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FREFACE

In the early 1%30's pregressive menufacturers of radic
commurications eouvipment were begirnirg to explore the
possibilities snd problems of using the higher freguency
rernges to rrovide & system of trensmitting and receiving
messages. Their work evolved irto a complete new scierce
from which hzs growr the industry of Microwave radio.

A microwave radic network today i= en extremely complex
system thet carries not only voice communications, but
teleprinter circuits, television chernels and coxputor
dete. On e smell scale, it may serve the demands of ar operstor
such as en oil compeny or reilway system - on a larger scele, it
mey serve & whole nationm end tie in with & grest international
end world wide system.

Intrinsicelly, the disterce over which a high frequency
radio signel mey be trensmitted ard received is limited -
rormally to = line of sight peth with an average distance of
about 45 miles. In aress where the distance between two
terminal stations is too grest to fall within this limitation =&
repeater station is installed to provide an efficient path.

Frequently, these repester steticns heve to be situated in
remote isolated sites where no power supply is available end the

need arises to provide & smsll self-contained and efficient
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generating stetion. These prime power sgurces, by virtue of
their very existence, ere required to be reliable and sble to
operate unattended for extended periods of time.

Hand ir hand with the ever increasirg complexity and
sophisticetion of the modern radio relay station hes gone the
demend for more reliasble and efficient methods of providing

electrical energy.
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Chepter One.

THE AFPPLICATION OF DIESEL FOWER.

The importance of eny telecommuricetions system is such
tkat due considerstion must be giver to every mapect of its
component parts, not the lesst of which is en efficient and
reliable source of electrical power. The project engineer
ssked to design equipment thet is to be an integral part of
g telecommunications network has an important functiom to per-
form in providing this power and will require considerable
informetion on which to base his propossl. The radio
engineer, in his turm, is obliged to provide as much inform-
ation 8z he hes at his disposal and this should be at all
times both apecific end accurate,

Let usz consider & gimple brief that cells for power
egquipmert for a single redio stetion. The project engineer
will reguire irformstion in detsll on es meny of the following
espects as possible:-

1. Geographic locetion including height ebove sea level
and relative humidity. Accessibility of the proposed
site and sny restrictirg factora in regerd to weight
that may be transported.

2. Ambient temperature at the site.




3.

9.

Power requirements and type of load, permissable
tolerarces of Voltage, Freguency, Cyeclic Variation
and Waveform. Is the eguipment to be Standby to
meins or prime power source? Is no-break power
required? Is eny form of electricel power awveilable
at the site - how relieble is 1t?

Is the estimeted loading of the egquipment likely

tc be ircreased?

Is an existing building to be used - is an engine
room design reguired? Is the radic equipment
situated adjacent to the engine room or is transmission
of the electrical energy reguired?

Availability of locel fuel and lubricant types?

Are eny fuel storage fecilities evailable?

Is the site to be attended by maintenence personnel?
How remote snd what is the quality of the ataff?

Are eny preferences given in regerd to the proposed
eguipment generally? Are eny speciel facilities such
es remote sigrellirg regquired?

Any other realevant facts.

Before we exsmine in grester detall the various techricel

implications of the foregoing we may use the ahove guidelines to

prepare & srecific example to assist our understanding of the

problems.




The brief then, #s preserted tc the power ergireer might
arpear in this form:-

n Specificetion for one Stendby to Mains Station located
in Quito, Ecuasdor.

The ststion is to provide sterdby power for ore Ficroweve

¥ulti-Chernel VHP station.

The stztiorn is located on e hill on the cutskirts of the
city &rd sccesseble by peved rosd. Tt is sn sddition to ap
existing system where adequate space is sveilable =djoining the
raedio room. A fuel sterage tsrk of one thousesnd litres cepacity
is located on tke outside of the building ard mey be piped into
the new irstellation. The fuel currently in use corforms to
BSS 2869; 1957 Cless A. This stetion is sattended by fully-
treined diesel fitters ard electricisns.

The incoming meins surply is 120/202 volts three phese four
wire at 60 hz., the supply is relisble erd free from trarsients.
The site conditions ere es follows:- Altitude shove sea
level 10,800 ft., embient temperatures: maximum 38 degcrees C. to

mirimus minus 5 degrees C., humidity BO%.

As the engzine room is situsted adjacent to & wooded area,

edequate preceutions in exheust spark arresting must be made.

Freference should be given to conform to equipment currertly
in use or this system to avoid duplication of spare parts. The

proposed equipment should include Lister series HA engines




direct coupled to Trensicon gererators.

Fower requirements: Eight KVA at .8 power factor,
120/208 volts 3 phase 4 wire, 60 Hz.

An electrical control panel should be provided with
mechanical end electrical interlocks.

Provieien should be meade for charging the engine starter
batteries and the following alerm functiors with remote
signalling contacts should be included:- engine fail to start;
engine under and overspeed; voltage out of limits: frequency
out of limits; oil preesure low and engine temperature high.
In eddition, en engine over-run circuit should be included to
permit the engine to continue to run for en edjustable period

of up to fifteen minutes after mains restoration. "

The above example is not too rigidly defined and the power
engineer is at liberty to draw on his experience and imagination
to deeign an equipment that will satisfy the various aspects of
the brief. During the course of events the specification will
be modified and amended as circumstances dictate and last minute
changes and edditions may be made as late as final testing on
the shop floor. A successful project is one in which installation
end commissioning are carried out with the minimum of problems and
where efficient and trouble-free performance follow. Close liaison,

not only between the relevent departments of engineerinrg, but with




the ultimete customer are essentiel to achieve these ends.
Power equipment for telecommunications systems falls into
two basic categories, Standby Fower and Frime Fower. In
addition, the refinement of no-breask power is called upon
where breaks of even a few milli-seconds cen not be tolerated.

Stendby Power is defined ms being & supply available to take

over the stetion load in the event of a total or partisl

failure in the prime power - normslly the public meins supply.
The equipment is arrenged to start up automatically when such

a failure occurs and, by way of suiteble circuitry and
contectors, connect itself to the load until the prime supply
returna in an scceptable and stabilised form. The control

parel for such an equipment would contain voltage and freguency
sensing circuits which detect variations in the incoming supply.
If these variations fall outside pre-determined limits - say,

23% of nominal - the main supply contactor would de-energise and
disconnect the sup-ly from the load and st the same time initiate
e start circuilt to the engine. The engine would be cranked and
run up to speed and, if ite elerm conditions were normal, the
plant contactor would close under the influence of the generator
output and connect the plant to the load. A well-maintained diesel
alternator set may be expected to reach stabilised generating

conditions within six seconds or less. The standby set will now




run and continue to supply the load until, (a) the mains supply
returns to within the accepted limits and is restored to the
load with the diesel shutiing down efter a suitable cooling
off and stebilisation peried, or (b) until the diesel develops
& feault and shuts itself down on an automatic alarm failure
circulit. In this condition & total power feilure will exist.
In situetions where the mesins surply is known to be extremely
unreliable - srd where heavy demends mey be made on a single
stendby set - en additicnel engine may be irstzlled for extra
security. In this type of dusl standby equipment both sets may
be arranged to start up when & power failure occurs, the first
up to speed and nominal output taking the load and - in
conditions of prolonged power failure - subsecuently sharing
the load at 24 hourly intervels. In this situation one engine
would shut down end remsin st standby to the other until called
upon to supply power either st & scheduled changeover time or
when the other shut down under an alarm fault condition.

All equipments of this type are arrsnged to shut down end
isoclete themselves in the event of certain undesirsble conditions
developing. These fault conditions may be summerised as follows:-

Feilure to Start. In the event of an engine failing to start

before & predetermined time the start circuit is locked ocut and
indicator lamp illuminated on the panel. Most modern control

circuits provide a refinement that sllows the starter three




attempts to engage &nd crank the engine for sbout fifteen
seconds before isclating and locking out the ecircuit.

Low 0il Pressure. In the event of the oil pressure dropping

helow an accepteble limit the engine is shut down and locked
out of duty. An indicetor lemp on the control panel records
the conditionm.

Engine Temperature High. In the event of the engine tempera-

ture rising to an undesirable level the engine is shut down
ard locked out of duty. An indicator lemp on the control
panel records the conditien.

Engine Over/Underspeed. In the event of over or underspeed

the engine will be shut down &nd locked out of duty. An
indieator lamp on the control panel records the condition.

Electriecal Faults. Sersing devices connected to the

generator output continuelly monitor its voltage end
frequency: 1in mddition, &n overload trip mey be fitted to
disconnect the gemerator from the loed in the event of
sustained overload. The operation of &ny of these fault
circuite will result in the engine being shut down end
locked out of duty. Relevant indicator lamps will record
the condition on the control penel.

The mbove feult conditiona, with the possible exception
of engine temperature high, will be instantaneous in action

end will shut down the engine immedistely the melfunction




occurs. In the case of high temperature where no immediate
denger of damage to the engine exists, the equipment may be
allowed to run on for a short period to allow a standby set

to start up and essume the loesd. (If the rise in engine
temperature is the result of excessive overloed this short
over-run pericd may be a definite advantage as it will

permit the engine to cool down & little before coming to

rest. It should be remembered that cylinder heed temperatures
rise considerably when & hot engine is stopred and, if
excessive, could result in & cylinder head cracking.)

Prime Power Equipment. Prime power - or repeater statioms -

embody many of the features discussed sbove. The engines,
generators &nd ancillary fittings mey be very similar, if not
identicel. It is more usuasl for standby engines to run at
higher speed than repeater engines - the former normally
being rated at 1,500 to 1,600 RPM, the latter at 1,000 to
1,200 RFM depending on frequency reguirements.

