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adjusting of parameters of DU with a certain "guaranteed" reserve
for the maximum permissible, boundary and other conditions, and
also as a result of the expansion of ranges of the variation of
input factors (pressures, temperatures, etc.).

T-st work on nonrated, extreme modes and their combinations
considerably expands the volume of information even with the same
volume of experiments. Consequently, not only the informativeness
of the test: but also the authenticity of the produced evaluations
are increased.

§ 4. QUALIFICATION TESTS

Qualification tests are distinguished from those which have
preczded by the staging nature of their conducting and not by the
content of the programs. 1In accordance with the practice formed
in the USA, such tests are characterized as being final [62]. 1In
fact these are tests of a2 specific sample of the regular articles
manufactured in accordance with technical specifications and records
and accepted for the participation in flight tests. The program of
qualification tests corresponds to tests of stage II, taking into
account all the changes introduced into the project in the course of
experimental and deslgn works and the stage of tests on the effect
of various kinds of factors.

The design of the= ZhRD at the beginning of the qualification
tests can undergo :substantial changes. Therefore., the statistics
of tests of a regu.ar design, as a rule, is small and cannot satisfy
the requirements gl ven to the confirmation of reliability. It is
natural that therc eprears the need for the repetition of a certain
part cf the test pr.srsms of che foregoing stage, which in turn,
must lead to the lengthnening of the total periods of finalizing of
the ZhRD. Thigs ler 2 L2ning ol the periods is easily anticipated,
and therefore ir i1s expedient to previously include it in the plan
of the experimental works. Thus, for instance, in the USA during
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testing of the starting of sthe engine under conditions of weight-
lessness or at low values of the axial overloads in the rarefied
medium, etc. can be accomplished. Virtually such tests make sense
in all cases when simulation on the test stand of the actual
conditions of tests is economically more expensive, requires special
eguipment, modernization of the test stand, the creation of new
structures, and so on. Even with equal expenditures, tests of a
certain seliection of engines under these flight conditions can prove
to be advisable, since from the viewpoint of the reliability results
of the simulation on the test stand of conditions of the occurrence
of complex physical processes will virtually always be less precise
than during full-scale tests.

At the same time tests on "flight-test stands" cannot completely
replace the usual bench tests, at least from the viewpoint of the
organization of a check with serial production. Therefore, any
fl.zght tests should be combined with bench tests, attaining in this
case their complete congruence. We keep in mind that the dynamic
characteristics from the basic parameters under bench and flight
conditions must be identical, which is easily checked by the usual
coincidence of single-type oscillograms.

With the emergence to flight tests of rockets in the first
stage the replacement of the upper stages by mock-ups equivalent
to full-scale stages in geometric, mass and aerodynamic respects
can be assumed. This fact considers the fact that when going to
flight tests the probability of obtaining failure from the first
stage 1s sufficiently great. Consequently, the probability with
the emergency flight of the first stage to lose the materiel part of
the upper stages witnout any useful information about their quality
is great. In the case cof the identical technical equipment of the
lower and upper stages when proceeding to flight tests, a great
risk is possible. Therefore, for example, in the USA flight tests
of first -tages are carried out, as a rule, with mock-ups of the

fo_lowing stages, znd cnliy after the confirmation of a certain
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As a rule, the articles whizh underwent the entire complex of
ground-based proving-grounds tests undergo flight tests. The
information obtained in this case 1s used in the testing of the
conformity of tactical-technical characteristics of the complex
and its systems for requirements of the technical assignment.

§ 5. TYPES OF TEST WITH SERIAL PRODUCTION.
QUALITY CONTROL AND RELIABILITY

Serial production of the ZhRD 1s a complex process in which
together with the industrial-technological factors the moral-
psychological and other factors act. Technical and economical
progress and industrial efficiency are the basic figures of merit
of the commodity production. Taking this into account, it 1is
indisputable that the quality and reliability of the articles depend
not only on the degree of thelr design perfection, perfection of
vench-test finalizing, but in no less measure on the quality and
stability of the industrial processes of manufacture, the implementa-
tion of the foremost methods of production and control, and process,
step-by-step, preventive and acceptance inspection.

