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DETERMINATION OF READINESS FUNCTION OF
NOZZLE FOR OPERATION

The article describes determination of readiness function of nozzle for operation
that based on the charts of conditions and mathematical modeling of transitions of
nozzles of automated control systems for temperature and humidity parameters of air
in the area of cultivation of plants under protected ground into various possible
conditions. To clarify the form of total three-expositional and graphical representation
of results, developed a flowchart calculations that establish values, which ultimately
provide the function of readiness. Block diagram of the calculation is shown in
articale. Function preparedness is a dynamic characteristic of reliability, the
considered technical system. Probabilty for non-failure operation for nozzles is
represented by a coefficient of readiness that changes the dynamics of operating time
seems function of the technical system readiness for operation. The function of
readiness is descending exponential nature of the system is completely ready to start
working to its asymptotic value, which reflects the steady availability factor.

Key words: Nozzle, operation condition, probability of non-failure operation,
intensity of failures, failure.

A problem statement

This nozzles for spraying liquid under 70 Bar pressure, which the intergral part of
an automatic system for controlling humidity and temperature parameters of air in the
area of plants cultivation under the terms of protected soil. The system is designed to
produce a necessary microclimate in the premises of industrial greenhouses.

©*Scientific adviser Candidate of Technical Sciences V. M. Savchenko

161



ISSN 2518-7279 Bicuuk )KHAEY, 2017, Ne 1 (58), 1. 1

Review of recent researches and publications

Work [1] describes the problems of ensuring the reliability of process equipment
during the growth of production in agriculture protected ground Ukraine. Work [2]
describes the the model of the use of nozzle for liquid sprayer and generation of
microclimate in the premises of greenhouses. Work [3] based on the researching
indexes of reliability of systems of microclimate control onto productivity of products
of protected soil. The [4] was describes charts of conditions and mathematical
modelling of transition of nozzles into various possible conditions.

Purpose, objects and methods of research

The task of work is determination of readiness function of nozzle for operation
that based on the charts of conditions and mathematical modeling of transitions of
nozzles of automated control systems for temperature and humidity parameters of air in
the area of cultivation of plants under protected ground into various possible
conditions.

The paper based on the theory of mathematical modeling of nozzles transition in
various possible states.

Research results

A probability of condition of nozzle in operation condition «0» [4] can be set in
Laplace, according to Cramer rule, by the following correlation:

A

%(S):XO’ (1)

where A, — is matrix to position «0» - of operation condition of system,

A _ main matrix of equasion system describing possible conditions and
transitions of nozzle (13) [1].
Matrix to working condition can be written from the main determinant (6) [4] by
replacing the first column to free parts. Then we have:

1 —p, 0 —Hy

0 S+u, 0 0
A, =

1 S S S

0 0 Ay S iy

We lower ranking matrix. For this purpose it is reasonable to divide it on the
second line of the elements:
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1 0 iy (10
Ay =(S+um) (1)1 S S |1 s
0 =4y S+u,0 -4,

Using the rule Sarryusa decision matrix is written as follows:

A, :(S+ﬂ1o)'1[1'S'(S+/U20)+((_,Uzo)'1'(_12'2))_(_/12'2 'S'l)]

A, :(S+/U10)[S'(S+/uzo)+/uzo/12'2 + 4 'S]

After algebraic manipulations, simplification and describing to degrees of
unknown S we shall have:

Ay = (S"‘/Ulo)[S'(S"'/Uzo)‘*',uzoiz'z +24, 'S:|
Ay =8 +8 11, + Sty Ay + Ay S” + 11y S” + St fhog + Ly oy Aoy + HigAaryS (2)
Ay = S+ (ﬂzo +4,, +/U10)+ S(ﬂzoﬂz'z T oty T ﬂ1o/12'2)+
+ oty Ay

Returning to determining the probability of failure of the nozzle and substituting
the expression (1) of the matrix (2) and (13) [4] we shall write:

D, (S) = §+58° (fuzo + A, + 1y ) + S(ﬂzoﬂz'z + Lo oy + Mgt ) + Hyo by 3)
’ S4+(/101+/102'+,u20+/110+ﬂ'2'2)S3+

