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ABSTRACT 

Two new models of a 27 horsepower outboard diesel engine 
manufactured by Yanmar of Japan were acquired by the 
Fisheries Division in Western Samoa for testing during 1987-
88. Results of controlled tests over measured distances on 
a vessel representative of those now in use by the small-
boat fleet showed considerable savings in fuel consumption 
at a relatively small sacrifice in speed. Further tests 
aboard actual fishing vessels operating in the commercial 
fishery showed trolling catches could be achieved comparable 
to those boats powered by 40 hp gasoline outboards. Several 
operational engineering problems are discussed, as well as 
the economics of operating a diesel outboard in the current 
troll fishery for skipjack and yellowfin tuna in Western 
Samoa. A final section covers special considerations, 
including user serviceability and maintance along with 
recommendations and conclusions. 
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1. BACKGROUND 

1.1 OBJECTIVES In early 1987 a project was launched at the 
Western Samoa Fisheries Division to investigate alternative 
propulsion for the 29 ft. "alia" double-hulled fishing boat 
produced and in use locally. The project was headed by an 
expert engineer provided through JICA (Japan International 
Cooperation Agency) and backed up by one JOCV (Japan 
Overseas Cooperation Volunteer) outboard mechanic. Both were 
also involved in other activities at the Fishery Division 
providing mechanical services to fishermen through the 
Fisheries Division workshop. Seeing the dependence on the 
gasoline outboard engine for almost all motorized commercial 
fishing, the JICA expert in particular believed that 
alternative methods of propulsion should be investigated. 
At the time over 90 alias were active in the country, and 
fuel and maintenance costs were thought to be limiting 
factors in their economic and operational effectiveness. 
Coincidentally at the same time information appeared in a 
fisheries periodical about diesel outboards being tested in 
West Africa on traditional canoes. Further investigation 
through FAO's Regional Fishery Support Programme in Suva 
showed that Yanmar diesel outboards were being evaluated in 
West Africa, and that the manufacturer had produced about 
200 diesel outboards for domestic testing since 1986. They 
had conducted tests in Malaysia, Mexico, Oman, Korea as well 
as West Africa, according to FAO. It was decided to try 
and obtain one or more of these engines with the objectives 
of determining their adaptability to the alia-style of 
fishing vessel and their suitability to fisheries undertaken 
in Western Samoa. A further objective was to gather as much 
information as possible about the economics of operating the 
diesel and gasoline outboards, so as to provide some sound 
basis on which possible implementation might be made, should 
the engines prove feasible. 

1.2 EARLY CONTACTS AND ACQUISITION Contact was made with 
JICA while the FAO Regional Fisheries Support Programme in 
Suva attempted to obtain one or more engines for testing. 
As a result of the FAO Suva efforts, and in recognition of 
the impact this new development might have on small-boat 
fisheries in the region generally, the Fisheries Division 
was provided one model D-27 ULE long shaft manual-start 
engine of 27 horsepower to commence testing. JICA was later 
able to approve provision of one manual and one electric 
start engine of the same model and horsepower. The FAO 
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engine arrived in Apia on 21 January 1988. JICA sent two 
engines, one manual start and one electric which although 
ordered later were delivered in late November 1987. Initial 
setup and testing was commenced in early February, 1988. 
Through its Engineering Division Yanmar was able to provide 
some details of previous testing in Malaysia and West 
Africa; however the specific application to the alia in 
Western Samoa required trials under various conditions in 
the country and detailed analysis of its performance. 

1.3. SPONSORSHIP While Yanmar Diesel Engine Company Ltd. 
of Japan was helpful throughout the initial testing and 
supplied some of the instruments used in the tests, the 
engines were all paid for with development funds and the 
tests were impartially carried out by the technicians 
assigned to the Division. The Fisheries Division has no 
monetary or other interest in furthering the use of the 
diesel outboards, other than to insure that fishermen have 
available to them the most prctical and effecient means of 
propulsion for their vessels. 

2. DESIGN: TECHNICAL ASPECTS 

2.1. OVERALL DESIGN The engine is a water-cooled direct-
injection type, 4-stroke diesel engine with cylinder block 
and head formed in one mold. Thus there are no head bolts 
nor head gasket. The injector unit is a pump integral with 
the injector, so there are no external injector pumps as 
with other 4-stroke diesels. It is relatively light for a 
diesel engine, averaging 2kg/horsepower for the power head 
alone. The complete 27 horsepower version weighs about 23 
kilos more than a 40 hp Yamaha gasoline outboard, one of the 
most common engines now in use in Western Samoa's alia 
fishery. The lower unit on the D-27 is essentially the same 
as that of a comparable size gasoline outboard. The 
manufacturer claims high torque output allowing less speed 
loss under heavier loads, and it was one of the objectives 
of the testing to validate these claims in an actual 
fishery. In all other respects the engine is similar to a 
gasoline-powered outboard. The controls are on the 
throttle-grip and side of engine as with a gasoline engine. 
Transom mounting is essentially the same as other outboards, 
although there is a more sophisticated spring and shock 
absorbing system on the diesel. The engine comes with a 
standard outboard tank of 5 (imperial) gallon capacity and 
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connection hose. Those ordered for testing included a 
variety of propeller pitch sizes as it was not clear what 
pitch would provide optimum performance on the alia (all 
propellers are of the same 10 1/2 inch diameter). 

