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SOME NOTES ON OUTBOARD MOTORS
By H. S. Rainbow*

The mention of an outboard motor may conjure up for many people an image of a small, noisy, two-stroke
engine driving a propeller attached to the end of a long shaft, 2 particularly noticeable feature being the
rather primitive starting means. However, the modern, American style outhoard motor, which may have a
power rating of up to 100 hp, is a relatively complex, highly developed, means of propulsion. In its present
form it is capable of giving a consistent and relisble performance under arduous conditions of operation and
exposure.

The outboard motor has not been used so extensively in Europe and in other areas as in the USA In
consequence, the complexity of the product and the problems associated with its manufacture and operation
have not been so well understood, It may not be widely known, for example, that the outhoard motor, like
the refrigerator, motor car and many other products, cannot be produced as a technically and economically
competitive article unless it is fully toaled for volume production, with a considerable home and oversess market
to support it. It has to satisfy standards of size, shape, weight, finish and cost that malke this essential. Against
this background very high standards of performance and reliability are demanded which, in terms of specific
size, weight and power, must be at least equal to the standards for light aircraft piston engines. To achieve
these results a very considerable and sustained engineering effort on design, development and proving, on a
waorld-wide operational basis, is necessary.

Outboard motors are expected to run for long periods under extremes of exposure and climatic and corrosive
conditions. The mostly unforeseen and not obvious differences in the behaviour of components and accessories
arising from this have led 1o a very common and widespread under-estimation of the complexity of the
problems involved. Materials, components and equipment thar will function satisfactorily under chainsaw,
lawnmower, motor cycle and automotive conditions are prone to many problems when operated in the damp,
humid and corrosive environment normally associated with the operation of an outboard motor.

In the U.5.A. the ourput of outboard motors represents an annual cash turnover in the region of 160 million
dollars. In consequence the industry has been able to support the production of specislized accessories and

equipment developed to function satisfactorily under the most adverse operating conditions., By contrast, it
has been the tendency in Europe to follow and be influenced by automotive experience and practice, particularly
in the choice of materials and design of accessories. Because the actual operating conditions differ so con-
siderably this approach has hindered developmenrt and has not produced satisfactory and serviceable answers

o many of the problems involved.

Experience has shown that to compete technically and commercially with the volume-produced, highly
developed American counterpart the ourboard motor must be a sophisticated machine, both in its component
features and in its operation and must be produced in large volume by line production techniques,

The author's main object has been 1o outline some of the more interesting features and to record information
on many of the less obvious problems experienced, against the background of the unusual, and sometimes

conflicting, operational requirements.

INTRODUCTION

A COMPREHENSIVE KNOWLEDGE and experience of the
design, development and volume production of outboard
motors has not existed outside the U.5.A. until recent

The MS. of this paper was first received ar the Institution on 14tk
March 1963 and in itz vevised form, as accepred by the Council
Jor publication, on 15th August T963.

* Chigf Engfriger, Perking Outboard Moters Lid, Peterborough,

years. There the greater part of the world’s production is
concentrated, and there the leading technical develop-
ments have taken place.

This has been responsible for a widespread under-
estimation in Europe of the cost and technical difficulties
involved in the manufacture of outboard motors on a
volume production basis.

It may not be widely appreciated that the outboard
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Fig. 1. 40 hp owthoard moror
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motor industry 35 already very firmly established as one
of considerable commercial importance, Estimates of
world output indicate that over half a million motors are
produced annually. This represents a cash turn over at
ex-works prices of approximately 160 million dollars. Of
this, sales in North America account for 135 million dollars,

Wirth regard to the furure of the industry, there are
indications of a valuable growth potential as world demand
is expected to increase with the general nse in living
standards,

THE OUTBCARD MOTOR

The outhoard motor is a self~contained power wnit
designed for snounting on the transom of a boat (Fig. 1),
It has a much lower weight per horsepower than an in-
board engine and does not require the permanent installa-
tion of propeller shafts, gearboxes, stern glands and other
features which add greatly to both the weight and the cost,
The motor it arranged to pivot around a vertical kingpin
and the full vectored thrust of the propeller is available
for steering the craft. This imparts a degree of manoeuvra-
bility that is quite unobtainable with a conventional rudder,
It is also free to tilt about g transverse axis which allows
navigaton, in shoal warers, to a minimum deprh at which
the craft can float. This facilitates beaching, launching
and propeller inspection, and aveids many of the hazards
and difficuldes associated with inboard installations.
Reliability and flexibility of operation and installation
are most important, generators, clectric starters, forward,
neutral and reverse drives and remote controls being
available in a variety of combinations for the convenience
of the customer, An interesting safery feature is the throttle
starting sequence and gear shift interlock. This makes it
impossible to start the motor, or change gear, unless the
throttle is closed to the starting and gear shifting position.
The engine, or powerhead as it is sometimes called, is
extremely flexible and may be run at wolling speeds, or at
maximum ot intermediate powers, for as long as may be
desired. In fact, the ability of the outboard engine to run
at maximum revelutions, hour after hour, throughout its
useful life, is one of its most impressive characteristics,

INBOARD OR OUTBOARD?
In this paper we shall say much in favour of the outboard
motor. At the same time we must acknowledge the superi-
ority of the inboard installation for many applications.

In the post-war years there has been a phenomenal
growth of interest in outboard motor boating and sales of
inboard powcred craft have increased also. Obwviously
there is a need, and demand, for both. For certain duties
only one, or the other, may be practicable. In other cir-
cumstances, cither inboard or outboard power may be
satisfactory, Choice will then depend on the personal
whim of the customer.

In terms of world sales it would seem that because of
the lower weight and cost, greater manocuvrability and
convenience, smaller size and better performance, the
outboard motor has almost displaced the imboard engine

for use with boars under 16 fi. By contrast, for boats of
over 22 ft it is usual to find the conventional inboard
installation. Between these two sizes the cheice will depend
very much on the intended wvse. For a high performance
planing hull the curhoard motor may be the logical choice,
for a displacement crudsing hull the inboard engine may be
preferred, particularly if extended cruising in off-shore
waters i3 contemplated.

The respective advantages may be summarized as
follows:

Outboard power

Lower cost

Simple installation

Reduced fire risk

Lower weight/hp

Higher speed/hip

Superior maneeuvrability

Less draft giving better shoal warer capability
Easier launching and beaching,

Inbeard power

Greater durahbility

Lower fuel consumption

Lower running costs

Better boat balance

Greater seaworthiness

Better protection for off-shore working,

The first cost of an inboard engined craft will normally
be considerably higher than that of an outhoard craft
and a simple comparizon based on first cost of craft and
engine, plus fuel, docs much to explain the growing
popularity of the outboard moter (Fig. 2).

