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An Anatomy of a Warning Aircraft
Chao Shu-min
We already know that an aircraft which carries a huge disk on its
back is a warning aircraft. What is inside the disk? What is the effect
of the disk on the aircraft and its filcht? What is inside the body of
the aircraft which is of the size of a transport plane? We are now trying

to answer these questions by anatomizing a warning aircraft.

Aircrafts like to have a smart looking and their appearance is always
streamlined and smooth, It is strange,however, a warning aircraft,contrary
to most of others, canstantly carries a huge disk, which makes a clumsily
outstanding feature of a warning aircraft, We now begin our anatomy

with this clumsy disk,

Secret of The Disk

Stripping off the cover of the disk, we can see inside it nothing
mysterious but many sets of antennae. For carrying out its duties of
reconnaisance and direction,antenna is indispensable to a warning aircraft.
There are antennae which are responsible for watching radar and others
which are assigned to identify enemy, and there are also antenna auxiliary

apparatuses, So people give such a disk a name of radar-antenna ecover,

In fact, not every radar-antenna cover looks like a round plate.
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many of them are of convex shape or an ellips,but most of them are in the
shape of round plate. The corss-section of a disk shows similar shape to that
of an airfoil, but their positions on an aireraft are different., The size
of radar-antenna cover varies from different aircrafts, Because it must be
set up on an aireraft, for not jeopardizing its application, its size is

the smaller the better. For minimizing its weight, the thickmess of its
walls is not even. According to the requirement of its supporting force, the
central part is made thicker thanmarginal part. In order not to affect

the electric waves emitted from the antenna, the radar-antenna cover is not

made of metal but a kind of glass steel.

There are two different kinds of radar-antenna covers: the fixed one
and the spinning one, On the warring aircraft of earlier days, the radar-
antenna cover is fixed, such as on EC-121, Later it becomes spinning., The
operation of a fixed radar-antenna cover is that the antenna spins within
the cover to make search, and the operation of @ spinning one is that the
antenna is fixed in the cover and it spins to make search following the
spinning of the cover., The spinning speed is six rounds per second, and the

search direction is 360°, except for some special sector search.

Warning Aireraft and Transport Plane
By appearance, a warning aireraft looks like a product of a combination
of a large aircraft and a huge disk, in other words, it looks like a
combination of a transport plane and radar-antenna cover. Except for the
US war~ing airecraft E-2A, which is specially desinged, all of the rest are,

in facts transformed from transport planes,




Why are they trans“ormed from transport planes,not other type of
aircrafts? We know that the misgions of a warning aireraft require it able
to mae long time flight, This means that it is required to have good ability
to make continuous flight, This is the special ability of a transport plane,
It can not only make continuous flight and ean also carry a great amount of
fuel, Moreover, a warning aircraft carries radar, radio equipment, and
equipment for data processing, display, operation and control, and all these
reguire a plane with a large stomach. A transport plane just has such a
characteristic, So, no wonder most of the warning aircrafts are transformed
from transport planes, and their techntlogical requirements are similar,too.
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a, radar antenna b, commmnication antenna

¢. radar receiver and signal d. radar maintenance station
processor f, computer and operation stand

e. control and display h. communication equipment

g. data processor i. communication control stand

j. aviation electronic equipment k. communication equipment

1. electricity source m, commnication equipment
n, navigation and recogniyion 0. radar emitter
pe auxilary electricity source q. commmication antenna

r. enemy recognition antenna
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There is some relationshin, but they ere not equivslent.

Addition of a2 radar entenns dome le=ds to some changes in the
gircraft itself. The U.S. advanced-werning sirplane E-13B, which

is converted from the C-1 trensport rlane,hes = dome (9.75 meters)
that is relstively long comnsred to the body (13.8 meters). As the
dome is low, 2 narrow sectional tubul=r flow forms between the

dome ond the aircraft body, creating an unfavorzble zerodynemic
effect. Consequently, the upper surfece of the body is made vplansar
such that air can flow without hindrance between the surface and
the plsner bottom of the dome. To evoid the tail flow of the dome
from affecting the serodynamics of the verticel tail, the single
t2il is changed into & double verticzl t2il. In the cese of E-2A,
the t2il sssembly is made up of four smell ones, &s shown in figure 1.
Toughened glass is used to avoid interference with the reder.

How does the large dome affect the flight performance? The
dome and its suprort structure increase the sir resistance thereby
reducing the maximum speed of the plane by sbout 10%. In flight
the dome slso generates a 1lift force ecuz2l to its own weight so
that the load factor is not affected. Actuzsl performaence hes
proven that the meneuverebility and stability of the plane are
not affected to znv crest extent.

Advenced-werning aircrafts generslly can refuel in midair
as they reguire even longer cruising ebility than trensport sircrafts.
Some of the esdvenced-warning sircrafts increcse the size of
their fuel tanks or chanege to engines which c¢=n produce lsrger
thrust and lower the fuel consumption.

Surveillance and Command

Excent for some necessary ecuipment for the crew, the body
of an sdvanced-warning aircreft is entirely tsken up by rader,

electronie ecuinments, snalysis »nd disvley system=, control

units and some =2ccescories, as indicsted in figure 2
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An exemination of the 2dvenced-warning sircraft le=ds us to
understand theot its lare

B related to its function.

osize end strange sppearsnce are directly
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Figure cazption: Chang Shi Qi




An Amising Story of The Physies of
an Aircraft Taking-off and Landing

Wei Hai-tung and Chang Tai-ch'ang

In a civil airfield, there is a silvery white plane,which is loading
and ready to take off, and at the same time, there are planes one after

the other coming to land on the field. When a landing plane has touched

taxi
ground, it begins to 4 and stops in front of the waiting building, In
passengers
a moment,,, I and their bacgaces come out of the plane and there it

becomes a busy and bustling spot of the field, On the platform of the

waiting building, there is a group of youngsters and each of them hus a

red guard armband on his or her arm, They are young scientists and technologists
and they add a lively scene to the airfield. While they are watching the
planes taking-off -or landing, they noisely ask the guide various questions,
such as " Why must a plane,faXibefore taking-off or landing? Why does some
plane :,,axi so long befor it can stop and can the f,axj'be shortened?" The

cuide did not answer those questions, instead the youngsters are asked to

recollect what they have studied from the physics classes and to discuss

and conclude answers to their questions by themselves.

Why does taking-off or landing require taxiing
But the ruide randomly picked up a piece of a broken brick and with
a contro]ledspfaihrew it out. The piece of broken brick following a para-curve
fell on the ground and broke into smaller pieces. Then the guide took a
model airplane and at the same speed level threw it out. The model plane
after a long distance of gliding gently touched the ground, It seems that
the model plane was held by a invisible hand, so the track of its movement

is different from that of the piece of broken brick. One of the youngsters,
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without waiting for the guide's question, volunteered his explanation by
saying, "It 1is because that the model plane has wings and the wing can
produce climbing force." "You only tell us half of the truth," said the
guide smilingly, " for being able to fly in the air, not only must a plane
have wings, which can produce climbing force, and the flying speed must also
be creat enough to enable the climbing force produced by the wings to stand
against the gravity of the plane i®self. Come on, let's see 2 demonstration
on the analogous.flight practice stand",

Soon they entered into a large room, and inside it there is a

represents

similant plane, which , only the front half of a plane, and it is
supported on a stand that is compliéatedly composed of pipes, through
which liquid pressure is used for operation. The equipment in the pilot's
cabin shows no difference from a real plane, and a piece of farmland can
be seen through the windsheild glass. But the farmland is not real and it
is reflected on a large television Scréen which .stands in the front of the
similant plane, A pilot is demonstrating the operation of taking-off and
landing. On the screen, a runway in an airfield appears,and the pilot is
slowly closing the fuel gate so he comes closer and closer to the sround .
When the guide shouted to the pilot saying "Please close the fuel gate",
the pilot so did., Then the engine comes into a state of slow motion and

the speed indicator shows from 300km per hour to 100km per hour. At this

time, the plane begins to shake.,




meters only. MNodern high speed 2irplanes heve smell and thin
wings.

longer runweys. For ex=mple, the meximum speed of VG-21 is 2100
kilometers per hour, its lendi

The alarm

sounded! The red light on the display penel 1it

up with the warning signal " Lost of speed! Danger! " "Ping!"

