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GUARANTEE OF THE RELIABILITY OF RADIO AND ELECTRONIC EQUIPMENT.

Chapter V.

Radio and electronic equipment [REA] can go out of order as a
result of internal and external effects on it. The more complicated
the equipment, the greater the probability of its failures. However,
technical progress is not tﬁought without the complicated means of
radio electronics. Therefore the problem of an increase in their

reliability is one of the bases [2, 30, 40].

Failures of REA -.random events; therefore reliability can be
rated/estima%ed only statistically. The theory of reliability, as any
other statistical theory, cannot predict the behavior of separate
instrument, but sufficiently accurately it can rate/estimate the
behavior of entire set - eﬁsemble. For the ensemble of real
instruments is known Bnly the fact that on the average with a large
number of tests the specific part of the instruments will

malfunction, but it is unknown, what precisely.
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Reliability - probabilistic category, which characterizes
properties of REA (other devices/equipment), caused by its
reliability, by life and maintainability, and ensuring the formal
fulfillment of the assigned functions. Quantitatively reli;bility is
rated/estimated by the product of the probability of the failure-free

operation P to the readiness factor K.

Readiness factor
K, = ZT0us/(ZT pas + ZT o + ZT apod)s (V-0
where IT,,- total time of failure-free operation; ITpw«- total time,
spent on the fepair, detection, position finding and clearing; EZT,we -
total time of preventive works, spent on the routine inspection,

checking, scheduled maintenance, etc.

By reliability® is understood the property of REA to
continuously remain operable under the specific modes/conditions and

operating conditions.

FOOTNOTE '. Sometimes in the literature reliability is called

reliability. ENDFOOTNOTE.

Efficiency quantitatively is rated/estimated by the probability of

T T AR, A R M na
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failure-free operation or by other indirect probabilistic indices -
with rate of failures X\ and by the mean time between failures 7,

(§v-2).
Page 77.

Bfficiency - state of REA, in which it corresponds to requirements of
TU, but only with respect to the fundamental parameters, which are
determining the normal fulfillment of the assigned functions.
Malfunction of REA - disturbance/breakdown of norms of TU from any
fundamental or secondary parameter, The secondary parameters
rate/estimate not fundamental characteristics of REA, for example
convenience in the maintenance - signal lamps of safety

devices/fuses, knob/stick for the transference, etc.

Failures divide into the sudden ones (catastrophic) and the
gradual ones (parametric). The random failures appear as a'result of
sharp random changes {n the parameters of elements/éells; for example
the breakdown of capacitors or transistors, the break of wire or
resistor, etc. The deterioration failures appear as a result of slow
changes in the parameters of elements/cells; which derive/conclude
the determining parameter beyond the limits of the tolerance range .
For example, a change in the parameters (aging) of transistor leads

to the disruption/separation of generation or the decrease of
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amplification.

Distinguish the complete failures, when REA not at all works,
and partial, when REA works, but it does not completely satisfy the
requirements for the fundamental parameters, for example the light
rating of transmitter. According to the character of manifestation in

the time failures divide into the stable ones, i.e., those continuing

‘to their elimination by road-mending machines, and keeping aloof. The

latter, in turn, are divided into the short duration failures (rare,
short~-duration failures) and the intermittent failures (repeated,

frequently repeating short duration failures).

In connection with the reliability, RBEA it is possible to divide
into restored, i.e., overhauled during the service life, and not
restored, thch in the case of the failure, for example, the radio

detonators, transistors, capacitors replace.

SV-1. Economy of reliability.

The optimum reliability (SX-2), which corresponds to the minimum

expenditures/consumptions of user for the operating time of REA, can -

be determined, using expression for the total cost/value (SI-4);
additionally are considered the possible losses (losses), caused by

malfunctions of REA in the service life. These losses are determined

\ PN S R e e =
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by idle times C,, (for example, with the malfunction of the line of
communications or of computer the operating organizations do not
obtain payment), or by possible death of material and other valuesC,
(for example, due to the malfunction of controller can occur the
emergency). If losses per hour of idle time compose Cn. the mean time
of one repair T. an average in the service life T number of failures
(repairs) np, =T/T,, T, ~ thle mean time between failures, then losses
for time T, led to the time of the beginning of operation, by analogy
with (I1-4)

Cop = CroT pew ftep (To/T) [1 —exp (1 — T/T )} =

= CopTpew (To/ T ) [1 — exp (— T/T )] (V-2)

Page 78.

If failure of REA can with probability P, produce the death of
property for sum C.then in (V-2) it is necessary to add the

mathematical expectation of losses, equal to P.C-

Thus, the generalized cost/value of equipment is equal to total

cost/value (1-4) plhs losses due to its malfunction:

‘Cza = Co+Ci+CotCom+Coi (V-3)
Cia m Ca+ To[Cs + Co+ (CupToms + PLITal (1 —exp (= 7'/7;‘«;1.-4)
Simple relationship/ratio (v-4) helps to determine optimum
reliability of REA (in the sense of the minimum generalized

cost/value).

e e e e e e Ames e

§
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Let us find minimum cost/value of REA
dCry/dP = 0. (V-5)
After solving equation (V-5), it is possible to find optimum

efficiency Pom (SV-2).

For solving equation (V-5) are necessary the analytical
relationships/ratios, which connect efficiency P (reliability P,)
with first cost C, =+, (P), expenditures for operationc,= ¥, (P) and
maintenance

Ca = % (P).

The first cost of REA C, is determined by expenditures for its
development, cost/value of materials and parts, by wages, etc. For
REA of the increased reliability the expenditures for development
incregse: the cost/value of parts, assemblies and materials,
production of devices/equipment and so forth in this case
considerably higher than usual (SV-3).;There are no universal
relationships/ratios, which numerically connect C, and P, since for
all possible types of the equipment, manufactured in the different
enterprises, the numerical characteristics can be changed. However,
the expression

Comhf(l —pP% (V-6)

during the appropriate selection of the constants h, a, and b
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correctly reflects dependence C, = ¢, (P): sharp increase (, with

approximation/approach P to one (Fig. v-1).

Operating costs virtually do not depend on the required
reliability, since state/staff and qualification of operators little
affect reliability of REA. In the approximate computations it is

possible to consider that the operating costs do not depend on

efficiency (reliability) of REA.
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Fig. V-1. Optimum reliability of REA: 1.- C, the cost/value of
maintenance; 2 - ¢ the first cost of REA; 3 -c¢z.general/common/total

cost/value of REA.

Page 79.

Expenditures for maintenance dependAsubstantially on the
reliability of equipment. A decrease in the efficiency raises the
expenditures for repair, which are folded from the cost/value of the
replaced parts and the wages of road-mending machines. Expenditures

for routine checks and inspection of equipment little depend on the

required efficiency.

Let us rate/estimate expenditﬁres per unit time for maintenance,
it is more precise to repair (C, = C,.):
Co=Cous/Te = (TouCrms + MCor)/ Ty - (VD

where T. - mean time between failures (repair); C,u- cost/value of one

‘F
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repair; T,, — average duration of repair; Cus - wages per hour; C,., -
mean cost/value of one replaced part; m - average number of parts,
replaced during one repair; according to the statistical data m=2.3,

Tox=3.3 hour.

After substituting equalities (V-6) and (V-7) into formula

(v-4), after excluding operating costs C, we will obtain
Cz = A/ (1 = P*)’ + (TyTJ (TomCoss + MCyor +
+ Toeslon + P.C) (1 — exp(— T{T)). (V-8

Pxe - optimum efficiency in the sense of the smallest cost/value let
us find, after substituting relationships/ratios (V-8) in (V-5). The
obtained equations are transcendental, to solve them in general form
.is impossible. Under the specific conditions it is possible to solve
them by numerical methods. The obtained relationships/ratios can be
illustrated by the graph/curve (Fig. V-1), which reflects
characteristic dependences for the general/common/total cost/value.
The use/application of calculated relationships/ratios (v-5)-(v-8),
that are determining optimum efficiency under the actual conditions,
is impossible without the numerical values of coefficients. The
numerical values of the coefficients can be obtained from the
generalized technical-economic characteristics of REA (€hapter X) and

the statistical evidence about the failures.

For the collection of materials about the failures of REA were

S - .-&: _____
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developed the special maps/charts/cards, in which noted the
conditions for work of REA at the moment of each failure;'the reasons
for failure; what elements/cells produced failure (independent
failure) and what elements/cells as a result of this failure
additionally refused (the dependeﬁt failure); how long it lasted the

search for damage and strictly repair; what and how many parts they

replaced and so forth.

As a result of similar statistic studies in the middle Fifties
interesting averaged data (Table V-1) about the distribution of the

reasons for failures (without taking into account electron tubes) [2]

were obtained.

These data show that 43% of all failures of operable REA were
caused by errors during the design, 20% - by incorrect operation, and

10% - by incorrect maintenance/servicing.

T T T P ,“"7,7‘.‘&""' -
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Page 80.

Table V-1. Classification of the reasons for failures.

& @» o

Paxzes . Touvunn pemze-
4’3 A, %
Pmﬂl’z'f:e"“:?g;’:)“”m""’ 1. Jnextpraeckue:
3) HeJOCTATOK CXeMB 11
M HefpasH/mAKA 8uGap 3AeXTPR-
YECKHX BENHVAH 10’
C. ) HenpasAasHOe NPHMEHEHHE sne-
T MEHTOB | 12
- 3

2. Mexauwaecxne:

: 2) HempasHMLHHA AWGOP Mate-
! phana 5

O | 4% wenpamumuan vexamecxan
KOHCTPYKOHA 5
10

&

IKCIAYATAWHA (IKCIYaTAmHCHs | [, KAMMaTHYECKHE YCAORHA H Me-

Huie 0TX2Iu) XaHWUECKHE HArPYIKH, HE COOT-
BETCTOYOUIHE 33JaANHLIM 12
2. Henpasrasioe ofcayxunausie 10
. 3. Henpasiibuut pexnm sxcnaya-
TalRu 8
@ E')
TTpoussoncTso (TexuonOrHeCKH® | |, HlaroTos/eNHe He B COOTBETCTEHH
oTKa3u) C TEXHHUYECKUMH YCIOBHAMH 18
2. HeaofpoKavecTeesnoe chiphe &
noaydadpuxatk 2
20
(?) Mpoune 1. Hanoe, crapeune 4
2. Pasnse 1 HeycTaHOBAeHAME 3
T

{:) Key: (a). Section. (b). Reasons. (c). Number of damages, . (d).

