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THE DEVELOPMENT OF ANTISUBMARINE WARFARE TO 19045:
SURFACE SHIPS AND AIRCRAFT

INTRODUCTION

Until part way through World VWar I, the submarine was
seen as a sort of invisible torpedo boat, operating as a
threat to the major warships of battle fleets. The small fast
ships originally known as ’torpedo boat destroyers” whose
role it was to screen the capital ships of the battle fleet
when it was , together with the patrol craft and fixed
harbour defences charged with protection of the fleet when in
port, would be charged with defence against torpedo boats,
i ible or confined to the surface.

Before the British battleship Formidable was sunk by a
submarine in January 1915, the Allies had already lost six
cruisers (three within the space of one hour, accomplished by
a2 single U-Boat) to submarines, while the merchant tonnage
sunk by submarines up to this point totalled less than one-
third of that of the seven major warships lost. The U-Boat
mpaign in support of the blockads of Allied shipping was
icted by severe rules of engagement through twenty-three
e first thirty months of the war, and the really serious
uction of merchant ships only began to mount in +he ’
middle of 1916. The numbers are depicted on Figure 1, for
which the data was obtained from the official Naval Staff
History(. Consequently the necessity to put priority on
effective ASV for the defence of merchant shipping rather
than of the battle fleet was not recognized until the war was
half over.
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In fact, while submarines did pose a real threat to
warships, the fear of torpedoes and the precautions taken to
avoid submarine attack probably did more to curb the
effectiveness of naval operations than did the actual damage
inflicted by torpedoes successfully delivered. The list of
major warships lost by all countries in attacks in which
submarines played the predominant (if not the sole) role
contains 10 battleships and 18 cruisers in World WVar I, and 3
battleghips, 14 aircraft carriers, and 29 cruisers in World
War I1”. WVhile significant, submarines were not the main
killers of warships. Of the 431 warships of the British
Commonwealth lost ?2 enemy action in World War II, 119 were
sunk by submarines” The only types of British Commonwealth
warships for which losses to submarines exceeded half of all
losses were aircraft carriers (5 out of 8), frigates (10 out
of 11>, corvetfgs (22 out of 38) and armed merchant cruisers
(10 out of 15)'%, Most of these were sunk while escorting
merchant convoys. Only 8 cruisers out of 33, and 38
destroyers out of 154 were sunk by U-Boats, mostly in
operations other than convoy escort.



In this brief paper the focus will be on ASY performed
for tThe protection of merchant shipping, rather than for
defence of warships. Defence 0f large numbers of slow ships
is the more difficul®t, and for the ultimate purpose of

» I k
winning both World Wars, was the more vital task.

Naturally, the protection of merchant shipping had to
take account of all the threats. Of the merchant tonnage lost
r or 87 % and 68 %

causes oi los
t (13%> in the
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ant threat to shipping,
hips or aircraft were

A third of the German U-Boats destroyed in World War I
¥ by mines (German as well as Allied), and another
accilidents and unknown causes . 22 % of those lost in
nd war were destroyed by aerlzl bombing in port,
dents, and unknown oausgb*%. Thus, while the
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ANTISURBMARINE SHIPS AND AIRCRAFT IN THE FIRET WORLD WAR

When the only means of detection was the human eye
U-Boats had the advantage over surface ships, especially when
submerged to periscope depth. However, in a fight with a
surfaced submarine an armed ship would probably prevaill in a
gun duel, and had the option of trying to ram the submarine,
According to the Intermational Prize Rules, applying in 1914,
submarines could not attack an unarmed merchant vessel
without first stopping it, inspecting the cargo, and, 1if it
then decided to destroy it, assuring the safe escape of the
crew. Although 1t could make its first long-range examination
through its periscope, the submarine would then have to
approach tThe merchant vessel to clase range on the surface
and put a party on board.



The British were able to take advantage of this
situation by the deploymsnt of decoy vessals Xnown as
"R-Ships”, disguised as unarmed merchantmen but having
concealed guns. Eleven U-boats were sunk by Q-Ships, but
discovery of the practice hastensd the removal of
restricticns to permission for the U-Boat to make a surprise
submerged attack by torpedc”. A related stratagen introduce:
in 191% was the "trawler submarine trap”, in which an unarmed
trawler towed a submerged submarine i it could
communicate by telsphone. The trawle 4 as bait, which
the U-Boat would approach on the surface with the intention
of =inking it by gwnfirel.

As the war progressed, an increasing number of merchant
ships were armed with deck guns, probably more successful for
deterring attack than for sinking submarines.

