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éBOIGE OF SAYETY FACTOR AND COMPUTATION IN DESIGRIKG ELECTHOMAGNETIC -
MECEANISMS OF A REUIRED DEPRXDABILITY '
. ‘ .
Ya. A. Rips

The devendability of & device baged on a determined principle of ac-
tion with fixed conditiocns and & given time of o;.sersti on, is d‘etermlned; by
the veculiarities of its design, the qualilty of the materials used in it, |
and the technology of its production. Therefore, along with the ‘probdlem .'
of computing the devendability of & given device there is a greét deal of
significance in a certain sense in the reverse probdlem, 'desigr.m:g a device
of & given dependability, and this article 1s devoted to a conudemti;n of
this prodlem, as applied to electromagnetic mechaniams, .
As is known quantitatively the &epend&bility of a device is determined .

by the probability of its faultless working under determined operauond- con-

ditions during an established lengtk of time. Experimentally the dependa~

bility is avoroximately measured by a relative number of devices, average as .
to probability which function faumltlessly unéer given conditione during a
stated time t. In this arrancement the number 6! functioning devices should
be referred to their whole number put out by vroduction. In other wor.do.

if in an interval of tiﬁe from zero to t there worked fautlessly R(t) iooﬁ

of manufactured devices, and consequently there got out of order Q(t) 1009

= [1 — R(t)_J 100% of the devices, then the dependability in the interval

of time under consideration approximately equals R(t).

1te properties or'operu.ung characteristice remains within oreviously deter--—

mined limits.. The probability of a given occurence for the pth of r ch::r-v

acteristics of the device can de aml)tlcany determined by the probadility

mD-77-63-37/1 4 2 1

The device is capable of faunltless working in the case where not one of 1
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of the fulfillment of some criterion of dependubility of the chnmterhuu

of the device during the course of time t [ 1 [t ‘ ‘ . ‘ o
‘ . o A SR

R m=-m >a,». W
vhere A'u and B'o are the properly choaen parametere of the device which chﬂr— i

acterize, resnectively. the position of the characterhtic
being researched and the 2llowable limit of its dinplacenent
If the occurrences which characterize the fulfillment of the criteria
of dependability. for each of r cheracteristice of the device are indepeqdont

of each other, then the dependabilit of'the device ss a whole can be deter-

mined through the dependability of thé neparate characterietics in the fol-

Wt o kg

lowing fashions
R(t)--nR (t)
(2)

The working of an elec.:tromagneti-c mechanism i1s generally determined by
several characteristics. Keeping in mind the identity of the method of |
compu‘ting the devendability of any of the characteristics of an electromag-A
netic mechanism, it is to the point to limit oneself to the deterrinztion of
one of them, for example, the dependability of the operation By(t). The de-
rendability of an electromagnetic mechanism ie computed with the aid of ex-
pre-uion (2). Just in the same way for a given value of dependébility of
A mechaniem as a whole one may ulééi: the corresponding devendability of its
| ' .charac‘teriutico.
i x As criteria for the dependability of the operation of an electromagnetic
‘ mechanism let us consider the fulfillment of the rolationshﬂp,r, >, r. | 1n
. accordance with this the analysis given below relates to devices with relly B

aetion u.unlly used i{n control circuih and autonation in communicatiocns, .

{ pormpoe

and is not extended to electromagnetic l_uchanims (measuring mechanisms, etc.),

for which the criteria of dependability of operation are different.

FIDomr_63.37/1 4 2 _ 2’
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vuh laws of distribution corresponding to the mcment of tin t [1 and ZJ

Xn the glven case A, and Bp renreunt. recpectively. the olectronugneuc ) )

and the mechanical counteraction !‘" of the force of the elect‘:onagnetic

mechznisem in the first criticzl voimt (in 6peration) at the,nionent of time

t. In moet cases one may consider with sufficient vrecision that the dis~

tridution ¥ and ¥y corresrond to the normal law:

, e

| ;,',(F'):'%:‘ R |

: : : : ' vy =F.p ‘(3
- (3)