Design (desiagn failureé). 1. Blectfical. a) a deficiency/lack in the.

I
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diagram. b) the incorrect selection of electrical values. ¢} the
misapplication of elements/cells. 2. Mechanical. a) the incorrect
selection of material. b) incorrect mechanical design. (e). Operation
(operational failures). 1. Climatic conditions and mechanical loads,
which do not correspond to given ones. 2. Incorrect
maintenance/servicing. 3. Incorrect mode/conditions of operation.
(f). Production (technological failures). 1. Production not in
accordance with technical specifications. 2. Low-grade raw material
and semi-finished products. (g). Other. 1. Wear, aging. 2. Different

and not established.
Page 81.

It is of interest and distribution of failures according to the types ,
of the completing articles (Table V-2). Electron tubes undergo up to

50% of failures, which is one additional foundation for the

replacement by their transistors, when this is technically possible

and is permitted by operating conditions.
The high percentage of failures due to the resistors and the
capacitors, in spite of their high reliability, it is determined by

their large applicability in the diagrams of REA (Table V-3).

The analysis of data of Table V-3 shows that in REA for every
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tube (transistor) on the average there are 6-7 capacitors, 5-6

resistors, 20-30 solderings, 2-3 inductive elements, etc.; therefore

the preliminary simplified evaluation/estimate of the complexity of
devices/equipment according to a number of tubes or transistors is

permitted.

O

g

| e e m—
—
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Table V-2. Distribution of failures according to the circuit

elements.
Lo n
G) H, aal QANNECTIO 00~
N : Hexzemnt. %
SnexTponnsie Aamnm e} .................. 50
Peamerops . . . . .F . . . . L.t h e e e 15
Kospenwcatoput . . . &2 . . . . . .. ... 0.0 8
TpanchopmaTopu n xarym unnyx-ruanocmg ...... . 3
BuixmoqaTenn, nepexmotatesn, LITenceNbiihie PAIneMal, pe.u(1§ . 9 -
l"h:owue@ ........................ 15

Key: -(1). Designation of radio parts. (2). Number of damages, %. (3).
Electron tubes. (4). Resistors. (5). Capacitors. (6). Transformers
and inductance coil. (7). Switches, switches, plugs, relay. (8).

Other.

Table V-3. Applicability of circuit elements.

u SMAPSTYPYW NO NPANANINEAMIOA CXtMe ’
Torech smnre s |odosee | D
nasmraamoNnas| Kuomas
3muﬁnunmmnrmﬁqu¢) 53—116 | 356 3673
gouata .......... 37’20—4!2_sl g;j‘t’ :;:g;
e3NCTOPM R
Tpanchopmatopsi & npomma) 32—14 4,2—12 0—7.1
Katywxn unayytysHocTs, QUALTDM, AR-
wwum sagepxxn (). . . - - . . . .. 1.2—14 3610 8—22
5::: .............. 025 0—4,8 0—-33
3jexTpoasuratenn, npeoGpa-
sosarenu (&) . . . . e - e e . 02,7 01,6 0—0.5
Hamepnreuse mpudopsi@D. . . . . 0—2.3 0—1i4 0—06
Ocpetnrefisubie H HMIHKATODNME X 0-—4 01,1 0—0.5
Keapmu §9). . . . . . ... .. .. 00,4 0—7 0—28
npenoxpanunnu@). e e e 0,2—4.8 0,3—09 0.3—06

Key: (1). Group of elements/cells. (2). % equipment on schematic

diagram. (3). radar and radio navigation. (4). transceiving. (5).
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receiving. (6). Vacuum-tube instruments. (7). Capacitors. (8).
Resistors. (9). Transformers and chokes/throttles. (10). Inductance
coils, filters, delay line. (11). Relays. (12). Selsyns, electric
motors, converters. (13). Measuring meters. (14). Lighting and

indicator lights. (15). Quartzes. (16). Safety devices/fuses.
Page 82.
S§v-2. Calculation of efficiency according to the random failures.

The random failures of elements/cells - random events.
Consequently, efficiency of these elements/cells after failure also
random event. Let us test a set of N of the same-type, unrepaired
elements/cells (systems) of exact ones with t=0, For the time from 0
to t reject n(t) of elements/cells, exact remain N-n(t). Efficiency
of elements/cells at the end of the interval 0-t at moment/torque t,
detefmined by the probability of their working order‘PAo,is
numerically expressed by the ratio of a number of favorable events -
exact elements/cells - N-n(t), to a total number of events - number

of elements/cells N [5]:

Pi() = (N —n(OUN =1 —n ()N, (V-9
dP, (0(dt = — {dn ()(dt]iN == — An (&N,  (V-9a)

vhere An(t)/At - number of elements/cells, which refused per unit

time, connected with the rate of failures A (f). Rate of failures
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they call the failure probability of the unrestorable (unrepaired)
element/cell for the single time and numerically determine by the
ratio of a number of elements/cells, which refused for the time from

t to t+At, to the product At to a number of exact elements/cells at

moment/torque t:

A= in(t+ A) = ONALIN —n ()] =
= An (/AL [N —n (1)]. . (V-10)

After substituting relationship/ratio (Vv-10) in (V-9a), let us find

dP,(§)]dt = My (O) [N = (OUN = —Xy () - P, (6)
dP ()P, (t) = — M (D) dt. -

Integrating, we will obtain

t ' t
P =— M@ dt+i PO _-q_e;p[—gx.(Odt].

With t=0 all elements/cells are exact and efficiency P, (g -1, so

that arbitrary constant c,=1.

P,(t)-exp[—ilg(l)dt]. (V-11) . )

If rate of failures A‘'() does not depend on time, then
Pi() mexp(—Ad. (v-12)
Is obtained important relationship/ratio - exponential decay law

of efficiency in the time when A =const (§V-3).

Let us find the mean time of failure-free operation 7, - the

unrestorable elements/cells, by assqming that M =const.

e e e e A o
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Page 83.

For the random functions the mean time of the failure~free operation
Tieo -;f tq,()dt = -:['up, (t)-—lP,(t)j. + IP, (O dt= f P, (0 dt,
‘ ' (V-13)
wvhere ¢, () - probability density of the'failures of elements/cells
. @ () =dP(Hldt = d(1 — P, (nl/dt = — dP, (n/dt;the first term it is equal to O,
since p, (f) with t»= it falls more rapidly than 1/t (for example,
V-12). The group of the random events (element/cell is exact or
refused) complete; therefore the failure probability of element/cell
(:> (unfitness for work) P, () and the probability of working order

(efficiency)~ﬁ?b in the sum wvere equal to one.

Under exponential decay law of efficiency (v-12)
G (©) = — dP, (£)/dt == &y exp (— My0). .

Integrating (V-13), we will obtain
n.-{P.(M-jexp(-ma-xm. (V-14)

After using relationship/ratio (v-14), (v-12) it is possible to

record thus:
Px(‘)fm(—l':‘)'“?(-f‘ﬂ'lep)o _ ' (V-15)

vhere T,,- conditional (SV-3) mean time of failure-free operation
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with constancy 4, during which efficiency of element/cell decreases in

e of times P;(Tip) = l/e =0,37.

During the design the procedure of calculation of efficiency of

REA according to the reliability of the entering it instruments,
assemblies and eléments/cells'is necessary. During the calculation of
reliability they assume ;hat all elements/cells are necessary for the
exact work of REA and the failure of any element/cell leads to its
failure. This circuit of elements/cells in the theory of reliability
is called series connection of elements/cells. Let us assume also
that the reasons for the failures of elements/cells are statistically
independent; for the random failures - this is actual. With such
prerequisites/premises probability Pz () - the complicated random event
of efficiency of REA as a whole - simultaneous efficiency all n of
the elements/cells, entering series connection, is equal to the

product of efficiencies P,(f) :0of all elements/cells:

e .
Pz (0 -‘I} P ®. (V-16)

If series connection n of elements/cells involves k different

&
types with respect to # identical elements/cells ':gn,-n. then
=

Pr(t) =11 P, 0"
20 =11 P 0", (V-1D
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Page 84.

Under exponential law of decay of efficiency of elements/cells

(v-12)
(ak fundt - Juuit
Pz(f) = Ill P = ll--ll exp (— A t] = exp (— t’% ;.,n,) =
= exp (— (T zcp), (V-18)
where Tu,ﬂllsrlﬁr— mean time of failure-free operation of REA.

jm=t
Relationship/ratio (v-18) analytically connects efficiency on
the random failures of system with the rate of failures of separate
elements/cells. For calculating the efficiency of system with series
connection of elements/cells it is necessary to know a quantity and

the rates of failures of these elements/cells.

Is of interest one additional statistical parameter - mean time
between failures T The mean time between failures is defined as the
mean operating time of the restorable (overhauled) system between two
adjacent failures. If system exactly studied (it produced) f‘,al:‘_‘? 4

.=

the hours, where’t, — operating time between two adjacent failures,

[mm
and m - total number of failures, then T, = ,Im-’z‘ t,/m. (V-19)
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If the law of a change of the efficiency with time after
failures and restorations/reductions (repairs) is not changed, then
mean operating time between the failures (mean time between failures)
T, must not depend on the number of failure and it is equal to
operating time to first failure Teo. The law of a change in the
efficiency of system after restorations/reductions is not changed, if
A (H =M =const, failure rate does not depend on time, but in this case
decay law of efficiency is exponential (V-12). Thus, under
exponential decay law of efficiency T, = Tip = l/ZAjn; the mean time
between failures T, it is equal to the mean time of failure-free

operation Tz

With a large number of elements/cells efficiency P:z(Y) and mean

time between failures 7, of system are insignificant (Fig. V-2).

