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THE RELIABILITY OF FLYING MA CHINES
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~o ~uarnnt ee the sa fe and reliable use of f1yinr~ ‘~~ehines ,
besides the reouirement of excelleat de~’ign , a lot of testings are in—
disne~ sible. Tn~:ing a~isriles as ~n example , this article briefly intro—

duce5 the influence of’ environmental conditions on their reliability
and related test,in~ ~robTe’-rs.

~~en our air force is gnard ing our o~in country, can we afford to
hr ve frequent mistr.kea? At the moment we are being attacked by the Tm—
perialist , Socio—i :~nerialist , can we st and it if our missi les do not
work or b r e a k  down on their  ~~~~~~~ No a~ay ! 7ith rega rd to f l y in ~ mr chi nes ,
e eci~~lly ~‘hen used as we~ no n r , th ey must be re l inh ie  in order  to  fight
our enemies , but f lying machine ia a very compl ica ted  system. Pn a i r—

~lnno or a raissile is comn osed of thousands of ~r rt s .  If one part breeks
do. :~~, a .aire d i sc on a e c t e d  or something goes wrong under its o r ~r~~-~ 1ng
condit ions , serious consequences could hap ~en. Therefore , unlike the
flowers in th e  Tre n house tha t cannot stand the severely hot summer or
cold ‘in ter , our flying machines have to work reliably in all  kinds of
conditions——day or night; viinter or summer; at north or south; in ai r
or at sea.. How to minimise the mistakes of this complicated system dur-

ing onerstio,~? According to the hypothesis of ‘Differential Judgement by

Reference ’, if we v.a-nt the machine to work ‘freely ’, we have to analyse

th~ ‘ex~ ected’ obstacles and make further modifications , so that it can
work under all adverse situations. Hence , in order to increase the re—

liability of the flying ma chines, f i r s tly , we hove to recognise these P
different noseible situntions . Then v.’e choose the most adverse kinds of
enviromen~—’.l conditions and try to reproduce them in the lrborr’tory with—
in which d i f ferent  po rt s of the m~ chine or even th~ ”hole ma chine -re be—

ing tested. f~. series of enviromental testings ennble us to detect the
a ccura cy of the design or the quslity of production, m d the corrections

are continously under way . Hence enviromentol testing i~ one of the in—

disoenaible nrocedures in increasing the reliability of flying machines.

Enviroment ol Conditions
he operation of missiles con be divided ‘i nto two stoges—— ground

mrd -ir .
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ft~r pr- t~~e ‘~~ r n ,n r  ‘~~~~~‘ ~~~~ t hr ’  minri •J c ~i he transrort r’~~, r -~ored ,
inst ’  l l r r ~. rs~ - r -kr . d or rea~4y for ~~~~ rdi r~ 

1~~rnnsa . Tn this rt~ r’r’ , th e
‘
~~~ l n ’ -v ~~r’ • 

~1pi~~l’ 1  ‘ 17 VUR (S ’V 
~~~ tUT’ 1 envj ~ -r~mr yrt ’~~ co n di t iop ’ ’- ’-’d h av e

fa r~~ 4~~~~-. ri-i  {‘~~r~rpnt  c1 iri ’- t f r$1’~~~~~~er ~~ For mirr~ 1 ~r -i th -oi-’r’in’~ ~~
“- --‘ - --

‘-c , ~~h r ’ ~ ~ to a - -~~~ ~t~ r ci -~~n ~~~~~ ~~~~~~~~~~ ~~~~~~~~~ ~~~~~ r- ~~~~~ - ~ ~~‘i’ ~~~

