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FUNCTION OF THE SERVICEABILITY OF CONTACTING
SEAL OF HYDROPNEUMATIC CYLINDER

Summary. For the evaluation of serviceability of reciprocating motion contacting seal, that oper-
ates by friction of boundary lubrication, the calculating model on the basis of the empirical data
about the hydraulic leakage in form of the function of equivalent number of loading cycles is
proposed.
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For estimation of the remaining resource and probability of no-failure operation of
sealing elements (Fig. 1) it is necessary and enough to conduct the analysis of the em-
pirical curve of wear and its mathematical approximation, thus define the temporary
features of the full curve wear, as factor of limiting values of the fixed resource.

Fig. 1. Scheme hydraulic — pneumatic cylinder: 1 — rods with the piston, 2 — cylinder, 3 — sealing
elements, 4 — booster, 5 — volume of the booster with liquid, 6 — volumes of the cylinder filled by
gas

The defining factor of the sealing element wear (without measurement of geome-
tries), under indirect evaluation of their condition, take the consumption of liquid in the
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booster G(N) from value of the pressure, warm-up factors, change of thermal physics
parameters of liquids and the other arguments [3]. By means of results measurement of
the consumption of liquids the curve (Fig. 2), was created of the integral valuing the
influence of all argument on sought function G(). The approximation is possible to
conduct with the method of chosen points.

To get the deterministic curve of wear it is possible to divide into three stages: run-
in (the stage 1), formed wear (2) and disastrous wear (3) (fig. 2), each of which ap-
proximate its equation:

—  for the first stage:
G(N)zhl(l—e’”‘N”]) under 0 < @, <1; (1)
—  for the second stage:
G(N) =a,N + B under ¢, =const,B="h; 2

—  for third stage:

G(N): h}(l_ewsNaS ) under ¢, >1, 3)
where:
G(N) — function of the consumption of liquid from the cycles number N of load-
ing;
oy, o, a3, l, t3 — variable parameters of functions of the consumption of lig-
uid;

h1, h3 — coordinates of the completion of the corresponding stages.

Fig. 2. Functions of the consumption of liquid in stages: run-in (1); the normal usage (2)
and disastrous wear (3)

Thus as h,+h3 » h, for the whole curve the equation can be presented in the form
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G(N)=h, [1 —exp(— N )]+ h, [1— exp(— N )] 4

From equation (1) the value , is found

(6))

As a result of differentiation the equation (1) with respect to N and having substi-
tuted in it g4 is determined parameter ¢, is determined in the form

dG(N)

dN (6)

(h,—G(N))- ln[l GE,N)j

1

a,=-

For reception hl the equation (1) is transformed and is definitively received

Iy =G(N)+ ( iy )

d’G(N) an
5 +
AN N

dc;(zv)j2
(7

Similarly from equation (3) the values k,, u,,c, are found

e

dN

: ®)
)
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dG(N)
ay=- dN ; ©)
(h+ by~ G(N)).h{l_ G(]: )"“IJ
4= —1r{1 —G(?"“J/N% (10)

For analysis of the function of the consumption of liquid G(N ) , it is accepted that
the most weighty argument is cycles number N [3]. Herewith, the first and the second
dG(N) d*G(N)

dN = dN?
three points x, x, x;with the same value AN on the curve for stage 1 and 3 (see Fig. 2).

derived are indirect factors of the consumption of liquid on chosen

Thereby, algorithm is designed for analysis of the remaining resource and service-
ability of sealing elements on indirect experimental measurements of the consumption of
liquid of the boosters. Particularly important is the checking of the cycles number,
change of the temperature, thermo—physical parameters of liquid and material of the seal
appears the possibility of the direct influence on function reliability of hydropneumatic
cylinders. The value of the consumption of liquid is an integral factor, which is realistic
if in the process of exploitation the measurements of the characteristic are executed

g(N):]T(ClG(mJJN/NZ (11

Y\ aN

where:
2g(N) — specific consumption of liquid for period of the N5 cycles.

On the basis of cyclic characteristic it is possible to define the coordinates of the
stage of the completion of the run-in, terminations of the stage of normal usage and starts
of the disastrous wear.

The variability of loading mode of hydropneumatic cylinder, long breaks in exploi-
tation and others it is possible to take into account the way of the determination of the
equivalent cycles number of the load

Ny =kgy - Ny (12)
where:
key — factor of equivalence of the cycles, equal initial moment the & order of the
spectrum of the relative loads of the standard mode of exploitation [4].

Scientifically motivated and reliable decisions of the considered questions in the
process of the usages of the concrete product allow:
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—  integrally to value the beginning or termination of the certain stage of seal
wear;

—  validly install nominal or lightened (for a period of run-in) mode to usages and
choice corresponding antifriction additives;

—  forecast the remaining resource of the sealings and periods of the undertaking
the planned technical maintenance, including refilling by liquid, gas and
change sealing elements.
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