When the submarine and its periscope were below the
surface, the ships of 19214 had no means of detection. They
also lacked a weapon with which to attack a submerged
submarine. Late in 1914 "ezplosive sweeps” and "exzplosive
jo) o into service, devices resenbling a
ke we2ping, at the end of which was an

could bhe deftonated 1f the cable should
U-Boats were destroyed by this

The first steps in detection of submerged targets were
taken in 1915, with hydrophones. These worked best when
stationary, and shore-hased stations collecting the signals
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irom a g f hydrophones mounted on the sea bottom werse
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establishesd near thgz entrances to seaports on the North Sea
and English Channsl”. But some thousands of hydrophonas wersa
distributed to ships, later versions of which gave an
indication of the direction from which the sound was coming.
Earlier models were lowered over the side of the ship,
subsequent types being mounted in the hull. The ancestor of
the modern towed array was developed in the United States,
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consisting of an array of twelve hydrophones in a rubber
tube. This and other configurations allowed detection from a
moving ship, although as speed increased the machinery and
flow noise drowned out weak wanted signals. Trawler patrols
normally stopped for five minutes in every fifteen, to
listen. The limitations of hydrophone performance in
operations of war were such that out of the fifty-five U-
Boats destroyed by patrols, only four were cdefinitely sunk
because of hydroppone contact, and those during the last
months of the war™.

The most important advance in antisubmarine WeAaponry
was the depth charge, a large container of explosive rolled
off the stern of the ship and detonated at a preset depth by
a hydrostatic pistol. First at sea in 1916, it had increasing
Success as greater numbers were issued, and as a type of



mortar was devised able to project charges scme distance from
the ship. Of the thirty U-Boats killed by depth charge,
twenty-tws were destroyed in 1813

Figure 1 shows the number of Allied merchant ships sunk
by German U-B ats, as monthly averages for thres—month
periods. After rising to a peak in August 1215, sinkings fell

for the res f the year. The main reason was that
indignation over the torpedoing of large passenger liners
without warning (especially the Lusitania and Arabic, in
which a number of American passengers died) threatened to
bring the United States into the war, causing the Germans to
reimpose the restrictions on attacking passenger ships, and
to divert U-boats away from British waters.

In 1916 an increasing number of German U-Boats became
operational. See Figure 2 . They returned to British waters,
and losses mounted steeply throughout the year (see Figure
1>. British antisubmarine ships were used in fruitless
hunting patrols, easily evaded by the U-Boats.

When the German High Command recognized the stalemate in
the land war, they elected to stake success on an all-out sea
blockade. In February 1917 they declared unrestricted
Submarine warfare, and the sinkings continued to rise,

aching over 330 ships, displacing 881,000 tons, in April.

P‘)h}

his was the worst month in the history of sea transport,
before or after, in which one out of every four ships leaving
British ports never returned. The United States entered the
war in April, which served fto redouble the German
determination to cut the Atlantic SLOC before American
Lrength could be mobilized and delivered to the battlefields
f France.
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In these desperate circumstances Britain resoclved to
move merchant shipping in convoys, and to use antisubmarine
ships to escort these rather than to hunt the empty ocean.
The results were not long in coming. Figure 1 shows the
losses dropping steadily from May 1917. Although the number
of operational U-Boats remained above 120 from March 1917 to
the end of the war (Figure 2>, the monthly average number of
merchant ships sunk per U-Boat operational, shown in Figure
3, fell steadily from a peak of 2.6 to less than 0.5.

The number of U-Boats destroyed, shown in Figure 4" rose
from a monthly average of 0.7 at the beginning of 1916 to 10
for the last six complete months of the war.

t remains to recount the contribution of aircraft to
antisubmarine warfare between 1914 and 1918. The two
capabilities in which aircraft Surpassed surface ships were
speed and visual range. In an hour of flying they could scan
a strip of ocean o0f very much greater area than could be
searched by the lookouts on a ship. But the submarines could
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also see the aircraft, and dive, after which contact would ba
lost. In 1814 aircraft had no weapons with which to attack s
submarine, whether submerged or on the surface. Later they
were provided with light bombs and machine guns., Dirigibles,
blinmps, and kite balloons were used as well, the first two
possessing greater endurance and payload than the fixed wing
aircraft of the day, though more visible from the sea. The
usefulness of aircraft lay not in their success in
destroying submarines, but rather in their capacity to drive
the submarines underwater, where their speed and ability %o
detect, observe, and cultmancewvre potantial targets was
reduced

Betwean 1514 and 1918 the performance of aircraft in
terms of range, payload, speed, and reliability 1mpro ad

markedly. In an effort to give them some capability to detect
submerged submarines, hydrophones were provided, to bs
lowerad into the water from a Stationary seaplane or flying
boat, but with the best results being obtained with a

hovering blimp. Whesn convoys were organized in 1917, air

escort was provided when within range of land bases, weathe
and numbers permitting. An aircraft spotting a submarine
could call a surface escort to pursue the attack after it

:,ubm:ro"ed.