2.2. MAINTENANCE AND SERVICING: Some of these design aspects 
mean that parts of the engine will not be easily "user-
serviceable". One of the main concerns with any diesel 
engine is dirty fuel, and this engine is no exception. 
Owing to the in-head design of the injectors, it would be 
very difficult to change injectors at sea in the same manner 
as dirty or worn spark plugs are changed on a gasoline 
outboard. This design also requires more parts when an 
injector is changed, mostly 0-rings and seals that prohibit 
fuel leakage from the injector. The care with which fuel is 
kept clean is therefore of utmost importance. Changing of 
oil and fuel filters, and of engine crankcase oil should 
present no major problems to fishermen and require no 
special tools. 

2.3. USE OP FUELS OTHER THAN DIESEL The manufacturer 
claims that the engine can also be run on a mixture of 
kerosene and motor oil in a mixture of 30:1, rather than 
diesel. Tests in Western Samoa have so far not attempted to 
validate this claim or test relative performance as diesel 
is readily available and cheaper than the kerosene-oil 
mixture would be. 

2.4 VIBRATION AND NOISE In adapting the engine to the 
transom of an alia, no special consideration was given to 
the added weight or potential vibration. Testing revealed 
that the engine actually vibrated less than a 40 hp gas 
outboard, a result of the shock abosrber springs and 
suspension system employed on the mount by the manufacturer. 
Noise was also not noticeable, and the manufacturer claims 
that the noise level of the D-27 at maximum running speed is 
less than that of a comparable gasoline outboard. There 
were however no instruments available during tests to 
validate this claim. 

2.5 ENGINEERING CHANGES There have been several changes to 
parts of the engine since its introduction into Western 
Samoa. The air intake scoops fitted on the side of the 
engine have been re-designed to prohibit sea water from 
entering easily. The fuel filter fitted on the engine has 
been increased in size and capacity. As this is a new 
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design, it can be expected that additional changes will come 
about on a regular basis as refinement takes place under 
actual operating conditions and as a result of tests such as 
these. 

2.6 SPECIAL FEATURES OF INTEREST TO FISHERMEN The D-27 
manual start model can be fitted with a 12 Volt alternator, 
putting out 6 amps for battery charging and subsequent 
running of accessories such as a radio, lights or echo 
sounder. This capacity is not large however, and care 
should be taken in not over-sizing a boat's electrical 
system to the charging capability of the alternator. The 
electric start model can be fitted with a rope pull on the 
flywheel to enable emergency hand starting. Generally, 
fishermen in Western Samoa had no problem hand-starting the 
engine, using the decompression level fitted onto the 
engine. 

3. TESTING AND RESULTS 

3.1 SCOPE OF TESTS A series of tests were devised which 
would ascertain the suitability of the engine to the small-
boat fishery in Western Samoa. These consisted of initial 
tests carried out at the Apia wharf along a measured 
distance, followed later by further controlled trials to 
evaluate speed and fuel consumption characteristics. After 
these were completed several fishermen were assigned the 
engines on a short-term basis in a short-term application 
survey. Following that, two fishermen were selected to keep 
the engines over a longer period to test durability as well 
as commercial performance against the gasoline-powered 
alias. 

3.2 INITIAL TESTS The initial testing was carried out 
in a controlled manner at the Apia wharf on the morning of 3 
and 4 February 1988 by Mr. A. Otaki, the Expert Engineer 
from JICA assigned to Fisheries. A new alia which was 
launched on 2 0 November 1987 and weighing approximately 600 
kilos was used for the tests. A measured course along the 
wharf was run, using a stopwatch to record elapsed time. 
Fuel consumption measurement equipment was installed, using 
a Nihon Tokushikiki Seisakusho Co. Ltd oval gear type flow 
meter, model FuelPet DE-S. The accuracy of the meter, which 
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measures from 1 to 40 liters/hour was given by the 
manufacturer as within 1%. An electromagnetic-type 
tachometer was also installed on the boat, Indicator Model 
HM-620, Detector Model MP-950 manufactured by Ono Sokki Co. 
Ltd. This type of tachometer measures rotation of the 
flywheel from 300 to 35,000 rpm. 

3.3 First the boat was fitted with its new Yamaha 40 hp 
engine using an 11 3/4 D X 10 P propeller and five men, 
spares, a battery, anchor and the usual equipment for 
fishing, the total of which weighed 487 kg. It was run 
through the course and measurements taken. The boat was 
then fitted with the Yanmar D-27 diesel outboard using a 10 
1/2 D X 10 P propeller, fuel, a battery, the same 5 men and 
eguipment. Total weight of the diesel engine, fuel, crew 
and equipment for the diesel trials was 41 kg greater than 
the gasoline outboard, 23 of which was from the heavier 
diesel engine. 

3.4 INITIAL RESULTS The first trials in the controlled 
testing resulted in a maximum boat speed by the gasoline-
powered alia at 15.5 knots with the engine running at 5,500 
rpm. The diesel alia was clocked at 13.0 knots with the 
engine at 4,500 rpm. Fuel consumption was calculated at 
18.6 liters/hour for the gasoline engine, but only 6.8 
liters/hour for the diesel. The diesel's fuel consumption 
of 36 percent that of the gasoline engine was very 
encouraging, and surpassed the manufacturer's claims of 50% 
reduction in fuel consumption. 

