter were not needed because of

FIG. 5. A selection of Fiume weapons
(c1874 - 1880).

the lack of roll forces. Fig. 5 shows typical
Fiume-built torpedoes of the 1880s period
with their pointed noses and small control
fins with the control surfaces placed aft of
the propellers. This latter feature distinguished
Fiume weapons from the Woolwich types
(Fig. 6) which carried the surfaces ahead of
the screws. The latter practice persists (unfor-
tunately) to the present itime.

FIG. 6. R.G.F. Weapons (c1894).

Weapons of various types were produced
during the first few decades of the life of the
automobile torpedo. In particular, many
obscure types of unorthodox propulsion were
produced in the United States, as we shall see.
The Whitehead type did not however undergo
significant charge although many new Mark
numbers were introduced. Table 3 summarises
the main weapon types and their performances.
It can be seen that the improvements in per-
formance were steady and unspectacular.

The Germans, in addition to ordering White-
head torpedoes in 1873, began building their
own on the Whitehead principle. The firm of
L. Schwartzkopf—Ilater the Berliner Maschin-
enbau A.G.—began making excellent tor-
pedoes in phosphor-bronze. The firm was soon
exporting weapons to Russia, Japan and Spain.
In 1885 Britain ordered 50 of these weapons
because the output at home and at Fiume
could not satisfy the demand. These weapons
cost £450 each which was £120 more than the
corresponding Fiume type (the 14 in. Mk. II).

The output at Whitehead’s works was con-
tinually increasing and Table 1 shows a sample
of his products.

In addition to the standard weapons
many special types were produced to the speci-
fications of foreign navies. In fact no less than
17 different types of weapon were produced
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TABLE 1.
Extract from the Whitehead catalogue 1882.

Dia. Length wt
(in.) ft. in. | Material (1bs) Cost
15 18 95 | Steel 9043 £350
15 18 9% Bronze 904% £380
14 14 6 Steel 647 £300
14 14 6 Bronze 647 £325
14 12 3 Steel 498% £290
14 123 Bronze 4984 £315
14 10 Steel 435 £280
14 10 Bronze 435 £300

TABLE 2.
Sales of Whitehead torpedoes up to 1881.

Country Type

16 in. 15in. 14in.
Argentine 40
Belgium 40
Denmark 58 25
Germany 103 100
England 254
France 105 113
Ttaly 70
Greece 30 40
Austria 100
Portugal 50
Russia 25 215 10
Others 51 27

The 14 in. by 11 ft. weapon was built
originally to the specification of the Russians
who wanted a minimum speed output of 20
knots. This was achieved and all Whitehead
weapons exceeded this speed from this time.
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The speed improvements were made by
increasing the inlet pressure to the engine
(with consequent improvements to engine
details) and a corresponding increase in air
vessel pressure. By 1882 the vessels were being
built to withstand at least 1,500 p.s.i. and
Britain led the world in the construction of
bronze pressure vessels.

Figures for weapon range were not reliable
up to this time because range was not an
important parameter. Ranging at Fiume was
carried out from an underwater tube aimed
at a net 400 yards distant. The maximum run-
ning distance was only measured when
requested by a customer. After all, the chance
of hitting a ship decreases rapidly with range
because of the errors inherent in the weapon
and the aiming process so that there was little
point in firing a torpedo at a range greater
than about 400 yards even if the weapon was
capable of greater range. Thus the ranges
tabulated at the end of Part 1 are nominal
only but in many cases the maximum range
is not very much greater than the quoted
value.

At about this time the Italians built their
own version of a Fiume torpedo but it ran at
only 7 knots. Whitehead rebuilt it and it
achieved 20 knots. As a result the Ttalians gave
up building their own weapons and bought
from Whitehead.

In external appearance the various weapons
were very similar. The torpedoes were often
built up with standard tail and nose sections
but with different middle sections. These com-
posite torpedoes each carried different mark
numbers but were in fact very similar in per-
formance. In 1883 a committee, set up to
examine various aspects of torpedo design,
carried out trials to test whether the nose
shape had any effect on weapon speed. The
pointed nose was assumed to cleave the water
best but the great hydrodynamicist Dr. Froude
advised that blunt head should show no dis-
advantage in speed performance and would
allow much larger warheads to be carried.

Comparative trials were carried out using
the Mk IV Fiume and R.L. Mk XTI torpedoes
each fitted with blunt and pointed noses. The
tests showed that the blunt-nosed torpedoes
had a full knot advantage over the pointed
nosed version. This meant that heavier war-
heads could be carried without loss of pro-
pulsive performance and the ultimate in blunt
nose designs during this period appeared in
1909 with the American hemispherical heads.
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FIG. 7. Evolution of the Blunt-Nosed Torpedo.

Fig. 7 shows the development of the torpedo
shape to the form (in 1912) from which few
departures took place in the following four
decades.

During the period covered above the United
States had not taken advantage of the offers
in 1869 and 1874 to manufacture Whitehead
torpedoes under licence and followed an in-
dependent and generally unsuccessful develop-
ment programme of her own. This, together
with the extensive efforts in many countries
to develop rivals to the supremacy of the
Whitehead torpedo will be described later.

Whitehead torpedoes were be-
Last Cold ing manufactured at a con-
Compressed  siderable rate during the last
Air Whitehead 15 years of the 19th century.
Weapons. From Fiume the Silurifico

Whitehead was sending hun-
dreds of weapons around the world and many
more were being manufactured under licence
in foreign countries or being simply pirated.
A typical year’s intake to the Royal Navy is
listed on page 41 as an example of the activity
around this period.

The German Schwartzkopf firm were manu-
facturing about 400 weapons annually which
were sent to Spain, Italy, China and Britain (see
Table 4).

It was soon after the mid-1880s that torpedo
performance began to improve. This was
largely as a result of competition from
improved gunnery. Indeed, in 1904 the battle
of Tsushima was settled by gunfire at a range
of 6,000 yards and no torpedo could at that
time compete with such performance. The
torpedo’s saving grace was its ability to deliver
with stealth an explosive charge to the most
vulnerable part of a ship. Torpedo range was
increased by the introduction of the 18in.
Whitehead weapon in 1888 but not by a very
great amount; the advantage being taken
rather to increase the size of warhead.

Meanwhile at Woolwich torpedo perform-
ance improvements made the specially con-
structed canal too short and a new range was
set up at Horsea Island in 1888 and 10 years
later the Bincleaves range was set up near
Weymouth. In 1890 Whitehead opened his
factory at Weymouth which survived until
recently under the ownership of Vickers, Arm-
strong Ltd. In 1893 the Royal Navy decided
to transfer the torpedo works at the Royal
Laboratories to the Royal Gun Factory (thus
weapons became known as R.G.F. types) and
as a result the Weymouth works did not get
the British orders that were expected. Hence-
forth the Whitehead torpedoes produced at
Weymouth were mostly sent for export to
countries not able to manufacture their own.
Similarly, Whitehead had opened a factory
at St. Tropez at the same time as the Wey-
mouth venture and this also exported to coun-
tries such as Brazil, Holland, Turkey and
Greece. Some torpedoes from the Weymouth
works did enter service with the Royal Navy
especially during the 1914 - 18 war period. The
last association of the works with the Royal
Navy appears to have been in the early stages
of the Mark 23 torpedo in the mid-1950s.

Whitehead always regarded his torpedoes
as primarily for launching from underwater
tubes. The Royal Navy however seems to have
favoured above-water firing devices. Under
water tubes can be placed either in the bow
where the ramming effectiveness of the ship
is weakened (ramming was a most popular
means of naval warfare in the 1870s) or they
can be placed across the ship for broadside
shots. In the latter position the torpedo experi-
ences a strong twisting force as it emerges
due to the water flow along the ship. A device
for overcoming this effect was invented by
Capt. A. K. Wilson, V.C. and consisted of a
guide bar projecting from the ship along which
the emerging weapon slid until free of the
disturbing effect of the ship’s motion. Another
device ejected a tube with the torpedo for a
distance of several feet such that the water
flow forces were taken by the tube and not the
weapon.

These devices were adopted by the British
but were not generally popular. The first above-
water launching was made by sliding a 14in.
weapon off a mess table out through a port-
hole and, having thus proved the feasibility
of the scheme, several methods were evolved
for launching weapons from a ship’s deck.
Most of the early methods consisted of a
simple frame for holding the torpedo over
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the right direction. Light torpedo boats used
a frame which was lowered about 2ft. into the
water for launching.

The tube workmg on the pea shooter prin-
ciple was invented in about 1880. The weapons
were ejected by compressed air but within a
few years the propelling gas was generated
by slowburning gunpowder in granular form.
This remained the method of tube launch for
many decades; indeed the present deck-
mounted tubes work on exactly the same
scheme but with different propelling cart-
ridges.

The British method of discharging torpedoes
from above the waterline was viewed with
some concern by Whitehead. His son-in-law
and partner, Count George Hoyos, reported
after a visit to Britain that ‘such delicate
weapons are not meant to be fired like shot
from a gun” but the weapons seemed to
tolerate their rough treatment for in 1879
there were already 33 British warships fitted
with launching equipment.

In 1895 came the first signi-

Introduction ficant improvement to the
of the torpedo since its invention.
Gyroscope Whitehead introduced the

gyroscope for azimuth control
using the type invented by an Austrian,
Ludwig Obry. In this device a 131b. wheel
some 3in. in diameter was held in gimbals with
its axis along that of the torpedo. The wheel
was spun up to maximum speed 2,400 r.p.m.
by means of a pretensioned spring. The wheel
reached this speed before the weapon left the
tube so that the torpedo followed the aimed-
for track in the water irrespective of the
impulsive forces acting on hitting the water.
This greatly improved the overall accuracy of
firing and with the new device fitted it was
possible to fire to an accuracy of 1° thus enab-
ling a beam-on target to be hit at a range of
about 7,000 yards—except that torpedoes at
that time had ranges not exceeding 1,000
yards.

This clearly provided a considerable impetus
for torpedo designers to increase perform-
ance. The original Obry gyroscope wheel only
contained a maximum of 20ft. - 1bs. of energy.
This had the effect of allowing the gyro to
tonple after an inconveniently short time of
running. The toppling was induced by the
fact that the gyroscope gimbals were required
to directly operate a rudder servo control.
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Whitehead soon introduced an intermediate
servo however which greatly reduced the
forces acting on the gimbals and the way was
then opened up for long range weapons.

The version of the Obry gyroscope supplied
to the United States was provided with an
angling gear which enabled the weapon to
change course after firing, thus giving greater
flexibility in the firing procedure. This refine-
ment was introduced into the Royal Navy in
1900.

The turn of the century saw a radical
change in torpedo design with the introduction
of the heated, or steam torpedo. This is there-
fore an opportune time to study the torpedo
development of nations, such as the United
States, who did not adopt the Whitehead com-
pressed air method of propulsion.

FiG. 8. First United States Automobile Torpedo.

The Torpedo Test Station was
Departures set up in 1870 at Rhode Island,
from U.S.A. to work on spar tor-
Whitehead pedoes but in 1871 an auto-
Principles mobile torpedo was built, Fig.

8. this was built on the sup-
posed lines of the Whitehead weapons and
indeed the propulsive performance was
similar, i.e. 7 knots to a range of 300 yards.
The warhead was 70 to 901bs. of dynamite
or guncotton. Here the similarity to the White-
head torpedo ends for the American verslon
refused to run a straight course. This is not
surprising in view of the minimal control sur-
face area provided. Another weapon was built
in 1874 but this was no more successful. The
air vessel was made of bronze in the latter
case because no American firm would under-
take to make a steel vessel of sufficient
strength. The British were masters of the
forging and rolling art for pressure vessels
at this time. The Japanese had many failures
in this respect and eventually bought their
pressure vessels from England.

Having failed to produce a working auto-
mobile torpedo and having turned down two
offers of the Whitehead plans (one offer being
quite unofficial from an ex-foreman from
Woolwich—industrial sabotage at an early
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age!) the Torpedo Test Station set about
building under the inventive eye of J. L. Lay,
an officer in the U.S. Navy, a series of strange
and generally unsuccessful weapons.

Most of the weapons floated and thus did not
have the ability to vary the striking depth at
the enemy ship. The Lay torpedoes floated
with only a few inches of hull showing and
were controlled by an operator by means
of electrical impulses sent down a wire.
The power unit was a gas engine driven
by compressed carbon dioxide and the
steering impulses transmitted down the wire
operated electromagnetic relays on the rudder.
The position of the weapon was indicated by
two flags or discs. Fig. 9 shows an early form
of the Lay Torpedo as built in the 1870s. A
later form used liquified CO, as the power
source with the liquid warmed in pipes
external to the weapon. Still later we find the
Lay-Haight weapon driven by gas generated
by the action of sulphuric acid on lime. The
later weapons had their propeller near the for-
ward end of the hull partially recessed to avoid
damage. It also avoided efficient propulsion !

These weapons were never really successful
on account of their unreliability and vulner-
ability to gunfire. In a trial carried out off the
British coast for the Royal Navy the Lay
weapon heeled over badly so that the propeller
was only half under the surface.

Two Lay torpedoes were sold to the
Peruvian Government for use in the war
against Chile. In 1879 a Lay weapon was fired
from the Peruvian ironclad Huascar at a
Chilean ship. Half-way to the target the
weapon turned around and ‘ hurtled” at 15
knots back at the mother ship despite the
frantic knob twiddling of the operator. The
ship was saved by the heroic action of a ship’s
officer who swam out to intercept the weapon
and deflect it. The relieved captain promptly
took the two weapons to a local graveyard
where they were buried—only to be later
exhumed by the Chilean rebels !

The performances of the Lay torpedo
together with several other weapons of this
period are tabulated at the end of Part 1.

The vulnerability of these weapons was
overcome in the ¢ Patrick ’ and ¢ Wood-Haight ’
torpedoes by suspending them beneath unsink-
able floats. These floats were either wood or
thin copper sheet cylinders containing water-
proofed cotton waste. The floats could be shot
again and again without sufficient buoyancy
being lost to sink the weapon. The propulsion
was by compressed carbon dioxide gas
expanded through a gas engine—usually a
three-cylinder Brotherhood type, similar to
the version used extensively by Whitehead.

The electric torpedo made its appearance in
about 1873 with the Ericsson which was pro-
pelled by sending power down a cable unreeled
from the weapon (Ericsson was the builder
of ‘Novelty’, one of the locomotives tested
at the Rainhill competition in 1829 at which
Stephenson’s ‘ Rocket’ was the winner.) A
direct development of the Ericsson torpedo
was the Sims-Edison which was similarly
powered down a trailing wire. A speed of 10
knots was attained using a Siemens motor
drawing 30 amps at 600 volts. Several versions
of this weapon appeared, all carried under a
large float and very similar in external appear-
ance to the weapon of Fig. 10, and the last
version built in 1889 carried a 400lb. warhead
to a range of over two miles.
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FIG. 10. Nordenfelt Wire-Guided Electric Torpedo.

The Nordenfelt torpedo, illustrated in Fig.
10, was invented by the great Swedish engineer
who also produced the first really successful
submarine. Motive power was from a vast
stack of batteries, the early version having 108
storage cells which produced 18 S.H.P. Guid-
ance was by means of electrical impulses
transmitted down a wire paid out from the
weapon. A British intelligence report of the
period described the early weapon as being
supported by a wooden float and carrying one
mile of guidance wire. The weapon described
by Sleeman® and illustrated in Fig. 10 was
said to have been buoyant and held down by
the heavy fins. It is difficult to see how this
weapon could have remained upright. The
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the weapon to pass under torpedo nets. This
weapon, the forerunner of the present genera-
tion of wire-guided electric torpedoes, achieved
16 knots to a range (for the later version) of
two and a half miles.

Superheated steam was a popular means of
propulsion in the 1880s and the American
‘Hall’ torpedo was typical. Water at 550°F
and under high pressure was fed directly from
the boiler of the torpedoboat. Evaporation of
the water under reduced pressure provided a
propulsive performance comparable with con-
temporary Whitehead models. None of these
steam torpedoes reached the production stage.
largely because of the lengthy preparation
time required. Hall’s weapon had a strange
roll control system based on a transverse
mercury-filled U-tube. Any rolling action of
the weapon caused wings to be pushed in and
out under the action of the mercury. The
wings were angled to provide lift in such a
fashion that the weapon maintained, in theory
at least, an even keel. Another superheated-
water weapon, the Paulson, was kept on a
straight heading by a mariner’s compass in
the nose. Electrical contacts on the compass
could be set just before launch and the weapon
followed that setting after launch.

FIG. 11. Cunningham’s Rocket Torpedo.

Rocket propulsion has been often con-
sidered even up to the present time. One of
the first automobile torpedoes built after the
Whitehead model made its appearance was
rocket propelled. Both the Weeks and the
Ericsson rocket achieved about 40 to 60 knots
to a range of 100 yards. Lt. F. M. Barber of
the Naval Torpedo Station, Rhode Island, pro-
duced an underwater rocket in 1873. This was
7 ft. long by 1ft. diameter and weighed
287 Ibs. The warhead was 48 lbs. of gunpowder
and the 51 1bs. of rocket fuel were stored inside
a cast iron tube wrapped in asbestos and hav-
ing an outer casing of oak!

Mr. Cunningham, an American shoemaker,
built rocket torpedoes and once celebrated the
4th July by setting off one of his torpedoes up

Torpedo History: Kirby 39

the town’s main street. It shot off at high
speed scaring old ladies and horses and finally
came to rest in the butcher’s shop where it
set fire to the icebox ! 2

The Berdan (sometimes called the
Borden) was a rocket propelled floating tor-
pedo which towed another small weapon. Fig.
12 shows how the rocket ower was converted
to rotary power by means of a turbine acting
on a set of propellers. When the Berdan struck
the torpedo nets surrounding a ship the slack-
ening of the towline caused the small weapon
to go into a programmed dive under the nets
and strike the ship under the keel — in theory
that is! British intelligence reports of trials
carried out before the Turkish Navy indicate
that this weapon was not a success.
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FIG. 12. Berdan Torpedo.