The magnitude of the British air effort rose to the
peint that during the last six months of the war there wers
190 land planes, 21€ seaplanes, 35 large flying boats, and 75
airships. Added to the more than 300 destroyers and escort

vessels, 35 submarines, and nearly 4000 traWLPra, drlLuers,
motor launches, yachts, and decoy ships ‘, the rescurc
devoted to antisubmarine defence were very great zndeed.

Although alrcrafu played a negligible part in the
destruction of U-Boats, they were responsible in considerable
nmeasure for the reduction in losses to merchant shipping

through 1917-1918. During the final eighteen months of the
war, about 84,000 merchant vessels were convoyed in the
Atlantic. 257 of these were :uné but only two when there was
both sea and air escort present .

The chief causes of U-Boat destruction, in addition %o
mines (58>, were depth charges (30>, gunfire (20>, and
ramming (}9>, these last three by surface ships, and
torpedoes . Most of the 20 successful torpedo attacks were
delivered by submerged British submarines against U-Boats on
the surface

The reasons for the sharp drop in merchant vessel
hal

Sinkings after the middle of 1917 (Figure 1) were primarily
the adoption of convoy and the large numbers of

ships and aircraft provided to escort the convoys. A measure
of the effect of convoys on saving ships is that the rate of
loss among convoyed ships for 1917 was about 1.2 % of



zailings , compared with 15 % sustained over that year by
independently routed ships*~’, Betwsen February 1917 and
October 1918, only 0.3 % of the ships sailed in the Atlantic
and home waters in convoy were lost, as contrasted to 5.9 %
ocf those sailing 1nd@pendently{.

The increase 1
through 1917 and 1
antisubmarine escor
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e of destruction of U-Boats

igure 4) occurred because the
cguired hydrophones and depth

0f an effective campaign of mining.

A summarizes the sit

Tavle ituation for ships and aircraft
as regards numbers, rangs, speed, sensors, and weapons,

ANTISUBMARINE DEVELOPMENTS BETWEEN THE WARS

The naval disarmament treaties of the 1920s and 1930s
brought sharp reductions to the numbers of large warships,
and the plans for fleet destroyers was aimed at operations
with and against surface warships.

Development of antisubmarine vehicles and weapons was
2

not pressed, partly for the reason that research in progress
at he end of World War I had led ftoc the appearance and
deployment of active sonar, called at the time »ASDIC" ' This
promised to provide a capability to detect submerged
submarines far superior to what had been possible with
passive hydrophones, and had the further significant

advantages of being able to measure range and to be opera
while the ship was moving at moderate speeds. However, it
could not measure the depth of the target, and, as became
only too evident after the war had started, the device could
not detect a submarine when it was on the surface, or when it
was in a large cone underneath the ship.

ble

Two hundred British vessels, extending from
destiroyers, sloops, minelayers, patrol boats, and trawlers
to submarines possessed ASDIC at the beginning of the second
war. The operational effectiveness of ASDIC (as it existed in
the late 19306) was much overestimated, to the extent that
little concern was felt for the threat of submarin to
merchant shipping.

The need for more antisubmarine escort ships wa
realized about 1936, orders placed for 900-ton escor
destroyers (lead ships of the "Hunt” class, with a speed
26 Enots), and for 925-ton corvettes (with a desig

from whalecatchers). The corvettes had a maximum speed o
only 16 knotfﬁ and were intended for coastal rather than
ccean patrol
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From 1934, intense research was being pursued in the
USA, Germany, and Britain on what became known later on as
radar. The first applications were for detection of aircraft,
then of ships. By 1939 a few radars were at sea on large
warships. Research for airborne radar was progressing, for
detection of other aircraft and of surface ships, but little
thought ha% ?een given to the use of radar agai
submarines”’ 7’
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PROTECTION OF MERCHANT SHIPPING IN WORLD WAR II

As a summary of the defence of merchant shipping in
World War II, Figures 5 to 8 present data that may be
compared with corresponding experience in World War I on
Figures 1 to 4, already discussed. Figure 5, showing the
Allied m%{g%int tonnage sunk by Axis submarines between 1939
and 194577 bears a striking resemblance to Figure 1. Both
start with low losses, show a rise that lasted for about a
year, followed by a reduction, and then a very large
increase. The peak in April 1917 came after 33 months of war.
The worst month of the second war was June 1842, 34 months
after the beginning. Following the peaks, both graphs show
steady declines (lasting 19 and 35 months, respectively).