+(/101/U20 + Agi Ay F Mo lyy + Ay gy + /Uzoﬁvz'z)S2 +
+ (/102'/110/”20 + Ay Ay g + tag Ao Ay T Hog Ay g ) S

Presented equation is too big and makes it possible to perform inverse Laplace

transform, i.e. the transition from the original image @ (S ) —> P (t ) + To this

transformation possible, it is necessary to spread the denominator of (3) at multipliers.
It is necessary to find the roots of the polynomial fourth degree.
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Inserting indexes:
S* a=1;
S b=y, + Ay + oy + tig + Aynr
S%5 €= Ayt + Ay Agry F Mooy + Aary iy + Mo A “)
S5 d = Ay oty + Aoy Ay o + Mog Ao Aoy + oo A Lo

We shall write an equasion (13) [1] in shorter form:

A=aS*+bS’ +cS*+dS. (5)

To find the roots we shall have:

S(aS3+bS2+cS+d)=0.

The obtained equasion shall be divided into two, one of which has a solution S;=0,
and the second represents an equasion of the third degree:

S*+bS*+c¢S+d=0.

By changing:
b
after algebraic simplification should form the reduced equation [2]:
3
y +py+q=0, ()
pe 3c-b"
where 3 ’ ()
2> b-c
== 244
17773 ®)

The number of real solutions (roots) equation (7) depends on the sign of
discriminant that is defined by the formula:
3 2

D:£ _|_g

3 2 (10)
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Preliminary assessment of the sign discriminant can be made by substituting
components of formula (10), and the components included in the formula (8) and (9).

The final component represented by equation (4) and includes A, M - characteristics

of states and transitions nozzles in various possible states. Is legitimately assume that
periods of normal operation of the nozzle to failure greatly exaggerated periods of
recovery. Moreover, this corresponds to reality, as the recovery comes to cleaning the
valve or replacing the filter. And both operations are fast enough compared to the
normal term of the nozzle. Then you can take the following condition:

where § — average opeation time of the nozzle before failure;

T — average resoration time of the nozzle.

N

Taking into consideration that [= Z > and T = 7 we shall have:

Putting the obtained condition of intensity ratios of failures and restorations, as
well as neglecting A in the second and higher levels as low values, the values of
variables analyzed p and ¢. The more real it appears that the case is considered an
option p takes a negative value, that is, p<(0. On this basis the quantities and ratios p
and g we can assume that also has negative discriminant value D<(. In this case, the
solution of equation (7) is in the field of real roots.

Cubic equations can be solved by Cardano formula. To do this, type the following
replacement:

At the root of the equation (7) is in the form:
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v, =23 pcos%;

o 2r
=23/pcos| —+—|;
r=2poos £+

(11)
v, =23 pcos(%+4?ﬂj.
By flip replacement from (6) we shall have:
S =» —%b;
1
2=V o3 (12)
S, =, —%b.

Thus all the components of the initial decision right equation (5) and found it can
be presented in the schedule obtained by the roots. Then in general expression for the
likelihood of working condition nozzles can be represented by an equivalent equation
and write it as the following amounts:

0, (S)= /_10 + 1_30 + (_jo + l_)o : (13)
S_S S-S, S-S, S-S5,

where: AO > Bo s CO s DO — some unknown fixed values that can be determined

from the condition of equivalence of polynomials (3, 8).
For further algebraic manipulations we rewrite equation (8) given that the root

S, =0

AO BO CO DO
S)=—-+ + + ,
2 (5)= S-S, S-8, S-8, (14

then:
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AO(S—Sz)(S—S3)(S—S4)+BOS(S—S3)(S—S4)+
4GS (S-5,)(S—5,)+D,S(S-5,)(S-S,)
) S(S_Sz)(S_S3)(S_S4)

2 (S) (15)

Expanding the brackets after algebraic manipulations and simplifications in the
expansion in degrees of unknown (S), the numerator (10) is represented as:

S*(A4,+B,+C,+D,)—

-S? (A4,S; + 4,S, + 4,8, + B,S, + B,S; + C,S, + C,S, + D,S; + D, S, ) +

+S(A0SZS3 +A4,5,8, +4,5,S, + B,S,S, +C,S,S, + D,S,S, ) +4,S,5,S,
In case of equal denominators represented by formula (13) [4] and in expansion

for the roots of the denominator of the formula (10), values Ao (2) and the numerator