Let us note two important special features/peculiarities of
exponential decay law of efficiency. Efficiency in the interval of

time r does not depend on reference point of its.

. - e E—
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Pig. V-2. Dependence of efficiency of system Pron efficiency A and

number of elements/cells N.

Page 85.

Actually/really, efficiency -~ this is the ratio of a number of exact
elements/cells at the end of experiment to a number of exact ones in
the beginning (Vv-9). In the beginning of experiment at moment/torque
t from the h’elements/cells with t=0 remained exact NP(t), at the end
of experiment NP(t+r) were exact. Then efficiency in interval of
t-(t+r)

NP (£ + ©)/NP (f) = exp(— L (¢ + )]/ exp(— M) = exp (—A%) = P (),

(v-12) is equal to efficiency in interval of t,-(t,+7).

For the high efficiency in the interval r its duration must be

considerably less than the time of operating time T, =To»«w
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P(x)=exp(—%/Ty)=1—=7T,(for ¥T, L)

It is repeated, which said is correct only under exponential law

(A; = const).

The structure of expressions (V-17) and (V-18) prompts that
during the calculation of efficiency of complicated devices/equipment
it is possible to calculate unit-by~-unit efficiency, and after
multiplying the obtained results, to find efficiency of system as a

whole.
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Fig. V-3. Rates of failures of circuit elements of REA.
Key: (1). Wire. (2). Soldering. (3). Receiver-amplifier tubes. (4).
Klystrons. (3). Powerful/thick radio tubes. (6). Magnetrons. (7). The

transistors. (8). Constant carbon resistors. (9). Constant wire-wound

resistors. (10). Paper capacitors. (1l1). Mica capacitors. (12).
Ceramic capacitors. (13). Passage ceramic capacitors. (14).

Electrolytic capacitors/condensers. (15). Plugs. (16). Transformers
and inductance coil. (17). Relay. (18). Electric motors and selsyns.

Page 86.
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For the estimate evaluations it is possible to find average/mean
efficiency of one transistor (tube) with the parts (SV-1) connected
with it:

P. () = exp [—t (A + 525 + 5Ay + 24, 4- 204, .- -)],
where A, A, A, A, &y — rates of failures of transistors, resistors,

capacitors, inductive elements/cells and solderings (Fig. Vv-3).

Let us recall also that the results of calculating the
efficiency, as any probabilistic calculation, they are valid only on
the average and have the specific, frequently sufficien;ly wide,
confidence intervals, sc that the results of calculation can
considerably differ (due to the dispersion - statistical straggling)
from the results, obtained in one or the other

concrete/specific/actual realization.

§V-3. Failures of elements of REA.

N

The rate of failures of elements/cells of REA is determined
experimentally. The possibility is not excluded that as a result of
the more complete knowledge of physical processes it will be possible
to calculate the reliability of elements/cells of REA ([19]. Failure
rate is determined, noting the time of failures and a number of

refused elements/cells in the experienced/tested group of the N

elements/cells, computing then according to relationship/ratio (V-10)

N S )
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value 4,(f). For the construction of histograms the interval of time
t-(t+At) should be selected so that into this interval several
observed events would fall, but not very large so as not to distort
(to smooth) distribution curve. The total number of tested objects N
must be large, which will make possible to obtain statistically

reliable results.

Numerous investigations showed that under normal conditions for
the majority of elements/cells intensity curve of the random failures
(Fig. V-4) has three fundamental sections. The first - supplementing
relatively short-term (50-100) hours), on which the concealed/latent,
relatively gross defects of production and initial materials are
developed. In this section in proportion to breakdown of
elements/cells from gross defects M () it falls to the nominal value.
In the second section - normal operation - by duration from hundred ’
to tens of thousands of hours 4 (f it is changed little. On the third
- wear section e W () sha}ply incre;ses due to the aging, the wear and

the fatigue of elements/cells.
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N
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Fig. V-4. The dependence of failure rate of the time: 1 - break-in

period; 2 - period of normal operation, the approximately/exemplarily

equal to life T 3 - period of wear failures.
Page 87.

Supplementing section can be excluded by aging/training of REA
before putting to use, keeping in mind its short duration.
Aging/training is reduced to the work for 50-100 hours under the
normal or rigid conditions in order to come to light/detect/expose
the gross defects of production or initial materials and to replacé
unreliable elements/cells.

Time interval, during which A (f is not changed or little is
changed, is called life T, of element/cell. Life in many respects
depends on operating conditions, load, etc. It is necessary to
emphasize that life T, is not connected with 7o~ by the mean time of
failure-free operation (Fig. V-4). Depending on the type of

element/cell and operating conditions Te there can be more or less T,
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For the radio engineering systems the mean time between failures
. { =k

Ty =Tip L Tsince Ty Trp = 11% M. (V-19a)

If service life of REA T is less T, then i, ~const and the
calculatiqgn of efficiency according to the random failures can be
fulfilled, using the exponential law (SV-2). Should be focused
attention on the fact that T,— the life, determined by
increase/growth A; (), does not correspond certified, rating life T, of
circuit elements, determined by the gradual permissible change in the
parameters. For the circuit elements usually T, < T,or even Ta & T,
(SV-4). When T>T, A(f) % const (third section of curve, Fig. V~4) and
exponential decay law of efficiency, in spite of its simplicity, it
is not applied. The more accurately objective parameters of the
probability density of efficiency are described by normal law, law of

Weibull ' or by their composition.

FOOTNOTE !. Weibull's law P (z2) = exp(—Ar%), (where a and A - the parameters)
with a=1 passes into the exponent'ial. ENDFOOTNOTE. '

Aging, besides an increase in the rate of failures A,(#), leads to
the change in the parameters of elements/cells, which calls gradual
(parametric) failures. Let us emphasize that increase/growth (9 and
a change of the parameters - two different in the qgeneral case, at

least outwardly, not mutually connected processes.
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It is possible with more or smaller success to forecast the

"deterioration failures and to replace the aging elements/cells. For

example, during the routine checks it is possible to reveal/detect
the decrease of mutual conductance of tube during the aging. During
the correctly set routine checks all deterioration failures of

elements/cells virtually can be forecast and avoided.

Routine checks must be carried out in the rigid mode/conditions
in order to come to light/detect/expose the aging elements/cells,
whose parameters approach maximum permissible. If elements/cells are
operational in the rigid modes/conditions, then it is possible to

expect that they will not fail before the following routine checks.

Page 88.

The stiffening of mode/conditions is produced from the
fundamental parameiers of this element/cell. For ‘example, the
lowered/reduced filament voltage decreases the fundamental parameter
of tubes - mutual conductance. The stiffening of mode/conditions for
some circuit elements partially permits forecasting the random
failures. For example, the probability of the breakdown of capacitor

with the worsened/impaired as a result of aging of dielectric durinag
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the rigid mode/conditions (increased voltage/stress) increases more
than in exact capacitor; the failure probability of resistor with the
worsened/impaired conducting layer at the increased dissipated power

is more than in exact resistor.

To establish/install the forecasting parameters and the rigid
mode/conditions is complicated, since»incorrect selection can
accelerate aging elements/cells, and this in turn, their reliability
will lower. The correctly set routine checks help to reduce the
number of the deterioration failures and to somewhat decrease a
quantity of the random failures. Therefore during the design of REA
(SXII-1) should be allowed for the posﬁibility of conducting such
tests without the high expenditure of time, in order not to lower

readiness factor (§v-1).

The confident forecasting of the random failures is still
impossible, since the advancing/attacking failure outwardly clearly
is not developed, but if precisely this, and not other element/éeil
malfunctioned, then this, obviously, was determined by some reasons,
which we yet do not know how to find. The search for the parameters
for‘forecasting the sudden and deterioration failures is one of the
fundamental tasks in the region of reliability. The forecasting
parameters are necessary for the selection of the elements/cells of

REA, which will not fail during the assigned period and during the
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operation will help to come to light/detect/expose the elements/cells

losing efficiency.

Unfortunately, the forecasting parameters are known only for a
small number of elements/cells. For example, in the production of
semiconductor diodes failures forecast on the increased

slope/transconductance- of volt-ampere characteristic.

There are tubes and circuit elements of the increased
reliability, for example the receiver-amplifier tubes of series E
with the increased life - with respect to a change in the parameters
- (instead of 500~5000 ﬁours) or series B and BB with the increased
reliability - in 1.5 and 2-3 times with smaller failure rate. The
tubes of series BB approximately/exemplarily 2-3 times, and series B
are 1.5-2 times more expensive than usual. This is explained by the
larger labor expense of production and checking, i.e., by the more |
complete and stricter checking of initial materials, manufactured
parts and assemblies, by the finish of technologicél
operations/processes and so forth [32]. In the USA there are five
levels of the reliability of the circuit elements, used in REA, with
Tep» increased into 13, 35, 400 and 4000 times, and by the sharply
increasing cost/value in comparison with the market elements of

overall use/application.

LI R - ~ "'—A:i—_ J———
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Page 89.

By the character of curve i () (Fig. V-4) it is possible to judge
the conditions for production and appiying the elements/cells of REA.
The tightening itself supplementing section testifies about the poor
organization, the low culture of production and checking of parts.
The prematurely advancing/attacking aging (third section) testifies
about the incorrect mode/conditions of operation, the overloading,
etc. Aging, fatigue and wear to a considerable degree are determined
by the mode of operation - by prolongedly continuous, short-term,
cyclic, etc. The most complicated conditions - during the cyclic
mode/conditions with the short pericd of cycles, since working
conditions continuously are changed, and during the transient
processes are possible the overloading of elements/cells. Are
dangerous periodic inclusions and disconnections of the
incandescence/filament of electron tubes - especially powerful/thick,
since during the heating the linear dimensions of the parts of tube
differently are changed, which causes mechanical overloadings.
Therefore with the short-term breaks incandescence/filament is better
not to turn off/disconnect - this will increase the life of tubes;
however as a result of prolonged inclusion/connection of REA energy,
etc is abraded, aimlessly is expended/consumed. Thus, the mean time
of the failure-free operation of elements/cells Te depends on the

site of installation, operating conditions and applying of REA. In
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order to consider the conditions of applying the elements/cells of
REA during the calculation of reliability is introduced the stiffness
coefficient of operation k., which characterizes a change in mean time

Tepin comparison with the laboratory conditions (Table V-4).
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Fig. V-5. The rate of failures of the capacitors:

e e

»— with the given

load n to temperature; i,—- with the nominal load and t=20° C. Broken

lines indicate the reference grid scale change.

