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~n Anatomy of a Warning M.rcraft

(~iao Shu-anin

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 ef?ect

of the disk on the aircraft and its filght ? 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

streanlined and smooth. It is strange ,however , a earning 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. 
-

Figure ].

Secret of The Disk

Stripping off the cover of the disk, we can see inside it nothing

mysterious but n~ny sets of antennae. For carrying out its duties of

reconnaisance and direct on, 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 cover.

In fact, not every radar—antenna cover looks like a round plate.

I
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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 corsa—seotion of a disk shows similar shape to that

of an airfoil, but their positions on an aircraft are different. The size

of radar—antenna cover varies from different aircrafts. Because it must be

set up on an aircraft, for not jeopardizing its application, its size is

the mnafler the better. For minimizing its weight, the thickness of its

walls is not even. According to the requir~xaent of its supporting force, the

central part is made thicker than marginal 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 warning a~rcraft 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 • a 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 3600, except for some special sector search .

Warning Aircraft and Transport Plane

By appearance , a warning aircraft looks like a product of a combination

of a large aircraft and a huge disk, in other words, it looks like a

combinat ion of a transport plane and radar-antenna cover. Ebccept for the

US war ~ing aircraft E-2A, which is specially desinged, all of the rest are,

in fact, transformed from transport planes.2



. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Why are they trans ’ormed from transport planes,not other type of

afrcrafts? We know that the mis,~ions of a warning aircraft require it able

to rna :e 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 can also carry a great amount of

fuel. Moreover, a warning aircraft carries radar, radio equipment, and

equipme~it for data processing, display, operation and control , and a].]. these

require a plane with a large stomach. A transport  p lane jus t  has such a

characteristic. So, no wonder most of the warning aircrafts are transformed

from transport planes, and their techndlogica]. requirements are similar , too.

b. ~~~~~ 
q

G
d.*~IR*~

.1
Ic.

Figure 2

a. radar antenna b. communication antenna
c. radar receiver and signal d. radar maintenance station

processor f. computer and operation stand
e. control and display h. connnunication equipment
g. data processor 1. communication control stand
j . aviation electronic equipment k. communication equipment
1. electricity source m. communication equipment
n. navigation and recogniyion o. radar emitter
p. auxiJ.ary electricity source q. communication antenna
r. enemy recognition antenna
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Ther~ in no roi rt nb~ r , bu-t thn ’~ crc not uiv 1~ n t .

~~ l~ t ion of o r~~~~r - nt~ nn~ ~~~~~ i~~ 113 to n O r i ~ C~~nn~ cs  in the
-~i rc rr ft  i-t~~el f.  The T J. S. v’~~c — v ~~rnin~ ~i r n i r n ~ T- i~~, vhi cb

i~ conve r tn d  frooi the C— i i~ -~ n o n o r t  r i  nc ,h n 5o in (~~~~~~~ 7L r ioter )
t~mt  in ~ 1 t ivo l~ ion~ corn n~~rn~ to the body  (1 3 .8 rn’~tr-rn) . Ac the

lo’; , ri~ rrov . nect ion ’  1 tubul r fiov for-i n between the
doTne nr~ -the ‘i r c r ~ f t body , crr~~t inf  on unf7vornb i~ ro~~’~n~ n ic

~ff’ect .  Conn ~~~u E n t i i r , the up”er n l l r f r  cc of •t:~~n bo~3y in ri~ de r1 f l r r

~uch th’~ n m  c~ :i -Tlov . w i th ou t  hi rnocc  het v  n o n  the surface r~
tho n 1 o’ r b o tt on  of th ’ -~o’~~ . To ~‘voi ‘

~ tb’ t- ii flo- .- of i~~~1

~‘r n r  f~
’ ct’.o’~ the n re ~ ~icr~ ~f th~ v or t i ce l  t ’ il , ~ho s~~n o le

~ H 1 i c r i ~ c~ in t~ ~ ‘~oub i ver t i c~~i t~~i .l. Th th c C - n e  of T— ~ A ,

~J~ - 
~~H 1  •~~~~~~

-
~~~ - -~~~~~r m i ~~ u ’ of four ~r in 1i ~ n r n , ‘~~ nhov: ri n f i ~~ ir

urr ’i  to ‘~vc i~ H~tc r fnr c  ~ce v i t h  th~ r -’~’r .

th~ i~ rn~ ~ooo e~~feot  the f l ioh t pe r fo rionce?  The

~~~~~ qijn~~~~~~~ structure .~cr - ‘on the cir r~ ~ is tnnce  t h e r e by
r ~‘ icLv~ ~ ‘or~ o x i~mirn n n r e r 9  of ihn ‘-i o’~ by ~b ;ut  lOT . Tn flight
the ~ oi~n leo geo!~rr tes e li~~t force enu ol  to t i n  own v1ei 1~hi so

t tho l o f  f~ ctor is not ef fec t  ~d. A ct un i  r er f or o r oce h~ s
orovon ihet the ni~nouvernbility 

f l o - i  n t~ TL i i ty  of the ~i’~nn cre
oo~ n f fo c t,n 1 to ~~~~~ ~-‘r~ rt  extn ot.

vnflCe(~_V;r~~~~n1~ nircr~~ t n  c~cner l ’~~ c’~’n r fur l j r  o~~~~~ir

n o  they rc~ uiro oven 1on ~ nr  cr~ i~ n~ ‘b~.iitr .r ~h- n ~ r- n - m ont ~ircr~ ftc.
Thrie of th e ~ dvm nce~ _v:~~~O i O T  ~i ’e r~ ft e  m e n  ~ c ni~me of
their  f~ t on ’~ or ch~ n — n  to en~~inen v~b i e~’ c ~ ro’~nc TL ~ n-r
t-~ i~-i nn~ inoer tho fue~ e i n~~r nt i o o .

