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SUMMARY

This publication covers the historical background and technical
information relating to the 600 horsepower 400 kilowatt Fullagar diesel

generating plant which operated at the Napier City Council’s Power Station
from 1925 until 1970.

The Fullagar-type engine has opposed pistons and vertical cylinders
arranged in pairs. Its unique feature is the diagonal connecting rods which
attach the top piston of one line to the bottom piston of the adjacent line.

It 1s believed to be the only plant of its type in New Zealand and will be
the principal exhibit in the Hawkes Bay Museum of Technology when i1t moves

its activities into the former power house building in Faraday Street, Napier,
New Zealand.

The Author H R (Ray) Matthews, FIPENZ, MIEE
was City Electrical Engineer Napier 1958-1978

The Sponsor Bay City Power was previously the
City Electricity Department and prior to
that the Municipal Electricity Department,
which owned and operated the plant on
behalf of the Napier City Council.
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OPPOSED PISTON ENGINES

Internal combustion engines with opposed-piston designs have been built
in several different configurations including the Junker, Oechelhauser, Doxford
and Fullagar. The two latter types are illustrated in the diagram below.

In the Kensington Science Museum there is a sectional model of a
Fullagar-type engine with a label "Between 1916 and 1920 Cammell Laird
adapted this for Marine Propulsion”.

DOXFORD FULLAGAR
USES SIDE-RODS USES DIAGONAL RODS

COMPARISON OF TWO TYPES
OF OPPOSED-PISTON ENGINES
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INTRODUCTION

The 600 horsepower Fullagar diesel engine and 1ts 400 kilowatt
3,300 Volt alternator operated in the power house in Faraday Street, Napier,
New Zealand from 1925 until 1970.

The plant has been donated to the Hawkes Bay Museum of Technology
where it will remain in its original location. The Museum has arranged to lease
the old power house building from the Napier City Council.

The purpose of this publication is to record the history of the Fullagar
plant.

Because it is 21 years since the plant was last operating, some of the
records no longer exist. Fortunately a number of former staff members were
able to contribute information about the plant.

The engine was built by the English Electric Co Ltd at its Willans Works,
Rugby, England in 1923.

Only two engines of this size were ever built')). The other was used by
the Engiish Electric Company at its works at Rugby from 1922 until 1950 and
subsequently placed in the Company’s Museum when it was placed on display on
the lawn where it deteriorated. It was finally scrapped 27) about 1980.

It is believed to be the only diesel engine of its type used 1n New
Zealand and is possibly the only surviving Fullagar engine 1n the world.

What appears to be the first trial run for the acceptance test for the
Napier plant took place on 4 September 1925 when the following entry appeared
in the log book:

"Trial test was run this day: engine ran satisfactory on full load for eight
hours: trouble then developed and the engine lost load: engine picked up load
again and continued running on full load for another three hours."

It was not until 21 April 1927 that the following entry appeared in the
log:

"Fullagar ran the trial test with satisfactory results, everything OK.”

By this time preparations were in hand to receive power from the
Government’s hydro-electric station at Mangahao, near Shannon, 200km south of
Napier. In fact only two months later, on 1 July 1927, hydro-power was
received at Napier.

As the hydro-supply contract provided that existing plant be retained
only for standby purposes, it might be expected that the Fullagar plant would
have not been required for much running and eventually would have been
retired in debt.

This was not to be the case as power shortages in successive years made
frequent demands on the running of the plant. The shortages were due to ‘dry’
years and insufficient hydro plant to meet the load growth. Details of the plant
running are given in Appendix 2 on pages 14-17.

Technical data on the plant is detailed in Appendix 3 on page 18 and
outline drawings appear in Appendix 8 on pages 29-36.



PURCHASE OF AC GENERATING PLANT

The Napier Borough Council’s initial generating plant was installed at
the Faraday Street power house in 1913. It provided electricity for a tramways
system as well as power and lighting for the people of Napier.

A 230/460 Volt direct current supply was obtained from three generators
driven by gas engine? which were fuelled by producer gas (from coal) that was
manufactured on site‘™’.

Subsequently additional dc plant (both diesel and gas engine driven) was
installed to keep up with the demand for electricity.

In 1922 Consulting Engineers(z) were commissioned to review the
position having in mind the possibility of hydro-electric power being available
from the Government Stations already being constructed in the North Island.

The Consultants recommended that a 600 horsepower diesel engine with a
400 kilowatt 3,300 Volt alternator be purchased together with two motor
generators each of 200 kilowatts 1n order to convert the power from ac to dc
and vice versa.

The Napier Borough ‘Souncil approved the recommendations'®) and
subsequently a tender was let!® for supply of the Fullagar diesel generator set,
manufactured by the English Electric Co.

DESCRIPTION OF THE FULLAGAR ENGINE

The Fullagar engine operates on a two stroke cycle. Pairs of cylinders
are placed close together to form a unit and there are two opposed pistons in
each cylinder. The upper piston in one cylinder is connected to the lower piston
in the adjacent cylinder by diagonal connecting rods. In this way the two
pistons in one cylinder are compressing while the adjacent cylinder 1is
expanding,.

[t 1s understood the design by H F Fullagar stemmed from marine
applications where floor space should be minimized. Cammell Laird & Co of
Birkenhead, Liverpool, England obtained the rights to develop and use the
Fullagar principle for marine oil engines 1, 22)

The diagonal connecting rods between adjacent cylinders are connected
to crossheads to take the lateral forces at both the top and bottom cylinders.
The top crossheads are enclosed so that they act as pistons for the scavenge-air
pumps which supply the inlet air under pressure (super-charging).

The exhaust air ports are uncovered while the scavenge-air inlet ports are
still open so that the scavenge air sweeps completely through the cylinder.

The inlet and exhaust port are machined at the top and bottom of the
cylinder liners while the centre portion of the liner forms the combustion
chamber. In the wall of the combustion chamber there are two fuel injectors
and an air-starting valve.

The liners are fitted with inward springing scraper rings at each end
which bear on the piston skirts.



PISTONS

The crown of the piston 1s made from forged alloy steel while the skirt is
made from cast iron. Four compression rings are fitted. The steel crown is oil
cooled, the oil being fed to and from the crown by telescopic tubes. The
original pistons had flat crowns but a full set of replacement pistons supplied in
1959 by English Electric were manufactured with concave crowns.

During World War II some replacement pistons had been on the coast for
at least three months and could not be located. In order to keep the plant
running Nivens at Ahuriri, Napier, reconditioned some of the older pistons
cutting off the crowns and welding them to pistons with good skirts.

FUEL INJECTION

Fuel 1injection 1s by high-pressure air blast with fuel supplied at low
pressure to the air blast valves on each cylinder.

The fuel feeds by gravity from an elevated service tank through the
filter to a bus-pipe to the injection pumps. There is one cam-operated injection
pump on each cylinder and these can be individually adjusted to equalise the
load over all the cylinders. This 1s done by monitoring the exhaust gas
temperature on each cylinder or by comparing indicator diagrams.

The two fuel injection points on each cylinder are opposite each other to
promote thorough mixing of the fuel with the air.

All cylinders have a valve for recording pressure on a drum recorder to
produce an indicator diagram.

The quantity of fuel is regulated by the governor.

LUBRICATING SYSTEM'?)

An auxiliary electrically driven pump supplies oil to the bearings,
crossheads and to the piston crowns before starting. This ensures that the
pistons do not overheat before the oil supplied by the crankshaft-driven pump
has built up pressure.

Oil from the piston crowns is returned to the sump via a tundish. This
provides the operator with a visual inspection point to check both the flow and
temperature of the cooling oil returning from individual pistons.

The o1l sump strainer and cooler are all accessible from the pit below the
engine.

In addition there are sight glasses and pressure lubricators which supply
a measured quantity of lubricating oil to the scavenge cylinders and for
centre-stroke lubrication for the main pistons.



COOLING WATER

Cooling water was provided from a cooling pond adjacent to the power
house building. Water could be supplied direct from the town water or
circulated by means of a pump from the pond. Originally there was separate
well at Nelson Park (0.7 km away) which provided the cooling water for the
power station through lead-jointed cast iron pipes.

A separate outlet from each cylinder jacket to a tundish on the side of
the crankcase allows the operator to check the flow and temperature of the
discharge cooling water from each cylinder jacket.

STARTING METHOD

Starting is provided on two of the cylinders from ‘air-start’ valves
supplied with compressed air through cam-operated service valves fitted to the
cam-shaft. Air is admitted to the cylinders through automatic air-starting
valves fitted in the combustion chambers. Air is provided from two air starting
bottles charged to 1,200 Ib/square inch.

Kerosene is used for starting purposes; diesel fuel is used once the engine
has started.

Fuel injection pressure is provided from a separate air bottle.

Once the engine is running, compressed air for injection (and for filling
the bottles) is provided from a three-stage compressor fitted at the end of the
crankshaft. An unusual feature of the compressor is that the output pressure 1is
regulated by throttling the air intake. It also uses a multi diameter cylinder agd
piston to provide a three stage compression.

The alternator was arranged for starting the engine from June 1962 and
this is described later.

BULK FUEL TANKS®

Before 1959 six 1,600 gallon tanks were used to store the ‘heavy’ diesel
fuel, which was sent from Wellington by rail tanker.

From 1958 there was no advantage in using the ‘heavy’ fuel. Standard
diesel fuel was used from local supplies and the storage reduced to two 1,600
gallon tanks.



EXHAUST ARRANGEMENT

From the u%gnifold the exhaust gases are discharged into a concrete
expansion chamber ) outside the building. From there the gas is discharged to
the atmosphere through a vertical pipe about 30 feet high.

THE ALTERNATOR

The 400kW 3,300 V alternator was built by the English Electric Company
at its Siemens Works Stafford. The 30 pole machine is 10 feet in diameter and
the lower portion of the stator is in a pit and extends 3 feet below ground level.
Both the engine and the alternator are required to provide 25% overload for one
hour after running at full load for eight hours.

The alternator was supplied without an engine-driven exciter. Initially
there would have been dc available for excitation from existing plant although
a small motor-generator was provided.

However, to provide power ‘from cold’ (ie when no other power was
available) a belt-driven exciter was powered from a pulley at the end of the
shaft. This exciter was the dc generator which supplied power to the Municipal
Theatre from 1912 to 1928. It was also presumably used as the exciter from the
mid 1930’s.

THE PRICE

The original contract price(4) w?g quoted as equivalent to $24,500 plus
the 3,300V o1l circuit breaker at $544. ) " The total price was approximately
$25,000.

When the power house building was extended i1n 1920 sufficient extra
space had been allowed for additional plant and the Fullagar was able to be
accommodated without further extension. It is likely that the compact design
was a factor in its selection.

The English Electric Company contract provided for the services of an
engineer to supervise the erection of the plant.

Other than the fuel tanks®) at $646 it is not known what other
installation costs were incurred. Most of the labour would have been provided
by power house staff and the cost of this was probably regarded as a part of
salaries and wages included in the running costs of the station. There would
have been some costs for the concrete work for the pits for the oil sump, the
alternator and the exhaust expansion chamber, and the fuel tank installation.
The latter consisting of a concrete pit, half the height of the tanks and a frame
with an iron roof overall.
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HOURS RUN

There was no hour meter on the plant, and records of running time
before 1940 are not available. An ‘estimate has been made for the kWh
generated up to 1931 using the value of the fuel purchased. A 100kW diesel
plant was operating at the same time, some guessing was needed to provide an
answer.

A total running time to 1970 is estimated at 27,000 hours. Details of this
are set out in Appendix 2, on pages 14-17.

INITIAL RUNNING OF THE PLANT

The plant was ready for shipment 1n

May at the same time as the erection engineer

January 1924(11) and arrived i1n
R i

[t is probable no electricity was genera{e;} by the plant before March
1925, although the engine may have been tested 17). "The first entry in the log
book is August 1925 before the unsuccessful test run of September 1925.

The records'”) show at 31 March 1925 the installed capacity of the
generating plant was 830kW and the maximum load was 810kW so that without
the Fullagar there was no plant capacity to meet further load growth.

George Metcalf who was an electrical inspector at the time the plant was
installed, recalled that there was trouble with the crossheads becoming hot and
that additional cooling water had not eased the problem.

When the load was increased more heat would be generated on the
friction surfaces of the crossheads at the end of the diagonal connecting rods.
This in turn would mean that, if this heat was not conducted away in the o1l
then the crosshead would seize up.

This problem still existed in the 1960’s if the plant was operated over
about 350kW for a prolonged period.

George also noted that much of the running was on light load mainly
supplying the Taradale Town Board and the Hawkes Bay Electric Power Board
(HBEPB). Both of these loads were supplied at 3,300Volts ac and the Fullagar
generated at this voltage. When it was not generating, the ac load could be
supplied from the dc plant via the motor-generators.

By March 1926 the installed plant had increased by 400kW to 1,230kW.
The maximum demand within the borough in that year was 988kW. The
additional plant provided for growth in the borough’s load and for power
supplied to the Power Board and the Taradale Town Board both of which relied
on the borough for their initial power supply. The energy supplied to the two
boards is listed in the following table.



Energy Supplied to Taradale and HBEPB compared with Fullagar Generation

Year Taradale HBEPB Total Fullagar

ending kWh kWh kWh Generation kWh
31/3

1926 56,941 8,700 65,641 312,000 (est)
1927 78,349 15,525 93,874 378,800 (actual)

The plant was required to run for one hour at 25% overload to pass the
acceptance test incorporated in the British Standard. It seems likely that this
was the major stumbling block before the plant was accepted.

Inspection of the log book shows that all the cylinder liners were
withdrawn between November 1925 and April 1926. Some of the cylinder liners
were recorded as having been cracked.