Rockets were not the only alternative pro-
pulsion systems to challenge the conventional
propeller” drive. One torpedo invented during
this period was propelled by an umbrella-like
contraption at the rear. This was operated by
an oscillating shaft which opened and shut
the “umbrella”’ and so propelled the vehicle
rather in the fashion of a frog’s foot ! We must
not be too scornful of such outrageous devices
because nature has settled on that system for
frogs after many millions of years R & D
work. During the last war the Germans devised
a torpedo propelled by a flapping wing. This
was claimed to be at least as efficient as a
conventional propeller and much quieter.
Once again we can note that nature has used
this method for some time without complaint.
The advantages of blunt noses on torpedoes
might also have been realised earlier if the
first torpedoists had studied the salmon.

Only two torpedoes, apart from the White-
head patterns, went into successful quantity
production before the turn of the century. (The
Lay weapon was exported to Russia for har-
bour defence work but only in small quan-
tities). The Brennan torpedo was invented by
an Australian watchmaker and was driven by
pulling two 18 gauge piano wires out of the
weapon. This was achieved by a steam winch
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mounted on the shore. The use of this torpedo
from ships was ruled out by the need for a
stable winch platform. The wires were unreeled
from two drums inside the weapon and these
directly drove the contrarotating propellers.
Steering was achieved by varying the relative
tension of the wires. This caused the weapon
to heel over and a compensating pendulum
applied steering control. Fig. 13 shows a later
version of this weapon where the drums were
on a common longitudinal axis. A depth con-
trol similar to that used by Whitehead was
installed. The performance of the Brennan
was 20 knots to a range of 3,000 yards—this
being considerably better than the contem-
porary Whitehead weapon—and the range was
only limited by the length of wire carried. The
weapon was used exclusively for coastal de-
fence by the Royal Engineers over a 20 years
period around the turn of the century. The
huge Brotherhood winches were installed in
concrete blockhouses and the torpedoes were
run down to the water on rails. The derelict
remains of a Brennan torpedo station have
recently been discovered on the Thames
estuary 9.

FIG. 13. The Brennan Torpedo.

A scandal blew up over the adoption of this
torpedo when the Government paid Brennan
no less than £110,000 for his invention and
paid him a vast salary to act as production
chief. Compare this sum with the miserable
£15,000 paid for the manufacturing rights of
the much more worthy Whitehead weapon
only 15 years previous.

Maxim, brother of the famous gun manu-
facturer, produced in the United States a wire-
powered torpedo suspiciously similar to the
Brennan except in the detail of depth keeping.
The Maxim torpedo actually pumped water
into or out of a ballast tank. Such fanciful
devices are not confined to the last century.
In 1944 a torpedo was built in Britain that
varied its depth by pushing the main battery
to and fro to alter the position of the centre
of gravity.

Finally we will consider the Howell torpedo
which was the mainstay of the United States
Navy for 20 years up to about 1895 and was
a serious contender to the supremacy of the
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FIG. 15. Howell Torpedo.

Whitehead torpedo outside the United
States®V. Fig. 14 shows the appearance of the
weapon and Fig. 15 shows the internal con-
struction. The propulsive power was derived
from a heavy flywheel and transmitted to twin
propellers. The weapon was ship-launched
from a tube and the flywheel was spun just
prior to launching by a steam winch external
to the launching tube.

A wheel speed of 12,000 r.p.m. was obtained
in the later versions of the weapon and with a
wheel weighing 130 1bs. this gave a weapon
performance of 30 knots to 800 yards with a
decreasing speed for a further 400 yards. This
was comparable with the Whitehead weapons
of the same period (see the table at the end
of Part 1). This relatively good perform-
ance combined with simplicity of construction
and operation resulted in the Whitehead tor-
pedo not making its appearance in the United
States until 1892.

The Howell torpedo had three advantages
over the Whitehead apart from simplicity.
The weapon left no track, it did not vary its
trim and, more important, it kept to a straight
course. This latter was achieved by using the
gyroscopic action of flywheel. Because the
wheel axis was transverse any departure of
the weapon from a straight line caused the
weapon to heel over. This was detected by a
transverse mounted pendulum which was
directly connected to rudders which produced
a correction to the course and hence a right-
ing torque. This was in fact the first applica-
tion of the gyroscope to torpedoes. When the
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TABLE 3. Selection of cold air torpedoes.

Type Date w (& 14 i R Remarks
14 in. Fiume 1866 265 181 7 200 Original model
14 in. Fiume 1868 346 40 7 200 )| ( Models demonstrated
16in. Fiume 1868 650 67 7 600?)| | to Austrians
14in. RL MkI 1875 530 26 18 600 First British make.
15in. Fiume 1882 904 94 21 800
14in Fiume 1882 498 2 24 400 Built for Russians
14in Fiume 1883 2 117 20 800 Largest 14in. warhead
14in. German 1883 581 44 21 650 ¢ Schwartzkopf *
12in. Fiume 1883 272 33 21 200
14in. RL MkV 1886 660 58 24 600
18in. Fiume 1890 1236 198 30 800 First 18in. in Royal Navy
18in. Fiume 1906 1609 220 35 1000 Last ‘ cold compressed air’
in Royal Navy
W—Weight, 1bs.
C —Warhead weight, Ibs. Guncotton except where t indicates dynamite.
V —Speed, knots.
R —Range, yards. Not necessary maximum range.

TABLE 4. Royal Navy intake 1886

14in. R.L. Mk V 200
14in. Fiume Mk IV 200

14in x 11ft. Fiume 2 Experimental
12in. Fiume 10 Experimental
14in. German 50

14in. R.L. Mk V 2 Built privately

Obry gyroscope was used in Whitehead tor-
pedoes in 1895 Howell started a legal battle
over patent rights®?.

The above weapons were departures from
the Whitehead compressed air principle but
one weapon, again the brainchild of Ericsson,
eliminated the heavy air vessel by supplying
compressed air through an 800 ft. hose. The
drag on the hose greatly slowed down the
weapon however.

Having taken the technical development of
the torpedo up to the turn of the century we
will finish this section with a look at the
aggressive use of the weapon. The first sink-
ing by a torpedo was during the Chilean revo-
lutionary war. Two Birkenhead-built torpedo
boats attacked the Blanco Encalada on the
night of April 23rd, 1891. The first boat,
Almirante Conte fired three Whiteheads at
the ironclad but these all missed. The second
torpedo boat, the Almirante Lynch fired
another salvo of three weapons and one hit.
The effect of the 581b. of guncotton in the
14 in. weapon was to blow a hole 15 ft. by 7 ft.
below the waterline. The ship sank immedi-
ately with the loss of 180 officers and men.
The ship had left her torpedo nets at port and
the water-tight doors were not closed. One con-
sequence of the explosion was the ejection of
the Captain, Don Luis Goifi, up a ventilation
shaft and into the sea where he was later seen
swimming ashore with one arm around the
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Table 5. Torpedo performances.

Type Date w (6 14 R Remarks
14 in. Fiume 1882 498 2 24 400 Typical Whitehead
18 in. Fiume 1890 1236 198 30 800 _Royal Navy’s first 18 in.
18 in. Fiume 1906 1609 220 35 1000 Last cold air weapon.
Types other than compressed_air
18 in. Lay 1880 2500 200 16 4000 Compressed CO,
22 in. Patrick 1886 6000 200 21 2000 Similar to Lay
16 in. Ericsson 1880 1500 300 61 100 Rocket
29 in. Nordenfelt 1888 5000 300 16 4000 _ Wire-guided battery driven
14 in. Howell 1894 520 100 26 400 Flywheel drive
18 in. Howell 1895 700 180 30 1200 Flywheel drive
21 in. Brennan 1885 ? 200 20 3000 Wire powered

W — Weight in Ibs.
C — Warhead weight in Ibs.
V —Speed in knots

R — Range in yards

ship’s mascot, a tame llama. The animal was
then taken as mascot onboard H.M.S. Warspite
until it was sent to the London Zoo in disgrace
for eating the epaulettes off an Admiral’s

dress uniform !

The Chinese had little success with their
Schwartzkopf weapons in the war of 1894
largely because theirs were fired at very long
ranges. Local fishermen recovered them from
the beaches and sold them back to the Chinese
for 100 dollars each. Such inefficiency is only
to be expected from officers who pawned their
ship’s guns in the ports!
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Abstract

The history is continued with the introduction of
the < heated * or  steam ’ torpedoes and the technical
developments during and following the Great War
are described. A connection with Julie Andrews is
established.

With increasing air pressures
it was found that freezing
could occur on the expansion
phase of the standard com-
pressed air engine and as a cure heating was
introduced. This produced spectacular results
apparently to the surprise of the designers. It
is not clear whether the first effective heating
system was introduced by Britain or United
States. The earliest form was the ““ Elswick ”
heater as patented by Sir W. G. Armstrong,
Whitworth and Company in 1904. Fuel was
sprayed into the air vessel of a conventional
weapon and ignited. The device was demon-
strated in an 18 in. Fiume Mk. III at Bincleaves
in 1905 before a distinguished audience of
British and Japanese experts. The weapon
speed was nine knots more than for the
unheated version. The system had the dis-
advantage of badly sooting the air vessel
however and large temperature excursions
could sometimes occur.

The Whitehead heater system, introduced
two years after Robert Whitehead’s death in
1905, mixed the fuel and air after the pressure
reducer so that only a small volume was
exposed to the heat of combustion. Even so
the combustion chamber had to be cooled and
for this reason water was swirled around to
the walls. The vaporisation of the water
greatly added to the energy available for pro-
pulsion. These systems became known as the
‘“ dry heater > and ‘“ wet heater ” respectively.
Although also known as ““steam > torpedoes
it can be seen that these wet heater weapons
were still primarily hot air driven with the
steam providing extra energy.

The engines then in use had to be modified
to cope with inlet temperatures of the order
of 1,000°F by changing the valve arrangement
and adding a cylinder to give a four-cylinder
radial engine capable of 180 H.P. as shown in
Fig. 16.

The Heated
Torpedo
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FIG. 16. Four-Cylinder Brotherhood Radial Engine
as used by Whitehead.

Fig. 17 shows the layout of the R.G.F. wet
heater system and it can be seen that the water
supply pressure is used to force the fuel into
the combustion pot. Thus, if the water feed
should fail for any reason, the fuel would be
automatically cut off, thus preventing the
combustion pot from burning out. In fact, a
rather simpler system was invented in 1908 by
Engineer Lieut. Hardcastle and became known
as the R.G.F. heater.
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FIG. 17. R.G.F. Heater System.

The United States had taken up the manu-
facturing rights for the Whitehead cold com-
pressed air weapons in 1892 and Fig. 18 shows
the Mark I weapon produced in that year. The
Mark II and III weapons embodied slight im-
provements but the Mark V was the first to
carry a heater. Although the British had
experimented with a Parsons turbine as early
as 1899 and later with a Curtis type the results
were not encouraging and the four-cylinder
engine remained in vogue with British torpedo-
ists for many years. Mr. F. Leavitt, who
worked for the E. W. Bliss concern where the
Whitehead weapons were made under licence,
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regarded the Brotherhood engines as *“ corny ”
and set about building a Curtis-driven weapon
which became known as the Bliss-Leavitt
Mark 1. This was accepted into the U.S. Navy
in November 1905. The propulsion was by dry
heater using alcohol as fuel without water
diluent. This latter was acceptable on account
of the relatively low calorific content of
alcohol. From this point in time until the
introduction of the electric torpedo during
the last war the U.S. Navy have stood by the
turbine and the British by the reciprocating
engine.

The gearing was to be a source of much
concern in later years when the noise of tor-
pedoes became an important feature of torpedo
detection and it was found that the tail gear-
ing was the primary source of high frequency
noise. The need for a relatively low inlet tem-
perature to the turbine also reduced efficiency
due to the use of either a low performance
fuel or water injection. The requirement to
carry a diluent (and hence reduce the payload
of the weapon, was overcome during the last
war when the Japanese injected seawater
directly into their turbines. This policy was not
universally popular however. The French in
fact were experimenting with a seawater dilu-
ent turbine engine in 1913 with which it was
claimed a 50 knot torpedo would be powered.
This does not appear to have materialised and
the French continued to rely on piston engines
at least for another decade.

In the period from the introduction of the
heated torpedo until the Great War many
attempts were made to improve weapon per-
formance but few of these experiments reached
service in time for the war. A contrarotating
direct drive turbine was developed in Britain
by two midshipmen named Montagu and Lar-
com but the Board of Enquiry rejected the
idea and this marked the end of turbine drive
in British weapons. Further experiments were
carried out at R.A.E. Farnborough after the
First World War but with no better success.

The reciprocating engine was, by the out-
break of war, well established and although
the Whitehead concern had produced a huge
two-cylinder engine just prior to the war it
never entered service during that period. The
problems of improving performance were set-
ting designers thinking of ways to eliminate the
very heavy air pressure vessel which often
accounted for one third of the weapon weight.

|
|

FIG. 18. 18in. Fiume-type built in U.S.A. (1892).
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FIG. 20. Tail of 19:7in. German Torpedo (1917).
Note curved propellers.

The use of enriched air and even pure oxygen
had been considered at an early date but
rejected on account of the capricious nature
of these gases. The British tried adding Ammo-
nium Nitrate to the torpedo’s ‘ drinking
water ”’. This chemical broke down into water
and Nitrous Oxide (N,O), this latter being an
oxidant. Although some propulsive improve-
ments were found these were not sufficient to
warrant building service weapons.

As part of this search for greater propulsive
efficiency, the three-bladed propeller was intro-
duced in 1893 and the four-bladed by 1897.
Further increases did not occur until recent
times. Propeller design was empirical at the
turn of the century because the necessary
theory had not then been developed but even
so quite good designs were found. Indeed, a
speed difference of only 2 knot was considered
significant. Fig. 20 shows the curiously curved
blades adopted around the period of the First
World War. Good examples of German 19-7
in. weapons with these blades can be seen at
the Armoury Museum, Valletta. The purpose
of the blades was to assist the torpedo to slip
through holes in anti-torpedo netting used
extensively for ship protection.

These nets were arranged to be swung out
on booms at short notice and were popular for
several decades. Fig. 21 shows two torpedoes
caught in nets around H.M.S. Diamond during
practice shots in the pre-First War period.
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Several counters to the nets were devised, many
of them by the Whitehead firm. Fig. 22 shows
one device fitted to weapon noses designed to
force the net apart. Other devices included
explosive charges in the nose which fired a
circular cutter into the net. The torpedo then
slipped through the hole so produced.

FIG. 22. Experimental net piercing nose cap (1914)

Nets became unpopular for battle engage-
ments because of the slow speed enforced on
the ship by their use. Eventually they were
restricted to the protection of ships in harbour;
a use which survived through the last war.

The first 21 in. torpedo, the forerunner of
the present submarine weapon, appeared in
1908 as the R.G.F. Mk. I having a range of
3,500 yards and a speed of 45 knots. The cor-
responding United States weapon was the
Bliss-Leavitt Mk. VIII which appeared in 1913.
The 21 in. weapons were by no means the
largest diameter conventional > torpedoes.
A 26 in. diameter weapon had been produced
in 1900 and Whitehead built a 27-5 in. weapon
for the Japanese Navy. These were experi-
mental weapons however and were not success-
ful on account of dynamic instabilities result-
ing from their relative shortness.

Around the turn of the century the Ameri-
can firm of Bliss-Leavitt introduced the air-
blast gyroscope whereby the wheel was run up
to a speed of 10,000 r.p.m. in only 0-35 seconds
from firing. This gyro provided adequate con-
trol over the weapon from firing to impact
despite the long ranges now being obtained
(see the table on page 50).
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This type of gyroscope remained virtually un-
changed until the introduction of the air-blast
maintained wheels of the last war.

British torpedoes in the first two decades of
this century were produced at the Royal Naval
Torpedo Factory (opened at Greenock in
1910), the Royal Gun Factory at Woolwich
and external purchases from the Weymouth
and Fiume factories of Robert Whitehead. The
main production prior to the war was the
R.G.F. Mk. VIT and the Whitehead Weymouth
Mk. T, both 18 in. weapons as was the R.N.T.F.
Mk. VITT which was a submarine-launched
weapon and the first type to be produced at
Greenock.

The Weymouth works produced their first
21 in. torpedo in 1909 but only two experi-
mental models were built and after unsuccess-
ful trials they were scrapped in favour of the
much more successful Weymouth Mk. II
which was sold extensively abroad and to the
Royal Navy. Just before the war Whitehead’s
empire came under the strong influence of
Vickers, Armstrong Ltd. This influence was
to dominate the British Whitehead Factory
until after the Second World War when the
independent torpedo production ceased after
a series of abortive ventures.

By the outbreak of war in 1914 most of the
old “cold air” torpedoes had been converted
and a new type of torpedo known as a pattern
runner was invented by Lieut. F. H. Sand-
ford. This weapon could be sent to run a
preset distance and then zig-zag back and forth
along a given track. This made the chance of
hitting a ship much greater when the speed
of the target was not accurately known.

Practice with torpedoes in the Royal Navy
was carried out at the rate of 8,000 test shots
per year with a hitting rate of 98%. Tt must
be admitted that the test was not nearly as
severe as one would expect to experience in
wartime. The firing of torpedoes was by 1914
the main means of attack by submarines. A
highly embellished account of a trip in a sub-
marine is given in Jane’s book Torpedoes and
Torpedo Warfare published just before the
turn of the century. The reader is left in a
claustraphobic state of mind after only a few
pages but it is interesting to note the rapid
and parallel development of the submarine
and torpedo and the way they eventually
became essential to each other’s effectiveness
as a fighting system.
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Before relating the wartime development of
the torpedo it is perhaps worth recalling the
incident at Simonstown Naval Base when a
mechanic stripped down a torpedo believing it
to have been run and exhausted. In fact the
air vessel was fully charged to over 2,000 p.s.i.
As the man unscrewed the air vessel drain
plug the screw stripped the last three threads
and the complete torpedo shot off, literally,
like a rocket. It hit the far wall of the work-
shop at roof level and bounced 30 feet back
to land as a crumpled mess of metal at the
mechanic’s feet. The man suffered only shock
and presumably a desire to be more careful
in future ! In the same year an 18 in. weapon
broke the then world high jump record for
torpedoes by leaping 40 feet into the air as a
result of an elevator malfunction at over 45
knots ! This record has been broken several
times in more recent times.

The torpedo faced its first real
challenge with the outbreak of
war since we cannot draw con-
clusions as to its tactical usage
from the sporadic firings by badly trained
crews in the South American revolutions and
wars and the Sino-Japanese war. The torpedo
still had limited range compared with gunfire
but the vastly more damaging effect of an
underwater explosion gave the torpedo a useful
capability when fired at ships. The real success
of the torpedo lay in its use as a submarine
weapon against convoys. Here, as in the last
war, Britain was nearly beaten into submission
by the ruthless sinking of merchant shipping
and it was here that the torpedo ruled supreme.