Figure 7, showing the averag?lg¥gber of U-Boats
operational between 1939 and 1945 y 1s also remarkably
similar to Figure 2, depicting corresponding data for 1914-
1918. In each case the numbers showed little change for a
year and a half, then a steady increase towards a peak
occurring in the 39th and the 44th months of the two wars.
The declines from the peak numbers were not very steep, with
121 U-Boats still operational in October 1918, and 166 in
April 1945.

The upper line of Figure 6, showing E?glzotal number of
Axis submarines destroyed in World War II is very much
like Figure 4 for the first war, with an irregular history
indicating little long-term change for the first half of =ach

war, followed by a notable (if irregular) increase through
the second half.

Although the merchant vessel losses and the number of U-
Eoats operational show very similar developments with time
for the two wars, graphs of the ratio of ships sunk tao U-
Boats operational (which might be considered to be a measure
of the efficiency of those U-Boats able to operate at the
timed are less alike. See Figures 3 and 8. While both show
two distinct peaks, their magnitudes, shapes, and timings are
different. Figure 3, depicting the ratio for World Var I,
resembles Figure 1, the number of ships lost, suggesting that
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the efficiency of fthe U-Boats did not change greatly. But
Figure &, for VWorld War II, indicates that the submarines
attained their highest effectiveness during the second year
of war, destro

. a5
ing 9200 tons per U-Boat per month at the end
ine occurred through 1941, due in part to

release of Allile

Kingdom against expected invasion. U-Boat efficiency reached

a second less spectacular maximum of 4600 tons in 1942,

profiting from unprotected shipping off the east coast of

the United States, and then dropped sharply from January 12942

towards a pitiful =score of 200 in April 194%.

As well as showing the total nunber of Axis submarines
2liminated, Figure 6 indicates the number destroyed by ailr
bombing and air strike (totalling €2), and by "miscellaneous
causes” . This latter category includes mines (25), submarines
(21>, accidents (G4), and unknown causes (29). The rest of
the kills were made by ships, alrcraft, or a cog&ination of
the two, and are shown on Figures 2, 10, and 117 7.

Figure 9 indicates that the rate of kills by ships alocne
fluctuated, dropping to zero in the summer of 1940, but
definitely tended to increase as the war progressed. The
total was 246 U-EBoats destroyed. Figures 10 and 11
demonstrate that aircraft made very few kills during the
first half of world War I, but from 1942 Their contribution
became very significant. Over the entire second war,. land-
based aircraft operating alone (Figure 11) achieved more
kills (245> than did carrier—based airiﬂaft alone (4£3) or a
combination of ships and aircraft 500 .

In World War 1 the turning point came when convoys werea
instituted and given adequate escort. Figures 10 and 11
uggest that the turning of the tide of World War II was
elated to increased effectiveness of antisubmarine aircraft.

N

DEVELCOPMENT OF ANTISUBMARINE SURFACE SHIPS IN WORLD WAR I1I

The key factors deftermining the effectiveness of a fleet
of antisubmarine ships are numbers, range, speed, sensors,
and weapons. From 1939 fo 1945 numbers rose steadily, due to
new construction of corvettes, escort destroyers, and
frigates™ ", as well as the conversion of trawlers, yachts,
and motor launches, and the acquisition of fifty World War I
destroyers from the United States in 1940. The total number
of escort dest{?yers, sloops, and c?ivettes rose from 101 in

September 1939 to 456 in May 19457, at which date there
were also 235 frigates, 350 trawlers, and a host of smaller
vessels capable of antisubmarine patrol. Corvettes were

delivered during the first two years, with the number in
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operations reaching 200 at the en
about that level Hprea;uer Frig
1943,

d of
ates
In the early years most of these ships were deficient in

the range and seakeeping needed for efficient operation as
ocean escorts, and too small to allow adequate space for

equipment and weapons or for crew comfort. Most were ftoo
slow for manceuvring around a convoy, or to match the speed
of a U-Boat on the surface (usually 16 or 17 knots>®. The

fast destroyers were nearly all kept for tasks with the
battle fleet, or diverted for high priority naval operations
far from the SLOC. However, significant improvements ware
made to the corvettes, and the new 1400-ton frigates wers
designed for ocean escort duties.