3.5 FURTHER CONTROLLED TRIALS Further controlled trials 
were done on 4 February 1988 with the diesel at varying 
engine rpms to determine boat speed and fuel consumption. 
The results are shown below in Table 1. 

TABLI 5 1 

ENGINE RPM 

1500 
2000 
2500 
3000 
3500 
4000 
4500 

rpm 

RESULTS OF : 
4 FEBRUARY 
BOAT SPEED 

3.8 knots 
4.9 
6.6 
7.8 
8.7 
11.0 
13.0 

RESULTS OF RPM/SPEED/FUEL CONSUMPTION TRIALS 

FUEL CONSUMPTION 

0. 
0, 
1. 
2. 
3. 
4. 
6. 

liter/hour 
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3.6 SHORT-TERM APPLICATION SURVEY At the conclusion of the 
controlled trials and once the overall parameters of 
performance to be expected were explained to fishermen, 
several boats in the commercial fishery were asked to take 
the engines for about a one week period each to see how they 
would perform in an actual fishery. The purpose of this 
survey was to test the engines under actual operating 
conditions in the fishery, to see if fuel consumption 
figures gained in the controlled tests could be sustained 
under commercial use, and to get the general reaction of 
fishermen to the engine's handling and performance. This 
survey commenced on 4 February and lasted one month. A 
total of 4 different alias were able to test the engines for 
a minimum period of one week each. Because fitting the 
engine to an existing alia required some modification of the 
plywood splash plate behind the transom, fishing boat owners 
were not particularly happy about the short term they were 
given to use the engines. It was thus decided to 
concentrate use on just two alias at the conclusion of this 
testing which was done to get as wide a range of responses 
from different fishermen under different conditions as 
possible. 

3.7 RESULTS OF SHORT-TERM SURVEY In general fishing boat 
owners were enthusiastic about the engine; they were 
primarily impressed by the lessened fuel consumption. As 
the engines were new, no major mechanical problems developed 
and everyone seemed satisfied. Fishermen operating the 
boats were a bit more leery, as they had no experience with 
the engines and were dealing with a new technology with 
which they were not familiar. It should be further pointed 
out that a range of results was obtained from owners 
participating in this particular survey, with some being 
very cooperative and following instructions, submitting 
records and complying with other instructions. A few 
however did not comply and were lax in submitting reports. 

3.8 Close watch was kept on fuel and lubrication oil 
consumption during the period 10-25 March with one of the 
more cooperative owners, Mr. Tom Yandall, in the survey. 
The lubricating oil used was Shell Rimula X, CD class, 
S.A.E. 30. It was found that oil consumption represented 
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.7% of the volume of fuel consumed. However with lube oil 
being more expensive, the overall cost of lube oil was found 
to be about 4% of fuel costs. The results of checking 
consumption on Yandall's alia were as follows: 

TABLE 2 

DATE 

10 March 
12 March 
14 March 
16 March 
24 March 

Total 

unit price 
cost 

RESULTS OF 

FUEL USED 

27 liters 
12 liters 
30 liters 
27 liters 
50 liters 

146 liters 

OIL 

:: $.61/liter 
$89.06 

CONSUMPTION SURVEY 

ENGINE OIL USED 

0.15 liters 
0.25 liters 
0.2 liters 
0.1 liters 
0.3 liters 

1.0 liters 

$3.93/liter 
$3.93 

PERCENT 

0.5% 
2.0% 
0.7% 
0.3% 
0.6% 

0.7% 

4.4% 

3.9 COMMERCIAL PERFORMANCE TESTING At the conclusion of 
the testing described above, the manual-start engine 
supplied by FAO had a total of 182 hours running time, while 
the JICA manual start engine had 67 hours. It was crucial 
to put more hours on these two engines so as to see how they 
would hold up under commercial operating conditions. The 
4th phase of testing described below was delayed somewhat 
while it was worked out exactly who would be chosen to test 
the engines. From a practical and monitoring standpoint 
they had to be vessels based in Apia, but that still left 
about 12 or 13 eligible vessels. Most boatowners wanted the 
engines on their boat, thinking primarily of fuel savings. 
At the suggestion of Keith Meecham, the FAO Regional 
Fisheries Coordinator, social and political problems were 
avoided by holding a public lottery of eligible boatowners. 
Two fishermen were eventually chosen by lottery at a meeting 
held on 13 June 1988 to keep and run the engines until 
they had accumulated 1,000 hours running time. They were 
given the two manual-start engines under the condition that 
they maintain accurate records, allow Fishery personnel 
access to the engines, and maintain regular maintenance 
schedules under the supervision of the JICA engineer. The 
owners are supplying all diesel fuel for the engines while 
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Fisheries provides lubrication oil and necessary spare 
parts. At the writing of this report, the two boats have 
run the engines for a total of 300 and 250 hours, 
respectively. It is the intention of the JICA engineer in 
charge to take them apart to check wear on major engine 
components such as the crankshaft after the 1,000 hours have 
accumulated. 