(2) may be equal under the condition that the coefficients of equal powers of unknown
S will also be equal. On this basis, and comparing these expressions can write the

following additional system of equations for determining a constant 4,, B, C;, D,.
A4,,B,,Cy, D, =1;
—(AOS3 + A)S, + AyS, + ByS, + ByS; + CyS, + CoS, + Dy S + DyS, ) = thyy + Ay + 141 (16)
A,8,85 + 4yS,S5 + 4,85,8, + By S3S, + CoS,8, + DS,y = pag Ay + Hig g + oAy
AyS4S,S8;y = tyopye Ay

Unidentified fixed values (Ao s Bo , CO , Do ) Therefore, we shall find a method

of successive substitutions. To do this, the last equations define sustainable (4y).

A, = ok s -

S.S, S, a7

We shall put the value (4y) into the third equasion of system (16):

P2 (5,8, 45,5, +5,5,)+ ByS,S, +C,S.S, + DyS,5, =
S452S3

= fhyo Ay F Moty + Moy,

From which we obtain (By):
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A
Bo :_M(&& +S4S3 +S4Sz)—CO S2S4 _
8,5,8;858, S,8,
-D, 5,55 n Loty Tty (18)
S.S, S,S,

The obtained values (Ao ) and (BO) we substitute into the second equation of
(16):

_ n _
, ——S/"j;/';% 2L (8,5, 45,5, 45,5, ) -
_ MMyt (S3+S2+S4)— 472532354 %
AVATRE _C i—D i+:ulo:u20+/uloﬂ2'2
0 0
L S, S, S5S, i

><(S4+S3)_C0(S4+S2)_Do (S3 +S2):/uzo + A, +

Select the equation derived from sustainable (CO ) :

0

50548) +S2)}=—DO [—SZ(S‘* +53)

3

_(S3 +S2)}+ﬂ20 + Ay, + th —
4
_ Mok + 1Ay, (S4 + S3) n Loy,
S.S, S,S,S,

(S;+S,+8,)-

Hiotog
—W(%& +5,5,+8,S,).

After shorting and reforming we shall have:

C, =-D, |:§_(S3 +SZ)S3}+(IUZO + 4 +/”10)S3 _(ILIIOILIZO +/v‘10ﬂ“2'2) +

S, S,(8,+5;) S, (S, +5S;) S,S, (19)
Hiokyy s (S3 +S, + S4) _ Hiotyy Ay (S2S3 + 8,85 + S4Sz)
S,8; (8,+S,) 5,55 |
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We use the first equation of the system (16) for determining sustainable (Do )

Substituting the values (Ao > Bo [ Co ) , presenting the first equation follows:
D,=1-4,-B,-C,;

D, (1 —%} =1- “2‘30;2'2 + ”;j‘;?g'z (8,8, + 5,8, +5,8,)
4~2%3 423

4
_D |:S3 (S3 +S2)S3 ]i_ S, (/‘20 +4,, +:”10)S3 (1”10/‘20 +ﬂ10ﬁ“2'2)S2 n
0

S, SZ(S4+S3) S, SZ(S4+S3) Ssz
Hyo a2y (S3 +5,+5S, ) S, Hiotntys (S2S3 +8,8; +8,5, ) S,
8,55 (8,+38,)S, 528,88, '

Solving equations relatively regarding to the searched unknown (DO) after

algebraic manipulations eventually have a:

1— Moty Ay " /uloguzo/%i (5253 +8,8; + S4Sz)+
S45,5; 848,55

+S3 (/u20 +ﬂ‘2'2 +/l|0) (/’lIOIHZO +ﬂ10j’2'2)

- +
b 1 S, (S, +5,) S; (20)
’ 1_&4_‘93‘32_ S5 +5, ﬂloﬂzoﬂz'z(s3+S2+S4)+
S, Sy (S8,+S,)8, 528, (8, +S,)
n :ul()/uzoﬂ“rz (S2S3 + S4S3 + S4S2)
S2S3Sf

The flip substitution in (19) we obtain sustainable values (CO) via 4, H—

Technical characteristics of the system (injectors). Further substituting values (Dg) i
(Cyp) into (18) we shall find sustainable value (Bo)- Constant (Ao) is known from

equasion (17).
Due to the large equasions of formulas those substitions are not availale, but their
performance does not represent mathematical difficulties.