The first actions during the Great War
showed up serious deficiencies in British
weapons. The failure at H.M.S. Vernon to
carry out representative trials with live war-
shot weapons had resulted in the fuze and
detonator system being unreliable. The effect
of a successful hit was not always up to expec-
tation. The failure at H.M.S. Vernon to pro-
duce adequate submarine radio sets, torpedoes
and mines (both very inferior compared with
German prdducts) caused Admiral Fisher to
write apoplectically to Jellicoe in 1915:

Our torpedoes seemed to be filled with

sawdust ! 1! There’s a heavy reckoning

coming to everyone connected with

Vernon during the last four years . . .

I hope to get a good many officers dis-

graced for it !

Fisher expressed the desire to have Charl-
ton, the Assistant Director of Torpedoes from

Torpedoes in
World War I

FIG. 23. Torpedo-Carrying aeroplane, Sopwith (T)
carrying 18 in. Mark IX with heavy head
(250 Ibs. explosives).

it
FIG. 24. Short “320 " at Calshot (1S18).

1911 to 1914, *“ blown from a gun ” and swore
to have the senior officers hung or shot; he
did not express a preference as to method.

In fact, no reprimands appear to have been
given and British torpedoes were soon coming
up to expectations. Life at Vernon was diffi-
cult during the early part of the war due to
the removal of nearly every able-bodied
engineer to the battle front. As a result tor-
pedo training and testing was largely carried
on by long-retired torpedomen, few of whom
had worked with heated torpedoes. However
they seem to have settled into the work well
and some sort of continuity was maintained.

It cannot in truth be said that the torpedo
played a great part in the sea battles such as
Jutland and Dogger Bank. The power of the
torpedo was derived as much from its threat
as its use. During the Battle of Jutland for
example the British fleet broke off an attack
when they found themselves threatened by a
salvo of torpedoes. In fact the threat did not
materialise but the torpedoes of the German
High Seas Fleet had played an important role
by just their existence. At the time of Jutland




[image: image21.jpg]the British fleet carried 382 21 in. torpedo
tubes compared with the German fleet
armoury of 362 19-7 tubes. Such capabilities
clearly demand respect.

It was found after the war in experimental
firings against the U.S.S. Washington that at
least four hits were needed with warheads
exceeding 300 Ibs. to cripple a capital warship
and a further four hits were needed to sink it.
This may well account for the small number
of large ships sunk in battle.

As noted above, the outstanding success of
the torpedo in the Great War was its ability
to strike at merchant shipping from sub-
marines. The main armament of British sub-
marines was the 18 in. R.N.T.F. Mark VIII
and the 14 in. R.G.F. Marks V, VI and VIL
It is not the intention here to describe the tac-
tical use of the torpedo in either World Wars
because this deserves a history of its own. One
aspect of torpedo usage which cannot be
passed by however is the invention and devel-
opment of the aircraft torpedo.

The idea of dropping torpedoes
Aircraft from the air appears to have
Torpedoes in been conceived around 1910
World WarI  when it was proposed that air-
ships might beused toapproach
surface craft and fire a torpedo at several
thousand yards range. The first practical ideas
were put forward in a paper by Lieut. Douglas
Hyde-Thompson and Commander Murray
Sueter (later Rear-Admiral Sir Murray Sueter,
C.B., M.P.) in 1912. A few static dropping
trials were carried out in 1913 and on July
28th, 1914 the first successful dropping of a
torpedo from an aircraft was achieved. The
craft was a Short seaplane based at Calshot.
Sueter now pressed hard for Admiralty
support and in 1915 a flight of Short 184’s were
sent to the Dardanelles in a makeshift carrier
called the Ben-My-Chree (a name now carried
by a British Rail ferry boat). The ’planes car-
ried R.G.F. Mk. X weapons of 1897 vintage
which were modified for the task. They were
however unheated. Three ships were sunk, one
of them by a weapon launched from a sea-
plane taxying on the surface. Following this
success progress was slowed down by the fact
that the Short 184’s could only take off with
a single 14 in. torpedo if the weather was good
and the ’plane in a good mood. The 14 in.
torpedo’s warhead was not nearly powerful
enough to badly damage a large warship and
so a larger aircraft was built, the Short 320,
which could carry an 18 in. weapon at 72
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FIG. 26. B-Cycle Engine with Combustion Pot.
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m.p.h. to a range of 100 miles. This seaplane
went into production in 1917 following very
successful trials the previous year. Sueter was
anxious to have a land-based force of torpedo-
planes that could also operate from aircraft
carriers. With the help of Mr. T. O. M. Sop-
with he designed the Cuckoo, a 200 h.p. single
seater torpedo carrier with a range of 160
miles and a speed of 103 m.p.h.

While waiting for the Cuckoo to appear
Sueter took a flight of Short 320s on rafts to
Cattaro from their base across the Adriatic
at Otranto to attack the Austrian fleet with
R.G.F. Mk. IX 18 in. weapons but due to an
unexpected storm the attack was cancelled.

Meanwhile the Cuckoo project had ground
to a halt because of Sueter’s absence. How-
ever, the unfinished prototype was spotted at
the Sopwith works by a browsing naval officer
and the aircraft was then completed and tested.
Despite efforts to get 350 of these into service
before the Armistice the first squadron was
formed in 1918 just too late for active service.

Thus the torpedo became an aircraft weapon
as well as a ship and submarine weapon but
it must be admitted that its air-dropped role
played little part in the winning of the First
World War. The Germans developed the
Brandenburg twin-engined aircraft for carry-
ing their equivalent of the British R.G.F. Mk.
IX. The Germans also carried out trials with
torpedo-carrying gliders which were released
from airships. These gliders were guided
towards the enemy ships by trailing wires.
These weapons were nearly ready for service
at the end of the war.

Very little innovation occurred during the
war—indeed it was discouraged in order that
full effort be concentrated on getting reliable
weapons to the fleet in large numbers. Al-
though several different marks of torpedo were
introduced during the war (six mark nos. of
21 in. torpedo were built by the Royal Navy
for or during the war—one of these being ex-
perimental and not issued to the fleet) these
were all very similar in performance, as seen
from the table below. The differences were
mostly in minor internal constructional details.
It is interesting to note in passing that the
Mark IV torpedo which gave excellent service
in the First World War was also used 25 years
later in the next war.

At the end of the war two problems were
immediately tackled. The failures in the impact
fuze were cured and the tactical use of tor-
pedoes in surface battles was reconsidered.
It was decided that the poor sinking rate

observed during the war was largely due to
the torpedo attacks not being pressed home
with sufficient aggressiveness. A new policy
was adopted whereby a salvo of as many as
162 torpedoes could be launched towards a
group of battleships.

In the next of these articles the develop-
ments between the wars will be described but
we will interrupt this part of our story with an
anecdote concerning the life of Robert White-
head*.

Robert Whitehead married a young Austrian
lady and they became the proud parents of
three sons and two daughters; two other child-
ren having died in infancy. All the sons were
successful in life and the daughters married
well. The eldest son John helped to run the
Whitehead factories around the world, Robert
Boveille became a very successful solicitor and
James married the daughter of Viscount
Middleton and became Ambassador to the
Court of Austria. James had seven children.
The youngest, a girl of outstanding beauty
named Frances after her grandmother, was
invited in 1912 to launch a new submarine for
the Austrian Navy. The commander of the
vessel, a Captain Von Trapp, fell in love with
her and they were soon married. The captain
was a brave submariner and at the end of the
World War it was expected that he would
become Admiral of the Austrian Navy. How-
ever, Austria was left without a coastline and
he and his wife had to settle to a commercial
existence. His wife died during a scarlet fever
epidemic and the Captain became very with-
drawn from his many children and life in
general. He obtained assistance for his family
from the local convent in the form of a young
novice.

Devotees of ““ The Sound of Music” will
know the rest of this romantic drama and I
will not develop the story further but just note
that the Von Trapp children who formed the
nucleus of the “Von Trapp Singers” were
(and are) the great-grandchildren of the
inventor of the automobile torpedo.

We saw earlier that the
Propulsion standard method of torpedo
Improvements propulsion at the end of
1918 - 1939 World War T was either the

wet heater system in which
steam and hot gas were used to drive a gas
engine (the British and French systems) or the

*I am indebted to Mr. Alan Wolstencroft for
permission to relate this story.
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either with or without water diluent (the
United States method). The Japanese were at
that timc trying without much success to
build heater torpedoes using reciprocating
engines. Their failures were due to poor
pressure vessel techniques which resulted in
them having to purchase pressure vessels from
Britain. This situation was to be sadly changed
in the last war when Japanese torpedoes were
seen to be the best in the world. But that is a
story to be told later.

The British wet heater engine in 1918 was a
bronze four-cylinder affair in which the heads,
bores and manifolds were integral. The dis-
advantage of this motor was the high
consumption rate of air—I12Ib. per b.h.p./hr.
The engine was not very reliable and the inlet
valves often leaked. Following the Armistice
the R.N.T.F. at Greenock and several outside
firms investigated possible improvements in
torpedo propulsion. Included in the systems
studied was the use of hydrogen peroxide as a
low pressure oxidant. This had the advantage
of high density, low weight container and a
catalytic decomposition into oxygen and water
with the release of appreciable heat.

These investigations were carried out in
1923, long before other nations were con-
sidering such “exotic” oxidants. It was not
until 1936 that dynamometer trials were
carried out on British hydrogen peroxide
systems however, by which time the Germans
were developing similar systems.

Between 1920 and 1926 studies were made
of enriched air as an oxidant, Although a
heavy pressure vessel was still needed, a greater
weight of oxygen could be carried. This work
resulted in the 21 in. Mk. VII torpedo of 1928.
This weapon, no less than 306 in. in length,
used air enriched to 579/, oxygen content and
achieved a propulsive performance of 33 knots
to a range of 16,000 yards—which is some 17
times the performance of the Mk. VIII torpedo
in service with the Royal Navy at the present
time. The enriched air weapon was fitted to
the London class cruisers but was unpopular
on account of the capricious nature of en-
riched air (it is said that the weapons were
never left charged on deck during a thunder-
storm!) and the rapid corrosion in the
pressure vessel. An advantage, apart from the
increased performance, was the tracklessness
due to the low proportion of insoluble gases
in the exhaust. This is primarily an advantage
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for submarines attacking convoys because,
without the obvious track, the first indication
of an attack is the explosion and no indication
is given of the position of the submarine. The
Mk. VII was not a submarine weapon and thus
the advantage of tracklessness was small. The
one thing that killed the enriched air torpedo
was the invention of the Brotherhood Burner
Cycle engine.

The Burner Cycle engine was invented in
the late 1920s and is still in service today
albeit in improved form. The remarkable
success of this engine compared with foreign
turbines will be demonstrated quite clearly
in Table 7 where it can be seen that
this engine is far superior in power/weight
ratio and weight of fluids consumed per b.h.p.
per Wr.

The Burner Cycle or semi-internal com-
bustion engine has a clear advantage by not
requiring a diluent. A further advantage would
be to carry oxygen in a more convenient form
such as hydrogen peroxide. This form of
oxidant was not to be run in service until the
mid nineteen forties however. In its *air”
form the burner engine was a four-cylinder
radial engine fed with air at about 840 p.s.i.
taken from the main air vessel at about 3,000
p.si. A small quantity of fuel (paraffin—the
early weapons used Broxburn Lighthouse
Shale Oil) was atomised into the air and
burned. This raised the air temperature to
about 1,000°C and only slightly depleted the
oxygen content. The hot gas was then fed into
the engine through four poppet valves. More
fuel was injected into each cylinder a little
before top dead centre. Spontaneous ignition
occurred and supplied the driving force.
Exhaustion was through two auxiliary ports in
the piston crown and four main ports in the
cylinder liner. The exhaust gases left through
the hollow propeller shaft.

By the end of the World War 11 this engine
had, with minor modifications achieved a
power of 465 b.h.p., sufficient to achieve 50
knots in a 21 in. weapon. Following the war
an §00 b.h.p. engine was built in an attempt
to reach 60 knots but this is a story for later.

Although the semi-internal combustion
engine underwent few changes between the
wars, or indeed since the last war since it is
still in service with the Royal Navy, this was
not through lack of initiative. Many alternative
means of propulsion were tested but none was
better than the Burner engine.
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TABLE 6. Comparison of weapons used in World War |.

Type Year w C Vv R Remarks
I) 1090 |
18 in. Fiume 1908 1609 253 34 2190 Dry heater
28 4370
18in. R.G.F. 1908 1553 200 30 5500 Warhead increased
Mk, VII 41 3000 to 320 Ib. in 1917
18 in. R.G.F. 1909 1490 200 29 6000 Cold type converted
Mk VI
18 in. Fiume 1911 1620 253 42 1090 Wet heater
27 6560
18 in. Fiume 1911 1743 220 44 2190 New 2-cylinder engine
31 6560
21 in. Weymouth 1914 2794 225 29 10000
Mk, II
23:6 German 1916 | 4410 550 28 18590
|
18in. RNVEE. | 1917 1077 250 29 2000 First aircraft torpedo
| designed as such
18 in. German 1917 1680 350 35 1640 Aircraft torpedo
2l in. RN.T.F. 1917 3190 515 40 5000 Used in World War II
Mk. IV
21 i HLS! 1917 3050 385 27 13500 Turbine driven
W — Weight in lbs.
C — Warhead weight in lbs.
V — Speed in knots.
R — Range in yards.

Turbine propulsion was always under review
in Britain as well as France. (Progress in the
United States was limited to steady improve-
ments to the well established alcohol/turbine
system). In 1926 the Royal Aircraft Establish-
ment, Farnborough produced the turbine
shown in Fig. 27. Designed to run on methy-
lated spirit diluted with water and using air
enriched with oxygen to 571% by weight, this
two stage turbine was intended to give 200
b.h.p. A novel feature of this turbine was the
epicyclic gear used to transmit power to the
contrarotating propellers. An overall gear
reduction of 276 was achieved. This turbine
unfortunately broke up during dynanometer
trials so that full tests were not completed. It
seems unlikely that the use of enriched air
would have been acceptable in view of the
experience with the Mark VII.

FIG. 27 R.AE. Enriched-air turbine.
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TABLE 7. Comparison of Performance of Inter-War Period Torpedo Systems
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UK. 21in. Mk. 8| Burner cycle | 1350 407 7-66 0-64 — 83 265 065
UK. 18in. Burner cycle | 1350 300 8:20 0-70 — 89 162 054
U.S. Mk. X Turbine 13800 158 15-00 1-60 50 216 158 1-00
Swedish Turbine \60100 310 13-80 1:00 9:6 244 411 1-32
French Turbine 15000 175 14-20 1-60 17 17°5 190 092

A Swedish turbine was obtained by R.N.T.F.
in 1936 from Aktiebolaget Lesto of Stockholm.
It was not very good, as can be seen from the
above table. A French torpedo produced in
1926 and having a diameter of 15-7in. was
driven by what must have been one of the
most successful turbine systems built in the
inter-war period. Despite its early date this
weapon was still in production during the
second World War. It can be seen from the
above table that the turbine was the most
efficient of those tested largely on account of
the high nozzle temperature of 1,300°C.

The French continued to develop turbine
systems and these reached a peak of perfor-
mance with an oxygen torpedo produced
towards the end of the last war but we will
return to this in due course.

FIG. 28. American Torpedo Turbine.

The American Bliss-Leavitt turbine, shown
in Fig. 28, had two contrarotating wheels so
that gyroscopic and torque effects were
negligible. This was not the case in their early
turbines and in 1911 the Americans were
having serious trouble with the then current
turbine mounted on a longitudinal axis. The
newer turbines had the wheels on a transverse
axis as illustrated. Three nozzles were used in
the two-stage impulse system—this system
allowing reasonable wheel speeds and no inter-
mediate stator. The latest design to be pro-
duced before World War II was for the
224 in. aircraft torpedo, the U.S. Mark XIIIL
This turbine produced 95 b.h.p. at a rotor
speed of 11,000 r.p.m. and a gas condition at
the nozzles of 395 p.s.i. and 840°F.

We have already seen that
Developments some improvements had been
in Oxidants considered whereby the weight
1918—1939 of oxygen carried in a torpedo

might be increased without
increasing the weight of vessel needed to con-
tain the oxidant. The enrichment of the air
with oxygen is an obvious solution and resulted
in the British Mark VII in 1928, many years
before similar developments in other countries.
When it is pointed out that 4 Ibs. of pressure
vessel are needed to carry each pound of gas
and that 77, of air is useless track-forming
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TABLE 8. Torpedo Types at Outbreak of World War Il

Type w B 14 R Remarks
Aircraft Weapons®®
15-7 in. French 1486 313 44 2190 | 1926 Vintage
18 in. U.K. Mk. XII 1548 388 40 1500
18 in. German LF5 1626 440 30 2500
18 in. Italian 1631 287 38 2200
18 in. Japanese ‘91’ 1720 338 45 1600
18 in. Norwegian 1758 401 40 4000
22'4in. U.S. Mk. 13 1927 401 333 6000
Other Weapons®”
263 15000
21in. U.S. Mk. 15 3840 825 333 10000 | D
45 6000
40
2lin. UK. Mk. VIII 3353 | 750 {44% s
35
21in. UK. Mk. IX 3731 750 {40 %3888 D—-C
21-6 in. French 3300 680 35 7600 | S 1924 Vintage
: 314 9000
21in. US. Mk. 14 3280 600 46 4500 | S
21in. German G7e 3545 655 30 5470 | S Electric
{30 15310
21in. German G7a 3334 | 660 | (a4 6560 [ S=D=C
21in. UK. Mk. VII 4106 740 33 16000 | C Enriched air
243 in. UK. Mk. 1 5287 742 {35 15000 | C Enriched air.
30 20000 Built 1924

W is weight in 1bs.
B is warhead weight in Ibs.
V is speed in knots

R is range in yards

Useage: S—Submarine, C—Cruiser, D—Destroyer
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incentive towards using oxygen-rich gases or
liquids—the latter being capable of storage in
vessels of equal weight to the liquid.