Surve r i ln n c e  ~

~ xe~ t fo r  n o e  ne ce :~snr ~r o~ u in m n o t ,  for  th~ cr v: , the  ‘~o~ .y

of no n ’ iv ’ c 1 ~ v~~rn~~~2 n i r e v ’ n ft  in (:nt 7 . rel~ tf l~ X’n up hii r~’d” n ,

e lr ct ,ronic  er - ~i -~-i~-’ntn , nm 1 ~~~ -m ‘~~ Tr~ svr~ r~~~. control

m it e  on~ n ori~ m oo-  — ‘-~~ ‘ ns , i n f i o t 1 . ~~~~~~~
.- ) . ‘ ~~•
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~ i ~ nuaing Story of The Physics 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 seine 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 and stops in front of the waiting building. In
passenzers

a mernent,,~ . and their ba~gages 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 has 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,
taxi

such as “ Why imist a plane ,
~ 

before taking—off or landing? Why does some
taxi t~ xiplane 
~ 

so long befor it can stop and can the 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 thélr questions by themselves.

Why does taking—oft’ or landing require taxiing

But the nuide randomly picked up a piece of a broken brick and with
speed

a contro U.ed ,. threw it out. The piece of broken brick following a para—curve

fefl on the ground and broke into smaller pieces. Then the guide took a

model airplane and at the some speed level threw it out . The mode]. 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 ,

‘p
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without waiting for the guide’s question, volunteered his explanation by

saying , “It is because that the mode]. 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 great enough to enable the climbing force produced by the wings to stand

against the gravity of the plane itceif . Come on, let ’s see a demonstration

on the analogous . flight practice stand”.

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

simulant plane, which 
~ 

only the front half of a plane , and it is

supported on a stand that is complicatedly composed of pipes, through

which liquid pressure is used for operation . The equipment in the pilot’s

cabin shows no di~ ’erence from a real plane , and a piece of farmland can

be seen through the windsheild glass. Bat the ‘armland is not real and it

is reflected on a large television screen which stands in the front of the

simulant plane. A pilot is demonstrating the operation of taking—off and

landing. On the screen, a runway in an airfield appea.rs ,and the pilot is

slowly closing the fuel gate so he comes closer and closer to the ground

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 3OO~cn per hour to lOOlcii per hour. At this

time, the plane benins to shake.

7 
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~~~~~~~~~~~~ Th o  rr~ l i :ht  on the  disnl~ y rood U t  
1~ ~~~~~ ;~~~ ~~ in  c~ i~~~’~i “ to ~t of soc C ’i  ! ~~~~~~ ! “P inr !

T~oe ~l~no r . ’o c-one i~own ! “ Vh ile  the stufiente Ionkec l  n tn r t l r :~~,
the in~~t~i~coor l~ urhec~, “ ilon ’t v;o 1~Y y .  Th in  ~n :~unt  ~ 1 ~onntontioo

on f b r  fl i  ~hi si~ uT~ to~~. .s n1. ’ne r nn r o~-chpr 1 on to ~
-
, thr~

U n  ~in~ o n e i m ~ ount  ho su~ }i th ’~t the lift in eou~ 1 to +he ~n - ’v i t v .
Only then c~ o th e  nl~~n~ et t o i n  s~ fe ~n ’i so f t  n m’ - . .  T~ on

~etu~’l fi t~ ht. , th o  incorrect  lcrv l i. n n  rroce~iur e  t~v t  v e Tho t

~~ r o o o t r ~-t e d  c~ n ct b~ “i~1 o n e r i . Othern  ice the nl ne v:tll ~~11 1 he
n i~~ne of rock .”

Only v.’h~ o ihr Ti~’t exc e~~~e the  ~~ - or i -t~~t i o n o l  f o n c o  con t~~~
in l n o lo~ ves the — ronn ~~. ‘~i “t l~ r ly , ~s the n ir o l  ne ‘i c ’ocen-’n ,

i t cruet nu ll h~ vo n : f f i c i rn ± ,  n n c e i  so os to rn~~i~co ~~~ I i f i
.~n~~fi~ - l i v  in or f r to t A  i n  ni ’t i~~fli c~~. Therefore t~~~r — o f t

~-un e r - 1  1- of tn~ run crc n~ cri i . ~lnr in I f t~ kr’—off, the run in cre~ sn~
cree d ~ it  1 tbe - ir 1’oe r em-h eo  th e  i i f t— o f ~ c o oe d .  Cr. 1 n,itn ,~ ,
t~~e run re luces  nne ’ - ~ ~n’~ ~oror i i r ; n , eveotunlly heltin - the

ir ’~l-’ne.

on: I ~- the ~~yi

0 rl y~ -o ”~ 1, r :i~~o1 - r i o -inn , 11v  ~~~ 1, ‘ rce v inr ’ n . f uf ~ io i e n t
lift force j n  ~o 1; o’~c r vcn y C~1f lb n e e d .  T~cnce th c  run in
n - ’ )  ‘i .~ o*r  in  ~ n.  o~ rr trrs. von the i l ~ ner used for

• r-rj cul f ir’ 1, n n r ~~’Oces rcoui~-~ run of - bout  c ‘m n m i r n c l  - n i  soventv
cr~ tcr-; oo 1 rr . ‘.o 1’ rn. hi ’h n n ~ ml iv ~pUoncn b - n c  o-n~ 1l n of  thin
v i n ~ s. Th ” ir  irk  — o f f  r o n  l. n i l f l~ r c ” n  i r ~ b~~:’h’r  n p e e i  ni . h ence
1o’ ~~r runv ye . T~or ex nole , the Tfl” ~u ’~ onr~ei of ‘

~ — 2i in 2100

h i l oce te ro  T1E~~~~ hour , its bn’i -’in ~’r err ed i. e 210 k i lo  orters ncr  hour

~n ’1 the  run remi i red 1- 1200 to 130(1 rn r t~~r ’  ion - ; ~‘.h ile the Soviet

con~~ercA r 1 - . in: ‘n-ne Tlnn ,c~~i.n 62 h o e  f’Ti “ id ~ r~~n cl a ’ q~ n kilo n,cteir

- —. _ _ _
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n o r  hour , its U rter mOSS cc Clfltr. i n  c l ov er  o c c r l cr ”  t~ ‘o n so th~ t
th~ run c~ OL be r ’g 1on~ r S  27~ fl me t o r n .