The cruising range of the smaller escorts was
insufficient to permit an unrefuelled crossing of the
Atlantic. It should be noted that tactical diversions, anti-
torpedo zigzags, prosecution of contacts, rounding up of
stragglers, and rescue of casualties added many miles steamed
in excess o0f the great circle distance between the ports of
departure and arrival. At the beginning of the war
antisubmarine escort was not provided in the Western
Atlantic, except by Armed Merchant Cruisers. However, when a
better protection became necessary, refuelling for escorts
was organized in Iceland, and an escort force was based in
Newfoundland. By 1942 it was possible to refuel at sea from
an agller.

By 1943 the number of escort ships surpassed that needed
to provide an adequate inner screen around every convoy. This
was due in part to the analysis done by the Admiralty
Operational Research Section, demonstrating that larger
convoys would economize in escorts and also reduce the rate
of sinkings. This permitted the formation of escort support
groups which were well trained and equipped to move +to the
scene of an impending battle and reinforce the effort of the
close escort.

Eight Q-ships never sighted a submarine, although two
were torpedoed. They were abandoned in 1940. Armed Merchant
Cruisers proved vulnerable to submarines and unable to
provide any protection for merchant vessels against themn,
Fourteen were lost to enemy action before they wers converted
to troopship duty.

Late in 1942 new ASDICs (Type 144) were provided, with
automatic training in bearing, and given bearing and range
recorders and_an indication of the best time to fire the
depth charges”. In order to detect targets at long range, the
acoustic energy of the sonar was concentrated in a narrow
horizontal beam. When the ship steered to cross directly over
the U-Boat, in order to drop its depth charges as close as



, the sonar beam passed above the target and contact
2 the U—-Boat, the earlier contact was
re time was avallable for the U-EBoat to take
ol the charges were dropped. In 1943 a
wn as the 7"Q Attachment” was added to the ASDIC,
providing a vertical beam able to retain contact with the
target at depressed angles. This allowed the range and
bearing of deep targets to be tracked, although there was no
direct measurement of how deep they were, which knowledge was
needed in order fto put the correct depth settings on the
charges. Finally a sonar (Type 147> was built with a fan-
shaped beam directed downward at a controllable angle, which
did permit measurement of depth.
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the end of 1944 over 3200 Eritish controlled craft of

B
izes were equipped with ASDIC .
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When sufficient escort ships were available for
conperative attacks, and group training bad besen developed,
two methods of overcoming the limit%tions of sonar were the
"plastering” and “creeping” attacks . The first, requiring
three ships, one of which approached slowly and used her
sonar, and this in a manner unlikely to reveal its close
approach to the submerged U-Boat. At the appropriate moment
all three ships "plastered” the area with deep-set charges.
In the "creeping” attack one ship used sonar but kept a mi
away from the target, directing the second to steam over the
target and launch depth charges.

¢

Starting in 1942 improvements were made to the equipment
[}
needed tTo increase the effectiveness of depth charge attacks.

The charges were made to sink faster, and the size of the
pattern that could be releassd was increased from five to ten

or fourteen. Another weapon against submerged submarines was
the Hedgehog, a deck-mounted mortar projecting a pattern of
24 small bombs which exploded on contact. In 1243 a mortar
named "Squid” was able to propel three large depth charges
from the deck of a frigate or corvette, using a fire control
system fully integrating the depth-finding sonar.

In 1943 acoustical techniques were employed by the U-
Boats for gulidance of submarine—launched torpedoes intended
for use against escort ships. These achieved some success,
and stimulated a countermeasure ('Foxer”) in the form of a
noisemaker towed behind the ship. The passive sonar in the
torpedo would home on the noisemaker instead of the screws of
the escort.

The inability of ASDIC to detect a submarine when 1t was
on the surface gave the U-Boats the opportunity to use diesel

propulsion for maximum speed, and make their atftack on the
surface at night, when their low silhouette gave them the
advantage for visual detection. After use of illuminating
shells proved unsatisfactory, all the ships in a convoy were
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provided with "Snowflake” pyrotechnic rockets. While these
sometimes revealed the presence of surfaced U-Boats, they
also served to signal the presence of the convoy o enemies
at a considerable distance.

The first radar (Type

286> £ ed in smaller ships
beginning in 1941 operated at 1.5 metre wavelength, being
adapted from the type designed for aircraft. Under the right
conditions it could detect a trimmed-down submarine.

In 1942 a great improvement was accomplished with Type
271, working at 10-centimetre wavelength, far more suitable
for the detection of a hull-down submarine. By 1943 a 3-
centimetre radar (Type 268) was being supplied to small
ships, =ven better adapted to the detection of a submarine
low on the surface, a periscope, or a Snorkel.