In Britain various oxygen-rich fluids were
tested before the last war. Ammonium nitrate
has already been referred to in a previous part
of this series of articles. It showed some im-
provement but not enough to warrant extended
tests. Hydrogen peroxide has the advantage of
being a liquid requiring, therefore, a low
weight vessel but was not available in Britain
in a sufficiently stable or concentrated form
before the war. Although some tests were
carried out at Greenock in 1936 no further
work was pursued until the American and
Germans had developed peroxide weapons
towards the end of World War II. We will
look at these later developments below.
Tetranitromethane was also tested as an oxi-
dant in Britain but not pursued.

Of the liquid oxidants considered at the
Torpedo Experimental Establishment, Green-
ock before the last war probably the most
successful was nitric acid. This is rich in
oxygen, cheap, easy to store and safe to handle
(with care of course). Acid with a specific
gravity of 1:51 can yield 629, by weight of
oxygen. Tests were carried out with acid of
1-42 specific gravity yielding 449/, oxygen by
weight using methanol or Benzol as fuel. The
engine parts were made of steel and bronze.
Nitric acid was tried with the Burner cycle
engine in three ways. In the first, the acid was
decomposed in a generator by the combustion
of a little fuel and the oxygen-rich gas then
fed into a radial engine for further ignition.
In the second method the nitric acid was in-
jected into the engine cylinders to burn a
methanol fuel already preheated by a complete
combustion in the generator. The third
method, which could be used with a standard
torpedo was to inject the acid into the hot
gases just prior to the engine intake. A study
of the first system showed it to be capable of
delivering 750 b.h.p. which could produce a
speed of approximately 60 knots.

A short range torpedo, designated the 21in.
U.B., was designed to run with nitric acid and
was 909, complete on the outbreak of World
War II. The propulsives were carried in
spherical containers of 11 cubic ft. capacity.
This torpedo was never run because of the
outbreak of war. It was felt by those in
command that although the nitric acid tor-
pedo was four times as powerful as the Mark
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VIII, the standard British war torpedo, it
would never be ready in time to be used in
the war and the staff involved would be more
usefully engaged in work other than research.
It is perhaps interesting to note that the
German research projects suffered a similar
hiatus on the outbreak of war for the same
reason, namely that the war would soon be
over. How fortunate that both sides suffered
the same false optimism and not just the
British !

In 1936 the British experimented with a
jet torpedo with the object of producing a
short range, high speed weapon for aircraft
use but this was not produced for the war.

Britain was not alone in pursuing the search
for new oxidants. The Japanese had enjoyed
little success with their torpedoes mainly on
account of the poor pressure vessel technology.
At the Kure Torpedo Institute the position
was drastically changed in 1928 when Rear-
Admiral Kaneji Kishimoto and Captain
Toshihide Asakuma started experimental work
on the use of pure oxygen. The weapons de-
veloped were of a high performance and
quality. When, at the start of the war, the
Americans and Germans were desperately
trying to get their torpedoes reliable, the
Japanese torpedoes were inflicting heavy
damage. Although performance was con-
sidered important the Japanese laid greater
stress on reliability and tracklessness. The latter
feature gave Japanese submarines a very large
measure of protection from detection and,
indeed, during the first two years of the war
against Japan many ship sinkings were attrib-
uted to mines on account of the lack of tor-
pedo wake before explosion.

The peak of Japanese propulsion develop-
ments was the Type 93, a huge weapon of
24in. diameter and nearly 30 ft. in length
weighing 6,500 Ibs. with half a ton of ex-
plosives in the nose. Pure oxygen was used to
give tracklessness and high efficiency. Sea-
water was used as diluent to save weight and
500 b.h.p. was developed corresponding to
about 50 knots speed. The range was 20,000
yards. This performance is some five times
greater than the present Royal Navy thermal
weapon, the ““ Old Faithful ” Mark VIII.

The development of the hydrogen peroxide
weapons and the electric torpedo took place
mainly during the last war and their story will
be told later. We will next look at warhead
developments.
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Warhead Developments Between the Wars

The very first warhead filler was dynamite
but wet guncotton was soon introduced and
clung to by the Royal Navy for many decades.
Although rather inferior to other explosives
as far as power is concerned it was very stable.
It has been a noticable feature of British
torpedoes that safety is usually put before
performance—this seems to be the reason for
the Royal Navy at the present time having a
compressed air torpedo in service rather than
an oxygen or hydrogen peroxide weapon.
Warhead fillers of many types have been ex-
perimented with however—including in the
last century the curiously named Mammoth
and Giant Powders !

In 1907 the Germans introduced Hexanite
and used it throughout World War I. This
consisted of a mixture of T.N.T. and
hexanitrodiphenylamine, the latter being ex-
tremely poisonous. This material was very
stable to shock as witness the fact that no
sympathetic explosions occurred onboard the
Moltke when a British torpedo hit the
torpedo store. The same explosive was used by
the Japanese during the last war and called
“Type 97 explosive.

Outside Germany the popular explosive was
trinitrotoluene, known variously as tritolo,
trotyl, trinol, Fullpulver ’02, and type 92.
T.N.T. was preceded briefly by picric acid in
the 1880’s but was later reserved for other
forms of ammunition on account of its insta-
bility. Shortage of T.N.T. during the “ Great
War ” led to the use of amatol which is a
mixture of T.N.T. and ammonium nitrate.
This is a very inferior mixture and was not
popular.

The advantage of adding finely divided
metals to explosive mixtures was appreciated
before the first World War but, although some
torpedoes were so filled in Britain, the shortage
of aluminium caused a return to amatol in
1917. In 1933 the Germans started filling war-
heads with a mixture of hexanite and alum-
inium, the metal being in a 25%/, concentration.
Another contemporary warhead filler was
Tialen which consisted of a cocktail of T.N.T.,
Aluminium and hexagen, this latter being a
cyclonite (cyclotrimethylenetrinitramine). Cy-
clonite by itself was used by the Italians
beftween the wars but not elsewhere on account
of its friskiness.

In 1943 the material now known as R.D.X.
was used in Britain and a mixture of R.D.X.,
T.N.T. and aluminium was devised and named

Torpex. Despite its name this explosive was
used extensively in other armaments including
the “dam busting” bombs of Dr. Barnes
Wallis.

Having taken the story of the torpedo up
to the last war in all its important aspects we
will briefly look at its other improvements up
to the same time.

The Germans, who with the
British share the honour of
of the making nearly every impor-
Influence Fuze tant torpedo improvement

since its invention, invented
the magnetic proximity exploder and used it
during the World War I. A rotating armature
in the torpedo nose generated a current when
near a ship and initiated warhead detonation.
This system was not successful on account of
the wide variations in the ship’s field due to
the variations in the Earth’s field over the
oceans. A British fuze, the Duplex, consisted
of a coil having thousands of turns of fine
wire mounted on a mumetal rod. Basically
similar to the early German fuze, the same
principle was used. The current developed in
the coil as the weapon passed beneath a ship
fired the warhead. The Duplex fuze suffered
the same tribulations of a strong dependence
on magnetic latitude, ship’s heading and sea
conditions. The latter effected the motion of
the torpedo and induced false signals.

The failure of the Duplex fuze was one of
the major setbacks to the effective use of the
torpedo in World War II as we shall see later.
Premature explosions occurred, especially on
water impact for aircraft-dropped torpedoes
and after firing from submarines. It is believed
in fact that one U.S. submarine and its crew
were lost because of a premature explosion
caused by the Duplex fuze.

It might be of value at this point to say why
a magnetic fuze has an advantage over a con-
tact detonator. For one thing the magnetic
fuze increases the range from the ship at
which an explosion would, in theory, be
initiated. Thus the ship appeared larger by
effectively about five to ten feet. The other
reason, often quoted ad nauseam, is that an
explosion under a ship’s keel has three times
the damaging effect of an explosion on the
side on account of the double hull protection
afforded by blisters and the ballast tanks. In
fact, an analysis of ship sinkings up to 1943
showed that most torpedoed ships sank by loss
of stability rather than flooding. This report

Development
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more likely to cause a ship to sink.

However, in the event of the failure of the
magnetic fuze, there was no option but to use
the impact fuze. The Germans had experienced
similar influence fuze troubles and only the
Japanese had torpedoes that were reliable
from the start of the Second World War. This
was because they had, before the war, sunk
literally dozens of old ships in practice shots
to perfect their weapons.

Even the impact fuze was unreliable in
American weapons. During the period of the
war up to 1943 it was found that 709, of U.S.
torpedoes were ““duds either because of
propulsion failures or fuze failures. The peak
of impotence must surely have been when the
U.S.S. Tinosa fired fifteen torpedoes in
succession at an unprotected Japanese whaler
the Tonan Maru 3. The commander saw
through the periscope the torpedoes leap into
the air like playful dolphins as each hit the side
of the ship and failed to explode. These failures
caused morale to sink low in the U.S. as well
as the German submarine services—the latter
were experiencing just the same troubles.

Eventually a reliable magnetic fuze was
developed and it is in service even today but
we will look at this one later.

We have seen that some
World War II remarkable innovations and
Preparations  improvements were made in
and torpedo technology between
Consolidation the World Wars. It may come

as a surprise to find how little
of this work was applied to the torpedoes with
which the first battles of the last war were
fought. In Britain, the submarine torpedo was
the 21 in. Mark VIII and the ship torpedo the
21 in. Mark IX, both of them compressed air
and burner cycle driven, The aircraft weapon
was the 18in. Mark XII similarly driven.
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Torpedo shortages at the outbreak of war
brought into service the 21 in. Mark II, the
Mark IV, Mark V and Mark VII. Similarly
we find the 18 in. Marks VIII, and XI pressed
into service from semi-retirement.

The United States navy was equipped with
three types of torpedo. The 21in. Mark 14
was the standard submarine weapon, the 21 in.
Mark 15 standard for destroyers and the
22-4 in. Mark 13 for aircraft use. As in Britain,
old weapons were pressed in service including
the Bliss Mark X for submarines. All of these
weapons were driven by the same basic power
unit of a turbine driven by alcohol fuel and
fresh water dilutent that was developed during
World War I.

In Germany the two weapons were the
thermal engined G7a driven by a four-cylinder
radial reciprocating engine fueled with decalin
and using air as oxidant, and the G7e electric
weapon. The thermal weapon had much the
same performance as the British Mark VIIL
but it was the electric weapon, despite (or
even because of) its inferior performance, that
opened up a whole new aspect of torpedo
warfare. Namely the homing torpedo. In the
next part of this series of articles we shall
follow the development of the homing weapon
as well the other research pursued in the
quest for better torpedoes.

To be continued in the next issue of JR.N.S.S.
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PART 3
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Admiralty Underwater Weapons Establishment

Abstract
The problems of wartime torpedo production are
described and the story of the electric torpedo is
unfolded. This leads us on to the extensive German
developments in homing torpedoes; these being the
greatest advances since the invention of the thermal
weapon in 1905.

It is not proposed to deal here
World War II  with the tactical use of the

torpedo in the last war because
this demands a ““ history > of its own, nor will
we follow in detail the development of the
torpedoplane for the same reason. We will
concern ourselves almost entirely with tech-
nical developments.

At the outbreak of war three hitherto
unsuspected difficulties sprang to notice.
These were the gross shortage of weapons, the
failure to design weapons in materials which
would be readily available in wartime and the
appalling fuze failures. On the first count the
situation was sufficiently desperate for the
Allies to press into service old and obsolete
weapons. In the United States, for example,
the Mark 10 was pressed into service from

This work has been undertaken as an extra-mural
project and the opinions expressed here are those of
the author and do not necessarily correspond to
those of the Ministrv of Defence (Navy).
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sent on missions with only a few weapons. As
it was, the submarines often went on missions
with less than a full load or had to await the
arrival of a returning submarine in order to
transfer from it its unused stock.

At the outbreak of war the reserve of tor-
pedoes in the United States amounted to only
a few hundred with a production rate of only
60 per month. Rapid expansion of production
produced a gain over the expenditure rate by
the end of 1942. During the period of the war
up to the end of 1942 no less than 2,010 had
been used compared with 2,382 manufactured
and the crisis was over.

In Britain the production rate at the start
of hostilities was about 80 per month which
just about balanced the rate of expenditure.
Because of the large number of torpedo types
pressed into service at the start of the war it
was inevitable that shortages should occur
with some types. Production was rapidly
increased to a figure of 440 per month by the
end of 1942. Up to the same time a total of
2,308 weapons had been expended so that the
initial shortage was soon brought under con-
trol.

A few words may be pertinent here on the
manufacture of torpedoes during World War
II. In Britain the main sources were the Royal
Naval Torpedo Factory, Greenock and the
Weymouth factory of Robert Whitehead
(owned in fact by Vickers, Armstrong Ltd.,
since before the first World War). Further
supplies were built by the Caton Engineering
Company—mostly aircraft torpedoes of 18 in.
diameter. With the 50 or so destroyers handed
over to the Royal Navy in 1940 came a supply
of Bliss torpedoes for use from the deck
tubes. Add a few French weapons and we find
quite an assorted armoury. Despite these many
variations and the various old weapons forced
into service in the early days of the war it is
found that the greatest expenditure was by
far with the 21 in. Mark VIII and the 18 in.
Mark XII. The following table summarises
the torpedo expenditure rates up towards the
end of 1944. When analysed by date®® it is
found that three distinct peaks occur in the
expenditure rate. These correspond closely
with the North Africa campaign (December
1942), Sicily and Italy (Summer 1943) and
France (1944).

The Bliss weapons listed were manufactured
to British plans—Whitworth threads included
—in order to meet demand. The 241 in.
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FIG. 29. An exercise fin reticulation !

weapons were enriched air ““specials > fitted
to Rodney and Nelson. They were used from
submerged bow tubes and were converted to
natural air on the outbreak of war. The above
two ships were fitted out in 1927 and they
were indeed the last capital British warships to
be fitted with torpedo tubes.

Torpedo production in the United States
during the First World War was concentrated
largely at the Bliss-Leavitt works and at the
long established Naval Torpedo Station, Rhode
Island. In 1919 the torpedo assembly plant was
completed at Alexandria, Va., with a planned
output of up to 3,000 weapons per annum.
This factory appears to have been closed
however by the 1920’s but reopened when war
threatened to engulf the United States in
1940. The weapons of the Second World War
were made at Newport and Alexandria. The
Bliss Company had reverted between the wars
to its original production line of canning
machinery products but the name still carried
on as a symbol of that company’s great
achievements in the field of tornedo develon-
ment. During the Second World War the Bliss
firm returned to the torpedo world and, as we




[image: image32.jpg]80

J.R.N.S.S., Vol. 27, No. 2

TABLE 9. Torpedo expenditure up to September 1944 by type and origin

Diameter Mark Origin Number expended
18 in. VII* Whitehead 1
VIIT* R.N.T.F. 2
XI* RIN.T.E, 22
XII R.N.T.F. 693
X1I Whitehead 395
XII Morris Motors 13
XV R.N.T.F. 440
XV ‘Whitehead 97
XV Morris Motors 54
21 in. 105 R.N.T.F. 8
II* ‘Whitehead 13
Iv* R.N.T.F. 178
Iv# ‘Whitehead 338
v* R.N.T.F. 86
V* ‘Whitehead 112
VII* R.N.EF. 9 (Converted to Natural Air)
VIII R.N.T.F. 1692
VIII Morris Motors 507
VIII ‘Whitehead 1394
VIII Bliss 139
X R.N.T.F. 252
X Whitehead 109
X Whitehead 61
241 in I* R.N.T.F. 2 (Fired at ‘ Bismark ’)

Total expenditure up to September 1944 = 6447

*Not in wartime production





[image: image33.jpg]have seen, actually manufactured 21 in. Mark
VIII torpedoes for Britain. Amongst the
private companies manufacturing torpedoes
for the U.S. Navy was the Pontiac division
of General Motors.

FIG. 30. Fiume-Type tail components (c1939).

French torpedoes were originally made at
Toulon; before 1900 all torpedoes were
imported from Fiume. Robert Whitehead had
opened a factory at St. Tropez at about the
same time but exported most of its products
to Turkey, Poland, Greece, Brazil and Hol-
land. The “ Societe des Torpilles de Saint-
Tropez ” took over the Whitehead factory and
this was merged with the Schneider concern
based at La Londe. The resultant organisation
was the “ Establissement de la Marine ** at St.
Tropez. This, as with the earlier firms, manu-
factured weapons to the designs of the tor-
pedo workshops at the Toulon naval base. This
latter was severely damaged during the war
and in 1945 production was centralised at St.
Tropez.

The Germans entered World World II with
three proven torpedoes and it is of interest to
see how the disarmament treaties were cir-
cumvented. As early as 1922 a German sub-
marine design office had been set up in the
Hague under a Dutch cover name of “ Ingeni-
eurskanteer voor Scheepbouw ** and under this
and similar covers in Spain and Finland the
Germans were able to build up submarine ex-
pertise which enabled them to start their own
building programme in 1935.

Similar tactics enabled them to develop tor-
pedoes; the electric weapons having been
tested and built in Sweden between 1923 and
1927. Following successful trials in 1929 the
design was “ frozen > to await full scale pro-
duction in the late 1930%s. Tt is remarkable
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that the British Admiralty had no knowledge
of this development work until the weapons
were used in 1939.

Aircraft torpedo trials could not be carried
out without some notice being taken by the
British and so the Germans bought Norwegian
weapons from the Horten factory in March
1934. The Schwartzkopf concern, who it will
be recalled were early pioneers in the torpedo
world, had given up its torpedo interests in
1918 but in 1935 the Horten weapons were
copied and a target of 600 production weapons
by 1939 was set. This weapon proved to be a
failure however and attempts were made to
purchase Italian weapons from Fiume. This
work did not get under way until latr 1939
so that the Horten torpedo was the only air-
craft torpedo in action at the start of World
War II in Germany.

The number of torpedoes fired by the Ger-
man Navy up to the end of January 1945 was
just over 10,000, of which 7,000 were electric
G7e types, 2,300 were G7a thermal types and
640 were acoustic homing weapons; the
remainder being pattern running weapons.

Italian weapons were produced between the
World Wars at the Fiume factory of Robert
Whitehead. Following the death of Whitehead
and all the important personalities of Fiume
the firm in Britain was bought by Vickers,
Armstrong Ltd. In 1922 the Fiume side of
Whitehead’s firm was reopened by the Orlando
group who were a cover for the Italian
Fascists. Weapons were also produced at
Naples, originally by the De Luca-Daimler
concern and then by the State Torpedo Fac-
tory. The Italian torpedoes of World War II
carried either a prefix W to denote Fiume
origin or prefix S.I. for Naples.