~ r~~~ 1 on~ t~~~r , ~~~ ~~~ ~~~ ~~~~~~ ,~~~~~ ( ~~or t~

r~~., - ~~~~~~~~~~~~~~~ 1 
~~~~~~ roracat of t h e  oar t 1a i s  v~ r-~ ~‘om~’l I c -  ted . Ar o”r

— ~~-~‘it~ re nt , there ~x im t  ~i f 4 r ~~’~~n t  ~‘in~ r of c 1 im -tes .
1 ~~r’~~-’ -i ~ n~ ’ c~~’~ ’-~-’~~ - ’ “i ‘~b hot ‘-rn  hum id eli w~ to  include ii’ ‘~~ 

(~1~~

~H ~-- r  T h - 1 ’ n d , ~outhnr~ ‘‘i v ” n ‘nd the T r i e r  o~’ ‘ o t h  ~ en
E~~r~~- ~ 1 t~~~m h’ vr ‘‘n~-~—t roaic ’  1 a r ~ tnr ’oer ’- t a  clim~ tes , and north of
Hay Lune “ iv r~~~ h e l o n - to  thr. au h — n o ] ’~r ~~rrnr~ }‘enee the  c l imat ic  con—¶ ~itj on r  a r c  rç.-~~ i~~r

Ph cr e  rn - 

~~t of climatic factors which include tempersture ,

humid it’~, orr~a sure, .-.‘ind m end , sand cr~osion , amount of roinfall and
snow , f0 g , ~~~inn fog - n l  so on. Among them, temnernture, humidity ‘-nd

r~ iine fog have the .~rnntert influences on missiles.

‘~t high tem~~raturem , the metal expands; nla’~ tic products disintegrate.

nron~rties of electric ports change; lubricating fluid becomes less sticky
‘ n  the a: a t om will overhent. They a l l  c a n  a ffect the effectiveness of

t he miss i l es . In our country, the temperature in mr ny regions reaches
over 40°C. some particular locations ~

‘ ~~ temperature over 47°C. Among
different countries in the world , Libin , the ca pital of Africa , once had

temper ture over 58°C. If the sun a~~ines directly on the missiles surface ,

their temperature may reach 75°C.

On the other hand , low temperature makes the m: terinls contract and

becomes brittle; specific heat of electrical part s and propertiee of semi-
conductors change; lubricating fluid becomes more viscious and locks the
movable parts of the missiles. At the north a rid northwest part of our

country, the temperature in winter usually reaches —40°C, and the lowest

• record was _5O0~..
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The relative humidit  is another important factor on missiles
oaera’tioi~. Low humidity is ch’ rrcteristic to the desert area (hot dry
zone). Under this condition , wood , paper and fibrous materia ls are
usually dry and b r i t t l e .  In contrary , high humidity a lways occurs in
t rop ica l , subtropical and t emperate regions . In the rainy 5cr  sons of’
t ronics , a temperature about 25 C C usually corresponds to a re] t ive
humidity of 100%. This is due to the matura t ion of w a t e r  v- nor in the air
‘n ~ ~ives rime to fog. It may decrease the insulation resistance of the

electronic sys tem and induce decay  of the composing mate r i ’ 1~~~ • If te m pe—
rature i ncreases at the same time , th e dec- y v i l l  be n c c e l or a tn ’ . ~‘ii r—
thermore , nn~ er these conditions , mould will  grow f a t  on ccrt r i n  ~‘ t er i ’ ~s
-- nd l 

~~~ d to thei r  fur ther  di s truet ion.  In condit ion wi th  te~~~~~~~ t ” ~~ of

20 °C ~ nd humidity of 80% for  12 hours , bes ides  th  orob ble ir 1nr~-~n~
of t hm  v” ter  v°nor , the crowth of mould and i t s  d~~ma -re ‘- ‘ so i r e r ’~~r e ..
Th i s  is ver~r ~~ 4*~ a -r i  ous . In our countr ’~, some n l ’-cea  h - ye 4~~i a  i~’d
of c o nr 1 itj on  f or over i SO  d ay s  l r e nr .

In oee’- r -‘ron , - - - - l i nr fog is one of’ the f’-ctors tha t c’-”r ’~ m et-- i

ri~~~~a-ge . inca ’ ‘a ’--t r Va nor c on t a in ’  ~“ l t , i t car nro ”r ’n ~ s “ en our nro—
l-, 1rr ~~ . r~~ee ~ f mis- i l e a  ~~~ bei ng used in on~~’-~~’ ‘~~~ea , s n ob  n i - ’~~- 1

to be co -i e~~~~r1~

• 
~‘‘‘t 

4
~rn’~ 

‘
~~‘~~~ 

.~‘~-,r- 1rp  n ’ 4ni,”’ l con - i ti  ons , o a - - i 1 n ’  ~
- ‘  ~ r— -  +0 r - - - ’ - ~ ‘— f -