Each stage of serial production 1s characterized by the
conducting of the appropriate tests on the basis of physical and
statistical methods of the selective and continuous forms of
inspection.

statistical studies [17] showed that with bench and flight
tests of the ZhRD in a whole number of cases failures are
explained by techrolugieal factors. They comprise approximately
30% of the total numoer of fallures. Moreover, the named figure
in a certain kind should ve considered as being conditional, since
in the analysis of .ue reasons for the emergency state it 1is not
always possible tc divide clearly the failures into design,
production and operational. This 1s especially related to cases
when reasons avre not unambiguously established or are explained as
the consequence of several hypotheses.
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If the failure is explained only by production reasons and
occurred within limits of the allowances established by technical
specifications and records, it can be explained only by its
inadequacy. Such failures are considered to be caused by technolog-
1cal factors of the first kind. Unlike them there are technological
factors of the second kind, caused by departures from the production
processes, and in a number of cases they are explained by its
rough disturbances. Technological factors of the second kind depend
on random causes. The process of their appearance is chaotic.

Technological factors of the first kind are virtually inseparable
from the design. Therefore, the problems connected with them of
the provision for high levels of reliability depend on the degree of
perfection cf the designer finishing of the article and technical
specifications and records and on the degree of the adjusting
nature of the production. If the technological factor of the first
kind are inherent in design and documentation, then factors of the
second kind characterize only the specific production. It is
natural that under these conditions the specific measures
which do not allow or lower the probability of the
appearance of defective products and thereby ensure the high level
of quality can be determined. As a whole this can be reached
ny the absence of rejects among the commodity articles, on the one
nand, and because of the stability of the basic parameters on the
s her. The latter is most frequently explained by technological
factors of the first kind.

Applied in industry is a whole number of physical and
tatistical methods of guality control of the manufacture of parts
ind inspection of the alrtightness cf cavities and connections [50].
‘he physical methods include ferromagnetic, luminescent, colored
iefectoscopy, radioscopy by X-rays and gamma-rays, ultrasonic and
#inally visual inspection of the parts by special optical and
1ighting meters. The indicated meth>ds make it possible to check
the quality of manufacture of the parts without their failure and
contribute to the development of the concealed defects connect-d
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CHAPTER 111

THE PLANNING OF FINAL DEVELOPMENT AND ANALYSIS
OF TEST RESULTS

5 1. FEATURES OF THE PLANNING OF TESTS
OF COMPLEX TECHNICAL SYSTEMS

The planning is preceded by information analysis, and the
sxperiment is carried out for the purpose of checking one of the
nossible hypotheses. However, in the early stages of the search
works it is not always possible to foresee the final result. If
the planning of the tests is conducted in the stage of design, it
aust consider the presence of a prioril information in the form of
:ystems - analogs. The planning of tests must be pased orn ~:liable
‘nformation. If the information 1s barely reliable or L= a':ent,
-he tests cannot be planned. It is difficult to plan the f:rst
cxperiment, it is desirable to plan the second, and it Is a eady
~ompletely necessary to plan the third.

In the conducting of the first test series used more f.-quently
s the test search, owing to which it 1is as 1if the designer "feels"
he threshold of the efficiency of the system. For the complex
technical systems are carried out the autonomous tests of
.ssemblies and subassemblies, and only after thelr completicn are
the autonomous tests of the systcm as a whole begun. The auto-
nomous testing makes it possible to establish the interconne.tion
unu [unctioning of elements of this subassembly. In this cere 1t
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in no way considers the cross correlation, which under conditions

of the functioning of complex dynamic systems can be considerable.
Cases are known when the great effect of the correlations between
elements of separate systems nullified results of autonomous

final development. In similar cases the final development virtually
entalled the conducting of the expensive complex tests. Econo-
mically this cannot be recognized as belag advisable. In view of
this for a complex system, the design, which to a certain degree
excludes the interaction of elements of the system on each other,
should be called rational.

It is expedient to carry out the planning of the experiments
in all stages, but its effectiveness is especially obvious for
the complex technical systems when there is a complex of signifi-
cant factors. During the planning the subsequent stage must
consider results of the preceding stage, and therefore the timely
processing of primary data 1s important.