’ !
?(F.)’.—‘?:ﬁ—‘.l. o .
vhere 6, und 6, are the average qua&ratic deviations; the lines above the
symbol signify mathematical expectat‘.i_on (average value) of
random magnitude. |
For such an affirmation there e:;iut theoretical bases. The random val-
ues ¥, and ¥, p"ron* to be functione of a great number of comparatively small
(1. e., having emall average quadratic deviations) independent r&ndo-.grm-
ments X3. ..., Xy, the dimensions of the parti. varameters of the original
-at.erialn. etc, In this situation the values of the deviations AF, and Ar"
from the average values ?, ana ¥, are determined throv_.zgh the deviation of
the argun.ento Axl. «os Ao from thelr aversge values X1, ..., ik by the‘

device of the sum, Under giver circumstarces on the dasis of Lyapunov'se

of distridution of the random values Py and Py will de prectically normal.

. : The existing statisticel data confirm the indicated proposition, This

FID-M-63-37/1 4 2 3

theoren known from the theory of probgbilitle'. one may affirm that the laws
. } - . . ° - >-'

.j : . -+ can be seen from the exverimental and theoretical distridutions of electro- -

" megnetic and mechsnical forces obtalned for 100 specimens of the relay N, -
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doe. not dopcnd on the parsmeters of '.he device. Therefore the decsigning of

»-0!
3

eloctromgneuc mechanisms of a given depenaabiiity srould be done from the

A condiuon of assuring a given valuc l' so+ taxing into conuiaeuuon on.ly the

S -A‘_...,, — Mv_r /_

' sfadual fallures and equal tos ‘”""?’im;. - R, ' " “* !
. _f : o o . IFE:-Z;)' . ) ‘ . ) .

Let us deeignate by Y the expres~
sion standing in the formula (4)

uncer the sign of Laplace'e functions
c,—l

VGG

- From the equality (‘4) 1t is seen that

ONa TN NI
- the value R", (t) 1e uniquely connected

with the vailue Y and the choice of
" the first is fully determined by ine
latter, In Fig. 2 there is shown

& graph of the dependence of Y on the

value B";o. Since R",, is close to

A é" 5 a0 u unity for convenience along ths Y

i . B

’ axis thereare plotted the values.

Fig. 1. Experimental and theoretical:
—1nG = —1o{1—R2",,). By making
distributions ot the mechanical (a) ) . o
. use of this graph in accordance with
and electromagnetic (b) forces of .
the given value of R",  one can find
the relay RKN - i ' .
: . the corresponding value of Y, sm '

B vice versa,

b ' An analynh of the expreuion (6) -hows that Y is determined by throo o

-
! paramotoru' the safety factor 't and the relative averaze quadratic deviauono ,*“

6 -6
6y = 2L and 6", = Out 0f the random values and ¥, while the
at 1_—:: L] 1—-“ 2 (]

€lven value Y can be assured ut different combinations of them. Thess =~~~

e S e - - . e b m e wem e o o e m
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Their‘ 1n1‘ual values g, 6;°, and 6'° witk t = 0 deternine '.bo vnl\u !(o) z i
b

correwonding to the initlal oroduction deoendabiliw mn(o0), vhicb Sl meap- | -
!

ured by the probability that the device put out will be in working order [ 3_] ;

" The values 6',, and 6%, are determined by the guslity of the duia and

pamaten prove to s functions of the time of the operation of the dovico.

U S U, - e tmeem e wm o mee e ame e

materials used, and also by the neculiarnies of the technology of the pro-

duction. The degree of the devendence of the va’ue- °'3t' 5'.“'. apd "8y op

the time of working chmcterizea the -tsbility of the device with relation

to disturding factors. In the proca"u of ;t decreases and 6';. and (5'”t in

crease in comparison with their initial values, as a result of which the de-

vendability of the work drovs [- ZJ.

The essence of all the measures for raising the quality and tl;e operation-

al dependability amounts to a lowering of the values 6%, and 6%, and reducing

the change in the values 6's¢, 6'y¢, and st in operation. As depends on how

unccesst‘ully the givAen problem is solved one chooses one or the other initial .

value of the of the safety factor o, DY which one also assures the desired

. ﬂ-v—~--...-.«-.,‘_,,¢
Y ‘ -
Y o

in the process of operatiom.