~ ov. to Te lace th ’ 0un Di n t cn c e

If ne ‘ ‘ or o x i n ’t e  th e  r a n  on  connt un~ — - ceele r- ii ;ri (i~ Ci:~, c r —

t ion) “ o t J  on , the ~in t n  nec ie~~~iven by the for:nul’

L = V0t + -~ st

w}ic rn I, = - l i n t ’  nec of run
V in~ t i~~l creed ( 1•n e a r - T n  0 funi1o~ tn-k~ — o f f :  on ~~~~~~~~~

V0 equols  the nlene sn eed v h e n  it touches th rouni r’i)
rc~~ l or ion (

~ .nc~~lp r ot io n)
= t ime  of run

Tron t h in  for’ ’nlc , one see- n th~~t the nh o rt e r  the run t in c , the
shor te r  t:o- m m  000-. ~~Ov to reduce  the nrc -

~ cc?  T c c reed

F ci the on1 o.f the  run , V~~, In  V ef l  by

V 
~ ~o + 

-

v .:hpr(- V.ç. oou ’ - T c  0 on lr n ing n o r  hir i  ~~ i’ hr~~ofr , i t  th e  l i f t —
o~~f nre ’-r~. ~~ oce n t hor t  ru~ t i ne is ob t - - i - i e d  v:~. t h n- ~~~~~ Vf .  on
t- kr’—o ~~~, ncnl .1 V on Un - 1  ~~~ rod  m’ ]. -r ~ c r ceelor~ t~ no (~~eceUr—
ct i c - r ~ ur 1n~ th e  run.

th -’ n~~nt  ten venr o , ~- 1nten~~ vc r encerch  h c n  been d on e  on
eri e o~ in c rn ’a r in c r nr - ’ci  end  l i ft  force  no tb-’ t. on t ” h r —

o~ f ‘ri -~ ion f i n  -
~~, 

-n r-jr’n 1 
~ rie -: i l l . no t  s to l l  criui fell dcv ii ni  1ev

C lOd- I . ‘
~
“ ~ 1~~Y’C 1 ‘Th Qv.~ 000  n i m C b  m’~eh’~i ion  for hi. ~h c r e c i  eir ’~ie~~es.

Th’ t ar  di rDc  to ‘~~ ce 4 ee tb~~t aith h-ok— v ect rn-i nr - T 1 curun ture
v’in~-e vf -yi ch - rr n a m t ” b l e  for  b i b  n r r ’ e d  f lu h o n ’ , th e  l i f t  is too
noel l  ~ t low r-o e~ to rl 1~~ . n e(’ E~ len i in .~’ r f ld t -’k e — o f f  The b ot .t ocr

rh o - n  the  -‘1 rr lnne v :ith entenlr’d v,’uii s cod Tov..ern ’ d io re
r n-i ~~ n f leas.  ~ n thj- n- .- i o ,cc~ b o o m  Urr ’e rod  curve d , they cenc~rntr
C i~”r - ’ -~ Tie f 0V~~fl r t Ton’- creed . Th ~~fe t k - — -Y’f - O:  “ nn l i r - l c “r e
nonn~~’lc.
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Tod oy we ehr ll  at t e rr i  to iricreose the rete of c eceleretion

( d e c e le r”t i on )  n~~ n rp~:, flm of reducino’ the run d i ” t m n e e .  To om n ify
the nro hbcrn , le tn  t~ kc U n d i f l o r  CO f l f l  exn ’n c l e  “n n l  lock ot  v- r .oun-

-m~ thof ,s of stonoin~ the n irn l nn’ ~nore nu i c lc ly  on the ] r n d i n . ’~ run .

A d io cun  -ion  be~ n n .  “ ~rnk in ~~! Just l ik e  sud en h r r h t h~ ~n
nuiorcobilen . “ Use a bi n’ p orn ’chute to increcee The rir r r e i - ’i ’n c e . ”
“ T 0~,v eb out h r l t i n,~ the c ir n in n e  v’ith c rrest in ~ c’ h loe !  “ * * *

~~c-li. , l~ t uc de—onnincte the vcrioue s i tunt ~~onc or th -  f I
o imuln-t or !

TIc p n i l ot  h ’~~ nn ~o cicrub ote the i~ ndi.n~r prone dune : lov,’r- n inn ~
the 1nndin~ ~-er ~nd the fin-rn -nd ciowly r e l en n in ~ the r~ s. Th
ci rr l- ne :”-linl ed tov ;crd s  the r’mv ’ny .  - ith n cli~ ht v i hr r t i o n , the
nirnlene touchod the n’round. ~u” , vin e nroaosed to use brrkinn’,

~tmr t ed  to yell , “li c e the breke! Use the b- eke!” The pilot “ach ed

eu-d -1 en b’~ c H 0,e • F o l lo winr n  e loud no~ oc , onoko be~ rn to C ” l C y c d

in the ccch ~~i t .  Thn d o n ’  sn un d o l  e~~”in . On the ‘ii ‘r loy nd ,
o r od -  s~~ n ’l  i~~’ 1i c”t o 1  “ i’ire “

‘ h n t h~ s her~ en c d ?  “nil , ~s the n lnn  i or ’ k e n  OU~i~ ,l - ,r , the

t ir e~ exalon~e I n d  ~m m r ~ i into f l ” mr e , ~ -nu i t i r ir~ in f i re  ~1crn .

~~} ‘nT U tha t - . e c ” n  n rr ~~nr r n i j i d ’ r ’  1~r~ ’ei ’-i -- n u o-eo ’h FLee n it
not ~n-i ~ ir’ Uric. of ’  ~~~~~~~~ r e - ’ so m-n r ihr t j n ~ 2 ‘c l nf l-~ nt~ l~ h”n n r c ln  —
tivnlar h~ -b n~~e~~d --ha-n it t’ri ch r ’n the nm -and , c n n ’ ttn onca nt i-’ is

hun dn~ - T -1 to t”i i ’.n n n n d ”  t ,inn’r dr ester  th~ n ‘fi let  of en ~. i x tor n b i l ’ .

trF nr .n Qrt  n1 f l : ’  ir  fl’i n v. i±h  y c -hc’V’t of 100 tone ‘n,~
v” To c i ’f rr  nf ~~~~ ‘m~ To c c  t s r— ncr boar , it. .- t oU l  k~ 0: tic e i i d m c ”I