A repester station may contain two or three diesel
generator sets, in some isolated cases more, depending upon
circumstances. As there is no public meins supply aveilable
at these sites one engine is required to run and supply power
continuously while the others remasin idle until ecelled upon

to run (2) in the event of the duty set expiring its duty rum




or (b) in the event of the duty set developing & fault.

In & duel repeeter station the engines would be
erranged to duty cycle for a2 time clock controlled period
which might vary from 24 hours to seven days.

At the end of this prricd, the time eclock would iritiate
& start to the stendby engine end it would be cranked znd run
up to speed. After & suitable timed peried to sllow the
cutput to stebilise within scceptable limits the loed would
be transferred from the duty set. The expiring set would
either shut down or run on for s short peried. (This run on
period serves two functions (i) it remasins aveilable to
re-assume the loed if the incoming set is unable to cerry it,
end (ii) 1t ellows for & short cooling period.) When the
expiring set comes to rest it will remein on standby until
called upon for further duty which - as in (8) and (b) 2bove =
will be at the terminetion of the duty eyele or whern the current
duty set develops e feult. The sequerce of events in & triple
or guedruple repeater would fellow the same pattern.

As typlcel repester stations are reouired to rur for periods
of long duration without attention, they are eguipped with
special features that ere not eppliceble to standby stetions.
Deteils of long duretion lubriceting facilities ard asuto-transfer

fuel tenks will be discussed at length in the next chapter.




fthen & feult does occur et & repester site, the seguence
of events outlined under stendby power takes place, i.e. the
fzvlty plent shuts down, the loed is taken by the next set erd
the fault recorded by & panel light. In addition, the alarm
is relayed through the radio system end the terminsl station
attendants ere immediately awere of it and can teke eppropri-
ate action.

It is normel to provide mdditiernal feult elarm circuits
on a repeater stetion and fecilities to signal low fuel level
will definitely be fitted. More sophisticated sys=tems may
even cell for em alarm to be signelled when the engine room
door is open - others mey require indiceticn of when & control
switch hes been incorrectly set. 411 slerm indicator systems
are useful end help considersbly to esse the burden of the
control and meintenance staff. FHowever, the project engineer
should avold the pitfslls that sccompeny an over-compliceted
end cumbersome system of protection - things heve got out of
hand when e&n slsrm has to be incorporated to report on enother
alarm!

No-Break Gernerating Equipment. It has been seen that in

conventional tvpe standby or repeater stztion genereting
equipment a short duration break in the supply ecirecuit occurs

when load contactors chenge from one to snother. Further, it
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will have been seen thet & bresk of several seconds oceurs
when & feilure has taken place and an engine has toc be
started from standby condition to assume the loed.

Modern day demerds on telecomrunications systems are
such thet even & load contactor bresk of only a few milli-
seconds is intolersble and it has become increasingly more
necessary to specify some form of no-bresk equipment as an
integrel part of the power supply.

No-break power mey be provided in meny forms and a
chapter dealing with this subject is included. TIn its
simplest form a no-bresk set may comprise several diesel
generator sets reted et less than full station loed and each
able to continue the supply if one of the others shuts down.
Each set would be provided with synchronising facilities and
able to rejoin the loed circuit without interruption. In
this system incoming plants could be brought on to the line
end expiring sets shut down with 'no-break' to the essential
losd. At eny given time, two diesel gererator sets would be
rurning on full duty cycle with eadditional sets at rest on

stendby duty.

11




Chapter Two.

THE DIESEL ENGINE AND ITS ACCESSORIES.

Before deciding upon & suitable engine the project

engineer will consider very thoroughly the use to which 1t

will be put and the environmental conditions under which it

will operate. His first consideration however, will be the

actual power reguirement under site conditicns,

Let us consider the requirements of a diesel engine

that is to be instelled at & height of 3,500 ft. above sea

level end where the maximum engine room temperature is

115 degrees F.

Using BSS 6€49/1958 we should derate 3.5% for every

1,000 ft. after the first 500 ft. to obtain s derating figure

of 10.5%. Subtract a further 2% for every 10 degrees above

85 degrees F. to obtein minus 6% end give & total derating of

16.5% An engine rated at 120 horse power would only develop

100 HP located in the above conditions.

Where power requirements are asked for in terms of electrical

energy as would generelly be the case for a diesel generator set,

the caleulation =hould be worked back frem the required ocutput

in kilowatts or kile volt amps. Here let us consider the power

factor of 0.8 and an efficiency of 87%. The required calculation

is:
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5C KVL. x 0.8 ecuals 40 KW.
40 KW divide by .T46 equals 53 BHF.
53 BEF divide by .87 eouals 651 BHE,
(746 watte eocusls 1 horse power)

In the foregoing exemples the affect of relstive humidity
has been ignored. It is, in fect, & difficult thing to esssess,
but should he considered Bs 1t mey well have to be teker inte
gecount. Let us essume thet B specificetion quotes 2 relative
bumidity of 957 where the temperesture veries betweer 130 and
55 degrees F. In prectice, the maximum humidity occurs when
the tempersture is at its minimum - &5 the minimum temperature
i=s less than 85 degrees we could, therefore, derste for humidity
only. Using & dersting factor of 4% for every inch of mercury
above 0.6 inches varour pressure the total derating for the
above example would fe£ll between 3 and 4%. However, st the
hottest period when the temperature resches 130 degrees, a
dereting factor of about 117 would epply egeinst the temperature
factor, but now the humidity would be g a mirimum =rd could
reesonably be ignored. In this case & totel derating of 119
weuld be edegquate unless the sum of the two factors hes been
specifically esked for,

It is rerely necessary to celculete dereting figures as
mogt ergine marufacturers' manuels give this informetion inm

teble form.

When the horse power reguirement has been calculated the
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project engineer can narrow the field in choosing an engine
to suit his needs. It should be remembered at this stage that
the power output of en engine is alwasys quoted et a certain
speed; the generator fregquency requirement will be known and
en engine may be selected to turm at either 1,000 or 1,500 rpm
for a 50 Hz. supply, or &t 1,200 or 1,600 rpm for a 60 Hz.
eupply. As has been shown in Chapter One, & repeater station
will normally use &n engine turnirg at 1,000 rpm while a terminel
standby to mains set will normelly turn at 1,500 rpm. Reference
to engine manufecturera' tables will reasdily indicate what
engines are available to produce the required horse power at the
required speed.
The many other factors that will be relevant to the eventual
choice of an engine will now be considered in detail.
Agpiration. Engines will be either normally aspirated or turbo-
charged. The former relies on the manifold depression for the
quantity of air that can be effectively induced at the cylinder.
The function of a turbocharger is to increase the power
ocutput of an engine by mechenicslly incressing the emount of air
in the eylinder et the commencement of the compression stroke.
When the exhsust gases leave the cylinder at the end of the power
stroke they still have a substantial smount of energy; this

energy is capable of driving 2 turbine which is straight coupled
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to an impeller. The impeller delivers the air directly to the
cylinders.

To quote an example, the Napier Turbo-blower delivers
between 11,000 end 19,000 cu. ft. of free air per minute, maxi-
pum continucus rating, with & nominsl pressure ratio of 1.5 : 1,
gea level delivery pressure 7.35 1b/sq. inch at 6,400 rpm. This
unit comprises a single stege centrifugsl blower driven by &
single stage axisl flow turbine.

Turbo-chargers have been developed to an efficiency capable
of carrying out the duel function of evacuating (scevenging) end
pressure charging the cylinders of two stroke diesel engines,
Modern turbo-chergers sre manufactured in & range of seven sizes
to fit engines of 400 up to 4,000 BHP. Por engines of larger
capacity, more than one unit may be fitted.

The adventages of turbo-charging mey be summerised as
follows:-

1. & substantis]l increase in output power from & given size
of engine or e substentiasl reduction in the physical
size of an engine for a given power ocutput.

2. An appreciable improvement in specific fuel consumption.

3. Lower initial cost,

4. Less maintensnce costs with better reliability.

Cyclic Varietion. The effect of an imprecise or erratic waveform
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on modern communications equipment may be very eritical; it

is, therefore, of the greatest importernce that cyclic irregularity
be kept to a minimum. Cyclic varietion will result from such
factors as rumber of cylinders and number of firing strokes

per minute, engine speed &nd the weight of flywheel fitted to the
engine. It is usually expressed as & fraction and irdicetes the
degree by which the flywheel varies from uniform rotery motion

and is calculated by subtrscting the minimum speed from the
meximum speed and dividing the result by the mean speed (taken
over one engine cycle.).

Engine marufecturers will provide tables giving this data
for their products, it should be mscertained whether their
figures include en sllowence for generator rotor inertia ss this
will obvicusly have en effect also.

Engine Cooling. After about 200 horse power capecity the task of
deciding between weter #nd eir cooling becomes irrelevant, for

the higher power ranges are predeminartly water cooled. The

choice below that range, however, may be difficult for there are
many advantages and disadventages that merit cereful consideration.

Alr cooled engines mey be somewhat cheaper and lighter
although this may not be an importent consideration in microwave
applications. Generally speaking they mey be more easily main-

teined ard dismantling and rebuilding is more gquickly end easily




carried out. Apart from whaet may sometimes be rather
cumbersome alr ducting they are gererally easier to instsll.
The air ducting itself may prove essily esdaptable to heating
ad jacent accommodation by way of shutters controlled by
thermostats.