3.10 PRELIMINARY RESULTS OF COMMERCIAL PERFORMANCE TESTING 
The fishery in which testing was most important was the 
skipjack troll fishery. This fishery employs many of the 
alias in the country, and in Apia represents by far the 
greatest percentage of landings by alia fishermen at the 
central market. By testing the durability and economic 
performance of the diesel engines in the troll fishery, one 
could arrive at conclusions for applications in the bottom 
fishery as well, where the major consideration would be 
reliability rather than a combination of reliability and 
speed as with the trollers. During July 1988 records were 
kept of a representative sample of skipjack trolling trips 
taken from boats based at the Apia fish market. Results of 
this sampling showed that alias powered by diesel outboards 
had no trouble in landing skipjack in numbers equal to or in 
some times exceeding those landed by the gasoline-powered 
alias. This is perhaps one of the most important tests done 
so far, in that irrespective of economics calculated on the 
basis of controlled tests, the alia must be fast enough to 
catch and stay with the often erratic behavior of skipjack 
schools. During the period under survey, trade winds as 
strong as 30 knots were the usual occurance in Western 
Samoa. Strong wind warnings were out on some days, but 
these rarely deter the trollers, many of whom operate year-
round in all but the worst weather. These strong generally 
easterly winds coupled with seas of 8 to 10 ft. and cross-
swells caused by currents between the two main islands and 
elsewhere often make trolling hazardous. In these 
circumstances neither the gasoline nor the diesel powered 
alias could make maximum use of their speed. It thus 
appears that in these conditions there is no doubt that the 
lower fuel consumption characteristics of the diesel make it 
the better choice. It is yet to be seen if the diesels 
would be able to keep up with faster moving schools in 
calmer weather and compete with the gasoline outboards. 
Generally this calmer weather appears only in the summer 
months, about 4 months away at this writing. Nevertheless, 
the speeds attained during controlled testing at the wharf 
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would at least indicate that there is sufficient speed with 
the diesel to allow it to keep up with the movement of 
schools themselves. 

3.11 In this situation the behavior of skipjack schools 
around Western Samoa should be taken into account. Unlike 
areas closer to the equator where schools tend to feed for 
longer periods at the surface and are generally larger, the 
schools in Western Samoa (at least those accessible to the 
trollers) are smaller and are often seen to move quite fast, 
up to 8 knots, rarely stopping or slowing down to feedat the 
surface for long periods. This behavior is altered when 
around floating objects or FADs, but during the test period 
under discussion only one FAD was available to Apia-based 
trollers, and it was not always productive. Thus, use of the 
diesel outboard with the somewhat slower speed experienced 
in the controlled testing, 13 knots vs. 15.5 for a gas 
engine, may not be as critical in areas such as Papua New 
Guinea or Micronesia where skipjack often feed on large 
masses of pelagic anchovy and other food which keeps the 
schools more stationary for a longer period. 

3.12 During one 14 day period, from 4 to 18 July, landings 
were recorded from trolling alias fishing out of the Apia 
fish market harbor in an attempt to determine if in fact the 
diesel powered alias were capable of producing similar 
quantities of skipjack as the gas outboards in the troll 
fishery. During that period records were obtained from 12 
separate trolling trips by the two diesel powered alias 
combined. The gas-powered fleet which on some days reached 
a maximum of 13 different boats in operation took 125 
trolling trips during the same time period. Data collection 
took place only on weekdays, so information from Saturday 
trips is omitted (vessels do not fish commercially on 
Sundays). The sample thus represents about 87 percent of 
all potential diesel alia trips during the period and 83 
percent of gasoline alia trips. Results from this short data 
collection period are detailed in Table 2 below. 

3.13 In that period, the diesel alias caught an overall 
average of 84 pieces (about 98% skipjack) per day, while the 
gasoline powered boats averaged 102 pieces. Care must be 
taken in interpreting this data, as the relatively small 
number of diesel trips could have been strongly influenced 
by one or two bad trips. The gasoline sample however is 
quite large and the bad trips would not lessen the average 
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as significantly as with the diesels. In fact, one of the 
diesels produced a maximum of 147 fish on the 15th of July 
when eleven of the gas powered alias averaged 129 fish. 

3.14 These were all day trips, with diesels averaging 
slightly longer trips than gasoline boats. While this not a 
large amount of data, it is enough at this point to at least 
say that under the prevailing weather and fishing conditions 
in July, 1988, on average the diesel powered alias had no 
trouble catching fish in quantities close to those caught by 
the gasoline alias. Of course it would have been best from 
a comparative point of view to switch engines on the same 
boat with the same crew attempting fishing with the 
different engines, however as pointed out earlier that was 
deemed impractical and was not attempted. 