+hr 4m~~~se ~ orr~ ~~ v~~~’tion during their tn n o’+~~+~~ On , ~11ocat i o n

~nn~ i nst ’~ i 1  ~~~~ ~~~~ P}1rir influence denend on t he  cr.’e,~nrn r r’n~e of
vihr ’ t i o ’-~, the  ~“ - - ~~itude of r c c el o ra t i on ( ’~) and  the  t~~m~ they — “— rr is t .
The ~ ‘hoirr ~ i, ~~~ ‘-~i~~ e-- i~ t~nrr ci e”end on the router of trPns~ ort .atA nr ( r - i i _

r~’ d , H. ‘-b’w ys , ‘-i~~. sea ‘nd  so on), va’1 onity of tr’-na n ir t at io n . eo~~~~ t~ on
of ~hn  ~-‘- ‘ - d s  ‘ rr ~ th e  -i nds o -!’ vn h i c l em  used.  In “enero l, the fr en r ~ere~r of

vih” - t~~-m i -  bel o” ~0 e .n . m . except in the case 0 f’ a i r  tr’’r t s n o r tr t i on

“ ‘j n 1 h’- -‘ - - i ö e r  rr nr’ n of frc ’-na ’noi es . The v ib r at iona l r ccer l e’r~ t~~on

~~~~
- n’-~~ - i~ ‘ - ‘ ~~ th i n  1 ~~. Ta r a n c i d  s i t uat i o ns  snch as movement  over Un—

im ti n~ nor d , it cm “each over 3 .—‘ . ( Fi~~. 1 ). Wh en a t r a in  t ’rrs or
r’~nr o~’f— tra c ’~ or its ho~ km disconnected s~ d d e ’ lv , the accer lerat ion m ay
be over 4 g. In “-enera l , the experience of vihr - t i o n  and momentum cha nger
dnr i nr the  ‘~rnund sta ge is much less as comn - red with the f l ight  s tage .
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‘j ’he ofhey c i  ‘~~~ r- -r’ c- ’~ce

~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~
_

j~~~~~~~~~~~~~~~~~
_ _~ r~~~~~~~~~~~~~~~ s~~~~~~~r

l o r- ’or and  i c r  (~ t o
Diagram showing the v ib ra t ion  of the guided
raLsslle during transportation. i~ tercnn ectin’ ~~-ioh ’

~1’ ’- ’a ’e , ( i r ] r ) e a t ~~on
n -

~ c ) a ) o n n n  iort m . Thnrc :~ore , m isa  lies’ h~ ye t o nasa  t,~ rn ui~h t i~j 5

len gt h~r a a 1 nn :-e be fore  they ca n be used dun ar a’: r t ine .

a a - 6 c i it ion  to the  a ’oove c I r :  l i er -n s , i’n~ er s ecir 1 ci.rcuma t a ‘c ea: ,
(IS

a ’1e:~~ Oc(:ur1é :ce of boT-1J) i• n’- no: rhy or u n in ’  a -tom -i c  - - a r , t h e  impu la e
ad r d in -  ct ivit ~r - rn~ uced ha ve to  ho c o nsi d e r e d .

l L ” h t  st a r-n : t th i s  s t ag e , t hc  s i t uat i o n  of the n isa  l ie s  i s
nvn r :n n 1 h” the i r  own motion sn c1 interna l on e r a t i o n s . T hey  i nc lu d r -

f i r m ’ - , ul t ra- — sound speed s t ar e , igni t ion  of the seconda ry e n - m e ,
so - a  ra t ion  of sect ions , shu t t ing  off  of the en- - in e , f ree f l ight  an d

an an to  uho  a tmor  ahore . ~hese condi tons  wil l  generate  vibr: t i o n ,
-ora ’~ntuiT1, nois e di sturba ace , impulse , hi ‘i-a te  nor : tune , i r a  nre s r l lr e

‘nd  so o a .

Vihr t ion  is one of the gr - : test obs tac les  for  miss i les  a t  th ei r
f l igh t  sta ge . B ee r - u: e of the  sty -on-a - vi r t ion , the norm : 1 firnct i o n  of
the  ---is : i lea  v’auld he i n t e r fe red .  Hence , in the  product i on end d e s ig n
mi ssiles , the vibr~ tion : 1 environment should be e :-~pha ai r e d .  The vibra —
ti n i s  ma inly c used by the noise of the engines , the air current
u o n  the m i : :  ile surf:  ce , a- nd rel: ted to the a!: yr o±~ i nstn l h  t i on  of
the po-:;er s~i a t e m .  The m oat evere vibration occurs a t the time of
f in in ~~, the  u lt r~ —sound : tr :ge rid the return to the atnIor : phere . At
other  s itua ~~ions , the vibr : t ionn i rate is relatively m a -ta il . During
f i r m - - , the v ihr r  t i o n  of the  engine passes through the missi l e  f r am e
to the conn ecti n s ect ions . The ‘ r c a- tes t  vibrati ’n occurs around the
e n - m e , usur ’1~ y a t  20—30 g • The f recuency ranges from several c. -o. s.
to a f e w  t n o - i :  and c .n . s .  Due t o  t ~e a b s or ot io n  of the vibra t ion  via
the c-o nnectLng portions , it~ ma gni tude  will decresse gr rd ur ’ i1 at

re -i ) f l S  r ‘, a y from the engine to about 15 g . , z n d  much sar-iler a t



t e head  por t ion.  The n o i se  roduced from the ‘iet en--inc a-nd thc sur-
f ace  ai r  current is the ma-in source  of v ib rat ion  of the join ing n ’-r t s .
Due to the accelerat ing nronr ’1iin~- force of the engine , the noise
nroduced can  be tremendous . The fre cuency of vihr ’’tion ca rt incre’-se
from several tens  of c .p . a . to over 10 , 000 c .p . s .  In genera l , the
r ound energy from the shouting of’ 33, 000 people is about 1, 000 joule s
v ’hilo t h — t  from the engine at  the time of ignition is ove n 5, 000 J.
The mound intensi ty of the la tt e r  is over 167 decibels.  Even at  the
head  nortion , thi s va lue reaches l~~2 db.  (Fig.  2 ) .  Via the a i r  tra ns-
miss ion , such sound int ensity can
cause weakening and damage to the
re —ion  aroun d the engine .

•

The production of’ impulse is
ft ‘cha ra c ten i sed  by a. great  change / -

of’ momentum in a- very short t ime .
Ti-ic sudden oroneliing force at ~ “
the time of ignition and the ex— •

plosion during separation of sect— - - 
- 

-

~~: ~~ z~:;: 1 ~~~~~to e igh t  milliseconds, this 
~~~~~~~~~~ ~~~~~ 50t4nd ~e -~~