• ‘~r~ or t~ tha 1 ‘-idinr ’ run ~ 
- 0’

K

~K = 1/2 rnV

v h ’~r’ K = lciool:ic nne~’n . ( ~mml ~~)
.0

__________________ - _
~~~~~~qS,-a ‘~~~~~

~~~~-~~~~ -- --
~~~~~~~

-
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m = ‘m es (1d loc~r~~m )

V = ir~n n l in r  ~‘ ‘o e d  ( r n e t r r~”e ec o n d )

In t~i - c-x~ ‘ t ie o~~~ ’ tr  a n ron t  ~ l m e , t ine r -ncr ’~’-~ = 3 .fxlO 8

jonml . en. T~~~ thin . ~- io ’nn t  of r ner crlr C -nvc r t - -  cc noT -t-- ’ v to hr - t due
to f r et i . n~~ e tin’~ n— h~ ’-ls hr : ha- , ~ t c n , t - i s  e. 3x107 c- Thr i ce .
T h i n  n u - ’-ft i tv  of he - i s c - n ’ r f i c i  n t  ‘f ”  v~ -~eni n .- ç ) r c  - hr if t o n s
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t inir~ -to nah i i -m ” -t e- or to ~‘o’~— ’ t oto f i ’ a me n .  U -r - o l n r  d I r n O  ‘mm .’ ri ,

ti-in brL ‘c~~-1,cr ‘-v - ’ t r - -rr n - r- 1- toe ‘fi~~ i’, ’ - ~~~~~~o r,- f ore -- a - to m t i e r  ~ i - r  t o

-r~ v iii t~ - n n r -, --- , , m  .~~
f  exee-osive br ’hin-c force.
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tic - - - ~~eh ~ ncr ‘f c ~~ -
~~~ the .~ , 1 n c-n o’-an ~~n’r 0 P  t ha- ar  -c-- cl -a

m o u lt in -- i : r n n t i ir ” i. d ’n ”c ~ to the n T -  n — . Ur n c r r  l- -’r .- r r . i n~~~. r

n ’— n -’ in- 11cr uoe o~~~-n ”~ 
r~~~~~l necincni sm of n - -he n i — i n n -  ‘n~ ci r~ , decelor- ’ ti-on—

r roc h n m m  - or r’-’vnro~~ en’- inn . On l~ nd in , th k i n  t t h  n~~r- r-c~-T of
ii T~ C”’ I -~~~ 0 cth~o -‘

~~
“ ,c

r enic’t — -r c  c n n ’  r v - r ’ l n . T  of ’ tin ~~~~ Th e d i n - - ’~ - - nU ~ of
f h c n o  -nat ino’~n U ‘h’- t thcn nr c c  l i c e - f r’ I b -  f C n ~ n-i of t b -  a l -n c- .
- - i r  c ‘~ ‘-“ - - e -~- - - ’ , n - : ’n t - i rv- c-~bia’c cfl- ’  en~-n ’-- -- ccnv r n on Ol,T: ” t - ~~

• Tb- lr ’ rco ’ Cr l i n . - l t  ‘of ‘c- i ~ o~~j r  o nor” - of l on - ” in~ p1 -ne -

‘ f r -  iio”itt - - 

~ n the c i-ier -— - coon -  r ” i n f l  “ ‘1- - t E r n  i n  r’~~ ’i. f-i t i le - n - c O t

c -b i n - - . U t in i e  ~: c ~ ,r ~~~~ ~~~~~~ ‘p 4 m -  1 f ‘~~~~n —n -f’ line n i- n c - n
‘ 1~

— “I’ ” run o f’ t i n -  r ) l e o L~ h e n c e  ~ i i 1  - ‘-  ‘mn -~ o -~ 
T

i- n ”- k ’  n- tic ‘n r’ r ~~ Ia’ tb ’ c}-i -~--t t r  t ‘ -1 t i m , i, ’ -m cnc r~- iri r

n cc -~T r at  in  ri - r’i —i n ’ ~~ : —‘ 1 f l-f  — -

• Con - -ne tbor i  C ‘ - b- ’o rtcn v-ic’ ~ ~ — ‘ fe ’ i-nu - in  ‘to u - c  tb -c e ’m ,n ’ior
of ’ ~b r i - n c  or ro -”c- t o  to c ’- lf l v c r l  (110 1~~ C~ ‘-“ret ‘in ‘i n to k i - ’a -tj c
con r ’—n , ‘imob en O C O P 1  r et -  ‘ co -o ’r - -

~~ l O f i  c~’ ohor or rocket boo - ter.
‘- --, o ’ 1-’ -r “~bn ” v’~ n l  d be tm r- ‘ -- or nmo in ” ‘ - - c i ’  i t i c~~, nch -n o  t ini-
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Fracture Mechanics and Aircraft ~hgine

Kuc Yi—chi

The application of fracture mechanics to aircraft design has already

made great leeway, but the application to aircraft engine has become a

subject of research in recent years. In last issue of this journal, we

intio duced the oric’in, development and some basic concepts of fracture

mechanics. ~ow we try to discuss the fracture problem in aircraft engine

and the application of fractur e mechanics.

The Fracture Problem in Mrcraft ~ igine

For aircraft engine, should we study fracture immech~nics, to this,

question, the answer is definitely positive. According to the statistics

of aircraft incident, the eases of’engine problem constitute about 9.1% in
aircraft

civil ,.
~ 

incidents and the percentage is even higher in military

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

fracture. In many countries , the cases of enrine fracture are rather

serious . For instance, in April, 19’74, a civil airplane DC—9, due to the

breaking of low pressure air compressor axle in the engine had an incident .

Through 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 productt-on of engine

J85G~~l 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.2il, 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
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fracture mechanics. 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

charoteristic of the parts in an engine. The hot end parts of an engine

such as combustion chanber , 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 hinh temperature, the stress distribution is intricate and

there are also oscillations, the shapes of fracture of the parts are of
a i r c ra ft .

a great variety and they are more complicated than ~ 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 diffioült. 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 muiticrack 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 crack

length. It is therefore fair to say that in theory and practical test ,

fracture mechanics cannot solve any of the problems of crack aircraft engine

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

The determination of stress strengthening factor and the tenacity

/~
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of crack so far can be made only at norma]. temperature level, and those

at high temperature level cannot yet be - completely solved. The xn~~erical

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 a].]. made of heat resistant

alloy. The changes of fractur e tenacity of this material under the effect

of temperature has not been thoroughly understood.

