
INSTITUTE OF FLUID-FLOW MACHINERY
POLISH ACADEMY OF SCIENCES

TRANSACTIONS
OF THE INSTITUTE OF

FLUID_FI o\il/ MACHINERY

110

Papers from the National Seminar
on Fluźd Mechani,cs in Machi,ne
C onstructi,on and, Enploi,tation

Sopot, May 21"t, 2002

ffi
GDAŃSK 2002



EDITOP"IAL AND PUBLISHING OFFICE

IFFM Publishers (Wydawnictwo IMP), Institute of Fluid Flow Machin-
ery, Fiszera 14, 8D952 Gdańsk, Poland, Tel.: f48(58)3411271 ext. l L,
Fax: *48(58) 34L6L44, Bmail: esli@imp. gda.pl

@ Copyright by Institute of Fluid-Flow Machinery, Polish Academy of Sci-

ences, Gdańsk

Fina.rrcial suppoń of publication of this journal is provided by the State Com-
mittee for Scientific B.esearch, 

'Warsaw, Poland

Terms of subscription
Subscription order and payment should be directly sent to the Publishing
Office

Warunki prenumeraty w Polsce
Wydawnictwo ukazuje się przeciętnie dwa lub ttzy tazy w roku. Cena nu-

meru wynosi 2O,- zł ł 5,- złkoszty wysyłki. Zamówienia z określeniem okresu
prenumeraty, nazwiskiem i a,dresem odbiorcy należy kierować bezpośrednio

do Wydawcy (Wydawnictwo IMP, Instytut Maszyn Przepływowych PAN, ul.

Gen. Fiszera 14, 80-952 Gdańsk). Osiągalne są również wydania poprzednie.

Prenumerata jest również realizorrana przez jednostki kolportażowe RUCH
S.A. właściwe dla miejsca zamieszkarria lub siedziby prenumeratora. W takim
przypadku dostawa następuje w uzgodniony sposób.

ISSN 0079-3205



TRANSACTIONS OF THE INSTITUTE OF FLUID-FLOW
MACHINERY Appears since 1960

Aims and Scope
Transactions oJ the Iretitute of FIui,d,-FIow Machźnery have primarily been estab-
lished to publish papers from four disciplines reprmented at the Institute of Fluid-
Flow Machinery of Polish Academy of Sciences, such as:

o łcuid flo-ws in hydraulic machinery including exploitation problems,
o Gas and liquid fiovrs with heat transport, particularly two-phase flows,r Various aspects of development of plmma and laser Ćngineering,
r Solid mechanic, machine mechanics including exploitaiion p.obl.m".

The periodical, where originally were published papers dccribing the rsearch con-
ducted at the Institute, has now appeared to be the place for publication of works
by authors both from po]and and abroad. A traditional scope of topics hm been
preserved.
only original and written in English works are published, which represent both the-
oretical and applied sciences. All papers are reviewed by two independent referees.

EDITORIAL COMMITTEE

Jaros}aw, Mikielewicz (Editor-in-Chief), Zbigniew Bilicki, Jan Kiciński,
Edward Sliwicki (Managing Editor)

EDITORIAL BOARD

Zbigniew Bilicki, Brunon Grochal, Jan Kiciński, Jarosław Mikielewicz
(Chairman ), J evy Mizer aczyk, Wiesł aw o st achowicz, Woj ciech Pietrasz-
kiewicz, Zenon Zakrzewski