" fie plene nue cone down! " While the students looked startled,
the instructor lsuched, " Don't worry. This is just a demonstretion
on the flisght simulietor. As =2 plene epproaches lending, the

lending specd must be such that the 1lift is equsl to the gravity.
Only then can the plene attein 2 séfé and soft lending. In an
actual flicht, the incorrect landing procedure that we just
demonstrated cennot bs 21lowed. Otherwise the vlone will f=11

TE like
1 n
a piece of rock.

Only when the 1ift exceeds the grevitstionzl force can the

airplene leaves the ground. Similarly, as the zirplene descends,

it must still have sufficient speed so as to reduce the 1ift

graduelly in order to ettain soft landing. Therefore take—off

run znd lsnding run sre needed. During teke-off, the run incresses

speed until the airplene resches the 1lift-off speed. On lending,

the run reduces speed snd momentum, eventually helting the
. 3
2irplene.

HWow Long is the Run

Eerly-model sirplsne usuzlly had large wings. Sufficient

1ift force is attsined under very smell speed. Hence the run is

usuzlly only in tens of meters. Even the biplanes used for

egriculturel purnoses require 2 run of sbout & hundred =nd seventy

Their teke-off &nd landing recuire hicgher speed =nd hence

ng speed is 290 kilometers per hour
and the run required is 1200 to 1300 meteers long; while the Soviet
commercisl sirpnlane Ilyushin 62 hes a flicht sveed of 900 kilometers

g




per hour, its larger mess resulte in a slower scceleretion so thet

the run cen be as long as 2750 meters.

How to Reduce the Run Distance

If we szpvoroximate the run as 2 constant-sccelerstion (deceler-
ation) motion, the distence is given by the formulse:

=
i

1 2
Vot + ? at

where L distance of run

i

<
i

initisl speed (VO equals O during take-off; on landing,
Vo equals the plane sveed when it touches the ground)

1)
]

accelerction (dzcelerstion)

+ time of run

From this formuls, one sees thet the shorter the run time, the
shorter the run distance. How to reduce the run time? The speed
st the <nd of the run, Vf, is given by

o =]
Vf_ fo + gt

where Vf ecguzls O on lending and during teke-off, it is the 1lift-
off sveed. Hence a short run time is obtasined with a2 small Vf on
teke-off, 2 small Vo on lending end a large =cceleration (deceler-

ation) durineg the run.

In the past ten yeers, extensive research hz2s been done on
mecheniams of increasing speed and 1lift force so thet on take-
off end landing, sn airplsne will not stall and f=211 down at low
speed. Ficure 1 shows one such mechsnism for high sveed airplames.
The top figutre indicates thst with back-swept and small curveture
vings which are suitable for hich speed flying, the 1lift is too
esmell =2t low sveed to s£llow sefe landing snd tske-off 6 The bottom
ficure shows the sirvlene with extended wings and lowered fore
end hind flavs. As the wings become lerge and curved, they generate
a lerge 1lift even at low sveed. So safe teke-off =2nd lmding are
posgible, 9
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Today we shell attempt to increase the rate of accelerztion
(deceleration) as & means of reducing the run dictsnce. .To simplify
the problemn, let; take landing as an exampnle 2nd lock 2t various
methods of stopping the airvlane more gquickly on the landing run.

A discus=sion began. " Brsking! Just like sudden brsking in
automobiles. " " Use a big parachute to increase the air resistance."
" How sbout halting the airplane with arresting cables! " * * %

Well, let us demonstrate the vearious situetions on the fiight
simuleator!

ik i e e e e

The pilot begen to simulate the lending procedure: lowering
the landing cecr =nd the flaps and slowly relessing the gas. The

A

eirplsne glided towsrds the runway. With & slight vibration, the
| 2irplane touched the ground. Hus, who provosed to use breking,
i started to yell, "Use the brake! Use the brske!" The pilot =applied

; & sudden breking. Following a loud noise, smoke besen to emerge
in the cockpit. The zlarm sounded 2gsin. On the display penel,

2 red signel indicated. ® PFire'v !

Whet has happened? Well, as the plane brakes suddenly, the

u

tires exvlode and burst into flames, resulting in a fire slarm.

Why is thet ve can avnly a sudden brsking in sutomobiles but
not in eirvlanes? The resson is thet the plane still hes & rele-
tively hich speed when it touches the ground, =2nd its momentum is
hundreds to thousends times grester than that of en sutomobile.

If s transvort vlasne lands with & weight of 100 tohe =nd
velocity of 300 kilometers per hour, its totsl kinetic energy

. orior to the lending run is E, and
¥ lo)
P, = 1/2 mV’

K

where ¥_ = kinetic enerev (joule)
/0
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m = mass (kiloerem)

V = londine sneed (meterysccond)
- : In the examvnle of & transport plane, the energv E, = 3.5x108

joules. If this smount of ehergy converts completely 50 heet due

to friction es the wheels brake, it ecuals 8.3){107 celories.

This quantity of heat is sufficient to veporize one =2nd = helf tons
of water. The heat generasted by sudden braking csn cause the rubber
tires to sublimate or to burst into flesmes. In modern =irplanes,

the breking system regulates the braking foree sutomstically to

prevent the danger of excessive braking force.

_
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The use of a verachute to decelerate sn airplane requires
c lerce-size varschute. Besides the problem of where to store it, 1

the shock g=ner=ated by the sudien onenine of the vsrachute could

Db cimts i il

result in structural damage to the plane. Hence large planes
gener=1ly use =2 combined mechsnism of wheel-brsking, deceleration-
verechute or reversed encine. On lending, the kin-tic enerev of

the plsne is dissinsted throuegh friection of the wheels, sir

TS

resistances and reversing of the engine. The dissdvantagce  of
4 these methods is thet they comnlicate the design of the nlsne. Cn
; eir cerriers, srresting cables and 2 energy conversion system are

i

used. The large zmount of kinetic energy of =2 landing plesne is

& 3 ~ v - ~
transmitted

Y to the energv conversion system throuch the arresting
cables. In this way, the structural design of the plane e=sn be

gimplified.

The tzke-off run of the vlsne has =2 similer purpose. It sims
ot zeinines kinetic energy in the shortest nossible time, ineressing

egceceleration 2nd rezachinge lift-off sveed.

One method of shortenine the teke-off run is to use the engine
of the vlsne or rockets to convert chemical reac¢tion into kinetic

energy, such as accelersted combustion chsmber or rocket booster.

Another method would be to relv on ground freilities, such =2s the

/
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catapult on sir cerriers which utilizes hish pressure steam to zc-

celerste nlenes. One light-plane launcher, sixty to scventy meters

long, =1so uses high vressure air to push a2 piston in s cylinder
to jet off the plane. In this way, the run distance is les then
hundr=sd meters. All these mechenisms depend on comnlicsted

1 Ay

groun cilities to cenerste energy, which is then transmitted to
the plane throuch 2 leuncher. This simplifies the structursl
design of the plane 2nd réduces the run distence.

ma

The students =2creecd that they have learnt a lot. Lfter thic

visit end discussion, they noe lonsger consider aeronautical engineer-

ine tc be a comnliceted and mysterious subject. The problem of hovw

2

to shorten the run distence of a plsne turns out to be Jjust e
comnonly encountered issue in phvsics, which is the problem of

fhe conservation and conversion of energy.