A fur{:n%r 12 months of running under the supervision of the

manufacturers preceded the satisfactory trial test recorded on the 21 April
1927.

STANDBY OPERATION

Hydro-supply commenced on 1 July 1927. Subsequently the plant would
only be used for standby purposes and therefore reduced runmng was expected.
However, this was not necessarily the case.

First there were numerous interruptions to the hydro-supply. In fact, in
the f1 iIS three months, there were 21 interruptions and three arranged shut
downs{1>) totalling 13 hours 41 minutes. Such interruptions also upset the tram
service.

Secondly there were water shortages which limited the generation of
hydro-power. Because of this the Napier plant, as well as other generating
plants in the lower part of the North Island, were brought back into service
over the summer of 1927-1928. The Napier plant generated 1,337,920kWh over
this period and the Fullagar contributed about 440,000kWh to this output.

The cost of this generatijon was charged to the Government and the
average price was 0.78 cents/kWh generated. By comparison, the average cost of
hydro-power was 0.49 cents/kWh for that year.

Generation in Napier continued because of shortages until the
Waiklr moana hydro-plant began commercial production at the end of January
192913) For some time after this the equipment was not often run.

As the gas-manufacturing plant took about six hours to get into operation
from ‘cold’ the gas engines probably did not run again before they were finally
put out of action by the 1931 earthquake The gas-manufacturing plant was
however maintained in a ‘warm’ C(;ndltl()ﬂ for standby purposes until the dc
load could be reduced to 300kW ¢ This amount of power could be supplied
by the motor-generators from the Fullagar’s ac supply.
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About 18 times between February 1929 and January 1931 the Fullagar
was started either because of power failure or arranged shutdowns. During the
day and evening the Fullagar could have supplied the trams and other important
loads, but not the needs of many other consumers.

NAPIER EARTHQUAKE 1931

The earthquake of magnitude 7.9 struck Hawkes Bay at 10.46 a.m. on
3 February 1931. The Government electricity supply failed immediately and
was not restored until two days later.

Although the Fullagar plant was regarded as serviceable, it was not used
because of the precarious state of the power house building. The next day the
walls were temporarily shored up by Navy personnel.

~Jack Isles says that when a temporary supply of hydro power became
available it was limited to essential services such as water pumping. |

He recalls a decision was made to run the Fullagar each night until
11.00 p.m. to provide some street lighting and this was favourably commented on
by many of the residents, particularly the homeless in the camp at Nelson Park.

Once more the Fullagar refused to start, and the compressed-air supply
was exhausted, Colin Stewart, Assistant Engineer, removed the motor from one
motor-generator set and using a belt was successful in starting the Fullagar

There was little running of the plant from 1932 until the war-time
shortages from 1941 onwards.

FEEDBACK 1941-1953

A general power shortage started early in World War II and continued for
some years afterwards. The Fullagar was back in service for another 12 years.

From January 1941 the Fullagar was often in service up to 16 hours a
day. This was under a ‘feedback’ contract with the Public Works Department
(as it was known at that time) which paid the costs. Power generated went 1nto
the ‘pool’ and was re-sold at the standard price for bulk power.

Over the 1941-1953 {Jeriod a total of 7.2 million kWh were generated and
the equivalent of $139,80014) was paid for this.

If, however, there was a power failure or planned shut-down, no claim
could be made for ‘feedback’. On one occasion during a planned shut-down
between about 5.20 a.m. and 7.20 a.m. Sunday, 23 February 1941 the Fullagar
supplied the whole Napier load (with water heating off). No doubt it was the
last time that this would have been possible.
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POWER SHORTAGES 1958-1960’s

When power shortages loomed again in 1958, the State Hydro Electric
Department (as it was then known) decided that the cost of running the
Fullagar was too great to continue to use it for ‘feedback’ purposes.

Representations were successful in allowing the Fullagar to be run by the
Municipal Electricity Department at its own expense to supplement 1its
allocation. The amount of energy was allocated on a weekly basis and the base
figure was reduced according to water available for hydro generation.
Typically the amount was 80% to 90% of the base allocation.

It was possible tQ supplement the weekly allocation up to 15% by running
the plant 60 hours a week, although this might be exceeded when the going was
tough.

Provided the plant was generating over the ‘peak’ period the reduction in
bulk supply charges helped to offset the additional cost of running the plant
during restrictions.

I[f 400kW could be shaved off the ‘peak’ in each of the four quarters the
reduction in bulk supply charges amounted to $12,000 per annum at that time.

When the shortages eased the Fullagar continued operating for peak
reductions until the alternator windings failed early in 1970.

AN EARLY CALL

Maintaining the consumption within the allocation was not without its
problems. The weekly allocation finished at 8.00 a.m. each Monday.

On one of those Monday mornings in 1959 the control room operator,
Harry Harris, rang the writer at 5.00 a.m. to say we were ahead of the target to
keep within the allocation. A taxi was called to pick up Charlie Wilkes, the
Fitting Shop Foreman (he didn’t have a phone) and by 8.00 a.m. the generator
had produced enough energy to be exactly on target. Naturally everybody was
extremely happy.

WRONG GRADE OF OIL

The lubricating oil used was a very heavy grade of marine oil supplied
by Mobil and known as Number 3 Marine Oil DTE. Approximately 270 gallons
were needed to fill the system.

About 1960 the Council decided to purchase all its petroleum products
from one supplier. As a result a 44 gallon drum of SAE 30-40 motor oil was
delivered and the system topped up by the operator without questioning the
change.

Within an hour the engine had seized up and several days were spent on
maintenance and a change of oil. The saving through the processing of one
cheque by using one supplier proved rather costly in this i1nstance.
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STARTING DIFFICULTY AND ELECTRIC STARTING

The engine was always difficult"to start in cold weather. No provision
had been madé& for electric heating elements to keep the water jacket warm.
When the use of the engine was contemplated it was normal to leave radiant
electric heaters adjacent to the combustion chamber as a starting aid.

If both starting bottles were discharged before the engine fired there was
panic and delay. Additional air had to be obtained and then there was the slow
process of filling the empty bottles.  The situation was even worse when
Industrial Gases closed their manufacturing plant in Napier as supplies were not
always 1n stock. )

For the successful use of the plant for ‘peak chopping’ it was essential to
have reliable starting.

In June 1962 it was decided to try starting the engine using the generator
as an induction motor. It worked successfully but it did put extra stress on the
windings.

The idea was to get the engine moving on the first air bottle and to close
the power onto the generator through a reactor to limit the current. The second
air bottle plus the power would accelerate the engine sufficiently for it to fire.

STARTING MISADVENTURE

In May 1966 the staff experienced a rather frightening event while
starting the engine. It began to accelerate well above the normal speed. The
exhaust pipe broke just beyond the manifold, producing terrific noise and much
smoke. This is described by Ian Webster in Appendix 1, page 13.

FINANCIAL RETURN

Had the Fullagar been intended to operate as a main generator and had
it taken its share of the load, it could have been expected to generate about 1
million kWh per annum. This amount had been exceeded only in the three years

(1951-1953).

However, should the Fullagar not have been available in 1926 and 1927 it
would have been impossible to keep up with load growth. The problem was not
solved when hydro-power became available because all the generating plant was
used most of the time until January 1929. The actual amount of mon(ey received
for this is not known but covered all the costs including depreciatio 16),

The amount received for ‘feedback’ in 1941-1953 was $139,680. For the
period 1958-1970, when the plant was used for peak cutting, an amount of
$111,677 is estimated to have been reduced from the bulk supply account. The
running cost of this period is stated as $37,226 14, thus providing a gross
surplus of $74,451 for 12 years.
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It could reasonably be said that the Fullagar purchase had been
financially successful for the $25,000 initial investment.

The total energy generated is estimated at nearly 9.8 million kWh, which
corresponds to about 27,000 hours running.

THE DEMISE

The use of the alternator for starting had no doubt put extra stress on
the windings. As well as this the pit in which part of the alternator was located
occasionally filled with water and windings had to be dried out before use.

A winding failure had occurred in February 1970 and the cost of repairs
was covered by insurance.

However, when a complete failure occurred during starting in May 1970
it was decided that the only solggion was a re-wind. An amount exceeding
$11,000 was required for this.(*3)  While this could have been justified
economically it was a question of whether it was worth "putting a new handle
on the old axe".

An investigation of the purchase of a mobile plant was authorised in
February 1971 but a suitable one was not found at the time.

The Fullagar’s successor, the high speed diesel engine, usually runs more
than seven times faster; is about one-tenth the weight; starts the first time at the
touch of a button; and into today’s values 1s about one-fifth of the cost.

So the Fullagar stands as an exhibit of a dinosaur in a new era of diesel
generating plants.
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APPENDIX 1

Notes on _explosion and runaway of Fullagar Diesel - by I G Webster March 1991

Date probably May 1966.

"I was in the City Electrical Engineer’s office at Faraday Street when we heard
the Fullagar start up. There was the usual ‘backfire’, but this time the
explosions continued as the machine sped up. We ran to the power house and
could see clouds of black oily smoke coming over the roof; there were four men
coming out at a run. When I reached the governor to cut the fuel off it had
already been tripped by the operator, but the engine was running above normal
speed and climbing. The foreman fitter, Cliff Sant, had come in through the
back door and was cutting off the injection air when I got to the operating
position. The engine then ran down and stopped.

The cause of the runaway was a broken piston-crown cooling o1l pipe (about
12mm bore pipe) which allowed the cylinder to become partially filled with o1l
when the cooling oil was being circulated prior to start-up. When the engine
was turned over to start some of the oil was squirted out through the excess
pressure relief valves on the cylinder and some of it was forced out into the
exhaust system where it exploded and destroyed a large water-cooled cast iron
bend section in the exhaust pipe just behind the engine. The broken pipe
belched out flames, oil, smoke and hot water until the engine was stopped.
Cooling oil being pumped into this one cylinder provided more than enough fuel
to accelerate the engine even after the diesel fuel had been cut off.

The engine was needed to cut peak load and repairs started immediately. The
faulty piston was pulled out and the broken pipe replaced. A new exhaust
system between the engine and the underground muffler was made using two 6"
water pipes connected to the main engine system by a large steel flange. The
new section was not water cooled like the original. The machine was out of
service for 8 days.

The main effect, apart from the loss of generation, was the amount of oil
deposited on cars and some houses in the area. The whole incident probably
lasted only about 5 minutes." ¢



APPENDIX 2
TABLE 1
FULLAGAR DIESEL GENERATOR
GENERATION AND FINANCIAL RESULTS
1 2 3 4 5 é
| | | RESULTS |
Year ending Operating | PFullagar Received Value of Running
31 March hours generation for peak Cost (5)
! kWwh (1) feedback chopping
| § (&)
|
1925 NIL
1926 312,000
1927 378,800(2)
1928 378,000 9,631(3)
1929 227,000
1930 50, 000
1931 10, 000
1932 3,000
| 1933 0
1934 3,000
1935 0
1936 270
1937 | 630
1938 600
1939 730
1940 | 5,460
SUB TOTAL 1925/1940 1,370,290
| 1941 | 97,300 1,188
1942 36,124 460
1943 112 93,852 1,212
1944 938 | 373,987 6,398
1945 578 | 224,965 3,512
1946 1,362 534,396 8,500
1947 | 1,493 583,382 8,766
1948 2,209 | 796,596 13,940
1949 1,130 442,194 7,880
1950 67 25,989 576
1951 3,185 | 1,314,807 30,368
1952 3,304 1,464,125 29,242
1953 2,798 | 1,212,759 27,638 |
1954 3 521 |
SUB TOTAL 1941/1954| 7,202,297 139,680 |= 1.93c/kWh |
— BRI |
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Table 1 continued

| RESULTS

Estimated hours run 27,000 hours
Notes appear on page 16.

Year ending Operating | Fullagar Recelved Vvalue o Running
31 March hours | generation for peak Cost (5)
kwh (1) feedback | chopping
§ (4) 3 5

__—___—_.__’_————_-————-———-———_h——_—————-
1958
1959 175,371 6,734 4,090 (est)
1960 74,280 13,742 4,034
1961 91,395 5,866 2,206
1962 116,385 6,114 2,726
1963 119,640 8,194 2,598
1964 r 159,260 8,446 3,790
1965 ' 51,547 7,810 2,442
1966 83,270 10,434 2,270
1967 85,050 12,048 3,270
1968 84,760 14,515 4,900

| 1969 | 40,700 8,582 1,891
1970 | 80,370 9,210 3,270
1971 | 580 I - -
SUB TOTAL 1953/1971, 1,162,608 111,677 37,226

l

GRAND TOTAL 9,735,195 251,357
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APPENDIX 2 continued

Notes on Table 1

Except for 1927 the generating for the years 1925 to 1931 were estimated from

fuel purchases.

Refer to Table 2 for details.

From 1932 onwards

the

Fullagar was the only generating plant operating and

figures were taken from "Statistics in Relation to Hydro-Electric
A.J.H.R. (D4).

For

generation 1n

year ending 31/3/27 dated 22/6/27.

For feed back for 1928 from Bor.

generation from all the plant. The Fullagar would have supplied about one
third of the total.
"Feed back' was the amount received for generation from the Government.

(PWD/State Hydro) during power shortages.

Running costs (1959-1970) do not include overheads and depreciation.