Key: (1). Change of scale.

Table V-4, Stiffness coefficient of operation.

8ng oGopygosanun (f)
Meero motrysraamm ,“,,,nz, M&
Tponnoe -u?}: '::;': apoves
eexoe

Hexveersennue cnymm(u @) e 2,60 240 2,10 2.50
flaGopstopun . . . . (f) . . . . . 1,00 1,00 1.00 1.00
Hermiraressunist mnn ...... 0,55 0.51 0,50 0.54
Hasewne(nosepany . (/0), . ., . . . 0,31 0.26 0.25 0,30
opa&m T e s e e e e e b s 0,21 0.17 0,15 0.19
..... 0,18 0,14 0,12 0,16
Vnp.mm cnapaam (g) ..... 047 | 013 | o1l | 015

Key: (1). Type of equipment. (2). Place for operation. (3).

radio-electronic. (4). electromechanical. (5). mechanical. (6). it is
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other. (7). Artificial satellites. (8). Laboratory. (9). Test bench.
(10). On the earth/ground (field). (11): Ships. (12). Aircraft. (13).

Guided missiles.
Page 90.

Rate of failures A& (f) in the ﬁiddle section of characteristic
(Fig. V-4) depends on the load of element/cell. The ratio of net load
to the nominal, permitted by technical specifications, is called the
factor of the load of element/cell % For example, load for the
capacitors - this is working voltage/stress (Fig. V-5); for the
electron tubes -~ are working the voltage/stress, the current and the
power, scattered on the electrodes (Fig. V-6); for the transistors -
power, scattered on the collector/receptacle (Fig. v-7, a),
voltage/stress on the collector/receptacle and the current of
emitter; for the resistors - scattered power (Fig. V-8), etc. With
overloading {4 >1)and increase in ambient temperature A/As sharply it
grows/rises. Dropping of load 4 <1 and decrease of temperature leads

to incidence/drop A/Ae.

Let us examine the special features/peculiarities of the
failures of some elements/cells of REA [2, 40) briefly. Transistors
and semiconductor diodes (especially germanium), more precise p-n

junctions (Fig. V-7, b) are sensitive to an increase in the

ta
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temperature and, therefore, to the electrical power, scattered on the
electrodes, which is explained by the possibility of the onset of

avalanche-like processes,
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power, scattered on the collector/receptacle; b) from the ambient
temperature.
Key: (1). RKn.
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It is especially thoroughly necessary to monitor thermal condition

.
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with the pulsating load, since due to a small thermal inertia of p-n
junctions instantaneous overheating is feasible. Because of small
sizes/dimensions semiconductor devices maintain/withstand well large
mechanical loads into ten and hundred ¢. During a good hermetic
sealing/pressurization of hqusing the humidity virtually does not
affect the work of transistors. The radiation exposure (§I-5) affect

semiconductor devices.

Vacuum-tube instruments usually the most unreliable
elements/cells of REA (table V-2, Fig. V-3). The deterioration
failures of electron tubes appear as a result of the loss of emission
and decrease.of slope/transconductance, the random failures - due to
the burn-out of the filament of preheating, closing/shorting or break
of electrodes, deterioration in vacuum, etc. Failure rate in
magnetrons and high-power tubes is especially great. Is desirable
voltage regulation of feed, especially the incandescence/filament of
tubes, since in this case ip is possible to establish/install
filamént voltage on 2-5% lower than norm, this is decreased * (Fig.
V-9). Is necessary the checking of the temperature at the different
points of the tank/balloon of tube - permissible on the certificate
temperature of 100-200°C, since at a higher temperature deterioration
in vacuum due to the spallation of glass is possible. Vacuum-tube
instruments fear mechanical overloadings. For decreasing the

mechanical overloadings are made miniature and subminiature tubes
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(series B, etc.) ‘.

FOOTNOTE . From the course the "strength of materials" is known that
with the curvature of beam/gully mechanical stress o¢=M/W, where
M=abh/? - bending moment of the beam/gully of rectangular cross
section bxh and length ! under the action of its own mass a - the
constant, which depends on the density of material of beam/gully, the
applied acceleration and anchorage of the beam/qully; W - moment of
resistance, for the rectangular cross section W=bh?/6. o=M/W=6al?/h;
with the proportional decrease of linear dimensions g times ¢ under
the action of its own mass of beam/gully also decreases g times.

ENDFOCTNOTE.

The intensity of the random failures of electron tubes is more than
an order higher than the semiconductor instruments. The life of

electron tubes also is considerably less than semiconductor devices.
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Fig. Vv-8. Rate of failures of nonwire resistors.
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Winding articles reject due to the break of wires, turn-to-turn
faults, breakdown of the insulation of windings, etc. The break of
wires can arise as a result of a) mechanical stresses dge to the
careless coil/wiﬁding; b) the poor attachment, which leads to the
repeated bends of wires with the agitation; c) corrosions in the
humid atmosphere as a result of electrochemical reaction. For
decreasing the electrochemical corrosion of wires in the
direct-current circuits it is necessary that the windings would be
electronegative with respect to the surrounding metallic

objects/subjects (SII1-7). By control gauges for the prevention of
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the failures of winding articles is protection from the effect of
humidity and mechanical attachment saturation, by covering or by
hermetic sealing/pressurization (SVI-6). An increase in the
temperature leads to the failures, mainly, due to a deterioration in

the insulating properties ($VI-4).

The failures of capacitors, in essence, are reduced to the
breakdown of insulation, less often - to break or to the loss of
qualitative indices. Humidity little affects the work of the
hermetically sealed capacitors. The pressed and unsealed capacitors,
for example ceramic, are subjected to the unfavorable effect of
moisture and with 95-98% of humidity are unreliable. Low reliability
is characteristic to chemical capacitors, which negatively react to

the insignificant overheating and the overloading.

The failures of nonwire resistors, ip essence, are reduced to
thé burn-out of conducting layer, the dis;urbance/breakdown of the
contact between the conclusion/output and the conducting layer.
Noticeable changes in the resistor/resistance are encountered more
rarely. Tape/film resistors are less reliable than volumetric,
especially with the high ratings (more than 0.5-1 MQ). The rate of
failures of the nonwire resistors of variable resistance is
especially high due to the disturbances/breakdowns of the friction

electrical contact sliding contact - conducting layer.
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Fig. V-9. Rate of failures of electron tubes with a change in the

filament voltage.
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SV-4. Calculation of efficiency according to the sudden wear and

deterioration failures.

Sudden wear failures occur in the third section of the
characteristic of rate of failures (Fig. V-;), when exponential decay
law of efficiency is not applied A; = const This section, as is shown
experiment it more correctly represents the normal law of density
distribution of failure probabiiities:

W =V Ta)exp (—(t—MP2Y,  (V-20)

e,

where t - time; M - the average life; ¢} - dispersion of life.

Efficiency (Fig. v-10)
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¢ o
Py =1—{q@dt={q)dt=
= (1(V o, [exp — (¢ — M)PP20Ndt. (v-21)
In the beginning of service life (Fig. Vv-10) there are no
failures virtually, since the probability of values of random
variable with the normal law of distribution out of the limits of

interval 6o, is less than 0.03% (SIV-2) also during the time

0 —(M —30,) ailure probability to 0.15%. An increase in the number of
I failures and the replacement of elements/cells as a result of the

wear begins when{>M —30, and it reaches maximum with t=M.

To replace elements/cells is possible simultaneously or
- gradually in proportion to failures. During the simultaneous
replacement of elements/cells, for example, with t=M, on the average
it rejects 50% of elements/cells (Fig. V-10), which is inadmissible,
since reliability sharply descends; replacement when t = m — 3 '
decreases the failure probability to 0.15%; however, many completely
suitable elements will be prer;\atu:ely replaced, but this is not

always economically expedient. Is the less o, (more precise o,/M)the

- less the relative losses due to the exchange of exact elements/cells

and the more advisable their simultaneous replacement. However,

usually for the elements/cells of REA 0,/M =s0,15—0,25 and losses are

considerable.

k)
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The optimum order of the replacement of the worn out
elements/cells is determined by the technical-economic calculation
according to one or the other criterion ($X-2). During these
calculations it is necessary to remember about the random failures,
which exist in the second section of characteristic & () (Fig. vV-4),
not considered by normal law (V-20). Efficiency in the case of the
random failures of real devices/equipment is more completely

described by the composition of the exponential and normal laws

P(O = exp (— ) (1/V B0 expl— (s — M 2081 de.  (V-22)
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The first factor is

A (0,the second - in

PAGE &5

essential in the second section of characteristic

the third wear section. In the critical

devices/equipment the exchange of the worn out elemenes, for which

there are no forecasting parameters, is produced simultaneously under

the condition of aging/training the elements/cells for the purpose of

the decrease of the supplementing failures, which are capable to

considerably lower the effect of an increase in the reliability with

the simultaneous exchange of the worn out elements/cells.

It is necessary to make some observation, which relate to the

circuit elements. Electron tubes or voltaic batteries are usually the '

mass abraded circuit elements. Remaining circuit elements, as a rule,

longer-lasting and many times exceed the period of action of REA as a

whole. Experience of operating electron-tube devices/equipment (for

example, ETsVM [digital computer]) shows that the post of the

intensity of the random failures of electron tubes begins

considerably later than their parameters they exceed the permissible

by the deterioration failures limits. Therefore tubes will be

replaced during the routine checks. which warn the deterioration

Lo
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failures, i.e., it is earlier than wear failures will be begun. The
same it is possible to speak also about voltaic batteries. Therefore
the simultaneous replacement of mass circuit elements not in all

5 cases is justified. After the specific period the exchange of the
electromechanical elements/cells, in which the fatigue or wear are

E possible, is completely substantiated. However, for this REA it is
not very substantial, since such elements/cells are many. That
presented is confirmed contemporary by the practice of reliability of
; REA -~ attention is fundamentally paid to the gradual (parametric)

failures, which are forecast satisfactorily. Thus, in the majority of

the cases let us allow the calculation of the random failures of REA

without taking into account the wear of circuit elements.