TABLE 3 CATCH RESULTS OF TROLLING ALIAS BASED AT 
FISH MARKET HARBOUR, 4-18 JULY 

DATE 
(July) 1 

4 
5 
6 
7 
8 
11 
12 
13 
14 
15 
18 

average 
average 

DIESEL 

average 
boats hours 

1 
1 
1 
2 
1 

2 
1 
1 
1 
1 

12.7 
9.3 
7.5 

11.5 
11.5 

no records 
8.0 
9.2 

no record 
13.5 
10.0 

hours: 10.3 
catch 

average 
catch 

108 
11 

109 
82 

100 

11 
116 
50 

147 
110 

84 

9 
9 

13 
11 
13 
13 
12 
8 

13 
11 
13 

GASOLINE 

average 
hours 

10.3 
11.7 
10.8 
11.0 
10.9 
8.5 
8.9 

10.5 
10.2 
10.8 
9.5 

9.8 

average 
catch 

110 pes 
59 
98 
134 
102 
85 
76 

117 
107 
129 
115 

103 

4. ECONOMICS OF OPERATION (all figures in WS$tala unless 
otherwise noted. As of July, 1988 WS$1.00 = US$0.50, and 
WS$1.00 = 65 Yen approximately) 
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4.1 INITIAL COSTS It is too early to accurately assess 
completely the economics of operating one of the diesels in 
the alia fishery. When 1,000 hours have been run on the 
machine and when wear and spare parts requirements are 
assessed, it will be much more practical to determine the 
actual costs of operation in the longer terra. When this is 
done it will be difficult to calculate actual revenues to 
the trolling alias, as fish prices are not constant 
throughout the day, and gross income cannot always be 
pinpointed. Currently, the diesel engines are of higher 
initial cost than the gasoline outboards. Yanmar quotes CIF 
at 525,700 Yen (WS$9,000, or about US$4,500). Yamaha 40 
horsepower engines are less than half that amount at 
WS$4,050. Recommended spare parts for the Yanmar (see 
paragraph 5.12) are currently quoted at 114,980 Yen 
(WS$1,800 or US$900) and special tools, including 
instruments required for a shop, cost 236,600 Yen (WS$3,640 
or about US$1,800). 

4.2 PRELIMINARY FINDINGS Included in the data gathered 
for the previous section to test the commercial performance 
were also figures on fuel consumption. For the catch 
results detailed in Table 2, below are the fuel consumption 
figures for those same alias and trips. Keep in mind that 
the nature of trolling for skipjack is that there are 
intense periods of trolling activity and full-speed stop-
and-go, with other periods (usually in the middle of the 
day) when the vessels drift or search at most economical 
speed. Fuel consumption is thus not only a function of the 
type of engine, but also of each operator's techniques and 
abilities in operating the engine. 
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TABLE 4 

DATE 

4 July 
5 
6 
7 
8 
11 
12 
13 
14 
15 
18 

NO. 

1 
1 
1 
2* 
1 
no 
2 
1 
1 
1 
1 

FUEL CC )NSUMPTIO: 
AT FISH MARKET : 

BOATS 

records 

no 

HRS. OUT 

12.7 
9.3 
7.5 
11.5 
11.5 

8.0 
9.2 
record 
13.5 
10.0 

DIESEL TROLLING ALIAS BASED 

FUEL CONSUMED 

28 liters 
28 
10 
24 
24 

24 
27 
32 
45 
36 

AVERAGE HOURS 10.3 

AVERAGE FUEL CONSUMED 28 liters 
unit cost of diesel fuel: $.61/liter 

cost of diesel fuel per average trip: $17.08 

(* where two boats are shown, the hours out and fuel 
consumed are averages of the two) 
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TABLE 5 FUEL CONSUMPTION OF GASOLINE TROLLING ALIAS BASED 
AT APIA FISH MARKET HARBOR, 4-18 JULY 1988 

DATE 

4 July 
5 
6 
7 
8 
11 
12 
13 
14 
15 
18 

NO. BOATS 

9 
9 
13 
11 
13 
13 
12 
8 
13 
11 
13 

AVERAGE 
HRS. 

10.3 
11.7 
10.8 
11.0 
10.9 
8.5 
8.9 
10.5 
10.2 
10.8 
9.5 

OUT 
AVERAGE 
FUEL CONSUMED 

135 liters 
136 
136 
135 
137 
90 
60 
67 
74 
115 
80 

(weighted) average hours out: 9.8 
(weighted) average fuel consumption: 105 liters/trip 

Unit price of mixed gas: $0.71/liter 
Estimated average fuel consumption per trip: $74.55 

4.3 RUNNING COSTS It is difficult to determine the 
actual running costs for the diesel and gasoline outboards 
without making some assumptions. Following is a list of 
assumptions which has led us to conclude that on the basis 
of local current prices including initial cost of the 
engines, a diesel outboard would become more cost-effective 
in terms of operation after about 400 hours. This means 
that after initial purchase and up to 400 hours of operation 
the gasoline outboard would be cheaper to buy and run. 
However after that point the diesel would continue to cost 
less in the long term. At the conclusion of 1,000 hours it 
is estimated that the initial cost and running of the 
gasoline engine would aproach WS$17,000; where the diesel 
engine at l,OO0hours would represent a total cost of about 
WS$13,000. A further consideration here is the longevity of 
diesels versus 2-stroke gasoline engines. It is not yet 
determined what the life might be on the diesel outboard, 
but gasoline outboards in constant use usually don't last 
longer than 3 years. 
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TABLE 6 ESTIMATED RUNNING COSTS PER 1000 HOURS OPERATION 
FOR OUTBOARD ENGINES IN WESTERN SAMOA 

TYPE OF ENGINE 
ENGINE MODEL 
CIF PRICE 
FUEL CONSUMPTION 

FUEL COST 
LUBE OIL COST 
GEAR OIL COST 
SPARK PLUGS 
FUEL FILTER 
OIL FILTER 
MISCELLANEOUS 

GASOLINE 40 HP 
YAMAHA 40G UL 
$4,050 
18 liters/hr @ 

$0.71/liter = 
$12,780 
included in fuel 
$7.20 
$24.00 
nil 
nil 
$50 

TOTAL COST 100O HRS 
INCLUDING PURCHASE: $16,911 

DIESEL 27 HP 
YANMAR D-27UL 
$9,000 
6 liters/hr @ 

$0.61/liter = 
$3,660 
$184 
$7.20 
nil 
$40 
$60 
$50 

$13,001 

5. SPECIAL CONSIDERATIONS AND RECOMMENDATIONS 

5.1 FUEL SUBSIDY The Fishery Division in conjunction with 
the Customs Department operate a fuel subsidy program which 
rebates approximately 21% of duty paid on gasoline used for 
fishing purposes. This rebate does not apply to the motor 
oil used in mixing fuel, but is applied to the gasoline 
only. At the writing of this report, the duty rebate was 
about $28 per 44 gallon drum. Should diesel outboard 
engines become feasible and be introduced into the fishery, 
it would be of assistance to apply the same policy towards 
diesel fuel used for fishing. At the same time steps should 
be taken to include lubricating oil into the subsidy 
program. 