Radar forced the U-Boats to submerge and reduce their
manoeuvrability, after which sonar and depth charges allowed
them to be attacked and, if not destroyed, forced to break
off contact with the convoy.

Thus, improvements were made in all the five factors of
numoers, range, speesd, sensors, and weapons for antisubmarine
ships. These account for the gradual increase in kills of U-
Boats indicated on Figure 9.

DEVELOPMENT OF ANTISUBMARINE AIRCRAFT IN WORLD WAR II

The expectation that Axis surface warships would pose
the main naval threat had its effect on the provision of
Allied maritime aircraft as well as ships. The Royal Air
Force put its priority on bomber and fighter aircraft, and
the inventory of Coastal Command in September 1939 was low in
nunbers and obsolete in guality. There were fully trained

)

crews for half of the aircraft,lgnﬂﬁof these only the Hudsons
and Sunderlands were up-to-date” "’ ~°. The Royal Navy had six
alrcraft carriers operational. Their 140 Swordfish slow
biplane torpedo bombers and 25 Skua dive bombers could be
used for antisubmarine reconnaissance or attack while the
target was on the surface, but the carriers were considered
primarily for use against surface warships.

The numerical strength of Coastal Command increased

steadily from a total inventory of 265 aircraft to a peak of
313 in February 1945, about two—thirdi of which were

. . . Le
configured for antisubmarine warfare

For land-based antisubmarine aircraft, the range which
would allow coverage of convoys far from shore was even more
important than numbers. American-built Liberators, which



et
(a0

szed the endurance and paylocad tTo solve the problem
nirably, were not made available to Coastal Command in
nificant numbers until 1943. The reason for the slow
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ined aircraft they could get for strategic bombing rather
Today t?asﬂés generally regarded as a major
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tegic blunder™ 7’ . It was Roskill’s view that
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“in the early spring of 1943 we had a very narrow escape
from defeat in the Atlantic: and...had we suffered such
a defeat, history would have judged that the main cause
had been the lack of two more squadrons ef very long
range aircraft for convoy escort duties”

Blackett had forecast that "200 Long Range and Very Long
Range aircraft might be eﬁgected to save at least 400 ships
(2,000,000 tonsy in 1943”~"., The U-Boats concentrated their
operations in the "Black Hole” south of Greenland beyond the

range of any of the land-based aircraft other than the
Liberators.

Eventually, in March 1943, Liberators based in Iceland
and Canada were able to fill in the hole, some of them having
their range extended by carrying extra fuel in place of
weapons. By the Autumn of 1943 no point on the transatlantic
routes was inaccessible to land-based air, and the advantage
in the battle to sever the SLOC had turned irreversibly in
favour of the defenders.

An indication of the effectiveness of air cover is given
by the fact that throughout the entire war, only twenty
Allied merchant ships were sunk in ocean, Argtic, and UK
coastal convoys while air escort was present’ .

Considering that over 260,000 ships were convoyed through
these theatres, and about 610 of them sunk by U-Boats, this
is probably a better measure of the real contribution of
antisubmarine air than the number of U-Boats that they
managed to kill.

The only way to provide air cover in mid-ocean by
aircraft of limited range was to launch them from a ship.
Four Fighter Catapult Ships able to launch several Hurricane
fighters, and fifty Catapult Aircraft Merchant ships with a
single Hurricane were put into service in 1941. Their primary
role was defence against long range maritime patrol aircraft
sent to detect convoys and call in U-Boats. Once launched,
the alrcraft could not be recovered. Small Merchant Aircraft
Carriers (merchant ships with a plywood deck overlaid) able
to carry three or four Swordfish for ASV became available in
1943,

Escort carriesrs were purpose-built ships, able to
recover their aircraft. Th
which entered service

e first British escort carrier,
in 1541, carried six Swordfish for ASW
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he end of the war, PBritish
ing 71 escort carriers. The US Navy buil
-

4

L
large number s type, several of which achieved great
success against U-Boats operating in nter-Killer groups in
the Central Atlantic in 1943-1944.

The few ASV I radars fitted in aircraft in September
1939 were not much use against submarines, but ASV II,
appearing a year later, was better. In 1943 ASV I1II was
developsed from the ften-centimstre radar H2S ussd by Romber

= e i s>
Command. With low-drag aerials and a P

'..

PI preeenuaf on, this
represented a major advance for the detection of surfacsed
submarines, although it was not very effective against
perlscopes or Snorkels. Appearing in 1944, ASV VII with a
wavelength of three centimetres, made a further important

improvement.