THE POWERHEAD

Three basic types of internal combustion engine have
been used as powerheads for outhoard motors, the two-
and four-stroke petrol engine, and the two-stroke diesel
enginc. Of these only the two-stroke petrol engine has
been a commercial success and powerheads of this type
are now in common use throughout the world, These
engines may be either air or water cooled, or of single- or
multi-cylinder design.

It 15 uvsual for air cooling to be confined to single
cylinder, two-stroke engines, of low power and low first
cost, not exceeding 2 to 3 hp, This type of engine can be a
very ‘temperamental’ starter and noise and vibration can
often reach unpleasant levels, The most significant disad-
vantage of the single cylinder motor is that if the plug
should ‘whisker’ the engine will stop. The plug must then
be removed and cleaned before the engine can be re-
started.

The more popular and sophisticated type of motor
employs water cooling and is of multi-cylinder design.
This allows & significant reduction to be obtained in both
noise and wvibratdon levels. Unlike the single cylinder
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Fig. 2. Comparison of first cost plus fuel cost of inboard diesel, inboard petrol and outboard powered craft

model, if a plug should whisker the engine will go on
running and frequently the temperature change in the
idle cylinder will allow the whisker to fall off. Even if this
does not happen the plug can at least be left until the
craft has cleared any navigational hazards which may be
present. . :

Power output 'may be anything from 1 to 100 hp and,
at the higher power levels, the motors exhibit quite
extraordinary characteristics in terms of specific ourput,
weight and size. This is achieved by employing the two-
stroke cycle, relatively high stress levels, high quality
steels and by the extensive use of light alloy pressure die-
castings.

From time to time, four-stroke cycle engines have been
introduced with the object of improving low speed run-
ning, eliminating plug fouling and whiskering, and reduc-
ing fuel consumption. Unfortunately, these engines have
not been able to compete in terms of power output, size
and weight. Therefore, and virtually without exception,
the multi-cylinder, water cooled, two-stroke engine has
proved to be the universal cheice for outboard motor
powerheads of from 3 to 100 hp.

Up to the 40 hp rating they are usuvally of the alternate
firing twin-cylinder type (Fig. 3). For engines of signi-
ficantly higher power it is more usual to employ either
four or six cylinders in line or the V four arrangement.

At the higher power levels there is a greater challenge
to the design and development skills to keep both the
size and weight of the engine to acceptable proportions, It
follows that it is in the larger engines that the muost

interesting engineering developments are to be found.
During an evolutionary period of over 50 years the .out-
board motor powerhead has been developed to its present
standard by the natural selection of the moest fitting designs.

Radial, four-stroke, horizentally opposed, and engines of
various other configurations have been tried and have
failed commercially because they did not achieve the
required standard in terms of size, weight, cost, perfor-
mance and rcliability,

Two-stroke engines, basically, are of two- or three-port
design. The three-port arrangement is the most favoured
for many applications, because of its greater simplicity
and lower cost. It is also perhaps the most well known.
For outboard motor powerheads the two-port configura-
tion is generally used, despite its higher cost. The author
believes this to be owing, not to its potential for higher
specific outpur, but to its superior low speed characteristics
and more constant and easier starting, particularly at the
low starting speeds that may be imposed by a hand-starting
means. :

Fhese two-port engines employ crankease inlet valves
to control induction into the crank chamber., The most
common are the automatic reed valve, the crankshaft-
driven rotary disc valve and the crankshaft-deiven cam-
operated poppet valve.

The reed valve (Fig. 4) which may be located in one of
several positions between the carburettor and the crank
chamber, is used for a number of very good reasons. It is
mechanically simple, of relatively low cost, reliable and
unlikely to give any trouble in service, wear is negligible
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Fig. 3. Powerhead, 40 kp motor

and it requires virtually no maintenance. At certain engine
speeds it is inclined to be rather noisy, Should missing or
slow burning occur at idling speeds, causing back firing
through the transfer port inte the crankcase, the reed
valves are closed automatically by the Internal pressure
rise, This prevents the spitting back of fuel and oil through
the carburettor which can otherwise cause stalling of the
engine at low speeds.

These reed valves are simple sections of spring steel
arranged to cover simple intake ports. The reeds are
opencd by the pressure difference across them during
the induction stroke, and closed by the internal pressure
during the crankease compression stroke, One feature of
the reed valve that is of interest is that the timing and
degree of opening is dependent upon the pressure dif-

ference across it. This varies with the speed of the motor,
thus at low speeds the valve opens later and less widely,
permitting a lesser fuel charge to enter the crankcase.
This reduces fuel consumprion in the low speed range,
and renders it easier to achieve a smooth idling characteris-
tic. Less surplus fuel s likely to accumulate in the crank-
case and this is very significant in the low speed control
of large two-stroke engines.

The rotary valve, drven by the crankshaft, serves the
same purpose as the reed valve, Tt is sometimes vsed in
special racing engines but is not generally used for produc-
don motors. The valve in its simplest form is a hole in the
crankshalt. In a more sophisticated form it is a simple
ported disc splined to the shaft. In both types ports arc
arranged to coincide with the intake manifold during the
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Fig. 4. Reed valve assembly, I8 hp motor

induction phase, At all other phases the ports are sealed
and the crankcase pressure assists the sealing during the
compression phase. Unlike the reed valve the opening and
timing is constant at all engine speeds. This allows a
higher volumetric efficiency with the intrinsic advantage
of higher specific output, superior acceleration, and
greater low speed torque.

The rotary valve engine will inhale substantally the
same volume of gas per revolution irrespective of speed.

Fig. 5. Poppet valves in crankcase, 40 hp motor

This tends to make the rotary valve type use moee fuel
at low rev/min when a lesser charge can normally be
tolerated for the purpose of matching the engine to the
propeller. At low speeds excess fuel is undesirable, as it
may cause rough idling and a tendency to stall, However,
it carburcttor and intake manifold design is good, rotary .
valve engines can give a good idling performanee with the
advantage, as previously mentioned, of superior accelera-
tion and as good, or even better, fuel consumption at
maximum speads.

Poppet valve engines exhibit characteristics similar to
those already described for rotary valve engines. The
Perkins 40 hp engine employs four valves of this type, tWo
for cach eylinder (Fig. 5). These are situated between the
crank chamber and the induction manifold and are actuated
by large diameter cams, in one with the crankshaft, and
finger-type followers. The valves are returned by simple
helical coil springs to neoprene rubber valve seats which
require no maintenance throughout the life of the engine.