The important subject in the study of fracture mechanics is how to

use fracture mechanics to predict the life span. Many of aircraft engines

at the present time have no design life, and the service life cannot be

predicted by fracture mechanics, it is often determined by service test,

instead. The prediction of life span nevertheless remains to be a subject

to study.

Of engines in desigi as well as those in service, the critical crack

length still cannot be determined by using fracture mechanics. The

determination of the cont~’olled 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 snggestions

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 & rcraft engines is considerably wide and we must from now on try to do

our best to narrow this gap.

I”,
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The Application of Fracture Mechanics to Aircraft ~igine

The purpose of studying fracture mechanics is to solve some practical

problems. Fracture mechanics has been applied to mate]. materials, metallurgy

and high pressure vessels. It can be anticipated that ,in the near future,

fracture tenacity Klc will become a new index of materials. In the following,

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

Strength Calculation in ~~gine 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 is that it does not~ pay attention to

the problem of strength after cracks have taken place. Now in engine design

in some countries, fracture strength calculation has been taken into account .

In material selection, fracture tenacity has become a calibration. For
t i t a n i u m

instance , in the United States , when ,
~ 

alloy is used to make oompressor

wheel the requirement of fracture tenacity value is 175 kg/mm 3
~~~; when it

is used to make blade, the requrement is l22.5kP/mm32.

1~~~
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~.ft-r t ’ 1 O i ’~~~r2t in ~-~ieh ‘~1-~n f l~~r h (-1 o~
’ it~ ’-’~ ~~

~n~’H- f’r- c~ ’i~~ d , ~~~ ~~~~~~i i ’~~t i - ~ i r~ ~‘ -i;he i - ’ct ’i n- r~~ -~ n-~ --h ~
~~~

- te o T c~ c r  - c - -~t~~nn o~ the ‘hrei ~ ~s n ’~~~ tr  ~ n .  -~b~- --~~- ~ ~- it 1~r ,
tit ~iur’~ n~~1o~r . i i th  -the r~ yu ir r ~H ~

4
~~rn~ th - - n- ’~ ‘- br -t ter f r  c-tur c

in -i~ ef to nub n t t u t n  ~;hc o~~ ‘-
~~ fl 1 ai~ h ‘t - -r- f~rth n t c  ri~ 1.

In ~ omc- countries , the frncture streneth in elno hr-inr~ conc i:~crr d

in -the -‘~esi-~n of 1nr-~c- rotors. ~ore e’~nh n n i s  is n~ no b~ inn

on rc~ uir~ n~ n in to~ h n ess ~~~ ~1~~~t i c i t v , m o  r t i n once
c o i ~~cr~~ -~o be of ne con~ nrv imnor t ~-n c e .

1
~~~~

-
~ir~~ L~~~~n~~nn ~nd Service Lifenmnn of Th ~~on~ nts

In th(~ p~ nt , ~~~O3T seron ’~u -t-~~cfl 1 en~”inen - ~o not hn v e  ~n retim~”te

of ~ ~‘-i--n 1 f’~r m n a .  The service- h f  s m cn  v ’r~ ~1ro t~ r - i ~~
-~ne r imen t r1 ly .  ‘T ov ’r ~r n f r~ cture rnech~ n i cr  in  b ein~ nvihied to

stu r emc- ’in~ h i f es nr~nn .

~ evelomm nt  of Hit-h Tn - inc r ’ tur -~ Prrcture Mnc ’~- n i ce

This r c ne~-rch ~-r~ e is dir~ cteci n t  ~r e o nn u t i c - 1 en~ i ne n .  There
‘r ° rome osi~~~ve resu lt s .  -Towever soms d i f f i c u l t i e s  nrc ~1no
r ’neount- r - - ri in ~-e- rc t ie~- . ~ o work is needed.

t ,n r -~’ine Thr- TThture of T hr v i c e— r c - l n t ed  Cr cks

The use of f r~ c-ture ‘rechenics to n~ c~~ict cr’~ck in it i~~t ion  “;h~ le
the co-ri- ’onent in in s-rvice or i~n ’~er rcr ’~ir m i r h t  be Th Th to contrel
eo’~c of the fr’ cture mu oh i ens  v h i ch  err not  solved ru n i 1~~ the ‘ienj rm

~~~ — iuf ~ ctur i n~ n~~~ -en .  T” ic v ;ould ~i inr r n t ee  f l ight  s~~fc ty ,
in c ”~ en ~ the h if ~-n ~~r n  of the coTr -onent ~nd c-void f rcn u e n t  rc- r~lp c e—
‘~ent of connonen t s . Po-re i~~ ~~inn n v i th  1on’~ hi n -~~~n heve
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nt. n~1 r ~ n of nc-~~’m~ n - - i b ln  cr -c~c 1 
~‘n - t h ’  fo r  tTh- r n e r - -vY ~ l eo~~n on c s t~

to ~- -~ -r~~j ~~ in r -’-’rv ice , to un3~ r o r~~- --~~~r n -~ to be :~u -~ n ’~~ . rJ’h p (

rr su  n’- - n r n-t n ~ ‘nrr’ Tlv hr  n ---t vvn hr l ife  - 

~~~ of en~~~n cn  , roneti~e -‘

to the e x tr ot  of ~~ vc-r~-l t i ”r~ th~ ~ s ¶ ‘~n l if e  n~~ n. ~ ovs-ver to

~on ul- ’r i se th i n  enth od  reci ’j r ’~s ~t~~nn iv e  r~ sr~-rch in fr eture
mechonics.

T e c h -u -sues for  Inprovinr- t -’u~ F r - c -t m r ~-- T 1u~ h n r n s  of C o n r n n n n t s

it i~ more e ff rc ti” e to nre~~r n t  cr- c ’~ i m i t i - t i o n  by 1’~ )rov in ~-

the ‘r~ r tur~— tou f-ine~-s of ’  e i~ om r n t s  thnoui~ -: ~~n.-; t e c h n i r u r n .
P r even tion  of’  sn --:  ski ri~~ t b rou~ h “~~ruetu~s I oh- -n ---c s ~ Or n  n o t  - -mo duce

‘~-oo~i m -’1llt-~~. It 5150 invelves ch -nr--~-e in th - d-si’ -~ of ~o1 dr’ ,
t h r  c o ’ t - i l it ’r  Of m- r tn , et c .  Oh r e -r v r t i o nc  ~ 1 n O nu~~~~n t  t h s t  —

cr ~- ck~’ c’~n -
~~~~ ~r’ te .  Tf stru cturel chsn-’es ~re ~~~~~ in one n ’r t  of

