The Doxford Engine: its

Development and Decline

by

Denis GRIFFITHS BEng, MSc, PhD, CEng, FIMarE
Read at the Science Museum, London, on 12 October 1994

INTRODUCTION

From a small Wearside yard at Coxgreen in 1840 the firm started by William Doxford was
destined to become Sunderland’s biggest shipbuilder. Doxfords built naval and merchant ships,
including the famous turret-deck steamers, but the firm also had a reputation for quality marine
engineering. Experiments were carried out into oil burning with a high speed torpedo boat built in 1886:
the new engine shop, built after a fire in 1901, was capable of turning out 30 marine propulsion sets a
year. Even in 1906 Doxfords could see potential in the internal combustion engine propulsion of ships
and years of detailed investigation and experimentation began.!
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Fig. 1. Sections through single-cylinder experimental opposed-piston engine.
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Initial thoughts were towards a gas engine but the project was abandoned in 1908 when it became

evident that there would be considerable difficulty in constructing a gas producer to meet marine
demands. Use of oil instead of gas was the next step and in 1910 a single-cylinder experimental engine
was built. This operated on the two-stroke cycle with valve scavenging and air injection of fuel giving
constant-pressure combustion. Compression and combustion pressures were 34.5 bar, output from the
495 mm bore by 940 mm stroke single-cylinder being 187 kW at 130 rpm.2 The experimental engine
represented a single-cylinder of an intended four-cylinder engine but trials carried out between 1910
and 1912 indicated problems related to cylinder cover, framing, main bearings, etc. Troubles
encountered were common to all conventional engines of the period and a decision was made to
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its way into the Swedish vessel Yngaren having originally been intended for a ship ordered by Grindon
Steamship Company, in which Doxford held shares.!!

GROWTH IN THE 1920s

Five engines of the type fitted in Yngaren were built between 1919 and 1924, one being the
subject of extensive trials during 1924—5. Carried out under the supervision of the Marine Oil-Engine
Trials Committee appointed by the Institution of Mechanical Engineers and the Institution of Naval
Architects these trials of the Furness Withy vessel Pacific Trader!? did much to establish the Doxford
reputation. The relatively high output power on a single shaft, use of airless or solid fuel injection and
reliability of those early engines attracted the interest of British shipbuilders. Several approached
Doxford for licences and a number were granted. At that time Doxford did not seek licences but were
quite willing to grant on application and no limit was put on the number which would be granted. Terms,
however, were considered to be on the high side by at least one potential licensee, Vickers of Barrow: an
initial payment of £10,000 plus a royalty of £1 per brake horse power.!3
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Fig. 2. Development of Doxford pistons.

Between 1924 and 1927 several new cylinder sizes were introduced and some modifications
made, including the use of dished pistons to give a spherical combustion chamber. Designs on offer
included a 540 mm bore three-cylinder engine developing 1313 kW and a four-cylinder engine
developing 3730 kW. The oil engine still suffered criticism with respect to vibration and Doxfords
failed to win a passenger ship engine contract on those grounds. In 1926 a decision was taken to design a
balanced engine which would avoid such criticism and allow entry into the developing passenger ship
market. In order to balance primary inertia piston forces a differential stroke was introduced: up until
that time top and bottom pistons had equal strokes. Other changes included adjustments in weights of
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reciprocating parts, boring of the centre crankpins to achieve balance of rotating masses and change in
the firing order to obtain secondary balance.!* Complex analysis was required but so successful was the
new design thar it was immediately chosen for the quadruple screw luxury liner Bermuda. At this time
the designation LB (long stroke. balanced) was applied to the engines.

In 1928 torsional vibration problems became evident in two twin-screw ships fitted with large
balanced engines. All new designs were subject to detailed analysis so that critical speeds could be
avoided; however, torsional fatigue cracks were discovered in one of the crankshafts after only 2.5
round trips to Australia. No other engines had experienced such problems and analysis had indicated
that there should not have been a problem at the operating speed of 98 rpm. It was soon determined that
changing the firing order to produce the balanced engine had created a critical speed at the operating
speed. The solution involved removal of the heavy flywheel from the after end of the crankshaft and
fitting light flywheels to each end of the crankshaft. In later years the flywheel at the forward end
developed inte the well known Doxford-Bibby detuner.!5
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During 1928 thought turned to the lower power market and a three-cylinder 400 mm bore engine
was designed for both marine and land application. A lever-driven scavenge pump provided
combustion air, the drive coming from the main crosshead of the centre cylinder. Cooling water and
lubricating oil pumps were driven from a crosshead attached 1o the scavenge pump rod. One of these
engines was exhibited at the North East Coast Exhibition during 1929'¢ and was then used for
experimental werk before being fitted in the concrete vessel Lady Wolmer during 1942. The other
engine was fitted in the small tanker Freshmoor in 1929. These were not the smallest engines built by
Doxford as in 1921 a number of two-cylinder 70 kW generating sets running at 320 rpm were
constructed. Upper and lower piston strokes actually differed. a novelty at the time, the upper being
220 mm and the lower 280 mm for a bore of 200 mm. Although initial results were promising the
project was abandoned because of problems involved in manufacturing large propelling engines and
small auxiliary engines with the same plant: there was also severe competition from four-stroke
medium-speed engines.1?