impulse c a n  be un to a round 100 g. ~~~~-4 pc~v~~o 1 G~ rj-i i~~~i/-e S -

S 5~~~.1~4 uct*o.r •f~ u V ~ ~~~~~~~ d~~v I~ c
J f4~’rn~Those self vibrational frequencies 

~~ cjr~c~f~~~ ~~~~~~~~
that ca-n superimposed with the 3- ~~~~~~~~~~ i , ~~~~ c~ç r~~uv~
impulse produced by a- particular -

section can be hazardous.
The ‘-cccleration of the missiles is governed ‘by the propelling

force and the projectile curvature. Besides it~ acceleration pointing

a w a y from the centre of curvature, there is also horizontal accelerat-
ions when the missile turns. Both together can produce an a cceleration

of over 100 g.
As the head portion of the missile goes back to the atmosphere,

high trmpera ’ture is a- serious problem. The friction of the atmosphere

with the missile at high speed can produce a hot current of over 13,000
cr1. per square meter per second , and causes severe burning damage.

- — -
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i3c~~ides , the intensi ty of the noise from the mis:;ile hea d at  its re— S

ent ry into the atmosphere  coul d be higher than that  from the engine .
Furthermore , the missi le head also encounters situations of low pre S ure )
low temp era-tune , cosmic ra dition , particular current , e tc .  in the urne r
atmosphere .