the  co~ --‘ t c1-’ c~’ c ’ b-~~ore , en -
~~~i 

—~~~~~~

n~~n t k - r  ‘-~‘c- of the c o— n r-ons :--it. :‘~ct 1l 1h~y ,  n ru.r s trun-tur e  h - s  i ts
r~r - k r nr ~~s n f ’  cr~ ck’- usu- lly in i lt i e thnr e . fedés± -gnir i— ni —h t

r cn ~~1 t ‘n n v Tr ~- 1. i -vnr ov- - ’~nn t ~, ~-u-t t~n - c r n  5re s-till vc ~~c ~- r T n ” .
0-r ehe j u st  em r’~ r i n  e i t c rn t c for -ne  nd ~~ Ii ~fererit ;‘esk
Th~~re in no n er fo o t  em ~-i~~’ - \ - h ich  Th en  n o t  or’~ch . ~ hr ni -~r~ t on of
cm - c’-n -~ in r u i n e  oo -— ~-non ron~ rn~~i n~— co~~— o n r n - t s .  Tor ~n~- ~ele , if
the r- h u n  of cie~-~v~ turr -  R ot ~n ~‘xh ~~l junc t ion  in ~in n r - - ~~n ed  to
n~ ~ov.- r n - n o n  ~-}n~~r c o n n c c t on , cr- -c-k-~ nu ~h t  -d i -~ n~ r- - -r t h er e  -n d

- tc  t o -n -tLer j ’ mct i  on ’— . Or~ ck-~ on the  outflov:  s ide  of turhnin c-
bI- den nr c  ~~~ to f ” r t i r u u e  n-’enu l t i n °  f’ro si cob - -n L c~ I v br~~ j o :- . 17’

~~~~~~~~~~~~~~ bI~ fee  ¶ 1  u sof  to r~~ rc ed  vibr~ t~ on , c- rn c ’-r~’ ~u--t ~i~ r- te

to the ( covJ v~ ’ . Cm n c k n  on the ovtf lov .  ~~~~~ 
-1 e of ~ni 4 -

~~~~~ lnlnd c- ’r -~~‘r

~~~ r ’~~ ul ts  of therm ’  1 fn t i ~~ rp . 17 ~~~~ ~-— - -‘oo1ed ‘-
~~~~ ~~r b l -  -~ en  - r e  used to

re-hiec tf’~ h~~~t T oed , cr-- eke si Sin7T -H -n - ~ to n h e  ‘- ~r o u t ~ t-n .

~o~~~t i ’nes creche e - ~u1d ‘~~: r~ tn fro m one e n r - ~o m rnn t to ~mo + -  r. f - n m
hnnd o ’ -r~ 

-
~~~~ oc i - f r i  -~htern ~n - . -‘- : nn sp ~~n 1r  t r ’l  ~~~~‘t : — ~-m ~ld

1~ r- -~~~~-~- “~~ -~- ‘i 
~~
‘-‘ ‘ ‘  r-Th ~ - r’~~~~~fl~~ 

‘ ‘- - ‘  f’-’ ciur e t-su-~ n : en of ~~~~~~~~~~~~~~~~~~~~~~~~~~

-‘n fh- t or ckr ‘l~~~~~ - ’,r r ’, -’  ‘ “ “  -
~~~-‘ nt  -~~~r~ n e . ~~~~~~~~~~~~~~~~~~~~ of

- r ~~
’— --~~~ ~n -~ 

r.~,, ~tu r e  to~u ’-- ’n r - -es  -‘~, r ~~ e - ‘ ~ne~ ’ 1 hc t 4 -’r i n  et .
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111-11 t :t n -- ~:- -e~--~~n~ - r-n -i v -  -~ n - - ~r - o - ~~t ion  ‘- n’ ~t l~ -- ct i n ~ v - i -b e r - 17’e-nt .i-n e .

‘ r~~(- -” s n~~r~~s o~ f ’on t r ’n l l  in ~ the Cr’ c-k I re~~~~’ t i o n  1elocity

~~ contro l 1 n~- the veloci  Th y -_ t ‘ -h~ ch Cr- ~~nr~~ ro - : 
~~

- -
~~ The , c o - - : - on e n t s

c- m e~ for - . ion ‘-~-r pc rio--h of t i -se . Obvi ous ly  ~nechri :~e ’,’~n

‘~o ’- ’~~c v - - -  t~-~~n r n - i  ere e- T n- o i - n m o r t - n i  in solv in e-  the  fr cture
n ro l -—I em .  In - - nr~~n - 1 l e t  s i-r e nr - t hr ~- n i n —  ( see  the issue of Octob er , 197n)
nn (9 r o l 1. i n - —  c m  nnco -r ~ l i n h  t~~ie  ‘~or1 .

u~ in’- 1r -~ ’o r  be n on m - tj o n  to ~e-r~roye r r t -  1 e r f--ce shov:ed

r ~‘ie t~~on in the cn n- ok  nro ee~’°tion v E l o c i t y .  It  i~- si; - e t ed
C CO - ‘r ni n~ t i om  n~ ’ v n on ,n~- on i t i o n  ~n d n ~~ - ’ - sr_ -f i llet stre n E t  i11fl’~

pr o -h i ce  the -nost d e e m - h 1 - r’~sui t .

:~mnlic-~tjon in the erc~ ef

c-tune is in lucc~ by f- t i  s i e.  Th n -h e s tu dy  of the
ti—’tion n- -n a nror~- - - - t ion  of ’ ih ti~r~ e cr~ ekn by f’~- o t - ~ ‘e ck~ r i c s

• 17’ c~-i 1 r ~n c m o — T h  c ’ture oh-- n i  cc . 3tress c-nrc1. m r  f i r v c - T o e~ 
- ti~ ue

niucleu s - ~~~~ si i i -  ~oliov:~~i by c’ croon- ok fon- ~- ± i on , yr-cult n - - in
un n t~ ble- Dror- e tion - n d  fr~ ctumc - . T~ en t - in -e  -nroccen  in  b e T h --
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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

aircraft:

1. The Reaction !4oment 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 aircraft. Finally the cra~’t is made

incline to a reversed direction of the running of the propeller. If the

propeller is revolving - to Mght, the craft incline to left (Fieure i).

The greater is the revolving speed of the propeller, the greater is the

inclination of the craft .

incline
2. The Twisting Airflow of a to

PropeUer~ When a propeller is revolving,

the airflow that is forced to the rare Figure 1

part of the aircraft is not in the shape of a f l a t— p l a t e  f lowing

along the body of the craft ,but it goes around the body of a craft. The

dire ction of twisth ng • of the airflow is same as that of the revolving of

the propeller. When the airflow is passing the wing , it is div~ded 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 

----- - -

-

- - ---~~~~~~- -_ ~~~~~~~~~~~~--- -- - - - - ~~~ - -------~~~~~~~~~~~~~~~ - - - -



—- ~~~~~~~~~~ --~~~~ -- r’-- -~‘~~
‘ “ -  :~~: Z C  

- - - -

to the left back. When this twisting airflow touches the verti~a1

t~~1~~f the craft, it w 11 make the craft incline to left (e’i -~-ure 2). If

the ~ro eller is running to left , the situation is just contrary to this.

T~1es6 two sidee”rects of
~~~~~~~~~ CJ~1 strike at