Japanese torpedoes, as we have already
seen, were built at the Kure arsenal. The
type numbers of Japanese torpedoes are related
to the last two digits in the year on the
Japanese calendar. This explains the appear-
ance of the Type 92, etc., weapons — there
were not 92 types of torpedo !

Having dealt briefly with the production of
weapons in the last war we will next see how
peace time plans sometimes go awry.

We have seen how the prob-
Production lem of producing vast numbers
Problems in of weapons was solved but
Wartime this is not all the story.
Weapons produced in peace-
time were often simply not practical proposi-
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tions for mass production in wartime. Bethell
gives the following description of life in peace-
time between the World Wars in the British
torpedo factory:—

A few lads were kept to sweep the floors,
make tea and go out for the evening
paper; but the job was done by craftsmen
with magic hands, who worked—not too
ferociously—with ancient tools and fix-
tures that you had to know the trick of,
in buildings made bright by grocers’
calenders within and sweet peas without.

TABLE 10.

Simplification of German G7a during wartime.

1939 1943

-

Weight of Copper (Kg.) 370 169
‘Weight of Tin (Kg.) 61 22
‘Weight of Nickel (Kg.) 46 2.
Man-hours per weapon 3730 1707
Cost (Reichmark) 24 000 13 500

Such techniques may be adequate in peace-
time but in time of war such skilled labour
and the time and materials are not available.

As an example we can look at the German
G7a torpedo, this being a compressed air/
decalin weapon with a piston engine, the
design dating back to the mid-thirties. At the
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outbreak of war it was found to be impossible
to build these weapons in sufficient numbers
due to the scarcity of rare materials and
skilled labour. As a result the finely designed
weapon was simplified and cheapened with a
small subsequent loss in performance. The
final product was much superior for wartime
use however. Table 10 briefly summarises the
changes made to the weapon.

The demand for simple reliable torpedoes
capable of being manufactured in large num-
bers led, amongst other developments, to the
electric torpedo and this is therefore an
appropriate place to deal with this weapon.

It will be recalled from
The Electric  earlier parts of this history
Torpedo that electric torpedoes were

amongst the first types tested.
Whether powered by electric current supplied
via a trailing wire or by self-contained bat-
teries (as in the Sims-Edison and Nordenfelt
weapons respectively) their performance was
comparable with compressed air weapons. The
turn of the century saw the electric torpedo
left far behind in performance however. Some
rather desultory work continued in the United
States resulting in an experimental battery
driven torpedo in 1915. The weapon was only
7% in. in diameter (the smallest yet discovered
by the author) and six feet long. It was ex-
pected to carry a warhead weighing a few
pounds (the total weapon weight was only 60
Ibs.) to a range of 3,800 yards at 25 knots.
It seems most unlikely that such a performance
would have been achieved however.
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Gyroscope Company, had come to a halt. The
United States Navy were still maintaining an
interest however and a design study in 1918
gave rise to an 18 in. diameter weapon in 1919.
This work carried on slowly without much
official support until 1931 when it ceased
altogether.

The Germans, on the other hand, had suc-
cessfully produced an electric weapon by 1918
and samples were issued to the fleet but never
used because of the timely intervention of the
Armistice. This weapon was capable of 28
knots to a range of 2,000 yards but after the
Great War development continued in Sweden
and Germany. The first indications that the
Germans were using electric torpedoes came
right at the start of the war. The Royal Oak
was believed sunk at Scapa Flow by an
electric weapon in 1939 and an electric weapon
was recovered from the child evacuee ship
s.s. Volendam; the torpedo fortunately being
a “dud”. The first complete sample was
obtained in the early days of 1941 from the
captured submarine U.570.

The weapon and its motor are described in
detail elsewhere®” but, in view of the rather
novel nature of the weapon and its subsequent
importance in the development of the homing
torpedo a short description is justified here.

Known as the G7e, the weapon had a range
of 8,000 yards and a speed of about 29 knots.
The weapon had to be kept at 30°C for maxi-
mum range. Firing when cold reduced the
range by about 1,400 yards. The batteries
were heated only when the submarine was
patrolling a target area. The batteries were
lead-acid types and 26 cells each of 18 plates
were used; the total battery weight being
about 1500 lbs. The cells in each of the two
batteries were connected in series. The motor
was an 8-pole series wound D.C. machine,
rated at 91 volts, 950 amps at 1,755 r.p.m. The
weight of the motor was about 250 lbs. This
same motor was used with only small modifi-
cation in all the German electric weapons.

In other details the weapon was similar to
its “thermal brother . The TNT/HND/AI
warhead weighed 660 lbs. and the depth gear
was conventional bellews and pendulum.
Three forms of weapon existed. The earliest
type, the 72, was in service at the start of the
war and had a range of 5,400 yards at 30
knots. The 73 and the 73a had the perform-
ance of 8,000 yards quoted above. -
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Apart from the homing torpedoes, of which
we shall see more later, several special adap-
tations of the G7e appeared®".

The requirement for pattern running electric
weapons resulted in a redesign of the battery
such that 125 amp. hours was obtained
instead of the 93 amp. hours from the
13T210 battery fitted in the basic G7e. This
pattern running weapon achieved 8,200 yards
range and 30 knots. By reducing the battery
size a low power torpedo was produced as the
T3b which, when fitted to a 73, became the
“ Marder ”, a tandem weapon carrying a man
as guidance system. We shall return to this
and other man/torpedo combinations later.

The T3b, with its reduced performance of
4,400 yards and 185 knots was also fired from
midget submarines. Perhaps the most curious
of all the electric torpedoes developed during
the last war was the Dackel, known also as
the ““slow-worm ” or 7'3d. This had a speed
of nine knots and a range of over 35 miles !
This weapon was fired against ships in har-
bours or other restricted areas. It was used
extensively against shipping in Seine Bay.
Basically a pattern runner, the torpedo was
fired into a bay and set to circle or zigzag for
the rest of its four hours of endurance. The
length of “slow-worm ” was six feet more
than the G7e making it protrude from the
tubes on surface craft.

Moving on to a higher level of sophistica-
tion we come to the controlled torpedo. Most
successful of these was the very aptly named
Spinne (= spider) which was fired from coastal
stations. A fine insulated wire was paid out
and guidance instructions were transmitted
down the wire to the weapon. By day the
torpedo could be instructed to surface briefly
and by night to flash a lamp in order that the
operator could track its path. Observation
posts were situated high on cliffs and up to
three weapons could be controlled by each
operator. Known also as 710, the weapon
had a range of 5,400 yards and a speed of 30
knots. These weapons were set up along the
French coast in 1944 but appear to have been
of dubious effectiveness. They did inspire the
British work on wire control of torpedoes,
however, which led to the present wire-guided
U.K. Mark 23.

The advantages of electric torpedoes were
(and still are to some extent),

(a) tracklessness, allowing submarine
attacks to be made with stealth,
(b) low cost of manufacture,




[image: image36.jpg]84 J.R.N.S.S., Vol. 27, No. 2

(c) employment of materials and labour
not normally associated with tor-
pedo production

and (d) suitability for mass production.

On the latter count, it is doubtful whether
thermal weapons could have been produced at
the rate of 1,000 per month—the rate for
German electric torpedoes — with such
economy of labour. In 1943 the electric
weapons tequired 1,255 man-hours for pro-
duction compared with 1,707 for the contem-
porary thermal weapon.

The British and United States navies had
not thought too well of the electric torpedo
at the start of the war on account of its rela-
tively poor propulsive performance. The
British navy had no particular use for track-
less torpedoes—not as great a use as the
Germans and Americans. The Americans were
the first to see the advantages in the war
against Japanese convoys and, on obtaining a
captured G7e¢ in 1940, orders were sent to
Westinghouse, Inc., to produce a copy. Most
accounts of the American electric torpedo
quote a high degree of co-operation between
industry and the U.S. navy resulting in the
American version of the G7e being in service
“ within six months 7. In fact it was 1942
before work started and troubles arose in many
quarters. Certain parts of the torpedo were
not understood and others could not be pro-
duced. A “ Chinese copy * proved impossible
and work faltered. An inquiry was set up to
investigate the delay in producing the Mark
18 (as the U.S. version was to be designated)
and the following report was made by the

Inspector General:i—
The delays encountered were largely the
result of the manner in which the project
was prosecuted and carried out. These
difficulties indicated that the liaison
officers at the Bureau of Ordnance failed
to follow up and properly advise the West-
inghouse Company and Exide Company
during the development of the Mark 18
torpedo. The Torpedo Station personnel
competed with rather than co-operated
with, the development of the Mark
Tt
These remarks contrast sharply with the
glowing tributes paid in the several semi-
official histories of the Mark 18 project. How-
ever, be that as it may, the U.S. electric tor-
pedo, numbered the Mark 18, entered service
in late 1943. It was regarded with suspicion
at first but rapidly gained popularity. It had

the advantages of tracklessness and reliability
which offset the poor speed performance.
During 1944 we find that 309 of U.S. tor-
pedoes fired were electric and by the end of
the war the proportion was 65%.

The problem of ventilation was vexing in
U.S. submarines. The hydrogen generated in
the torpedoes during storage had to be purged
regularly. Fires sometimes broke out and one
such incident on the U.S.S. Flyingfish caused
such a ferocious blaze that the torpex warhead
melted and ran out of the torpedo !

The first British work on electric torpedoes
started soon after the first pieces of G7e
arrived at the Royal Naval Torpedo Factory,
Greenock in 1940. Only a low priority was
given however because of the lack of tactical
requirement for slow weapons. In 1942 the
available drawings and hardware were sent to
British Thompson Houston, Ltd., at Rugby
with instructions to investigate the possibilities
of building a similar weapon. This upsurge of
interest came as a result of a tactical require-
ment for trackless weapons in the Mediter-
ranean. The first torpedoes were received for
trials in May 1943. B.T.H. eventually worked
up a production rate of 25 weapons per month.
(Compare this with the German rate of 1.000
per month !)

This torpedo, numbered the Mark 11, was
about to enter service in the Mediterransan
when the Ttalians capitulated. Stocks were then
moved out to the Pacific arena where they
arrived just too late to be used against the
Japanese. Thus, the first British electric
torpedo failed to be fired in anger.

The electric weapons laid open
First Homing the means of producing homing
Torpedoes torpedoes because they were

quieter than the thermal types
—_this being almost entirely on account of the
former’s lower speed. The Germans, being the
first nation to mass produce an electric
torpedo, were also the first to produce a
homing torpedo.

Experimental work in support of the homing
torpedo started in Germany around the mid-
nineteen thirties with simple measurements of
the noise of various ships and weapons. It was
soon evident that a basic limitation on the
homing ability of a weapon using acoustic
methods was the “self-noise” in the homing
transducers; that is to say, the background
noise due to the motion of the weapon itself.
Measurements of the self-noise showed that
the level was almost independent of the weapon
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G7a or an electric G7e, but depended very
much on the speed of the weapon. Later work
showed that the noise originated at the pro-
pellers and improved propeller design lowered
the self-noise, but initially it was calculated
that a torpedo would only be able to home
from a reasonable distance onto a ship if the
torpedo speed did not exceed 25 knots. There-
fore, a G7e was modified to run at this speed
and a simple homing device was fitted in the
nose. (Later in the war the Allies came to the
same conclusion regarding weapon speed but
had no weapon capable of such a low speed
nor a tactical requirement for slow torpedoes).
The first homing torpedo was issued to the
German fleet in January 1943 and was the T4,
also known as FALKE (= Falcon). About 100
T4 weapons were made and about 30 were
used. They were soon replaced by the TS5
weapon which was given the code name during
development of ZAUNKONIG (= Wren). It
was also known to the Allies as GNAT
(German Naval Acoustic Torpedo), an al-
together much more appropriate name.

Gnats appeared in two basic forms, namely
the flat and the rounded nose types. Both
types used an amplitude comparison system
known as ‘“amsel”. Initial experiments,
carried out over many years beginning in
about 1936, eventually resulted in the 75 or
GNAT having a speed of 25 knots. This was
chosen as the upper speed because of the
deliterious effects of self-noise. This speed
gave the weapon a capability against ships
having speeds in the range 12 to 19 knots, the
lower speed being at the lower limit for noise
sufficient to activate the 7'5’s passive homing
system.

The flat-nosed weapons, the nose of which
is illustrated in Fig. 32, carried four magneto-
striction hydrophones wired in alternating
pairs. A phase delay was introduced between
the sets of pairs so that the electrical output

FIG. 32. Nose and Homing Unit of German
“ GNAT " Torpedo (1943).
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was a maximum for sound arriving at +25° to
the axis of the weapon in the horizontal plane.
The amplitude in each pair of hydrophones
was compared by switching to a comparator
at 100 cycles per second. The rudders were
then swung to steer the weapon towards the
side receiving the greatest noise. In the round-
nose weapon a bakelite cap was used to pro-
tect the hydrophones. Only two of these were
used, each being placed behind a baffled
funnel to give maximum sensitivity at ==25°
as for the flat nose system. The funnels and
the cap were filled with glycerine and ethylene
glycol to give good acoustic transmission to
the hydrophones.

Due to an error it is widely believed that
over 6,000 T5 weapons were fired during the
war. In fact, careful research shows that 640
were fired with a hit rate of 6%,. The Germans
claimed a rate of 539%. Over 2,500 75’s were
test-fired in development.

Successes with ZAUNKONIG led to the
development of ZAUNKONIG 2. The
intended improvements were:

(a) Variable enabling ranges allowing es-
corts to be passed by thus putting
merchant shipping at risk.

(b) Increased range. (The new batteries were
never actually brought into service and
the range remained at 6,230 yards.)

(¢) Improved propeller design. This reduced
the self-noise and allowed ships with
speeds down to 9 knots to be detected.

(d) The ability to be fired at depths down
to 170 feet (compared with the maxi-
mum depth of 49} ft. for the 7'5).

(e) Resistance to countermeasures. This
latter was included because of the
success of the FOXER, a towed noise-
maker deployed by Allied shipping,
which seduced the passive weapons away
from the ship. The ZAUNKONIG 2, or
T11 as it was also called, employed an
acoustic ““dead spot” in the azimuth
sensitivity pattern at 20°. The weapons
were fired at about 20° on the target’s
bow. The noise of the ship was not
picked up until very late in the attack
and then the weapon was programmed
to execute a sharp turn which, hopefully,
resulted in a hit on the ship.

Although the 771 was issued to the fleet as
an operational weapon only one submarine
appears to have received these weapons and
none were fired.

An alternative to the “amsel ” system was
the Pfau (= peacock) weapon homing system.
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Development started in the mid-nineteen
thirties and by the outbreak of war test models
were being run. The system was based on
phase detection rather than amplitude com-
parison. Hydrophones, set back behind a
“funnel ” as shown in Fig. 33, fed their out-
puts into a phase detection amplifier and the
weapon was steered towards the source of
noise. The advantages of this system were:

(a) A wide frequency range (compared with
the narrow band of the amplitude com-
parison system) which gave a measure
of protection against noise makers.

(b) A wide bearing range available for
searching.

(c) Instantaneous indication of target bear-
ing allowing quick response by means of
proportional steering systems.

(d) Simple insertion of lead angle homing
enabling the weapon to follow an inter-
ception course rather than the less
efficient pursuit course to the target.

The work suffered a hiatus from 1939 to
1941, along with many other projects because
of the German conviction that the war would
be of short duration. In 1942 the project was
again being pursued under the enthusiastic
guidance of the Pfau inventor, Ob-Ing Schaper,
but was soon abandoned because the require-
ment for Pfau settled only on air-dropped
weapons (such as the L5) and the nose cap
was unable to withstand the shock of water
impact.

Attempts to circumvent the FOXER decoy
led to a design study for a torpedo homing
on very low frequency radiated noise. Such
noise cannot be generated efficiently by small
towed decoys. Frequencies below about 50
cycles per second were rejected because the
noise level varied very considerably from ship

FIG. 34. Scanning Hydrophone from German
" LERCHE " Torpedo (1944).

to ship—the noise being entirely due to rota-
ting machinery and its out-of-balance charac-
teristics. The frequency range eventually
chosen was from 50 to 100 c.p.s. and an ex-
perimental weapon code-named TAUBE (=
Dove) was tested but soon abandoned, largely
on account of the high self-noise level and
resultant poor acquisition range.

Another ingenious weapon was LERCHE
(= lark). A passive hydrophone mounted in
the nose was driven in a nodding action by a
small electric motor, Fig. 34, and the output
of the hydrophone was amplified and fed down
a trailing wire to an operator in the firing
submarine. By an ingenious identification
system the operator could hear the modulations
on the output of the 35 kc/s magnetostriction
transducer together with a series of tones
indicating the orientation of the transducer
system. The operator could distinguish between
the noise of a decoy and the noise of a ship’s
propellers on account of the “beats ™ in the
latter at the ship’s shaft rate. The operator
could direct the torpedo to the ship by means
of signals fed down the same wire as the
acoustic signals. LERCHE was fitted experi-
mentally in one submarine but not brought
into general use by the end of hostilities. Much
of the hardware of this weapon system was
captured by the Soviet Union at the end of
the war.

Active, i.e. pinging, weapons were initially
considered impracticable by the Germans but
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BOJE (= buoy), was built to confound the
experts. Although the acquisition ramnges were
generally less than for passive weapons the
active system had certain advantages partic-
ularly in the presence of noisemakers and
against slow or stationary targets.

Although BOJE never reached service it
stimulated an enormous quantity of research
into reverberation; this being of considerable
importance to the success of active homing
systems. Indeed, the Germans carried out
much basic research on the radiated noise of
ships and torpedoes and its directional pro-
perties. Their rtesearch on the noise of
propellers, carried out both at sea and in
water tunnels at Gotenhafen, and the effects
of sea surface reflection of propeller noise to
the homing system are, even today, sufficiently
relevent to forbid detailed description here.