5.2 PROBLEMS ENCOUNTERED Several problems have arisen in 
the course of adapting the engines to the existing alias. 
Some of these are inherent in the operation of diesel 
engines no matter what the application. Other problems are 
not yet explained. 

5.2.1 FUEL PROBLEMS One predictable problem was the use of 
dirty fuel by fishermen. One engine suffered damaged 
injectors from the use of dirty fuel which clogged the 
filter and then passed on dirt to the injectors. As with 
all diesels, cleanliness of diesel fuel is of paramount 
importance. In this case new injectors had to be fitted as 



20 

well as several O-rings and gaskets. Care must be taken 
when fitting or it will result in leakage of fuel and an 
inability to continue operating the engine. 

5.2.2 PROPELLER LOSS Another problem developed during the 
short-term application survey when a fisherman reported 
losing his propeller. It has never been determined what the 
cause of the mishap was, but it could have been that while 
switching the engines among fishermen during the survey, 
someone decided that the stainless split-pin holding on the 
propeller was of value to his own outboard. The design of 
the propeller nut and washers is such that it would be 
impossible to lose the propeller without one or more parts 
missing or being taken off. The propeller could have been 
backed off the engine when running in reverse as with some 
straight-shaft inboards which lose propeller restraining 
nuts. In this incident it was lucky the fishermen were 
anchored while bottomfishing. They used their spare 
gasoline outboard to get to shore and send to Apia for 
assistance. 

5.2.3 SPRAY FROM HULL DESIGN A major problem was 
identified early in the development of the aluminum alia 
with the wake of the inside of the hulls being thrown up 
around the engine. As the transom and position of motor 
mounting is not completely at the stern, the curved sections 
on the inside of the hulls create a wake which funnels 
between the hulls to the stern and often douses the engine 
continuously in salt spray. A protective shield made of 
plywood with a cut-out just large enough for the engine to 
fit through has helped somewhat with this problem. Also, a 
small cowling is welded just forward of the engine to 
deflect spray downwards. Still most fishermen fit rubber 
innertubes or pieces of rubber around the lower engine 
cowling to inhibit the spray from reaching the engine. On 
the Yanmar diesel the problem was compounded by the lack of 
an adequate spash plate on the lower unit. Yamaha gasoline 
outboards are fitted with such a plate, on the lower leg 
approximately 380 mm down from the clamp height on the 
transom mount. Yanmar's splash plate is 470 mm down, which 
makes it ineffective in this situation. An optional splash 
plate is now available as an accessory, and this one can be 
mounted in several places on the leg. One has been ordered 
for testing but as of the date of this report had not 
arrived. In addition to a splash plate, Yamaha gasoline 
outboards also have an apron lower cowling under the engine 
cowling itself which acts as a deterrent to water being 
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splashed upwards. The Yanmar diesel has no such apron and 
water which gets past the splash plate, as most spray does 
when in a seaway, goes directly against the lower cowling of 
the engine. Sea water is forced inside any poorly gasketed 
spot around the lower cowling, through drain holes which 
have been placed in the cowling by the manufacturer, and 
anywhere else. The result is to increase the amount of 
seawater constantly spraying the engine, and deposit salts 
on the hot engine itself, inside the cowling. This is 
identified as a major drawback in the design of the engine, 
as corrosion will intensify with time. The problem may not 
be as severe on a monohull boat with a stern transom mount. 
Nevertheless, the optional splash plate should be ordered 
and placed for optimum deflection. 

5.2.4 AIR INTAKE While the air intake has been re
designed, the JICA engineer in charge believes it is still 
inadequate. There is no filtering system on the intake 
pipes, and with the salt spray problem it is insufficient to 
stop foreign particles from entering the engine. 

5.2.5 CARBON BUILD UP Perhaps the biggest question mark 
and potential problem to date lies with the increase in 
exhaust temperature in one of the engines, which indicates 
some carbonization above and beyond what would be expected 
in a diesel of similar output run for the same amount of 
time. After only 300 hours the exhaustd gas temperature on 
the FAO-supplied engine has reached 630 degrees C., an 
increase of 80 degrees over the initial running temperature 
of 550 when the engines were new. This is being watched 
carefully and may necessitate dismantling of the engine 
prior to the 1000 hour mark. 

5.3 FUEL QUALITY AND AVAILABILITY Monitoring of fuel 
quality is important in any situation. With diesel engines 
it is of critical importance. In areas where diesel has not 
been in use with marine engines, special care should be 
taken. Filters with strainers should always be used when 
transferring fuel between containers. In Apia, where 
frequent rain and floods occur during the rainy season, it 
is best to buy fuel from gas stations which are located in 
elevated areas, lessening the possibility that their 
underground tanks have been flooded during storms. Prior to 
the use of marine diesels, it is adviseable to check the oil 
distributor in the country for the sulfur content and other 
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chemical analysis of fuel being delivered. This engine uses 
automotive grade diesel oil, sometimes marketed as 
"distillate". Most countries require chemical analysis of 
each fuel shipment, and this should be available at the 
distributor's office. A copy of the analysis can be sent to 
Yanmar where their technical staff can evaluate the 
suitability of the diesel fuel for use in this particular 
engine. As a rule there are no special requirements other 
than that it be clean automotive-grade diesel oil. Still, 
the actual chemical analysis might help to answer questions 
which might arise during operation. 