TNTERNATIONAL ADVIS ORY BOARD

M. P. Cartmell, Uniuers,ity of Glasgow, Clasgow, Scotland,, t}K
G, P. Celata, ENBA, Rome, Italg
J.-S. Chang, McMaster Uniuers,ity, Eam,ilton, Canad,a
L. Kullmann, Technische Uniuers,ittit Budapest, Budapest, Hungary
R. T. Lahey Jr., Rensselaer Polgtechnic Institute (RPI), Troy, (}SA
A, Lichtarowicz, Nottingharrl, (JK
H.-B. Matthias, Technische [Jniuers,itćit W,ien, Wien, Austria
U. Mueller, Forschung szentrurn K arlsruhe, I{ arlsruhe, C ermany
T. Olrkubo, O,ita Uniuers,itg, O,ita, Japan
N. V. Sabotinov, Institute of Soli,d State Physi,cs, Sofia, Bulgari,a
V. E. Verijenko, Uniuersi,ty of Natal, Durban, South Afri,ca
D. Weichert, Rhe,in.-Westf. Techn. Hochschule Aachen, Aachen, GermanE



TRANSACTIoNS oF THE INSTITUTE oF FLUID_FLO\,V MAC}IINtrRY

No. 110, 2002,775-124

RYSZABD MICHALSKI,

Diagnostic models of hydraulic systems in agricultural
and construction machines

University of Warmia, and Mazury, ()czapowskiego 11, 10-736 ()lsztytl, Po]and

Abstract
The paper preseńs functional and exploitation characteristics of hydraulic system elements of
working mac}rines1 orientated on fault detection. ldentification of diagnostic model of hydraulic
system orientated on the fault detection ńode]s has been carried out.

Keywords: Working machines; Diagnostic model; Hydraulic systems

Nornenclature

p - throttling pressure, Pa
q - leakage intensity, cm3/s
t - piston rod movement time, s
u - speed of piston rod movement, m/s

ai. - checking set of elements
(Ył) - fault isolation algorithm
(Ę) - state checking algorithnr

1 Introduction

The world wide development of agricultural and construction nrachines and
earth movers induces signiflcant changes in the control and adjustment of their
working mechanisms. These changes ale accompanied by fundamental changes
in the realisation of transmission, control and automatic systems.

For the recent several years the tendency has been observed to apply a higher
pressuTe, a greater intensity of flows and the increase in flow speed through the

*E-mail address: michr@uwm.edu.pl
lWorking machines = agricultural and construction machines and earth movers
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element in the pov/er hydraulic systems [3]. This tendency results from the de-
signer aspiration to limiting the overall dimension of the hydraulic elements with
assuring at the same time, their greater specific powers. This phenomena required
necessity decreasing the backlash in the mating kinematic pairs. The exemplary
range of the average fluid clearances in the typical hydraulic elements is within
1 pm to 25 p,m (gear pumps, distribution spoo1valves).

Most of the researches of hydraulic systems are aiming optimisation of their
elements, among other things, in the scope of minimal overall dimensions (de-
creasing volume and mass), energy consumption (minimal pipe resistance), de-
creasing of the production costs, increasing serviceability and working reliability.
Studies on the dynamic problems, which could 1ead to the development of defects
of the hYdraulic elements, have been carrying out in a relatively small extent [1].

study of system dynarnics, by applying different forced input signals and
variable loading, enables to recognise a poorly known phenomena that can occuT
during testing of new designed hydraulic systems.

Those complex researches of hydraulic systems in agricultural and construc-
tion machines and their transient states are the source of new diagnostic infor-
mation necessary in evaluation of the reliability states [5].

2 Functional and operating characteristics
ComPonents of hydraulic systems perform their functions in variable physical

conditions, which result in the change of their features, conditioning their ploper
work and their durability. It has been estimated that above g0% of damages of the
mating tribological pairs in the hydraulic elements result from the abrasive wear
by solid particles of contamination within the 1-15 pm dimensions range, [8]. The
carried out exploitation researches on hydraulic systems indicate that the most
frequent damages occurring in the following units, [4]:

o hydraulic cylinders - 35+40Yo;
. pumps - 35+40%o;

o hoses - 10+15%;
l distribution spool valves - 15.