The above descr ip t ion is only p-eneralisr -tion 0± the on er a t ing
s i t uat i o n s  of the mi s -r i l e s : . Dif ferent  tyn em of  m is si l e s  have thei r  own
O : ~ r- t i on~ 1 rc a -r i r e r a c a i s .  P a ce , the envi -’o n: n arlar  1 c o n d i t i o n s  of miss-

i les  -are d e t a r : a in e d  by the i r  na rt -a cul: r usar rr ra nd ‘- lot of s t a t i s t i c a l
a -na l~ ’sn s a ’ - r d  Cr i c a2 i a - t i nn r :  a - re r eau i r e d .  F inal ly ,  - - -oci i flea ti o:--ir: ca a
ni ’— ee  i ron  a ;ho r e s u l t s-  -of -ira et i e- ] t e s t i r tm s .

ia~nvironj~cn~ n 1 - i e st i n i” s
Yrom the rho-ce  a na lyses , miss:i lea -au 1 he opera tc~ in an  dv’-~~ e

envir -- imna— it . To c o n l i  rut t h e i r  u s e  ‘ 1 ( ’er such  condit i - s ’ -is , dj f f e-r ra~t ena-~--

n o a r p t ~ r rts or the ent i r e  nrod.uct have to una-er-’a ci fly -‘
~~~ e r a  a :  ry en—

vi ~ c-~~t - -~ t e s : ti :r i -aa . Th ey i eclud e vi br t i  on , i nnis~~, t:a ’ n s no rt ’t i on .
noi r e  n - r i - m u on , hi -ha/ To ” - - t e--anereture , humiU it~r , ~~~ i n n  f og,  i c :

e: sure , ‘ ‘-- c c 1  - r - -t ~ on a -n d  ot~~~r?r mc c ci ‘l c--v -i r oa - ’ne r tm .  ‘a b e  f o i l  c - - m m

is  a ‘n -rh ‘-f in t~~~~r h e -  i on of -- fear  met - oda  of eavi roam n i-it ’ 1 t er +i  -a ma .

Vi hr t i  ~~~~ + p~~~~ em: it is’ done by i~~i t t i  on of th e  n r n h r - h i e
vi ~~~~~ ~~~en -r od’~aed  d-ini ii ’- the r-~~oun d -‘a-a - n a — n  - -t at ior  and  f 1-~r l n - -  s-ta ‘-n •

~~~ er” rj nrn e~-r’a “ n’1 i s  a ~~~~ br at i  car 1 n ia t fo-”m , hu~ i.t can  a l S O  be
( r c,~r, h~’ ‘-ct - - i tr’ n s c~rr tr +~ o~~’ 1 t e st in -- . ‘Th-’ e v~ i-i

-” -  t -~ ori a l  n1 t f”-”~ n — n
1-c d ’ ’ r i a i ed i ’t - )  H”— ’  tr~~~a’ - —— - n C C - ~~-,~~~. i . ~~~~~- 1~~ r’ , r’ ’ c - r t r o-a-  -

- f~ r, ’ ~~~-- - —-~ -- 1 !‘ n - t i  n” 1’ r c’ nice dra ui rands c’~ ‘i~~ d ’~~en a i  0” , ~~~ ght

t h ’-  t n s t i  ~~~~~~r t  - -~d the d i f fer e n t  t a -t i  ‘~~~‘- rr ’~ ’~ i i ‘-‘--mer ’a r .

‘a ’ i-i e rnnc ’—r n-i ~~~~ t”n n in  t’ e rh m — l n s t  one • di  r en t  current m- chine
a +~~ ~ ‘-rt n te  a - a-a -i n  of eccent ni r~- l i ~ r ~~~~ -r~~eri ‘-~‘1~rn l a . It n r o dn n n s

to  s-~~~ ~~~~~~
‘ ~nd ~~‘i ‘nd down v~ br’ t i n n  0-r t h e  n1- t form .~~~~~ v ihr — t ion —

~~1 fv’e - a ç ~ -,r~ r r1 a ’ - - ,~ nd on tI-r e F ’n r -Cd of the ro ta ting  m a c h i n e  • i i~~~~ j’t~ a- rn —

p1 i t - i d e  is - overned ]-n~ the r e la  t i  ye arm n of th e  wh e e l s . c7n ’r nra li y ,
this 1-m d of niatform oi-,erntem wi th a frer ~uency of 5—100 c .p . s .,  an
a i I i t - r i r l e u~ to 20mm . -‘nd an accel er a t i on of about 30 g. It dons not

