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¢ To guarantee the safe and reliable use of flying machines, f

besides the requirement of excellent design, 2 lot of testings are in-

dispensible. Teking missiles as an example, this article briefly intro-

duces the influence of environmental conditions on their relivbility

and related testine problems.
4
|
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¥hen our air force is guarding our own country, can we afford to
have frequent mistakes? At the moment we are being attacked by the Im-
perialist, Socio-imperialist, can we stand it if our missiles do not
work or breask down on their way? No way! With regerd to flying machines,
especially when used as weapons, they must be reliable in order to fight
our enemies, but flying machine is a very complicated system. An air-
plane or a missile is composed of thousands of parts. If one part breaks
down, a2 wire disconnected or something goes wrong under its operating
conditions, serious consequences could happen. Therefore, unlike the
flowers in the grecn house that cannot stand the severely hot summer or :
cold winter, our flying machines have to work reliably in a2ll kinds of
conditions=-day or night; winter or summer; at north or south; in air y
or at sea. How to minimise the mistakes of this complicated system dur- §
ing operation? According to the hypothesis of 'Differential Judgement by
Reference', if we want the machine to work 'freely', we have to analyse !
the 'expected' obstacles and make further modifications, so that it can t
work under all adverse situations. Hence, in order to increase the re-
liability of the flying machines, firstly, we have to recognise these !
different possible situations. Then we choose the most adverse kinds of
enviroment21l conditions and try to reproduce them in the laboratory with-
in which different parts of the machine or even t%%&hole machine are be-
ing tested. £ series of enviromental testings enable us to detect the
accuracy of the design or the quality of production, and the corrections
are continously under way. Hence enviromental testing is one of the in- -f
dispensible procedures in increasing the reliability of flying machines. ;

Enviromental Conditions q
The operation of misciles c2n be divided into two stages-- ground
and ~ir.




JRSSESS PR r—

During the ground stage, the missiles can be transported, stored,
, the

miecsiles are principally under natural enviromental conditions and have

inetalled, checked or ready for cuarding purpose. In this stage

to face the different climotic changes., For misgiles with ~cusrdine »pur-
pose, they hrve to encounter even more adverse enviromental situations.
This stage usually takes 2 long time, hence is a tough testing for the

misciles.

The notural enviroment of the earth is very complicated. As our
country is a big continent, there exiest different kinds of climetes,
Placee in our country with hot and humid climate include Lay Chao
Pﬂnﬁaﬂﬁ, Hi Nan Island, Southern Taiwsn and the Isles of South Sea.
North of them have sub-tropiczl and temperate climates, and north of
Hay Lune River belong to the sub-polar zone. Hence the clim=tic con-
ditions ere really comnlicated. ;

There are @ 1ot of climatic factors which include temperature, J

humidity, pressure, wind speed, sand erfosion, amount of rainfall and
snow, fog, seline fog 2nd so on. Among them, temperature, humidity and
saline fog have the greatest influences on missiles,

At high temperatures, the metal expands; plastic products disintegrate:
properties of electric parts change; lubricating fluid becomes less sticky
and the system will overheat. They 2ll can affect the effectiveness of
the missiles. In our country, the temperature in meny regions reaches
over 40°C. Some particular locations h~ve temperature over " o W Among \
different countries in the world, ILibia, the capital of Africe, once had
temperature over 58°C. If the sun shines directly on the misesiles surface,

their temperature may reach 75°C.

sicace.md

On the other hand, low temperature makes the materials contract and
becomes brittle; specific heat of electrical parts and properties of semi-
conductors change; lubricating fluid becomes more viscious and locks the
movable parte of the missiles. At the north and northwest part of our
country, the temperature in winter usually reaches -4o°c, and the lowest
record was =50°C.
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The relative humidity is another important factor on missiles
operation. Low humidity is characteristic to the desert arez (hot dry
zone). Under this condition, wood, pazper =2nd fibrous moterials are
usually dry and brittle. In contrary, high humidity always occurs in
tropical, subtropical and temperate regions. In the rainy sezsons of
tropics, = temperature zbout 25°C usu2lly corresponde to = relotive
humidity of 100%. This is due to the saturation of water vapor in the sir
and gives rise to fog. It may decrease the insulation resistance of the
electronic system a2nd induce decay of the composing materizle., If tempe-
rature increases at the same time, the decay will be accelerated. Fur-
thermore, under these conditions, mould will grow fast on certain meterials
and lead to their further distruction. In condition with temperature of
20°C ~nd humidity of 80% for 12 hours, besides the probzble influence
of the water vapor, the growth of mould a2nd its damage 2lso incrense..
Thie is very ewite serious. In our country, csome places have this kind
of condition for over 150 days 2 year.