the propeller dama~e the balance of the tami - 
-

revol
an aircr-ft in the air, so they to ri.

must be overcome . -

\ incline to left

In aircraft design, especially
Figure 2

the design of a sin -le propeller aircraft ,

the impact of the side— enfect of the propeller to the flinht and control of

an aircraft must be taken into acount , and try to overcome these side—

ef” ects. I’or instance, there are aircrafts of which the vertical tail

¶ s  not set at the fore—and—aft axis but at point that makes an anr~le with

the axis so that the slope and inclination of the aircra4’t, caused by the

reaction moment of the propeller and tvistin~ airflow can be of~’set. On

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

aileron to adjust the inclinati on. The correction blade is operated by the

mechanical personnel on the ground by using some instrument, so the correction

blade is also called fixed adjusting blade. There is another method tha~

is to 8et up a airflow conducting blade, airflow adjusting blade, bottom

fin and back fin on à~i aircraft. All these measures are for the purpose of

maintaining stability of an aircraft in flight and redu&ng the impact of

side—effect of the propeller.

As the reaction moment of the proseller and the magnitude of the

L 
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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 cnn 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 ~orce

are of many different kinds. Whether they are double—propellered (double

engine) or multi—ensined,on one and the same craft, the propellers are

revolving toward same direction, as indi cated in Figure 3.

The propellers of a double—propellered aircraft are set up at the

engine 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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Q:In the vast sky, why ther e must be reeulated air routes?

A: Air route s are of two different kinds : the f ixed and the unfixed.

The routes of fighters of an air force are unfixed , and they can change

at any t ime accord ing 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

‘4 L
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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,
airpor ts

and on the ground, there are and installations which quarantee

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

called rer-u.lar air routes.

The ground corresponding to the regular air routes (projection to

the earth) is called air road of the regular air routes. Its width is

reculated to be 50 km. Taking 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 aircraft s are busy and

frequent, in order to avoid interference with each other and to quarantee
safety

the of 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 aircra fts for their flights from and onto stations. Such an area

in space is called “air corridor ”, of which the width is usuall y- gkm.

In some areas in the sky over some political , military and industrial

centers , flights are forbidden . These ar eas are called flight t’orbidden

regioi~.

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

airorafta are very strictly organized . In the vast sky no one can fly

‘-if



freely or tak e 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 regulations are violated by a foreign aircraft ,

the sovereignty nation can take appropriate and necessary measures. If

the case is serious , such as mili tary reconnaissance and other destructive

activities , the sovereignty nation has the right to shoot the aircraft

down.Evidently the regulations of air route s are very important.

2. National economic development requires air transportation of goods

as well as passagers , so there must be suitable air stations. By regulated

air routes , these stat~ons can be connected into an air transportation

network . Regular flights must have a fixed fli ght number and definite

route and stations (in order t-o 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 tra --sporting goods and passen gers .

The regulated route should take a straig ht line so that the flir ht -
~~~ stance

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 absolutel y necessary to have a regulated

30 
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route .

An aircraft flying in the sky is always condu cted by ground personne l.

Following a regulated route , the ground personnel will feel easy to k now

where is the aircraft arid its flight po&tion anf altitude . Thus they

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

When an aircraft 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

aircraft cannot be lost and will safely reach its destination .

Along a rerulated 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 &rcraft 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 obstacles, 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.

!~reover, a regulated route can let an aircraft keep away from some

forbidden regions, such as military base, ground-to-air shooting range.

It will be also good for nat ional securi ty 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 aircrafts. In the earliest days,

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 fligt-ts 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 higher 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 a- regulation saying that climbing ceiling

is an altitude in climbing when the climbing rate is O.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

fli rht speed.

.3 ?-
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1. ho-- - - 1~tj ~ tudc
-f t1 - t n-ic’ -o f’ Iet-:-notor i” ‘-ounted on b ’ - i-lt it’i--T r- n- -cr-c--note—

:‘c-ce 1~-’r -- tod h o - . To en--u ‘-c t o—  m— f r -t y of ti-on —-m c-- , the- bomhinr -
£1 et or r  (

~ 
i t  ~t u - R e , s o c c — T , no r c hu t e  o r — n m — t i me ) -“ in  h- ore the

cOy-CecIl v ’-iucs when th- ho--il is re 1e-~~recL ,‘4 hen th in  h- f - I n - n ’ ,
control cid Vj C C  on -ti-or- bo-ob ~-Ih 1 cno--’e both -the front end t oi l

toton- tor c- -r-tr id~ en to oh- n e  from n -Iele-y—e- xDlooie to en io to oIl’

C-OUc--— ’-Y IO’~e condition. On —m uon i-i- not , the bo ob — i-ill be :ietono ted.
Tf tb-- ho oh nvr’-c ’outc in OOi  f : ,n ct i o n ir o  nror erTL ir , or if there in

c-n c-r oar  in tb” lr - :r nc h inn , tb - :- control  - t ov ic e  on tb ” bomb ‘viii shut

o f ’  . Th e  1f l m t C f l i n o e O u n _ e Yu i o o e  conuifton v--i l l  not br- - ettocted .

flier n- ~~- f ’ - ’~ of ~~ f l t e — n  n c c o o -t o, the fr-not  cn rt r f t~~e v:ill I t on ’t e
tin barb . Thin ennumc n th e  n -  f e t o r  of the bomber.

c- . r-v.’ S e t _ t i - n c  loton- tore

I:o o-d- ~ finn to -o r -oh - - o le - f t  ‘c - t—tf t c  I ’-ton- -t orn , tb - U . °- . hon

s : i TP l O r ie f  both  ch’n ’ c - ’  - f l -’ c -l e e tr 1 o~ l n et — t i -n c- : l et onnto rs.

One ti~nr  of c’:c- - I 
~~~ft cTel - or ’~- tar. c’-hlef’ ion~ c nolut ion ceo- cu be,