5.4 LIMITATIONS OF "USER SERVICEABILITY11 In general, 
diesels are not complicated engines to service. The design 
of this engine however requires some degree of technical 
competence before any major overhauls are contemplated. 
Regular servicing can however be accomplished by fishermen 
or boatowners without any problems. This should be limited 
to changing of lubrication oil, changing of oil and fuel 
filters, changing of zincs in both the lower unit (one only) 
and the engine itself (2 only). The water pump impeller can 
also be serviced and new gasket installed fairly easily. 
Most other servicing will require technical assistance. 

5.5 PROPELLER SIZING The engines have several different 
propellers manufactured with the same diameter, 10.5 inches, 
but different pitch. Propellers to fit the D-27 are 
manufactured in half-inch increments, i.e. 10, 10.5, 11 and 
so on. The testing on alias started with the smallest pitch, 
10 inches, and worked up to the one at which maximum torque 
is achieved, which is at a speed of 4,400-4,500 rpm. Too 
great a pitch will make the engine labor and will not reach 
the optimum rpm. If the pitch is insufficient, high rpm's 
will be achieved without the torque required to move the 
boat at optimum speed. 

5.6 MONITORING OF INTRODUCTION OF DIESEL OUTBOARDS IN OTHER 
COUNTRIES It is not recommended to introduce these 
engines on a large scale at the outset into a country with 
limited experience in either diesel engine maintenance or 
extensive outboard use. Ideally, each country should 
attempt the same types of tests and trials that have been 
done here with one or two engines to ascertain to a large 
degree the suitability of the engine for the application 
envisioned. The exception might be countries which use the 
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alia design already, and wish to adapt the engines to 
existing alias. In this latter case extreme care should be 
taken to order all spare parts, special tools and back-up 
instruments. Liaison should be maintained with the 
technical staff at Yanmar who have so far shown a 
willingness to be involved in the experimental application 
of their engines to fishing boats in the South Pacific. 

5.7 SPARE PARTS REQUIRED Experience as well as the 
recommendations of the manufacturer have resulted in some 
knowledge of the critical spare parts which should be 
maintained at a site where these engines are in use. Spare 
parts include gasket kits, o-rings for injector housings, 
spare injectors, spare electrolysis zincs for both engine 
and lower unit, and various seals, packing, rubber hoses and 
so forth. A large quantity of oil and fuel filters should 
always be on hand, as these are of the throw-away type and 
cannot be cleaned or re-used. Spare propellers, nuts, 
washers and split pins should also be available. These are 
not listed here by part number, as refinements to engine 
design may result in different parts and part numbers being 
required. For this reason certain spare parts may become 
quickly outmoded, and with relatively few engines in 
production the quantity of these parts kept on hand by the 
manufacturer is unknown. When ordering an engine the 
manufacturer should be consulted for his recommendation of 
the type and amount of spares to be ordered with the engine. 
It is also helpful to obtain an exploded diagram of the 
engine itself from Yanmar and have your own mechanic or 
technician study it for additional parts which may not be 
available locally. For the current series of D-27 engines, 
Yanmar quotes a list of spares in the quantity recommended 
as costing Y120,000 or about US$925. 

5.8 SPECIAL TOOLS There are not many special tools 
required to work on these engines. To take out injectors 
requires a special a "injector puller bar", and adjustment 
and measurement of valves requires a special valve clearance 
adjusting tool. Experience has shown it would be valuable 
to have also an exhaust temperature gauge to determine which 
cylinder is heating up and causing problems, and an 
electromagnetic tachometer for determining rpm, in testing 
as well as maintenance. There is no engine-mounted 
tachometer available, either as an accessory or optional 
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part. For these and a few other tools the manufacturer 
quoted a price of Y250,000 or about US$1,900. 

5.9 SPECIFIC MECHANICAL SKILLS REQUIRED As mentioned 
above, the lower unit is essentially the same as that on a 
gasoline outboard. However the power head or diesel engine 
is of fairly complex design and does not lend itself to much 
user maintenance. In particular the cylinder head makes 
maintenance difficult for someone not trained or 
knowledgeable in the design of this engine. A competent 
marine engineer used to working on diesel engines should 
have little problem in sorting all of this out, but it is 
definitely not recommended that outboard motor mechanics 
used to working with 2 cycle gasoline engines be placed in a 
position where they are responsible for major maintenance 
activities. This latter situation calls for additional 
training, ideally by Yanmar staff themselves who know the 
quirks and special considerations one must take when working 
on the engine. 