The experiment gives information which confirms the calculation
and corrects errors in the design. From the test results judge-
ment is made about the correctness cf the solutions taken. The
experiment confirms one hypothesis, rejects another or bears a
new one. However, the intuitive approach to the development of
experimental programs can lead to errors. From practice examples
are known when from the filrst unsuccessful testing an acceptable

version of the design was rejected and accepted, and as was sub-
sequently found, is 1inadequate.

The experimertal inal development of the ZhRD [(MPA - liquid-
propellant rocket engine] 2nd the planning of tests connected
with it Lave as their purpose the search for optimum structural
solutions which satisfy the requirements of the technical assign-
wen.. The searcn 18 conducted in the direction of shortening in
the total pericds of final aeveiopment, the provision for qualizy
and reliability, and the minimization of ecoromic expenditures.



Each engine must satisfy the requirements which determine its design,
engineering and operating characteristics. For this reason the

final development is connected with the functional test of articles
with different combinations of external and internal factors.

The external factors include temperatures of the propeilant
components and structural elements, inlet pressures, dynamic
momenta changed in accordance with the test program, and so on.

The internal factors are the parameters conditioned by design
snd englneering characteristics, features of production, tuning
~recision, and so on. It is possible to change them by means of
an input of special design measures or engineering assembiles.

The final stage of development should be considered as the
+pransition to the serial production with which the reliability
of the commodity supplies is provided by the perfection of the
design final development, the degree of perfection of the production
srocesses and industrial equipment, and the current intermedlate
and output inspection.

Thus, the scientific solution to the problem must be conducted
‘s directions of the provision for the reliability of articiecs in
-ne process of final development, on the one hand, and the 1i»nspec-
~+5n of commodity supplies, on the other hand. This, first of
~11, is the selecticn of the efficlient design of engine which
sztisfy the assigned requirements with respect to the provision
“or the onerational indices and reliability. The latter must be
reached by the optimum planning of final development for the
purpcse of a comprehensive efficleacy of all elements with the
41 fferent combinations of the exte~nal and internal factors. In
*his case the important questions are the shortening of the cuantity
of the tests, total periods of final development and economic
expenditures under the condition o fulfilling the requiremer s
t5r the technical assignement. Besides the technical proble: -









3. They make it possible to judge the effect and interactions
of linear effects on the final results.

4. Unlike the single-factor experiments, the multifactor
most fully correspond to the real physical processes.

Since there are errors in the adjustment of the engines to
the basic parameters and to various kinds of errors, with a
sufficient degree of accuracy it is possible to confirm that for
complex systems the stationary and single-factor experiments
virtually do not exist. In multifactor experiments when 1s varied
a certain quantity of factors at previously known levels, sometimes
important is the fulfillment of the condition of randomization,
which increases the accuracy of the calculations because of the
elimination of the effect of a number of random causes. Under
this condition, as a rule, the random test procedure must be
provided. The randomization makes it possible to obtain more
uniform and reliable results. The condition of randomization can
significantly affect the final conclusion, which is easily shown
in the following example.

Let us assume that the problem is posed to compare the actual
data on flow-testsof two versions of the design of combustion
chambers under bench-test conditions. For this several copies of
the articles for each version of the design i1s distinguished. 1In
the process of hydraulic tests, for reasons independent of the
experimenter, a certain drift of the flow rate per second of the
fluid tested occurred. If the flow tests were conducted 1n
succession (first articles of one design and then - another), then
it cculd be found thut some articles were flow-tested with iow
"low rate while others - with inereascad,

) = 41 > t e
measurements wi'l be b talned, ana incorrect conclusions are made.

But i1f with the flow tests chambers of both versions were alternated
randcmingly, the measuring errors will be averaged and the average
vaiues ol resulis will be nearer to the true values.
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Hence we have the conclusion: depending on the complexity
and cost of the experiment, the full factor plsn can be applied
with the quantity of independent variables n<5. With a large
number of factors there arises the question concerning the shorten-
tng of the tests. For this purpose the fractional plans, ste-p
ascension over the surface of response, and so on will be deter-
mined. A definite interest is represented by /-optimum plans,
orthogonal planning, and so on. At present there is a large

quantity of literature on 'the theoretical problems of the design

of experiments [2, 47, 67, 68, 72].