Note that all got fixed values (Ao , By, Cyi Do) in end view expressed directly

or through A, M — technical characteristics of the system, or through the roots

169



ISSN 2518-7279 Bicuuk )KHAEY, 2017, Ne 1 (58), 1. 1

SZ, S3 iS4, having in its composition as well. Thus, despite hromistkist

calculations, oshukuvani constants to represent equation (14) unfolded on a
denominator polynomial roots, obtained . So, back to equation (4), which
defines probability in the Laplace transform nozzle can apply the reverse transition
from the original image. Then get dependent probability of failure of the system (non-
stationary readiness coefficient) of operating time. It has the following view:

B (1)=K,(t)=A4,+ B, exp(—S,t)+C, exp(—S,t)+ D,y exp(—S,t) 1)

In this case, the probability of technical systems and functions the same readiness
as well as behavior in operating model is seen as such, allowing recovery in the event
of damage [3]. Marked chart of states and transitions, as the equation of dynamic
equilibrium probabilities into account not only the parameters of normal work, but also
options to restore it if damaged.

The function has four components: one fixed (Ao) and three, depending on the

time and vary according to the exponential law. Depending analysis shows that at the
beginning of operation at =0 function of readiness obtains:

K (1=0)=4,+B,+C,+D,

However, according to the first equation of (16) the amount equal to one constant.

That is, at { = 0, K r (t ) =1 , corresponding to the physical nature of the technical

state of the system (nozzles).
The second extreme case occurs when time equals infinity # — c0. Then by
substituting into equasion (21), we obtain:

K (t—>®)=A4,
or
Mgty Asy
K. (t— == <
r(t>e) S,S,S, (22)

Thus the function of readiness K. (t) when time goes to infinity asymptotically

approaching a constant value and gaining its value known as fixed rate tender.
In general, the function of readiness, analysis shows that by changing
exponentially complex and within:
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Loty > K (t)>0
L Ll ~t)2

S,S,S,

To clarify the form of total three-expositional and graphical representation of
results, developed a flowchart calculations that establish values, which ultimately

provide the function of readiness. Block diagram of the calculation is shown in Fig.1.

The data of expositional function of readiness preparedness function and its
importance in the extreme points at =0 i —> 0, and the ability to calculate the
present interim results in accordance flowchart (Fig. 1), enabled with the initial values

A, M — plot characteristics change preparedness functions depending on time of

operation of the nozzle.

mitial data entry :
A, 1L system’s
characteristics

substitution vahies roots (S1 .52 .53
S4)and a constant (AgBo. Co, Dg)
in to equations (21) for
determination of readiness

Y

function K. (t)
A

calculation of
intermediate
values a.6.c.e by
formulas (4)

determining a
constant (Bo, Co, Do)
according to
equations (18,19,20)

Y

*

pandq
components of
cubic equations
(8,9) determining

unknown
constant (Ao)
calculation by
formula (17)

Y

A

determination of
cubic equations by
formula (11)

calculation of the S2 .83 .54
roots of cubic equations a
polynomial decomposition

by formula (12)

Fig. 1. Block diagram of the calculations to determine the function

of readiness K, (l‘) of nozzles
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Function preparedness is a dynamic characteristic of reliability, the considered
technical system (Fig. 2).
As shown in the graph of readiness has descending character of the maximum

cooked K r (f ) =1 at the beginning of the operation to its asymptotic approximation
to its stationary value (22).

K.(1)
/

0

E

Fig. 2. Changes of readiness of nozzles work depending on the time of its
operation. (Ao1 = 0,001 1/h; pio= 1,7 1/h; ho2>= 0,0008 1/h; pzo = 0,5 1/h)

Findings and prospects of the further researches

Probabilty for non-failure operation for nozzles is represented by a coefficient of
readiness that changes the dynamics of operating time seems function of the technical
system readiness for operation. The function of readiness is descending exponential
nature of the system is completely ready to start working to its asymptotic value (22),
which reflects the steady availability factor.
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