8o has been determined “by the experimental method with tested devices al-'  ~

Mo e — e el P
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level of dependability. The choice
of the value sy 1s done from the con-
dition ttat in the course of the per- ‘
iod of the service T of the devic; ;"

its dependability will be equal to the

. given R%;q. In thiu. -lituationm the

In practice up to the present time the value.

6'30 20d 6%y, are greater and the ~ —

B e

changes6'3t, 6'yt &nd et are greator e

U . PR —

-necesoax;y‘ value =o in proportion as z"-‘
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’:}Rrrow created or else through experience in operation of miogou. apparatuses.

'i " Increase 1n the initial value of the safety factor -° 1ncreasn the deo~

' and cost and the expenditure of material On the otkcr hand, with a gtvcn

~ safety factor oo. the dependability increases with the reducuon of 6',0 and
6'yo» and with a slower change of 6's¢, 6'yy, and 8. In this case also
there 1s an 1ncresss in the cost and the labdor 1nvolved in the device sinoce
it is necessary to use more h;gh-quality material, increase the prechlon‘ in
the making of the parts, etc.

From what has been explained it is clear that the problem of creating a
device with a given dependa’bility is not unique and hag a multitude of de-
cisione corresponding to deteruined combinations of values -of 6"30, 6'4or and
8o and determined form of the functions 6'y¢, G'Mt, and '.‘. The choice of
the optimum combination of the indicated values in solving & concrete prob- -
“lem demands consideration of varicus supvlementary conditions. The com~ ‘
bination menticned above can be found by Joinf determinaiion of all the
varameters, and this sixould be done takiné into cc;naiderai;iqn a series of
tecﬁnical-economic factors. .

This question merits special inveuuga.tion. 1n 'thi;l«'articlor.thn
problem of designing eiectrom:-lgnetic mechanisms of a gi;en dependability 1s
éofui‘dered as the choosing of the respective initial values for the safety

factor with completely detomined values for the remai‘ning parancterl.'

‘ yi’ As h known one distinguishes the working l. the production (rated) sp
P

. and the anational 5(1) of the safety factor which are connected by the ratios
R 2 L LR o S S, -

3 Sl e CERM

The olectromagnetic mechaniasm ohould e de-igned \dth the 1n1ua1 vorkinc -

“eafety factor io. The production safety factor is determined by the nluu‘i

6'50 and 6',o, depending on the design and production factors. The value

' FTD-17-63-37/1 § 2 7
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J penda‘bility 6f a given device, but at the same time increases its voight st b
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‘and 8¢ in the course of a period of service.

BT e B e T et e -}‘ e ree s R T -

‘of"vtha opox;ational safely factor devends on the gerpitivity of the device

‘to disturding action and is considered as change i the values 8'g¢, 6%,

!

As a r.nult of: the change 1n 6'3“. 6'ut» and "t in. the working of the
device there 1s a change in the value R]"(t) with reluﬁ on to the coapggent of.
the initial production Aependability n{(o). However, whatever the chnrac-
ter of this change might be' it is necessary that the value n;'('r) in the course
of the period of service of the device T be equal to the vreviously selected |
value R"o. By taking this into consideration one can draw the conclusion

that the condition for rational designing of the devices 1s that the com-

' ponent of the initial prodnction dependadility R{(O). calculated by the for-

mila (4) with 6% = 6%, B¢ = 8%, and 3y = T,p, should be numerically

equal to R{(T) cougted with Q'at = 6';‘. "nt s °'HT; and ;t. = .'T (Fig. j)l

wm | RO, =R (T =K, (&)
| This flows from the fact that in ra-
Ry

tional designing the supplementary

-

“ magnetic device, as & result of the

Mg. 3. Rf‘(t) as a function of ¢ . :
. factor, at the end of the period of

service enould dbe completely exhausted. ~ Therefore the level of devendability

_determined by the value RJ(0) 1s maintained and should be selected al.eq‘usl '