TABLE 2

1927 figures from Power House Superintendents report for

Blectrical Bngineers report 11/7/28 includes

Estimating the Fullagar Generation 1924-1931 l

r__- __l_ |
Year ending Total Cost of fuels (2) Fullagar
31/3 | Generation Coal | 01l Generation
kWh S S kWh

i S A S g PO SIE
1924 - 12,516 i 145 Nil IOOkH‘operating
1925 2,209,000 11,968 298 32,600 (‘)r
1926 2,659,000 12,196 1,534 312,000 |
1927 2,961,000 13,522 1,930 378,800
1928 1,257,000 10.090 1,930 378,800
1929 1,198,000 2,833 1,192 227,000
1930 50,000 922 20 50,000
1931 10,000 213 10,000

* "
operation
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Notes on Table 2

The estimate for the Fullagar generation for the years 1925-1929 1is

the 1926-1927 Annual . Report of
Using the prices for fuel quoted in a report of 11 July 1928 the

based on

the Power House Superintendent of 22.6.27.

following

comparisons are possible by combining the information in these two reports.

t kWh Fuel | Price Fuel Fuel |
| generated | consumed | § cost S cents/kWh
1926-1927 |

Gas Plant (730kW) dc 2,575,022 3,580 tond 3.83/t 13,711 0.53 I
(co.l) l-

Diesel (100kW) dc 7,528 ,

33,674 gald 0.05/gal 1,684 0.44
Fullagar (400kW) ac 378,824 (o1l) r
Total 2,961,374 15,395 0.52
Lo The value of fuel purchased was taken from Annual Accounts although the

amount used could be slightly different due to the amount in stock.

3 The amount of fuel purchased for the 100kW diesel in 1924 was assumed to be

same for subsequent years and therefore
Fullagar.
which represents 200kWh per § of fuel purchased.
fuel 01l consumed for 1926-1927 1s stated as 33,674 gallons

11.5 kWh/gallon average for both diesel sets that year.

which

4. Committee Agenda of 10.2.25
Fullagar switchgear etc'.
before March 1925 although fuel was purchased.

the remaining amount used by the

In 1927 386,350kWh were generated for $1,930 of fuel o0il purchased
In the report of 22.6.28

represents

refers to "Power House plant now being erected
It's probable that there was no actual generation
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APPENDIX 3
FULLAGAR PLANT DATA

English Electric Co, Willans Works Rugby.
Reference: 4Q IF401 Manufactured 1923.
Type: Diesel two stroke with scavenge (supercharger).
Speed: 200 rpm
Cylinders: 4 bore 14 inches
Stroke: 16 inches x 2 for 2 pistons in each cylinder
Displacement: 9,852 cubic inches, 161.4 litres
QOutput: 600 hp continuous; 25% overload 1 hour
Flywheel: Diameter 9 feet; weight 8 t (calculated)
Starting: Compressed air - (later electric) kerosene fuel.
Fuel injection: blast air (550 - 940 lb/sq 1nch).
Compressor: 3 stage with intercooler
Fuel Consumption:
11.5 kWh/gal (with heavy fuel), 1927 average for year
12.5 kWh/gal (light fuel) at 350kW, 1959, test
11.5 kWh/gal (light fuel) at 420kW, 1959, test
Lubricating /| Cooling Oil: Capacity approximately 260 gallons
Pressure feed from shaft driven pump plus auxiliary
electric driven pump (used before starting)
Oil Cooling: Water heat exchanger.
Oil Grades: Lubricating (from September 1958) Mobil No. 3
Marine DTE,
Cylinders (from May 1959) from DTE No. 4
to Marine DTE 3-D (detergent grade).
Exhaust Temperature: 400kW 520°F; 460kW 570°F

ALTERNATOR: English Electric Co. Sitemens Works, Stafford, year 1923

COMBINED

ANCILLARY

Serial: GL 115s, Size GL 1B6530.
Rating: S00kV A, p.f. 0.8, 3,300V, 3ph, 87.5A, 200rpm
Excitation: 110V, 8.5A, 30 poles.

Weight: 60 tons (guess)
Dimensions: Length: 27 feet (8.2 metres)
Width: 12 feet (3.7 metres)
Height: 15.5 feet above ground (4.7 metres)
8 feet below (1.8 metres)

EQUIPMENT
Compressed Air: 3 air bottles (2 start, 1 injection)
Lubrication: auxiliary electric lubricating pump
Oil Cleaning: ‘Alfa-Laval’ centrifuge and ‘Stream Line’ filter.
Service Tank (fuel & kerosene)
Fuel pump: (originally semi-rotary hand pump); later electric.
Bulk fuel tanks: originally 10,000 gal; after 1959 3,300 gal.
Exciter: (originally motor-generator about 6kW)

subsequently belt driven ex Municipal Theatre

220V, 182A, 650 rpm (run at reduced speed).
Water Cooling facility: concrete pond and electric

circulating pump.



The Towrn Clerk,

Dear Sir,
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APPENDIX 4

2nd. Octocer 1935

=L E

2 2 AUS 1975

B

- Power Station Plant
Depreciation Allotments

In reference to the atove I have to report as follows

Prior to the earthquake the machinery consisted of the

follawing :-

QNN HFOWOV®AAOO,.A- A
N S Nt et e S il St "t g S

215 H.P. Westingnouse Gas 2Tngine & D.C. Generator.
430 H.P2., Premier Gas Engines and D.C. Generators.
120 X.P, Willans Robinson Diesel Engine and D.C.
Generator.

- 600 H.?P2. Fullagar Diesel Engine and A.C. Generator.
“alancer Set

Battery Charging Set.

Tudor 580 Volt Battery.

- Kerpley Gas Producer.

- Wilson Gas Producers.

- Gas Holder.

l - 25 H.P. Boiler.

Switcnboards, Gas Producer and ¥ngine Accessories,.

2 - AG/DC dotor Generator Sets.

- N
¢

HFoHHEHEFFHE
f

According to our 1930 Balance Siheet the capital wvalue of

the Power House macninery was set down at £62,342 ! 15 : O plus

£4,221 : O : QO for Iten 13.

At the time of the 'quake all the above machinery wvas in

running order tut the D.C. Plant and Gas Producer 2lant had notv
been used for some tinne as we nad oractically completed thne "Ciitange
Over" and according to our agreement we could not peak reduce.

Thhe guake destroved Item 7, ané this macde uselegse Item 6,

The Commissioners appointed r.Cliznie as =Zngineer and he

had a considerable amount of the Gas Plant dismantled (i.e. Gas

Pices Tic.) and used them for other RBorough services. A8 all the
auxiliary motors were D,C., tiziey were dismantled and have since teen
sold, and later on, the Boiler (Itemll) was sold. This now puts

the Cas Plant and Gas Zngines entirely out of commission. If the
Gas Plart was restored to working condition all the Generators
would hev to te dismantled, as they are D.C., and new A.C. macnines
nstalled. It is8 therefore obrious thatthis machinery cannot bve
callad anything but junk, and in my opinion should be writted off
and no allowance =macde for depreciation.

As it {8 difficuit to find out what this machinery cost I

consider that tite plant which 1s capatle of use and is used, and
for whiz2n I am abtle t2 find the agproximate cost, be alloczted into
eir resvective headings for depreciation allotments as per

o

attached sheet.

The depreciation alloted in the past amounted to £2790,11,0
he atove sugcestion is carried out the amount will be
S making a 3aving of £1645.11.3.

Yours faithfully,

(D H HASTIE)
Borough Electrical Engineer
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APPENDIX 4 CONTINUED

NoaPLUR  MUNICIP.L ©LOCa. LLNMLSITT
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Bear Sir,

The following statement shews generation costs from
January 1st, 1928, to March 31st, 1928 :-

Units supplied to Fublic Viorks Dep~rtment - 1,257,120
Units generated not debitable to Public
Works Department - __ 80,800
Total productive Units gencrated - 1,337,920,
COSTS
0aL: 1206 Tons & £1:18: 4 per ton - £2,311:10: O,

FUEL OIL: 44,172 Gallons &« 6d. per goll., - 1,104: 6: O,

LUBRICATING OIL: 43 Casks (vnrious gradces
aetual cost) - 446: 8: 6.

GENERATION - LABOUR: 70 days @ £11:17: 6.
21 " @ £5:16: 6. 211: 6

_£ 4,819:16: 6.

forking cost per productive Unit generated = <86 pence
If a portion of Capital charges arc to be debited I suggest, viz:-

approximnte value of plant in scrvice £40,0C0

€ 5% for 70 days = £ 1383:12: 0.
Total coast including Copitol chirges £ 5,199: 8: O.,
Total cost per productive units generated = 94 pencc.

(5gd) J. P. JOODSON,
Roro! Electrical Engincer.

Fapier, 11th July, 1928.
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NAPITR BCRCUGH  COUNCIL
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Tc
The Choirman & liembers
Irams & Tlectric Lighting Committee.

ﬁ

Gentlemen,
Gencra.ting Unit

In accordancz with your instructions we beg to rerport
ARS fOllOT;S e ™

In view of the fact that Council hags practically concluded
arrangerients to toke the whole of the requirecd supply of Hydro-
Electric current from Government Supply, through the Hawke'!s Baoy
BElectric Power Becard, and that current will be available in ocpproxi-
mately four months, it does not appear necessary to install addition-
al generating plant.

The zrrangenents entered into preclude Council from utilis-
ing their plant to "peak raoduce" therefore any additiconal plant
installed would be as "stand-by" only.

We recemniend for Council's considoraticon -

l. That no ~dditicnzl penercting plant be installed.

2e That the Fullagar eongine and A.C. gencrator be nmaintained os
2 generating unit, instecad of the generator beiiiz uncoupnled
and uscd 28 o notor gencrator as originally intendead.

3¢ That the Gas plont be naintained in partial operctisn as
requirod during the pericd between hydro becoming available
ond che D.C. load being reduced to the capacity - .
cf the present converting plant and Diesel Unit, viz:= 300
K.W., say during the first period two shifts per day and
later one shift per day.

Should there be a failurec of hydro supply Council's
pcsiticn would then be as follows @ - Troamways and partial supply
service, up to 400 K.W., could bc maintzained by the Diecsel and
Fullagar Units, and shculd the failure be of long duration complete

service could be in operation in approximately 6 hours.

It should be noted that the 6 hours requircd as above
will only apply after the Gas plant is completely shut dowm and that
the risk of dislocation of scrvice will be much less during the
period the Gas plant is in partial operaticn.

It is estimoted that the cosf of the vroposed new mwnit
erected complete, together with neccessary additicns to the Pover
Station, would involve a capital expenditure of approxinately
£1l1,000 and it is not ccnsidered that the protection, by way of
additicnal "stand-by" plant, against a partizl failure of supply
for approximantely 6 hours warrants an expenditure of that amount.
In any case this additional protection swould not be available
during the Winter of 1927 and the Public Works Department exnect
to have Weikaremoaona and linngahollinked together in 1929,

Yours obediently,

(Sgd) JOHN DICK,

)
Town C frk & .General lianager,
Tranways & cctric  Lighting Dcpts.

28th October, 1926,

(Sgd) J. P. WCODSON,
Poviecr House Supt.
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By the middle of 1922, it was realized
that (urther extensions to the power
niant wouid soon be necessaryv and the
Councii decided to caill in Messrs. Hayv

-

& Vickerman, consuiting engineers, ot
Weilington. The late Mr. J. G. Lan-
caster came to Napier and, arfter making
a thorough investigation, and having in
mind that power trom Waikaremoana
was likely to be avaiiable within a tew
years, rcecommended the instailation or
the following:

(a) A diesel engine of 600 Db.h.
coupled to a 400 kW, 3300 V. A.

renerator.

(b) Two synchronous motor conve:
tors, ea=h of 200 kW., 330 V. on i
D.C. side with 300 kW., 3,300 V. on tk
A.C. side.

The Council adopted the recommenda
tions and called (enders.

The engine purchased was a lFullaga
diesel, and tlus, with the motor gcncera
tors and Reyroile switchgear, was in
stailed in 1925. There were, however
quite a lot of teething troubles exper:
enced with the engine and it was nc
until 1926 that general use could be mau
of this unit.

The engine is now running under ar-
rangements with the State Hydro
eicctric Department and it is worti
recording that in November, 1950, wher
Sir George Nelson, managing director
of the Engiisih Electric Company, visite
Napier, he said that there were oni
two cngines of this size bmit. One hac
been in use at the English Electric
works in Engiand and had recently beer
nlaced in the company's Muscum. S1T
George was, therefore, very interested (o
see the other unit stiil running in Napier.

In 1924, the Council, on the recom-
‘mendations of its otficers, again decided
to call in the consuiting engineers, Vicker-
man & Lancaster (byv this time Mr. Hay
had left the Arm and Mr. Lancaster had
become a partner) to advise them on
the advisability of changing over the
reticulation from D.C. to A.C.

The local officers had made the sug-
gestion that the work be done in scctions
spread over years, but Mr. Lancaster
recommended the complete change-over
and considered the job couid be con:-
pleted in one year. The necessary licence
was cazetted in July, 1925, for a period
of 42 vears from the date of the Gazctte
and the conditions of the change-over
were set out—e.g., who was responsibic
for the cost of the work, the methed
of dealing with disputes. The werk
commenced in 1926 and was carricd out
by the Council’s statf and supervised bv

al.. _* B - oA
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ENDIX 5
HISTORY OF NAPIER M.!

(1]
O

B

GENERATING PLANT

The synchronous motors of the two
motor-generator sets which were in-
stalled in the 1920s were being used for
power-factor improvement. up to the
lime when the bulk-suppiy tanff was
changed from a kilovoit-ampere (0 a
kilowatt basis. after which the machines
werc not needed and were sold as scrap
when the 3 kV system had been dis-
mantied in the eariy [960s.