One factor mitigating against the oil engine was the type of fuel it burned. Boilers could burn
heavy grade residual oil from the refinery process, commonly known as boiler oil. but the oil engine
required refined lighter oil which involved higher cost. Doxfords carried out many trials in the burning
of boiler oil in their engines and a number of shipping companies co-operated in these trials. Centrifugal
separation of fuel was introduced and fuel sprays were modified in order to reduce the formation of
carbon deposits on the sprays. In 1921 Furness Withy encouraged Doxfords to undertake boiter oil tests
with the engine to be installed in its ship Dominion Miller, it being the intention to run the ship on
heavier grades of fuel.18 During the 1920s a number of Doxford-engined ships operated successfully on
a mixture of diesel and boiler grade fuels but the price differential between grades became 50 smal] that
the practice was abandoned.!®

DOXFORD DEVEL.OPMENT iN THE 1930s

A number of British shipbuilders took licences from Doxfords during the 1920s but the only
overseas interest came from the Sun Shipbuilding & Dry Dock Co. of Pennsylvania, USA and
Lindholmen Motala A/B of Gothenburg, Sweden. British licensees were Barclay Curle, and Fairfields
on the Clyde, Richardsons Westgarth of Hartlepool, and Workman Clark of Belfast. Barclay Curle built
two engines to replace failed North British sliding cylinder engines but the only really active licensees
during the 1920s was Sun, much of its output going to re-engine former steamships. The depression in
shipbuilding during the early 1930s limited prospects but improved trading saw John Brown, David
Rowan, Alexander Stephens and Swan Hunter take licences later that decade,

Doxfords the marine engine builders was owned by Doxfords the shipbuilders but the fact that
practical engineers had control of engine matters enabled progress to be made independentdy of
shipbuilding. The needs of Doxfords the shipbuilders were, naturally, important and the recession in
shipping had an effect on both sides of the business. It became clear that a low-speed, low-powered and
highly fuel-efficient ship could make inreads into the tramp shipping market which had previously been
the domain of the steam reciprocating engine. The Doxford “‘Economy” ship was developed. Initially
the three-cylinder 520 mm bore engine was fitted to this standard design ship but with the subsequent
trend towards higher speeds the 560 mm bore engine was substituted. Later in the decade, and during
WWII, three- and four-cylinder versions of the 600 mm bore engines were used. By employing a lever-
driven scavenge pump at the back of the engine instead of a crankshaft-driven unit, the length of the
520-mm-bore three-cylinder engine was only 7.9 m. The lever also actuated cooling water and
lubricating oil pumps thereby avoiding the need for other pumps to be operated at sea.

First of the ‘Economy’ ships was Sutherland in 1935. For a deadweight capacity of 9400 tonnes
she could maintain a speed of 10.5 knots on less than 6.5 tonnes of fuel and 30 litres of lubricating oil
per day. With a bunker capacity for 790 tonnes of fuel a Doxford “Economy”™ ship could travel
48,000 km without the need to take bunkers.?0
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Fig. 4. Three-cylinder Doxford engine as fitted in the Doxford ‘Economy’ ships.

Part of the programme which resulted in the “Economy’ ship was waste heat recovery by means
of stearn generation and in 1929 investigations commenced. The efficient uniflow scavenging of
Doxford engines required a lower scavenge air supply than other types of engine, thus the exhaust
temperature remained higher as it was not cooled by excess air. Experiments indicated that the excess
air supply could be reduced from the 30% level (other engines used about 60% excess air) to around
20% or even 10%. A reduction in excess air supply to 20% of that required for cylinder combustion also
allowed for a reduction in scavenge pump size. With the exhaust temperature raised to 375°C it was
possible to generate 0.6 kg of steam per kW engine power at a pressure of about 10 bar.2’

Upper and lower pistons were both cooled by water supplied to and taken from the pistons via
swinging link arrangements. A simplified system using rubber hoses was introduced for upper pistons
during the 1930s and that remained standard until development of the “P” type engine in the 1960s.
Corrosion in the cooling water system with subsequent leakage at the swinging links had been a
problem with the very first engines but the Doxford Works Chemist, Emnest Armstrong, devised a
solutien which alleviated the problem. Bichromate of potash in distilled water worked well provided
that no seawater entered the cooling water system.?2 Preventing leakage of seawater into the engine
cooling system was always a problem and as late as 1952 questions were still being asked at Doxford
licensees’ meetings on the matier.2?