The purpose of. the planning of the exberiments is the dév%?-
mination of the composition of the significant factors, their
possible combinations end the effect on the output quality of the
‘rvestigated process. The methods of planning are varied and for
cifferent physical problems cannot be standard. The common
indispensable property of all the plans is the construction .°
= mathematical model on the basis of the processing of experi-

=ntal data. The experiment itself is the physical realizati n
" the planned program from the viewpoint of the provisior fc-
‘nput factors. The output quality of the process is determir -J

properties of system itself to react to the "input".

In conclusion it should be noted that the planning of th«
c«ceriments and mathematical modeling do not eliminate empiri al

*arch but supplement it.

i 2. THE USE OF FACTOR PLANS FOR TESTS
OF COMPLEX TECHNICAL SYSTEMS

The basic goal of the tests 1s the obtaining of the nece=:sary
~nformation. However, the same result is reached by differen.
mzans. The required volume of information can be obtained wi:tn
considerably less quantity of tests than follows from the con! tion
of the adopted full factor experiment. The effect 1s reached
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a) by the rational selection of the number and interval of the
variation of factors; b) by a decrease in the quantity of in-
distinguishable combined effects; c¢) by the elimination of the
repetition of results in the conducting of the experiments; d)
by the determination of extreme test conditions; and e) by the
forecasting of the results.

The optimum nature of the factor plans consists in the
extraction from the experiment of the maximum of information about
the investigated processes, on the one hand, and the minimization
of the number of tests on the other hand. In this setting the
solution to the problem can be the fractional factor plans, i.e.,
the fractional replicas. Their meaning consists in the replacement
of the interactions of the linear effects of the new fictitious’
variable with the ordinal number (n+l). In 2 physical sense the
fragmentation of the full factor plan into units occurs. Thus,
for instance, if there is a plan for type 2“, then it can be divided
into the even number of r units from which in the initial stage
one is realized. Correspondingly, the quantity of realizable
tests 1s decreased and in this case will be N=--2n The fractional
factor experiment is the mathematical instrumeﬁt utilized during
the planning of the tests.

Let us examine some of its properties. Let us suppose an
experiment of the type 2“ with different variations in factors

X715 X5, x3, and Xy, is examined. The matrix of the test 1is
determined:

- by the line orf linear terms
X3 X3 Ky Xy Xy

U

where xo is the filectiticus variable equal to unity;
- by the double interacticns

EXARERALERATES AHE S ATEL AR
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Obtained respectively can be the equivalent effects
Xy =X} XXy o < s K

‘Ar = e+ 00
X =XoX 3, » X,

and similarly
By Rl oo o Rgh Ny Blalle oo slle 80«

Together with the linear effects thelr interactions are
similarly determined

XXy = XKoo o 1 Ky Xy Ky 7= X, Xyyo oo Ky XXy == X, X,,...,X, €LC.

In the case of the higher multiplicity of the fractional

replica, it 1s necessary to solve which linear effects should ‘e

equated with the interacting effects. As was already mentioned,

these are a tribute to the method of D. Finni [68, 69], which
makes it possible to reduce the volume of tests in comparison

with the full factor plan. It is desirable to solve the problam

concerning the equating of the effect on the basis of an anal:sis
~f experimental data and the physical essence of the invesiig ted
grocess or by using the avallable a priori information.

The quantlity cof generating relationships 1s equal to the

multiplicity of the fractional replica. Thus, for instance,

" we accept the fractional plan 2n~k' then the quantity of

erating relationships i1s taken ecual to k. That which corres-

sonds to this quantity will be the number of determiiing contrasts.
The latter is always easy to find in each specific case by means

the multiplication of the left ard right sides of the generating
relationships by the appropriate lilrear effect.

Let us assume
y
chat in a certain plan of the type <’ 3 one of the generating
relationships x.=

6 xlxzxux5 is accepted, then the determining

contrast for this relationship can be found by the following
means of

X§ = X (X, X, X, X)) or |/ = XXX XX,





























































































































































































Number of
vehicle 1 21 84 4

Distridution or [MWH| T{IV] 1
types of engines| Il | IV | 1l |IV

ivi g 1
oy 1

»snicmization) can be presented in the form of Table 3:25. an
this case the following condition was satisfied: one engine type
on one article is encountered only once.