In ocean area, saline fog is one of the factors that cause metal
demage., Since water vapor contains salt, it can produces 2 serious pro-
blems. Hence if miscsiles are being used in oceen area, such problem hes

to be concsidered.

Apart from the above natural conditions, missiles have to experince
the 6mpu‘s€ “*$opee- ond vibration during their transportotion, a2llocation
end installation. Their influence depend on the frecguency range of
vibrotion, the mernitude of scceleration(g) 2nd the time they nersist.
The 2bove vorisbles in turn depend on the routes of tremsportation (roil-
rord, hirhweye, a2ir, cea =nd so on), velocity of transportation, condition
of the rozde 2nd the kinds of vehicles used. In ceneral, the freouency of
vibretion ic below 50 c.p.2. except in the case of air transportation
which hoe =2 wider renge of frecuencies., The vibrational sccerleration
is usunlly within 1 g. In specizl situations such as movement over un-
lating roads, it can reach over 3 g. ( Fig. 1 ). When a train turns or
rune off-track or its hooks disconnected suddenly, the accerleration may

be over 4 g. In general, the experience of vibrztion and momentum chenges
during the ground stzge is much less.as compered with the flight stage.

- e -




The othey difference

is that ground trans-

portation is ususlly
longer and lezd to
Diagram showing the vibration of the guided : :

missile during transportation. interconnecting hooks

damage, dielocetion
of component parts. Therefore, missiles have to pess through this

lengthy challengse before they cen be used during wer time.

In addition to the above challenges, under specisl circumstences,

"m

1 as ~ . . . 4 .
'uPUAOCUuﬂ@ﬂCG of bombing nezrby or during atomic war, the impulcse

end roedioactivity produced have to be considered.

Flight stage: at this stage, the situation of the missiles is
coverned by their own motion and internszl operations. They include
firing, ultra—-sound speed stage, ignition of the secondary engine,
seperation of sections, shutting off of the engine,free flight and
return to the ztmosphere. These conditons will generate vibretion,
momentum, noise disturbence, impulse, high temperature, low pressure

and so on.

Vibretion ie one of the greatest obstacles for miesciles a2t their
flight stage. Because of the strong vibr:otion, the normzl function of
the misciles would be interfered. Hence, in the production and design
miecilee, the vibrational environment should be emphasised. The vibra-
tion is mainly caused by the noise of the engines, the air current
unon the missile surface,and reloted to the weys of installation of
the power system. The most cevere vibration occurs at the time of
firing, the ultro-cound stage end the return to the atmosphere. At
other eituations, the vibrationzl rate is relatively emell. During
firing, the vibretion of the engine passes through the missile frame
to the connecting sections. The greatest vibration occurs around the
enrine, usually =t 20-30 g. The freguency rangea from several c.bH.8.
to 2 few thoursand c.p.s. Due to the absorption of the vibretion via
the connecting portions, ite magnitude will decresse gradually at
resione away from the engine to about 15 g.,&nd much smaller ot




the head portion. The noise produced from the jet engine znd the sur-
faece air current is the main source of vibration of the joining parts.
Due to the accelerating propelling force of the engine, the noise
produced can be tremendous. The frequency of vibration can increase
from several tens of c.p.s. to over 10,000 c.p.s. In general, the
sound energy from the shouting of 33,000 people is about 1,000 joules
while that from the engine at the time of ignition is over 5,000 J.
The sound intensity of the latter is over 167 decibels. Even at the
head portion, this value reaches 152 db. (Fig. 2). Via the air trans-
mission, such sound intensity can

cause weakening and damage to the

region around the engine.