Un the debit side it is elmost rlweys necessary to design
en engine room specificelly for en eir cooled engine as many
problems cen present themselves in regerd to obteining
gufficient cooling eir. Grest cere has to be taken also to
ensure that hot eir is not recirculeted giving rise to over-
heating problems.

Water cooled engines are initislly more expensive and
carry the smdditional burden of expensive radiateors or hesat
exchangers end piping. They require considerably more effort
to install but can be installed readily in existing buildings
due to the greater ease of plping water over long distances.
The waste heat may be more easily used for secondasry purposes
than in air cooled engines.

A water cooled engine lends itself more reasdily to being
kept warm during rest prricds &s immersion hesters may essily
be installed in its cooling system.

Some installetions employing weter cooled engines mey

have engine mounted redistors. Although this type mekes B
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neat package in itself, the problems of ducting the hot air
away from the radistor become great unless careful considera-
tion is given to it at the design stage.

Water coocled engires regquire the addition of anti-freeze
despite the fact that they msy be located in hested buildings
and have the sdditional security of immersion heaters.

Lubricating 011 Systems. It is essentiel that engines that

are to remain unatternded for extended periods of time have
additional lubricating oil cepescity provided. The reasons are
to allow for normel oil consumption, to cut down on the
percentage contamination in the oil and to provide = means of
heat dissipation. These ends may be achieved in warious ways,
the more popular being by extended running tank, by Make-Up
tenk or by dry eump lubrication.

The extended rumning oil tark is normzlly fitted on to en
extension of the engine bedplate ard comprises & steel oil tank
of about double the normsl engine capecity. It is connected to
the engine sump by two pipes, the larger of which enters the
sump immediately below the duct to the lubricating oil pump.

In practice, the pump drews pil in equel gquentities bhoth from
the sump and from the tank. The second pipe scts ma & level
balancer to ensure that the levels are maintained constantly

equal. In effect, the engine hes three times its normsl
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capacity of oil in circuletion. Although sppesring somewhat
primitive this system hes been successfully employed or meny
large systems without frult.

An oil Meke-Up t=nk mey be instelled enywhere in
relstion to the ergine erd thus hes the edventage that it
does mot interfere with accesspbility. It employs e regulstor
velve thet meinteins the engine o0il level &t & constent
height, the regulator wvalve itself being located in line with
the sump o0il level. The valve is fed from e reservoir tenk
which mey be wall mourted ahove the valve. Two pipes are
fitted between the wvzlve ard the engire, ore toc provide e
supply line, the other to equszlise the pressure differernce
thet exists between the two. Altrough this system does not
increase the effective quertity of oil in circulstion it does
keep down the percentage contamination as fresh oil is
constertly being added to the sump, it thus permits full time
between oil changes. It is not uncommon to use & combinaticn of
this &nd the previocus system by conrecting a meke up valve to
the extended rurrirg tank snd, in doing so, corsiderably
increesing the time periods between o0il changes.

Dry sump lubricetion is commonly used on all types of
ergines except those employing eny form of splesh lubricstion.

The actual oil reservoir - or dry sump tenk - is located

21
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remotely from the engine and connected to it by three plipes =

g feed pipe, & return pipe end & pressure belance or vent pipe.
0il is drewn contirvously from thke reservoir tank by the engimes
own oil pump ard circuleted through the ergine in the normal
way. A secord and lerger pump returns the oil from the engire
sump to the reservoir tank. The third pipe which is of smaller
diameter is run overhead to balence out &rny unequel pressures
between the engine and tank. This system provides excellent
cooling for tkhe oil end, as the reservoir does not need to be
restricted in size, extrezely long periods between oil changes.

Exheust Systems. Although sn exhaust system mey eppear to be &

rather insignificert part of the project it does have an import-
ant function to serve &nd its design requires careful theught.
The essential function of &n exhaust plpe is to clear the
exheust gases from the engire quickly &nd efficiently without
ceusing back pressure. In addition, the gases should be cleared
in such &2 way that they do not create eny form of hagard. The
prime essentials sre to keep the run &s shert &s possible and
to use the minimum of bende. Hend-made 'sweep' or slow bends
ghould be used to prevent turbulence in the piping.

ig cleen unobstructed exhsust pipes are a pre-requisite of

en efficient ergine, adeguate flange couplings should be provided

to allow the system to be easily dismantled for cleaninrg. Exheust




silencers should be fitted ss close to the ergine as

possible end 211 piping within the engire room suitably
lagred with esbestos cord. Horizoerntel pipe runs should slope
gway from the engine to szllow condensetion to drein off to
the outlet.

Ar exhsust run of over thirty feet should be ireressed in
zize to prevent back pressure, & geod rule of thumb methed is
to double the eres of the pipe for every ten feet efter the
First thirty feet.

iixheust pipes sheuld be mdecustely irsulated where they
vess through wrlls both to prevent heri #rd wibretion from
ceusing demege. Tipes pes=irg through weooden wells should have
gir geps of et leszt four irches.

Urder no circumstzrces should rigid exheust pipes be
screwed directly into a&n engine manifold. A& flexible cornecting
piece of st least three feet in length should be used at =11
times. This flexible should never be expected to carry the
weirht of ary part of the run.

The problems of roise, smoke emission end spsrk arrestirg
mey he overcome by terminating the exheust run in 2 cuiteble
'ground silercer' or exparsion chember. These may be designed
in 2 veriety of ways but ir its simplest form =would corsist of a

cement or brick lined hole in the ground into which the exhaust
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pipe is terminated. Baffles mey be introduced to increase
the effective lerngth to the outlet slot &nd = quantity of
water put into the bottom to esrrest sparks ard soot.

Ferhaps the last word on exheust systems is gtill
operating undetected in & large city irn South America and,
hopefully, as yet not offending Nationsl pride in any way.

I wes corfronted with the problem of irstelling an
exhaust sytem from e besement engine room in a ten-storey
public building. The locstion wes awkward to Bay the lesst
end it seemed the only way out would be via & devious horizontal
pipe run terminating in en expensive arnd time consuming vertical
sheft = if it could be done at all.

Then I discovered the Nationel flag-pole standing serenely
on its ornate cement base ard proudly gusrding the frort entrance
steps - within only a few feet of the engine room. Some rapid
end ingenious civil works - executed while the President and his
entourage were away on a state visit to Cuba - soon converted the
ornate bzse into & ground expansion chember and the steel flag-
pole itself into & rising outlet! I left the country still
hoping that a power failure would never coincide with = couple of
faulty injectors during a State Trooping of the Colours!

Puel Storage snd Supply Pacilities. There are two main methods

of storing fuel in bulk - underground storage tanks snd those

26




that are supported sbove ground level and employ gravity as
their feed to the engine dey service tenk. Both have merits
which should be cerefully considered.

Underground storage tanks afford 2 certsin degree of
protection to their contents, in tropical conditiona the fuel
is protected from high temperatures that accelerate age oxide-
tion and in extreme cold it is protected from waxing. Transfer
pumps ere reguired to trersfer the fuel to the engine day tanks
but the need for 2 pump on the refuelling tanker is eliminated.

It is good practice to provide bulkheads in the mein
storage tank to meintsin the independent reguirement of each
ergine. Should & serious lesk develop in onme supply the fusl
could drain away leaving the remeining engine or engines
unaffected.

The illustration shows a typicel system in which an under-
ground storage tank surrlies two deily service tanks via muto-
matic float contrclled trersfer pumps. Service tarks are
normally desigred to contein sufficient fuel for a 24 hours
period. The following fecilities ere provided or the service
tenk:- A float level switch to control the pump; =& contents
gguge with contacts for low-level slarm: s=sr inlet from the
fuel pump &nd outlets for overflow return to the storage tank

end supply to the engine filter; e union to accept leak-off
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from the fuel injectors; a drain tap and a large inspection
cover. A good quality brass stopcock should be provided in
the supply to the engine filter. The overflow pipe should be
of sufficient capecity to prevent build-up if the pump level
switch fails to operate. At leest one filter skould be fitted
between bulk storege tenk and the trensfer pump inlet.

An alternetive to this system which employs & gravity
feed supported bulk storage tank is illustrated and it will be
seen that the level of fuel in the service tank rising wvent
pipe will equal the level in bulk tank. The combined fuel
leak-off from the injectors ard the engine fuel filter bleed
pipe termirate in the rising vent at a height above the maximum
fuel level. This system mey be compartmented as in the previous
example to allow inderendent supply for each engine.

It should be remembered thet a chemiczl action tekes plece
between fuel oil and galvarnised fittings, &l11 fittings &and tanks
therefore should be either plein steel or of non-ferrous metel.

The bulk storage tank itself should be provided with &n
inspection cover large encugh to permit entry for cleaning. The
inspection cover may be used to house the main rising vent pipe
(erd fly trap) and a suitable waterproof plug for a dipstick.
The bottom of the tank should heve a sediment bowl at its lowest

point where foreign matter may sccumulate for drawing off. The
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sediment bowl, or trap, should not be located directly below
the filler hole where the incoming flush of fuel will stir
up end spread the sediment.

Cooling Systems. If it has been decided thet the cooling

medium for the engine will be water there ere several varia-
tions and systems thet may be employed. Assuming that the
engine mounted radistor type has been eliminated for reasons
slready put forward, we can consider the slternatives of air-
blast cooler or heet exchanger.