Figure captions Li Jia
Ficure: Zhene Tail

1) 1ife

2w

2) wing
3) increcse wingsnen
¥)1ift
Figure 1. A way of increassing the 1lift
/v
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3) reversed push

“)hooked un to arrestinc cable

Figure 2. WVethods of shortenine the

landing run

/) accelerated combustion chember

3)rocket bhoocoter

¥)teke-off distance
&) cateoult

¢)take-off distance

Figure 3. WVethods of shortening the

take-off run

/3




Fracture Mechanics and Aircraft Fagine

Kuo Yi-chi

The application of fracture mechanics to aircraft design has already
made great leeway, but the application to aireraft engine has become a
subject of research in recent years, In last issue of this journal, we
introduced the oricin, development and some basiec concepts of fracture
mechanics, Now we try to discuss the fracture problem in aireraft engine

and the application of fracture mechaniecs,

The Fracture Problem in Aireraft Engine
For aircraft engine, should we study fracture mechanies, to this.
question, the answer is definitely positive, According to the statisties
of aireraft incident, the cases of engine problem constitute about 9,1% in

aircraft
civil 4, incidents and the percentage is even higher in military

aircraft incidents. Of these engine problems, 60% are caused by structural

fracture. In many countries , the cases of engine fracture are rather
serious. For instance, in April, 1974, a civil airplane DC-9, due to the
breaking of low pressure air compressor axle in the engine had an incident.

Throuch investigation, it was found out that the breaking of the axle was

caused by the extension of a crack on the axle, In US the production of engine

J85GE21 for military use was forced to stop because of the breaking of
compressor.

blades of the air , Because of the breaking of fan wheel of

engine RB,211, there have happened quite a number of aircraft incidents,

It is a fact, however, that there are cracks on the parts of engine and

the conditions of the cracks are rather complicated. From both theory and

practice, we can say that these problems should be studied by applying

i




fracture mechanies. In the following, we are trying to discuss the gap
between the level of fracture mechanics and the practical fracture problems

% in engine.

First of all, it is the temperature factor that is the operation
charcteristic of the parts in an engine, The hot end parts of an engine
such as combustion chamber, turbine and reinforced combustion chamber ,all
{ work under high temperature. What effect temperature can have on stress

strengthening factor and fracture tenacity, it has remained unknown.

Because of hich temperature, the stress distribution is intricate and

there are also oscillations, the shapes of fracture of the parts are of
alreraft,

a great veriety and they are more complicated than 4 The occurrence

of a crack is often out of anyone's imagination, Here we only touch the
microscopic

problems of , cracks because the problems of microscopic cracks

are even more diffictilt. According to the practical experiences that have

so far been accumulated, the shapes of microscopic cracks, as we know.
include single crack, multicrack, closed crack and cluster of surface crack
and underneath skin crack (Figure right below). Among them, for single crack
and multicrack at normal temperature, corresponding stress formula (basis

of judgment) can be found and their critical crack length can be calculated.
It is rather difficult for the rest of them because there is no adequate
basis of judgment, so there is no way to determine their critical ecrack
length, It is therefore fair to say that in theory and practical test,
fracture mechanies cannot solve any of the problems of crack aircraft engine

as yet. It is an urgent task to make further study in this field.

The determination of stress strengthening factor and the tenacity

/5
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of crack so far can be made only at: normal temperature level, and those
at high temperature level cannot yet be completely solved, The numerical
value at the high temperature state is what the parts of an engine need,
so we must make further study on the determination of stress strengthening

factor and the tenacity of fracture at high tempearture,

The high temperature parts of an engine are all made of heat resistant
alloy. The changes of fracture tenacity of this material under the effect

of temperature has not been thoroughly understood.

The important subject in the study of fracture mechanies is how to
use fracture mechanics to prediect the life span, Many of aireraft engines
at the present time have no desirm life, and the service life cannot be
predicted by fracture mechanics, it is often determined by service test,
insteads The prediction of life span nevertheless remains to be a subject

to study.

Of engines in desimm as well as those in service, the critical crack
length still cannot be determined by using flracture mechanics. The
determination of the controlled crack length on a small part of the parts
is made by tests. A theorectical calculation method which can be practically

applied has not yet been created.

Those practical examples mentioned above are but segmental suggestions
which do not cover the whole series of problems, Hereupon we can see that
the gap between the level of fracture mechanics and the practical situation
of a'‘reraft engines is considerably wide and we must from now on try to do

our best to narrow this gap.

N




The Application of Fracture Mechanies to Aireraft Engine

The purpose of studying fracture mechanies is to solve some practical
problems. Fracture mechanics has been applied to matel materials, metallurgy
and high pressure vessels. It can be anticipated that,in the near future,
fracture tenacity Kic will become a new index of materials., In the following,

we will discuss the application of fracture mechanics to aircraft engine,

Strength Calculation in Engine Design, As we have mentioned above,
the strength calculation in the past is limited only to static strength or
fatigue strength, In theory, those strength calculations are reliable, but
in practical application, they can by no mean prevent the occurence of cracks.
The main reason of such shortcomings ig that it does not pay attention to
the problem of strength after cracks have taken place., Now in engine design
in some countries, fracture strencsth calculation has been taken into account.
In material selection, fracture tenacity has become a calibration. For

titanium
instance, in the United States, when , alloy is used to make eompressor
wheel the requirement of fracture tenacity value is 175 kg/mme/ € when it

]
is used to make blade, the requrement is 122.5kg/hm3 o

"
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After the incident in which the fly wheel of 2 British RB 211

,,,,,,

engine fractured, an investisation of the fracture toughness and the
rete of erack vropogation of the wheel was underteken. Subsequently,
a2 titeanium 2lloy with the recuired strength and a better frocture
toughness is used to substitute the originesl high strength material.
In some countries, the fracture strength is also being considered
in the design of large rotors. More emphasis is 2lso being m=de

on reguirements in toughness and vlasticity, propertics once
considered to be of secondary importaence.

Desien Lifesven and Service Lifespan of Components

In the past, many eseronautical engines do not have a2n estimate
of design lifespen. The service lifespen wes also determined
experimentelly. Nowadays fracture mechanics is being apnlied to
study engine lifespans.

Develovment of High Temperature Fracture Mech=nics

This resesrch area is directed at areonautical engines. There
ere csome nositive results. However some difficulties are 2l1lso
encountered in vrectice. More work is needed.

Determine the Nature of Service-related Cracks

The use of fracture mechenics to mredict crack initistion while
the component is in gervice or under repair might be gble to control
some of the fracture vproblems which are not solved during the desism
snd menufacturing steages. This would guesrentee flight safety,

increase the lifespan of the component and 2void frequent replace-

ment of components. TForeien engines with long lifespan have
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standards of vermiscible crack lengths for the essentizl components

to remain in service, to undergo repair end to be junked. These
requirements generslly lengthen the lifespan of engines,sometimes
to the extent of several times the d sign lifespsn. However to
vpovularize this method requires extensive research in fracture
mechenics.

Techniques for Improving the Fracture Toughness of Components

It is more effective to prevent crack initistion by improving
the fracture toughness of components through new techniques.
Prevention of cracking throush structursl chenges does not produce
good results. It 2lso involves changes in the design of molds,
the compativility of parts, etc. Observetions a2lso sugecest thet
cracks cen micrate., If structural changes are made in one part of
the component which had cracks before, cracks might initiste in
sonther srea of the component. Actuslly, eny structure has its
week areas and crecks usually initiste there. Redésigning misht
result in overall improvement, but there are still wesk arees.
Crecks just epnear in alternte forms snd at 2 different week aresz.
There is no perfect engine which does not crack. The migration of
cracks is quite common cmong engine components. For example, if
the radius of curvature R at sn axisl junction is increased to
2llow 2 smoother connection, cracks might disappear there and
migrate to other junctions. Cracks on the outflow side of turbine
blades zre due to fatique resulting from mechenical vibration. If

\ "
crwwvduyd blades aré used to reduced vibretion, cracks just migrate

to the“(ﬂm»n". Cracks on the outflow side of guide blades ere
results of thermsl f?tigue. If sir-cooled guide blades 2re used to
reduce the heat load, crecks simply migrate to the 2ir outlets.