During the 1930s Doxfords began to make use of electric welding for the construction of engine
frames and bedplates thus reducing weight significantly. Initially only frames were of welded
construction, a saving in weight of some 25% being claimed for the small three-cylinder engine,24 but
the success achieved prompted Doxford designers to extend the process to bedplate construction.
Specific weight for welded engines fell to 113 kg/kW for a single screw ship and 85 kg/kW for a twin
screw installation; for engines having cast frames and bedplates specific weights per engine were
around 155 kg/kW.25

Introduction of a five-cylinder engine during 1933 and proposed construction of a six-cylinder
engine prompted further study on torsional vibration and it became evident that some form of vibration
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suppressor would be required. In collaboration with James Bibby the Doxford-Bibby detuning wheel
was developed?® and this became a standard feature on the forward end of Doxford engines until
development of the ‘J" range in the 1960s.

Fig. 5. Five-cylinder LBD engine with crank driven
scavenge pump.

A major advance in engine power came with the engining of the liner Dominion Monarch with
four five-cylinder engines during 1939. Two engines were built by Doxfords and the other pair by Swan,
Hunter, & Wigham Richardson, who also built the ship. Each engine was rated 4850 kW at 123 rpm,
the 725 mm diameter cylinder being the largest built to that time and the ship the highest-powered
motorship in the British fleet.

WAR AND POSTWAR GLORY YEARS

The needs of war restricted development work at Sunderland but Doxford engines played an
important part in the survival of Britain. Their high power-to-size ratio allowed for increased cargo
space compared with steam powered ships, there was no tell-tale smoke cloud as the engine exhaust was
clear, and engines could be built quickly by a large group of licensees to meet the demands of hull
constructors. The three-cylinder engine proved to be very popular for driving standard ships as
developed by Doxford and other shmpbuilders.

In America the Sun Shipbuilding & Dry Dock Company continued to build Doxford engines but
did not follow exactly the British pattern. In fact Doxford allowed its licensees a considerable degree of
leeway in terms of engine construction as it did not object to design modifications being made.
Drawings issued by Doxford were for guidance and not production; individual licensees prepared
production drawings from these to suit there own manufacturing facilities. It was not until 1959 that
strict conditions with respect to modifications were enforced as part of new licensing arrangements.27 In
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1925 Sun constructed a pair of 560 kW engines on a common bedplate for Henry Ford's yacht Sialia.
Each four-cylinder engine, 330 mm bore by 432 mm + 560 mm stroke. drove its own propeller but the
form of construction allowed for a very compact design.?8

~ . S

g. 5. The ‘tops’ of a four cylinder LBD Doxtord showing transverse beams and uppér piston cooling hoses.

In 1939 Sun commenced production of the largest bore Doxford engines ever built. Engines of
813 mm bore were constructed in four- and five-cylinder versions, Canadian Vickers building three
four-cylinder engines by special arrangement in 1946. These Canadian built Sun engines retained the
older camshaft drive arrangement incorporating vertical shaft and bevel gear. British and American
built engines employed a chain drive from the crankshaft; oil sumps of the Canadian engines also had
straight sides and flat bottoms instead of sloping sides.?¥ A major Sun innovation was the use of the
rotary scavenge blower instead of the reciprocating scavenge pump, drive being by means of a chain
from the crankshaft. Two such blowers applied to the four-cylinder 813 mm bore engines of 1939.30
however, the arrangement proved unsatistactory and later engines reverted to crank driven scavenge
pumps.3! In 1941 Sun constructed geared installations for four C3 class standard passenger/cargo ships.
there being two six-cylinder 3170 kW engines running at 180 rpm geared to a single propeller shaft.
Cylinders were of 333 mm bore by 1524 mm combined stroke, air was supplied by separate
electrically-driven blowers and facilities were provided for the burning of boiler grade oil.32.33

During the conflict additional licensees joined the fold, including Vickers-Armstrong in 1943. In
1945 an approach was made by two continental engine builders, Wilton-Fijenoord of Holland and
Eriksbergs of Sweden, concerning the possibility of licences and Doxfords took the trouble to find the
reactions of existing licensees 1o the granting of such. Opinion was that if 2 licence was refused these
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builders would seek one elsewhere but if one was granted it was likely to enhance British and Doxford
prestige abroad.>* That attitude did not extend to German engine builders as a licensees’ meeting in
May 1953 disapproved of granting a licence to a manufacturer from that counry.> During the 1953-4
period Dr. J. Ramsay Gebbie, Deputy Chairman and Managing Director, firmly refused licence
applications from engine builders in Japan, Poland and Jugoslavia.3¢ At the time there may have been a
desire to protect existing licensees but the engine was extremely popular, over 50% of British built large
motorships were being fitted with Doxford engines during the 1950s, and overseas builders would have
extended market share. In retrospect the attitude appears to have been very short sighted as these
countries were expanding their shipbuilding industries which could only have served to help Doxfords.
Certainly the royalties would have assisted in financing future development work and it is highly likely
that benefit would have derived from links with a Japanese engine builder. The attitude was parochial in
the extreme.