An air-blest ccoler is literelly a remotely mounted
radietor but with the provision of an electrie motor driven
fan to provide the air flow through the cooling tubes. The unit
is commonly fitted into an outside well of the ergine room with
the fan arrenged to draw eir from the engine room itself =
suitable louvres and vents being loceted to supply sufficient
geir. BSuch air inlete should be adeguetely fitted with filters
to prevent dust from being drawn irto the engine room, they
should also be sufficient to ensure that the engine is never
starved of air.

The unit would be connected to the engine in the same way
as & convertional radistor via steel pipes and rubber flexible
connections.

As an additional refinement the header tank may be connected
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to an overhead grevity feed make-up tenk to make good weter
losses. This system hes the advantage that the unit is not
affected by engine vibration and in no wey does it impede
accessibility. It mey be mounted completely outside the
engine room ard will work efficiently even when located a
considerable distance eway. Care should always be exercised
when designing the system to ensure that a slope of zbout ocne
eighth of an inch to the foot is meintesined up =nd towards
the hesder tank to prevent =2ir locks.

Cooling by heat exchsnger is not likely to be considersd
except for the higher horse power ranges end where &n adeqguete
supply of raw weter is eveilsble. It sllows for a closed
cireuit cooling system end hess the advantage that little or no
scaling will occur in the water jmacket of the engine. Circula-
tion both through the heast exchanger ard engine cooling system
is by pump end valves controlled by thermostets.

If air cooled engines ere to be used very careful attention
should be psid to the engine manufecturer's recommendations in
regard to size of ducting ard restrictions in length.

Approximately one third of the fuel burnt in an air cooled
diesel engine is converted into heet thet must be ducted awey
end it is impperative that none of the heated sir is allowed to

recirculate through the cooling system. It follows, therefora,
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that the cooling and combustion sir inlet temperatures should
be as near to ambient temperatures as possible. In order to
achieve this, cooling air inlets must be provided in the engine
room in at least the following places:- One inlet near the
bottom of the engine room to provide airflow past the sump;

one inlet close to the sir filter to provide a good supcly of
combustion 2ir and one or two inlets above the engine and close
to the ceiling to prevent & build-up of hot air at the top of
the engine room. The engine room should be designed bearing

in mind thet the whole of the spece is subject to sir currents
with no still areas where temperatures could graduslly build up.

Steel outlet ducting should be connected to the engine by
flexible adapters which permit the engine to move without
restriction on ite mountings.

Where the outlet ducting terminates ocutside the building e
cowl should be fitted. The discharge face of the cowl should
be verticel and fitted with louvres or & grill - the cross
sectional area of which, should be 25% greater then the area of
ducting.

Additional Equipment and Fittings. Many additional components

or fittings will be recuired on an engine that is to operate from
an automatic control circuit for extended end unattended periods

of time. Some meens will have to be provided to start and stop
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the engine, speciesl sensing devices will be reguired to
initiate 2lerm segquences for shutdown and many devices
fitted to carry out the function of an operator.

Automatic Run Soleroids. There are two basic types of

solenoids in use for controlling engine running and stopping,
both being opersted electricslly from the control panel. A
'Run’ (or fail safe) solenoid is arrsnged to draw the fuel
pump rack of the diesel engine into the starting position at
the same time es the engine is cranked for starting. It will
remain in position until its circuit is de-energised thus
allowing the rack to return to its 'off' or etorping position
to shut down the engine. If an electrical fault occurs, or
the run solenoid itself develops a fault, the engine will shut
down under the influence of its fuel pump rack return spring.
A run soleroid mey comprise two separate coils, e&n operating
coil end & hold-on coll, as far less current is reguired to
hold the srmature in the reised position. The opereting coil
would be arrsnged to de-energise after initisl cperation by a
trip contact sctusted by the armeature,

A 'stop' selonoid is fitted in such a way that it draws
the fuel pump rack to the 'off' position when energised. When
de-energised, the rack would rest in the start position thus

2llowing the engine to start end run under the influence of
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crenking only. F¥nergisation of the solenoid would be for a
short timed period of sufficient duration to permit the
engine to run down ard come to rest. Tn the event of =
fault developing ir the control circuit or zolenold no shut
down would teke place.

Centrifugal Switches. A centrifugal switch, which may be

elther gear or belt driven from an auxiliary pulley, normelly
has two micro switches which can he independantly adjusted.
The low speed switch is set to cperste ss the engine runs

up to speed and is normelly cornected to m slave relay in the
contrel pernel thet discormects the starter motor circuit. The
high speed switch is mormr1lly set shout 21% sbove nomiral
engine speed snd serves to initiete =n overgspeed shutdown
elsrm circuit,

A more sophisticeted type of centrifugal switch mey heve
an additionel cortact set to opsrate at 23% below nominel
speed to initiete &r under ereed alerm circuit. Wost modern
control perels however, have an electropic senging unit to
detect over ard under frequency whick mey be used in combination
with - or in addition to - the centrifugel switech.

Battery Cherge Dyramo or Alternator. It is not ususl to equip

the type of engine to which we sre referring with rotating

bettery cherge ecuipment. Instesd, the control perel normslly
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houses a static bettery charger.

Epgine Sterting Fecilities. Almost sll diesel engires for

microweve work empleoy axiel type sterter motors, on the larger
engires twe may be fitted - cne on either side of the flywheel,
erd irn this cese both would operste together.

An exisl]l starter motor hes twe acticns, the first =
because of the high inertis of the flywheel - is to move the
pinion forward into engegemert with the sterter ring before
full torgue is sprlied. 2 small iritisl current is pEEsed
through suxiliary field wirdings to impsrt & slow turning
motion to the ermeture, the seme ectior moves the armature shaft
end starting pinion forward towerds the flywheel. At the end of
its trevel, and when the pinion is fully engeged, a trip
mechanism ellews the mein contector to make erd epply full
current to the field windings and meximum torque is epplied to
erenk the engire. The mein contactor cennot meke unless the
armeture has {rsvelled to its full engegement thus preventing
the brass teeth of the pirion from spinning end damaging them-
selves ageinst the starter ring. This type of starter hes an
overlecad clutch which protects the pinion teeth under excessive
load,

Cold Starting Aids. One of the greater virtues of the diesel

engire is its ebility to stert from cold end mssume full load
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conditions withir & metter of seconds. Not withstanding this,
there is no doubt thet some meens of assisting the process is
bteneficisl.

Weter jecket immersion heaters erd thermostats may be
fitted in the engire cooling system to ensure that the coeling
weter is mainteired sbove embient tempersture. Similer hesters
may elso be fitted ir the o0il sump of esir cooled engines but
these should operste st & low surfsce temrersture to aveid
carbonising the oil. (Where such devices sre fitted, adecuste
indicstion should be posted to ersure that they are isclated by
maintemance personnel before oil snd water are drained from the
engines).

Under reslly adverse conditicns of cold, it is roseible to
introduce & finely atomised spray of highly volatile spirit into
the induction merifold to assist with the first few firing strokes
of the engine. Such sprsys msy be from ern serosol-cen actusted by
an electric soleneid in conjenction with the start circuit. Such
e device should only be used urder well controlled conditicms,
for the introduction of too much spirit irto the engine could
Eive rise to excessive loasdings with pPossible disastrous results.

Having accepted that the diesel will sssume full load
corditions withir s few secords of starting from rest, it becomes

very apparent that the lubricating oil pump should be highly
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efficient in order that 211 moving perts are edequately
lubricated. 1In order to achieve this, an auxilisry oil
priming pump driven by &n electric motor may be included in
the lubriceting system. The pump would be timed to start and
pressurise the engine lubriceting system for e given period =
perhsps twice every twenty-four hours - thus ensuring that the
cilweys end besrirgs were meintained cherged with oil. The
ectuel duration end intervsls would depend upon the conditions.
Meruel facilities for running the pump would be fitted in order
that priming could be effected before test rurning the engine,

Anti-Vibretion Mounts. Where heavy reciprocating engines are

installed, vibrations may be transmitted which might have en
unpleasant influence on edjacent equipment. Various types of
anti-vibration devices can be instelled to mirimise these
effects. Rubber or spring type mountings may be used to support
the engine end generator essembly. The mountings may be adjust=-
eble by mesns of & screw end locknut erd have additionel snubbing
and demping devices to take up the extrs movement of starting end
stopping when deflection is at its highest. Scientific selection
of the correct type of mountings will dispense with the necessity
for e heavy cement foundation block snd meke possible the
installation of eguipment orn quite light structures such as

suspended reinforced floors.




In cases where the need to eliminate vibration is assentiel,
an isoleted cement foundetion block mey be installed in addition
to anti-vibration mounts. Such & block, which should be equel
in size to the menufacturer's recommendation for &n unmounted
engine, would be separated from the floor structure by & wall or
liring of thick sheet cork. The gep between the block and the
floor should be filled with sealing compound to prevent oil and
fuel from seeping into the lining. If necessary, the complete
engine room floor mey be isclated in this wey, alweys providing,
of course, that it is not recuired to run underground pipes or
conduits to the plant.

Engine Air Clesners. Under reasonable operating conditions air

clesrers could be en ordinary oil beth industrial pattern. For
conditions where the atmosphere is likely to be contaminated
with dust or polluted in any wsy, & 3 stage heavy duty oil bath
gir cleener should be fitted.

Cil snd Fuel FPilters. O0il filters should be full flow type for

maximum efficiercy. Puel filters should be of the dusl type with
provision for chengeover without affecting normel service. An
additional filter should be provided between the bulk storage
tenk and trensfer pump with 2 combined water separetor end
sedimentation trap.