Sometimes crecks could miigrate from one component to another. This

=

kind of misretion is frightening. A concentrated effort should

be directed towsrds imoroving the fracture toughness of meterials

g0 that cracks disavnesry snd 4o not mierste. Technicues of

improvines frecture toughness such =s epecial heat trertnrnt,.qna%*
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vellet strengthening and vapor devosition are sttracting wide a2ttention.
Techniques of Controlling the Crack Provagation Velocity

By controlling the velocity at which cracks propegate, components
cen be used for o longer period of time. Obviously technigues
achieving this goszl are also importaent in solving the fracture
nroblem. Sporey-pellet strengthening (see the issue of October,1976)

and rolling can accomplish this goel.

A study usineg vavor deposition to improve metal surface showed
a Peduction in_the crack provagetion veloeity. It is sugrgested
that 2 combination of vapor deposition end spray-pellet strengthening

produce the most desireble result.

Applicetion in the area of Fatigue

Engine fracture is induced by fetigue. So the study of the
initistion 2nd propegation of fatigue cracks by fracture mechanics
is celled micro-fracture mechasnics. Stress cycling develops fatigue
nucleus which is followed by mscrocrack formation, resulting in
unsteble provegation and fracture. The entire process is being
studied on the basgsis of fracture mechenics and important advances

ere pvredicted.
Detection of Cracks

Beceuse crack propegetion produces sound, equimentis are now
under develovment to detect this sound as 2 mesn of surveillence.
The use of acoustic waves to detect microcrecks is also being
investigeted. These efforts =re drawing the attention of the

ceronautical industry.

Ficure caeption: Li Long~rui
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Question and Answer

(The answers are provided by Mechanic Team of Szechwan
Province Civil Aviation Administration)

Q: Of a single propeller aircraft, when the propeller is running,

what effect it has to the flight and control of an aircraft?

A: The main effect of the running of a propeller is to produce pulling
force, but there are two noticeable side-effects to a single-propellered

airecraft:

1. The Reaction Moment of a Propeller
When a propeller is running, the resistance acting on each blade
revolving :

will form a reaction moment, which through the °~ « axle of the propeller
reaches first the engine and then the airecraft., Finally the craft is made
incline to a reversed direction of the running of the propeller. If the
propeller is revolving < to right, the craft incline to left (Ficure 1).
The greater is the revolving speed of the propeller, the greater is the

inclination of the craft.

inecline
2. The Twisting Airflow - of a

Propeller, When a propeller is revolving,

the airflow that is forced to the rare

part of the aircraft is not in the shape of a flat-plate flowing
along the body of the craft ,but it goes around the body of a craft, The
direction of twisting ' of the airflow is same as that of the revolving of
the propeller, When the airflow is passing the wing, it is divided into
upper and lower two parts. If the propeller is running to right, the

upper part of the airflow will flow to the rirht back and the lower part

13




to the left back, When this twisting airflow touches the  vertieal
tajl of the craft, it will make the craft incline to left (Misure 2). If

the propeller is running to left, the situation is just contrary to this.

! These two sideeffects of

g strike at

\ ’V the tail

must be overcome, F\\\
incline to left

In aircraft design, especially

‘ the propeller damage the balance of

t revol
t an aircraft in the air, so they to rigR
:

Figure 2

the desimm of a single propeller aircraft,

the impact of the side-effect of the propeller to the flicht and control of
an aireraft must be taken into acount, and try to overcome these side-
effects. For instance, there are aircrafts of which the _vertical tail

is not set at the fore-and-aft axis but at point that makes an angle with

the axis so that the slope and inclination of the aircraft caused by the

reaction moment of the propeller and twisting airflow can be offset., 0n

some aircrafts, there is a correction blade on the direction rudder or

aileron to adjust the inclination. The correction blade is operated by the
mechanical personnel on the cround by using some instrument, so the correction
blade is also called fixed .adjusting blade. There ig another method that

is to set up a airflow conducting blade, airflow adjusting blade, bottom

fin and back fin on an aireraft., All these measures are for the purpose of

maintaining stability of an aircraft in flight and reducing the impact of

side-effect of the propeller,

As the reaction moment of the propeller and the magnitude of the
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twisting airflow change following revolving speed of the propeller, only

a fixed adjusting blade is not enough and there must be something that

can be operated on the aircraft. In many instances, there are adjusting
blades which can be operated by the pilot when necessary. They are usually
set up at the direction rudder, lifting rudder or aileron. Some of those

blades are set to work mechanically and some electrically,

Q: Of a double-propeller (double engine) aircraft, why the revolving

direction of the propellers is not the same but symmetrical?

A: Among civil aircrafts, those which use propeller as pulling force
are of many different kinds. Whether they are double-propellered (double
engine) or multi-engined,on one and the same craft, the propellers are

revolving toward same direction, as indicated in Figure 3.

The propellers of a double-propellered aircraft are set up at the
ensine on the wing on each side of its body, and not at the fore-and-aft

axis. The impact of the reaction moment on the craft is not so serious as

that of a single propellered craft.
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The rotary flow genersted by the propellers in =
twin-oropeller plane does not blovw directly onto the verticzl teail.

Thus the effect is not as large 28 in 2 single-propeller pl=ene.
By adding flow guide flsps snd flow correction fleps to the airplane,
the pilot can adjust these fleps in flight to overcome the adverse

~ir flow crested by the vrovellers.

The »rovellers creste & reaction force moment on the pnlene and
rotary =ir flow e2round the plane. These adverse effects could

be overcome by letting the nropellers to rotate in opnosite direct-
ions. However, this would create serious problems in ensine design,
menufacture, maintensnce =nd storsge of spsre perts. For exeomple,
both left-hended =nd richt-handed enqineg have to be designed end
menufactured, and their msintensnce and usage recuire careful
distinection. Serious inecidents will result if a misteke is made.
Therefore, two sets of non-interchangesble spare paris heve to be
stockniled. And this is uneconomical.

Becesuse of the sbove reasons, sirplenes with two or more
encines generclly use the same model =nd the vpronellers =lsc
rotate in the same direction.

el it ol

* The direction of rotztion of the propeller is defined in

o

the following wey: looking towards the propeller from the tsil
section, = clockwise rot=tion is termed right-handecd: otherwise,
it is termed left-handz=d.

uestion: If 2 multi-engine mnlsne uses -nly one engine in
flight, what sre the problems -nd how to overcome them?

Answer: If one engine malfunctions in flight, & twin-engine

plzne could use 2 single enesine for a short flight. Swnecisl

as




attention should be paid tc the followin~ two moints:
1. Maintain altitude

In single-engine flischt, the »ull on the nlone is reduced.

Only by mainteining high altitude can the plsne stay in the eir
for a longer period of time. This gives the vpilot more time to
evaluate the situstion and select = suiteble zirport to land.
i If the plene is not at full losd, one can maintain the sltitude
! by increasing the power of the good engine snd at the seme time,
i guickly find an =2irvort to land. The plene should return to the
departing 2irport if it 'is less than half way towsrds the

destination Otherwise, in the case where no sirport is avszilable
n A

1le2rby 2nd no climbing is required elong the orgini=l route, the

nlane should proceed to the originsl destination for repair. With

only an single engine working, the vplene does not have sufficient

5 oull. Weneuverings is difficult snd climbing should be svoided.
The plc-ne should land in =n =2irvort where no climbing is needed

If the plene ie et full load, it becomes necess=ry to jettison

<

some inescentisl eergo (record the vosition =o thet ground recovery

may be sttemnted) to reduce the weight »nd to meintein the =1titude. |

the same time, selec¢t an =irvort with good westher, |

h=n such en emersgsency srises, the pilot must remain ecslm =nd

5 v
3 E s 4 * 4 < 2 3 = i} I .th".
deal vith the situstion decisively. *or exsample, one of our twe-

: sn 3 X
; ngine plenes wae,route from Kun-ming to Chung-king when the

asiy

right engine sudenly stopved. Becesuse of full load, the remeaining

enzine did not have sufficient power to meintain altitude. The |
plane was losing 2ltitude. Whet can be done? The crew celmly |
anelysed the geosgravhy elong the route, the a2ltitude and the rate
of dé%endinq. It gg'not pocssible to return to Kun-ming becsuse

the plane would heve to climb to higher sltitude. Chung-king
however, is at 2 lower a2ltitude. With the present rate of descend,
the plsne should resch Chong-cing safely even without jettisoning

X

e e e ————————_—
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eany cergo. With coreful handling by the pilot, the vplane finelly

re=ched the destination. Thues it is extremely important to
maintain the flying sltitude in such emergency.