Doxford engines were extremely popular and towards the end of the war problems existed as
crankshaft production could not match the demand for engines. Crankshafts were buili-up from
separate main crankpins, main webs and forged “dog leg” pieces which formed main journals, side
webs and side pins. These “dog leg” pieces were obtained from specialist forges and extensive
discussions took place between Doxfords, their licensees and Forgemasters with respect to the
bottleneck being caused by the failure of the forging indusiry to meet the engine builders’ requirements.
Only when the needs of military production eased and rebuilding of damaged steelworks was in hand
did the situation ease and sufficient crankshaft forgings become available to meet demand.3? That,
however, was not expected to be before the second half of 1946.38

Before WWII Doxfords had obtained crankshafts either complete or as rough forgings from
European countries including Germany and Czechoslovakia3® but during the war and in the years that
followed such sources were unavailable. Without doubt the problem concerning crankshaft production
limited engine output but the same situation will have applied to the construction of all large diesel
engines. During 1945 the Vickers’ engine works at Barrow was fully engaged in Doxford construction
for vessels building in its own yards but the Scotswood works had spare capacity. This could not be
effectively used, however, due to the bottleneck in crankshaft production.40

With the coming of peace Doxfords decided that regular meetings of licensees would promote
open discussion of problems and allow information to be disseminated. The first Technical Meeting of
Licensees was held at the company’s offices in Sunderland on 11th & 12th May 1948, being attended by
representatives from all British licensees, apart from Barclay, Curle, together with technical personnel
from Wilton-Fijenoord of Holland and the Ordnance Factory of Melbourne, Australia®! These
meetings became regular events until the end of the 1950s. An early problem discussed was that of
corroston in engine crankcases especially when burning boiler grade fuels. Most licensees considered
that a diaphragm was necessary to prevent combustion products scraped off the liner from entering the
crankcase and one reported that two major customers were not prepared to place further orders unless
diaphragms were fitted. Gebbie held the view that corrosion was due to water leakage from the lower
piston cooling pipes and did not believe that a diaphragm was necessary.*2 Adoption of oil cooling for
lower pistons prevented any water contamination and a diaphragm arrangement was designed into new
engines producing the designation LBD (D for diaphragm).

Problems still existed for older engines, particularly when burning boiler oils. and Doxfords
designed a conversion system but it was expensive. One of the licensees, North Eastern Manne
Engineering Co., developed an alternative conversion package which was simpler and cheaper, only
requiring a smaller diameter piston skirt and new gland 43

Two major changes of the late 1940s were the increasing tendency towards the use of lower grade
boiler fuel with its higher viscosity and increased levels of sulphur, and supercharging as a means of
increasing specific engine output. A great many fuel trials were carried out on test engines and the
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single-cylinder 670 mm bore experimental engine constructed in 1950. Shipping companies, particu-
larly British Petroleum and Shell, encouraged the development of heavy oil systems but there were
problems related to cylinder liner wear which could be two or three times that experienced with diesel
0il.# Doxfords decided that a new fuel system was required for use with boiler grade fuels and devised
two different arrangements which were extensively tested. One arrangement employed individual
cylinder pumps driven by compression of air in the particular cylinder but licensees preferred the
arrangement based upon the former common-rail syster. Heavy mechanically operated fuel valves
were replaced by small hydraulically actuated CAV type injectors, fuel injection timing being regulated
by cam operated timing blocks. Accumulator bottles in the fuel manifold at each cylinder maintained
fuel pressure during injection, engine-driven fuel pumps supplying the common rail as in the earlier
system. A major advantage of this system was that it made use of standard proprietary items which
could be readily obtained .45 The system only required a single camshaft compared with the two. needed
to operate front and back fuel valves, fitted on earlier engines.

Fi 7. M]dle platform level of LBD Doxford showing front camshaft with fuel valve and air start valve

arrangements.

Accompanying the new fuel system was a new and simplified air start and reversing system.
Again camshaft-operated valves were replaced by much lighter components. Pilot air-operated starting
valves required an air distributor and use of that device simplified the reversing system. The Doxford
engine of the early 1950s was able to burn lower quality fuels and. in some areas, was easier to overhaul
but in one respect it still lagged behind its major competitors—Doxfords were slow to adopt turbo-
charging.
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