0il Coolers. If oil coolers are required, they sre normally
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fitted by the erngine menufacturer es an integrel part of his
equipment., If any doubt should exist, however, the manufac-
turer will readily supply deteils ernd recommendations.

Engine Frotection Devices. Although warious types of self-

actuating devices are eveilable to shut down the engine in
avent of trouble develcoping we ere less concerrned with these
in regard to microwsve equipment. We will turn our atterntion
then to what are more easily defined ms sensing units, which
trensmit & fault signal to the mein control panel. From this
eignel & sequence of events is initisted which will shut

down the faulty set and start up its stendby, isolate the
faulty set from duty and give local end remote indication of
the condition. Local indicetion of the fault mey be by both
visuel and sudible alsrm,

Low 011 Pressure. This is normally & bellows or disphragm

assembly which is pressurised by the engine lubrication system.
When ¢il pressure is normsl it ects on the bellows or diaphragm
and extends it to operate & contact. The contasct is cornected
to & slave reley in the control pesnel. If the oil pressure
drops below & predetermined wvalue the contact closes and
initietes an alarm conditionm.

Cooling Temperature High. Cooling temperature is normslly moni-

tered by 2 bulb and capilliery tube unit. In the event of the
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engine temperature rising to an undesirable level the column
of mercury expends and actuates & contact which, upon closing,
will trensmit the condition to & slave reley. The same system
is used both for water znd sir cooled engines.

Rediator Pen Belt Breskage. Although not often seen, this
fecility hes beer used in the past ard is worthy of mention.
It consists of a sme1l idler pulley that rides on the engine
fan belt. If the fan belt breaks - or becomes too slack - the
pulley moves out of position and trips & microswitch which, in
turn, trensmits the condition to a sleve relay. This facility
does have value on a radistor cooled engine as it will give
warning =nd isolate the set before an undesirable high tempera-
ture is resched.

Engine Pail to Stert. The circuit that provides a timed period

for engine starting is part of the control penel equipment. The
circuit however, mzy include & "three attempt' start device that
allows the sterter motor three tries to engage with the flywheel
starter ring. Werufacturers of mxial starter motors do not
guerantee that the starter piniom will engage first time although,
in practice, they are highly efficient. In order to ellow for
the predicted feilure to ergege a small timing device is incor-
porated - sometimes as en integral pert of the starter motor -

that will permit the armature to return from the blocked position
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twice efter the initisl attempt before signelling a fail teo
start alerm.

Overspeed Shutdown. An interesting device to protect en engine

in the presence of flsmmable geses has recently been developed
by scientists from Esso Petroleum. Although this type of
hazard is not likely to be met in the type of instsllation we
are corsidering, it is worthy of note as =& protection device.

If flammable geses sre present in an engire room they mey
be ingested vis the induction system into the cylinders. If this
happens, the gas carn act as an sddition to the normal fuel supply
end cause the engine to speed up with possibly disastrous
consequences,

The protection device comprises a spring loaded poppet velve,
fitted up-stream of the induction menifold. This velve, wkhich can
be criticelly adjusted to =zllow the engine to run at its normal
governed speed, will snap shut if the speed incresses beyond a
predetermined point thus bringing the ergine to rest by starving
its air supply.

Engine Instrumentation. A minimum of instrumentation is required

tc indicate prevelent engine functions znd should include the
following:=

Tachometer end Hour Recorder. An average engine tachometer is not
“___-—

& very precise instrument end is often omitted on the grounds that
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the control penel will be fitted with a frequenecy meter. Despite
this, it is worth fitting one for the following ressons:-
() It will be found to be most useful when setting
up the engine after meintenance work and
(b) Most tachometers have zan integral hours-run
recorder. The latter will prove to be an
invelusble festure ard very desirable for the
efficient use of a meintenance schedule,

Coolent and 0il Temperature Gauges end 0il Pressure Geuge. All

three zre ecually important for on the spot refererce and for
long term record use. The values of all three should be carefully
entered in the engine log book when meintenance is carried out.

Exheust Tempersture Gauges. These ere less common on microwave

systems but will occesionslly be se-n on the larger range of
engines. If fitted, & cereful record of their velues should be
kept in the engine log book.

Engine Bedplste. The engine generator sssembly is mounted upon &
common fabriceted bedplate to create one complete unit, this would
follow whether the direct coupling employed was by flexible drive
coupling or by flenge mounted sltesrnater. Such bedplates should be
suitably stress relieved after fabrication and all support surfaces
machined true with provision for locating dowels to ensure correct

alignment.




Chapter Three.

THE NOBREAK SET.

Fundamentally, a Nobreak system is one that utilises some
form of stored energy that is capable of supplying the load
until a reserve form of power can be brought into operation.
The important proviso is that absolutely no interruption between
supply and loed should occur. This stored energy is, in practice,
normelly stored in a flywheel as kinetic energy or in a battery
as chemical energy.

For the purpose of this study, we will confine our examination
of Nobreek sets solely to those types that employ & diesel engine
as a direct form of motive power.

Three Mechine Nobreek Set. This system consists of & diesel engine

connected through & clutch to a motoer - flywheel - alternator set
combination. The electric motor is driven by the public meains
supply (or a diesel generator set in the case of a repeater station)
which, in turn, drives & flywheel which, in turn, is coupled to an
alternator. The elternator supplies the essential load at all
times. If the suprly to the electric motor fails, the kinetie
energy stored in the flywheel drives the alterrator until the

diesel engine is clutched in end run up to speed. This state of
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affairs would contirue until the mein supply restored itself
within acceptable limits and resumed the drive to the motor.
At this time, the diesel would de-clutch itself and return to
standby duty. It will be seen thet with this system, & continu=-
ous supply of un-interrupted power is avallable for the essential
load; the supply showing no appreciable variation in woltage and
only & slight frequency drop during the start cyecle for the engine.

The clutch used on such & system is normally electro-
magnetic end erranged to cut in when the diesel engine hsas
attained a percentage of nominal speed.

The diesel engine itself would be built on identical lines
to those described under standby to mains sets and would have
similar protection devices.

Three Machine Nobreak Set with Additional Standby Diesel., Thia

arrangement would be similar to thet described above but with the
addition of en extra engine cornected electrically to the drive
motor. Thies engine would stert end assume the drive to the motor
in the event of & fault developing ir the first set or in the
electro-mechenicrl drive.

Two Machine Nobreak Set. A two meehine Nobreak set conzists eof

8 motor flywheel elternator asaembly which is comnected electrie-
elly to one or more stendby diesel generetora. The motor is

driven by the publie supply until, in the event of a power feilure,
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the stendby set/s rur up to speed snd essume the drive. When
two or more stendby ergires sre employed on such & svstem z2ll
mey be started simulteneously snd the first up to romirnael
speed erd ountput will rick up the Nobreek set ard lock out
the others which will revert to standby duty.

Battery Neintaired Nobresk Sets. These systems employ large

banks of batteries to feed the essentiel load via irverters.
The batteries floet fully charged on the masins electricity
supply. In the event of & feilure in the mains supply the
batteries corntirue to feed the essential load inveriers while
& stendby dlesel engine sterts up and assumes the surply to
the hattery charger,

Three Diesel Generstor Sets srranged for Nobreak Cperstion on

g Common Bushar. This uses the principle of mainteining

genersting cepecity surplus to essentisl losd reocuviremerts to
the extent thet one ergire cen shut down without enderngering
the supply to the total essertial load. In this cese, two sets
would supply the busbsr continuocusly snd ore set would remein
at rest. The total essentisl lomd should not exceed the
continuous output of one set elone, but non-essential load up
to the cepecity of the second set may be added if fast scting
releys ere provided te dump this load if the capacity of the

busber drops by one set shutting down.
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Four Mechine Nobreek Set with Two LDiesels, This type of

Nobrerk equipment consists of & standard three machine Nobreak
set with the sddition of en extra diesel ergine aréd clutch
connrcted 8t the alternstor end. In effect, the diesel
engines operate ¢s dual duty cycling sets, alternating the
drive At predetermined ftime clock irtervals.

The foregeing gives & fairly broad outline of what is
evailable in Nobreak ecuipment. Veriatiors and combinastions
of the various types are sbundant and would require 2 complete
work to describe in deteil. Suffice it to say that esch micro-
wave system hes its own peculiarities snd requires its own
specific design.

There is & genersl trend towerds less power requirements &s
trensistorisetion tekes place and it is likely that, in the
future, the merchernicel Nobresk will give wey entirely to the

smeller type of D.C., Static lobreak system.
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Chepter Four.

ALTERNATIVE PORMS OF POWER

Despite the supreme position thet the diesel engine has
gttained end held for so long irn the fisld of microwave engin=-
eering, what are its prospects for the future ? Let us first
corsider its sdvantages:-

It 1z reletively efficient and extremely relisble.

It is essy toc meintain.

It starts well and will continue to run under adverse conditions.
It does not emit toxic fumes (es does the petrol engine) end its
fuel is not & serious fire hazard.

Puel costs are relatively cheap and long periods may be expected
between major overhauls.

It can assume full loed conditions from cold.

Against these sdventages, we should consider the following:-

It has a poor power to weight ratio.

Its initial cost is high.

It is noisy and trensmits vibretion.

It reguires skilled personnel to ettend to maintenence end over-

haul problems.
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These rre only general terms for it mey well be argued that
its mdvantages are not &8s meritorious ss they sppear at first
sight end thet its disesdventeges are not es bad es they seem.