Radar did nothing to overcome the inability of aircraft
to detect submarines underwater. A beginning was made with
the Magnetic Airbormne Detector, which registered the_presence

of large objects with a substantial content of iron~ . The
range was short, and the device could only distinguish wrecks
lying in shallow water from submarines when repeated
redetections indicated movement. Deployed in Catalina flying
boats ("Madcats”) 1n 1942, three kills were achievad in
February 1944 against U-Boats attempting to pass through the
Strait of Gibraltar.

1943 saw the introduction of air-dropped soncbuoys, ;8
post war years the key sensor of maritime patrol aircraft
Launched from an aircraft, the buoy floated freely and
transmitted, by radio, signals received by a hydrophone
suspended beneath i%.

The antisubmarine bombs issued to RAF Coastal Command at
the beginning of the war were EB:afleaCtDFy, especially in
the absence of an alming sight”™ . In 1940, naval depth
charges were adapted for use by Sunderland flying boats, and
in 1941 improved versions became generally avalldble to
antisubmarine aircraft. But very few attacks succeeded.
Operational research was able to show that once a U-Boat had
submerged, the uncertainty as to its position grew so rapidly
that an accurate delivery of depth charges soon became
extremely improbable. Consequently, the probability of
destroying the target could be maximized by concentrating on
those occasions when the aircraft arrived over the target
before it had submerged, or over the position at which it had
submerged very soon afterwards. Instead of setfing the dept
charges to explode at 100 or 150 feet (the typical depth *o
which the submarine would have dived after the average delay
between submergence and arrival of the aircraft, by which
time the aircraft would not be able to estimate the position
of the submarine with any accuracy), the charges should be
given a shallower setting, appropriate for a sheorter delay.

O



The settings were reduced to 50 feet in July 1941, and 25
feet in December, and the proportion of lethal attacks rose
dramatically~~. The depth charge was the primary airborne
antisubmarine weapog, Coastal Command achieving 179 of its
kills by this mean

5

|
i

Until 1943 the torpedoes carried by submarines, ships,
and aircraft were intended for targets on the surface, and
designed to maintain a constant shallow depth. But a homing
torpedo was developed in the USA for use by aircraft against
submerged submarines. Using passive acoustic guidance, "Fido”
(also called, as a means of deception, "Mark 24 Mine') homed
on the cavitating propellor of a submarins hurrying away from
the iInitial contact, which might have been visual or by
sonobuoy. RAF Coastal Command achieved twelve kills with
Fido, the USN having additional successes.

Another airborne weapon for use against submerged
submarines was developed to match the Magnetic Anomaly
Detector. Since the latter could only detect a U-Boat when
the aircrafit was nearly above it, a weapon was needed that
would not fall forward and overshoot the target. Three
salvoes of eight rocket—-propelled contact-fused bombs
were fired backwards and downwyards from the aircraft,

. . LA
cancelling ftThe forward motion™ .

While depth charges with shallow settings could be
lethal against a U-Boat caught on the surface, accurate
delivery required the aircraft to fly directly above the
submarine at low altitude, If the submarine elected to fight,
instead of dive, a large, slow, directly approcaching maritime
aircraft offered a good target for antiaircraft guns. It was
necessary to provide the aircraft with suitable weapons *o
counter the gunners. Multiple machine guns, some mounted in
power—-driven turrets, served this purpose, and sone
Liberators carried gquadruple 20-mm cannons. In 1943 forward-
firing steel armour-piercing rocket projectiles having
sufficient velocity to penetrate the pressure hull of a
submarine were maunted on some maritime antisubmarine and
strike aircraft™". Fifteen of Coastal Command’'s kills were
attributed to rocket projectiles’.

Many of the developments of airborne antisubmarine
sensors and weapons and theilr ensuing countermeasures and
counter countermeasures are well demonstrated by an account
of the transit offensive in the Bay of Biscay. Although
hardly a "choke point”, the Bay provided a restricted zone
through which U-Boats based on the French coast were obliged
to pass before they could reach their areas of operation in
the Atlantic. Alir patrols were established in 1941, to which
the natural countermeasure was to make fast passage on the
surface at night, and remain submerged by day. If an aircraft
detected the submarine on radar, and attacked, the radar echo



ey
o

became obscured at close range by reflections
and at night the visibility was ssldom adequat
accurate placing of the depth charges.

from the sea,
e for an

This deficiency was overcome by the Leigh Light, a
powerful carbon arc searchlight producing a brilliant bean
which could be steered ahead of the aircraft, and switched on
half a minute before passing over tThe submarine Y. Vith such
short warning, the submarine would not have time to dive
before the charges were dropped. Twenty-nine_of Coastal
Command’'s kills were made using Leigh Lights’ .