6
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e-~~- ’-’- he- ’’--’ a- - - m - -a - t a - , -
~~~-~~~~~ - las h ,~~r o- 10’h:m .

‘‘~-~a b ’rd~ -—- r l  ia  t ’rri a ’- r !c a  h g  the - ci i  o~ ’ 0f hi -‘-H -~-~-‘r-~~ “ -v- a on a

~ j~ ’ - r i  ‘I . 1’ h i  a -~~‘ra ‘ar e -is t rr n s’~1 a t t  ad  uo a ra- ’- e - — - ~ iy- hi ’-- cr ii :-ar l y’i r:- 1 ~~~‘ ,-  rr~
a v- ri -i - ’o d i ~~e- s- a to a iri i rn  m o t i r n i . T ha  “- a~ ’~~e ’a n r i a 1; i e s  -if t’~i a t ’r~rn nr c

- i ~t ~-r -~~- -- r ~ to n a t~~r m n n r i o, :r a~~ ( tr :- ’s -if t ’ i n a ) ,  1 - - rmi- da !  Ii ÷ - a n
-
~~~~ t r-~ ~~~ m r - i . ,  ~~v -nr  m aciT ‘ r~~)~~ 0—30 0 c. r: . s . ,  r - ~ ] i t s  T o a d  c - -  be-

s n v’--~-’- 1 to -a s .

! i n 1 ;i l  on ” , n eetro--i- mn n t i c  t ”n e  i: the most  comsa -in Olle u~ aç ~~. Tt a

‘) - M r a t l ’a n is ‘n a - l o g - us: to the 1o ;jh s  a-i a- a her  of -- r- di o .  The n a - a s  r- mr of

il (a o: cii ‘ tin-- electric :  1 s i” : , ; Ta - t - - :roa, -h the ‘soya hie coil wi th in
51- -mn t - -c an a an  a- to a -nd  rrs rno~;ion (F ig .  3)~ 

- ¶
Thoa”h  t~ is i’- ore c o n - a l i c ’  ted t g ne , it is
a- :o— - ’ e ‘Tar :  ‘ - - a i m  • It c a n  be u sed for  both l ong — -

tudia:  ]. a d ira  n a - v - - r a e  a:- ye igne  ol’ t e s t i ngs .

hide r a n - c  o~ f r eauenc ies .

re’ oh 2h t o f l s  . The l oad it ca r -icr : drpends on ~~~~
the size of the n ’- t f  ansi . The 1 :‘-oaat one can -

s’i’,’ort a- load  O a s av o r -  1~ hundred tons . ~~~~~~ +~ *C) 

(
~e+1

~ lr c tr -  c 1 t~~y a oa  n 1 a a t : o~~:~~siaknr use of ~~~~~ ~~W 7 . O ’~’4 - C
- 

~
-i a- -~~ ç~~.~~~A # c ’  ~~~~ ~~&ct ~~ 

—

a n- a n n  of e cact i -h  ca 1 volt’-ge sources a a the ~ ~~~~~~~~ r~’’1 J’urn ’t

V i  - ‘ t i n;’ source.  I ts frer uenc~ r a nge is 1, 000—20 ,000 c .p .a . ,  am litude 
-

- 

-

belo ’A’ 0.02 - a m . I t - c on  give an a cce le ra t ion  of 1,000 g. This t :ane i a -
ma 1 nly used to t ’- st the a ecu:-- e:- o;Y t i -in c ( ; eL er :t i om  t r-  r i s n it t e r a

a- rt d a -n r i a i t i ae r s .

Sound testings : there arc a few ways to imit: ting the high a-ou -id

• intensitiar

~t : t a o r i r ry $V~t~d IvawQ. tube——— it works by the interferenc e of

the  - r o p a gat i ng a n d  reflecting wa ve of a r: nglc i’reouency , and gives

a h i ’ h a  s o ;n d  at  a cert a in noint of the tube . This ty n e  ca -a ar oduc e  a