The successor to BOJE was GEIER
(= Vulture) which had an active acquisition
range of 280 yards. The transducer was pendu-
lously mounted to stabilise the variation of re-
verberation with time from transmission. Two
receiver amplifiers were used, these being a
time varied gain type to follow the decay of
the reverberation and the second was an
A.G.C. type to compensate for variations from
day to day due to sea state changes. As a
result of experience with GEIER 1 the GEIER
2 was produced. The listening hydrophone
operated over two different bandwidths. The
self-noise was different in the two channels
but the echo was the same level. Thus, by
appropriate amplification and subtraction the
self-noise was effectively greatly reduced giving
a much improved signal to noise ratio. Another
improvement incorporated in GEIER 2 was
the facility for * preferred side ” homing in
which the weapon only responds to echoes
from a certain pre-determined side.

The first pre-production GEIER weapons
appeared in March 1944 and the GEIER 2
started test running in the Autumn of 1944.
They reached the fleet as operational weapons
only a few months before the end of the war.

In conclusion, T will briefly describe some
experimental homing weapons that never
reached the production stage. IBIS (= Ibex)
used acoustic echoes from a ship’s wake to
weave along the wake to the ship. Pings were
transmitted normal to the weapon axis and
the torpedo steered towards the echo to give
a weaving course as shown in Fig. 35. The
idea was tested but dropped in 1944 in favour
of the GEIER. FASEN (= Pheasant), like
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FIG. 35. IBIS Wake Following Procedure.

IBIS detected the echoes received from a ship’s
wake but having entered the wake the weapon
went into a pre-set pattern running procedure.
This system was also dropped in favour
of GEIER. MARCHEN (= Fairy tale ! !) was
a magnetic homing weapon which achieved
acquistion tanges onto large non-degaussed
ships of several hundred yards but it was
cancelled on account of the variability of ship
magnetic fields with position on the Earth’s
surface. Finally we note the wake weaver
devised by Professor Ackermann at the Danzig
Technical College. The presence of the wake
was detected by its turbulence and this in
turn was detected by two pressure tap points
near the nose and tail. The turbulence effects
were too small to enable a reliable indication
of the wake to be given. (It is interesting to
note that a similar system was devised in
Britain over forty years earlier !)

The Germans developed or studied over
fifty types of torpedo including the famous
peroxide types and the less well known wire-
less controlled weapons. They also tested a
flat torpedo propelled by a flapping fin and
the British revived the flywheel weapon. All
of these and more will be introduced in the
next of these articles.

Part 4

Abstract

The continuing development of American and
British homing torpedoes is described over the period
of World War 1I followed by the important propul-
sion improvements such as the German * Ingolin’
weapons as well as the bizarre * flapping fin” and
flywheel torpedoes.

The post-war development of torpedoes, both in
Britain and the U.S.A. is described. This includes
the 500 knot * flying torpedoes’ as well as less fab-
ulous weapons such as the ill-fated PENTANE and
FANCY projects. It is shown that the British torpedo
programme since 1945 has produced three service
weapons out of at least nineteen projected, and in
many cases experimentally tested, designs.
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We saw in the previous part

American of this history that the Ger-
Homing man scientists had started
Torpedo work on homing torpedoes in

Developments the mid-1930s and produced
1942 - 1947 in 1943 a weapon with a

hit rate claimed at 539%.
The success of this work was due to years
of hard research into the nature of ships’
noise, its transmission through the ocean as
a function of sea conditions and the problems
of detecting noise at a torpedo. The American
effort was less successful, partially on account
of the lack of a suitable torpedo and partially

because of delay in obtaining the vital basic
acoustic data upon which a successful homing
weapon depends. The first American homing
weapon was built very largely on the basis of
British acoustic investigations which had
started in the late 1930s.

Several projects were started in the United
States around 1941 with the intention of pro-
ducing various homing weapons. Project
NO-94 was started to produce a 12 knot anti-
submarine torpedo with passive homing in
three dimensions. This speed was considered
adequate to catch any submerged submarine at
that time. The outcome of co-operative work

TABLE 11. Summary of German Electric and Homing Weapons, World War II

Weapon Code-name ] w ‘ 14 , R ‘ Remarks

T2 — 3,540 30 5,470 *First operational electric weapon.
T3 3,540 30 5,470 *T 2 fitted with influence fuze.

H[1%34 — 3,870 30 8,200 *New battery fitted.

T 3b — 2,970 184 4,390 *Propulsive part of ¢ Marder ’.

36 —— 2,950 184 4,390 *Fired from midget submarines.

T 3d Dackel 4,885 9 62,300 *Pattern runner. 36 ft. long.

T 3e Kreuzotter 2,960 20 8,200? *Used by Molch and Seehund.

T 4 Falke 3,080 20 8,200 *First passive homer.

T35 Zaunkonig 1 3,300 25 6,230 *Major homing weapon of the war.

T 5a — 2 22 8,750 *Used by S-boats.

T 5b — 2 22 8,750 *Used by submarines.

T6 — 3,870 30 8,200 7T 3a with improved warhead.

110! Spinne 3,570 30 3,280 *Wire controlled from coast.

i Zaunkoénig 2 3,300 24 6,240 FImproved T 5.

T 12 — 2,780 30 3,280 t18 ft. long—intended for small submarines.

— Lerche ? 2 6,000 tOperator controlled/passive homer.
G7p — ? 30 10,000 Proposed Mg/carbon and Zn/Pb batteries.

Geier 1, 2 0 1 7 +Active homer. Geier 3 planned.
F5b Pfau 1,810 24 6,600 tPassive homer based on steam/turbine
propulsion. Air-dropped.
Notes: W is weight in lbs.
*denotes used in service
V s speed in knots.
R is range in yards. tdenotes reached experimental stage.
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atories and General Electric Co., was the
Mark 24 mine; called such for security reasons.
Although 21 in. diameter the weapon was
only 84in. long. Two homing systems were
tested and the version adopted had four hydro-
phones mounted around the body of the tor-
pedo with simple steering towards the noise
source. This Mark 24 entered service in late
1944 only 35 months from conception. Shortly
afterwards the Mark 27 entered service as a
lengthened version of the Mark 24. These two
weapons were the only American homing tor-
pedoes to see active service; their activities
being in the Pacific.

Project NO-157 was set up to produce an
anti-ship, submarine launched torpedo based
on the electric Mark 18, which was the Ameri-
can copy of the German G7e. Three weapons
were eventually produced. Extensive noise
measurements on both sides of the Atlantic
showed that a homing range of 200 yards on
a 15 knot destroyer could only be achieved by
low speed and noise isolation. (It is interest-
ing to note that the Germans regarded pro-
peller noise as the most troublesome source
of “self-noise ** whereas the Americans had
most trouble with motor and gear noise). The
first weapon produced under this project was
the Mark 28, basically a Mark 18 with the
tail gearing eliminated and four hydrophones
mounted on the curved part of the nose. With
its single propeller the Mark 28 ran at 20
knots which was not really adequate for deal-
ing with destroyers even though electric pro-
pulsion allowed the advantage of trackless (and
therefore surprise) attack.
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The Mark 29 was soon introduced as a 25
knot weapon; the speed improvement having
been achieved by using a contrarotating motor
directly driving the propellers. Further noise
reduction techniques applied to the original
Mark 18 together with improved hydrophones
now allowed an acquisition range of 200 yards
to be obtained at 28 knots and this new version
was numbered the Mark 31. Meanwhile,
experiments using the Mark 20 straight run-
ning torpedo showed that it was possible, by
careful positioning of the hydrophones, to
achieve the requisite homing range at no less
than 39 knots. The homing version of the Mark
20 came into service in October 1945, like all
but two of the United States Navy homing
weapons, too late for war service.

Project NO-149 was instigated to develop
aircraft homing torpedoes. The turbine driven
Mark 13 was used as a test vehicle but it was
soon found that the turbine was very noisy at
ultrasonic homing frequencies. As a conse-
quence the work was due for cancellation in
the Spring of 1944 and a “last ditch ” effort
was made to reduce the noise. Neoprene
gaskets and rubber mounts were extensively
used with the result that adequate homing
performance was achieved at the running
speed of 33 knots. Designated the Mark 21,
the weapon performed well in homing but
failed to achieve many hits. This was found to
be due to the poor manoeuvreability in final
attack imposed by the shroud ring on the tail;
this being used to stabilize the weapon for
water entry. Although this problem was over-
come success was not achieved until after the
war.

TABLE 12, U.S. Homing Weapons Developed 1941 - 1946

Project Basic weapon Final weapon Speed ‘ Remarks
NO-94 — Mk 24 12 kn “ A/Sub passive
Mk 24 Mk 27 12 kn ‘ Improved Mk 24
NO-157 Mk 18 Mk 28 20 kn g A/Ship passive
Mk 18 Mk 29 25 kn ; A/Ship passive
Mk 18 Mk 31 28 kn [ A/Ship passive
Mk 20 Mk 20 37kn | A/Ship passive
NO-149 Mk 13 Mk 21 33 kn ! Aircraft dropped, A/Ship passive
NO-181 Mk 24 Mk 32 12 kn Active version of Mk 24
Mk 18 Mk 18 29 kn Active Mk 18. Untested
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Project NO-181 examined active (i.e. echo
ranging) weapons. The only successful weapon
was the Mark 32, an active homing version of
the Mark 24 mine. This weapon was the first
U.S. Navy lightweight active homing torpedo
being “only ” 1,200 lbs. in weight. An active
homing version of the submarine launched
Mk. 18 was considered but remained a draw-
ing board dream.

Table 12 summarises the American homing
weapons planned during the last war.

British work on homing

British weapons started before the war
Homing as a joint effort between the
Torpedo establishments at Greenock
Research and Fairlie with measurements
in World of ships’ noise and torpedo
War 11 self-noise. It was concluded

that useful detection ranges
would only be obtained with weapon speeds
below about 20 knots, (Remember that Ger-
man weapons performed well at 25 knots but
had the advantage of electric propulsion).
There was no naval requirement at that time
for such a slow weapon and further work was
stopped; the results of the work being sent to
the U.S.A.

During 1942 work was re-started on an
active air-dropped torpedo project code-named
BOWLER. The probability of an aircraft
being shot down was much reduced by flying
along the line of the ship but the chance of
achieving a torpedo hit was correspondingly
reduced. Bowler was intended to overcome
this disadvantage by giving the weapon a
homing capability from fine aspect attacks.

Quartz crystal transmitting hydrophones on
each side of the weapon emitted pulses of
267 ke/s noise at right angles to the weapon
axis. On receipt of an echo from a ship the
weapon turned towards the echo on a con-
trolled turn, which should have resulted in
a broadside impact. Measurement showed that
echoes would be detected at ranges up to about
100 yards (corresponding to a signal to noise
ratio of 12 to 20 db according to sea condi-
tions). This effectively gave a ship an extra
200 yards width for attacks from ahead;
attacks from aft being impracticable on
account of false detections from the ship’s
wake.

Systems studies showed that only shots from
within 20° of the bow stood a good chance
of hitting and the weapon could be countered

by setting off charges in the water to give
premature turning. With salvo fire the explo-
sion of one weapon caused premature turning
of the second. Because of these difficulties the
project was cancelled. It is as a rule better
to have a poor weapon rather than no weapon
and any homing capability would not, it seems,
detract from the usefulness of the basic
weapon system (the 18 in. Mark 17 running
at 40 knots). It is difficult to understand the
reasons for cancelling this project at a time
when aircraft were suffering heavy losses in
torpedo attacks.

Be that as it may, Bowler was dropped and
a new project got under way under the code-
name TRUMPER. Based on the 21 in. Marks
8 and 9 Trumper was an active weapon built
in collaboration with the General Electric Co.,
Wembley. The design was settled in 1943 on
the basis of acoustic data obtained in support
of Bowler and in the Winter of 1943 a trial
was carried out against a submarine. Initially
the target bearing was found by phase com-
parison but this was dropped in favour of
amplitude comparison. The quartz crystal
transmitter and the mosaic of receiver crystals
were mounted inside an oil-filled dome fitted
onto a special flattened Mk. 8 nose. The two
stacks of crystals were paired to give a single
broad beam with a beamwidth of about 60°.
“ On-off ” homing was used; that is say, the
target was kept on the edge of the beam to
give a lead angle of about 30°. This gave
some measure of protection from towed coun-
termeasures and the ship’s wake, the preferred
side being capable of selection according to the
angle of attack. When the range of the target
had fallen to 170 yards the weapon made a
40° turn to achieve a hit.

TRUMPER was undergoing sea trials when
the war finished and as a result the British
failed by only a few months to get a homing
torpedo into service. TRUMPER was post-
poned and the *Trumperised ” Mark 8 and
Mark 9 weapons, together with an electric
Mark 11 which had been fitted with a homing
head, were used for noise research.

The British had started development of an
active homing anti-submarine torpedo in 1942.
Wing Commander St. John and two other
officers at Technical Training Command,
Reading worked out various systems and
started testing them in their off-duty hours.
When a reasonably satisfactory electronic cir-
cuit had been devised for steering a weapon
towards a target, Squadron Leader Robertson
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team to design the mechanical hardware.
Phase comparison was to have been used to
set the gyro course in azimuth and depth. By
this time the Bowler active torpedo system was
being developed and, because of the clear simi-
larities in the programmes, the two projects
had their expertise pooled under the code-name
JOKER.

Considerable trouble was experienced with
reverberation, self-noise and water entry
shock for it was at that time proposed to use
the standard 18in. Mk. 15 torpedo as the
body of the new weapon. In 1943 the situation
was reviewed and the Joker projects
were freshly divided into DEALER and
TRUMPER; the former to be a passive sur-
face-launched weapon and the latter, as we
have seen, to be an active weapon.

Nearly all the design work was carried out
at R.A.F. Halton and later at Titchfield. The
first prototypes were produced by the R.A.F.
but the production run of 100 weapons was
undertaken at R.N.T.F. early in 1945. These
weapons were scrapped soon after production
and none were used in action.

The DEALER was one of the most curious
weapons to emerge during the war. On chang-
ing to passive homing the weapon was re-
designed to enable it to be dropped from an
aircraft with parachute retardation. The
weapon, unlike all its contemporaries, had no
control surfaces for steering. Two propellers
were set in tandem on each side of a fixed
rudder, each with its own independently
energised motor. Steering in azimuth was
achieved by varying the relative voltage. Depth
control was by motoring the main battery to-
and-fro, thus altering the position of the centre
of gravity. The hull was tapered slightly from
nose to tail.

The DEALER weapons led at the end of
the war to Dealer B, an 18 in. passive torpedo
of conventional appearance, and Bidder
which started as a passive 18in. anti-sub-
marine weapon but finished as the 21 in. pas-
sive Mk. 20. The story of these weapons will
be examined later. We will continue now with
propulsion work.

Britain, the inventor of the

Torpedo enriched air torpedo which was
Propulsion so extensively copied by the
1939 - 1945 Japanese, reverted on the out-

break of war to natural air and
the main wartime thermal torpedo is still in
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service today. This situation is not for want
of innovation by British scientists as I hope
to demonstrate in the following pages. The
blame, if blame there be, lies with the exigen-
cies of war.

The “ workhorses ”* of the British war effort
were the 21 in. Mk. 8 and Mk. 9 and 18in.
Mk. 12 and 15 torpedoes, all of which worked
on the Burner cycle engine described pre-
viously. The main research work in Britain
in propulsion fields was aimed towards increas-
ing the speed of torpedoes because this
reduced the aiming errors and their effects.
The burden carried by torpedo designers is
the law whereby the power required by a
weapon increases approximately as the cube
of the speed. Thus a speed increase from 45
to 60 knots requires a power output increase
of about 240%,. Even so it was the aim of
designers to achieve 60 knots.

The pre-war 21 in. Mk. 8 achieved 40 knots
at a rating of 230 b.h.p. and this was soon
uprated to 45 knots at 322 b.h.p. The longer
ship launched Mk. 9 required 360 b.h.p. to
achieve the same speed. In 1939 a new engine
was built®> which delivered 817 b.h.p. At
nearly two b.h.p./Ib. this was twice the corres-
ponding figure for the Bliss turbine used to
power United States torpedoes. As shown in
Fig. 36, the engine was two radial engines
“ Siamesed ” to give an eight-cylinder engine
with four combustion pots. Although this
weapon was expected to produce 60 knots in
a Mark 8 shell, it was never brought into ser-
vice and experiments on the engine and similar
types continued for many years even after
the war was over.

Only minor improvements were made to
engines in Britain during the war; the only

FIG. 36. Eight-Cylinder British experimental
engine (1939).
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significant advance being the introduction of
the 21in. Mk. 11 electric torpedo described
previously.

Research on fuels and oxidants was active
during the war with many new systems under
investigation but ultimately not leading to a
service weapon. The generation of hot gases
for a standard engine by the burning of a
solid mono-fuel (i.e. a mixture of fuel and
oxidant in a single block as in rocket systems)
was investigated from 1942 until just after
the end of the war. The object of these investi-
gations®® was three-fold, namely to eliminate
the expensive air vessel, to save weight in
general and to use a simple, cheap engine of
the old ““ wet-heater * type.

The solid charge, which was based on
ammonium nitrate and solid organic fuel, was
manufactured in a sealed container for direct
insertion into a torpedo. The temperature and
pressure of the gas were controlled by the
composition and shape of the solid charge.
The gases so generated were fed directly to
the inlet valves of the engine, a wet-heater
from a 21in. Mark V. The first propellent
tested at Greenock in January 1945 was
ammonium nitrate and gunidine nitrate with
five to 10%, ammonium dichromate catalyst.
The end product was 65% steam, 16%, nitro-
gen, 1%, carbon dioxide and 9% each of
nitrous oxide and nitrogen dioxide. Ammon-
ium oxalate was injected to cut down engine
corrosion.

This work on solid propellents was run down
and stopped soon after the first successes had
been achieved through general lack of support.
It is interesting to note that the U.S. Mk.
46/0 torpedo which is at present the standard
lightweight weapon in the United States uses
a solid charge propulsion system as devised,
but never used, by the British.

Moving on towards the bizarre we find ex-
perimental work at Greenock in 1942 directed
towards a jet propelled torpedo®®. The only
advantage of jet propulsion evident to the
author is the lack of engine and other moving
parts. The propulsive performance is very

poor. A 21in. Mark V torpedo was disem-
bowelled and four combustion pots were fitted
in the engine space followed by a divergent
nozzle in the after-body in place of the propel-
lers. The torpedo ran well and was easily con-
trolled but only achieved a speed of 24 knots
to a range of 800 yards. This was not too
depressing for the builders because the weapon
was only put together from spare parts; with
a proper design it was estimated that a per-
formance equal to that of the contemporary
electric weapons would be obtained. There
was not the requirement at that time for low
performance weapons, even if of simple con-
struction. The jet torpedo was never seen
again.