The development of this lighrweight, engine speed,
poppet valve gear has posed many difficult problems
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Table 1. Powerhead bearing lvadi—all models
Main and Big End Bearing Loads
(Mezt poak load per vmit of projected aveal

Maodel 40 30 13 ! i
————— e S Ay L~ ! =
Maximum pas  pressuare, |

Ik in® d 4 7 450 A 399 250
Mawimurmn gas load, B . | 3470 2730 19462 HE0
Maximum inertia load, b o2 B65 18 133
Nett load, 1b. . . 2550

1865 1444 &t

Main h&':lﬂli;i:l;".'i‘ |
Top main, Projected area,
in® i (Ha58 | 0-088 685 | 0829
{

Unir load, Ibin® " 1855 1355 ol | 421
Centte meain. Projected
area, in® 35 i 0430 | o450 | 0500 (-501]
Unit load, Io/in® . 2435 2070 | 1445 435
Bottom main, Projecied |
areq, in® - : 0-540 0-240 0-427 (-T28

Unit foad, Inin® . 230 1726 1650 7Y

Big end beavings i
Projected area, in® i 661 D661 0-238 Ordil
Uit load, 1k/in® 3 3860 2320 42a0 1510
Chudrecn hin bearings

Projected area, in” S T TS 315 o367
UI_:]'I load, Ih/in® E 3625 | 2450 | 4380 1800

associated with wear and lubrication, the choice of materi-
als and surface finishes proving extremely critical, As
presently developed the valve gear requires no aitention
during the normal overhaul life of the engine,

The advantage of this valve gear, and this must be
carefully appraised in relation to the extreme simplicity of
the reed valve system, is the relatively high torque
developed by the engine at low rev/min (Fig. 6. This
characteristic is highly desirable for certain sporting
activities.

In the construcrion of outhoard motor powerheads it is
usual practice to employ light alloy pressure diecast
cylinder head, cylinder block and crankease assemblies,
light alloy forged or discast pistons, forged stee] connecting
rods and crankshaft, both case hardened all over, and
anti-friction ball, roller and needle bearings throughont,

For typical powerhead bearing loads see Table 1.

PRESSURE DIECASTINGS

The extensive use of light alloy pressure diecastings has
played an important part in achicving low weight and
cost. This technique has been extensively developed by
American outhoard motor manufacturers and they have
established a world lead, producing large four- and six-
cvlinder inline, pressure diecast cylinder blocks as a
production routine.

The development of the Perkins range of outhoard
maotors at Peterborough has stimulated considerable
interest in pressure diccasting, involving the diecasting
trade in this country in producing larger and more com-
plex castings than had been artempred before.

Apart from the rotational parts of the engine and trans-
mission systern, most outhoard motors are built up, almost

entirely, from assemblies of light-alloy pressure die-
castings. The exception to this may arise when particularly
heavy or robust castings are required for commercial or
military purposes, and the guantities involved do not
justity the cost of producing special dies.

The most interesting casting used in the Perking engines
is the 40 hp exlinder block. This is an aluminium pressure
diecasting with cast-in cylinder liners, the warer cooling
passages and most of the detail work being also cast-in.
The weight of the tmmmed casting is approximately
15 Ib; and as finished it weighs 134 1b, or complete with
crankease 16 Ib, It is produced in a large 1000-ton die-
casting press from a highly complex, mukiple sliding core
dig, weighing some 3 tons (Fig. 7).

These finely finished, high strength, low weight,
outhoard moetor compoenents in light alloy, often with the
most intricate detail cast in, represent a notable contribu-
tion by the discasting industry to low cost production.

Ce particularly difficult problem that arises in the
application of large pressure diecastings to load, shock ot
thermally stressed components, is the difficulty of obtain-
ing sample castings for development testing. It is sometimes
possible to use sand castings for this work, but these will
have strength characteristics entrely different from those
obtained from the pressure dies, so this approach is
fraught with considerable risk. This means that the design
has to be right first time, the cypensive production dies
being, of necessity, laid down straight from the drawing
board. Subsequent modifications are very expensive to
embody and severely limited in scope.

It is usual for the trade to supply sample castings in
low-melting-point alloy taken from the die before it is
hardened. This practice allews tooling, assembly and
dimensional accuracy to be checked, but is quite useless
for checking the performance of the component under
actual eperating conditions. For this purpose specimens
in the correct material are essential and, although there
i& a considerable prejudice in the diecasting trade in
Great Britain agsinst this, the functional capability of the
castings should be fully approved before the dies are
hardened for production runs.

FUELS AND LUBRICANTS

In most outboard motor two-stroke engines lubrication is
achieved by mixing the oil with the fuel. A proportion of
the oil provides for the lubrication of the main and con-
necting rod bearings and the piston and the cvlinder. The
rest is burned with the fuel in the combustion chamber.
It 15 known that most two-stroke engines require specially
compounded cils to give their best performance, owing
to the conditfons obtaining inside the engine and the
method by which the lubricating odl is supplied. It is also
known that two-siroke engines may be sensitive to part-
cular oil and fuel combinations. It is equally true that
what 15 zood tor one engine may not be good for another,
there being a wide difference in the specific outputr of
various engines and in piston, cylinder head and sparking
plug remperatures.
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The composition of the fuels and lubricants used can
influence exhaust smoking and fuming, internal corrosion,
bearing life, ring and cylinder bore wear, ring sticking,
exhaust and combustion chamber deposits, and, one of
the most irritating and difficult problems to solve, plug
fouling and whiskering. Thesc problems have all been
discussed in many papers relatng to two-stroke cngines
and never before has so muoch work been done by the
chemical industry and the oil industry towards the allevia-
tion of these difficulties (1) (2} (3) (4) (5) (6™

Experience has shown that there are good and bad
engines irrespective of the fuel and oil that may be used.
We know also that some engzines will be requrad to
operate in remote regions of the world on fuels and oils
that are available Iocally and for this reason the engine
must be one that does not rely on specially formulated oils
that may not always be available. That is to say, when an
engine is plagued by the more serious problems of plug
fouling, whiskering and piston burning, it is necessary
eliminate these problems, as far as possible, by good
combustion chamber and piston design.

In out own work at Peterborough, we have found that
reducing piston and cylinder head temperatures has been
the most profitable way of eliminating these problems.
Improved results, in terms of engine cleanliness and
spark plug fouling have also been obtained when specially
formulated, ashless additive type, ourboard motor oils
have been used.

® Referances are givan in the Appendiz.

Fig. 7. Cylinder block die, 40 hp moror

On one particular engine that would whisker a plug
every 10 hours or so, and would burn out its pistons with
disturbing ease, we were able to achieve a plug fouling
and whiskering life of 80 to 100 or more hours, and
climinate piston burning completely, by piston and com-
bustien chamber re-design. This is now a consistent
average performance for this engine when premium grade
fucls and outboard motor cils are used.