The solid contarnination and the wear products of mating elements penetrate
into the systems because of the working fluid continuous flow. At the same time
it results in changing the working fluid property, which functions as a lubricating
laler. These hard solid particles of the contamination in the lubricating layer
produce intense wear of the mating surfaces.

Figure 1 shows a typical wear forms in some tribological pairs in hydraulic
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systems and the behaviour of the hard solid particles in the slots between mating
elements.

As shown in Fig. 1a, contamination particles can cause a seizure of the

źZ,
l-
l'

.J,-f,.,

Figure 1. A typical wear forms of some tribological pairs in the hydraulic systems; a - slot of
the distribution spool valve, b - slot ofthe hydraulic cylinders,

spool in the housing, damages of the edge or working surface. Fig. lb shows that
the most dangerous are particles with dimensions close to the value of clearance
(distances between mating surfaces). The smaller is that clearance, the more
vulnerable to clamages caused by small particles is the element of the hydraulic
system.

The quantitative level of contamination in the working fluid allows to assign
the cleanness classes according to NAS 1638 and ISO-DIS 4406 standards. These
standards deflne a nurnber of solid particles in 100 ml of working fluid dependant
on assumed granular structure of particles (groups of dimensionai quantity) [in
p,m].

The findings [1] indicate that the fresh hydraulic oil has been classified in
the 9-10 cleanness class according to NAS 1638 and oils that were operated in
different working machines are placed in the range of 12 cleanness class (or out
of that range). The wearing process and service life depends on the cleanness of
the elements as well as preliminary and exploitation filtering of working fluid.

3 Identification of diagnostic models

A diagnostic model of the hydraulic system can be presented in a cybernetic
formulation where the inlet are: supply, control and environment interactions,
whereas the outlet: working processes and residual plocesses that are, consider-
ing the diagnostic conditioning, treated as diagnostic symptoms and signals. A
general diagnostic model diagram of the hydraulic system of the working machine
is shown in Fig. 2.

The diagnostic model of a hydraulic system includes relationships (j?) be-
tween reliability states S(x,t) and observed symptoms (Y) as well as diagnostic
signals Y(ć)

R:S(r,t)--+YUY(t).

L17

b)

łi%
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Figułe 2. Diagra,rn of a diagnostic model of the hydraulic system of a working machine.

In this situation the diagnostic concluding at the time t might be presented as
a function of a state vector and a diagnostic signal vectol. In order to formulate
the diagnose about the state of a hydraulic system the diagnostic information is
necessary, which can be obtained on the basis of a checking set Y ofthe diagnostic
parameters

UnQYrn:l,N,
where an - ava|Iabie number of checking of the diagnostic parameters.

Fbom the Ł checking set, as the result ofchoosing 3lz, several sets ofchecking
carr be formulated, which are different in power (in number of elements), combi-
nation and sequence of checking of the hydraulic system elements,

On the basis of an ordered, minimal set of diagnostic checking the diagnostic
algorithm Yn can be generated

YA: ailź:1,I

where Uł ś Un.
There are state checking (rf;) and fault isolati on (Yź) algorithms. A general

diagram of generating of a diagnostic model of hydraulic system is presented in
Fig. 3.

Determination of the system element set and their reiiability characteristics
set form the basis for a development of a diagnostic model. Then, basing on de-
termination of the state characteristics and corresponding diagnostic parameters,
a procedule of diagnostic checking can be elaborated [6].
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Figure 3. Diagram of a diagnostic model formulation.

Therefore identification of a diagnostic model of hydraulic system can be
expressed by the following points

o deternrination of functional arrd reliability characteristics of elements;

. selection of independent parameters of reliability states of a system;

r selection of diagnostic parameters for determination of the states of the
system;

r determination of boundary values of the state and diagnostic parameters;

o determination of the diagnostic model stlucture.

The simulation research: the speed of piston rod movement in dependence of
the pump leakage. Fig, 5 pTesents the testing stand.

