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METHOD OF DETERMINING THE COEFFICIENT OF
VISCOUS FRICTION

Author: S. Kormacki

Abstract: A mathod for determining the coefficlent of viscous friction in
hydraulic elements is described, based on utilization of the phase frequency
characteristic. This enables measurements to be made under the actual

working conditions of the element. A measurement system for distributor
valve is proposed.

Aim of Measurement and Some Fundamental Relationships

In hydraulic control the need frequently arises for describing the
properties of dynamic elements of the types shown in Fig. 1.
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Fig. 1. Examples of elements discussed in the article.

a, Shutter; b. distributor valve.
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Fig. 2. Two—-element model.
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In addition to its resemblance to the actual object, a mathematical
nodel should heve simplicity in order to facilitate its use in the analysis
of the whcle systam. For this reason, the elements represented above are
treated as linear, while the differential equations which describe their
operation are limited to the sascond order. This means that we coneider

the motiorn of a mass elastically suspended in a viscous medium (Fig. 2).
The motion equatior has the fom

miE LSy er =
dc? de :

1)

where m 1s mass; k, is substitute coefficient of viecous friction; C is
rigidity ot spring; F(t) is external force; t is time.

Equation (1) describes a concrete object when the constants are
assigned suitable values. Difficulties arise in determining the value

of coefficient ky. It cand be determined on the basis of the phase
frequency characteristic,

Fig. 3., Hodograph of a second-order element.

Tr.« hodograph ¢f an element described by Equation (1) has the form

shown in Fiy. 3. The phase angle between the shift vector x(t) and the force
vector r(t) is expressed by the relationship

k.(—:

tgp = 220
R (2)

where ¢ 43 Lhe phase shift; w 1is the pulse rate.

nence

mw —
kymo ———= 3¢

)

If the phase angle ¢ correspondirg to given pulse rate is known for known
m and C, ti.1e value of kv can be determined.

Somet.:es the aim of measurement is to determine the changes in k,

under chang!: ; operating conditions of the element, i.e. changing temperature.
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When consccutive Licasurenents are made at the same pulse rate (w; = w,),
we can usc the foraula

knm ke Lg TR
._‘Eﬁ_.- A o (1‘)

Measuring System

The measuremant of a moving mass and a fixed spring does not present
any difficulties, and can be carried out with any desired accuracy. It is,
however, considerably more difficult to determine the phase characteristic

¢ = ¢ (w), since changes in force and translation must be recorded.
The measurement method will be discussed below using the exampla of the
motion of the valve slide of a hydraulic proportional distributor (Fig. 4).
The force causing movament in this case is due to the pressure differential
acting on surface A

Fy o Adpit = siated) (5)

where Apo is the pressure differential amplitude.

Pressure difference changes can be readily recorded using an electric
sensor.

Direct recording of the slide transiation is impossible in practice
due to the fact that the movement takes place in an enclosed, oil-fiiled
space. Inthe literature (2) it is suggzested that this difficulty be over-
cone by assuming a proportional relationship between translation of the
slide and the speed of tre servomotor being controlled by the separator in
question. Apart from rather special cases, this approach has a fundamental
shortcoming due to large error caused by the phase delay between slide
translation and the speed chai>-es of the servometer. Better results are
obtained by substituting the measurement of pressure drop at an opening
made in the channel concecting the distributor intake ports for measure-
ment of slide translation. There are two basic sources of error in
de’ermining the coefficient k. : indirect measurement of slide tranelation,
which introduces an edditional phase shift, and errors in determmining the
quantities in equation (3). Furthemmore, it follows from equation (3)
that the total error depends on the pulse rate because of variable weight
coefficients of the partial errors.

Determination of the optimum conditions through calculation is
somewhat difficult. Good results are obtained by carrying out a series
of measureuents within a range of pulse rates for which the phase angle
is contained within the limits

—~60° < g <~ 30°

and averazl.g ovt tre values =f i 53¢ obtaiiicd.
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Fijge 4e Measurement system for a proportional distributor slide.
/Key:/ 1 - measurement of.
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