to the prescribed value BI.O and the known va_luét 6'90 and 6',, without taking

into account the devendencies T, a'at" and-.G'.,“ in time. -

"introduction of the operational safety -

possidilities included in the electro-

ae TN eme e o
o ————

i

- -cable to devices of any kind. i

_ . The considerations prn;led here have a general character and are appli-

'y

FI-T-63-37/1 § 2 | 8

The do.téning’ of electromagnetic mechanisms is done by known ntbod: o
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FHST['h and 5_7 In doing this in accordnnco wvith the technical conditlon- of
ztho dnigning problem one chooses a kinenuuc schene &nd de-ign of the
.nechapim.‘determinen the characteristice of the final element, ‘and builds
"the opeciﬁc mechanical feature of tl.:e‘ doyicé. Afterwards .em'deternineo
) the magnitude of the counteracting mecha‘nical fo,rce (’no)kp at the criti-'.
; cal point, and after design of the magné’.ié systen frdm the 'conditiqn
(F 3o)kn = (r )kp one computes the o, 4. (overational .d'epend‘ability) Xacp.
The following step in the computation is the working outAof the working
t;-action'al characteristic and design of the winding whereby one ah@d take
into consideration the need for creating a.n electromagnetic mechanism of a

glven dependability R{(T). which is deternined by the vroper choice of the

initial safety factor ;‘, The necessary value of -'o in the case under con-

sideration is attalned by an increase in the o. 4. of the wvinding. However, - ‘

this leads to an 1ncreas,e in the amount of'cbpper. in the 'winding and the
power required by it, '

Let us assume that the desired value of the component of denendabiliw
x{('r) in the course of the period of service 1s equal to R",,. 'I'hon in ac--
cordance with the .equalities (4), (6), and (‘8) we will get

R’,'(O);=, =R -— 1 |l+°(y)l.

where ' T | (9)

EEs)

The magnitude y can be determined in accordance with the given valuc B" o

_of y is found by the following relationship:

- M ’ R B ' :U_O ! *
T S l—r,\;‘) . ,
In accordanco with the expression (10) in Fig. 4 there are prnontod the do-

‘with the ald of the gravh vprescnted in Mg. 2. The value lnp as . function .

s () ) R R
. ’

et et
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turna on the value of the initial working safety factor 8o They enadie .

1.

1

1

| 5
' i
i

FIE = F 6,0 1 ,
r; pendencten 'no on the magnitude %30 y for different values of n :<fno)/(7_:—: .
Baving commuted the last two exvressions earlier by the stated method [3], i
in Bccordance with the given graph. one can d'etgming the value of the neces~ ° t
3':1, ‘ ‘ T sary vroduction safety fn'ctor o
” The method of computing the required
0 4 — - ’
s} value of the factor 35, for given
Rl .
; i D conditions of operation is vresented
0 / ) ' .
) j £ /‘7 in [2_7. Having determined §,, and
3 o's/ o‘l g ' L
2 4 /./“‘ ®5c by the expression (7) we find the
2 s o .
& P ” z initial working safety factor %o
@ Z L foe) The value obtained s, revresents
e ] 2P

' v 'll! o o nowoguww the sufety factor according to the

Fig. 4. . Devendence of the safety fac- . .
tractional forces &t the first criti-

tor §,,, on 22 for various values n . X
- a0 ’ cal point. If the magnetic circuit
of the electrorm;ignetic mechanism is not saturated then the cafet}« factor by
ampere turns §'; will equsl LA V%o . and the working o. d.
A lw,=Vt,lw”. ) (u)
By knowing the o, d. one can construct the working tractional charac-

teristic and make the computation of the ovarameters of the wvinding; dlameter

" of the wire 4, numder of turnsyy, resistance of the winding r, und the power

‘lost in the winding P.
In designing the electromaznetic mechanisms of a €iven devendabiliity a
definite interest is afforded by the dependence of the vower P, the volume

Y” and the cost of the copper C, the dimeter of the wire. and the number of

* one to compare and evaluate different versions of mechanisms from the point

"Tof view of economy. Such dependences vhich show changs in thess valuss

PID-TT-63-37/1 § 2 10
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7"£{rotorred to their 'nagnitudu Pos

V.'.o.t CQ. ‘ﬁ' andy, vith .la"z 1 ér‘oson"d' ?
a Mg 8. E | S ‘
; Ses Page 11a | | g . .For the wurpose dobtaininé (
"¢ much geperalization the curves pre-
' sehted in Fig. 5 are given in con-
ventional units wkile us a unit of
‘ | _. measurement B, there is taken the
| Fig. 6 - 'tf‘* _— “value v e |
See Page 11a ' wDf yt,

= A (12)
vhere 1, 1s the length of the coil: : e e :

D 1e the ineide diameter of the coil:
ky 1s the embedding factor:

p is the heat emission factor:;: .