The production of impulse is
characterised by a great change
of momentum in 2 very short time.
The sudden propelling force at

the time of ignition and the ex-

plosion during sevparation of sect- 4erQU

ions can produce a2 very great ‘wpdr*“d
impulse force. In about four

to eight milliseconds, this Z TymcqlSound yecord 04-m¢
impulse can be up to around 100 g. h&m thw«j missiles .
Ep 1.5 ound procduction from 29N ‘{"“““) 1“"’”7
Those self vibrational frequencies 2. The greatest v hration
- ’ s " s . 3. fr?al (i 54(! '4
that can superimposed with the . SJundfdmﬂth“a*‘Wneof ricbitm.

impulee produced by = particular
section can be hazardous.

The a2cceleration of the missiles is governed by the propelling
force and the projectile curvature. Besides its acceleration pointing
away from the centre of curvature, there is also horizontal accelerat-
ions when the micsile turns. Both together can produce an acceleration

of over 100 g.

As the head portion of the missile goes back to the atmosphere,
high temperature is o serious problem. The frietion of the atmosphere
with the missile at high speed can produce a hot current of over 13,000
col. per square meter per second, and causes severe burning damage.
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Besides, the intensity of the noise from the missile head at ite re- 4
entry into the atmosphere could be higher than that from the engine.
Furthermore, the missile head a2lso encounters situations of low pressure,

low temperature, cosmic radition, particular current,etc. in the upper
a2tmosphere.

The above description is only a generalisation of the operating
situations of the missiles. Different typesof micscsiles have their own
operational reauirements. Hence, the environmental conditions of miss-
iles are determined by their particular usage 2nd az lot of statistical
analyses and calculations a2re reguired. Finally, modifications can take

place from the results of practical testings.

Environmental Testings
From the above =2nalyses, missiles will be operated in an ~dverse
environment. To confirm their use under such conditions, different com-
ponent paerts or the entire product have to undergo mfny necessary en-
vironmental testings. They include vibrstion, impulse, transportation,
noise production, hich/low temperature, humidity, saline fog, low
recsure, 2cceleration and other special environments. The following

ies a2 brief introduction of a2 few methods of environmentzl testings.

Vibr'tioﬁg{’tostinﬂ: it is done by an imitetion of the probable
vibration nroduced during the ground trznsportation and flying stage.
The eguipment uced ia a vibrational platform, but it can a2lso be
done by actual trensportational testing. The vibretional platform can
be divided into four types--- mechanical, hydraulic, electromagnetic

A plortvrins]

. A perticular choice depends on the dimension, weight
of the testines object z2nd the different testing recuirements.

The mechanical type is the simplest one. A direct current mschine
jie use to rotéte e pair of eccentrically arranged wheels, It produces
2 to and fro z2nd up and down vibration of the platform. ® vibration-
2l frecuency depend on the speed of the rotating machine while it$ am-
plitude is governed by the relative angle of the wheels., Generally,
thie kind of platform operates with a freouency of 5-100 c.p.s., an !
amnlitude up to 20mm. 2nd an acceleration of 2bout 30 g. It does not i f




ecarry heavy weights, usually below 100kg.

T™e hydrauvlic tvpe works by the action of high prescure on 2
liguid. This prescure is transmitted to some movable cylindrical tubes
and produces a to and fro motion. The characteristics of this type are
thet it gencrates a tremendous power ( tene of tons), large a2mnlitude (
es great as 250 mm., fregquency from 0-300 c.p.s., and its lozad can be

ceveral tons.

Until now, electromagnetic type is the most common one used. Its
operation is analogous to the loudspecker of a radio. The passage of
the oscillating electrical signals through the moveble coil within e
megnet produces = to and fro motion (Fig. 3).
Though this is a more complicated type, it is
more versatile. It can be used for both longi-
tudinzl =2nd trensverse wave type of testings.

In generzl, it has a wider range of frenuencies,

from 15-2,000 c.p.s. Its force produced can

reach 20 tone. The load it carries depends on
the size of the platform. The largest one can

support a load of several hundred tons.

Flectriecl type of platform makes use of F9.3 diagramafic
3 r<pregentafion O+ lectre
a number of electriczl voltage sources as the magnetic platform.

vibreting source. Its freouency range is 1,000-20,000 c.p.s., amplitude
below 0.02 mm. It.can give an acceleration of 1,000 g. This type is
mzinly used to test the accurecy of the zcceleratiom transmitters

and sensitisers.