The 400 kW Fullagar diesel plant,
which had been instailed in 1925, had
been run at the request of the N.Z.E.D.
during power shortages and the eiectri-
City generated went into the pooi. When
power restrictions were in force again
in 1958 the Department no longer re-

quired the Fullagar. Arrangements were
made for the M.E.D. to run the piant
when it chose and it was able to gene-
rate electricity for its own consumers
and heip pay for the cost by a reduction
iIn  maximum demand. With the re-
moval of restrictions the generator con-
tinued to operate for peak chopping
uatil a winding defect in 1970 prevented
further operation. Since then the pilant

has remained in position but is still
unserviceable.

The running of the plant was not
without its incidents. On one occasion
the governor jammed as the plant was
being started and the plant acceierated
well above its normal operating speed.
The subsequent vibration broke the
cast-iron exhaust pipe and the machine
exhausted into the building directly from
the manifold making a tremendous
noise and a lot of fumes. The building
was evacuated in a matter of seconds.
but the foreman fitter plucked up

enough courage to return and turn off
the fuei supply.

Extracts

A. D H Hastie (1951)

Napier Municipal Electricity Dept.
NZ Electrical Journal June 1951

Page 483.

B. H R Matthews (1975)

Napier Municipal Electricity Dept. Pt. 2
Energy Journal July 1975

NZ
Page 248.
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APPENDIX 6
BRITISH DIESEL ENGINE CATALOGLS 4 Je= #ANGLISEN ELECTRMIC”
“ English Electric* Fullagar icdisulal Diese: Zngines

Modei designation . . “Q" Type "Q" T ) "R*T Bt Sl i . i
Verl:ul .:u:ﬂ:mul or V. inrm Vertiaa' V.ﬂl!r E: V-“JJ. V.'llg. 4 I 'Jcr:.icL” | Vertt
Two-stroke or four-stroks i : | . : . ! : | 3
Ne o (inders® e i
13.;'3-“{;. pc:lhng (B.5.1.) 60 1,470 ‘l.’lﬂ 2450 .75 l 3,500
If pressure-charged : P [ Neo Ne Ne Ne ' No
Maximum governed peed, r.p.m. 300 0 K ﬂ 200 F 214 |
Cylinder bore. ins. and mm. 14 384 4 34 | W 336 | 1Y 483 | 19 483 | 19 483
Piston stroke, ins. llld"ﬂllll. - 16(7) 406 | 16 06 | 16(0) 408 n (ﬂ 35 nm 7 3
Full-load brake mean efiective pnﬂun ’ :

T per 3q. in. .. 1‘- 86 634 sS4 5.0 " 480 : 5.0 '
M mean uton un“ lt, :

S e o kgl 0 w8 ™ - 7™ 7es
Combustion system o ' Direct Oirect Direct Direcz . Direct Direct
Guaranteed full-lced fuel mumm 5 | /I . ; g ‘ _

Ib. per b.h.p.-hr. - 0.38 - 0.8 . 0.3 .o .y s 037 0.37
Standard starting system [Alr Ar A . Ade [ Aube Alr
Capacity of crane required for mainten- SRRl B ‘

ance work .. | 19 cons 15 com), 13 tome 20 tors [ 20 cone 20 tons
Compiete engine ﬂi'ht (dry), lb md ' '

kg. | 112,000 36.800 ‘I!w .09 w.m 93,900 | 369600 167.640 | 444,000 203,200 | 448,000 203,200
Overall length, Ins. and mm. 179 4,533 : 6,343 7388 322 4180 402 10.220 402 10.220 |
Overail width, ins. and mm. .. | 132 3333 132 3333 | ‘lﬂ. 3.260 | 106 4725 - 186 472 186 4.72S
Overall height, ins. and mm. .. 187 4,743 &7 I8 |, 1@ 4J4& 76 7010 ¢ 7,010 76 7,010

® I
’T‘III Fullagar is an entirely Britishy,” Combustion takes between the The lateral forces on the cross-head faces
- engine of the verucal, weally cnch-ed qqmed pistons A and B (Fig. 1) and causes  are, therefore, very small

pposad-piston  type, uperating  on the )
twoe-stroke  cycle, amd cmplnying direct

mechanical injecticra uf the tuel. A special
tgature of the Fullagar design 1s that it has
only one crank snd connecting rl per
crlinder. The cngines are built as 4-, 6- of
$-cylitcder units In two standaed cylinder
‘sizes, known as the “ Q" and “ R " types.
"~ The methud of vperation is set out in
Fig. 1. This shows a pair of cylinders
cach having two pistons working in .
Fig. 2 shows a2 pair of cunnected pistons
with the forces that are actually apphed
in operation.  To overcome the need for

twoy cranks per cylinder the lower pistom
in the fiest cylinder 1s connected to the
upper piston in the second cylinder, whilse
the lower piston of the second cyluwler 1s
connectedl 1o the upper pistun in the first

2).

cyhinder (1.

Fig. 1 (left)

B 10 move downwards and A upwards.

Piston A scts on the ri md’ht-hl.nd cmank,
themugh the. tie also draws up

Bimm IF the ;diaunt cylindes. Piston
acts difectly on the lcﬁ-l‘nnd crank, and
draws ddwnwards the piston C in the
adjascent tylinder. The power required
for compressing the ait in the combustion
chamber is thus obtrined directly from the

pistons in the adjoining cylinder, instead

of having to be trmansmitted through the.

crankshift. The crunkshaft receives two
equal and opposite impulses, and the
side thrust produced by the tie-rods is
taken by the crnes-heads F and G. It
should be nocted that the obliquity of the
rnls is small, and much less than the
maximum obliquity of the usual connecting

rods in the ordinary trunk-pistoa engine.

The top cross-heads are 30 designed and
enclosed that they sct as the pistons or
displacers of the scavenge 1ir pumps on the
“Q™ gsze, whilst on the “R™ size,
separite pumpo surmount the top cross-
heads. -
| Bearing Conditions

Because the pressure in the cylinders
acts equally on the upper and lower pistons,
the forces upon 4 pair of cranks are vintually
equal and opposite at all times, and the main -
bearings are, in cunsequence, relieved of
load. The pressure between the pistons
is taken wholly by steel pars, ic., the
cruss-heads, tie-tnds, coanecting rods and
crankshaft, thus relmmg the fnmmg of all
majotr stresses. The reciprocating parts
are cushioned at esch end uof the stroke ;
for example, in Fig. 1 the pair of connected
pistons, A and D, are cushioned upon the

" down stroke by the compressiun pressure

~ balanced

under piston A and oa the up stroke by the
compression pressure sbove piston D. Thus
exceedingly smooth running is obuained.

It will be seen that the cxhaust ports
are uncovered slightly before the scavenge
inlet ports, and when the latter ) !
scavenge air- sweecps right through the
cylmder from end to mg giving a1 most
efficient scavenge armangement. \With the
‘construction described, each connecting rod
is double-acting, and the effort of each crank
is uniformly in one direction. A four-crank
en therefore receives fuur pairs of
nced impuises per revolution—eight in
all—and the consequent tuming efiort is

y uniform.
As the bedpiates; which are made: of

‘cast iron, are of the flat-base type, they are
: convenient to handle and litate the
construction of foundstions. The bed-

plates of the 3Q size and larger engines are
cast ‘in two pieces joined together by bults
and located by fitted bolts. The main-bearin

hondnpmdpdlynppmwd byvehc
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Sectiomal views of 2 lll-crm'Q-tm m M.hm'm the. lubrication system i3 shown In green. i

ail are bored at one setting, thus ensuring
true salignment. .

The crankshaft is forged solid from s
single bloom of high-grade steel.

For the 8Q and SR engines, the crank-
shafts are made in two halves, registered
and bolted together. The cast-iron fiywheel
is boited to a flange, which is formed on
one end of the crankshaft. Qilways are
drilled, and the shaft is machined all over
to close limits. |

The design of the crankecase, which is
made of cast iron, s such that the main
and large-end bearings and lower cross-
heads are readily sccessible  Machined
facings are provided to receive the registered
thrust gui

{

oy |

|I"lil

\

}

. .
W*NL -— \-—"ﬂ*'ﬂ -‘-l-—rﬂ-—'- e cpmms . o g — S - bl TP

. casting is bored to receive the

for the lower ctoss-heads, |

I, » L. ..

Cylinder jackets are of monobloc construe-
tion, and the water jackets for two cylinders
sre formed In one piece. Each jacket
cylinder
liners, and large doors are provided to
facilitate the cleaning of the warter .
The cylinder-jacket castings are boited to
the top of the crankcase, snd adjscent
jackets are boited  The cy‘inder
iners are of ast iron,” machined

for regictering with the landings
in the jsckets. The lner bores have 12
ground finnh. To - distortion

which might oe expansion and
-y nrebLu:l st the upper

1
et’ casing, This

-
- —
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the piston
light fit in the

arran t also facilitates withdrawal.

Exhaust and air ports sre machined
near the top and bottom ends of the cylinder
liners. To ensure that no water leakapes
occur the joints are made with * Dexinc ™
rinp which have water, nil and heat-
resisting properties. The centre portion

of the liner forms the combustion chamber,
‘and is, therefore, adequately

and equalily
cooléed. In the wall of. this combustiin

chamber sre fitted the twn fuel injectors, 2

relief valve, and air-starting valve. The
liners are fitted with. inward-springing
scraper rings at cach end, which bear on
skires, and sre easily sccessible
from the crankcase doors and top- inspec-

. -

Four “English Elec-
- trie ™ Diesel
"angines; each

driving 2 1.020-kw.




BRITISH DIESEL ENGINE CATALOGUE

‘The cross-head puule slippers are faced
with ant-fnictem  metal, 03¢ slippers
tahe the thrusts due 10 the connecting rowd
anel croms head tie-auds, thus relieving the
AL lml hiners nl .l" ]ludlllg uihcr lhll'l
that due to the working prases,

In the “QQ" type engine the upper piston
is bolted 1o 2 cast-steel cross-head, which
forms a rectangular displacer piston for
the scavenpe-sir pump, the crmss-head
being litted with sealing bars to prevent
leakayge of the dnphcetl air. In the “R"”
type the upper cruss-heads are not used as
scavenge-pump cylinders.

The scavenge cylinders are of cast iron,
and in the “ Q" size, as previvusly men-
tivned, they are of rectangular form,
These cylinders are cast in pairs and have
removable covers. The dividing wall of
cach pair of scavenge cylinders, against
which the main thrust from the upper cross-
head is taken, is water-cooled.

In the * R ™ type, the scavenge pumps
arc double acting, onerated by piston runds
attached to the t:n faces of the upper
cruss-heads, the cylinders being circular.

The crown of the piston is manufactured
from forged-alloy steel, while the piston
skirt is of spectal cast mon.  Four com-
pression rings are htted.  The steel-crown
1s oil conled, and firted with 2 detlector to
ensure ethicient circulation of the oil ; this
1s led to snd from the crown of the piston
by s simple srrangement -of telescopic
tubes.

The hollow pudgeon pin, of the fully
Hoating type, s arranged in the lower
cruss-head. The pin is case-hardened and
5 carned in bronze bushes fitted in the

crossy-head.

The connccting nwxls are inanufactured
from §y-10n Siemens-Martin steel, machined
all over, and are drilled tor the lubrication
of the crims-heul pin.  The top-end bush
19 ot steel, linedl with white metal for the
“R*” type und of phosphor brunze, fully
tloating, in the ** Q " type.

Coupled Cross-heads

The te-nubs amnecting the top and
bottom cruss-heads of adjoining cylinders
are rigidly attached, amdd are manufactured
from alloy steel,

The top and bottom halves of the main-
bearing shells are lined with white metal,
andd similar linings are used for the large-
end bearings, which are of cast steel. The
coanecting-rod  bolts are of heat-treated
alloy steel, and their large dmnau provides
low working stresses. -

F'rom the storage tank, fuel is led through
a duplex-type tilter -to 2 bus pipe which
supplics the individual fuel pumps. The
tucl-injection pumps are grouped in pairs,
and are operated by cams fited to & cam-
shaft. A fuel pump is provided [or each
cvlinder, and ecach pump has individual
adjustments in order that the correct
distribution ut loagl wver all cylinders can
be accurately mamuned. For priming
and cutting-out  purposes, . provision s
made fos the hand operation of each pump

=26~

individually, ‘The quantity of fuel delivered
by the pumps to the combustion chamber is
regulated by the governor in mrdmu
with the load requirements.

Two fuel injectors are ﬁtted to each
cylindet in positions directly oppused to
each other, thus promotung  thorough
mmngoftheﬁnl!mhlhcmm
combustion chamber.

which is

The centrifugal governor,

" driven by a vertical shaft from the crank-

shaft, operates directly on the fuel i

pumps, and is cs oﬁ adjustment
of cent, ve or w the normal

engine speed, by hand n;uhuou. Special

overni rovided,
Eut :henimf“ sl:aeed
sudden 2 pphmmormnonloffulllo.d'

13 7 per cent. temporarily and 4 per cent.
permanently. R
carried out by the angular movement of a
shaft, operated from the governor and
transmitting movement to the racks,
thus determining the of  fuel
delivered to the cylinden.

Oiling Sysiem
Automatic pressure-feed lubrication to the
bearings and cross-heads is provided by a
pear-type pump driven from the crankshaft.
This pump delivers oil from the sump tank
through a fine-mesh strainer of the duplex

type and an oil cooler, to bus pipes inside
the crankcase. Connections are made

“English Elbceric”
&R Dlud engine,
bhp ot
!'Mr’.-.

of the fuel is’

‘through the medium of cam-open
 distributors which are fitted to the camshaft

@ “ENGLISH ELECTRIC”

from these pipes to the crankshaft main
bearin Ev . working parts. For
the lubrication of the scavengs cylinders
sight-feed ure lubncators are fitted.
Centre-stroke lubrication of the main
cylinders is also carried out by these pressure
lubnicators. For the - of cooling

the piston crowns, is taken from the
Iubnuung pump at s pressure in excess of
? the main lubncating

lym mm that the cooling
spaces h piston crowns are kept
coastantly full.