2. Meintain the direction of flight

In single-engine flight, the pull of the engine exerts =
torsional moment on the center of gravity of the pnlesne, ceusing
the plsne td twist towards the malfunctioned engine. To maintain
course a2nd to prevent twisting, the pilot needs to use the rudder
and correction flaps more often. The zmount of ste-ring required
devends on the speed of the nlene, the air flow and the torsionsl
moment on thc plene.

When the plene avporosches lending, it is extremely important
to me2intain the flight direction. With its head down end decelera-
ting, the plene is not too steble. Adiitional use of the rudder
to counteract the torsionsl monent recuires cereful control.
Otherwise, the plene might skid out of the runway.

Begides the zbove two points, it is also necessary to align
the vroveller bl=des of the faulty engine. <The fore edge of the
blades (blade foce) should be varsellel to the longitudinel axis
of the vlene. ?his reduces the e2ir resistesnce ageinst the blades
and conseouently, the torsionsl moment. This alienment is ususlly
carried out by 2 combination of electricel, mechsnical and hydreulic
mechanisms. In modern airplenes, this has been automated. When

the enszine stons, the provellers sre sligned automatically.

Airnlenes with three or more engines are generally large end
heavy. It is impnossible to fly with a single engine. How about
using two engines? The answer ic yes for three-engine vplanes, For
four-encine plenes, it depends on the location of the engines.

With two engines on ®2ch wing, flicht is possible if one engine on

esch wine ie disabled. But if both engines on one wine malfunction,
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flight would be imnoscible.becsuse even if the remeining two engines

cen oull (push) the plane, the lerger torsion=1 moment csnnot be
counterected by the use of t rudder. ¥ven a short flight under
th circumstsnce should not be vermitted. The nlsne cen cerash at
any moment. The only choice is to lend immedietely.

/) correct

2)incorrect

Q:In the vast sky, why there must be reculated air routes?

A: Air routes are of two different kinds: the fixed and the unfixed.
The routes of fighters of an air force are unfixed, and they can change
at any time according to necessity of the fighting as well as training.

Now what we are going to discuss is the civil air routes yhich are fixed.

An air route is that which is preset for an aircraft to fly from

28
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one point (starting point) to another point (terminal point) on the
surface of the earth,
Between two or more populated points, a transport plane can fly regularly,
alrports
and on the ground, there are and installations which quarantee

the flights of air transportation, And the approved fixed air routes are

called recular air routes,

The ground corresponding to the repular air routes (projection to
the earth) is called air road of the rerular air routes. Its width is
reculated to be 50 km, Teking the air route as a central line, it is 25km

on each side,

Some areas in the sky in which the civil planes can fly back and forth
are over important cities and these areas require limitations. Some other
areas where airports are many and the flights of airecrafts are busy and
frequent, in order to avoid interference with each other and to quarantee
thesafety;f the flights, also require limitations, Thus in the sky above
the air road on the ground, a certain width of the space is regulated to

provide aircrafts for their flights from and onto stations. Such an area

in space is called "air corridor", of which the width is usually 8km.

In some areas in the sky over some political, military and industrial
centers, flichts are forbidden. These areas are called flight forbidden

region.

From these limitations and rerulations, we can known that flights of

airerafts are very strictly organized. In the vast sky no one can fly
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freely or take whatever route as one likes, but one must follow the
regulated routes to fly., Now we try to answer the question of why it

must be so,

1, Every nation has its own territorial space,which is a sovereignty
and no other nation has the right to come to invade, But, however, one
nation must do business with others, and aircrafts must fly internationally.
So there is a necessity of signing air agreements among nations to regulate
routes by which foreign aircrafts can fly within one's native territory
and use air stations, If the rerulations are violated by a foreign aircraft,
the sovereignty nation can take appropriate and necessary measures, If
the case is serious, such as military reconnaissance and other destructive
activities, the sovereignty nation has the right to shoot the aircraft

down.Evidently the regulations of air routes are very important.

2. National economic development requires air transportation of goods
as well as passagers, so there must be suitable air stations. By rerulated
air routes, these stations can be connected into an air transportation
network, Repgular flights must have a fixed flight number and definite
route and stations (in order to load and disload good and passengers, and

to refill fuel) and definite schedule. It seems impossible without a

regulated route to carry out the missions of transporting goods and passengers.

The regulated route should take a straight line so that the flicht distance
the
and time required can all be short and the consumption of fuel is low. So.cost

of flight is low and the transportation rate will be high.

3, For flight safty it is absolutely necessary to have a regulated
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route,

An aircraft flying in the sky is always conducted by ground personnel,
Following a regulated route, the ground personnel will feel easy to know
where is the aircraft and its flight position anf altitude. Thus they

can guide the craft to reach the preset station without any mistake,

When an airecraft is flying in the sky, it needs navigation from the
ground. If there is a regulated route, there can be navigation stations,
direction finding stations and radar station along the route. So the

aireraft camnot be lost and will safely reach its destination,

Along a reculated route, the flight altitude and time of various
crafts can be well arranged, so they have no danger of collision, On the
other hand, an aircraft along a regulated route can at the right time
know the weather in the sky, Thus it can try to aviod any of the storms

and safeguard the flight,

An air route must not encounter natural ebstacles, such as the
mountainous area which is very high and bad weather areas in a year,

Following a regulated route,an aircraft can aviod such areas.

Moreover, a regulated route can let an aircraft keep away from some
forbidden repions, such as military base, ground-to-air shooting range.
It will be also good for national security and national secrecy if an
aircraft can keep away from major  political, econmic and military centers.
From all these, we can know that an air route is very important., Although

the sky is vast, it is still necessary to regulate air routes.

3/
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A Random Talk on the ClimbingCeiling of an Aircraft

Chu Pao-liu

To begin with the development of airerafts., In the earliest deys,
the highest altitude that an aircraft with piston engine can reach by
using its full power is called climbing ceiling. In other words, it is the
altitude where the climbing rate of an aircraft is zero, But in later days,
the number of flights become more and more and the theories of flight have
been enormously proliferated. The time that an aircraft requires to
reach a certain altitude is in inverse ratio to its climbing rate (altitude
reached in a unit time), so the altitude becomes hirher and higher and the
climbing rate becomes smaller and smaller, as a result , the time required
for climbing each meter becomes more and more, Calculation indicates that
the time required for reaching an altitude where the climbing rate is zero
will be infinitely great. In practice, there is no way to reach such a
climbing ceiling, But there is & regulation saying that climbing ceiling
is an altitude in climbing when the climbing rate is 0.5m per second, In
order to distinguish this climbing ceiling from the original unreachable
one. This one is called applicable (or practical) climbing ceiling and
the one which requires that the climbing rate is zero is called absolute
climbing ceiling or theoretical climbing ceiling. These two terms have been

used ever since.