Since in the second case the plan is completely randomized,
the errors determined by the design features of the carriers and
vehicles and by a distinction in the flight program are averaged.

The mathematical model of this plan 1is expressed by the
dependence

Yi;=xg+bD;j+ei;.

However, the aiready brief analysis detects errors of this
method of planning. Specifically, just as with the mixed plan
(variant 1), the randomized plan (variant 2) does not consider
the features of the flight of all vehicles. Thus, for instance,
from Teble 3.25 it is evident that an engine of type ITT will
not consider the features of tests of article No. 2, of type
I - article No. 1, znd of type II - features of article No. 4.

Tests of zrrticles Nc. 1, 2 and 4 have a common shortcoming,
which entails the fact that the engine types III, II and I are
tested Lwice in each case, while engines I, III and IT were
not installed orn these articles and were not tested at all. And
only with flight teuts of article No. 2 are engines of all types
testeaq From a!l points of view this test 1s most nformative.
Mhe vest plan, woich w#as similiar to that of article No. 3, 1s

a unit plan, and the order of the arrangement of engines of all

VORI U——.








































































Thus we examined briefly one of the types o»f the accelerated
tests, which 1is characterized by the acceleration of the rate
of the test work, i.e., by the cyclic velocity of the replacement
of the modes.

At the same time the types of accelerated tests in which
the "weight increase" of the operating mode is accomplished by
an iancrease in levels of the basic parameters can be represented.
The difficulties of these tests consist not of the determination
of the fallure type but the setting of the value of the correlation
of the obtained data with the expected characteristics in the
actual conditions of cperation, since an increase in the level
of the parameter which causes the fallure can he accompanied by
a partial or total variation in the physical rrocesses. In such
cases the revealed fallures can be in no way characteristic for
the articles during their tests under actual conditions.

An example to this is the excessive boosting of the
combustion chamber of the ZhRD according to pressure and temper-
ature. The latter, as 1s known, can lead to the appearance
of vapor in channels of coolant passage, the decomposition of
the propellant compornents, to its coking, i.e., to the phenomena
which are not characteristic for the standard conditions of
operation of the ZhRD. 1In this case the difficultizs of the
conducting of accelerated tests consist also in the limited
possibilities of the systems themselves. Thus, for instance,
the boosting of the combustion chamber can more frequently be
limited not to the manifestation of its failures, but to the
possioilities of other urits: gas generator, TNA [THA - turbopump
assembly] and pumps which contrcl the elements and especially
thelr hydrodynamic characteristics. Even when there 1s the time
and means 1t proves “o be sufficlently dirficult to establish
the degree of correlation of the modes. Test work with the
excessive boosting of the basic parameters (up to levels at which
there doe: not occur a change in the physical processes) is
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A peculiar variety of accelerated tests consists of welghted
tests which differ by the increased level of the load of the
operational characteristics. In connection with the ZhRD such
parameters can be combustion-chamber pressure and the fuel-
component ratio. Correspondingly, the increased level of the
load for the ZhRD means boosting according to the conditions and
thrust up to the boundary conditions. The latter determine those
maximum levels of the basic parameters higher than which the engine
is inefficient. The nature of the loading can be sufficiently
diverse and changed in accordance with the fest program according
to different laws. The program of the weighted tests can be
characterized by the emergence of the engine into the nominal
mode with the subsequent boosting up to boundary conditions or
emergence into the forced system, passing by the nominal values
cof the parameters. In the first case the emergence into the
assigned system 1is reached by an adjustment of the engine to
the rated conditions, and its further boosting occurs as a
result of the start of the ccntrol system.

In the second case the final mode is provided only by the
adjustment of the engine at the extreme values of the parameters,

which are then maintained constant during the entire time of the
tests.

This program, in providing the tests for boundary condlitions,
can be realized in such a case when they are previously known.

Besides this some forms of the possible prcgrams of the

weighted tests can be represented by curves each cf which
determines the exponential, lincar and stepp-d laws of loading,
respectively. It should be noted that the maximum level of
btoosting must not be d=iermined by the bouncdary conditlions: 1t can
be below, but, as a rulie, exceeds the upp:r 11mit of control x

max
assigned in technica’ assignment for development.
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reliability theory and mathematical statistics, they are known as
the distribution laws.