6. OTHER DIESEL OUTBOARDS 

6.1 OTHER MODELS BY YANMAR Yanmar's early publicity 
included details on an engine smaller than the 27 hp version 
and one larger. It appears that the smaller one was never 
produced in any quantity nor released for testing as the D-
27 model was. However the company has gone ahead with 
production of the 36 horsepower version, and it should be 
available later in the year. Brochures show it to be a 
bored out version of the D-27, with the same stroke. The 
bore is increased from 70 mm to 82 mm, giving a total 
cylinder volume of 1109 cc versus 807 cc for the D-27. The 
one problem envisioned in this later model is that it is 
available in electric start only. It is also to be made 
available with a hydraulic tilting system, as the weight is 
listed as 27 kg greater than the D-27. The Fisheries 
Division has ordered one of these larger engines through 
JICA and will be testing it later in the year. 
Investigations are also underway to see if it can be fitted 
with an auxilary starting system, perhaps a manually 
activated spring starter as produced in the UK by C.A.V.. 
This type of starter is fitted to the flywheel and is 
manually wound then released to spin the engine in the same 
manner as a rope-recoil starter. At this time it is unknown 
if the units can be adapted to this type of engine. 
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6.2 OTHER MANUFACTURERS Diesel outboards have been 
produced and marketed by two Italian firms for some years 
now. Both Ruggerini and Carniti make air-cooled diesels, 
but neither has found much acceptance in small-boat 
fisheries. They differ greatly from the Yanmar engines in 
that they are air-cooled and have a much greater weight to 
power ratio. They have a reputation of being noisy and 
cumbersome, as well as producing vibration unsuitable for 
many transoms. 

7. CONCLUSIONS 

7.1 SUITABILITY TO ALIAS The testing done so far has 
confirmed the suitability of the D-27 to the alia in Western 
Samoa from several standpoints. It does not require transom 
modification, it gives a speed suitable for the current 
fisheries in which the alia is employed, and does not 
inhibit fishing activities. Sea water spray caused by the 
twin-hull design does however present a problem which must 
be addressed, either by modifications to the lower engine 
cowling, addition of a splash plate, or basic change in hull 
design and spray deflection on the alia. 

7.2 SUITABILITY TO FISHERMEN The testing has also found 
that there is not much a fisherman unversed in the details 
and exactness of small engine diesel mechanics can do to 
overhaul the engine. They can, however, perform the usual 
and routine maintenance tasks that would be required of an 
inboard diesel of similar horsepower. It is the opinion of 
the JICA expert in charge that much more training and 
experience is required before fishermen could employ these 
engines in areas where there was insufficient backup from 
technically competent service personnel. 

7.3 MECHANICAL DESIGN AND PERFORMANCE This is a new 
engine, recently introduced and tested in only a few areas 
in the world. It is still undergoing refinements in design 
and can be expected to be changed by the manufacturer quite 
often in the future. The engine has however shown itself to 
be robust in general, and to hold up to the rigors of the 
local fishing industry so far. There are problems to 
overcome, and these have been detailed above. Also, as the 
testing itself is not complete, neither the JICA expert nor 



26 

the Fisheries Division can say at this point with any 
certainty how these engines will hold up over the long term. 

7.4 ECONOMICS OP OPERATION Perhaps one of the brightest 
and for that matter most predictable, was the economy of 
operation offered by this diesel in conjunction with an 
alia. Initial high acquisition cost is offset fairly 
quickly by savings in operational expenses, particularly in 
a troll fishery which uses large amounts of fuel. 
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APPENDIX I 

YANMAR DIESEL ENGINES USED IN TESTS 

1. PURCHASED BY FAO: 
MODEL NUMBER: D-27 ULL 
SERIAL NUMBER: 593 
DESCRIPTION: MANUAL START, LONG SHAFT , NO 12 V. ALTERNATOR 

2. PURCHASED BY JICA 
MODEL NUMBER: D-27 ULL 
SERIAL NUMBER: 589 
DESCRIPTION: MANUAL START, LONG SHAFT, 12. V ALTERNATOR 

FITTED 
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3. PURCHASED BY JICA 
MODEL NUMBER: D-27 ULL 
SERIAL NUMBER: J172 (J denoting domestic model, not usually 
for export) 
DESCRIPTION: ELECTRIC START, LONG SHAFT, 12 V. ALTERNATOR 

FITTED 

YAMAHA GASOLINE OUTBOARD USED IN COMPARATIVE TESTS 

MODEL NUMBER: YAMAHA 40G 
SERIAL NUMBER: 6F6-LL-600361 
DESCRIPTION: MANUAL START, 40 HP LONG SHAFT, FITTED WITH 11 

3/4 d x 10 p PROPELLER 

APPENDIX II 

CONTACTS IN YANMAR DIESEL ENGINE CO. 
INFORMATION 

LTD. FOR ADDITIONAL 

(people listed below visited Apia in March 1988 to assess 
status of testing) 

1. Mr. Takeo Kasahara 
Section Manager 
Overseas Sales Engineering and Service Dept. 
Overseas Marketing Dept, Project Groiup 
Yanmar Diesel Engine Co. Ltd. 
1-1,2-chome, Yaesu 
Chuo-ku 
Tokyo 104, Japan 

telephone: 03-275-1111 
telex: (0222) 2310, and 4733 
fax: 03-272-0687 

(for technical and design information) 
2. Mr. Manabu Miyazaki 

Chief Engineer 
Engine Design Engineering Dept. 
Engine Development Dept. 
Yanmar Diesel Engine Co. Ltd 
Engine Tractor Operations Division 
7-35 Sanwa-cho, Nagahama-City, Chiba— Prefecture, Japan 
telex: 5487-409 fax: 0749 (63)/2481 
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