A lubncating-oil cooler is fitted adjacent
to the lubmnng-od pump and straines.

Verifying Water Flow

A sepante water outlet is provided for
each cylinder jacket to the common water

" outlet pipe, each discharging into an open
‘tundish conveniently placed for inspection
* while the engine is ruaning.

compmsed ait

Searting is effected by
ted

of the engine. These distributors admut air

-at the correct time to the cylinders through

the automatic air-starting valves fitted in

- the combustion chambers. The arrange-

ment ptovides immediate and relisble
starting with the minimum consumption
of compressed air. ‘The master air-control
valve, which admits air to the distributor,
is fized adiacent to the engine controls.



APPENDIX 7

FULLAGAR OIL ENGINE:

OPERATORS MANUAL

(EXTRACTS)

DESCRIPTION

OF
“ENGLISH ELECTRIC”

FULLAGAR OIL ENGINES.

The " English Electric”” Fullagar Oil Engine works on the
two-stroke cycle. As shown in the sectional arrangements, Plates
[. and LI, the two cylinders of each complete unit are arranged 4%
closely together as possible, and two pistons work in each cylinder?
The upper piston in one cylinder is connects: % to the lower piston if}
the adjacent cylinder by means of two steef rods (oblique rods).
Thus the upper piston in one cylinder ‘and the lower piston in the
adjacent cylinder, being directly connected, reciprocate together.
The method of operation will be readily understood by reference to
Figs. L and 2, Plate VI., in which Fig. 1 shows diagrammatically
a pair of cylinders and cranks from which a complete engine is
built up by using two, three or four such pairs; Fig. 2 shows the

moving line corresponding to one crank.
2 h . . .
). Referring to Fig. 1, combustion takes place between the opposéd

pistons A and B and causes B to move downward and A upwahd
Piston A acts on the right-hand crank through the oblique roas an@
also draws up piston D in the adjacent cylinder. ; PR

. Piston B acts directly on the left-hand crank and’ the shaft thus
receives two equal and opposite impulses. :The side th;nsjt-'pr&'
dnced by, the oblique rods is takem by fHe cross-heads. F: 3ud {4
[% snould be roted that the obliquity 3f the ‘rpds I sifedll il 8%
thaw, che ymaximum obliquity of the ¢hhnectit ﬁlfnds 0 thot the
later’af’fotteg dn the crossthead faces arc yery small_,

The top cross-heads are so designed and enclosed that they act

as the pistons or displacers of the scavenge air pumps,an arrangement

which avoids complication and reduces the number of parts to a
minimurmn.

As the pressure in the cylinders acts equally on the upper and
‘lower pistons, the forces upon a pair of cranks are equal and op-
_posite at all times, and the main bearings are relieved of load. The

pressure between the pistons is taken by such steel parts as the cross-
heads, oblique rods, connecting rods and crankshaft, thus relieving
the framing of the major stresses. The reciprocating parts are
cushioned at each end of the stroke ; for example, in Fig. 1, the pair
of connected pistons, A & D, are cushioned upon the down-stroke by

+e pressure under piston A and on the up-stroke by the pressure
ibove piston D.

_he scavenge ports are situated at the top end of the liner and
! the éikhaust ports at the lower end. It will be seen that the exhaust
-porfe are uncovered slightly before the scavenge inlet ports, so that

~wnen the latter open, the scavenge air sweeps right through the
cylinder from end to end. |

Forced lubrication is used on all the main parts of the engine.
The crankshaft bearings, big ends and top ends of connecting rods,

and lower ¢ross-heads are supplied with oil from the main lubgcating
. pump at the compressor énd of the engine.

The pistons are oil cooled, the oil supplV being taken from the
»®ame supply main as that for the bearings, connecting rods, etc.

: The oil discharge from these bearings falls to the crankpit and

. gravitates back to the drain tank under the floor at the compressor
end of the engine. =, = . o .

. The oil discharge from the pistons is led to a tundish at the

batk of the engine, and from there flows back to the drain tank above

‘nenoned. -

_ +he main lubricating pump draws the oil from this drain tank,
and delivers it through strainers and coolers back té thé engine.
_et!:geanng and piston cooling oil ig,. therefore, in constant .cir-
ilation. - ? ~ =8 T a
Tﬁq lubnication of the compressv., top  cross-hea s, pistons,
govemmnor and fuel pump écceatrics; i§ effected by sight-feed, posi-
3 g&[ﬁ-’-dqven l[ubricators meurved ca the front of the engine im-
'-%cdjately".;tbuve. thecamstx - '° .

B camshaif, “beatRil) ' it lubricatéd. TN6. whole
ﬁ?ﬁ%ﬂ‘é yateni has M&Q‘dﬁ? n i srunlj‘lg.and the

es of the'variou§ lubrica A are such tH¥¢ the ot in' thm:

will keep the engine supplied for long periods. Nevertheless stricf
attention should be paid to the " RUNNING INSTRUCTIONS" (sed
p. 12). These Instructions have been compiled for the guidance of
the Running Staff, and if carefully followed, should greatly assist in

ensuring continuity of service. '

It is advantageous that the Running Staff should be
familiar with the working of the main details of the engine, ir
addition to the fundamental principle illustrated in Figs. 1 and 2.
Plate VI., and described on pages 3 and 4. A simplified descrip-
tion of the fuel and air systems is, therefore, included, with
explanatory illustrations.

FUEL SYSTEM.

The fuel is led from the fuel filter tank on the éfigine room iva..
to a three-way cock situated under the engine platform adjacen:
to the fuel pump. The filter tank is arranged with a compartmen
for paraffin in addition to that containing the fuel ¢tl..in order tba
paraffin may be used if desired for starting up#iid for cleaninc
the pulverisers periodically, when lower grades of fwel’are used.

The three-.way cock enables fuel oil or paraffin to be dsed,
required. |

From the three-way cock the fuel passes to the {uel pumprgti-
connection being made at point A (Fig. 7, Plate VIL) e hre
pump contains one plunger for each cylinder on the engine. Bac
pair of plungers is attached to a cross-head, from which 4 vod E
runs toarm C (Fig. 7, Plate VII.). The latter.is hinged on a shor
arm attached to the governor lay-shaft D; therefore; the rod E
and arm C reciprocate with the pump plunger. On arm C ar«
tappets E which engage on the ends of the pump suction valves
allowing them to close during a greater or less portion of th
delivery stroke of the plungers, according to the position of th
governor lay-shaft—which varies the clearance between th
tappets E and the end of the suction valves. The fuel is deliverec
from connections F to the fuel valves. The hand flooding plunger:
are part H. | | ' |

GOVERNOR.

“+ . The action of the governor is simply to turn the lay-shaft [

though a small angle, which alters the location of the fulcrum pi

of arm C, consequently varying the clearance between the tappéf
and the ends of the suction valves; as described abave.

AIR SYSTEM.

- The compressor is 3-stage; the L.P. piston is shown at
‘ffiig. 6, Plate VIL.), the L.P. is the annnlar portion formed by t!
projection of piston A beyond the diameter of the body or skir
B, ‘both these portions being in one piece. The H.P. piston C is
Separate part, attached to the L.P. crown by studs. See sectic
‘through compressor (Plate I1.).

The valves are all of the plate type, and a study of the larg
&hetional views illustrated on Plates [II. and IV. will make th
ldsembly of the various parts quite clear.

EOMPRESSOR. e .

~ The design and arrangement of the compressor is such that th
minimum of attention should be necessary to ensure reliable servic
‘A’ Most important factor in the running of air compressors, howeve:
1% the lubrication. If suitable oil is used, and the correct quantit
f&d to the various parts, there should be little need for attentio
.bther than a periodical examination of the vglves and H.P. pistc
iﬂngs. The L.P. and I.P. valves should run longer without in

*spection, than the H.P.

Lhe state of the valves and piston rings is reflected in the stag
. pressures, and regular readings of the L.P,, I.P., and H.P. gaugr
‘¢hbuld be included in*the Drivers' routine. If it is possible
Ifegjster these readings in the Running Log, a permanent record
‘conditions is available for reference. (See‘ DRIVERS' INSTRUCTIQNS.
di 13, for range of stage pressures). |

""" If the gauge readings show the stage pressures tn be appreciab!
different from the ranges shown in the * DRIVERS' INSTRUCTIONS,
the cause may be either of the following, or a combination of them : -

(a) Failure or sticking of piston rings. | X
(b) -Valves  blowing through,” or failing to seat properly.

('c’ Choking of the holes in the valve seats. o
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APPENDIX 7 CONTINUED

FULLAGAR OIL ENGINE:

OPERATORS MANUAL

(EXTRACTS)

DRIVERS’' INSTRUCTIONS

BEFORE STARTING.

{ BAR THE ENGINE ROUND until the starting and flooding
position (stamped on flywheel) comes in line with the pointer
fixed just above the barring gear. Turn on fuel at 3-way
cock, open fuel valves on fuel valve body, and flood thramgh
by means of the smadlihand plunger pumps on the: .
pum (_t_mdy erproc{e these plungers until. the sfgm:
I ‘#n the fuel_valves show a steady stream of “oil.

oselest xalves #dter the flooding thmugh 1§ completed

barring, Yelieve the compression by opeéning the

ca or cocks When the engine is barred to the correct
poqltwn close the indicator cocks.

2. CIRCULATE THE LUBRICATING AND PISTON COOL-
ING OIL by means of the auxiliary motor-driven, or hand
pump (whichever is fitted), and see that the oil is flowing
from the piston outlet nozzles. -

3 TURN ,ON° THE COOLING W’ATER See that water 1S
cireu lating pwoerly from each outlet nozzle.

TRY ™M)E PRﬁSURE IN EACH AIR VESSEL IMNMDE-
PENDENTLY By opening the middle valve on the blast
vessel, or. the frorizontal valve on either of the two iarge
vessels, md at’the same time BLOW OFF ANY WATER

which may haVe accumulated.

5 ADJUST THE PRESSURE IN THE BLAST VESSEL to
LBS. PER §Q. INCH by blowing offl through the
- ) blow-down valve. If the pressure.is low, it may be raised
by dpening the middle valve on the blast vessel, and the

v horizontal valve on the starting vessel.

6 MKT(EI SURE that the fuel pump control lever is in its
‘ Running ' position.

7 SEE THAT THE DRAIN VALVES ON AIR C()M'PRESSOR
- INTERCOOLERS are closed and that the compresqor air
. inlet regulator is full open. .

8 SER THAT MECHANICAL LURRICATORS are full, and

{ “Work by hand the piston lubricati gn plungers SO thgt about
. 8 to 10 globules of oil are dclwp to cach pistoni:’

9 SEE THAT EVERYTHING &Lm INCHJ&NG
BARRING LEVER.

10. OPEN ALL VALVES ON THH
right-hand valve conpg? &4 he
the centre valve shhhee ‘p

pressure gauge attached to thé starting vessel head, which
pressure; should be 800 lbs. per sq. inch. The left-hand
valve connects the vessel to the fuel valves and shows the
blast pressure on the gauge d:rectly connected to the blast
vessel head (injection air). |

'STARTING. .

11.. START THE ENGINE ON PARAFFIN (PETROLEUM),
> AND WITHOUT LOAD. -

12. OPEN THE VERTICAL VALVE ON THE STARTIN
. VESSEL SMARTLY ABOUT ONE TO TWO FUL
o TURNS, CLOSING AFTER THE ENGINE HAS
- ABOUT FOUR TO SIX REVOLUTIONS. ORCO
MENCED FIRING.

13. STAND BY THE FUEL PUMP CONTROL until tne gml‘h‘l
checks the speed.

g

.
-~
"

.14, .JIURN ON CRUDE OIL AT THE 3-WAY COCK LF,.PAJRAEN

FIN HAS BEEN USED FOR STARTING. ..

PRESSURE IN THE S}'P-QTING\

15.7' ASCERTAIN THE
' ' ‘.‘bfa.sf‘

. ..VESSEL by closing the middle valve'on

L _ -

arﬁi opening the horizontal v ralve on. tbé

16. ALLOW THE PRESSURE IN THE BL«\!‘R wm‘o
- RISE TO THE REQUIRED} Auomﬁ'.r which - is
._proximately as follows :— =8
No Load ... -550/600 1bs./sq. in. 39/42 metiit. a,tmosphu'q
Quarter Load 600/650 ,, ,, 42/46 ..o, .0
Half 1.oad ... 100/740 - ,, 49/62 ;..*"_F- el I
Three-quarter Load 780/820 ,, ,, . 56/58 S -
:Flﬂl Load 900/940 __ -53/36 a’ L
': ”_,. NOTE —14.7 Ibs./sq. in.=1 Atmosphere. .. " '
g% 142 Ibs. /sq in.=1 Kg. per sq.cm. orlMetncAtmoH
o | phere. - . ._'
Sy A the pre&ute is too low, the exhaust will be smoky.. g }
{7 '1f too high, the.engme will knock or misfire. ' .- .{

17‘ 'RE-CHARGE THE STARTING VESSEL by dpemng it,g

< : “:horizontal v a&e 4nd by slightly opening the middle, valye
P on the blast veshdl, ]:hém without altering the blast pressure,
raise the pressuré- m the starting vessel to 1,000.Ibs P
, | mdt. If the pr the load fﬂm A
(1 rthls the p ressurecF blasgjmr i’nﬂ‘y be r q.gik ed I
‘1‘ ,near]y closing the dﬂ‘l:a:ﬁd valve so as-tom 3

] >:it ther‘liesued essure, #hich will be
LY ,_g._; r!;asuw gauge g;uy conhebted to the blasy, oeseerbbqg

essu(e required for

——
-.--\.
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NAPIER POWER HOUSE(looking west)
after quake 1931
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Motor generators in foreground
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‘after quake 1931

Looking west from Faraday Street



NAPIER POWER HOUSE

Reyrolle Type C 3.3kV switchgear installed
March 1925. The switch on the far left is
for the Fullagar, the next two the motor-
generators, the 4th and 5th incoming from

the Power Board 11/3.3kV transformers.
The next 6 are outgoing feeders.
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TO SUPPLEMENT NAPIER'S POWER SUPPLY during peak
periods a standby diesel power plant was brought
into operation by the Municipal Electricity
department yesterday. Mr.H.Dawson, who assisted
with the installation of the plan 44 years ago

is pictured above making an adjustment. The plant,
the only one of its type in New Zealand, produces
about 18,000 units of the city's daily consumption

of about 85,000 units
Teleqraph3/7/58

Appeal For More
i Power Saving

The consumptica of electricity
in the Napier Mumcipal Electri-
city Department’s area for the
24 hours up to 8 a.m. to-day was
2.1 per cent below allocation.