The quantitative reliability indices can be obtained only on
the basis of the knowledge of distribution laws of failures. The
latter are established by the processing of statistical data. If
one speaks about the quantitative reliability indices of elements
and systems and not about for which conditions they are suitable,
then these conditions are implied. If the test conditions are not
determined, the gquantitative reliability indices have no practical
meaning. They are valid only for that form ol information and those
conditions under which they are obtained. An cxception should be
considered the "acceleratcd" or "welghted" types of tests, about
which we were speaking a'ove.

The forecasting of rellabllity on the busis of statistical

- estimates can be conducted in the direction of their refinement as

a result of a change in the volume of information but not its form
or test conditions. More accurately, if according to tests of a
certain sampling or totality of the articles the estimate of
reliabil?“y P is ot .l.ed, then with a definite reliability it is
possible to confirm ctnat on the average it will be preserved for
future tests of the regular articles carried out under the same
conditions. But if the conditions were changed, or they are not
stable, then it is not necessary to speak about correctness of the
prediction.

Nevertheless, there is a vast class of system: and elements
whose efficiency 1is provided within the sufficliently wide limits of
a change in the environmental factors, i.e., trhe oscillation in the
known boundaries of the test conditionz will not attract a consid-
erable change in the reliability indices. In th2 specific case
this conclusion requires experimental confirmaticn. If this 1s so,
then the appropriate concliusion is made about the insensitivity of
the articles to a change in test conditions, and their reliability
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combustion chamber, to say nothing of the fact that with such

parameters it is inexpedient to develop the engine according to the

scheme "liquid+liquid" due “o the high losses of specific thrust

on the TNA [THA - turbopump unit]. The creation at present ¢i. an

engine 1000 t in thrust pressure pn-BCC kgf/cm2 will require the
velopment of the eppropriate fields cof technology.

Therefore, the ZhRD considered in our example must largely
differ from its prototypes, first of zl1l, in design relation [101,
c2).

-

The analog systems also are distinguished one from another
not only in power engineering, design and technological character-
‘atices, but also in the kind of fuel. This places in doubt an
ittempt to generalize the test results of the ZhRD of the dif{erent
reriod of developments and different ultimate purpose.

An attempt at the calculation of the design reliability of the
according to A-characteristics lecads to the fact that ti
sptained quantitative indices for the different design versicns of

680 to 1000 t in thrust (0.67+107-0.98+10 N) in
practice do not differ from each other (a thrust of 680 tons

the engines of

‘crresponds to the engine-analog F-1). his paradox is explained
the fact that the A-characteristics do not consider the design
and technological features of the ;romising schemes. But siice
nformation about their efficlency in the early stages of the
cian 1s absent, then quantitativel the reliability cannot be
determined. Therefore, the calcul:tions of reliabllity based on
i-cnaracteristics of previous deve opments cannot be reliable.

That stated above is not founc In contradiction with the known
works with respect to reliability. As an example 1t 1s possible
to give the following affirmation [37,: ™"... usually only with
electronic and electromechanical eculpment is 1t possible to
zather sufficient information and (btain from it the substan _ated

analytical dependences .... Equipnent elements of the nonel: “tronic
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type for the most part are developed speclally ior the speclific
system with its functional scheme and technical specifications.
Specifically, these are turbines, combustiocn chambers, gas generé-
tors and other elements of the ZhRD .... In these and similar
examples the information about faillures of elements 1s usually
very iimited and is related only to this specific system.
coasequently, it cannot be applied to other systems of this type."

This 1s entirely related to the A-charz: . eristics of mechanical
systems. If such characteristics are given, then they are suitable
for the calculation of the reliability of oni; those systems
according to test results of which are obtained when the distribu-
tion law of failures is exponential, i.e., J=-conust.