P ie the alloweble temverature in the Leating of the coa:

pil the svecific resistance of the wire: -

k 1s the ratio of the diame‘er- of the wire wit: insulation and wl’_t.h;-

out insulation, | | '
P c

' \/
The units of change of magnitude ;—o-. -v-”'!o. q. g;. and H’mo' are easily ‘

expreesed by A and the values in the table. In constructing the graph

g; = f(d) there was used the.curve of the devendence 6! the cost of a unit
Q . _ :

of weight of active wire material of tke brand P on ite diameter, which s

'a'_hov,n in Fig, 6.

y P Vu tC « |«

‘ Magnitude rx ‘v—-‘- 1l | % ‘ - f §
§ i

. Unit of meawurement A4 [ 4 | A% A liga SRS —

H ' . . ) } .
S s ) . . LT

©w

. . ' : , : g
" " The method explained makes Possible computation in vrojecting such an in

FID-TT-63-37/1 § 2 n
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portnnt ructor @8 to vhat the aependabiiity is in the working of the douco.

@ I enablu one to choose rationally the surety factor, zunc evaluste the eftect

. of the paranetera of the devwice on it+ dependability nll thege elementl are-.

essenticl 1n the designirg of dependable devicer with nlnim cost and ex-

| ‘ “ o '~ penditure of materizls. . It 1s clear thut the procédure given crn be used
| in computing no: only exectropa.gnetic‘ mechaniems but aleo o'ther devices, |

Supvlement By way of examp_le to illustrate the poinh.involved let us
consider the choice of fhe safety fac.tor and the designing of an electro- .
r-agm-tic relay on DC with a glven o'oerational dependebility.

Let the given value B",o in the course of the period of the ser'vico be
equal to 0.9999, This signiﬁes that excluding sudden breakdowns in tho_
course of the perlod of the service there is allowed failure in operation
on the average of one relay among 10,00C in overation, I‘t‘ il néceuary to
deeign the apvaratus in suck a way that this condition will be satisfried. )

As 8 regult of‘ the designing of the relay by the ordirary procedure one
determines the value Imcp as equsl, .let us assuce, to 100. Further by the
method expounded in [ 3_7 one coznputes. the values g.:'.;; 6"‘9. which ve vin

Tno
take, re‘vectively, as equal to 0.1 and 0.05,. ‘

ance with thig value with the aid ofthegraph given in Mg.2 we will flnd

the value y = 3,72, then the value :a—y = 0.772 and for n = _O'T = 0.5 vy
. r"o . ) .
the curves presented in Fig. 4. We determine the value Bpp = 1.64.  Be-

L1 atdes, let By = 1.B [ 2]. Then 5o = 1.64 - 1.8 = 2.96 und ' = YZ.96

. M ' o, . .

. ' . . -
772 1.72, In sccordance with the forsula (11) the necessary o. d. will de

Ae s e

- equal to Twy = 1.72 - 100 = 172,

Yor evaluation of the supvlementary expenditure dueto which there 1g —

" assured the necessary safety factor s, and the value Rf(T) is raleed from

FID-T7-63-3711 4 2 12

Then one determines (= 1 = R" o, = 0.0001 and (—1nQ) = 9.2, In accord-

H
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0.5 tc 0.9999 let us find the unit of measurenent %s. In doing thie we take
Dz:0.5cm 1l =3 cm 6= 500C; pcl2. 10‘“ v/cl2 « OCs ky = 6.9: k = 12;
e = 0.0175 - 107% otm * cm. Then A = lj.i and the value 8o in theoe_unit. 18
equal to %;?f = 0.196. Afterw:rds by the curveo‘prpeentfd in 715. 5 and
with the aid of the table we will find that

fma(rha) o

. v i
V“ V=0 23(] +A)_3’5; . it liies
C

(13)

Ak
=0,3 AT Fa =23
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