The electrical engineer, Mr H.
R. Matthews, said that the sav-
ing was made by reducing water
heating to eight hours and by
running the standby power
| plant.

;“In order to meet this week’s
allocation it is necessary to be
5.8 per cent below the allccation
to-cay and to-morrow. It is im-
portant that further economies
are made in the wuse of
electricity,” he said. - '
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THE OLD DIESEL POWER GENERATING PLANT in the Napier city powerhouse in Faraday street is pi
above. The 600-horsepower diesel engine is coupled direct to the alternator just to the left of the figure

controls. The plant has come into operation during the present power shortage to assist the cZity in ke
within its allocation.

F.A.HOWSE (LEFT) C.WILKES AT ENGINE
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MANY NAPIER RESIDENTS will remc

. - . -.:' .-":-3.,‘.
er the annoyirig thump-thump of this. Fullagar dieseizj
engine, which drove a generator to boost the city's elgctncnt‘/ suppl
earmarked as a principal exhibit in a proposed Napier museum o

y for many years. It has beerv§
f transoert and technoleav. -
Daily Telegraph i0/12/74

A.McRae in overalls with
A.D.Prebens-=n lpokinq on .



THE SECRETARY of the Hawke's
in the CED's old power house -

F, ‘l" ; ' \ r - ' '
e h()me. l( s also a case of Mohamime| moving to the mountain
mountam being a huge and rare lechnol gical dinosaur, the old | Lllager

Bay Museum of lechnology, Willis Darle
SO0N Lo be converted into the ISEUM'S

e

L

chiesel engine (pictured) which, until 197 I, helped keep Napier supphed with

clecticily.

Napier's Museum of Technology has
found a new home in the City Eléctricity
Department’s old power house in Fara-
day Street.

The offer of the power house by the city
council ends years of frustration by the
museun: society to get a permanent home
for its exhibits now housed in the old edu-
cation board workshops in Tennyson
Street.

Proposals for the Westshore Canoe Re-
serve, a corner of the Hawke's Bay Air-
port and finally behind the Custom House
at Ahuriri, were all thwarted by red tape.

The offer of the old power house in the
CED depot was made at yesterday's
meeting of the council’s policy and
finance commitlee.

The council wants the existing museunm
site for carparking and the museum soci
ety  knew it would have to shift
cventually.

Sociely seeretary Willis Dark said the

offer of the power house solved another

big problem confronting the museum
shifting what was destined to become the
showpiece of any new building, the giant

A\

é---“l Daily

lelegraph

Fullagar diesel engine.

The engine, one nf“:mly two left in the
world, sits in a corner of the power house.
The council gifted the engine to the M

scum of Technology years ago and even
budgeted $20,000 for its shift. This moncey
has now been earmarked to upgrade and
strengthen the power house.

Mr Dark is enthusiastic about the offer,
although he acknowledges that relocating
to Ahuriri by the Tron Pot would have en
hanced the developing  tourist  atmo
sphere of the area.

The floorspace of the power house is
about the same as the old education
workshops, with the added attraction of a
travelling gantry crane to ease handling
of heavy exhibils.

The height of the building will easily al
low for the construction of a mezzanine
[loor, so there is plenty of room to expand
exhibit space.

While the society hasn’t got much
money, it has plenty of salvaged buailding
maternials, so Mr Dark 1s confident the
museum will be ready to shift in about a
year,

261771990

Museum finally |
has new home
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APPENDIX 10

Council 15/8/22
_14/8/22

HB Herald 27/6/22
Council 25/6/22

POWER-HOUSE PLANT.-

Cr. Bryant movod:—“That a sub-
committce consisting of Crs. Asherott,
Smith, Hobson, Renouf, and Bryant be
sct up to report to the council on the S——
advisability of increasing the power-. ESTIMATED EXPENDITURE OF
house plant.””  Cr. Bryant asked leave £35,000.
to add to his motion, ‘‘that expert ad- e —

MORE POWER WANTLD

———————— e ———————————

REPORT ON SUPPLY OF
ELECTRICITY.

vice bo obtamed as to the securing of

nachinery suttable for the extra power:

cquired.”’ .
Speaking to his motion, Cr. Biyaut

pointed out.that more power was needed
to meet thd requirements of the people !
of Napier.  Applications were being!
reccived daily for more power, and these .
. pplications bad to he turned dowm.
‘he question was, wero they going gn -
)r SIX or seven years turning down:

pplications, or were they going to
nake arrangements to  meet  tho de-
mands. Experts. had submitted re-
ports on the present plaut and its capa-
city, and it was pointed ouvt that i the
qvent of a serious breakdown the ser-

vice could not continue. The experts
had advised increasing the plant. He

thought the time had arrived when

they should instal extra.plant, becausy,

from what he could see the power from
Waikaremoana was still five vears off.
Cr. Asheroft seconded. He agreed
with Cr. Bryant that it was necessary
to have oxtra power supplied. They
would have to wait five years for power
from Waikaremoana, and realising the
position of the power-house, they had
‘no marein for comfort. They had no
:ﬂ.:mtl-h}' plant if anvthine wont e

The report of Messrs Hay anc

Vickermun on the necessity for en-
larging the Napier powerhouse plant
was before the Napier City Council
last evening, when consideration was

adjourned tul to-moOrrow mght. |
The report is based on the estimated
demand for current when the hydro-
electric scheme at Waikaremoans is)
n operation.
The general position is reviewed and

. analy at considerable length, and

the engineers 2assume that from,
various sources, provided the rate per
anit is reduced to an attractive figure,
an increased consumption of 1,000,000
units gr annum ocan be expected. |

In this calculation it 18 assumed ;
power would be required by the freez-
ing works as Westshore, which would
consume 560,000 units per annum, and
that the general industral load of Port
Ahuriri would be 438,000 umits.

In addition it is estimated that the ;
annual consumption at Taradale would |
be 80,000 units.

NEW PLANT REQUIRED.

To meet the alove estimated demand
the engineers ostimate®the cost of new
plant required as under —

£
' Supply, delivery and erection of
Council 3/7/22 Page 525 o plant. including 400 k..
: 8.C. riven generating sev,
Inquiry to be made to two % k.w. m%otor generator:
Mr Lancaster to see 1f he & aﬁgf‘f.- 1 ts""i‘;";bf“gi Seibation 19,000
. 1tion TO a
is prepared to report on system to reach Port Ahuriri
and Westshore 2,500

ddi . . i cee cee e
additional generating plant Feeder and local reticulation of

’ Taradale and Greenmeadows 9,000
Council 17/7/22 Page 541 . " 30.500 -

Allowing 15 per cent. to cover :
contingencies and engimeering 4,600

e

Messrs Hay, Vickerman &

Lancaster setting out fee | £35,100
for reporting. Accepted ESTIMATED ANNUAL COST.
by Council 50 guineas for The annual cost of running the

report of electricity rhly e plet, SRS

supply. .anually, is estd as under:—
* QCapital Costs: - £
~ Interest on existing loans ... 3,257
Sinking Fund ... ... ... eee 813
Interest on £35, at 6 per
. cent. e aee e eee 2,100
Sinking Fund at 1 per cent. ... 350
| - . £8,620
Vork Costs: | . |

Fuel, stores, repairs (1922
£8 493 for 1,693,491 umts) 16,500
Wages (1922, £4800) ... .... 0,400
Distribution (1922, £1493)- ... 1,700
- Miscellaneous expenses (1922, '
£897) see ose . 00° con .Ij.- 1,1@_,

" - L - " _
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Additional information
published regarding revenue
and charges rfor power not
included here.
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APPENDIX 10 CONTINUED
24/7/23
Council 23/7/23

_..

[’ AT =y . 1I -

TR TR VRN T
I"'NAP'ERELEGTR'G PLANT Advice received that the plant

L=

¢ VY RAWEGL T ', - . . .
é wﬁx ?f———-——*r—j:f7—- was ready for shipping 1n

ADDITIONAL PLANT UHDERED January 1924.

.r‘

' - ""i ""- See Councill minutes for
TENDEF! AocEPTED FOR £12.325*
e smste o SopycHls B January 1924.
345 "lﬁ-qﬁ A ng:td'}ir -
GI‘NERATOR AND DEISEL
- : - ENGINE. , . .
RN AT, YRt **“',”’“”" P * Subsequent report indicates
5 e ;,.;_..,..:..1..._" ’T,'_ AL O ' ~
the plant and erector arrived
t The bender of £12 32’5 uf the Engltsh 1in May 1924.

Flectric Co. for'a bUU h.p.. P‘Pllaga,r
l)lesc!,.. ongidg and ‘g 400 - k:
renerdtor and exciter: sety. hag‘been 30—
'tepted: by the Napier Bomuﬂ‘h Courioil,
on' tha. recommendution of the Trhm‘;
‘md Electrio Lighiting Committee, -tliat
;memt,teo having considered a réport
from ‘Messrs'«. Hay, Vickermiah tmtl
'Lancaster omn. the- tendors. teceived.

.+ The ceuncil also agreed'«to the 'ip—
pointment:of «an 1nspecling onginder to
)(‘wmmg the plant'during  congtrustion .
Aind *to’witness the itestg-on. the: com-
bined ttmit; provided: the feer o j& not
- orveater fhzm I per cent on' tha frrh
v altie of  the ‘enginey: -

! Cr> McGrath said he did’ ﬁnt thmk
110!'0 whs ‘any' need for an inspecting
angineer, as: the plant wonld: have to

e landéd to the qnmfn: tion of their
Lengineers. N U ‘ a
| In  their v report’ to: the ennneil.
"Messrs Hav, Vickerman, anl Ian-
ceaster stated: that for the Diesel en-
‘gine they reccived -12 separate tenders
r[monnc: 10 engines. Seven of the
tenders were from Dritigh firms, one
from 'an Ttalian firm and one from a

. Swisg firin.  The highest British ten-
der was £15,273 and the lowest:
£9450.  The Ftalian. quotation  was

- £12.125 and the Swiss- £12,.260. . The,

tender accepted was £10,214,. i

" For the A.C. generator and exciter

t 20 separato tenders were received,

- Of these ffteen were British, two Ame-

rean, two Swedish and one Swiss, The
hichest. British tender was €92975 and
Lhe lowest 2106, The American ten-
ders were £2502 and £2247, the Swaod-

ish €2765 15s and £2729 15 and the
Swing £2909 10g (excludine ereetion).

The tendar accepled wag C€2111 A4«

i e e e e S et B e P

| " — — ——————————— - —— — e .

Council 9/6/24

it was further resolved to accept the tender of the
Vulcan Foundry

Ior the supply and delivery of six storage tanks

o1 a total capacity of 10,000 gallons, also one 400 gallon fuel
tank, for the sum of £323 .
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Council 23/11/25 Page 603

"authorised the Town Clerk -

(a) To instruct the Borough Solicitor to take such
action as he may deem advisable in the direction
of giving notice to the Contractors that they
must take stens to imnediately replace the
unsatisfactory Fullagar fnzine now in Council's
Power GStation with an efficient Unit iin accord-
ance with the contraet, also to inform the
Contractors that Council holds them resvponsible
for damages for non-fulfilment of the Contract

and dislocation of business.

(b) To write ilessrs Preece Cardew and Rider direct,
with details of the unsatisfactory working of
the Fullagar Unit and asking for an exvlanation,

VICKERMAN & LANCASTER reporting with reference to the Fullagar
Unit that the trouble due to the particular fuel oil available

has been largely corrected with the result of a marked
improvement on the running of the engine,

They regret to have to report that two weeks ago a crack
developed in one of the cylinder liners, due, they consider,
to a mistake in operation by the Engineer on shift at the time.
The liner was replaced by the English Electric Co, and arrange-
ments were made to bring out an additional spare liner, The
engine was then returned to operation under service conditions
and is now carrying the load and meeting the demands made upon
the unit -by the Power House Superintendent,

Under the circumstances and because they consider that the
reliability of the machine, as an operating unit of the Council's
generating plant, should be fully demonstrated, they have
arranged with Messrs Cory-Wright & Salmon that the Fullagar be
operaptcd by the English Electric Co. for a period of three
months under service conditions, after which time the engine
will be opened up for a further examination.