When similar engines were run on regular grade leaded
fuels and regular grade detergent motor oils, during a
tropical testing exercise in Florida, more frequent fouling
of the plugs occurred. This plug fouling could be cured
by using the detergent motor oil in conjunction with a
lead-free gasoline, or by using the leaded fuel in conjunc-
tion wirh an outboard motor oil.

This is menticned because having produced a zood
cngine, when run on compatible fuel and 0il combinations,
it was not so good when incompatible fucls and oils were
used,

It is our cxperience, and this is belicved to be fairly
gencral, that the mixture ratio has an important influence
on the incidence of plug fouling and whiskering (Fig. 8}.
We have found that as oil content is reduced, so arc the
plug troubles. Other advantages are: less deposit build up,
less ring sticking, less smoking during prolonged idling
and trolling and reduced operating costs. Plain bearing
engines require more oil than those employing and-
friction bearings throughout. In consequence the latter
type are used in all but the very smallest engines,



30ME MOTES 0N OUTROARD MOTORS

I
% 75 o
x|
IE {
BE '-';
T R SR =
ggfp-\. 3
x y
zq 4
=N ]
- —
£t
g2 :
= | i L Ea
= M ] 101 LT

=g A8

FUEL/GIL EATIO

Enginc—utwo-stroke, twin-cylinder elternare firing,
bhp—4-5 hp at 4000 rev/min,
Bare and seroke—2 3 1:5 in (50-8 % 381 mum}.
Swept volume—9-42 in® (154 om).
Ignition system—fvwheel magnere.
Sparking plug—TTT12 (series Gapl.
Trolling speed—1100 revimin.
Fucl—Shet] Premivm.
Qil—Shell 27
Fig. 8. Influence of fuel-oil ratio on spark piug fouling
ar rolling speed

Mixture ratios in the region of 20 to 401 are fairly
common practice. These can be extended to 80, or even
100:1 in some engines (7}, by using oils containing speci-
ally formulared anti-wear additives. These cngines must
cmploy anti-friction bearings throughout and be relatively
free from piston and cylinder bore distortion, As the oil
content is reduced it is not unwsual for the rate of wear to
inerease in marginal areas. To counteract this specially
formulated anti-wear oils can be used. When these special
oils are not available the normal mixture ratios must be
used,

It would seem that a promising line of development is
a separate o1l and fucl system on moedified four-stroke
lines. This would reduce the unnccessary, and wasteful,
burning of oil with the fuel, which it responsible for many
of the troubles already referred to,

Nevertheless, on a paoint of principle, we must en-

11

corrage the lubrication specialists to continue with their
work on anti-wear addirives a5 these may prolong the life
of our engines irrespective of the eventual method of
lubrication employed. ;

In connection with this the two-siroke engine may
possess an inherent advantage. A very low rate of wear
has been observed during extensive endurance testing,
pistons, rings, cylinder bores, main, big and lide end
bearings being remarkably free from wear, We have not
vet had time 1o study these observations in detail bur
wear on the parts mentioned has been consistently negli-
gible after hundreds of hours of endurance running. The
author believes this to be partly due to the characteristics
of the toral loss ofl system which ensures that only perfectly
clean oil is delivered to the wearing parts. In the future
development of the two-stroke engine the advantages
atising from this may be of significant importance.

THE IGNITION SYSTEM

It must now be acknowledged that the best work of the
engine designer and the lubrication and fuel specialist
would be of little practical value were it not for the very
considersble contribution made by the ignition system
manufacturers. and the excellence of the equipment that
they supply. Fasy starting, faultess runping and long
periods of operation withour attention, often in damp
saline atmospheres, are dependent 1o a very larze degree
on the characteristics and quality of the ignition equip-
meant.

In our experience at Peterborough, in the operation of
outhoard maotors under severe climatic conditions in
many regions of the world, we have come to believe that
a first-class ignitdon system 35 absolutely essental to
enable an engine to start, and run, satsfactorily ar all
times.

Our tests on many outboard motor ignition systems have
shown a wide variation in standards of performance
iFig. %, Similarly, tests on a wide range of outhoard
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Fig. Itl. Belt-driven autboard motor agnaio

motors has revesled a wide varistion in standards of
‘startability” and sensitivity to plug fouling and whiskering.

Bearing in mind the electrical leakage and performance
losses that will invariably arise under service conditions,
particularly on marine engines operating in damp saline
atmoespheres, we have found thar the best performance in

terms of easy starting, low fuel consumption and absence
of plug fouling and whiskering is obtained when the
ignition reserve s in the region of twice the plug voltage
requiremtent (Fig, 9. This characteristic is particulariy
important for starting at low cranking speeds, to prevent
plug fouling daring prolonged idling and trolling, and to
extend the life between plug whiskering ar full power,

This emphasis on easy starting and trouble-free running
for long periods, without attenrion, has stimulated interest
in high-frequency capacitor  discharge, surface gap,
transistorized and other high eacrpy ignition systems.
Whether the practical advantagzes realized will justify the
extra cost that may be invelved and whether the customer
1z preparad to pay for them has vet to be ascertained.

Ignition systems in common use are the simple fly-
wheel magneto, belt-driven miniature magneto and
flywheel magneto alternator (Figs 10 and 11}, All these
are dependent upon the performance of the sparking
plug for efficient operation.

In two-stroke engines of high specific output the plog
has a particularly difficult duty to perform. This arses
from the extremes of combustion chamber temperature
cncountered and the wide heat range over which the plug
is expected to Munction, horsepower per cubic inch of
displacement and operating temperatures being much
higher than those normally experienced in four-stroke
enginss, Whereas porcelain tip temperaturss in automotive
type, four-stroke cngines may not cxceed 1O0°F to
1200°F, sparking plug thermocouples in two-stroke

Fip, 11, Flywheel magnere alternator; oprput 5, 15 ov 20 amps a.e,
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engines have indicated tip temperatures in the region
of 1600°F to 1800°F. .

It is expecting a lot of a sparking plug to retain enough
heat at extremely low idling speeds, over a sustained
period of time, to prevent oil and unburned fuel deposits
from accumulating on the poreelain, then a few moments
later to teject enough heat, during long pertods of running
at mazimum powet, at specific outputs in the region of
1 hp per cubic inch of displacement and porcelain tp
temperatures of 1800 degrees Fahrenheir, without running
into catastropluc pre-ignition (8) (9), In this connection the
important contribution made by our ignition eguipment
manufacturers 1o internal combustion engine development
iz, perhaps, not appreciated as widely as it ought to be.

For seemingly historical reasons the ignition equipment,
sparking plugs and radio interference suppressors are
developed and supplied by different, and uwsually inde-
pendent, mannfacturers. Consequently the components
are not always properly matched and feature a number of
joints and electrical connections which may be very con-
venient for the manufscturers, but are a source of per-
formance deterioration and unreliability in service.