Ferheps it has held & rether unique positicn for its only
serious contenders have been the petrol engine and the gas
turbine. The petrol engine would feil miserably on its poor
etarting cherscteriatics erd fire risk. The gas turbine mey
offer some opposition in the higher horse power renges but even
&t hizh speed on full load it has & lower efficiency than the
diesel.

Ferheps it will be the evolution of the microwave system
itself that will evertually render the diesel engine & less
favourable propcsition than elternative power sources. The
grestest influence will b:i;ctu&l amnunf of power required.

Let us exemine some of these elternstives.

- The power consumptien of e so0lid stste repeater for a low
capacity redio relay system is sc low thet it could be supplied
by storage batteries cherged by a smell wind generator, provided
thet the wind cheracteristics of the site sre satisfactory.
Suitable sites, where the arnnual mesn wind speeds exceed 8 mph
will be found in almost 211 coastal belts end on many inland
hills end ridges. Wind generators for this purpose are not

commerclielly evailable et present “ut the author believes that




reliable designs could now be developed ........ .
The sbove quotation has been teken from an article by F. A. Sechs
in Foint to Point, deted Februery 1964.

Historically speerking, wind power has established itself
well - especielly in the domestic field. In the field of tele-
communications a wind powered generator is reported as heving
succesefully provided power for a 10 cm. television link - giving
three troublefree years of service, The initial power demand had
been calculated to be 26 Kwh/day but in the first winter the
diesel standby gererator immersion heaters consumed 24 Kwh/day to
prevent the engine from freezing up. The system comprised two
6 Kw wind generators supplying S0 Kwh/dey deily with the minor
problem of overcharging being the only reesl trouble encountered,
In & recorded one yeer period these sets provided 13.3 Mwh with a
maximum outage time of only 24 deys due to blade icing.

The cepltel cost of a wind generating system would be less
than the cost of the smrllest possible diesel set - excluding
running and maintenence costs.

The advent of sclid state devices has done much to lower the
power requirements of repeater stetions - & solid state two-way
60 channel repeater for example, would require a supply of only
5 amps, at 28 volts DC. & power of 140 watts. L similar atation

employing valve circuitry would demsnd a supply of 1 Kw. AC.
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Solid state equipment then, would require far less spece -
concrivpably in & weatherproof housing which could be mounted
on the wind generator tower alongside the weatherproof battery
container. The economies of such a system appear extremely
attractive as the need for a building proper would be elimin-
ated completely. Such a system would require a high degree of
reliability and it should not eppear unreasonsble to specify
meintenance visits at yeerly intervals.

The principle of operation is reletively simple, it being
required thet the motive unit tunes itself to & rendom input
force - the wind - by means of & hydreulic servo-mechanism and
centrifugel governor. In addition, B gearbox would be required
to adjust the input speed to the generator and regulator,

Commerciel machines fevour the medium or high velocities of
wind - starting to rotate at 7 - 10 mph, reaching their rated
cutput at 20 - 30 mph and furling their blades at 60 mph.

To satisfy the reguirements of a radio relay system calling
for @ smsll trickle charge into the batteries - not maximum
power = & more suitable mechine would start to operate at about
4 mph and reach i1ts peak at 15 - 20 mph.

Wind speed, taken as a mean average, does not vary to any
great extent from year to year. Over & period of 31 recorded

years on 31 United States Weather Stations, 1t wes found that the
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long term average did not fall below 123% of the annual mean
gpeeds,

With the world faeing a potential fuel shortage in the not
too distant future, 1t seems likely that wind power will begin

to be exploited to a much lerger degree.

L great derl of research hes beern carried ocut with fuel
cells e & form of energy producer, indeed, recent excursions
into spece would have been sericusly handicapped without them,

It is intereating to note that General Electrie fuel cells
marked the firet practical use of this new form of power aboard
Gemini 5 and Gemini T spacecraft,.

Puel cells are silent, vibrationless end give rise to no
exhaust fumes. They ere extremely efficient and require no
recharging as we understend it and will operate as long as the
basic reactants - oxygen end hydrogen - are supplied. The hydrogen
way be generated in an esrparatus asttached to the fuel cell itself.
In an ion-exchenge membrene cell the reguired oxygen cen be
derived directly from the air. Other types operate directly on
low cost hydrocarbons such es propene or liguid fuels.

The fuel crll is basically an energy conversion device in

which chrmical energy is converted isothermally into direct current
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electricity. In the hydrocarbon/eir fuel cell the hydrocerbon
is first converted intc hydrogen which ig then oxidised et the
enode or fuel electrode. The resulting flow of electrons, which
is collected by the snode, is transferred to the external circuit,
thus meking up the electric current of the cell. After doing
useful work in the externsl circuit, the electrons are consumed
at the a2ir electrode or cethode in & reasction utilising the free
oxygen in the eir.

The performeznce of a fuel cell is measured by the following:
The current density at which it operates, the voltage, the Kw per
pound and per cubic foot and the weight of any e&ncillary equip-

ment reauired to operate it.

Solar energy is snother form of energy that msay find & useful
epplication in the field of microwave engineering, slways providing
that the cost of harnessing it can be brought into realistiec
proportions.

A greet amount of heat end energy is given off by the sun &nd mey
be usefully trarped in what are known as Solar Collectors. These
collectors are rot energy systems in themselves, for they do not
convert heat directly into powery but they do provide the heat

that mey be converted into the production of energy of some other
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form.

The collectors themselves are divided into two basic
types = the flat plate type which is 2 low temperature device
not too well suitaed for energy conversion - or the concentrator
type.

The concentrator type is somewhat more elaborate for it
requires special tracking eguipment to follow the sun's orbit
end concentrate its rays on to a given point. It is capable of
producing temperatures up to 3,500 degrees centigrade, which
may he used for powering steam turbines, wvapour turbines or

thermo-electric generators.
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Chepter Five.

ENGIRE RCOM DESIGN.

In corder to obhtain a high degree of reliesbility and
efficient running of; the engine room &nd the layout of the
equipment reguire very careful consideration. The diesel
engine and associated generetor end control equipment will
have been designed ard built to the very highest standards,
deapite this end the exacting inspection end testing it will
have hed in the factory it carnot be expected to work
satisfactorily unless the spme cere #rnd ettention is given
to 1ts irmstalletion. There are indeed, some very abortive
attempts at instellation ir existeérnce end the subsequent
feilure of the eguipment to function correctly with any
degree of reliebility end efficiency i=s more often then not
attributed to the menufacturer of the equipment itself. As &
result, perheps, the manufacturer hes increasingly begun to
insist that his own treined personnel should be contracted to
instell end commission the eoqulpment.

Basie economy should never be B prime consideration when
designing en engire room. The author has hed the dubious

pleagure of servicing &8 1% Kw generating set irstalled in an
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ebandoned privy where no door existed erd the roof lezked
corsistently; it wes impcossible to rerch most of the

gervieing points erd, 28 2 result, meintererce was only
cerried out with the utmost difficulty. Cn enother occasien,
I wes involved with & 24 hour commisaionirg run on &2 500 Kw
gtandby to meins set ir the basement of & large Tondon Benk.
Cn this occesion the engine, gererstor &#nd control parel hed
literally been 'stuffed' intc a room that wes hopelessly
inadecuate in size snd locetion. Cleborate snd compliceted
errengements were celled for to pipe the cooling weter to en
outside radiestor end the exhaust system had tc be seen to be
balieved. This wee & fine example of lack of thought end
foresight in the initiel steges.

The morel then, to designirg e ergine room, is to have
edecusate space while mekirg use of e smrll: serse as posrible.
Torturstely, with the type of eoulpment we sre discussing, the
rroject erpgineer will! more often thern not be asV¥ed to design
en engire reom to suit the prorosed ecuipment.

The interrel dizersions of the engire rocom will depend
upon the physicel size of the eculpmert rlus en 2llowrnce to
permlt (8) meinternence to he crrried out effectlively on esch
piece of eruipment, rnd (b) e=~y riece of eouiprent Lc “e removed

or rerleced without *nterfering with ~ovme” operation.




At lesst two feet six inches should be ellowed between
eech engine and the piece of enuipment nearest to it - the
thysical size of 2n ergine beirg defined as the distence between
{ts mot extreme points. Lengthweys this will normally be from
the guerd over the crenkshaft extension to the furthest peirt
on the generator; ecross the ergine it will probably be from
the side of the eir clesrer or one side to the flywheel zuard on
the other. The roints very 2ccordirg to the type of engine, of
course, but the rule of extreme points should slways evply. If
the diesel generator set is to be loceted on & raiced cement
foundetion, which is lerger than the extreme messurements of the
set, ther these dimensions should be used instead. PFor example,
it mey be fcund on some engires thet additiorszl space is required
durirg major overhaul work, e.g. if the crenksheft cen orly be
removed lengthwise from the front of the engine, the length of
the crenkshaft will have to be teker irto eccount &% the design
stage, and edded on to the normel allowance.

If z2ir cooled engines are beirg used, the eir outlet ducting
shonld he kept as shert es possihle to evoid having to ircreese
its cross-sectional sree. Tuel end oil tenks then, shkould not be
rleced ir & position thet forces the erngire further than necessery
from the well through which this ducting will pass.

The dey rurning fuel service terks erd exterded running eoil
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tenks may eesily te mourted on twin recks - one adjecent to each
eppire - to meke & neet erd furctionel errergement; this mey
heve further adventages in thet the fue! &rd oil suprly lines
mey be run ir the seme trenches end eid ecoromy both in time and
lebour. If the tank recks ere mounted either side of the
ergines the width of the tenks plus the width of the erngines
rlus the celculated ellowence will give the effective width of
the engine room.