The Leigh Light was first used in operations in June
1942. Realizing that the initial detections were being made
by the ASV Il radar, the Kriegsmarine provided the U-Boats
with a warning receiver ( Metox), which detected the 1.5
metre transnmissions of the radar and gave sufficient time for
the boats to dive before they could be attacked. Then came
the 10-centimetre ASV 111 radar, whose radiation could not be
detected by Metox. The night attacks were resumed, so
successiully that in May 1943 the U-Boats declded to transit
Biscay in the surface, by day, in groups of three or four,
and fight the aircraft with a greatly stengthened
antiaircraft armament.

The machine guns and cannon of the aircraft enabled then
to return the fire, and the first aircraft was able to keep
out of range until others cguld join for a concentrated
attack. Of the 270 transits attempt?% during this S4-day
period, 28 were sunk and 22 damaged™". The U-boats were
forced to revert to submerged transit, and to creep along the
Spanish coast.

It took a long time for the Germans to realize that they
were being detected by radar operating in the ten centimetre
band, but eventually they did, and in November 1543 supplied
a warning receliver (Naxos> for this wavelength.

Altogether, ship-borne aircraft achieved a total of 43
U-Boat sinkings by themselves, another 15 shared with ships,
and 2 shared with land-based aircraft. Figure 10 shows these
plus 33 others shared by ships and land-based aircraft. It
should be remembered that the escort carriers did not come
into operational service until 1943. The overall total of 93
compares with 245 by land-based aircraft alone, shown an
Figure 11.

In summary, tremendous improvements were made to the
numbers, range, sensors, and weapons of antisubmarine
aircraft from 1942 onwards (see Table B), producing dramatic
success between 1942 and 1944. The success, however, depended
on making detections of surfaced submarines, and when the
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Snorkel, which appeared in May 1944, relieved the U-Boats of
the necessity to come to the surface, the rate of kills by
-alrcraft dropped much lower.

CONCLUSION

A suitable conclu
ir

sion, bormne out by Figures Z, 9, 10,
and 11, would be a direct quotation from Roskill ™~

VApart from the indomitable spirit of the seamen and
airmen engaged in the battle, 1t was the advent of the
Support Groups, the Escort Carriers and the Very Long
Range Aircraft which turned the tables on the U-Boats-—-

and did so with astonishing rapidity”.
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WORLD WAR I

ANTISUBMARINE SHIPS

ANTISUBMARINE AIRCRAFT

YUMBERS

Adequate Numbers

1914-16 inadequate numbers

1914-16  badly employed
1917-18 satisfactory 1917-18 adequate
RANGE inadequate inadequate

Against U-Boats

Against U-Boats

On the Surface Submerged | On the Surface Submerged
SPEED inadequate adequate great advantage | great advantage
eyesight eyesight
ade%uate In good hydrophone adectlgatebmdgood
JENSORS [Feather by day inadequate er by day none
inadequate
madequr:laltgeh?t by n?ght
guns effective  explosive sweep| bombs
YEAPONS , inadequate inadequate
ramming none
effective 1916 depth machine guns
charge

TABLE A
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WORLD WAR II

ANTISUBMARINE SHIPS

- ANTISUBMARINE AIRCRAFT

NUMBERS

1939-41 seriously inadequate
1943-45 important buildup

1939-42 seriously inadequate
1943-45 very significant buildup

1939-41 seriously inadequate

partially compensated by bases

1939-41 very seriously inadequate

partially compensated by bases

RANGE in Iceland, Newfoundland in [celand and Newfoundland
1942 longer—range escorts 1943-44 VLR Liberators
escort aircraft carriers
Refuelling at Sea air bases in Azores
against U-Boats against U-Boats
On the Surface Submerged | On the Surface Submerged
SPEED inadequate adequate great advantage | great advantage
'99—41 radar '40-42  radar '39-42 could
inadequate '39-41 sonar inadequate not detect
inadequate
'42—-45 radar '43-45 radar '42  MAD
SENSORS adequate adequate
except for '42-45 sonar excespt or '43 sonobuoys
norkel better norkel
sonar poor '42 Leigh light
'39-41 stern— |'39-42 AS bombs| ,39-42 AS bombs
launched depth | unsatisfactory unsatisfactory
guns effective sharges '
S inadequate | 20 igipmt cannon | 40 degth cha%"ge
' effective —subsequen
WEAPONS . 42 Hedgehog . improvements
| ramming better machine guns
effective effective '43 acoustic
43 Squid homing torpedo
adequate | '43 AS rockets
effective

TABLE B