Moving even further towards fantasy we
find a proposal®® in 1941 to revive the idea
of a flywheel driven air-dropped torpedo. The
advantage of such a weapon was intended to
be its cheapness and simplicity of manufacture
but when compared with the then standard
aircraft torpedo, the 18 in. Mk. XII, it was
found that the skilled labour required was
nearly 7,000 man-hours and the unit cost was
about £950. This latter was £600 less than the
Mk. XII but the surprisingly high labour
requirement killed the weapon.

The design for the weapon included two
contrarotating wheels on an axis parallel to
that of the weapon. This neutralised the over-
all gyroscopic forces (but not the forces on
the axis of each wheel) and the wheels drove
the propellers through a three-speed gear box
and constant torque converter. The maximum
stress allowed in the wheels was set to 55 tons
which, for an 18 in. diameter weapon corres-
ponded to a speed of 24,000 r.p.m. maximum.
This allowed 125 X 10° ft./lbs. of energy to
be stored for every inch length of wheels
(allowing that only 50% of the potential
energy is recoverable). With wheels of length
2-3 in. each (thus 130 lbs. each in weight) the
available energy would have given a perform-
ance of 27 knots and a range of 1,800 yards.
This was approximately half the performance
of the Mk. XII weapon.
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would have been the need to spin the wheels
to a top speed before aircraft take-off and
maintain the wheels at speed whilst in flight.
There are obvious difficulties here. The very
low dropping height required also caused much
criticism.

The system was designed to meet the above
speed and range requirements and was not
therefore an optimum. With present day
materials and allowing the weight of wheels
to be one third of the weapon overall weight
(this corresponds approximately to the propor-
tionate weight of air vessel and engine in a
burner cycle weapon) we find that a flywheel
driven 18 in. weapon of the size of the Mk. XII
should now be capable of 27 knots to a range
of about 6,000 yards. This is about 50%
greater than the Mk. XII and slightly greater
than the post-war French L3 electric anti-
submarine torpedo; this latter having the
advantage of a greater diameter (550 mm) and
hence greater theoretical output.

The propeller, being a source of noise when
cavitating, was given considerable attention
during the war. The Germans made extensive
measurements of the noise of propeller cavi-
tation as it varied with depth and angular
position about the weapon. Water tunnel in-
vestigations were also made into the nature
by propeller noise. Two attempts were made to
circumvent these problems by eliminating the
propeller altogether. We have already met the
jet torpedo whose objective was a simple means
of propulsion rather than noise reduction. The
British revived the ““ umbrella >’ means of pro-
pulsion whereby the weapon is propelled for-
wards by a folding pair of vanes oscillating
back and forth in the axis of the torpedo®®.
On the thrust stroke the vanes open and push
the water aft causing a forward reaction on
the weapon whilst on the return stroke the
vanes collapse and offer little resistance to
flow. The difficulty with this system is not
perhaps the operation of the vanes but the gen-
eration of a back and forth motion by means
of a simple engine. The device was never
tested.

Similar thoughts in Germany had resulted in
propulsion by a flapping fin after the fashion
of a fish. Initially a simple flapping vane was
fitted to a standard G7e and it was found that
an efficiency of about 60%was achieved. Fur-
ther experiments showed that a fixed fin
behind the flapping fin increased the efficiency
to the same value as a conventional propeller.
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FIG. 38. German * Flapping Wing “* torpedo (1944).

Eventually the weapon sketched in Figure®®
was built and tested. The unconventional
appearance may cause humourous comments
from some readers but I must point out that
this device had many advantages over con-
ventionally-shaped weapons and further devel-
opment was only halted by the war ending
before trials were complete.

The flapping wing weapon was driven by
the same power plant as the G7e torpedo.
Cavitation noise was negligible and the device
was altogether much quieter than conven-
tional torpedoes. Stability was excellent in all
planes. The considerable lift obtained with
only moderate angles of incidence enabled the
weapon to be very dense (compared with the
stability requirement for conventional tor-
pedoes to be nearly unity specific gravity) and
as a result the overall propulsive efficiency in
terms of energy required to transport a given
weight of explosive was somewhat better than
many production weapons. The obvious dis-
advantage of the weapon is the problem of
launching from submarines although some type
of slide launcher could be used from ships.

One of the outstanding developments of the
last war was the application of hydrogen perox-
ide to propulsion and we will now look at the
German developments in the torpedo field.

Before the start of World

German War II the Germans had been
Peroxide experimenting extensively with
Weapons of  oxygen carriers to eliminate as

World War II far as possible the heavy air

vessel and provide trackless
performance, this latter becoming vital later
in the war. By 1939, the search for oxygen
carriers was chaotic at T.V.A. (Torpedo Ex-
perimental Establishment) and Herr Lawitska
was then put in charge. A systematic investi-
gation of likely systems was initiated.
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The use of pure high pressure oxygen, as
used by the Japanese, was rejected because of
the starting problems which sometimes re-
sulted in explosions (the Japanese avoided this
however by starting ignition with air and
increasing the enrichment over a 15 second
period). Several other high energy systems
were tested of which a selection were:

(a) Hydrogen and oxygen. This was aban-

doned on account of the rapid diffusion
loss of the high pressure hydrogen (25,
gas loss from a pressure vessel in only
three days).

(b) Ammonia and oxygen. Liquid ammonia
gave promising results but the system
was given up in 1938 because of the
track formed by dissociation of excess
ammonia.

(c) Carbon dioxide, fuel and oxygen. The
carbon dioxide was proposed as diluent
but the work was stopped because of the
risk of CO, leakage into the living space
of a submarine.

(d) Magnesium (or aluminium) and oxygen.
Very energetic but too difficult to con-
trol for torpedo applications.

Ultimately the hydrogen peroxide system
was developed.

The development of the “Ingolin™ or
hydrogen peroxide torpedoes was started in
1930 by Professor H. Walter. Altogether no
less than 16 types of these weapons were
developed but only three were approaching
operational status by the end of the war. The
first successful application outside the torpedo
field was in jet propulsion devices. The perox-
ide was decomposed with sodium or calcium
permanganate according to the reaction:

MnO; + 2H,0,— MnO, + 2H.0 + 20.

and

2H.0,— 2H.0 + O.
where the second reaction is catalysed by the
MnO..

The finely divided particles of MnO, are
objectionable in a turbine and as a result the
catalytic decomposition using “ Helman ™ was
developed. A typical weapon of German per-
oxide technology was the STEINW AL which
will now be described in detail.

The STEINW AL was a four-fluid weapon if
the liquid ““ Helman > is counted as a working
fluid. “ Helman > consisted of 80, hydrazine

TABLE 13. Comparison of certain World War |l topedoes

U.s. U.K. German

Mk 14-3 Mk 8 G7a Steinbutt Steinwal
Range, yds 4,500 5,000 6,600 8,750 24,000
Speed, knots 46 45'5 44 45 45
Engine Turbine B-cycle Radial Turbine Turbine
Fuel Alcohol Paraffin Decalin Decalin Decalin
Fuel wt, lbs. 28 30 36 S 110
Oxidant Air Air Air H.O. H.O.
Weight of
oxidant, lbs. 256 241 350 284 814
Diluent H.O = H.0 H.0 Sea water
Diluent wt, Ibs. 83 — 125 378 B
Total weight
of expendables (Ibs.) 367 271 511 758 1,029
Expendables used
(Ibs./h.p.hr.) 19:5 90 187 7k 85
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litre of potassium copper cyanate, K.Cu(CN),;
this latter being added to assist ignition. The
fuel was Decalin (decahydronaphthalene).
Combustion was started by mixing the Hel-
man, fuel and hydrogen peroxide in the com-
bustion pot. Once fired, the flow of helman
was cut off and the fuel and peroxide burnt
continuously at a temperature of about 2,300°.
Because of the difficulty of storing Helman it
was arranged that the copper salt was added
to the catalyst just prior to mixing with the
peroxide. The Helman and fuel had to be
admitted to the combustion pot slightly before
the peroxide. If the peroxide arrived first it
decomposed explosively into water and oxygen
giving up about 660 calories per 1b. which is
sufficient to convert the water to steam. A
complex system of cam-operated valves
ensured that the fluids were mixed in the
appropriate fashion. Table 13 below sum-
marises the characteristics of two German
peroxide weapons and compares them with the
standard wartime British Mk. 8 torpedo.

1t should be noted that the British B-cycle
engine is far more efficient than all other
weapons with the exception of the STEIN-
WAL. The relatively low range of the Mk. 8
is due to the low weight of oxygen carried
compared with the torpedo weight. Such is
the advantage of a dense low pressure oxidant
such as hydrogen peroxide.

It will be noted from the table that the
Germans changed from radial reciprocating
engines to turbines during the war. The reason
was primarily to eliminate oil from the ex-
haust and render the weapons completely
trackless. Many types of turbine were tested
and the finest was that fitted to the STEIN-
WAL. Tt was rated at 500 h.p. and had a
speed of 30,000 r.p.m. and was actually
machined from a solid steel disc by a machine
developed at the firm of Askania, Berlin.
Another revolutionary feature was a cardan
gear on the driving shaft which, with an in-
ternally toothed flywheel ring, revolved in the
opposite direction thus preventing initial roll
on firing®”. The exhaust, such as it was,
bubbled out through a perforated ring around
the engine compartment. The bubbles quickly
dissolved. One claim for this type of exhaust
was a reduction of radiated noise from the
engine due to the bubble screen.

The long range of the Steinwal was devel-
oped solely for the pattern running capability.
Complex patterns could be run through a con-
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COURSE y" .\

OF CONVOY /!

U-BOAT
FIG. 39. German " LUT " pattern running.

voy giving little chance of avoidance because
of the numerous and devious course changes.

A special gyro, the LUT, was made to allow
the weapon to follow the programmed path.
Fig. 39 shows a typical LUT track.

The Germans experimented with peroxide
weapons using the jet idea and claim to have
achieved 1,310 yards range and 45 knots.
Table 14 summarises the experimental weapons
of the last war together with a few operational
types.

The popular impression that peroxide tor-
pedoes were the major objects of German war-
time research tends to over-shadow the fact
that a large proportion of scientists favoured
pure oxygen rather than hydrogen peroxide,
after the manner of the Japanese. Teams of
scientists travelled to Germany from Japan
by U-boat to advise the Germans. However,
by the end of 1943 the oxygen work was fall-
ing behind the peroxide developments and the
former was cancelled. The oxygen work was
based on a closed cycle system whereby the
exhaust gases were fed back into the com-
bustion pot to act as diluent; any build-up of
pressure being released by exhaustion of the
steam and CO,, the soluable products of com-
bustion. Experiments on this system began in
1930 using a car engine and in 1937 the Jun-
kers Aircraft and Engine Company produced
the huge experimental M5 torpedo. Measuring
29'6 in. in diameter and over 36 ft. in length,
its engine developed some 600 b.h.p. but the
weapon was a failure. Every test model sank
on trials and the project was given up.

Tests at the end of the war on the surviving
Junkers engines showed that the M5 weapons
would have achieved 26,000 yards range at a
speed of 40 knots.
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FIG. 40. Barracuda. Note aerodynamic
tail on torpedo.
(Courtesy of Imperial War Museum)

Of all the nations engaged in torpedo devel-
opment, the Germans showed the greatest in-
ventiveness and, if the war had continued for
a further year the Allies would have been
threatened by deadly pattern running peroxide
weapons and new homing torpedoes. The les-
sons to be learnt from this programme are
summarised as following by the (anonymous)
author of B.R. 1972 . . .

“The German torpedo development was
separated from torpedo production at a
high level in the O.K.M. (Naval High
Command) though both were within the
torpedo branch. The development side had
their own facilities for experiment, and
for experimental manufacture on a large
scale, which were entirely independent of
factories manufacturing weapons in bulk.
In times of peace there is a tendency to
combine the two on the grounds of
economy, but if this is done, and especi-
ally if they share the same workshops and
workpeople, the result in war is disastrous
for development, which is inevitably
squeezed out by the over-riding claims of
production.”

. . at first the inventor is the only
authority who has the necessary know-
ledge to deal with the work, and it is most
important to establish a technical team
to take over as soon as possible, and free
the inventor for his proper task of further

development.”

‘. . . Germany used private firms to
develop not only components, but com-
plete torpedoes. Two advantages stem
from this policy. Firstly, and most impor-
tant is the element of competition lacking
in a Government establishment. Secondly,
the firms bring specialist expertise to bear

3

‘

FIG. 41. Bristol Beaufighter Mk. VI.
(Courtesy of Imperial War Museum)

from fields outside that of torpedoes. The
expertise is most important when dealing
with production problems.”

The failing of the German torpedo pro-
gramme was the lack of co-operation between
the Navy and the Luftwaffe. Independent pro-
grammes were being followed at one time and
these lacked sufficiently strong supervision to
weed out the poor projects. The fact that the
Germans tried over 60 different torpedo
designs shows clearly the lack of control over
experimental work.

Several attempts were made
Man/Torpedo during the war to combine the
Combinations intelligence of a man with the
in World destructive power of a torpedo.
War IL Some of these combinations

come more truly under the
heading of midget submarines. The Japanese
Kaiten, for example, was an oxygen 24 in. tor-
pedo propulsion system built into a torpedo-
shaped body; the entire device weighing over
eight tons. It can be seen from this that the
KAITEN was more submarine than torpedo.
These suicide weapons were built in large
numbers towards the end of the war but are
credited with only one sinking; a tanker.

German ideas centred around the use of two
weapons in tandem; one carrying the man and
propelling the second weapon to the target
area. A T3b, carrying a man sitting astride
the forward battery section and behind a
small cockpit, was strapped to a standard
electric G7e. The tandem system ran slowly
with the “ pilot’s ” head bobbing above water
to see the way ahead. When within range of a
target the offensive weapon was released and
the man returned to base or was later picked
out of the water. This system was named
MARDER.

The Italians similarly developed man-con-
trolled torpedoes called PIGS and caused
havoc with three of them in Alexandria har-
bour.
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Fuze II period we will consider the
Developments German 7'Z5 pistol. Up to the

introduction of the homing
torpedo the impact pistol was placed at the
weapon nose; often, as in the German
examples as a set of whiskers on the nose.
The impact of the whiskers set off the war-
head. With the nose later reserved for homing
transducers the impact pistol became an inertia
device set at the rear of the warhead bulkhead.
In addition the various magnetic pistols were
introduced to provide explosions beneath the
keel of a ship rather than on the well-protected
side plating.

The failure of these magnetic pistols and
their impracticality in rapidly weaving homing
weapons resulted in the magnetic influence
fuze, or TZS5 as it was known to the Germans
who first fitted it in the GNAT. Basically a
metal detector, the fuze consisted of two coils,
one radiating at a frequency between 50 and
200 c.p.s. The coils were balanced so that no
induced field was recorded in the second coil.
In the presence of a mass of metal, even if
completely lacking magnetic field on its own
account, the receiver coil was induced with a
current and the warhead detonated. The
German influence pistol was made sensitive
only to metal above the weapon so that the
firing submarine could escape to safety by
diving after discharge.

FIG. 42. British flying torpedo (1947).

Both the British and Germans tested optical
fuzes which operated on the detection of the
shadow of a ship—clearly of use in daylight
only—and these operated fairly well but only
in experimental tests. The German PiO optical
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fuze transmitted ultra-violet light towards the
surface with a modulation of 1,400 c.p.s. to
discriminate against daylight. The transmission
direction was chosen to eliminate sea surface
reflections. It was found that the U.V. light
caused the sea to fluoresce and infra-red light
was then used from a 100 watt source. By the
end of the war this system had operated well
six feet under typical ship targets in experi-
mental firings. This optical fuze was developed
because of fears that the magnetic fuzes would
be countermined.

At the end of the war the
Post-War British torpedo experimental
British work suffered a massive up-
Developments heaval with the introduction

of a programme for the devel-
opment of new weapons of revolutionary per-
formance. These were the *“Z-weapons” of
which five main types emerged in an advanced
design stage with other types abandoned on
the way. The five weapons were:

ZONAL—Ship-launched, anti-ship tor-
pedo fired from tube and then
skimming the sea at low altitude
at about 500 knots propelled by
its ducted propellers and sup-
ported on wings. On entering the
water, beyond anti-aircraft gun-
fire range, the wings folded away.
The underwater path was at 60
-knots with active homing.

ZOSTER—Aircraft-launched  version of
ZONAL.

ZOMBI—Submarine-launched 30 in. dia-
meter weapon capable of homing
to a depth of 1,000 ft.

ZET A—-Anti - submarine air - launched
weapon.

DEWILAP—M.T.B. weapon, 21 in. diameter.

Figure 42 shows a sketch of one form of
ZONAL with its elliptical cross-section,
chisel nose and ducted propellers. The non-
circular cross-section was chosen to strengthen
the hull for high speed water entry as well as
providing a convenient volume into which the
large engine could fit. The shape also allowed
a large wing area to be accommodated for a
given wing span. As noted above, ZONAL was
to have been driven in air and water by the
same propellers, only a gear change on water
entry being deemed necessary.
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Much hydrodynamic research was carried
out on body forms at the Glen Fruin water
tank, the wind tunnel of the Blackburn Air-
craft Co., and the cavitation tunnel at Haslar.
The great bulk of the work was however on
paper. Seemingly endless designs and re-
designs were carried out to fit the fictitious
components into a given hull. This is accept-
able if the components of a new weapon are
all developed, at least to a post-feasibility
stage, but with the Z-weapons many of the
components were pure illusions; component
size was sometimes greatly under-estimated
(the radio altimeter would have hard pressed
even modern technology to fit the space allo-
cated) and other components were so poorly
investigated that they would not have worked
satisfactorily had they been built. It is pos-
sible, with hindsight, to calculate the homing
range of the Zonal and Zoster weapons and
this is not greater than 150 yards. This is far
too small to be of use and it would have
required at least a decade to improve on this
figure. Thus we see that the Z-weapon projects
were, in a sense, developed in reverse. The
research and development were largely omitted
or held over whilst the weapons were designed
in great detail.