While assemblies of this kind may be acceptable for
motor car cngines they are not at all satisfactory for
marine work where exposure to saline atmespheres can
cause tracking, corrosion and increased resistance at the
electrical connections.

A particularly unsatisfactory feature 15 the radio mnter-
ference suppressor, particularly the kind with a carbon
ingert resistance, connected in series with the high-tension
lead and the terminal end of the sparking plug. These
suppressors can be a source of considerable ignition
trouble, particularly if the carbon resistance is not correctly
matched to the magneto output, being liable to overheat-
ing, intermittent and complete failure. The resistance of
these carbon insert suppressors may vary considerably

and we have found this te affect igniton relisbility,
‘startahility” and frequency of plug fouling. Almost with-
out exception, when the suppressors have been removed
from an engine starting has been improved and plug
fouling reduced.

This observation on the adverse affects of suppressors
on the running of certain two-strole engines suggests that
a significant change in the characteristics of the spark may
oceur. The oscilloscope patterns of current wave form
(Fig. 12} seem to confirm this. The left-hand pattern
shows the firing of a J8] plug, with a 5000 ohm suppressor,
at a simulated cylinder pressure of 20 1bfin?, and the
right-hand pattern shows repeat firing with the suppressor
remmoved.

The affect of this difference on the firing of the charge
is not koown, The evidence available merely relates an
observable and repeatable difference in the oscilloscope
partern of corpent wave form with a corresponding
difference in the engine performance,

The test results (Fig, 123 confirm our earlier observa-
tions that the characteristics of an ignition system,
modified by a suppressor, can adversely affect plug
sensitivity to fouling and whiskering to a marked degres,
a condition for which the composition of the fuels and
oils and the configuration and operating temperature of
the combustion chamber have frequently been blamed.

The author would like to emphasize that & matine
engine, and most particularly an outboard motor, requires
an ignition system with the minimum number of electrical
connections. When connections are esscntial for assembly
reasons they should be totally enclosed and fully water-
proofed (Fig, 13).

When suppressors are fitted they should be carefully
matched to the ignition characteristics, and preferably
ecmploy a wire wound resistance to avoid the inconsistent
performance of the carbon insert.

Engine—rtwo-siroks, twin-cvlinder, alternate firing.

bhp—a&5 av 4500 rev min. i
Baore and stroke—2 2 1:5 ia (508 % 38-1 mm;.
Swept volume—9-42 In? {154 em™}

T b s TR
s SERIES GRR

ol

Ignitian svstem-—fywheel magnero,
Sparking plupy—18] or UT 12,
ldling speed—B0{ rev,min.
Fual-oil tatio—16:1.

Fig, 12, Influence of vadio interference suppressors on ignition charactoristics and spark plug fouling
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CARBURATION
Most outboard motors employ specially designed car-
butrettors made of corrosion resistant light alloy. These
instruments are extremely compact and employ adjustable
low speed jets and either adjustable or fixed high speed
jers. When the fixed jet is fitted, alternative jors are used
to adjust the carburertor to the operating conditions.
This guestion of jet adjustment is a very controversial
one. Technically speaking there is little doubt thar the
rwo-stroke engine can be made to perform better when
the jets are uniguely adjusted to the operating conditions.
There is also little doubt that this adjustment cag have 2
considerable influence on plug fouling and whiskering,
Unfortunately, this operation requires a degree of skill
that is not always available, and incorrect adjustment can
do moere harm than good. In consequence, there is a

Y EEY SwiITOH
£ | PAMEL

YELLOW
Fig. 13. Blecerical equipment ond wiving diagram, 40 hp motor

strong trend rowards the use of adjustable idling or low
speed jets and locked high speed jets, which may be
adjusted as a service operation. This would scem to be the
most satisfactory answer bacause there is 2 considerable
change in the functioning of most two-stroke engines after
the running-in period. By discreet jer adjustment, after
say, 10 hours’ running, the performance of the engine can
be considerably improved.

A further problem arises in connection with violent
boat motion and torsional oscillation of the powerhead
at relatively low rev/min. The boat motion makes it
difficult to control the effective mixture level and the
torsional osciliation cen turn the floar chamber into a
virtual ‘cocktail shaker’ which produces aeration of the
fuel. Both of these variables can cause erratic running,

Concentric bowl tvpe float chambers are sometimes
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fitted to reduce sensitiviry to attitude but this does not
solve this problem completely, or that of aeration. For
this reason there is a lot 1o be said in favour of the dia-
phragm type of carburettor which is not sensitive to
either attitude or shaking,

Unfortunately a problem arises with air locking and a
bleed valve must be fitted. (Our experience with these has
shown that the bleed valve, in its present form, introduces
an element of instabilitv and uncertainty which makes it
not entirely satisfactory in operation.

It is mot unusual for outhoard motors to be left in
paosition for a whole season, When craft are lying at moot-
ings wide variations in day-to-day and night temperatures
and relative humidity may occur. Under these conditions
it is possible for water to accumulate in the fuel tank. If
this water finds its way into the floar chamber it can be
very iroublesome, causing difficult starting, missing, or
complete cutting out of the motor. For this reason the
fitting of a water filter in the fuel line will do much w
improve the functional reliability of an outboard installa-
tion, particularly on craft which spend the sesson lying
at moorings when not in use.

PERFORMANCE AND CONTROL

The performance of the outboard motor is influenced by
the matching of the propeller to the beat and by the
method of control. For general purposes a propeller is
chosen thar will give a good average performance, with
an average boat, operating under average conditions. In
practice there may be a considerable departure from these
average conditions and a special propeller may sometimes
be required 1o obtain good performance.

On very small engines a fixed ignition system is em-
ploved and the engine is controlled by a simple throttle,
For the more sophisticated engines, variable ignition
timing, related to full opening and limited closing of the
throtile, is used.

This relationship is carefully calibrated to give optimum
performance along a relatively wide, propeller law, Tunning
line and to provide excess power for acceleration, This
allows for the variation in power requirement that arises
when the propeller is running with exeessive ship during
rapid acceleration.

The engine is controlled by advancing or retarding the
ignition and varying the throttle by means of an inter-
connecting ¢cam, the profile of this cam and the variation
in angular relationship between the igaition and throttle
sering, being usiquely calibrated for cach particular
engine type. This enables the running to be reasonably
well matched to the acceleration and steady state require-
ments, giving significant improvements in performance
and fuel economy (Fig, 14},

The two-stroke powerhead is controlled, for very good
reasons, by advancing and retarding the ignition, Refer-
ence to Fig, 14 will show that the throttle is never closed.
At the higher and lower speed ranges down to idling
rev/min, in fact, over as wide a speed range as possible,
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Fig. 14, Relative seiting of throctle to ignition

the output of the engine is controlled entirely by varying
the ignition timing,

Unlike a four-stroke engine, throttling the intake is
not a satisfactory way of controlling a two-stroke engine,
The cylinder must always run full and clesing the throttle
merely prevents the engine inhaling the very air that is
so necessary for effective scavanging,

It follows thar as the throole is closed an increasing
proportion of the residval exhaust gases are retained in
the cylinder 1o dilute the incoming charge. This dilution
so narrows down the range of burning, influenced of course
by the degree of stratification that may be present, that
the point is reached where the engine can only continue to
run by four-stroking. Anv further restriction, either at
the intake or the exhaust, canses the engine to stop.