high intens ty sound f ”om a low pitch cource. I ts  r frequency r’ nge is

— -~~~~~ ‘ ~ —~~~~~ --- --‘ - -
~~~~~~ -‘



I

r
l i n a t e d  h ;: the r - i a a c ~~ t~-e i- he a r ~ ‘- a s a l ~r - r e d  a t  1’: f ~~ - - u r  C i P S

la s ‘ -jy a - ~’i  n t i - a a - ro i o n  s o a a n ± — u n s t i r i g af  ran 11 1i n i~s s -n d  d jus t ’— i -nt
of s— ,und t a ’ na -m i t t en s ;  nd a ir-- a  i tj a e rs

~‘la fle S OU rSa ‘;- ye tube— —— in thi s Ca s e  , he rr a f icct i o s i  n l a  ~ c- at

one end of t i a -~ s :i a ti n’  :- ‘- ‘.-:a ye tube is c-n a -. a n t O d  in
_

a - i-i e j i e c a  ~~~

a . 5  oi-’b~~nm b n l .r a — i  t - -t al .rai~~aa t no r o u n d  a:- ye is rc::i ’]ec5:ed. A a :’ 11

s i z e  t a Le  -of’ this: t y a e  c :a iro al ace a- s ound intern i ty  of i ’i0—l ~i0 db.
is nra a ::- - n- - to  r ) i t c ’h s :o a :nd- . The t e st i n g  r c - a a e a n y  ran - c is ] a - o
l imi ted  by th is sin— .- of the tahe. it is: us ti y us ed i’or t e s t i ng
an - iT i-a rt s .

i-no j a - a t in ’~ sound ye L u b e — — —  its: (~i i± e rence ira::: ~5 :n il: no

“-a -cc one is th : t t h nr e  is no aer - zirame :-nt ;  f o r  ab s o l u t e a hr -o r -:ion of
so und ‘a:: vri a t  one end a - -n d t a o  f rec-uencier :  -ar’e no l im i teb  by b }r— s ize
of i~he La~b n .  It is used - or exhs- u s : t inm ‘tes-~in~ of sound disturb :  nor :-

on th e  st i r  ace  c o at in ’ - a a-i d th e  a-ma 1] a a ’inra  tus a n d  ec -a inmen t  of t ie

nr a -  lies: . it er -n rca n ” - a- n in ::ens :it~r 0: T- 0—170 ‘h .  ~)r the a- ~ e a r m —
cilile , It c ’n  im i t a t e  the en t i re  s ound eavi ro  a-scat of the  mi s- - i l as
by u i l i z i ng  the l i m ia ed  SOUi-i (~ source o n -r n  ‘ t es t ings .

Int e~ - - aning sound s t u d i o — — —  it a- ses us e of e l ec t r i cal  a ca rl

m- s n — a - i s  a ,uj d sources in  a- c losed , hi ghly  r e f l e c t i v e  s t ud i o ,  by the
n ound int - r ihr once , it produces a ~~~ nt i s - i t :  r i n t e nsi ty  in a -  a i de
l’recsu eaca r age (F t  • 5) .  I ts us a i5 rein t iv e l y  cai n on. It as ’ i nly

- ~—t j b~ w c~ Souv~~) 
-

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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l a r a i c a  t e a :  t a t  in  n :’ r - ,:’ a -nun : ;  a ravi:onsnc-nt 0 n~is st i r  iles- . The s i z e  0±
C; fl be a uj ”  tb’-t  ii; ca- n h o d  1- in  eci n~ ‘-m a - i -  Ce a±-si .p t ’ r e t ::n— ’  a - i t 5  it s

~i’ ~ t 1’)  uc t pun o a T i c  ‘ woe in ea a c a a }Y l5~ (1-i

cirton tn  C 5- unc: ~ enr s -- -c t -o  - — --— ii i- ’OC:t iC~~~5 a b ’ .’ i r - e ’- ue::c ’u s :a i ’ i -- -zJ in-
t i n  ~ c’t a - i , - of — n i s t --ia in am- 11, e l - i :  c d  s t a b .  I t a ly - o n  sa :C’y r n - e s -
f - 0 . b J — ~. 0 C . i . a - .  -he int cas it :,r ge —in - ’-- ; to ri -  i. a - ovra r i-1 ’- r by 15 - a r - a s a r i -  no

n-a s of uhe  -i i s ton  a nc.i t hr -  sa La:ta Hi c ’c of a - l o v a a m e r ; • U s u a l i - ’  i’s 5- - i-i Sa C ‘0)