If the discussion is about the reliabiliity -f the reliability
indices, based on the qualitative forms of infcrmation, then it
largely depends not only on volume and quality of the initial data,
but also on the objectivity of the experts who generate the
statistical estimates. The fact 1s that the reliability of
reliability indices in this case 1s based on methods of the
classification of results of tests which, as a rule, are reduced
to the simplest division of tests into examin2d and unexamined
with the subsequent division of examined tes's into successful and
failure. However, as practice shows, the approach to the evaluation
of test results for different groups of specizliists in a number of
cases can be different. This is most easily shown in following
examp.es.

Let us assume that 1t is required to estimate the probability
of the faultless operation of an automatic machine tool, which makes
retainer screws of one standard dimension. 1o 4> this, a suf-
fiziently large sample of the articles (one several) is taken,

and by means of ccncinuous checking their guzlity is checkea. If

“i'e normal production prccess is examined, then =11 the articles
are considered to be 2xamined. The articles which do not satisfy
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the technical specifications are classified as "failures." In this
case the uniqueness of the solution is provided by the method of
checking.

Another matter 1s when the test results of complex systei:

» analyzed. For example, on the test stand N engines are tested.

1= visual inspection and subsequent fiaw detcction showed that in
2 number of cases there was observed the erosion of walls of the
combustion chamber or small burnouts of the nczzle ("streaks").
Tre noted defects did not lead to a change in the specifications of
the article. If this happened in flight, the final goal would be
"ulfilled, and the defects remained unnoticed. How does one classify
these cases: as defects or failures? The opinions here can .e

nitradictory: some of the researcner: confirm that these ar=

rects which did not lead to any noticeable consequences; otl.ers
consider that these are fallures, =ince they are connected with the
‘Isturbance of the completeness of material part.

n a number of cases by references to technical specifications
records such defects will be referred to failures, altaough

hese solutions are to a greater degree, more juridicial than

hnical.

There are many similar example: and by no means always are
ney connected with the distrubance of the completeness of th«
material part. But it is clear tha for complex systems the
versity of the defects and failur:s is such that virtually they
cannot be specified entirely by the corresponding procedures.
is can lead to tne acceptince of :ubjective or even volitional
>iutions.

At the same time less importarn 1ig tne cuestion concerning
the evaluation of the impressivenes of the initial information
for the elimination of failures aft:r the manufactured modificu-
tions. If they are successful, the: the previously recorded

[
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failures from the general totality of examirea t-uts can be
exzluded, for example, when the form and c2use of the failure are
unambiguously established and the physical methods of checking
confirm the effectiveness of the adopted design modification. But
in a2 number of cases the reason for the failure can be explained

oy a whole number of hypotheses, according to each of which the
corresponding modifications are carried out. As a whole for check-
ing their effectiveness, a large volume of tests will be required.

If the checking of the effectiveness cf the modifications is
conducted only by the processing of the qualitaiive Information,
the volume of check tests is increased. Therefores, in practice
widely a study of the physical processes for th:e pirnose of an
explanation of the physical causes for failure is ccnducted. 1In
this case the quantity of check tests 1s sharply decreascd.

In summation, it can be concluded that the use for the
reliabllity evaluation of qualitative forms of laformation requires,

first of alli, the entire substantiated approach to the

methods of generalization and classificaticn of results of the

tests and the knowledge of the physical causes of fallures

according to which the modificatlions are produced. The indispensable
section of any procedure: must ve the clear rules of the classifica-
tion of test resulits for the evaluation of tneir impressiveness:
examined and unexam’ned successful and failure.

With the summation of the initial statistical data or the

generalization of quantitative reliability indilces for different
test programs, it is necessary to focus serious attention on the
conditicns under whicn they are obtezined. As a rule, it 1s impos-
sitle to achieve the lull identity or reproducibiiity of the
conditions of full-s-a.e tests in “he proce  final development.
Moreover, the puarpcees and programs of the tests themsclves are

dirfierent. Tnerefore, 1: practice frequently used 15 the procedure
for the supplement of statictical data, which assumes the usual
summatlion of a certaln quantity of successful tests with the regular
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measure can be used to evaluate the reliability of the simplest
elements and most complex systems.

Subsequently, let us pass to the examination of the mathemati-
cal methods cf the evaluation of reliability, considering that the
number of successful tests and quantity of failures are known
reile.'y to us. The difference between the total number of the
tests and the quantity of successful results is equal to the
number of fallures.