This alternate, fire and miss, tvpe of low speed running,
associated with a throttle control, has hitherto been
acceptable for road vehicle two-siroke engines. These are
usually driven on by the over-running of the vehicle when
the throttle is closed, and normally are not required to idle
smoothly and quietly for many hours at a time. At low
vehicle speeds the engine can be kept above the four-
stroking limit by engaping a lower gear.

The outboard motor has not this inherent advantage of
the read vehicle engine. It cannot change to a lower gear,
and has no useful over-run torgue to keep it turning over
when the throttle is suddenly closed. At this critical stage
it may, quite frequently, be subjected to 2 sudden increase
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in exhaust back pressure arising from the action of follow-
ing waves overtaking the craft as it slows down. Fot some
activities the motor may be required to run at idling, or
trolling speeds for many hours at a time. Under these
circumstances the rough running and torsional vibration
associated with four-stroking at low rev/min is nor toler-
able, for the comfortable operation of the relatively light
craft to which mest outhoard motors are fitred,

On future and more advanced ignition systems it is
possible that an improvement in the acceleration charac-
teristics may be obtained by monitoring the ignition

B8 /7 7

P
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R

Fig. 13. Underwater unin, 40 hp motor, incorporaring trans-
mission, foreard, newtral and reverse gears, sater pump,

exhaust stlencer and prapeller

advance with 4 governor, sensitive to speed and manifold
depression, the inter-connecting cam being retained for
the steady state running. This will avoid excessive ignition
advance during rapid accelerations with the consequent
advantage of lower maximum cylinder pressures, reduced
loads and smoother running.

THE UNDERWATER UNIT
The apparent simplicity of the underwater unit disguises
some vely lmportant featurss and functions that are
cssential for satisfactory operation (Fig. 150,

The underwater body must be of low drag with profile
characteristics that resist fouling up by weed and other
forms of marine prowth. It must accommodate, in the
stnallest possible space, the bevel-geared, forward and
reverse drives to the propeller shafe,

The lubricating ml for the gearing must be retained
without loss through the underwater seals and without
risk of contamination by the entry of water inte the gear-
casing.

It must provide a cooling water inlet to the water pump
that is immune from fouling up by weed or silt, and pos-
sess anti-cavitation features to assist the proper functioning
of the propeller.

Finally, it must give shock-proof protection ro the gear-
box and propeller, when underwater obstacles are en-
countered, and provide an underwater outlet for the
cxhaust gases to be discharged into the propeller slip-
streanm,

Most contemporary underwater wnits are similar in
general principle, but may differ considerably in their
detail design and in the means by which the forward and
reversing drives are engaged. The simple, three bevel type
of forward, neutral and reverse drive, with non-metallic
cil and water seals and and-friction bearings is now
genetally used. The gear selection is nswally made by a
rocking fork, or a cam actuared, skiding dog clutch and
thiz has proved to be a simple and entirely satisfactory
method of operation,

Qur cxperience has shown that it is not ususl for water
to be found in the gearbox during 2 normal sedson’s nse.
MNevertheless, on some occasions small quantities of water
may be found, If correct grades of corrosion-inhibiting
outboard motor gear oils have been used this is not usually
detrimental.

However, running for long periods, particularly with
sea-water in the oil, will, of course, accelerate corrosion
and reduce life. It is therefore necessary to drain and refill
with clean oil whenever water is found.

PROPELLERS

It is sometimes said thar it is difficult to design a bad
propeller and there may be some fundamental truth in
this. It is not usually the propellers that are cither good
or bad, but more often the matching of the propeller to a
particular eagine and boat combination. This, together
with the installation of the engine on the transom, is the
most critical single factor in obtaining good performance,
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Unfortunately, these variables are outside the control
of the outboard motor manufacturer, and poor perform-
ance, from the use of an incorrect propeller, may some-
Himes arise,

For the convenience of most customers, and to ensure
that & propeller is available wherever a motor may be sold,
it s usual for the manufacturer to fitr & tolerant, general
purpose propeller that will accommodate a degree of
mus-matching over a wide range of operating conditions.
This allows the motor to be used, as purchased, with the
assurance of a satisfactory performance on most types of
outboard craft.

When special sitnations arse that demand 2 more
accurare matching, 1o give best trolling, working, cruising
or top-speed performance, alternative propellers specially
designed for these activities may be fitted. The important
point is that the engine must be allowed to run at its
designed rev/min to avoid either serious overloading or
everspeeding of the engine,

For reasons associated with size, weight and portability
it has been convenient to run outboard motor propeliers
at rotational speeds in the region of 2500 to 3000 rev/min.
This gives them an inherent disadvantage compared to
inboard installations using lower propeller speeds, when
relatively high thrust, at low forward speed, is required
for moving relatively heavy craft,

It is to be expected, therefore, that with the increasing
application of the outboard mortor to work boat and com-
mercial duties, alternative gear ratios will be required to
allow larger diameter, lower speed propellers to be used.

A fu_rthcr important and somewhat controversial prob-
lem arises in connection with the propeller drive. Bearing
in mind that the outboard motor is designed to tilt clear
of underwater obstructiens, it is perhaps natural that
outboard motor users arc more careless, when navigaring

shallow waters, than the owners of inboard craft, where a
propeller *foul up® can be an expensive matter to put
right.

This has led to the adoption of a shear pin in the out-
board motor propeller drive. This is designed to fail under
heavy shock loads with the object of protecting both the
propeller and the transmission from serious damage.
Whereas 8 safety device of this kind may be quite accept-
able when navigating in guiet inland waterways and, in
practice, under most operating conditions, the faflure of
a shear pin in tidal or fast running waters is a more serious
mattsr.

In consequence, although shear pins are still most
widely used, there is a rising demand for cushion hub
propellers which slip momentarily, upon impact, and
thereby avoid the invonvenience and possible danger
associated with a failed shear pin (Fig. 16).

NOISE AND VIERATION

Effective control of noise and vibration, to g degree com-
parable wirh automotive practice, is an essential feature,
being particularly important in connectiom with the
larger and more expensive engines. In the very small sizes,
arcound 3 hp, the familiar “phut phut’ is still tolerable, but
there is a rising demand for low noise levels and in some
countries they are enforced by legislation..