Difference in density distribution of the probabilities of
sudden and sudden wear failures during the gradual replacement of the
worn elements/cells is developed only with the duration of the total
operation of REA, the smaller several average lives of these
elements/cells (Fig. V-11). The smoothing of the curve of density
distribution of failure probabilities in the course of time is

explained by the fact that the elements/cells begin to work not

, simultaneously, but in proportion to the replacement of the refused
¢ elements/cells, in this case the dispersion of their life stores/adds
up to the dispersion of the beginning of work. After several

exchanges of the refused elements/cells the intensity of wear
i> failures is averaged, Ay = I/M =mconstand the calculation of efficiency

can be made, using the exponential law (SV-2).
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Fig. Vv-11, Failure rate upon the gradual exchange of the worn

elements/cells.
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i However, efficiency of REA in this case decreases, since the averaged
intensity of sudden wear failures A is higher than the intensity of

~ wear failures in the second section of curve H‘of

Upon the simultanecus exchange of the worn out elements/cells,
for example into moment/torquet=£h1—:§m_or previously intensity of
the random failures it decreases, since wear random failures are
eliminated and remain only usual, crnaracteristic for the second
section of curveX(f, but, as noted, in this case are changed

completely exact elements/cells.

Two methods of calculation of reliability according to the
deterioration failures are applied: the first - is similar/such to

the calculation of reliability according to the random failures. only

)
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failure rate in this case considers sudden and deterioration
failures; the second - is reduced to the determination of the
conditions, under which slow changes in the parameters of
elements/cells due to the aging or wear do not exceed those permitted

for this diagram.

During the calculation according to first method (v-18) instead
of A (f) they substitute the intensity of gradual (gradual and sudden)
failures Mn (- This method is in principle incorrect, since the basis
of the calculated methods of the evaluation/estimate of the
reliability of complicated devices/equipment is the rate of failures
of an element/cell of this type, which does not depend on the
concrete/specific/actual diagram, in which it is used, when the
factor of the load, the operating mode and so forth are taken into
consideration. Meanwhile failure due to slow changes of the
parameters in many respects depends on the schematic of
device/equipment. If diagram is weakly critical to a change in the
parameters of elements/cells, entering the generalized dimensional
circuit (S8IV-1, 1IV-6), then equipment does not reject even with the
large divergences of the parameters from the rating; in the
susceptible diagrams is feasible the failure, also, with small
divergences of the parameters. Therefore the intensity of the
deterioration failures of elements/cells Aq(f) in each diagram must be

determined experimentally. Consequently, this calculation is deprived

LS




&

DOC = 83124803 paGE 9
of sense.

In Chapter 1V was discussed a question about field distribution
of the allowable divergences of the parameters of elements/cells dr of
components, determined by climatic and mechanical effects b, and due.
production spreads - series capability of REA 0w and aging (wear) 4,
Without examining the optimum conditions for division %z (Chapter X)
into the components, let us suppose that separation carried out and
into aging of the parameters of each element/cell is isolated
intervald., Fhen the calculation of the deterioration failures is not

complex, although labor-consuming.

For the evaluation/estimate of efﬁiciency of REA according to
the deterioration failures it is necessary to know the
characteristics of the coefficients of aging elements/cells. '
\ -
At present they are determined Bxperimentally (§IV-2); in TU
they usually give only permissible changes in the parameters to the
elements/cells or nodes of REA during the assigned period. For
example, in resistors of the type MLT in 2000 hours a change in the

resistor/resistance must not exceed 4%.

Page 96.
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With the limited information they accept the uniform law of a change
of the'parameters with time and the normal law of the distribution of
the value of the coefficient of aging within the limits of its
tolerance range. Then it is possible to find the coefficient of aging
By = Bieco + Puear where §m,- average/mean value of a change of the
parameter in the time (per hour), and feax - root from the dispersion
of the coefficient of aging, equal at the normal law of the
distribution 1/6=0.17 of the tolerance range. The information about

the coefficients of aging some elements/cells is given in lable V-5.

After using formulas (IV-8) (IV-9) for the addition of regular
and probable deviations, it is possible to find P) the coefficient of
aging the determining parameter A. The divergence of the determining
parameter A (average/mean value and dispersion) for time T due to the
aging can be found, after multiplying B, by T, since the uaiform law
of a change in the parameters was accepted. For the efficiency REA
with respect to the deterioration failures the component of the
standard deviation of the determining parameter A on aging é.a Must be
less than its change (aging) for time T i.e.PB T < 38w If condition
bAT<<onAiS not satisfied, is necessary either to increase §.,4, after
redistributing the general/common/total standard deviation of
determining parameter A — dz4 between the components, or to decrease
ﬁ,nafter selecting the best elements/cells with smaller g, or to use

(to develop) another noncritical gai'gate construction/design (§v-5)
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In conclusion let us emphasize that the calculation of
efficiency of REA according to the deterioration failures, in the
essence, is reduced to the determination of the noncriticality of
diagrams and conctruction/design with a change in the parameters of
elements/cells and the optimum distribution of the total standard

deviations between the components.

§V-5. Noncriticality of diagrams.
. .
The values of the standard deviations of the parameters from the
nominal values, at which still remains operable of diagrams and

constructions/designs, characterize their noncriticality.
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Table V-5. Coefficients of aging circuit elements.

Huunnonl(’o) : CD“?,Z‘GN' Brep Bica
Peancropu Henposovsioadiwe ‘wrra?. . 10 0CO 0 0,6.10~—%
Komaencatops tvma BIM&). . . . . 1000 0 0.3-10—*
OnexTtpounne tammu @4 . . . . . .. 500—1000 { 0.3.10—*
Baextponnne amm ceprn £ . . . 5000 2.108 0,6-10—%

Key: (1). Designation. (2). Service life, hour. (3). Resistors
nonwire MLT. (4). Capacitors/condensers of the type BGM. (5).

Electron tubes. (6). The electron tubes of series E.
Page 97.

The greater the standard deviations of the parameters, the more

reliably and more stably REA works.

For developing the noncritical diagrams it is possible (Chapter

X) to recommend the method of successive approximations or the method

of synthesis, through the analysis of the preliminarily proposed
versions. Developer on the basis of preliminary analytical or
experimental research on the schemes (constructions/designs),
proposed on the base of existing or on the base new ideas, gives

preliminary mathematical description of the diagrams - first

approximation being investigated. Investigations permit refining,
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what parameters can be disregarded/neglected, what orders of
magnitude are possible, what spurious coupling are essential and the
like. Initial versions further taking into account corrections finish
- are made the second approximation/approach, etc. To compare the

versions in question is possible experimentally or analytically.

The experimental studies of the noncriticality of diagrams and
devices/equipment for the selection of the optimum values of the
parameters are called marginal testing. For conducting the marginal
testing is selected the determining parameter, for example, for the
self-excited generator - frequency stability or amplitude of
oscillations, for the flip-flop - overbanking of one position of
stable equilibrium into another by the standardized/normalized
trigger pulse. Further they plan, the divergences of what circuit
parameters must be found at the given conditions and a change in ,
other parameters. The results of investigations will be plotted (Fig.

V-12). Point A corresponds to the nominal value of tested parameter

. Rawsin this case the diagram ceases normal functioning in

voltage/stress Uy < Uww point T corresponds to an increase in the
tested parameter R by 10%, in this case the diagram functions to
voltage/stress U,<U, and so on, until entire/all curve, which limits
the shaded region of stable operation, is plotted/applied. The
results of marginal testing of some parameters of circuit R at a

change in others help to select the optimum parameters. For example,
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from Fig. V-12 it is evident that the nominal value of the tested
parameter R should be increased by 10%. This will raise the
noncriticality of diagram. For the more precision determination of
the optimum parameters under working conditions the marginal testing
must be carried out at the differént levels of external agencies, for

example temperature, humidity.
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Fig. v-12. Diagram of marginal testing.
Page 98.

Conducting marginal testing - work labor-consuming; therefore it
is technical-economicly expedient to carry out marginal testing of
the standard blocks (moduli/modules), published by the large-quantity

printings (SII-5).

Labor-consuming marginal testing can be replaced with
calculations by ETsVM. For this in analytical dependence (IV-1),
which connects the determining parameter of circuit A with the
parameters of elements/cells a4 =1%(a, du - du &) they substitute the
value of parameters g, and they calculate the determining parameter A.
Calculation (simulation) can be fulfilled by two methods: regular,
substituting the boundary values of parameters a; to statistical ones

(by Monte Carlo method), substituting the random values of parameters

|
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--selected in accordance with the statistical laws of the
distribution of the parameters (SIV-2). The random values of’
parameters g are developed by random-number transducers with
statistical characteristics (g, D m).the law of distribution), by the

determined parameters of elements/cells 4. being simulated,

Calculations-simulation - give objectively correct, appropriate
to actual conditions, result, if analytical expression
A =¥ (g, ay, ..., q,,..., a;) COrrectly reflects physical processes'in the
diagram, i.e., if they are taken into consideration all fundamental
and parasitic parameters, and the statistical characteristics of the
parameters of elements/cells encompass the given ones - production

spread, the effect of climatic factors, aging, etc.

Let us give some considerations on the creation of noncritical '
diagrams. Diagrams (device/equipment) are simple and complicated;
single-function and multifunctional *; theoretically precise and

approximate approximating (SIV-6).

FOOTNOTE '. With the fulfillment of identical functions simple
diagram has a smaller (minimum) number of elements/cells, compound
circuit contains more than elements/cells. Multifunctional
instrument, dévice/equipment, simultaneously or consistently make

several functions, for example, dual-amplifications circuit of
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receivers, transceiver diagrams of transceivers, etc. ENDFOOTNOTE.