On _the motion of Cr. Bryant, seconded- by Cr; Harman,
it was resolved that the letter be "reoceived" and agreed to
on the terms set out therein,

Council 1/2/26 Page 33
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'FULLAGAR DIESERENGINE

COUNCIL TO TAKE ACTION.

INSTRUCYIONS TO SOLICITORS.

To (1 AVE ENGINE REPLACED.

-

The Fullear Diesel engine at The
Napier puthping station lor over two
vears has heen i rthe courses of evec-
rion and testine cod e several an-
crustactory endeavours (o0 pass  the
test yequired by the borough’s consult-
ine engineers s again Lud gside tor
vepiatrs to a eracked hner.

Ater consideration ot the consulting
oneineers letter  concernming Messrs
Preece, Cardew amd Rider’s tea 1in con-
nection with esting the engine L Kag-
Jamd. the Borouch Council lis¥ e ht
decided to instruct the borvough <ohici-
lar to take such action as he may deem
advicable in the direction of @iving
notice to the conwractors  that they
e il stens to mmeciately replace
he tlllH:llinﬂt'ilil'\' Fnllaaar 'l‘l.”lf,.{il"lﬂ with
an ellicient unit i aceordance with the
contrnct also to mlorm  the contrae-
tors that the councit holds them ve-
~ponsihla  for damanees t'nlf nnn-_lnlﬁl-
ment of the coontract _1]”1 disloeation ol
hnsiness, unl to  write 1o _\Io!q::r:-:
Precee, Cardew and Rider direct, vath
dotails of the unsatisfactory working
of the Fullagare nme and ask Tor an ex-

planation,

HB Herald 13/4/26
THE FULLAGAR ENGINE

e — — =

CONTRACTORS' OFFER

AHOTHER LETTER TO COUNCIL.

PIPFFERRIEED T SOLICFETORS

e ——

The new Fallagar engine ai. the Na-
picy power honse has for many months
haen o <onrce of trouble to the Napier
Bovong)hy Connerl, It s still n tho
hands of the contractors, the Fneglish
Flectrie (oo, with whose agents, Mes-
srs Corv-Wright and Salmon, Welling-
ton. the conneil’s consnlting: engineers,
Mesears Vickerman and Lancaster, have
heen o communieation.

COht- next .

B.
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APPENDIX 10 CONTINUED

13 April 1926 - Cont.

To the Napier Borouceh Connerl Iast
crenming,. Messrs Vickeorman and T.an-
caster ltorwardoad the followime com-
mumieantron whieh Hn*\- imti H‘I't'i's't*rl
fram the contractor’'s neents. The et -
top siated —

Impuritics in the Oil,

“The Fnglishe FElecteie Company - 1td,
liave carried ont farther tests on sam-
ples ol local Tuel ol previonsly sent to
the works.  This has proved impurities
m the ol and moorder to overcome this
we  are temporarily Snstabling a0 De
peval separator. This action, together
with the new liners. piston rings. and
modifications previonsly mentioned
thnl_rl mean the smooth  and  efficient
running of voner engine.  To show onr
Zood Lith in this we are prepared o
do the following when  the forepomg
new liners are installed :(—— |

What Prepared to do.

“1. Qiye full trinls as per spceifiea-
tions and conditions of contract to the
gatisfaction of the engineers, the main-

tenance period to commence from such .

date,

“2., Not to ask for next progress pay-
ment at that time, but to leave that
aiand over for four months of the main-
tonance period, during which time we
are willing to tullv prove that engine
will ran permanently satisinctorily hy —
(a) keeping Mr Hepburn in Napier dnar-
ing- that perod.
factory non-stop duration run af some
suitable time during such period,

Tests at Rugby,

“d Weo have areanged to dispateh
fuel oil stmilar to that in nse at your
power honse (about 5 tons from vour
tanks and aboug 20 tons from loeal s
plieg) for fully trying out on duration
rung in the works engine at Rughby.
This has heen done at yonr request as
a further safeguard acoinst onr Lests
not, heing satisfactory and to obviate
experimenting that might endanger the
running of vour engine during the win-
ter mnntlm; (his u'ill, woe :nnr-it‘m" Lake
about. six manths, sabieet to crremn-
stances hevond onr control, as follows:
—Ocean vavage to works, Apnl-May;
testing ot  works, June-July:  ocean
voyage (o Nuapier, Aungust-Sepltember,

“Any modifieation  would  then he
made. and we snggest some [ime
October—sav the middle —as a definite
date for complving with vour specifica-
tion and conditions,

f:(?hf hext

(hy Giving n satis-,

NFW Liners on the Way.

“Up to the present the  oglish
Flectric Co., Ltd. have paid wages lor
operation, = As disenssed at the con-
ference in Napier with voupr council’s
engineers, the connctl will commence 1its
own operation on our  completion ol
specification trials, Mr Hephurn menn-
while standing by to watch same and to
give all assistance and help when neces-
sarv. The cost of normal power pro-
duction ]H'inl' to vonar couneil nm'l‘ﬂling'
to he credited to the nglish Eleetrme
Co. at o figure to he afterwards deeid-
ed upon,

“Weo would also state thal the (wo
new liners ex Cumberland are now on
the N.Z coast and shonld arrive at Na-

ior at anv moment; two further new
EHE‘I'R, to act as spares,  and mston
rings are on the Remuern armving
ahout middle of April.  We have also
arranged with the British [mperial Oil
o.. Ltd.. Wellington, to stock Solar
o0il so that, as suggested by vou, the
game mayv act as n stand-by,

“Wa trust that the foregomg wiall go
to show that we are taking all pos-
giblo precautions to  cnsure  cflicient
winter running, and we trust that
same will meet with veur approval.”

’ Engineer's Recommendations,

Messrs Vickerman and Laneaster re-
commended to the counctl as follow on
Messrs Corv-Wright and Sahuon's led -
ter :—

“(1) As already pointed out to vou
drafting ounr specification we included
an analysis- ol the Diesel ol avatlable
at, Napier and the English Electvie Co,
agreed to F‘-ll]l[il_\' 48 B -:~n1_':inr* to run on
sich fuel. The Briish Tmperial il Co,
however., deelines to he hound hv such
analysis. nor will ths companyv agree
to supply ol Tree frome water or olher
iIII[IIII'ilil"‘:_ Hence the necessilvy ol The
reparator,

“(‘.h ”I" ]rl‘l‘lillli'l:ll‘_\' lests a8 per
specification, we are not preparved to re-
commend these in any wav as an ne-
ceptable {rial, bug stimply as the start-
ing point for a commercial ran whiel
will constitute the real test,

() The non-stop “duration ran fol-
lowing op suech eommereinl  operation
will he made for such a peviod as will
fullv test the hability of the engine
to overheat, ]

Time to Make Tests.

“) We consuder that Mecsrs Corv-
Wright and Sahuon's request that thewy
principals he given bime (o muake cer-
tain fests on themr works engime. with
Napier oil, s reasonable and  recom-
mend that Octolwer 15 bhe fixed as the
Limit of the time allowed the contractory
to comply with the requiremenis of the
contract.

“(5) Re pavment of operaling waoes
by your council, this is a matter which
may fairly como np for consideration if
and when. the engine is doing its wert-
successfully.”

The council referved the commnnien-
tions to their solicitors, fo whom thev
should have first. heen sent. '

Trawms & Elec+ric L:g\;-xhr'-ﬂq Commifte ¢ 29 ™arer 1927

Cory-Wright & Salmon forwarding Statements of Account

;0; operating the Fullagar Engine for January and .
ébruary 1927, £53:12: 1 and £50:15: 3 respectively,
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Council 12/7/27 - 9. - Page 522

\ £ .
ICKERIIAN & LANCASTER to the Borough Solicitors forwerding o

letter they have received T
beholf of the English tnso gosers Cory-right & Selmon on

Electric Company, the Contract
ggii?gar Plant, setting out 2 revised éaais on.whibhozg gl
ng to finrlise their outs 8y are

tanding clains. -

It wos resolved on the vai k
ation and report to thf:giﬁ;:ii? Lighting Cormittee for consider-

Council 19/9/27 _ 9 - Page 599

REPCRTS AND RECOMMENDATIONS OF COMMITTEES

The following Reports and Recommendations of Committees were
-~ agreed to and adopted on the voices :-

SUB-COLMITTEE (Crs. Bryant and Goodger) set up to discuss with
representatives of the =nglish Electric Co., the Contractors

for the Fullagar Unit, the question of a settlement of the
items in dispute.

1. Your Committee report that the members of the Sub-
Committee, together with His Worship the Mayor and Crs.
Hindmarsh, Bedford, Harman and Wilkie; Council's Consulting
Ingineer under the Contract (Mr. Lancaster); the Borough
Engineer; Power House Superintendent and the Town Clerk, met
Mr. Cory-Wright, the representative of the Contractors, and

"after discussing the various items in dispute in detail, your
representatives unanimously agreed to offer the Contractors
the sum of £410 in full settlement of all claims made by the
Comgany (£795:15: 9).

Your Committee further report that when the offer was
communicated to Mr. Cory-Wright, verbally, he stated that he
would recormmend his principals to accept same.
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APPENDIX 11

OPERATING STAFF

Many people were engaged in the erection, maintenance and operation of
the plant.

The list comprises those now known to have been involved. Omissions,
regretably will have to be recognised and apologised for in advance.

The Supervising Engineer from English Electric was Cyril Walton, who
remained until late 1928 or early 1929.

Mr Hepburn referred to in a paper cutting of 13 April 1926 was
apparently one of English Electric staff stationed in New Zealand.

Jonathan Woodson was Power House Superintendent from May 1922. He
held this position, later designated Borough Electrical Engineer until his death
in July 1933. He was involved from the beginning until 1933.

Bert Dawson is the person known to have the longest association with the
plant. He served in the power house from October 1916 until May 1963. He
worked on the erection of the plant and its subsequent operation and
maintenances. Several former staff members have said "The Fullagar was his

baby".

George Metcalf and Ted Marcroft are the only surviving former staff
members of the 1924-1927 period when the Fullagar was undergoing its
acceptance trials. Dick Larrington and Jack Isles commenced in July 1928 while
the plant was still operating under the direction of the manufacturers.
Although these people were not directly involved their comments have been
appreciated.

Other staff members who were involved are:

Jim Archer, Albie Barker, Doug Boyce, Jack Bradley,

Charles Densham, Doug Gordon, Claude Hands, Harry Harris,
Alec Howse, Rod McLeod, Alan McRae, Percy Martin, Ira Owen,
Cliff Sant, Colin Stewart, Pat Sullivam, Lee Thurston,

[an Webster, Charlie Wilkes.



1923 1991 Ratio
Fullagar Caterpillar(3) Fullagar/
Caterpillar
Type Reference 4QIF401 3412T
Output kW 400 400 -
Type 2 stroke 4 stroke -
Speed rpm 200 1,500 0.13
Cylinders number 4 twin opposed V12
bore ins (mm) 14 (356) 5.4 (137) 2.6
Stroke ins (mm) 16 (406) 6 (152) 2.67
Dis:{:lacement
in~ (litres) 9,852 (161.4) 1,649 (27) 6
Fuel consumption
(kWh/1) 2.53 3.61 (0.7
Exhaust temp °F 520 980 0.53
Dimensions:
Length ft (m) 27 (8.2) 12.5 (3.8) 2.2
Width ft (m) 12 (3.7) 5.8 (1.8) 2.1
Height ft (m) 15.5 84.7) 6.7 (2.1) e
Weight tonnes 60 (2 4.2 14.3
Price
(Actual when
purchased) $24,500 $150,000 0.16
At 1991 valuest)  $692,000 $150,000 4.6
Notes:
1. 1991 values adjusted to Consumers Price Index ratio 28.2 for 1991/1923.
2. Weight of Fullagar guessed includes flywheel 8t.

A7

APPENDIX 12

Comparison between the 1923 Fullagar
400kW diesel generating set
and 1991 equivalent

3. Information supplied by Gough Gough & Hamer Ltd, Christchurch.
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Comparison of size for 1550hp Cammillaird-Fullagar Engine

and a similar 4 cycle Marine Engine of 1920.

Reference 21.

Source



_49.

APPENDIX 13

THE ENGLISH ELECTRIC CO LTD

The English Elec[rif (5’0 Ltd was established in 1919 with a registered capital of
five million pounds{%?).

The following were the principal works which formed the core of the English
Electric Co.

Name Location Specialty

Ordnance Coventry Munitions

Dick Kerr Preston Electric Traction
Phoenix Bradford Alternators & Motors
Willans Rugby Engines & Turbines
Siemens Stafford Heavy Electrical Plant

The Head Office was at Queen’s House, Kingsway, London.

Dick Kerr: established in 1875 was involved in Tramway and Railway
electrification.

Prior to the formation of English Electric, Dick Kerr had already acquired the
following companies:

(1) Willans & Robinson of Rugby in 1916

(2) United Electric Car Co of Preston in 1917

(3) The British subsidiary of the German AEG

(4) Phoenix Dynamo Manufacturing Co of Bradford in 1918.

Immediately after its formation, English Electric bought the Siemens Dynamo
Works at Stafford from the Government which had compulsorily acquired it
during the War from its German owners. The alternator for the Napier plant
was manufactured at this plant.

Willans & Robinson: which became engine manufacturing arm of English
Electric was founded in 1880. The company initially built marine engines and
steam launches and then made central-valve engines designed for direct coupling
to electric generators. They supplied one of New Zealands earliest generating
sets to the Lyttleton Harbour Board in 1892.