From the probability theory it is known that the ratio of a
certain quantity of successful tests m to the total number of
tests N, carried out under specific conditions, can be characteri-
zed by a certain probability of failure-free cperation P. For a
small number of tests this ratio will be the random variable which
can be changed within very wide limits:

O<P<l

.Y m
In this case the characteristic P==;; is the point evaluation of

reliability in the form of the mean statistical probability of
failure-free operation. Ir the probability theory this ratio
(m/N) is more frequently called the frequency or freguency of the
event.

With respect to the true value of probability cf failure-free
operation P, the characteristic P will be the unbiased estimate of
reliability.

The characteristic P is equal to the mathematical expectation
of probability with z large number of tests. Witnh the limited
volume of production the differernce should be considered as the
error P——P) of the probability evaluation of {ailure-frees operation
with the assigned confidence coefficient a:

a=Bep|(P—¢)<P<(P+4)}.
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all the standby circuit elements. This jmmediately places in doubt
the advisability of the practical realization for the sustainer DU
of the redundancy scheme III, which 1s very theoretically ideal.
For the separate assemblies of the pneudraulic scheme the implementa-
1on of scheme TII in all prcbability dces not cause any special
i 7ficulties and in a number of cases can prove to be advisable.

:
:

o

Let us now examine some features of the series-parallel
connection schemes of elements (scheme IV, see Fig. 5.10).
Virtually these are the most frequently encountered systems with
redundancy. In designing or developing this system, the designer,
rirst of all, solves the problem concerning the redundancy of

AN

2 vl

mreliable, small-scale elements. The redundancy of bulky, large-
s conducted, &3 a rule, only in exceptional

|3

size elements and units
cases. Most frequently the provision cf the required levels of
reliability of the systems 1s achieved by means of finishing up to
the required levels of the reliabiiity of the elements themselves

w10 Ml

(or units) whose redundancy is maae difticult by the design or

- a 3 " 2~
ther consideraticns.

i

Trhe mathematical description of the structural series-parallel
schemes of relizbility is accomplished by means of the multiplica-
cion of the probabilities which characterize the indavidual

~stions of the circuit with the series and parallel connection of

_ne elements. 1n summation, in cornection with scheme IV (see Fig. i

£.10) we can write

o 1T

1 / » d
Ply;‘:n P,{]—*{l-—npl)’
=
vore complex cases of tne conneetica of eizments .nto serles-
- parallel or combined schemes can be encourniiered, but the principle

of the solution to the problern remalns as vefore.

Thus, we examined the schemes +ith the "hot" redundancy »f the
elements. In the design and final ievelopment of these schen s,

as a rule, the preference over schenes with: "cold” redundancy is
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changes, since in 1t only output parameters of the regulators -
pressure differentials on the controlling elements, participate.

§ 4. TRANSIENT PRCCESSES WITH THE
CLOSING OF THE HYDRAULIC CIRCUIT

Any malfuncticn leads to disruption of the operating mode
(emcrzenczy situation) of the ZhRD and causes transient process in
. it.

¢ r eaen class of engines its course of the transient process
w_ t. "ne emergence of the malfunction 1s characteristic, although
.t 1s possible to distinguish some general laws characteristic to
augincs of different designs.

.ne nature of the course of transient processes in the emer-
gency situatlon can be determined by carrying out the calculations
inder the assumption of a defined malfunction according to the
procedure given in § 3.

e e

An anelysis of these processes will be carried out according
tn the parameters measured during bench and flight tests (pn, p;.
; Fus N Pgs Prs Gops Grps G,» 8 etc.) and not measured but making it
possible to understand deeply the reason for a change in the
sarameters in the emergency situation and facilitating the analysis
(0, N_, N_, k, k', the movement of the controlling elements x the

o
expansion ratio of the gas on the turbine nT).

i

! In many respects the engine operation 1s determined by the

R e specificity of the controlling elements. An analysis of results
of the calculations shows that the controlling elements affect the
§ quantitative and qualitative sides of the transient process during
emergency situations. Therefore, it is expedient to carry out an
F analysis of the emergency situations both without taking into

§ sccount the controlling elements and taking into account the con-
crete control system. This will make it possible to explain the
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