Sound testings: there are 2 few ways to imitating the high sound

intensities.,

Str tionary sound wave tube--- it works by the interference of
the propegating and reflecting weve of a single freauency, and gives
a high sound 2%t a certain point of the tube. This type can produce a
high intensity sound from 2 low pitch source. Ite frequency re=nge is

.
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limited by the size of the tube and mostly used at low frecuencies.
Ite ¢ icotions are for sound-testing cf smell parts and adjustment

of sound traensmitters and sensitisers.

Plane sound wave tube--- in this czse, the reflection plene at
one end of the stationary wave tube is converted into an effective
absorbing body so that almost no sound wave is reflected. A small
eize tube of this type can produce a sound intencsity of 140-180 db.
from 2 moderate pitch sound, The testing freguency range is 2lso
limited by the size of the tube. It is usually used for testing
small perts.

Propageting sound wave tube-—— its difference from the plane
mve one is that there is no requirement for 2bsolute absorption of
sound wave &t one end and the freguencies are not limited by the size
of the tube. It is uced for exhaucsting testing of sound disturbznce
on the surface coating and the small apparatus and eguipment of the
missiles. It £an reach an intensity of 160-170 db. By the same prin-
ciple, it can imitate the entire sound environment of the missiles

by utilizing the limited@ sound svurce durings testings.

Interfering sound studio--- it makes use of electrical and
roseous sound sources in a closed, highly reflective studio. By the
sound interference, it produces a pariicular intensity in a wide
frequency range (Fig. 5). Ite use is relatively common. It mainly
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imitates T} interior sound environment of the misciles. The size of )

can be o big that it can hold the entire space ship tozsether with its

s vt

rocket for testing purpose., The sound intensity reaches 150-160 db. <
2 ool - , - - . a4 e A . &+ - P | b) J
Pieston tvoe sound generator—--—-— i roduceg low freguency sound by

the action of a2 piston in small, closed studio. Its frequency ranges |

from 0.01-50 c.p.s. The intensity generzted is governed by the surface

eree. of the piston znd the distarice of movement. Usuclly it can be un

to 170 db. Its use is for moderate intemsity testings and the adjust-
‘ e

sound transmitter and sensitisers.

Impulse test

: the following waye are used to mimic

impulse

S
o
D

environment.,

J
.
5liding type-—- the testing object glides down at a given angle |
with the ground, collides with an obstacle at:the bottom, znd gener- }
ates zn impulse.(Fig.6) {
: [
Falling type—-—-— ?‘

the testing object is ; ,

lifted to = given . |
<

height and

csuddenly.

releacsed

It collides

L = : T O ¥ A2 PSS AR A RPOSIEAS
with the abeorber at oo z3, sl b m et T AT

the bottom (spring, WA mg"ﬂlﬂ'ﬂimﬁ‘ﬁm ’

rubber, etc,) 2nd : Figb Dlaﬂ,wnqhg r.QPr.lS?'\fa"tO*\
gives rise to an im- - : Q{ihq S(uhdyj,ﬁeo* (mpulse
pulee. 11ﬂu7 machine

B ——

Impact type--=the testing object reste on & plane pletform. A
hezvy haommer s lifted to 2 given height or a particular angle and
then relezsed. The impzct of the hammer snd the platfoem produces an
impulsive weve., It can be used to genercte transverse wave type.

e —

Prescurised-gun types—— it operates by 2 sudden release of air
precsure on 2 piston containing the testing object, and produces a




highly impulsive reaction. The impulse can reach 2,400 g,

§
Centrifugael type--- using a constant velocity, the testing ob-
Ject is rotated on a rotating arm “nd a centrifuczl impulse is pro- j
duced. Ite magnitude depends on the speed of rotation a2nd the posi-
tion ol The object. |
| Other environmental imitations, including tempercture, humidity {
% pressure, saline fog testings, make use of the femilisr techniaues
% such a&s heating, freezing, vacuum and fog introduction. Hence they
i are described in this context. ; J

1 H 1

In conclusion, the choice of testing programs and the environ- 3f
| mentel conditions of the entire testing are based on the functions ﬁ
' of the different missiles. Due to the fact that there zre ususlly 1
| two or more kinds of environment during the miscile operation, more 2
5 testings With environmental combinations graduadly occur. This in- / ’
; duces the more prectical testinge of missiles under the combined §

environmental influences.
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