Willans & Robinson also manufactured the 150 hp diesel generator (No. D78)
which was purchased from the Miramar Borough Council in 1916. It operated in
the Napier Power House until 1934 when it was sold to the North Auckl(agd
Kauri Timber Company. This unit was recorded as giving wonderful service )



Fullagar Engine Manufacture: In 1920, English Electric was licensed by
Cammell Laird and the Fullagar Engine Syndicate to manufacture stationary
engines of<the Fullagar type. This was done at the Willans Works, Rugby under
the leadership of J M Ferguson assisted by G H Paulin.

In 1922 the first Fullagar ,?ngine (No. D200) was built. It was used at the
Willans Works power house?’ until 1950 and is the twin of the Napier plant. It
was displayed on the lawn outside the works at Newbold Road, Rugby until 1t
wasz%crapped about 1979 or 1980. This was despite the efforts by Mr Robert
Cox“’ to have the plant preserved.

By 1930, 36 engines had been built. These had a 14 inch bore and 16 inch
stroke. The output was either 750, 1125 or 1500 hp depending on whether the
engine had 4, 6 or 8 cylinder526. Larger engines were manufactured from 1930
onwards in various sizes up to 3500 hp and the production of Fullagar engines
continued until the 1950’s.

About 150 Fullagar engines were produced by English Electric of these 8 were
supplied to Bermuda “’. If any other Fullagar engine is still in existence 1t
would likely to be in Bermuda.

In 1969, English Electric was merged with GEC (General Electric Co of UK).
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Appendix 13 Continued

HF FULLAGAR MA OF NEWCASTLE-ON-TYNE

Hugh Francis Fullagar (1872-1916) was the originator of the idea of using

diagonal connecting rods on opposed-piston internal combustion engines.
in his paper published by the Institution of Mechanical
A ship named "Fullagar" was launched in

rationale was descri'.g?:il

Engineers (London) in 1914.

The

February 1920 and is described in IMech E Proceedings in 1922.

Reference 1s made to a "Fullagar Engine Syndicate" which presumably
owned the patent and licenced manufacturers to produce the engine.

His death in London on 31 December 1916, was befgg?
engin?ﬁg")ere manufactured commercially.
of Mr Fullagar agd his father appear below:

notes

The death of HUGH FRANCIS FULLAGAR at the early age

of 44 has removed one of those best qualified to uphold the title
of engineer, and a man who combived with the zenl of a pioneer
a grnsp of fundamental principles which caused his work to
advance nlong scientific ruther thun rule-ot-thumb lines.

He beguu his career by serving his time with Messrs. Sturgess
& Towlson. of Norwich who were then the principal firm of
general engineers in the city. While still apprentice he wns
frequeuntly sent out in charge of important repairs and undertook
work of cousidernble responsibility. In 1894 he went up to

Cambridge and took the Mechanical Science Tripos, and was also.

assistant in research work to Sir J. A. Ewing, at that time
Professor of Engineering at the University.

The greater attraction always lay for him in coming deveiop-
ments rather than along well worn grooves and in 1897 he
joined Messrs. C. A. Parsons & Co., Ltd. At that date a 500
K.1V. set was cousidered a large machine and Mr. Fullagar was
responsible for a number of improvements in the conetruction of
steam turbines, many of which are still in common use. He was
ussocinted with the introduction of the first turbine set into what
is now the network of electric power supply spreading over the
North of England, and as consultant on turbines to Mesars.
Merz & Mcl.ellan ever since maintnined his counexion with
this development. Leaving Messrs. Parsons he became respon-
sible for the design of the first large turbine, a 5,000 K. V. built
1 America, and at the invitation of the Allis-Chalmers Company
visited the States in 1904 to advise the firm on the construction
of their new works for turbine manufacture.

g b

FU]’.O.I;tAGAR. HUGH FRANCIS. Adm. at Sr
R. .d,'Hunwurth and Stody, Norfolk [and Mary
Prynne Hawkes). B. Jan. 1, 1872, at Meriden.

upon-Tyne. Died Dec. 31, 1916,
Brother of Lewis H. (1887). (Scott, MSS.; The
dmswmy
FULLAGAR, HUGH SCALES. Adm.
xasst S. of John Edward, solicitor, of
B.A. :asg- M.A. 1863. Adm., Com. causa, at Oxford. Fe
1863. Ord. deacon ?Ox.fon:l) 1860; priest, 1862;: C. of
Winchendon, Bucks., 1860~3. C. of P
1867-72. C. of Erpi N 1872-8x. R.

J —

any Fullagar-type

An obituary and biographical

.'-

~ The problems of the gas turbine then demanded his attention
and he carried out considerable research work upon it. His
method wae zlways to set himself an exceedingly high standard
and then to investigate and eliminate or overrome the causes
normally preventing its attainment, but Mr. Fullagar had
reluctautly to admit that materials were agniust the gus turbine

» of high efficiency, and he then turned his attention to the new

type of gus engine which benrs his name and the root idea of
which had occurred to him some little time previously. The
. Fullagar engine was intended primarily to reduce weight and

~ space occupied, and consequently cost, as compared with the

continental type of gas engine, to reduce the number of moving
parts und secure almost perfect balance, and it has also attained
cxcellent thermal efficiency.
A 500 horse-power engine was built and erected at Gateshead
«nd formed the subject of a visit by members on the occasion of
the Joint Meeting of the Institution of Naval Architects, the
- Institution of Engineers and Shipbuilders in Scotland and the
- North East Coast Institution of Engineers and Shipbuilders at
| Newcastle-upon-Tyne in July, 1914, while papers on the system
" were alto rend and discussed, and are contained in Vol. XXX of
" ‘he Transactions. At the time of his death he had completed the
* design of a 2,000 horse-power set, the first British gns engine of
this power, which is now being instnlled in a vorth country power
‘station. Further developmeut of the Fullagar eugine to sub-
marine merchant service, aeroplane and motor car work has been
somewhat delaved by the war, but Mr. Fullagar had large miuded
ideas of Tuture progress and his mauy friends experience keen
regret thut he has not been permitted to witness their fruition.
Mr. Fullagar wns elected a Member of the lustitution in
1912. He took a keen interest in ils work and was always rendy
tn render assistance and support.

Jonw's,
1894. Of Warwickshire. S. of Hugh Scales (next), .

Matric.

Michs, 134; B.A. 1897; M.A. 1907. Mechanical Engineer;
in engines. Of Park Head, Jesmond Dene,,
ewcastle- Y in London..

Sources: Reference 28 & 29.

4

Times,

pens. at Carus, J'ln. 12,
Sussex.
an. .x!. 1836. Matric. Michs. 1854 ; Scholar, 1855-8;

19,
on, Warws.

of

Hunworth and Stody, 1881-1928. Died Jan. 14, 1928, at
Hunworth, Father of the above and the next. (Vesn, 11. 315
and addenda; Crockford; Al. Oxon.)

1 — o — . — -
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APPENDIX 14
OFFICERS REPORTS FILE P 220 RM:GM Db/

S3/1
4th Tebruarv. 1971.

The Town Clerk,
NAFTZR,

RELIABILITY CF SUPPLY AND STANDBY GENERATCR REPLACTMENT

The standby generator has been unserviceaole for some months because
of faulty insulation on the stator winding, and the cost of re-winding the
machine is in excess of 511 000. This report covers some of the points

which the Electricity Committee w#ill need to consider regarding its repair

or replacement.
It is not recommended that repalr work be undertaken but that further

investigation be given to replacing it with a second-hand machine if one

becomes available shortly or by purchasing a new one, which could cost

about 345 000.

BRIEF HISTORY:

The 400 ki¥ standby Fullagar diesel generator was installed for the
cogt of 525 000 in 192°. This was two years before hydro power was
available, and the machine has been maintained in a serviceable condition
for standby use since 1927. During elesatricity restrictions (1940-1953)
1t was operated at the expense of the New Zealand Xlectricity Departazent,
who purchased the power generated. Since 1953, when the N.Z.Z.D. no longer
required the operation of the generator, it has been run by the M.Z.D.
during the 1958-59 restrictions and after that o cut peak power, thus saving

on the purchase price of electricity.

ECONOMICS OF OPERATION:

In order to reduce the meximum demand, it has been necessary to run

the plant approximately 200 hours per year. This has cost less than the
calculated value of the reduction in our purchase price of power, and the
calculated savings over the last three years are as follows:-

1967 - $§7 351
1968 - $8 582
1969 - $9 21Q

If a new plant were purchased it is possible that the operating costs
would be less, and for the same sized generator the savings could be
greater than those above. For an expenditure of $45 000 it is likely that
a return of 15 to 20% per annum could be reasonably expeoted.

-

DIFFICULTIES WITH OBTAINING NEW PLANT:

Some years ago when I made an enguiry witk the New Zealand Electricity
Department regarding the operation of a larger replacement plant, I was
told by the then Assistant General Manager that in his opinion the contract
which the N.Z.E.D. have with the Power Board provides for the operation of
our existing plant and not necessarily another plant.

If a new plant were purchased from overseas an import licence would be
needed. I understand from the suppliers of this type of equipment that
there is no problem about an import licence, but standby plants are
normally required for standby for essential services and not for the
generation of electricity for public supply.
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NLAU PUN O STANUDSY PLANT:

The need for standby plant for essential City services is one which 1s
also to be related to the reliability of our supply, and this subject will
be dealt with in the next section. A standby plant for essential services,
in my opinion, essentially requires a plant to be transportable. The size
envisaged could relatively easily be made to be transportable and taken to
a site in an emergency to supply power for ‘'pumping water, sewerage Or
stormwater. Under these conditions, however, I would estimate that a delay
of one to two hours could be expected. If the plant could be used for peak
load-cutting and also be available for emergency services, this second use

is therefore available at no extra cost.

RELIABILITY OF SUPPLY:

This can be discussed only briefly, and the main points are classified
under the headings which follow:-

(1) Inadequate N.Z.E.D. generating cavacitv: In the case of insufficient
generating capacity on the N.Z.E.D. system, our own plant (if the same
size as the present machine) could supply only 3% of our power
requirements and if run 24 hours daily would supply less than 5% of
the energy reguirements in the winter months. Adequate planning
should avoid the possibvility of this occurring.

(2) N.Z.E.D. transmission and bulk supply substation failure: In the last

ten years there have been two supply failures ex:veeding 350 minutes.
In 1061/62 there was a failure for 70 minutes and on 24th September
1970 two successive failures resulted in a loss of supply for 39

minutes.

With further interconnection before 1975 by way of a 220 kV
transmission line from Jairakei to an additiozal N.Z.Z.D. bulk supply
substation north of Napier, the security of supply from the N.Z.Z.D.
system should be at least as good in future as it has been in the

past. (Refer map page 9.)

(3) -33 kV Sub-Transmission on 33/11 kV substations: Two interruptions to

the supply between Redciyffe and Napier exceecing half-hour duration
in the last ten vears were:-

15. 4.62 2 hrs. 8 mins. Trees interfering with
33 kV lines in high wind.

27.12.66 1 hr. 31 mins. Protection operated
incorrectly.

(a) Since 1967 there have been four lines between Redclyffe and the
H.B3.E.P.B. substation at Onekawa, and it is hoped that a large
number of short irritating interruptions which have occurred in

recent years will be eliminated in future.

(b) The most wvulnerable part of the system is the double circuit
3% kV line from Onekawa to the Power House, Faraday Street, via
Taradale Road and the railway line. A fault affecting both
circuits could cause an outage of some magnitude. Fortunately
there are two 11 kV interconnections with the H.B.E.P.B. 11 kV
system which could be used to supply essential load from the
H.B.E.P.B. substation at Marewa. A third connection at McGrath
Street/Te Awa Avenue could be made in the future to increase the
amount of rower which could be transferred at 1l kV.

(c) The 11 kV switchgear at the Power House which has caused a
number of minor interruptions to the supply in the past will
not have such a vital function in future when an additional
33/11 kV substation is installed at Shakespeare Road. For a
number of years in future, supply could be tramsferred to Bluf<f
Hill Substation in an emergency when it has been commissioned

= mpa
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AL ABILITY OF SUPPLI AlD STANDBY SENEZATCR REFLACZMENT (comtd. 3)
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(¢) (contd.)

The diagram on page 10 shows the connections between Redclyffe
and Nagpier.
The reliability of the supply under this heading could improve in
future except for  the 33 kV line between Onekawa substation arnd the
Power House, for which no proposals are at present under
consideration.

L, Faults on M.ZE.D. Distribution: W9ith a few minor exceptions, outages
exceeding one hour have been the result of storm damage and contined
to one or two small areas where supply could not be restored until
damage was repaired. Further progress on undergrounding should
improve this situation in future. For many years there will be areas
where small numbers of consumers may not be able to be suprlied with
power until repairs are complete, It is possible that there could be
times when a transportable generating plant could be used to restore
supply more quickly.

CONCLUSION:

Taking into account the above matters, the replacement of the standby
plant to provide an emergency service for public supply is 2ot practical,
bearing in mind that a revlacement machine of 400 to 500 kW would only
provide about 3% of our maxizum demand and could only provide for standby
for some essential City services which would be best providea DYy
transportable plant.

A replacement plant of approximately the same capacity could no doubt
be installed and operated for peak load cutting at an economic advantage
and provide a back-up for essential services at no extra cost.

Accordingly, I would recommend that further investigation be given to the
purchase of a replacement plant.

Yours faithfully,
H. R. MATTEEVS

Citv Electrical Zngineer

Council P516

Minutes of the Electricity Committee 9 February 1971

City Electrical Engineer re: Reliability of Supply and Standby
Generator replacement. Reporting on the cost of repairs and

replacement of the standby generator.

Committees Recommendation

That Council resolve to take no action at the moment but further
investigation be made.

The recommendation was adopted by Council, Page549.