In the first examination it seems that efficiency must decrease
with an increase in the qQuantity of elements/cells, which
characterize the complexity of diagram. However, after detailed,
careful‘analysis this categorical confirmation is imprecise.
Actually/really, efficiency on random failures (V-18) is determined
not only by a number of elements/cells n, but also by the rate of
failures a, that depends on mode/conditions and conditions of applying

the elements/cells. Let us give the simplest exampie (Fig. V-13).
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Fig. V-13. Schematic of transistor filter with the shielding

! stabilitron tube KS.
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In the transistor filters of power supplies "excess" silicon
stabilitron tube KS and limiting resistor R, shielding the
controlling transistor Te from the overloading, increase a quantity

of parts, but they considerably raise efficiency of diagram.

Compound circuits with a large number of elements/cells can have
the lowered/reduced efficiency on the random failures; however,
because of the noncriticality efficiency on the deterioration
failures and general/common/total efficiency can be considerably

higher than in simple diagrams with a small number of elements/cells.

The multifunctional diagrams of construction/design are more
susceptible to a change in the parameters, because the parameters of

elements/cells in such diagrams are usually selected compromise
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between the contradictory conditions, necessary for fulfilling the
separate functions. In connection with this the standard deviations
of the parameters, which do not disrupt not one of the functions of
diagram, are insignificant and efficiency on the geterioration

failures of such diagrams is small.

However, one ought not this to consider as recommendation to the
excessive complication of construction/design or diagram} although
the reasonable redundancy - complication - diagrams and
construction/design of REA raises efficiency on the deterioration
failures, just as the introduction to redundancy during the
transmission of information raises the interference shielding of the
communication channel. Diagrams with the compensation for
divergences, the rigid installation of the determining parameters,
the automatic control of the parameters, the feedback, etc can serve ’

the aforesaid as illustration.

An example of diagrams with the severe limitation of the
parameters can be self-excited oscillators with clamping diode (Fig.
V-14), multivibrators or flip-flops with those limiting - fixing

diodes, etc. In the self-excited oscillator the amplitude of

oscillations cannot increase to the level, greater than ., since it
is steeply limited to the diode OD, to "supported" voltage/stress U,

This decreases the level of grid excitation, and the total conduction
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angle is small, since edge stress does not manage increase; therefore

harmonic distortions are small.

To the weakly critical diagrameé with the more stable oscillatory
period can be attributed multivibrators with the positive grid -
positive or negative base for the transistors with respect to n-p-n

or p-n-p ones.

Diagrams with the automatic control of the determining parameter
are complicated; however, they are reliable with respect to the

deterioration failures.
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Fig. V-14. Diagram of self-excited oscillator with clamping diode OD.
Page 100.

Diagrams with the automatic control can be made noncritical over a
| wide range of a change in the parameters of elements/cells a,.
. <:> eliminating the divergences of the supporting/reference
| elements/cells, whose number is small. Noncritical diagrams with the
automatic control of power output, frequency, sensitivity and so
forth are complicated; however, their use/application in the
equipment with the high requirements for the reliability is
completely justified.
N Can be attributed diagrams with automatic control and limitation
. of the determining parameter A to a broader class of
devices/equipment and diagrams, whose stability is determined by the
passive linear elements/cells (resistors, capacitors/condensers,

etc.): usually more resistant to any effects, than active nonlinear

e
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elements/cells (transistors, electron tubes, etc.); for example, the
diagram of the piecewise-linear approximation of functions. In such
diagrams of the characteristic of nonlinear elements/cells is not
exerted a substantial influence on the functioning of
devices/equipment, since the nonlinear elements/cells are connected
together with the linear,-high—stability elements/cells. The role of
nonlinear elements/cells is reduced to the switching - the

transmission of current in one direction.

To the diagrams, whose noncriticality is determined by passive

elements/cells, relate negative-feedback circuits. The amplifier gain

: N
: - with the negative feedback
Koo = KI(L+ KB) = (UK +B) =16, (V-23)
where Kg>>1, K - amplification factor without the feedback; 8 -
amount of feedback. Relative change in the determining parameter -
Koe (IV-8):
AKoe/Kae == t1/Koe [(0Koe/IK) AK + (8Koc/0B) AB] = !
= (1/Koc) [AK/(1/K + B)* K* — AB/(1/K + B)"] =
' == (AK/K) [1/(1 + BK)] + AB/B. (V-24)

With KB>>1, AK./K. is determined, mainly, by the passive linear
element/cell B, which can be made sufficiently to stable ones (for
example, from the wire resistors), since with the the large 1+Kg even
any changes K little affect. In the contemporarv sensitive analog

:> voltmeters and the ammeters of class 0.5 electron-tube and transistor
!
1
.
—_— R &
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ampiifiers without the installation of amplification in the process
cf operation are applied; in the digital voltmeters the accuracy

still above - in the limits of one hundred:ths of a percent; therefore

the instability of amplifiers must be above approximately/exemplarily

by an order -10-°-10"*. In order to obtain AKe/Ke= 10" AK/K (AR - 0),
assuming/settingXe. =10 = 1/f, it is necessary that Kg=~10°(K=10*), and

amplifier is considerably more complicated K/K. = l0°.

On the basis of that outlined above, one ought not to assert
that the simple diagram is more operational complicated. With the
reasonable fulfillment of diagram and the constructions/designs,
which are determining the parameters, in essence depend only on the

stability of linear passive elements/cells.

Page 101.

Let us point out also t¢ other specific methods of the creation
of noncritical diagrams, for example modulation measuring circuits,
in which the susceptible devices/equipment, which work at the very

low frequencies, replace by less susceptible ones. For example, the

dc amplifiers, subjected to zero drift by use/application of a
modulator, that crushes process with it is necessary the f{requency,

they replace by the amplifiers of alternating current.
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In conclusion it is expedient to compare efficiency of analog
and discrete/digital units with the binary code. Sclution of the

majority of technical problems by the analog possible and

~discrete/digital methods. With the analog methods in the diagrams it

is considerably less than elements/cells, but the allowable
divergences of their parameters (without the use/application of
special measures} are small. This decreases efficiency of
devices/equipment on the deterioration failures. Discrete/digital
devices/equipment with the binary code have only two steady states.
The operating mode "yes-no" is most appropriate to active
elements/cells, since during the aging a change in the parameters

N
within sufficiently wide limits does not affect steady states. The
majorities of impulse circuits - flip-flops, the coincidence circuits
and so forth work precisely under these conditions; therefore they
possess high efficiency on the deterioration failures. The value of
discrete/digital methods increased in connection with the creation of

\

the microminiature integrated circuits, which are applied in the

pulsers (Chapter IX).

For serviced REA of prolonged action, of which high accuracy is
required, it is expedient to apply discrete/digital methods. With
this REA is resistant to the deterioration failures, since it is
possible to provide the routine checks (serviced equipment) for the

development/detection and the replacements of the aging
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elements/cells or nodes. Reliability on the random failures of the
complicated devices/equipment, in particular discrete/digital, they
raise by redundancy (§v-86).

For the unaétended equipment for one-shot action in the simplest
cases it 1s possible to recommend analog units, more operational
(less than elements/cells) on the random failures, than
discrete/digital. The spread failures are less essential, since

equipment - one-shot action works brief time.

In ali cases it is expediently reasonable to combine analog and

discrete/digital methods.
SV-5. Ways of increasing the reliability.

The factors, which affect reliability, conditionally can be
divided into two interdependent/interconnected groups - given ones by

user (client) and selected by producer.

Reliability of REA on the gradual and random failures is

determined by many factors (Table V-6).
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Table V-6. Factors, which affect reliab.lity and life of

radio-electronic equipment.

(/9 3axsxnce norpedurenes (3MXASYWROM)

¥

Ne grp P

fo

Haanavenne (raGaputw, wacca)

Texunueckne TpeGomanyst (TOWHOCTb, SHCTPOZEACTBHE, TYBCTBRTENLHOCTS,
AHEMNA30H 3acTOT, MOWHOCTL, JHRAMHYeCKAR AHaNaloH, XagecTReHHmie Mo-
KA3aTeIu 4 T. 4.)

KranngpHragns o6cTyKHBIIOMEro B IKCILIYaTAPYIOMIEro Mepconasa

Tupax (o6wmnit 4 rogowsoft siITyCK)

TpeGyevan zonroseqnocTh (TexHHueckHlt pecypc). XapakTen A AHTEALAOCTS
HempepuitHOR padoTul

YcnosHs H RAWTEMBHOCTD XPAHEHHS. | pPaHCTOPTHPORKA

MoTepH npe BeHCnIpasROCTE H3-3a MPOCTOES R BOIMOKHOR THOEAR HMy-
mecTsa

Ycaosks 3rcrutyaTtagsu:

TeMMepaTypa 8031YXa3 H3 MOBEPXHOCTH YCTPOACTEE (MpegesbHhie BESHIRHYI,
ANHTENBHOCTL 203Re(iCTBHA, AMIUTHTYNA xovie6aHHA, CKOPOCTbL WIMEHEHHA,
QHKAWIHOCTS); BNAKHOCTD BO3LYXA ((IpeJeNbRHME BEAHWHHN, ANHTEM»
HOCTL BO3AeRCTBHR, OQHKAMTIHOCTD); 3JarpA3IHEHHE BO3AYXA; BWCOTA HAf
YPORHEM MOPR (YMeHbIUIeHHEe PACCEAHAR TenJa, MOBWIUIEHHLIA W3HOC TPY-
MHXCA 9acTef, HHTEHCHBHOCTL JEACTUHR YALTPADHONETOBOrO HITYUEHHA,
VMENbWIEHHE 3IJEKTPHYECKOR nNPOYHOCTH BO3NYX3); 8043 (MOPCKAA bODA,
uHefl, poca); COJIMEYHAR M 1D. PaAHMAUHA; MEPHOA rofa (KAHMATHIECKAR
00CTBHOBKA, DEIKOCTL HIMEHEHHS H IJHTEIBHOCTL KJTHMATHYECKHX 303-
aencTeHR); Onosornueckue (akTopsl (rpHOKOBLIE MHKPOOPraHH3IMul, Aace-
KOMBIE H MONHE KHBOTHHE — rPh3YHH); IbLTb, MMECOK (YCH/EMHAA Koppo-
3K, CPesa A MHKPOODraHKIMOB) , -