Since the advent of jet plane, flight speed has :been greatly increased
and it can surpass the sound speed., There comes a new phenomenon in climbing
performance, that is the altitude an aircraft can reach is related to its

flicht speed,
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If 2n airplsne ascend at the proper speed, it can resch the

service ceiling. However, if before reaching this height, the
airplene inecreszses its speed through horizontzl flight, the meximum

ltitude it een reach on the subsecuent climb will exceed the

service ceiling. Therefore, there are two different ceiling
1imite: stetic and dynamic. The dynemic situstion is similar to

the orojection of a piece of rock (ficurel). The grester the

_velocity of the xock, l%r-" her the 2ltitude it c¢esn resch.
. Xl As n_the qraviritional ﬁ? : . . ,
the dynamic ceiling > 18 u:fllcu;b to meintzin horizorntal
flight. The situation is different w+Ha the static ceiling.
on
During the climb, the 1ift e+ the giplane is equal to its wéight.
]

A 4

The airplzne cen maintain horizontal flight. Both the absolu
ceiling =nd the service ceiling belong to this categ
to the problem of a prdjectile, the dynamic ceiling
closely related to the finsl speed during the climb. Thus the
highest altitude record frecuently reported recuires +he seme cloce
*;QE:EESS, Teke the record set by the U.S. F-4 Phantom in 1962.

It was reported to have regched 30040 meters. The airplane started
the climb after exceeding Mach 2 speed at en 21titude of 15240 meters.
At 2 height of 30040 meters, t?

he speed is only 72 kilometers per
hour. Zoth engines hed stopped. Then the plane just fell like

O

& piece of rock to a low altitude before the PRT?HGSﬁg:;I“FtSPtGd.
Most of thes world sltitude records were set under similer conditions.
S0 the dynsmic ceiling is the highest sltitude attained by an
alrplane wvhich gtarts ¢limbing with hiszh speed $ill it reaches

almost zZerp speed. The dyhamiec ceilins of supersonic jets often
fzr exceed the sbsolute ceiling. The present record is-—around
39000 meters., 4t the dynamic ceiling, the sirplane is virtually

out of control.

Another dynsmic ceiling is associcted with warplenes. Instead
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of droprning to zero speed, the airvlane btegins to essume e
hori-ontal nrosition before reanchins the stallines speed (290 to 300
kilometers per hour). After that, it can meintein a horizontal
flight for =2 short period of time, allowing it to open fire on
enemy plsnes. In order thet the terget is within the firing *“3§e
after the c¢limb, the direction of approach znd the position at, th

o

ascending begins have to be accurstely determined. Otherwise, at

high gltitudd end low speed, it ig difficult to correct the direction

of flight and any difference in altitude. So attackine high
eltitude tergets by rapid clinbhﬁy' requires good coordination
viith ground guidance.

Thus the dynsmic ceiling cen be of two kinds: one with =lmost
zero termin=l spred (sbsolute dynemic ceiline) 2nd the other with
terminal sveed célose to the stalling speed. There is 2 great
difference between them. Por F-4 Fhamtom, the former ceiling is
30040 meters while the latter (temporarily call combst dvnamie
ceiling) is only 22000 meters. The sbsolute static ceilinz is 18000
neters. TFor sRow plen=s such =g piston nlones, jumn-climbing does
not increase the meximum attsinable altitude to sny grest extent.

Therefore the statie =nd dynamic ceilings z2re =lmost identicsl.

The wed

~h
heighti In older nlsnes, fuel only accounted for 2 small frsction

P

of «n sirvlene is cloeely releted to the ceiling

4

of the total weight. The ceilings are generslly cuoted without
specifyvine the weight. The advent of jets, especielly the lone-

1 counld i
renze ones, fuel wewe scounted for ms much ss half of the total

weight. The ceilings are different et full tenk versus =n emnty
tank. Por exsmnle, & B-=52 has a service ceiling of 11500 meters
when it weichs 208650 kilosrsms end 14470 meters when it weighs
127000 kilogrsms. When » ceiline height is given vithout
specifyines the weicht, it is generally considered to be either
at teke-off weicht or =t half-filled tenk.

Beczuse Jets have a feat c¢limb rate, it is difficult to maintein
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1igher than

the
under maximum thrust. Cruise ceiling refers 16 the eltitude at
then the optimum cruisine sltitud
A\t 13600 kilogresms, the

1

of 11580 mot:v* and 2 cruise ceiling of 1¥§&0 meters.

m

supersonic s

the supersonic =nd subsonic ceilings eon be divided int bsolute
service and combaet ceilings. Yormslly five ore meed as
ceiling sfadede conerslly me: ns service ced
dynemic ceiling,

set of ceilings exists for commereisrl =irvnlenes,

& elimb rate of just 0.5 meter per second. Thus some countries have

define) service ceiling &g the =ltitude 2tteined with

& climb rate
of five meters ver second, 2lthourh there ies no internstionel

stondard., Fven within the same country, both stendards of 0.5
meter per second snd 5 meters per second are often used. Tnless

it is svecified, viston vlenes generslly use the stendzrd of 0.5
19 |

jete could use either stendsrd., (U

meter ver second J.5. otill

meler
eg O SA’ er se¢ Conr})

~

ome countries have two static ceilings: +the combet ceiling

nd the eruise ceiling. The former refers to the zltitude =t which

climb rate has dropned to 2.5 meter/sec (500 feet/sec) vnencbnbﬂg

U

hich the climb rate has dropped to 1.5

B
D
:J.

,er

m

ne

n

r second (300 feet
« This is hicher

er second) when climbine vith cruising

ct
=g
3

&+

s

(s1ltitude with meximum rsnge).

3 A-7 ‘aircraft has en sbsolute ceiling of
129

250C meters, a service ceiling of 80 meters, = combat ceiling

The maximum altitude attzined by vlene climbing with

ubsonic speed is c¢=lled the subsonic ceiling. If = vpleome =ttzin

|#] =

nic speed at a certzin gltitude before eclimbing, the { 4
aximum 21t

i 3
itude resched is cslled the supersonic ceiling. ®ith e | 4

Meeh 1.5 to 2, the supersonic ceiling is much

+ g
p
o)

he subsonic ceiling.

So far, eight differsnt ceilines heve heen ntioned:. FEoth
i o}
supersonic LY

eiling. There is only one

Th bove discussion only covers milit rv sirereofis.

4 different
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the rules for commercisl flicht ( such as the British Recuirements
for Lone Distance Commercinsl Flisht), the meximum permissible
flyins 2ltitude is limited by two factors: the excess maneuver-
ability and.the sefety or struectursl limitation of the airnlene,
The British law reouires 2 certzin degree of meneuversbility at
the maximum flyving =21titude to insure ageinst turbulent air flows.
This means that the ratio of the 1ift coefficient at wing vibrastion
to thet at the maximum flying fl\ifudé is greater than 1.5. With
: Tricd\enX
a weight of 56818 kilograms, Th)ﬂ?f has a maximum flight 21titude
of 11590 meters (38,000 feet), a flicht Yech number 0.78, 2 wing

span 0f 135.7 square meters. The wing life coefficient is 0.467

while the wing vibration lif¢ coefficient is 0.7, with 2 rstio of
15

™

he strucutursl limitstions can e manifold. An exampnle i
the pressure difference inside and outseide the szirtisght csbin.
This criterion dictates that under no circumst=nces cen the Trdent

2E 2irvlane exceeds sn altitude of 12200 meters. This heicht 1limit

has nothihe to

"

o with the weight. To saf-gusrd psssengers, sonc
at 2 E
countrics forbid flviﬁﬁAﬂltitudss§r9% exceeding 10670 meters if

the eirplsne is not equivnped with autom=tic felline oxvegen =upply

o

system (for vasssenger use in csse of oxygen deficicsney st hirsh
altitude).

£

Normelly only the first two tvpes of meximum z2ltitudé are

referred to =s ceilings. Official deate on commercisl aircrafts

e
generally do not list veluecs on ceilings. If it is to be listed,

the ceriteria should be svecified to ensure g clesr me=sning.

have discusacd

~

the various definitions of ceiling. Some-~
times sircraft ceiling reported in msgagines are unclesr in their

meaning, 18 there 2 simrle test? An attachment in this issue

precents e cuick snd simple method based on the recguirement that
the 1ift force ecualine the weicsht of the sirerseft. It reflects
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the relstion between the flieght altitude, the 1lift coefficient,

the flight Mach number snd the wing losd, sllowing one to estimate

the static ceiline of modern jet sirecrafts.