The problem of noise and vibration is obviously inter-
related and originates from the powerhead. Other sources
of noise and vibration exist, but these are not of import-
ance untl powerhead noise and vibraton has been
reduced to a relatively low level.

It is now commeon practice to reduce noise by total
enclosure of the powerhead and to reduce vibration by
rubber mounting. In a simple system, as used for the
smaller and less cxpensive motors, a complete assembly,

75

o

A

IMPAET TORGUE

1'
Al

"

o

&
N

MAXIMUM DRIYING TORGUE —
|
]

g

L 5
d Sieo
o I |
i ul !
d a a0
A 2
i =
|; Sptmatsy
7O
1000

2000 A0
PROPELLER —rew’min

El T T T
3000 AC0o
EXEINE ~—rev,/min

Fig, 16. Skp clutek propeller



18 H. 5. RAINBOW

Frg, 17, Motor mounting and enclosre: (&) motor isolated
Jrom transow with shrouding atrached to powerhead;
(6) mator isolated from both transom and shrouding

comprising the shrouding, powerhead, transmission and
underwater unit, is attached to the steering, pivet and
tansom clamping assemblics by robber mountings
(Fig. 17a). This system, which insulates the source of
vibration and noise from the mounting assembly is simple
and effective,

To be more completely effective, there must not be a
sound or vibration conductng path between the cngine,
the shrouding and the boat. If resonance of the shrouding,
or of the hull, should occur, snd this can sometimes be
particularly bad in glass-fibre hulls, this may produce an
amplification of the finise or vibration with resulrs that
are less tolerable than the nojse emitted by the engine
itself.

An arrangement sometimes used for the larger and
more expensive Motors, aims at complete acoustical and
vibrational insulation of the powerhead and transmission

from the motor mounting and shroud. In this system, the
shrouding, powerhead mountings, steering, pivot and
clamping assemblies are rigidly artached to the wansom,
the powerhead and transmission assemblies being com-
pletely isolated by rubber mountings (Fig. 178). This has
proved to be a highly effective damping means, reducing
both neise and vibration to relatively low levels.

A further improvement reduces the radistion of ajr-
borne noise from the powerhead by firting to the sheoud-
ing a lining of relatively thick sound-absorbing material,
Toavoid fumes and fire risk this lining must be impervious
to petrol and oil.

Considerable noise can also arise from the air intake
and this must be effectively controlled. For the best com-
fort of the occupants of the hoat a rear air intake {5 pre-
ferred. This can take the form of a simple Iabyrinth sound
trap, lined with a sound absorbing material. By this means,
the intake air can flow through the labyrinth at relatively
low velocity and pressure loss and, at the same time, the
cutgoing sound wave energy will be drastically reduced by
the reflecting surfaces of the absorbent lining (Fig, 18),

So far we have been concerned with noise and vibration
as it may affect the occupants of the boat but noise can
also be offensive to other users of the watcrways and
surrounding areas and this must not be overlooked, The
engine exhaust is the main cause for concern and this
must be reduced to a low ‘purr® without excessive loss
of power,

It is conwventional to use an uwnderwater exhaust dis-
charging into the slip stream of the propelier, By entrain-
ment, the exhaust pases are widcly dispersed and ade-
quately silenced. When properly artanged an exrractor
action can be obtained at high speeds with a significant
improvement in the performance of the engine (Fig. 19).

For good starting and idling, the naturally aspirated
two-stroke engine requires an unrestricted cxhaust to
avoid back pressure. This requirement is not met hy the
underwater exhaust, which may be many inches below
the surface of the water ar low boat speeds and is exposed
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to the dynamic pressure created by the action of foll owing
waves. This can create a back pressure in the exhaust
pipe of sufficient magnitude to stop the engine, parti-
cularly when a fast hull loses speed rapidly after coming
off the plane.

To seolve this problem, an above-water, auxiliary
exhaust system i3 employed. This permits the free
passage of the exhaust gases to the atmosphere, through
a simple, low-pressure loss silencer, at startng, idling
and wolling speeds.

To prevent the emission of noise as the engine speed is
increased, the ausiliary exhaust system is autematically
closed by the rising level of the engine cooling water,
causing the whele of the exhaust gas w be discharged
downstream of the propeller,

To avoid the direct radiation of exhaust noise, {rom the
sutface of the transmission casing, a separate internal
exhaust duct (Fig. 15) is employed. A proportion of the
cooling water is discharged through this duct, to cool and
reduce the volume of the exhaust ases, and the other pro-
portion passes to the auxiliary exhaust system as previously
described.

Thus there are four stages of modification that we have
found necessary to achieve a very low noise level:

(1} Rubber mounting,
(2] Shroud isolation.
(3] Underwater and auxiliary exhaust system &ilenc-
ing.
(4] Air intake silencing and lining of the shroud,
The effect of these modifications on the noisc level of a
40 hp motor is shown in Fig. 20,

CORROSION RESISTAXCE

Although many outboard motors are used on freshwater
lakes and tivers others are operated in estuary and coastal
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waters, often under tropical conditions of high temperature
and humidity and high concentrations of dissolved salts,

Tn shallow waters highly aerated by incessant motion
and in harbours and estuares, corrosive attack may be
aggravated by silt and sand erosion and by the discharge
of factory cffluent and sewage ouelall. The outboard motor
aperates in a fully exposed position and the presence of
these complex corrosive agents ecan exert 3 wvery de-
structive inflience on the functioning, reliability, and life
of the component parts, :

During extensive testing of motors in many parts of
the world, we have known them to be frozen for weeks in
e up 1o 15 inches thick, submerged in sea-water and
washed over by the tide, blistered in the scaring hear of
the tropics, and left encrusted with salt on exposed moor-
ings for many wecks at a time. After all this they are ex-
pected to remain in a perfectly serviceable condition and
10 give more or less instantanenus starting at the touch of
a switch.

From this experience we have observed three quite
distinctive problem patterns:

(1} Wert salt corrosion due to high salt concentrationg
and high humidity.

{21 Dry salt scizure of exposed bearing systems due
to high salt concentrations and very dry air,

{3) Wear of exposed rotating parts by the abrasive
action of high silt or sand concentrations.

The more serious problems that may arise from these
conditions, and which must be prevented by the correct
choice of materials and by good design, are:

(11 Corrosion of exposed surfaces causing a rapid
deterioration in the appearance, sometimes leading to
loss of strength and eventual failure.

(2} Corresion, or salt or sand, freezing of exposed
bearings. ;

(3) Corrosion freezing of steel bolts, studs or pins in
light alloy parts. rendering dismantling very difficulr,
if not impossible.