As a drawing office exercise the Z-weapons
no doubt resulted in the training of many
students recently released into civilian life
after the war and provided challenging work
for the older drawing office staff, but as an
exercise in producing weapons the Z-weapon
project was almost a complete failure. Robert-
son, one time Chief Scientist at T.E.E. later
wrote that the late 1940°s ““ were devoted ex-
pensively to the realms of science fiction ”.
All was not a failure however. Valuable work
was carried out on engine development for
the Z-weapons, although even here the work
was mostly on paper. Propulsion was to have
been by opposed cylinder engines working on
pure oxygen and methyl alcohol. For ZOMBI,
ZONAL and ZOSTER a three-cylinder (six-
piston) engine was planned to develop 900
b.h.p. Development work on this engine with
its hollow crankshafts produced much of value
but at what cost in money and manpower !

The Z-weapon programme came to an
abrupt halt in about 1949. Life had by then
become too difficult for aircraft to torpedo
ships because of improved anti-aircraft
weapons. We shall no longer find the torpedo-
plane carrying out the role that it so success-
fully pursued during the Second World War.

Fortunately, the weapon development pro-
gramme at T.E.E. had not quite been carried
out to the exclusion of other work than Z-
weapons following the war . The homing tor-
pedo programme was still pursuing the
DEALER and BIDDER projects touched
upon earlier.

At this time the war-time DEALER with its
tandem propellers was renamed the BIDDER
A, the original 18 in. BIDDER became a 21 in.
weapon, later to be the Mk. 20, and a new
18 in. air dropped weapon was started under
the code-name DEALER B.

Squadron Leader Robertson who had devel-
oped the original wartime DEALER joined
T.E.E. as a civilian and initiated the new
DEALER B programme to make an 18in.
passive weapon as an improved version of the
original Dealer. The Dealer B evolved as an
eight finned, conventionally twin screwed,
passive homer %),

DEALER B became the 18in. Mk. 30 and
it proved to be very successful. Trials against
submarine targets in 1953 showed that a high
hit rate was achieved and the Captain of
H.M.S. Vernon commented that a new era
had dawned in torpedo warfare—the sub-
merged submarine was no longer secure ! The
provisional release certificate for fleet issue
was given in June 1954 . This date is notable
because it marked the start of the anti-sub-
marine torpedo in Britain—a role which has
become increasingly more important.

Certain improvements to the 18 in. Mk. 30
were planned for the Mod. 1 version which,
it was estimated, would give the weapon a hit
probability better than any weapon then avail-
able in the world. Despite the fact that sev-
eral weapons were built and tested, the Naval
Staff cancelled the requirement and used the
money allocated instead to buy American
active homing Mk. 43 weapons. Trials with
this weapon had shown a hit rate some four
times worse than the Mk. 30 in its original
form. Some 50 Mk. 43 weapons were obtained
and a contract was placed with the Plessey
Company for anglicisation in 1956. These
weapons were intended to ““ stop a gap *’ until
the arrival of the American Mk. 44 in Britain,
but this did not appear for another 10 years.

Although an informal decision appears to
have been made in the mid-1950s to give up
producing new lightweight torpedoes in
Britain and rely on buying American weapons,
never-the-less a proposal was submitted in 1956
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borne weapon of 14 in. diameter. The project
was pursued and by 1957 a prototype passive
weapon was running using the basic Mk. 30
motor with a new homing system. The active
electronics were bench-tested and ready to be
fitted but in 1957 a Staff decision was made
to stop all air-dropped weapons and concen-
trate on submarine and ship torpedoes. As a
result it was abandoned along with a 12in.
weapon developed  unofficially ” a year or
two earlier code-named NEGRESS.

Also abandoned at this time was the ill-
starred PENT ANE, one of the best engineered
weapons so far produced in Britain or America.
PENTANE was born in 1947, following the
collapse of the fabulous (literally !) Z-weapon
programme. The requirement was set down
for an active homing air-dropped weapon to
cope with submarines of potentially enormous
propulsion improvements likely to be found
in the 1950’s and beyond. Work was initially
concentrated at Teddington and T.E.E.
engineers were moved from Greenock.

The weapon was designed to run at 30 knots
and be capable of catching high-speed sub-
marines. The carrying aircraft were the
Gannet, Sturgeon, Lancaster, Shackleton and
flying boats. It was not until 1954 that a final
design was selected on the basis of extensive
research carried out over the preceding six
years. By this time however the fixed wing
aircraft capable of carrying a 21 in. weapon
were being withdrawn from service and the
helicopter was being considered as the prime
torpedo delivery system. Instead of cancelling
the project and starting a new lightweight tor-
pedo, the work was allowed to drop from the
top priority that it had enjoyed up to then and
it continued until 1958 at which point it was
finally cancelled. The cancellation was not,
rather unexpectedly, due to lack of a suitable
carrier but due to an assessment of the
weapon’s performance. This showed that the
search rate was too slow for the targets then
likely to be available*. Pentane died there-
fore because it was too late in development,
not initially well matched to the future car-
riers and not adequately matched in homing
performance to targets’ capabilities.

Excluding these failings, the weapon itself
was well engineered, as Fig. 43 shows from
the tail unit alone, and as the first British
active torpedo it provided valuable experience
for future weapon considerations.
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FIG. 43. Pentane tail.

The sad facts of the PENTANE affair were

(a) that the potentially very successful Mk.
30 mod 1 was cancelled because of Pen-
tane’s top priority and U.S. Mk. 43
weapons were purchased instead,

(b) that other potentially worthwhile pro-
jects were held back for the same reason,
and

(c) that £1,726,000 were spent on the pro-
ject; more than the total spent on the
only two successful projects by a factor
of two.

The initial doubts over the propulsion per-
formance of Pentane gave considerable
impetus to the development of silver/zinc
batteries and thermal propulsion systems which
have proved of great value in recent years.

With the cancellation of Pentane, the
Naval Staff decreed that Britain would in
future concentrate on ship and submarine-
launched weapons. The 21 in. BIDDER (Mk.
20) had already entered service as a result of
a development programme extending from
1945 and wire-guidance work had also con-
tinued. Initially, trials of wire-guidance were
carried out by paying captured German wire
(from their SPINNE weapon) out from Mk. 11
weapons. This work was carried out with the
help of Post Office engineers. The work was
pursued under the code-name MACKLE with
Vickers Armstrong playing a large part. In
1956, the contract with industry was termin-
ated; the result being a very complex guidance
system applied to Mk. 20 weapons. The system
was simplified and improved and renamed
GROG. This weapon was a lengthened version
of the Mk. 20 with a drum of guidance wire
carried in the extra length. A dispenser is




[image: image52.jpg]100 I.R.N.S.S., Vol. 27, No. 2

FIG. 44. UK. Mark 23 wire dispenser.

attached to the weapon’s tail as illustrated and
this is ejected with the weapon. After launch
the dispenser 1s detached and trails behind the
submarine bow regions. The first GROG tor-
pedoes became available for trials in 1955 and
the first batch of 25 weapons for trial order
were started in 1959. Renamed the Mk. 23
torpedo, this weapon has now been in Fleet
service since about 1966. It is a sobering
thought that the Mk. 23 is basically a wire-
guided version of the Mk. 20 whose origins
date back to about 1950. Thus our present
weapons have histories going back over 20
years.

A large number of projects were embarked
upon during the post-war years, most of them
of minor importance, but probably the major
one of those not considered above was the
FERRY |[FANCY weapon. At the end of the
war, the German work on peroxide high per-
formance torpedoes had reached such an
advanced stage that the British rebuilt the cap-
tured weapons, such as the STEINBUT, and

- tested them. From this experience, work was
started on a British long range weapon powered
by peroxide and standard fuel. For economical
reasons it was decided to modify the standard
Mk. 8 weapon to run with hydrogen peroxide.
Although, after certain modifications, the Mk.
8 burner cycle engine was made to withstand
long running times at full speed, the modifi-
cations required in the rest of the torpedo
were considerable.

Nearly all the materials used in the Mk. 8
weapon were incompatible with hydrogen
peroxide and only after a very great deal of
painstaking metallurgical research was an
acceptable design obtained. The financial strin-
gences imposed by the priority of Pentane had
caused a great deal of extra money to be spent
modifying the Mk. 8. A completely new design
might well have been cheaper in the long run
but would not have solved the problem of what
to do with 500 Mk. 8 weapons already in
stock !

By 1953, the first peroxide weapons were
ready except for their pattern running gyro-
scopes, and successful runs were made. These
weapons were redesignated FANCY S.R. In
1954 several torpedoes were issued to H.M.S.
Maidstone and over 200 runs were made
until the disastrous explosion onboard
H.M.S. Sidon. The result of the inquiry was
to make sure that all surfaces within the tor-
pedo into which hydrogen peroxide could, by
human or material failure, be introduced were
compatible with the fluid. Further running
was marred by an explosion of a torpedo which
ran onto a shore of the Arrochar range. This,
combined with very stringent new standards
for the peroxide vessel, raised considerable
problems and in January 1959 the requirement
for the FANCY /FERRY weapons, or 21 in.
Mk. 12, as they had been renamed, was can-
celled.

Many projects were pursued in the period
up to 1960, many were torpedoes and others
were sub-components such as the swashplate
engines developed for PENTANE. It is not
proposed here to detail these projects but the
following table sets out the torpedo projects.
Of the 19 torpedo and counter torpedo vehicles
projected only three have so far reached
service. Some projects did not proceed beyond
the feasibility stage.

Considering projects between 1950 and 1960
costing more than £150,000 we find that over
709/, of the money and 699, of the R. and D.
effort were expended on cancelled projects.

Vickers, Armstrong, Ltd., at Weymouth
produced 75 Mk. 20 weapons under contract
and worked for a while on wire-guidance for
the Mk. 23 but, after an unsuccessful private
venture with a homing torpedo in the early
1960’s, the torpedo department ran down
until the Weymouth factory was closed.
R.N.T.F. was similarly run down and sold to
Plessey Co. in 1970.

Torpedo development during
U.S. the war in the U.S.A. was so
Torpedoes rapid that relatively little
between 1945 development occurred in the
and 1970+ immediate post-war period.

The Mk. 29 and Mk. 27
weapons produced at the end of the war
remained in service until quite recently;
indeed they were still on the active list
in 1960. Wire-guidance experiments followed

fThis section is based on Reference “”.
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resulted in the Mk. 39 torpedo; this being a
wire-guided version of the Mk. 27. This was
eventually replaced by the 19 in. Mk. 37 which
is the present standard submarine-launched
weapon. The companion to the Mk. 39 is the
Mk. 45, or ASTOR, which is capable of carry-
ing a nuclear warhead.

Lightweight torpedoes appeared early in the
U.S.A. with the Mk. 32 introduced in 1945
which weighed 1,200 lbs. The Mk. 43 intro-
duced in the early 1950’s was even smaller
being 10in. diameter and weighing less than
300 1Ibs. Its performance, especially its speed
left much t be desired against the threat of
the nuclear submarine and, although a higher
speed modification was introduced the weapon
was soon replaced by the Mk. 44.
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Hydrogen peroxide was developed as a pro-
pulsion system and this eventually resulted in
the Mk. 16 torpedo which was similar to the
British FANCY weapon. The development of
Mk. 16 was one of the most expensive tor-
pedo projects yet evolved.
The present U.S. armoury of torpedoes
includes:
(a) lightweight (560 1b.) Mk. 46/0 torpedo
which can be delivered from a drone,
Fig. 45, or ASROC, Fig. 46, the Orion
P3 aircraft and from deck-mounted
tubes, Fig. 47.

(b) The Mk. 44 lightweight torpedo. This is
electrically propelled (in contrast to the
Mk. 46/0 which is driven by hot gases
generated by the burning of a solid
charge).

TABLE 14. Summary of German non-electric torpedo developments

Type Propulsion R 14 Remarks
Klippfisch Peroxide/piston
engine 7,100 40 Used T1 engine. Tested 1942.
Mondfisch Peroxide/ jet 1,310 40 Coastal defence.
Steinfisch Peroxide/turbine 7,650 45 Forerunner of Steinbutt.
Goldfisch Peroxide/turbine 3,750 45 Small type for midget submarines.
Steinbutt Peroxide/turbine 8,750 45 100 produced for service.
Goldburt Peroxide/turbine 3,390 50 Similar to Goldfisch.
Zaunbutt Peroxide/turbine ? 2 Homing version. All plans
lost in bombing.
Steinbarsch Peroxide/turbine 7,100 50 100 produced for service.
K-butt Peroxide/turbine 3,280 45 60 produced for midget submarines.
Launched from external frame.
Steinwal Peroxide/turbine 24,000 45 Nearly completed mid-1945.
Schildbutt Peroxide/turbine 15,300 45 Sea water injection used.
LT 1500 Peroxide 2,200 40 Air-dropped, jet propelled.
LT 1000 Peroxide/turbine 5,500 50 Air-dropped.
M-5 Oxygen/piston 26,000 40 29 in. X 36 ft. Huge warhead.
G7a or Tl Air/radial 6,600 44 The standard war weapon.
(See table in previous article for further weapons)
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(c) The Mk. 37 weapon, Fig. 48, which
exists in ship launched and wire-guided,
submarine-launched versions and which
is a 19-in. diameter weapon.

(d) The Mk. 45, or ASTOR, torpedo which
is a wire-guided, anti-submarine weapon
capable of carrying a nuclear warhead.

Weapons under development include the

Mk. 48 heavyweight, of which further details
may be found in Reference“®.

. History is usually interesting
because of the insight it gives
into the thoughts of previous

generations. It can, and should be, valuable

as a guide to future thinking. It is difficult to
pick from the history of torpedo development
definite lessons but perhaps the following are

Conclusion

more obvious. Never underestimate a potential
enemy’s capabilities. Both the Germans and
the British believed the last World War would
be over too quickly to get new weapons into
service and they started research on a large
scale too late to play a significant part in the
war. The Germans alone nearly salvaged their
potential torpedo mastery with the Ingolin and
homing weapons—more effort in 1940 and
1941 could have swung the course of the war
far more in their favour but the anti-submarine
aircraft patrol system perfected by Britain hit
hard before our islands had been starved into
submission.

As a second lesson it seems that interim
weapons are poor value for money. It is better
to wait an extra year or so for a good torpedo
than push into service an indifferent one. The

TABLE 15. British projects, 1945 to 1970

Project } Nature 1 Conclusion
DEALER B 1 Air-dropped, anti-submarine Mark 30, successful
Mk 30 mod 1 | Improved Mk 30, £151,000 spent Cancelled for U.S. Mk 43
ZOMBI Submarine-launched. 30 in. dia Cancelled
ZETA Air-dropped, anti-submarine Cancelled
ZONAL Flying anti-ship torpedo Cancelled
ZOSTER Anti-ship, air-dropped Cancelled
DEWLAP 21 in. M.T.B. weapon Cancelled
PENTANE Air-dropped anti-submarine Cancelled as Mark 21
BIDDER Ship—or submarine—launched Mark 20, successful
Mark 22 Cable set version of Mk 20 Cancelled for Mark 23
GROG/MACKLE Wire-guided Mark 20 Mark 23, successful
NEGRESS 14 in. lightweight, air-dropped Cancelled
FANCY Peroxide Mk 8. Cost £899.000 Cancelled
BOOTLEG Rocket propelled, anti-ship Cancelled
HEYDAY Rocket propelled Cancelled
BARMAID Ship-launched, anti-ship Cancelled
ONGAR Submarine-launched Mk 24 Under development
Mark 31 Air-dropped, to replace Mk 44 Cancelled
CAMROSE | Rocket propelled anti-torpedo weapon Cancelled





[image: image55.jpg]FIG. 45. U.S. “ DASH " system unmanned drone
with Mk. 46 torpedo.

FIG. 48. U.S. Mark 37.
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FIG. 49. U.S. Mk. 48, under development as
replacement for Mk. 37.

interim weapon may take just as long to get
into service anyway and its introduction will
only further postpone, if not cancel altogether,
the effective weapon on the drawing board.

FIG. 46. "ASROC " booster carrying lightweight New weapons must be based on well worked
torpedo (Mk. 44 or Mk. 46). out requirements and operational policies
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Alas poor PENTANE . . . ! Fortunately these
lessons seem now to be learnt but in case we
should be tempted to err again the story of
our past sins and their consequences are des-
cribed above ! New weapons should also be
part of an integrated weapon system—not just
an appendage“».

TABLE 16. Torpedoes on exhibition in Britain

Type Date Location
(approx.)
Whitehead 1875 D.G.W., Bath
‘Whitehead 1875 Maritime Museum
Greenwich

Whitehead

(Experimental

12in.) 1886 ditto
14 in. Fiume R.N.A.D.

Mk IV 1884 Priddy’s Hard
21 in. Mk 8 1940 ditto
21 in. Mk 9 1940 ditto
21 in. Mk 20 1958 ditto
PENTANE

21 in. Mk 21 1958 ditto
243 in. Mk T 1927 ditto
18 in. Mk 30 1955 ditto
21 in. Mk 12 ditto
10in. U.S. Mk 43 1963 ditto
Schwartzkopf 18852 ditto
Marder 1944 ditto
Schwartzkopf 2 H.M.S. President

RN.AS,

18 in. Mk 15 1942 Yeovilton
18 in. Mk 12 1940 R.AF. Kenley
18 in. Mk 30 1955 ditto

‘ History is Bunk ’> seems to have been the
motto in the torpedo world at least on the
administrative side, during the 1950°s for, of
the superb collection of torpedoes from Brit-
ain, Germany (including INGOLIN and even
a flapping wing torpedo), Japan, Italy, etc.,
on display at the T.E.E. Museum only one pre-

1947 weapon survived to my knowledge. All
the other old, and some very historic, torpe-
does were scrapped on the order of ‘Authority ’
despite the pleas of the engineers who had
built up the collection. A similar fate overtook
the collection at H.M.S. Vernon. An attempt
is now being made to rebuild a torpedo collec-
tion at R.N.A.D. Priddy’s Hard but, alas, the
old R.G.F., Fiume and Whitehead master-
pieces are now iransformed, via the scrap mer-
chants’ yards into souvenir ashtrays from
Margate and brass curtain rings. Thus is it
demonstrated that even the deadly torpedo is
overwhelmed by the power of the administra-
tor’s pen !

Table 16 sets out the known whereabouts
of torpedoes ancient and not so ancient in
Britain. Any information not included there-
in, or indeed, material additional to that pub-
lished in all my articles will be gladly received.
It is the author’s intention to publish an ex-
panded version of these articles in book form.
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