The lisht-red colored ereas of the diagram.in the region of

ceiline Mach number and 1ift coefficient, is arrived at after the

enalysig of 2 large gusntity of statistical dats. This simplifies

its use Otherwise, it is not easy to calculate the
coafficrent :
number =nd the 117%. At the subsonic ceiling, militar

generally have 2 flight Msch number between 0.7%5 =nd

nd 0.85 for homher and gubsonic attsck plsne and between

end 0.95 for fishters) Lift coefficient rsnges between 0.55
e

T fighters, it is between 0.55 and 0.6;
the

6 to 0.65). At the suversonic ceiling,

between 1.5 and 2, the 1lift coe Fi”:'ﬂdfy;;:
( Al
The ratio ¢ %

nes with very smsll thrust power >\i hruz?t

excevntions.

nd knovwing the ceiling flight Mach number
ceiling of & certein tvoe of asircraft cen
For exsmvle, at half fuel ta2nk h: B-1 bomber
ounar: meter.
ceiling number of 1.8 ift coefficient of 0.2, th
found t6 be 12500 meters The velue of 18000 meters

oazines :1“-:)3"0?-.1’\1:*« clearl ¢ goerations

should be
or exemvle, with ins
eiline will be less than ths
'

by the disgran. 41so it i= not =pnliecsnle to

irerafts (vproneller =2irnlene =nd helicopnter).
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Figure 1. Comparison between the dynamic and stetic ceilings

Table Criteria of ceiling heights for military sircrafts

tvne name ngine terminsl climb rate
: SR8 RS om
subsonic speed [absolute ceiling Zero

; s = e ¥ maximum g
1 static ceiling |service ceiling i 0.5 m/e or 5 m/s
o thrust =
combat ceiline 2.5 m/s
cruise ceiling cruising 1.5 m/s
thrust
: supersonic service ceiline maximum C.5 m/s

sveed thrust

static ceiling

dynamic ceiling |absolute ceiling terminel sveed =1lmost
! maximum Zero

combat ceiling thrust terminal sveed close
to stelling speed
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Review of the Development of Deton&tors Lbrosd

detail discussion on nerisl vombdetonztors wes publiched

in the number 11 issue of 1977. Thie articl pre-ents a survey
of the develovment of bomb detonstor brosd.

fter the Second World Wer, there had been rapid development
of detonators ebroad, both in guality end quentity. The U. S.
alone had incressed its detonators from less than ten types to
40~ 50 tyves during the War and to several hundred after the War.
Stendardization was also introduced. Japan used et leesst fifty-one
different tyves of detonators and Fascist Germeny used 2 minimum
of eighty-six during the Wer. These include impact-exnlode,
gerial-explode, set-time, enti-dismentling detonstors, etc. OFf
the total, 64% 2re electric detonators while the rest ore mechsnical
detonators.

Meny mechanicel detonators are designed to guard against
accidental explosion during transvortetion or while in service.
There is a device separating the primer from the base charce. Vhen
it is activated, the detonator will not explode even if the primer

does,

There is slso adjustable delsv mechsnism in many detonsators.
This vermits the setting of either deley or instentaneous explosion
cecording to the reguirement of the bombines mice=ion. Some detonat-
ors have a set of deceleration gear coupled to the rotatine wing
(flep). After 2 certein number of turns of the wing, the delay
mechenism will be Adesctiveted. <+his ensures the safety of the

airolane.

=g
-

At the moment, the following types of new detonators are under
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development abroad:

1. Lov altitude

lhis tyve of detonator i= mounted on low =ltitude perachute-
decelereted bombs. To ensure the safety of the vlme, the bombing
foctors (eltitude, speed, perschute opening time) must have the
correct values when the bomb is released. When this heppens, =
control device on the bomb will cesuse both the front and tzil
detonator cartridges to change from a delay-explode to an instantan-

eoug-explode condition. On ground impact, the bomb will be detonsted.
If the bomb perachute is not functioning proverly, or if there is
en error in the launching, the control device on the bomb will shut
off. The instantaneous-explode condition will not be sctiveted.
After a delay of fifteen seconds, the front certridge will detonszate
the bomb. This ensures the safety of the bomber.

2. New set-time detonztors
In 2d3ition to mech2nical set-time detonators, the U. S. has

developed both chemical snd electricsl set-time detonators.

One tyve of chemicel detonator, called ionic solution cepsule,
uses electric current to chenge the concentration of ions in

different psrts of the solution to achieve set-time explosion.

Another type uses the roteting wing to break open a bottle of acetone,
The acetone dissolves & celluloid ring which is used to limit the
movement of an impect pin. When the ring softens, the pin punctures
the primer to induce detonstion. Changing the concentration of the
acetone or the thickness of the celluloid ring =lters the set-time

for detonestion.

Hlectronic set-time detonator uses semiconductor integreted
circuit and principles of high frequency oscillation to determine the
pulsing espscity of the circuit at a given time. After o fixed

time period, 2 pulse is generated to ignite the electric detonsator.
-~ b = <
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3. Piezoelectric detonator
m
{

{

his detonator, made up of piezoelectrie crystals, has 2 simple
design end high sensitivity. It can be ignited at the front end
and detonate at the tail end of the bomb., It is generslly used
on air-to-ground antitank bombs.

4., Mechenicel detonetor with & long and pointed rod

This detonator has 2 long, pointed and hollow rod attached to
the front end. 3Before the bomb touches the ground, the rod first
makes contact to ignite the detonator. Thus the bomb explodes
before hitting the target. This increases the damage cepebility
of zericl fregmentation bombs.

i 5. Micro-detonators in cluster bombs

| During the Vietnem War, the U. S. used e variety of small

ﬁ bombs and stecl-pellet bombs. New detonztors were sveciclly designed:
1 mechanical detonator which uses centrifugal force and electriczl
detonator which uses self-cepscitance to activate.

6. Dense forest detonators

In response to the Vietnam War, two types of detonators were

designed for bombing use on dense forest.

The radio detonators rely on the different reflectivity of i
radio weves from the tree leaves and from the ground. By increasing |
f the size of the antenna so thet it hes better reception for waves
reflected from the ground, the bomb cen penetrate the forest before
exploding.

A second type involves a2 speciel device attached to the centri-

fugal mechanical detonator on small fragmentation bombs. When the
bomb comes into contact with tree brenches, it does not exnlode.
As the axisl rotation of the bomb slows down, the speciel device
activates the detonator so that it detonates the bomb when it hits
the target or the ground.

v/ ' |




(7) Doppler Radar Fuse
It is a skew moment fuse made according to Doppler principles. When
a measurement numerical value and a preset numerical value are equal, the

fuse will lead to explode a bomb,

(8) Infrared Proximity Fuse

It is a completely active fuse and there are infrared launcher and
receiver set at its two sides respectively, When a proximity fuse goes
close to a certain height of the target, it will lead to explode the bomb,
If this fuse is used atla fragmentation bomb, it can make the killing rate
of the bomb three times.?r%er than using a fuse of impact type. If it is
used at an incendiary bomb, it can help to widen the spread area of the
incendiary agent. One more merit the.infrared proximity fuse is that it
cannot be easily interfered by enemy, but its weakness is that it is easily

affected by the sun,

(9) Shooting Fuse
It is composed of fluidie generator, fluidiec oscillator and ealeculator.
Its merit is that it has good reliability and accuracy and its weakness

is that its structure is somewhat too complicated.

(10) Laser Fuse
Following the development of laser guided weapons, laser fuse has

correspondingly developed. The one that is used at US solid petrol bomb

is a laser fuse.




A Brief Talk on the Equipment of
Bomb Loading and Transporting

Han Chen-tsung

It would be an unbearable labor to load bombs on an aireraft by not
using machineries but depending on man power or simple: machine,and sometimes
it is sikply impossible to complete the task by man power only, The task
must be done by the help of machines, which can easily load the necessary
bombs on an aircraft., Thus not only are the ground personnel in an air
field released from the unbearable labor, and the aircrafts can take off

on time without missing the opportunity of fighting,and consequently the
usefulness of the aircrafts is promoted. This article is trying to
introduce the equipment of bomb loading and transporting which has been

widely used by air force in various countries.