The length of the ergine room will be decided upon in s
similer wey, however, it may be considered worthwhile to ellow
clearence from the sterting handle when it is in position rather
than from the normel extreme point of the engire. Although it
will hardly ever be called upon to crenk the engine for startirg,
it ie elmost indispensable for maintenance work.

The control panel should be irstalled in such e position
that ell the equipment controlled by it may be easily seen by
the operstor - probably the effective position is with the facia
gt right Aargles to the engires. The lergth of the engine erd
cortrol perel plus the reguired rllowances now give the total
length of the ergine room. HBefore drawing up s plan, & careful
check of the dimensions should be made to ensure thet there is
edequete srece to munéhvre ench ergine ghould it be required to

remove one at ery time for mejor overhsul,
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The height of the engine room will depend on the height
of the engire when mounted, plus & minimum sllowance for gravity
feed between the dey ssrvice tenk snd the ergine filter plus the
height of the trnk, plus & mirimum of one foot cleararce between
the top of the tank and the ceiling. As » generel gulde, = miri-
mum of twe feet six inches should be ellowed for the grevity feed
head. A caleculetion Yesed on the foregoirg fipures should give
adequate space for the exhaust pipe vertical run and the rising
hot mir ducting - if it does not, then & further dimension will
have to be celculated with this information in mind. In situ-
stions concerning the larger types of engines it may be necessary
to make nllowesnce for withdrewing a piston/connecting rod
assembly. It mighkt further be required to install a 1lifting
tackle above the engine snd in this cese, the effective height
must be considered to be at the lowest point of the 1lifting
teckle.

The desipr engireer mey be ssked to locate & work bench and
spere perts cupboerd in the engine room and, if this cannot be
avoided, extra spasce will heave to be mede available to accommodate
them. An effort should be mede to locate workspace and tools
elsewhere on the grourds thet en engine room is &n ergire room
end not a workshop.

It would be impossible to design & perfect engine room layout
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due to the large emount of variations of types of equipment
ard most desiprs ere a compronisze between experience and
necessity. Let us look at some problems erd see why and how
they mey be overcome in certain ways.
Arrangements for air cooled engines have been discussed
ir ar earlier chepter and it wes seesn that engine merufacturers
ley down adequete details on how to provide snd exhaust cooling
glr in ordaer to keep the engine running at ar optimum tempera-
ture. Despite this it is not unusual to encounter problems -
not the least of which is to find an exhauct pipe discharging
sooty smoke adjecent to & cocling air inlet grill. It requires
1ittle imagination to reelise thet 9094 of the soot will be drawn
into the engine cooling ducts and evertuelly block them up.
Although most desigrers seem to build ducte that run out
horizontsally soms wvery successful vertical outlets exist. They
heve the advantage of elimineting bends and offering a shorter
run, thay slso mrke for e much neeter instrllation. With careful
planring end workmenship the problems of rainwater seepage through
the roof join should not exist at all., Perhaps most problems
with ducting arise from the flexible conrection between the engine
and the rising section; this should always be of strorg cenvas
held securely in position with strong metal clamping strips. At

lesat s8ix inches should be ellowed between the two ducts to take
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up engine vibrations and sterting and stopping movement.

The control panel is placed at right sngles to the equip-
ment to allow the operator to carry out switching procedures
while being able to observe the sets without 'craning' his
neck. It may be argued that it is diffieult to see the panel
meters while carrying out adjustments on the sets themselves;
however, in reality, this will seldom be necessary for portable
instruments such as tachometers and voltmeters will no doubt be
used at such times. With the tendency to miniaturisation,
eontrol parels are becoming smaller end the console type is
coming into being. With this innovetion the operator mey face
both the panel facia and the engine equipment at the same time
- much latcanduutﬂr faces his orchestra, from above & music
stand. I£ is not unusual to find an additional panel for the
purpose of isolating the main control panel for meintenance
purposes. If thie is the case, the same must hold good - that
1t be located intelligently and in such a position that it may
easily ard readily be operated.

Power cables and control wiring may be laid between equip-
ment and control panels in a variety of different ways which
inelude cable racking or ladders, floor trenches, metal trunking
and/or conduits. Eaeh system may be used in combination and it

is worthwhile to examine the merits of each method.
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Cable recking is rormrlly runm overhesd snd presents a
neat and accessible wsy of rurning cable from one point to
enother. They ere easy to instell end meintein and may be
added to at will. Continuous earth comnections should be made
between each section ard the whole eventually connected to the
common stetion earth. On the debit side, it will be seen that
cebles supported on racking are reletively unprotected from
accidental demage, and, as the racks are run overhead, they
may obatruct rieirg vives erd ducts from the engines.

Metal trunking comprisea en open box section in continuous
lengths with & tightly fitting 1id to enclose the fourth side.
Special bends, tee's, outlets and reducers are availeble which
allow for a quick and efficient installation. The result is
generally very neet and hes the sdvantage that it may be opened
up for inspection and addition very easily. Like racking, it
needs to be earth connected. Although not fully self-supporting
it is quite rigid end requires little extra material for wall or
ceiling supports. Cables enclesed ir trunking sre fully
protected from accidental damage.

Steel conduits are often built inte the floor of an engine
room to cerry cables from the engines to the control panel.
Such instellatiors will probeably be leid by the civil building

contrector and wvery cereful control is required to ensure that

66




they are correctly positioned and rise at the right place and
et the right engle. It does meke for a neat and tidy engine
room if done properly, but some very poor attempts are in
existence snd it shculd only be employed where reliable
contrectors and inspectors are availehle; the problems
involved in correcting them after the floor has been laid are
obvious. Rigid buried conduit systems are not eassily added to,
ror is it possible to inspect the cables once they are in
position. ©Orn long eircuituous runs extreme difficulty may be
experienced in pulling the cables through. Where such condults
rise from the floor thkey mey be essily connected to flexibles
for connection to & vibrating engire., Rigid conduit systems
ere excellent when fitted to wells for they ere neat, quickly
installed erd mesy be converted and added to if reguired.

As with trunking, a great selection of adapters end
fittings are eveilable. On exposed conduit runs specisl
pulling boxes or irspection fittings are used to gsaist with
drawing the cables.

Floor trenches or chernels are frequently used to cerry
cables from one poirt to srother, they ere neat and practical
end permit easy mccess. They generslly take the form of 8 moulded
cement chernel the top of which is shouldered to teke & chegquer

plate cover which fits flush with the floor level. In some
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ceseg, snd where sbsolute protection from fleoding by oil or
weter is essertiegl, the shoulder mey be made deep enough for
the cover plate to be lightly cemented in position. In some
ceses, the type of loed mry demend thet A.C &nd LD.C cables be
seperated to prevent inductive currents from circuleting, in
such ceses rigid condults mey be laid in the trench to
seperete the wires or, elternatively, seperate trenches mey be
built. It is not unusual to fill floor trenches with dry

send to protect the cables from small rodents end insects.

Where floor trenches or buried conduits are used they will
normelly terminate in 2 pit bereath the corntrol where the cebles
can rise to their respective termination points. The pit should
be adeguate in size for lerge diameter cebles reguire a laerge
bending radius. Ary rigid conduits terminating irn this pit should
have protective nipples to prevent demage to the ceble insulation,
in eddition, 8ll the econduits should be connected to the station
earth.

The cholce of what system to employ on 2 given instellation
will not be difficult, the type of equipment snd its situation
will frequently determine the most suiteble method to adopt. Some
very good combinations mey be used, rigid conduit may be run on
racking for example &nd each method will reedily convert or esdapt

to enother.
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When the diesel generator set is built £ll the control
wiring should termirate in & common connection box on the
baseplate. If possible, this box should be located at a point
that sllows easy connection to whichever of the above systems
ig used. The seme should spply, of course, to fuel and ecil
pipe connections. These should alweys termirate with a flexible
portion which should be long enough to reach to within at least
four inches of the flcor. (It should be remembered that it is
far more practicel ernd economical to carry out such work at the
menufacturer's factory then at the instrllation site).

The use of floor trenches (covered in the same wey with
chequer plate), to carry oil snd fuel lines from the engire to
the relevant tanks is good practice elso. As before, the trenches
may be filled with dry send which, in this case, serves the
additional purpose of irsuleting the pipes against vibration.
Under no circumstsances should piping of this sort ever be
cemented into the floor. HNor should it be leid on the floor and
covered with wooden ramps which are both dangerous and unsightly.

There is no resson why trenches should not carry pipelines
below an engine if this offers the shortest and best route, the
pipes may be removed if required for there will be adequste
space beneath an ergine supported on anti-vibration mounts.

Some attempts have been made in the pest to draw copper fuel line
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through buried conduits, this method is doomed to feilure end
should be avoided et &ll costs for the tubing work herdens

badly on the first bend and tekes on & decided oval shape on

the second. I wes once personally involved in trying to talk

an authority out of adopting this method and, although he feiled
to be convinced on the grounds stated above, 1 eventuslly won
the argumert on the possibility of electrolytic action harming
the pipes.

An important aspect of design that is fregquently overlooked
is thet of putting the correct slope on pipework. Fipes have to
slope for two ressons: (a) to prevent air locks from forming, and
(b) to allow condensation to run off. As a genmeral rule one inch
in eight feet is adequate for sll pipework. Let us examine ¢n
engine room erd see why the slope is required.