ao 170 db. Its- use is i o n  n n a - r :r: - -f a r- m i ’ a r y~ it’r 1;~ ~ 1; a- a- - -a ’  t ic : a - d ~ ; .: s t —
mont of a - :-unc in-  n a n it t e r  ‘ rid s e : s  t -~s - n:

In - -u l se  tea  ‘a t r i -’-: tha i  f o t  tom: - - a ’ - ”:: ‘;s a -e a,’ ra il to  a-a rni e th is-  i~ s - ’i -~a l so

h ild in ’- ty a n — — —  t h e  t i - a  ‘a ing o’o~~’-ct ru der: C o  n - a- r i v e n  iagT~-

~:ith t h r a  - o a - -r ~, a )l i,es with na obsatacl  o r -t  the  b o t t o m , ‘rid gene-:-—
at e s  an  i saa n .a i se .( ! - i: .6)

1-a i l i n g  t y - -’- — — —  - I  -
- 

- 

-

the l;ottoa-a (au-trig, - ~~~~~ •

rubber , e-: o . )  ‘ - -( 1 •
~ iq~ b~o~~r J~1~~hc. rQpr~SP~af~~ o ’-’

gi v--s: r i se  t o  a - ~~ ,_ - 
- 

~~ s( 4~~~+7p~ o~

pulse.  
- 

1Ø~ th(flC 
- 
____

I a - a  at t y n e — — — ~ }ie t es t ing  obj ec t  r e s t s  on a- p1; ne p1.: t fo rm . A
he- v h- r~~aer  is l i f t e d  to  rr ivnr  h e igh I or a- a er t i cu l-  r a n - i c  a- nd

then rete- r ed . ‘sh e ia-ic- ct of abe  I - ì : s rna er  a - n d  t h e  p 1st :  orm nr or : ’ieec r i-i

j am - i l -  ive s-: ye • Ii c a n  be us ed to genera to  tr-  -a:v C r: ci wa ve t y n e .

rca: : u r n  ed—gun t~ c:-~~~~~ it 0 — n a n: tos by a- s udden ra beaco of ‘-- i r
m e a s u r e  on a - l i a - i O f l  corl -in I nin-~- the tea tang object , a - nd :rOo .aC e s  a

— 

9
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H

-~~r~~a i y  is:  u ! a :L v o  rca c t i .on .  ‘lb  tan a r i s e  c a - n  r i -a  ~ 5 .  ?, t.ha g .

C c n t r -  j r  i :’ lr i  t V  )(-~~~~~ U S 5.fl~ S c on st an t  Ve boC i t~T , t ie U r n  L i r i g  1~~
iect irs ro as ted on a r o ta t in ’- - ar :n ‘ - ad a-: ceniri i’ - i -  a I i - a  r1 ~ S C  ‘U pr- -i —

duced .  It s  an ‘ n i t- ’c e  dc- end : on ~he a-peed of rot’ tion - ad i ;h a  !)~~~~i —

t i o n  - ho o}:-jc-ct.

0thr-~ c a-a v i  i- ona en S i  imit aL to T l a- , inc luc :1 a ig t c - r n - : r s -r; t are , h a t h  d i .t y
a i ’ C 5 5 i i a-~e , sa L a .  ne l o -  t es t  I. i-ama , an: se un- of’ iso i” in i l l :  r t e c e nj o ne s

a tie i a - a :  t ie  t a a-— - , ~‘re or: i .ng , y: c:uusai a ad log  I i  -
- n - i a  act On .  is a; n ec  t her

a r e  des’ c~a uc- d  in th is  e o n U c : x t  . -

In ‘ - )  an ii: i on , t in  choice  of t e a t - i a ~a ; ~’r i - r o - - -r ’ -rn s : as y ia the environ-
s-mea ts 1 con- i t i o n s  -if r h o  ent i re  tea-t i n-’ a - r e  - a ’ s - e d  on the functions
of the d i f ~ erent -:iissiiea: . ~~ae to the  fac t  t h a t i--crc a r e  usa: i1~ r

t . :c) or an-ire ki nd~ r - -av-i r ’innont d a r i ’ t n - -  the ml ilc’ opera  t n o n , T:l O rO
te s : t i n r - ’s v:fth envirom~enta 1. c a o sn h in  i i  a i r s  ‘-r :-dua fly occur . i b i s :  in—
ducea : t I a c  snore nra c-Lj c n l  t e a :t ln - --s of missi l es : under the comb i ned

enviroi-i ’-i - staT ir a I Lue r -r cea .
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