It is eve{yone's common knowledge that a bomb is dropped from an
airecraft. EvenAsomeone never has the chance to witness the dropping of
a bomb from an aircraft, one must understand it from one's readings or
movies, But how to load a bomb, which is sometimes weighted several tens,
hundreds and thousands of kilograms, is not something that everyone can
understand. Those who have had the experience of serving in the bomber
divigion of air force may know that bombs are always suspended on holders
in the bomb cabin or underneath the wings for aircraft to tra~sport, and
customarily the work of loading ' the bombs is called "bomb suspending",
As bombs are dangerous, in peace time, they can only be stored in the
ammunition depot away from airfield. For safty sake, bombs and their

initors (such as fuse) are stored separately, and only shortly before

*>
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loading, they are transported from the ammunition depot to a spec¢ial area

called ammuniation operation zone in the airfield, where they receive the

service of cleaning and checking,

For loading, the bombs first * are carted to a spot underneath
the aircraft and then they are suspended on the craft, Practically the
loading work includes two parts: 1., to transport the bomb from an. ammunition
depot to the ammunition operation zone then to the spot underneath an
aircraft, and 2. to suspend the bomb on the aircraft, Equipment used in

these operations is generally called equipment of bomb loading and transporting.

In the earlier days, the work of bomb loading and transporting depends
mainly on man power, because the bombs at that time are weighted only
several or several tens of kilograms and the loading of an aireraft is also
limited to a small amount, so it can be done perfectly by man power, But

greatly
since the size of bombs has , increased (from several hundreds to
several thousands of kilograms), and the loading amount of an aireraft has
increased (from several to several ten tons), It has become impossible to
complete the task of bomb loading and transporting by man power only. So
some simple machanie installations have begun to develop, and through
continuous improvement, they have been developed into a set of special
equipment of bomb loading and transporting. At the present time, this
equipment generally includes two parts: the soft elevation transporting

system and the ammunition loading carts.

The basic technical requirements for equipment of bomb loading and
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transporting are safty, power saving and promptitude.

Safty, Power Saving and Promptitude
(Basic requirements for equipment of bomb loading and transporting)

Bombs are dangerous. The length of & big bomb can reach two to four
meters and its weight can be several hundreds to several thousands kilograms,
and its charging coefficient can be 50% (charging coefficient: the ratio
of the weight of poder charged in the bomb and the total weight of the
bomb). The charging coefficient varies from different bombs, and it ranges
from 15% to 70-80%.
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Most of the commonly used bombs have z filling coefficient
earound 50%. With high explosive ta2king up half of the totzl weight
f a bomb, accidentel explosion in sn area of lerge quentity of

® O

xplosive is unthinkable. Thus both loading and trensportation
facilitiese must ineclude devices to secure the bombs (ficure 1) in

on
order to prevent them from falling, leading tokexnloslon or wounding

Secondly, losding should minimize humen effort, meaning the
] Y, o
use of a smaller force to 1lift end transvort & heavy bomb. A man

has limited estrength. He cannot move a weight heavier then s

-

hundred kilosrams. Thus it is impossible for him to menuslly losd
& bomb thet weichs several hundred kilograms. Electric motors
provide ecrester liftineg power. And considerstion of efficiency
imnlies thet mechenicel devices should be coupled in use. The
combined use of machines such a2s pulleys, beam balance, wheel and
axle cen reduce the force reguired substantislly. From the physicel
view point, mechznical devices can only minimize the force, but not
the zmount of work. Generslly

L]

smeller force meens longer overeting
time. So speediness and lebor seving sre two conflicting demends
in the loading process. It is negeessary to arrive azt a compromise
solution that saves humen energy and allows loa2ding to procecd =2t

2 reasonable speed.

Thirdly, sveedy loading is required. Modern wasrfare requires
bombing missions be carried out quickly =nd secretly.so that the
enemy does not have sufficient time to teke defensive measures.
As we discussed before, bomb loading csn only be cerried out immediste-
ly before the bombers teke off., Then this lo=ading process becomes
the crucisl factor in deterrining whether the bombers can take off

guickly. For some lerge bombers which cerry up to = hundred bombs,
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the loading time could take more than ten hours. This leads to

the followings consequences. PFirst, with the bombers undercoing long
period of loading on the airfield, reconnasisssnce by the enemy
usually reveals that en attack mission is in progress. Second, the
longer the bombers stay on the ground, the greater the probability
of an a2ir asttack on the airfield. So speedy lozading not only
guarentee fast take-off to achieve a surprise sttack, it also reduc
the chance of on air sttack from the enemy.

When aircrafts are on a continuous bombing schedule, sveedy
loading becomes even more importent. Betweecn landing =nd tske-off,
refueling and bomb-loading are the two mein items of ground work.
Speedy loading shortens the time a plane hes to spend on the ground
and increases the combst usage~ of aircrafts.

In conclusion, it is easy to see that speedy losding is =n

important tecticel recuirement on the loading facilitiés.

A Soft Lift a2nd Transport System

A soft 1lift and transport system is méde up of cebles,pulleys,
winches (figure 2) and other accessaries. The steel czbles support

and transmit forces. Pulleys can be fixed or movable. Fixed pulleys
eare used to change the direction of a force.while movable pulleys
reduccs the force fequirement. The winch is the part of the system
which transmits the dynamic force. Its principle is the seme as

the wheel 2nd exle widely used in villages. The greater the retio

of the radius of the wheel to that of the axle, the smzller is the
force recuired. The winch can be operated by hand or by en electric
motor.

The soft 1ift =and trensport system is an old model of lo=dine
end transport system =nd is still being used on some airnlanes.
Actuslly the 1ift =nd trencport systems are two seperate and indep-

endent varts. The 1ift system is normally mounted on the @&irplasne.




It can be c=slled a pulley-crane. The transvort system is a ground
vehicle which, pushed by hsnd or pulled by other vehicles, transvorts

bombe from the storage area to the 2irvlane. | 3

In genersl, each bomber carries two to four winches. Each
winch can only 1ift one bomb =t 2 time, For lerge size bombs, two

“he main adventage of this system is its simple set-up. It
can be carried on board the plane so that there is no devendence

on ground facilities. There are seversl dissdventages 2s well.

r‘ | e ———— i
r
winches &re needed.
i
i

mles are dislocation between the lifting snd transport processes,
‘low lo=dinge, & large working crew and heavy work. It slso tekes
2 long time to chenge cables for different formsts of bomb loading.

These disedventages become obvious when an airvlane has a large
bomb load or when the bombs are of large sige. As & result, mos%t

countries have gbandoned this method of loading and use explosive-

losdine vechicles instead.
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Key: (1) Wing load (kg/m2); (2) Lift coefficient; (3) Mach
number, (4) Fighter, (5) Bomber and subsonic attack plane;
(6) This diagram illustrates the relationship between the
static celling and the 1ift coefficlent, the fligh Mach
number and the wing load of an airplane. Knowing three allows
the fourth quantity to be determined. To determine the
ceiling: 1. With given data, estimate the wing load (ceiling
weigh/wing area), ceiling 1ift coefficient and ceiling

flight Mach number (see The Ceilings of Aircraft in this
issue). 2. From the intersection of lines of constant

wing load and flight Mach number, draw a horizontal line to
intersect the vertical line of 1lift coefficient. The altitude
corresponding to this intersection is the ceiling of the
aircraft. See example 1, 2, 3 in the diagram. (7) Supersonic
speed, (8) Subsonic speed; (9) Fighter bomber, (10) Bomber;
(11) Fighter; (12) High altitude reconnaissance plane, (13)
What is the ceiling of an ailrcraft; (14) Mach number; (15)
Ceiling height (km).
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