(4} Corrosion and wear of those internal parts of the
motor exposed to the action of the cooling water How,



0 H. 5. BAINBOW

particularly the water pump and rotating or sliding
seals,

(5) Corrosion of electrical eguipment leading to
eventual failore,

Effective resistance to these corrosive attacks has been
achieved by the use of corrosion-resistant light alloys.
These are given & chemical surface conversion treatment
and primed and finished with a very high quality, oven-
baked enamel. This enamel has been specially developed
to have a high resistance to the action of sea-water and
strong sunlight. Wide use is made of stainless steel for
exposed shafts, screws and fittings, and less exposed steel
parts are heavily cadminm-plated some three or foor
times thicker than normal commercial practice.

Mating parts are carcfully matched, or insulated, to
reduce corrosion arising from galvanic action and all
screws, assembled in lght alloy parts, are coated with a
sea-waterproof lubricant to resist corrosion [reezing and
to facilitate removal,

The electrical equipment is specially desizned and
watetproofed and contact breaker springs ars made from
stainless steel to climinate the risk of corrosive fatigue
failure,

Extensive use is made of glass-fibre, plastic and nylon
type matcrials and exposed bearing systems are pre-
lubricated and sealed against the elements wherever design
and cost considerations will allow.

These features, together with the total enclosure of the
powerhead, allow the outboard motor to operate under
conditions of severe exposure which are guite unique
when compared with more conventional ¢ngine installa-
tioms.

COMPARATIVE DATA

The outboard motor is 2 self-contained propulsion unit
embodying in a common assembly, engine, transmission,
gearbox, propeller, powerhead enclosure, mounting and
controlling means. Thus it is a unique system not directly
comparable with other power plant installations.

In the more powerful motors the two-stroke power-
heads are a most interesting development and it is en-
lightening to compare these with other engine types.

Foertunatcly, information on the performance, weight,
size and cost of convenienty small aircraft and automotive
piston engines is available to enable this comparison 1o
be made. Figures prepared from recent information for
this purpose show that the outboard powerhead in terms
of specific size, output, weight and cost, occupies a rather
unique position, combining the high specific power output
and low specific weight characteristics of the aircraft engine
with the low specific cost of volume-produced automotive
engines.

There are, of course, other important considerations
which influence this comparison, particularly relative
reliability, overhaul life and fuel consumption.

The small aircraft cngine, in relatvely low volums-
production, must achieve standards of safety and reli-

ability much higher than either the sutboard motor
powerhead or the automotive engine. To ensure this it
will require, and receive, meticulous and regular attention
on 4 scheduled inspection and maintenance basis. Because
of its influence on range and payload, low fuel consump-
tion will be a particularly important feature, Engines of
this type, for obvious reasons, arc relatively expensive.

The automotive engine, with the inherent cost advan-
tage of large volume-production, must run for long periods
of time without any, or with very litile, attention. The
risks involved in doing this are relatively slight and a much
lower standard of reliability is acceprable. Low fiest cost
is viral and low fuel consumption important in Europe,
but not so important in the U.S.A.

The outboard engine producton rate will be muoch
higher than that of the small aireraft engine, and much
lower than that of the sutemetive engine. Within these
limitations it must achicve the small size, low weight and
high specific ourput of the aircraft cngine at the low
specific cost of the automotive enging, In service it may be
exposed to severe climatic and corrosive conditions and
considerable neglect. Fuel consumption will net be a
vital consideration owing to a much Jower annual utiliza-
tion, and will be relatively high at 0-8 to 0-9 pints/bhp h.
Overhaul life will be in the region of 250 hours for a top
overhaul and 300 howrs for a complete overhaul. In this
cennection it is interssting to note that the outboard
engine, unlike the automotive engine, may be running at
maximum revolutions throughout its operating life.

On the question of reliability and component defect
rate the outboard motor must be at least up to automotive
engine standards, engine failure being an obvious hazard
to safe navigation when operating in coastal or estuarine
waters or in fast running streams,

A comparison of costs is given in Fig. 21 and other
details are shown in Figs 22, 23, 24 and 25.

CONCLUSIONS

The author has prepared these notes with the object of
highlighting some of the problems associated with the
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design, development and production of ourboard motors
that may not be noticed during a passing association or
simple operational experience. He has purposely avoided
such controversial issues as ‘deflector’ versus ‘Hat top’
pistons as they have not been part of the work done.
Features of this kind normally reach maturity by selection

of the most satisfactory configuration for particular
applications, or as a resulr of development experience and
customer preference.

During our work on outhoard motors we have had to
concentrate on so many new and entirely unsuspected
problems that we have not had the time to analyse and

Fig. 23. Comparison of outboard motor and automotive crankshafts, both rated ar 20 kp per cylinder
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report on the results obtained, or to compare the respec-
tive merits of the ‘flat top’ and ‘deflector’ configurations.
It may be significant that virtually the whole of the world®s
output of outboard motors is fitted with deflector pistons,

It could be argued with considerable justification that

H. 5. RAINBOW

the flat top piston will give better combustion and
scavenging, lower fuel consumption, lower piston crown
temperatures and less frequent plug fouling and whisker-
ing and better engine balance due to its inherently lower
piston weight.

Significant advantages of this kind have been demon-
strated on certain small bore motor cycle engines and on
certain light car engines. These results are clearly a
valuable indication of future possibilities, but it would
sEem unwise to assume from this that the flat top piston
will be cqually satisfactory in the big bere engines used
for outboard motors. In connection with this the author
wishes to emphasize the quite considerable effect of the
variable exhaust back pressure on the runming of an
outboard engine.

In the absence of actual operating experience it is pru-
dent not to pre-judge the possible results, Nevertheless,
4 degree of optimism would appear to be more than
justified.

During many thousands of hours of test running experi-
ence with high ourput rwo-stroke engines, the author has
been very impressed by the obvieus potential of the two-
stroke powerhead for further development. It wonld seem
that with greater attention to problems associated with
ignition, lubrication and gas dynamics, a family of truly
Light-weight two-stroke engines of high specific curput
and reasonably low fuel consumption could be developed.
These engines would not necessarily compete “head-on”
with existing engines. but mav occupy a very useful *half-
way house” between the four-stroke engine and the small
gas turbing.

With regard 1o the outboard motor, the author beliaves
the industry to be on the threshold of entirely new
standards of ‘startability’, reliability, endurance and
silence. This will do much to ensure a high standard of
functional capability and to stimulate demand.

This paper is wotten to identify some of the less
obvious features and problems associated with the out-
board motors, Much more could be written about many
of the subjects discussed, bur in mest engineering pro-
Jects early identification of the problems is of first impart-
ance, it being a matter of routine and perseverance to
find the answers.
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