Exhaust Pipe Should slope away from the engine to allow
condensate to run off.

Water header Pipes Should slope up and away from the engine to

(To rediator)
assist hot water rise and to prevent air locks.

Hot Air Ducting Should slope down and away from the engine to
allow condensate to run off,

Fuel Lines These are very importent and must slope to
prevent air locks. There should never be more

then one high point in such & run, i.e. 1f the
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011 Feed Fipes

plpe is ellowed to seg badly two high points
where eir locks can form will be created.
Wherever possible, the highest point of =&

fuel run should heve B bleed point es at the
Tuel filter.

Air locks mey form just ms easily in these as
in fuel pipes, they should, therefore, have a
suitable slope. Where balance pipes are used
= guch 83 to belance pressure between an
engine and dry sump tank - extra care should
be teken. If no balance of pressure is
permitted it is possible for the tank to burst,
adeguate slope on the bslance pipe is therefore

essential.

The engine sterter betteries should be loceated as close to the

starter motor as possible to minimise voltege drop and installed

in well vertilated, wooden boxes which heve been protected with

gcid resigstrnt peint.

No discussion of engine room design would be complete without

reference to engine room lighting. At least six 100 W, tungsten

lamps should be fitted in the engine room - not necessarily where

they look pretiest or most symetrical - but where they will {llumi-

ate usefully all the different pieces of equipment. Strip lighting
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of the type thet iz synchronised tc the szurply freauency ecan
be dangerous where roteting equipment is operating, (It cen
meke the motion apresr to be stetionery if the freguencies
ere matched), and should not be used under any circumstances.
At least four outlet sockets should be instelled vhere an
inspection lemp cen be plugged in, et least two of these
should be adjecent to the engines.

bbove mll, some form of emergency lizhting shculd be
provided. This may well tske the form of e simple 24 wvolt
D.C cireuvit fed from two spare batteries. The bhatteries,
which would be maintsired fully charged from & charger
incorporated ir the control perel, would serve the dual
purpose of being availeble &s rescrve batteries in the event

cf one set of ergine batteries feiling.
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Plate 1.

A tyvnical twin repeater station
emnloying Lister P.R.2. water cooled engines.
The layout of the Air-blast ccolers, water
make up tanks and day fuel tanks can be seen
clearly. One of the automatic fuel transfer
pumps can be seen to the right of bottom

centre.

fngine room layout, installation and photo
by the author.

Loecation - Quibala, Angola. Fower eguipment
for Marconi V.H.F. systen.
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PlﬂtE 2 *

The engine room layout for the install-

ation shown on plate I.

By kind permission Pelapone Engines Ltd.,

Slack lane, Derby.
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Plate 3 -

A twin repeater employing lLister
H.A.2. air cooled engines. The o0il make
up tanks with level control valves are seen
against the far wall. The neat appearance
of this installation is made possible by
the use of underground conduits and floor
ducts.

Engine room layout, installation and photo
by the author.

Iocation - Nirgua, Venezuela. Part of a 23
station Microwave radio system by General
Telephone and Electronics de Venezuela.
Fower equipment by Auto Diesels Ltd.,
Uxbridge, Kiddlesex.
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Flate 4.

A typical triple automatic station.
0f particular interest are the fully insul-
ated engine foundation blocks. Each one is
cast in a cork lined pit and ultimately
sealed to prevent the ingress of oil, fuel
and water.

Engine room layout, installation and photo
by the author.

Location, - Altimira, Venezuelsa.
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Plate 5.

The No-Bregk set and control panel
at Nirgua repeater station.
The first two panels are similar and afford
automatic control and protection to engines
one and two respectively.
The third panel provides common control and
bye-pass facilities,
The last panel provides supervision and auto
control for the No-Break equipment.

Installation and photo by the author.

Location - Nirgua, Venezuela.
T







Plate 6.

A triple automatic control panel
showing the engine protection and supervisory
facilities. A novel feature of this panel is
that it forms a dividing wall between the
engine room and the adjoining room. The large
control switches on the two end panels have
locks to prevent operation by unskilled
personnel,

Installation and photo by the author.

Iocation = Altimira, Venezuela.
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Flate & B-

Back of board view of the Altimira
triple automatic control panel with inspection
doore removed,
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Flate 7.

A triple automatic generating estation
providing power for defence system communi-
cations in S. America.

Engine room layout, installation and photo
by the author.

Location - Egtancia, Southern Chile.

Power eaquipment designed and built by
Dale Electric Itd., Filey, Yorks.







Flate 81

A 250 K.V.A. Standby to mains set
on the Chilean defence system. This equip-
ment is fully automatic and arranged %o
start up and assume the load in the event
of an out of limit wvariation in the mains

supply.

Engine room layout, installation and photo
by the author.

location — Estrecho, Southern Chile.

Power equipment by Dale Electric Ltd.
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Flate 9.

A gimple manual control panel of the
type used to supervise and monitor an
attended generating set. This is one of six
built by the auther for the Newfoundland
and Labrador Power Commission.

Fhoto, the author.

TLocation = Port aux Basque, Newfoundland.
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Flate 9.8,

Interior of the manual engine control
panel shown in plate 9.

83







LOENOWLEDGEMENTS

Tt hes been my pleasure to have worked very closely with
meny compenies end suppliers of diesel power eculpment in
positions renging from instesllation supervisor to menaging
director.

T owe them &1l a big debt of gratitude for I gained much
valuable experience and enjoyed at e1l times a very happy
association.

I acknowledge then the following:-

R. A. Lister & Co., Ltd., Dursley, Gloucs.

The Marconi Co., Ltd., Chelmsford, Essex.

Auto Diesels Ltd., Uxbridge, NMiddlesex.

Pelapone, Ltd., Derby.

Dele Electric Ltd., Piley, Yorks.

Generel Telenhone & Electronice de Venezuele, Caracas, Venezuela.
"estech Newfoundland Itd., St. John's, Nfld.

Federnl Pacific Elrctriec Ltd., Windsor, Nova Scotia.

I would also acknowledge the following administrationa for
whom I worked under contract:-
Correios Telefonos e Telegraficos de Angola.
Nigerien Fosts ard Telegrephs, legos, Nigeris.

Compenie Anronima Nationel Telefonos de Venezuela.

34




Kewfoundlend Tower Commission, St. John's, Kfld.
Newfoundland Light and Tower, St. John's, Nfld.
Armadas de Chile, Santiago de Chile.

Maritime Tel. & Tel., Halifax, Nova Scotia.
United Stetes Air Force.

Central Electricity Generating Board, U.K.

85




EIBLICGRAFPHY

Lister Date Book 2B5
R. A. Lister & Co., 1td., Dursley, Gloucestershire,

Audels Diesel Engine Manual
Theo. Audel & Co. New York.

Hydrocarbon-Air Fuel Cell Systems.
C. Gordon Feettie. (Texes Instruments Ltd).

Developments in Energy Conversion Devices
H. K. Bourne.

Further thoughts on Generating Smell Electrical Energies
J. B. Goodacre.

The Selection of Nobresk Fower Syastems.

M. A, Thomes end D. E. Holland of M. A, Thomas Associates,
Consulting Electrical Engineers, Varcouver, Cenada.

Marconi '"Point to Point'. Peb. 1964, Vol. B, no. 2.
irticle by P. A. Sachs, M.A.

Engineering Magazine. Vol. 212 November T2.

Diesel & GCas Turbine Progress Magezine. June 1972 and August 1972.

AR Volve Fenta Output Stenderds. Pub. ne. 1573B,

Felapone Ltd., Techricel publication 6/64/T2-12.

Marine Diesel Engines, C. C. Founder. G. Newnes Ltd.




APFENDIX

British Stendard Specificetion 649-1958.
B.S 649-1958 includes diesel enginea for all purposes with the

exception of ship propulsion.
All mechenically driven auxllieries required for engine operation
are to be included with the exception of the cooling fan in the
cage of liquid cooled engines.
Stendard Operating Conditions:-

Meen berometriec pressure: T49 mm Hg.

Alr temperature: 29.4 degrees centigrade.

Humidity: 15 mm Hg.

Continuous Output, Rated Output: The net output which the engine

is capable of delivering continuously at a stated crenkshaft speed
under the conditions stated above. The engine must be run-in and
in good condition.

Intermittent Output, 1 hour Reting: The engine shell be capable

of satisfactorily providing an output 10% in excess of tre
continuous rating at the same speed for one hour in any periocd of
twelve hours continuous running.

For Derating, B.S. 649:1958 stipulates the following:-

For engines which are normelly aspirated or fitted with

mechanicelly driven pressure chergers, there is to be a derating
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of 33% for every 1,000 ft. in altitude over sea level above
500 ft. and for engines which are exhsust turbo-charged the
corresponding derating is 219.

For every increese in sir inlet temperature of 5%
degrees C. (42 F.) above 30 degrees C. (85 P) there is to be
a dersting of 2% for normelly aspirated engires and those
fitted with mechanically driven pressure chargers; 3% for
engines which are exheust turbo-charged end not fitted with a
charge air cooler. Should a cherge eir cooler be fitted, there
should be no derating for air temperature but a derating by 3%
for every increase of 53% degrees C. (42 F.) above 24 degrees C.
(75 F.) ir the temperature of cooling weter at the inlet of
the charge air cooler. For derating concerning air humidity
see relevant table which shows & highest derating of 13.4%
at 100% air humidity and en air temperature of 51.5 degrees C.

(125 F.)
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