no- en c - i c r - t x -ft oun- ’-coo I~~ c - - -~~~-c- ft concentrntion of ion:’ I n

- i i f f~ rc~~t r v m t o -of to-’ no ’- i t i o n  to mci: i c-ye s e t — t i m e  c u - -l o n i o o .
orothcr t r ’io n i - c - n  t h e  r o f t - ij o n  ~

- -  i n~ - to h p n T ç o ’oen n bot~ l-: of ‘ o n t o o m .

li ii - ~retonc ~jr- oi-icn-’ cc-lftftoid r in — - ’ ,’- ’-i ich ft used to 11:-fit the

:-ovc n of of — n I ~boct 110 . -Then the r i o- - v-of tenc , toe - ‘ini  punctures
fl— c’ rn -ocr to io-hoc - e  -‘c - ± o - - i - - t i c uo . ‘to i — i n - ’  the concro-ut r~ t f o :o  of I b m
--cetono or th’ thichn--- no of the celluloid r1nv nltc-rn tb” ret—to-re

for Ietonftio’-.

lec-troni c’ n c - n — t i m c  -I : -t o n ’- to r  eu—cs ce--ilconductor in t e— r --t e d
cj r cu ~~t ‘-vi i n r m n c m n l - - n  of b ’ - h f r e ou r n c y  oncilir-tioi-i to I -’inr - --un o t(~e

‘il l1 nif l c -  c r - ” -c f t -T r  o f ’  Is-he C’  POlO ± ~
- -t C~j ’~refl  t i ne . After r’ fi xn d

t i ne - nc-rio-” , ‘-i’iine is — r- - rm n tc -1 to i - ’on i te  -the electric detoni-tor.
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(7) Doppler Radar Fuse

It is a skew moment fuse made according to Doppler princip les. 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 aed

receiver set at its two sides respectivel y. 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 at a fragmentation bomb, it can make the killIng rate
larger

of the bomb three times ., - 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 fluidic generator, fluidic oscillator and calculator.

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.
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A Brief Talk on the F~uipment of
Bomb Loading and Transporting

Han Chen—tsung

It would be an unbearable labor to load bombs on an aircraft by not

using machineries but depending on man power or simple~ machine ,and sometimes

it is simply impossible to complete the task by man power only. The task

must be done by the help of mach ines , 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 labo r , and the air cra ~’ts can take off

on t ime without missing the opportunity of fight ing , 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 count~ies.

it is everyone’s common knowledge that a bomb is dropped from an

aircraft. ~~en1~someone never has the chance to witness the dro pping 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

divitt on of air force may know that bombs are always suspended on holders

in the bomb cabin or underneath the wings for aircraft to tra -s sport , and

customaril y 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

igni-tors (such as fuse) are store d separatel y , and only shortly before

________ ____ :_ 
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loading, they are transported from the ammunition depot to a speôia]. area

called ainmuniation operation zone in the air fi eld , where they receive the

H service of cleaning and checking .

For loadin ~ the bombs first - are carted to a spot underneath

the aircraft and then they are suspended on the craft . Pra ctically 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 &rcraft. 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 aircraft 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 hundred s to

several thousands of kilo gra ms) , and the loading amount of’ an aircraft 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 inachanic installations have begun to deve lop, 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

_  -~~ -~~~ --~~ - -~~~~~~~~~~ ~~~~_ -~ - -~~~~~~ - -  - j
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transporting are safty , power saving and pro mptitude .

Safty, Power Saving and Promptitude

(Basic requirements for equipment of bomb loading and transporti ng)

Bombs are dangerous. The length of a big bomb can reac h two to four
— meters and its weight can~ be several hundreds to several thou sands kilograms ,

and its charging coefficient can be 50% (char ging coefficient: the ratio

• of the weight of poder char ged in the bomb and the total weight of the

bomb). The charging coefficient vari es from different bombs, and it ranges —

from 15% to 70—~O%.
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Key : (1) Wing load (kg/rn2) ; ( 2 )  L i f t  c o e f f i c i e n t ; ( 3 )  Mach
number , (

~
) Fighter , (5) Bomber and subsonic attack plane ;

( 6 )  This diagram i l lus t ra tes  the relationship between the
s t a t i c  ce i l ing  and the l i f t  c o e f f i c i e n t , toe f l igh  Mach
n umber and the wing load of an airplane . Knowing three allows
the fou r th  quantity to be determined. To de te rmine  the
ceiling: 1. With  given data , estimate the wing load (ceiling
weigh/wing area), ceiling l i f t  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 lift 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 b omber , (10) Bomber;
(11) Fighter; (12) ~iigh altitude reconnaissance plane , (13)
- .h at  is the ceiling of an aircraft ; (la) Mach number; (15)
Leiling height (km).
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