Mexannuecnan warpysxka (eTromas H T. 1)

Yaapu # su6pacnA mpH IKCMAYATAUKHH M nepeso3Kax

(c’) QMpeReARIOTCR ASrOTORMTENeM

Texmuo-3xonoMHTeCKER KBAAGUKANAR Pa3paCOTIHKOD (YPOBEHB IHAHKA W
onwiT)

Co3naune pampocTH 33021 (Ypomerb BOCMHTAaTEALHOA PatoT)

CHcTeMaTHIAmAA ONMMTA IKCTAYATAUHH. Yuer Tpe6OBaHWil TexHHYeCwoft meH-
XOPH3HOAOrHH (Y I06CTBO IKCNAYATAUHH H TEXHAYECKOTO OOGCAYMHUBAHWN)

TlpumeneHHe METONOB OMTHMAMBHONO TEXHWKO-IKOHOMHUECKOrO MPOENTHPOWA-
AHA MO KPHTEPHAM

QTHOWeHNE 2ZMHHHCTPAUHM K CAYKOE HAZEIKHOCTH H KOMTPOMO KAYECTES

Bua npowisoncTsa — macconoe, cepuitioe, HHEKBWAYaNLHOe

YHUDUKIUMS, HOPMAAHIALHA H CTAHIAPTHIZAMR B TPOHIBOACTBE

[TpumeHeHHe MOAYALHOTO (DYHKIMOHATLHO-OA0UHOrO) TPOMaBOACTRA

[TpumeneHne aMPOGUPOBAMKLIX CREM H KIHCTPYKUHA

HexputushocTs cxenm H KOHCTPYKUH{ (CepuAHOCNOCOGHOCTD, YCTONYHBOCTS K
KAHMATHUECKHM H MEXIHHAECKHM RO3ZEACTRHNM, CTAPEHHIO M HIHOCY)

[Tpoctora Aorumecxoft CXEMB W XOHCTPYKIMH

Koanuectao (npoctora $yuxnufl, snnonnsewsix OTISMHMMA GJOKMMGE CXe-

Mbd  (KOUCTPYXIHR)
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n o OnpeaeasmTce asccssoenTENvY

10. | KoawqecTso A TpeGyesme TOTHOCTH 3JeneHTOS CXEMbl H KOHCTPYKURH 148
DeANKIAUHM NMPUHATMX peutesHll. BOIv0KHOCTS KOMNEHCAWRW 10NyCKOS
peryanposxod
{1. | (punnTue 3anacel (KOIPDWIHEATH HArPY3IicH). YCIOSHR OXJAKACHAN
12 | TlpuHRThie mepn 3R ‘yupowesua IpodHAIKTHKH, MPOrHOIMpylomed oTxasm.

PevonTonpiroanocts. [Ipumeresie ACTPOEHHOMO “OMTPOAN.
Besmmauna koadpHOHeHTa rOTOBHOCTH
13 | Ctoco6sl H XPaTHOCTL PE3EPBHPOBAHHA 5A0KOB H AMIAPaTYPH B Oe/1OM
14. | QHIAKO-XHMHRECKHE CBO/CTBA, HOMEHXABTYPA NDHMEHNEMbX MATepHa.108
H ROMIJIEKTYIOUIHX HAAGAHR, UX CTOHMOCTS
" 15 | TexHRKO-3KOHOMHYECK2A ONTHMATLHOCTH, Yposedh W OCEOeHWe tpelyenod
TeXHOAOrHA .
16. | ¥YposeHsb Ky mTYPH NPOAIBOACTES, TEXHMYECKOA KPLTRQHRAUNR ® NPOB3IBOA-
CTBEHHOH (HTHEHN HCIOJAHHTEJ ed
.1 17 | Ynaxoska. Metomu kokcepsauu’
<1 18 | KonTpoms MpoexTHPORAHHA # NPOR3IBOACTBA. MeTODM R CPEACTRA KOHTDOAR
190 | Yporern B ofvem 1a6OPAaTOPHEIX, 32B0ACKHX H MOJIRAFOHHEX MPOBEPOK W
HCTILITaHRAR . :
20. | KommvecTso Texmruecxof JoKyMeHTaumw (npoextHofl, NpOm3sOACTSenmoff
IKCNAYATAMAOHHOA), MONHOTA, H YETKOCTh HINOKEHHA
2]. | TeXHWKO-IXKOHOMHYIECKHA AHATHI MPHMHATRIX DEWICHHA

t

Key: (a). p. p. (b). They are assigned by user (client). 1.
Designation/purpose (overall sizes, masses). 2. Technical
requirements (accuracy, operating speed, sensitivity, frequency band,
power, dynamic range, qualitative indices, etc.). 3. Qualification of
the service and operating personnel. 4. Print run
(general/common/total and annual production). 5. Required life
(technical service life), character and the duration of continuous
operation. 6. Conditions and the duration of storage. transportation.
7. Losses with the malfunction due to idle times and the possible
death of property. 8. Operating conditions: the temperature of air on
the surface of device/equipment (limiting values, the duration of
effects, the amplitudes of oscillations, rate of change, cyclic
recurrence); air humidity (limiting values, the duration of effects,
cyclic recurrence); air pollution; height/altitude above sea level

(decrease of dissipation of heat, the increased wear of the friction
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parts, the effective force of ultraviolet radiation, the decrease of
dielectric strength of air); water (sea water, hoarfrost, dew);
solar, etc. radiation; the period of year (climatic situation, the
definition of change and the duration of climatic effects);
biological factors (fungus microorganisms, insects and small animals
- rodents); dust, sand (intensive corrosion, media for the
microorganisms). 9. Mechanical.load (wind,‘etc.). 10. Impacts and
vibration with the operation and the transport. (c). They are
determined by producer. 1. Technical-economic qualification of
developers (standard of knowledge and experiment). 2. Consciousness
of the importance of tasks {level of educational work). 3.
Systematization of operating experience. Account of the requirements
of anthropometric engineering (convenience in the operation and
maintenance). 4. bse/application of methods of optimum
technical-economic design on the criteria. 5. Ratio of administration
to service of reliability and quality control. 6. Form of production
- mass, series, iﬁdividual. 7. Unification, normalization and
standardization in the produﬁtion. the use/application of modular
(function~-block) production. the use/application of the approved
diagrams and constructions/designs. 8. Noncriticality of diagrams and
constructions/designs (series capacity, stability to the climatic and
mechanical effects, the aging and the wear). 9. Simplicity of logic
circuit and construction/design. a quantity (simplicities of the

functions, fulfilled by the separate blocks of diagram
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(construction/design). 10. Quantity and the required accuracy of the
elements of diagram and construction/design for the realization of
the solutions accepted. Possibility of the compensation for
tplerances by adjustment. 11. The reserves (load factors) accepted.
Tooling conditions. 12. Taken measures for simplification in the
preventive maintenance, which forecasts failures. Maintainability.
the use/application of the built-in checking. the value of readiness
factor. i3. Methods and the redundancy rate of blocks and equipment
as a whole. l4. Physicochemical properties, the nomenclature of the
materials used and completing articles, their cost/value. 15.
Technical~-economic optimality, level and the mastery/adoption of
required technology. 16. Level of the culture of production,
technical qualification and production hygiene of
executors/performers. 17. Packing. the methods of conservation. 18.
Checking of design and production. methods and the means of checking.
19. Level and the space of laboratory, plant and polygon checkings
and tests. 20. Quantity of technical documentation (design,
production and operating), completeness, and clearness of
presentation. 21. Technical-economic analysis of the solutions

accepted.
Page 103.

By effect on any of them it is possible to raise reliability.




Y

DOC = 83124804 PAGE %O

Some measures for an increase in the reliability are already in
detail examined, some will be studied in the following chapters. In
this paragraph let us examine redundancy and fundamental

recommendations regarding an increase in the reliability.

Redundancy - this is the use/application of supplementary
(surplus) elements/cells or devices/equipment, which work in the case
of the failures of bases. A number of stand-by devices/equipment to

each worker is called redundancy rate m.
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Fig. v-15. Fig. Vv-16.

Fig. V-15. Block diagram of general/common/total redundancy.
Fig. V-16. Block diagram of separate redundancy.

Page 104.

Redundancy can be general/common/total (Fig. V-15), when instead of

the refused system are connected alternately others stand-by, and by
separate, when they reserve system unit-by-unit, i.e., in the case of '
the failure of system they determine and they replace the refused

blocks (Fig. V-16). In the case of the failure spare unit can accept

load on itself, replace with basis, by switching by hand or is

automatic, the so-called reserved replacement value; or spare units
(elements/cells) are connected and wofk simultaneously with the bases

- parallel redundancy, while in the case of the failures load is

redistributed. Stand-by elements/cells (blocks) can be found in the

operational conditions - this the so-called loaded reservé:;
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incomplete operational conditions - this is the lightened reserve;

nonoperating state - unloaded reserve. The selection of

mode/conditions is essential, for example, for the vacuum-tube

instruments, since the heating of cathode continues from tens of

seconds to several minutes. The lightened mode/conditions of REA in

many instances is reduced to decrease in the supply voltage, this !
sharply shortens the time of the establishment of normal mode and at ‘

the same time decreases aging elements/cells and nodes.

During the investigation of reliability is examined series
connection of elements/cells, with which failure of one of the n
elements/cells causes failure of entire system (§ V-2) and parallel
connection, with which the failure even m of elements/cells from m+l
does not cause the failure of system. Let us rate/estimate efficiency '
of REA in the simplest cases of general/common/total and separate
redundancy. For simplicity of linings/calculations let us assume that
the failures of blocks are independent, the refused blocks are not
overhauled, the reliability of switching systems is one hundred
percent. The effect of the unreliability of switching systems can be
rated/estimated, afterAmultiplying the reliability of the redundant

system by the reliability of switching systems.