The speed of piston rod movement dependence on the simulating intensity of
leakage is shown in Tab. 1 and Fig. 6, [5]. F'igure 7 shows the flow intensity as a
function of the throttling pressrrre of the gear pump in hydraulic system of grain
combine harvester. On the research stands [3] the course of pressure in supply
conduit to the cylinder in the working circle (Fig. 8) has been determined. In
F'ig. 8 the course of pressure, w[ere the maximai impulse of pressure exceed the
value setting of the safety valve, has been shown.

4 Summary

Basing on the theoretical considerations and experimental investigations it
can be stated that for contemporary hydraulic systems in the working machines
the following conclusions can be drawn:
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Figure. 4. Diagnostic algorithm of a combined-harvester hydraulic system: DESCR.IPTION - <lescription of progTaJn assignation, SER._
VICE - data acquisition bloc. Acquisition data about performed service and repair actions on the hyraulic system; unit 1
. . .unit 8 - bloc of questions about functioning particular subuńts for that the followirrg states are distinguished: D - correct
action, ND - no action, DZ - faulty.action, BO 1...BO 18 - btocks of symptoms enabling the detailed łagnosing of feeding
elements, control-adjusting and executory elements formulated with the assistance of the base table, SN t. . ,stv 19 - blocs of
the sYmPtomatic diagnosing disability states, SNPo - blocks of the measurement diagnosing disability states, Test 1-1. ..Test
1-8 - measurement tests of the subunits of hydraulic system.
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F'igure 5. Diagram of arrangement for simulation research: 1 - mass-balance 10 kN, 2 - hydraulic
cylinder for header lifting, 3 - hydraulic selector valve, 4 - safety valve, 5 - control
valve for leakage simulation, 6 - gear pump, 7 - filter.

developed diagnostic models, taking into consideration the contamination
concentration in the oil and the wear pattern of the tribological pairs in the
hydraulic system elements,

assumed new diagnostic parameters based on dynamic indicators deter-
mined in transient states, among others the maximum instantaneous pTes-

sure impulse in the supply conduits (in working cycle of an elernent), oscil-
latory susceptibility, dyrramic load factors, starting up and breaking times,

developed diagnostic expert systems orientated on fault detection and dif-
ferent diagnostic, probabilistic and fussy relation forms.

Lzl

Figure 6, The speed of lifting of reel as a function of the leal<age intensity of the gear pump.



I22 R., Michalski

-__newpump

- 
exploitation seerchĘ (1.,.4)

32

IVmin]
28

|=
H

ś24
a
Ezo
do
.E 16
}
.9
lŁ

12

24681012
Throttling pressure p, [Mpa]

Figure 7. The flow intensity as function of the throttling pressure
hydraulic system of a grain combined harvester.
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of the gear pump in the

Figure 8. The course of pressures in the supply conduit of a cylinder chamber of mec}ranism
(pressure impulses greater a,s pressure relief valve setting), where: t7,tn,t211,tn - time
interva]s during stańing, steady movement, at opened pressure relief valve and low-
ering of the boom to position; I,T" - total time of 2 full movements at raising and
Iowering of the loa,d; P,,Pn,P*,P,6 - pressures during: starting, steady movement
and at opened pressure relief valve.
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Table 1. Speed of piston rod movement as a function of simulated lealiage intensity for the
assumed tested conditions

Simulated leakage amount

q [dcm3/min]

Speed of piston rod

movement V [cm/s]

Time of piston rod

movement on length 450 mm ź §]
0.141

0.372

1.0

1.98

2.41,

3.79

4.86

8.04

8.13

7.6

6.72

5.8

5.7

4.5

J. l

o.7

5.5

5.9

6.7

7.7

7,9

10.0

12.1

64.3

Pump rotational speed: - 500 r.p.m. p : 5 MPa(Q : const)

Stroke :630 mm Temp. t: 30'C
Piston rod diameter d: 50 mm

R.eceived 20 February 2002
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