With the general/common/total redundaricy (Fiq. V-15) in each j

system n of the i blocks they are connected in series, and m+l of the
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j systems - in parallel. Assuming/setting the reliability of the
blocks of the basic and stand-by systems of identical P« = P, let us
find the reliability of one j system with series connection n of
blocks (§ V=2) Py = Poc = :§Pd=P‘;. Probability that the system with the
m-fold redundancy will. refuse, unreliability P,z - is determined by
failurg>probability all m+l systems (m of stand-by ones and by one
fundamental), of the equal to the product of the probabilities of

- g jommi _ .
their failure Py = II'I Poy= [l P,= PZ*'. The unreliability of each
-

==l

system is identical and equal to P« = | —Pe Reliability with the

general/common/total redundancy of the system

Poz=1—Puzm | —PEH o I — (1 = Po™ = L = (1 = PO™ .
(V-25)
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With the separate redundancy (Fig. V-16) the i blocks of all '

systems are connected in parallel, so that the group of the i blocks
remains operationalt until at least one of m+l blocks of gfoup it is
operational; all of the i group of blocks are connected in series,
and if one of the n groups refuses, the redundant system will be

inefficient. _ . ;

The blocks of the i group are connected in parallel; therefore

the unreliability of the group

jeem=t
P,m, - 'I‘I By = J Zoans - (] —P.,‘)M - (] -P.)"“H.
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i Reliability of the i group of the blocks

Porp = | — Pyyep = 1 — (1 = PY™*.

All of the i1 group of blocks are connected in series; therefore
the reliability of the separately redundant system from n (m+l) of
blocks with the identical reliability P,

i Poz = (Puep)" = [1 — (1 = Py™"' ", + - (V-26)

i The reliability of each block is changed in the time,

; respectively the reliability of system also depends on the time

Poz () = (1 — (1 = Py (ven

| Let us compare an increase in the reliability with the

,) general/common/total and separate redundancy for the different values
of m, n and P,. The results of calculations according to (V-25) and

(v-26) are given in fable v-7.

Redundancy is an effective means of an increase in the

\
reliability, moreover separate redundancy is better, although
switching system here is considerably more complicated. The advantage

of separate redundancy is completely explained, system will be

operational even in the case of failure nm from n (m+l) of blocks
(elements/cells), if in each i group of bldcks one operational

remains.

——
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{;ble V-7. Reliability of general/common/total and separate

redundancy.

X Py =075 Py = 0.9 Pg =098

m o | 1| 2} 3 o | 1| 2| 3 o v ] 2]
2 Joss| 2501 0571 58] o | 238 5505 g9 009 0080 =1
s oo 08 0] o 2500 | a2
10 |o006 %%%’%%g %%% 0.35 %33 %;}mgé%lqs %;}834 237

FOOTNOTE *. In the rimerator - reliability of general/common/total,

in the denominator - separate redundancy. ENDFOOTNOTE.
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Thg mean time of failure-free operation with redundancy Teo
increases only 1.5-2 times, if all systems are simultaneously
connected with the work (constant loaded redundancy) and after
failure are not overhauled. During the restoration/reduction of
system after the failures, when relation Tew/Ti is sufficiently great
(Toea = recovery time of system after failure), the mean time of
trouble-free work of the redundant system considerably (into dozens

of times to each stand-by system) grows/rises with an increase in the
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redundancy rate.

With an increase in the reliability with the aid of the
redundancy the redundancy of equipment appears, increases also a
quantity of service personnel for the stand-by systems. Redundancy
leads to a change in the total cost/value of reserved REA. The

general/common/total cost/value of system with the redundancy, on one

hand, increases with an increase in the multiplicity, since increases

a quantity of equipment, and on the other hand, it decreases, since
the required reliability and cost/value (V-6) of basic and stand-by
systems descends. There is an optimum redundancy rate, with which the

cost/value of the redundant system is minimum.

In the elaborate expensive complexes of REA they solve the
problem of redundancy compromise. Let us examine this based on the
example of the powerful/thick radio transmitting equipment. The
cost/va;ue of the powerful/thick traﬁsmitter is determined by the g
cost/value of the output stage. This cascade/stage is made along the
unit-block system from m blocks, in this case the failure of one
block does not disable entire system (partial failure), but by the

period of repair it only decreases the power output. Low-power, less

expensive blocks, reserve completely. In this case reliability and
the average/mean mean time between failures of the redundant

overhauled system considerably is raised with a relatively small
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increase in the cost/value.

In the REA, which includes many same-type blocks, is applied
fractional redundancy, for example, at the large/coarse radio centers
with @ large number of same-type restorable (overhauled)
devices/equipmént one or several each type stand-by devices/equipment

provide for.

i Let us examine other measures for an increase in the reliability
of REA. Efficiency P and readiness factor g (V-1) determine

i » reliability of REA. For increase %4 it is necessary to shorten Thw -
| N the time of the repair of the refused block and Tww - time of the

preventitive checks.
Page 107.

To create maintainable REA is possible, 1) if we apply the
built-in control, which resolves without the break of normal
operation to monitor the determining parameters of eguipment (§
XIII-6); 2) if construction/design makes it possible to easily change

blocks: 3) if the location of blocks, indicators, control knobs is

mnemonic substantiated; 4) if they are satisfied other requirements
of the anthropometric engineering, which facilitate minimum

enervation of operators and road-mending machines (§ XII-2); 5) if
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they are created the quality~control and testing stations for the
preventitive check (§ XIII-5); 6) if it is applied the function-block
layout of diagram with the control points, which resolve to rapidly

determine the place of damage (§ XIII-6).

The fundamental ways of increasing the efficiency of the REA are

the following:

1. The search for criteria for forecasting the sudden and
deterioration failures; the translation/conversion of the random
failures into the category of those forecasted, since the correctly
set routine checks together with the use/application of the
noncritical diagrams checked and constructions/designs virtually

permit excluding the forecasted failures of the REA.

2. Increase in the qualification of developers, strict
construction engineering discipline (tables V-1), which prevents
errors during the design of REA (Fig. 1-2, table V-6), the
use/application of materials and elements/cells in those not
admitted, not provided for them by standards/normals, or maximum
modes/conditions under the influence of the assigned by user heavy
ambient conditions. It is necessary to focus attention not only to
the macroclimate - average/mean values on the block, the strut, etc.,

but also for the microclimate of each element/cell, which completes

2.
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articles. Is important heating not the radiator, but p-n junctions,
is important not the external temperature of winding article, but the
temperature of insulation within the winding article, or the

micro~temperature of the tanks/balloons of vacuum-tube instruments.

3. Use/application of standard ones and the development of the
new checked under the actual conditions elements/cells, nodes and

constructions/designs with small rates of failures and large life.

4. Facilitation of the mode/conditions of circuit and structural
elements/cells, which lowers rate of failures (§ V-3). Usually this
leads to an insignificant increase in the overall sizes and mass of
REA, although the mass and the overall sizes of more powerful/thicker
elements/cells are more, since in the real devices/equipment in the
loaded mode/conditions it works not more than 20-30% elements/cells,
which must be unloaded; remaining elements/cells are loaded not
completely (grid or base circuits of low-power devices/equipment,

etc.).

5. We do not recommend switching microstrain (§ VII-4), the

applying of thin winding (0.07-0.1 mm) wires, etc.

In conclusion let us present the exemplary/approximate order of

calculation (fable V-8) of efficiency according to the random
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failures. The detailed data about the rates of failure A, the factors
of load %= and the stiffness coefficient of operation k., (table
V-4), necessary for calculating the efficiency, are in the literature
[2, 40] and RTM of the departments of the reliability of enterprises.
The data about a number of parts a, and information about the )

mode/conditions for-determining the factor of load * are taken from

the schematic diagram and the calculated note of block, k« they

determine according to the designation/purpose of the REA.
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Page 108.

Table V-8. Calculation T, of block during the lightened

mode/conditions of elements/cells.

€| 3|37 15 117
. 39 [53R 55 |ggd
iy 23 ;3 g laz 1% i =
. Ly [givled- (52 afzzd I
Mo s L 2| 32 [3Fs 1552 (3545 25¢ <
Ee E 23| 32e 2202 | faz2 -4
va Ex |2 V122 522> 5. e
2 | 33 |3p 339 F2 ldy | ° !
§3 | 52 |5ex5|52y 528 2|54 N s
%3 & |23 2ixgid =825 | < 3
Tpausucrop(§) 3107 105 1.6 { 0.04 |0032{0! |(pac. V-7
> 2| 045/] 02 | 1.6 | 004 [ 0.013]0026] »
[Toaynposogyrxosul
son (/8 8 | 065 0.4 1,6 | 0.02 | 0.013] 0.1 y
» ‘ 51°035{ 05| 1.6 | 002 | 0.005] 0.025| »@ »
Peancrop MAT{") | 25 | 08 | 065| 4 | 002 | 005 [-1.25 |puc. V-8
» » .2 02 | 03 2 0.02 | 0.012] 0,24 »@h
Kounencatopu(i®) | 15 | 075 0.35| 3 0.0t | 001 | 015 |puc” V-5
m%@ﬁ. 10 | 065 0,1 4 0,00 | 0,004 0,04 >
Oaicad) () 150 ] — | = | — | o002 o002 |3 -
DnexTPOHHbIE JaMnk 2| 04 0,7 1.3 1 2 1.8 3,6 puc. V-6
(80°C)
Pasten {/§) 3] — | — | =103 |03 |09 -
Lhti=
-9.4%.

Hence: Tep=108/2 A& mw= 10%/9.4=10* hour; P (t)=exp (-t-10-*).

Keys: (1). Designation of the i element/cell. (2). Quantity of i
elements/cells. (3). Load factor. (4). The correction factor of load

with t=20°C. (5). Influence coefficient of micro-temperature

. with t=70°C. (6). Failure rate is nominal (Fig. V-3) on 10° h.
(7). Given failure rate. (8). Transistor. (9). Fig. (10).
Semiconductor diode. (11). Resistor MLT. (12). Capacitors. (13). KGB.

-

(14). Sofderings. (15). Electron tubes. (16). Coupling.

End MT/ST-83-1248.







