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Rezumat. In lucrarea de fa se prezint modelarea Abstract. In this paperwork there are highlighted aspects
matematid@ a supapei de limitare a presiunii, folésih regarding mathematical modeling of pressure lirgitin

instalaiile hidraulice,si metoda de analiza stabilititii valves, used on hydraulic systems, and also aspects
supapei de presiune, bazpe diagrama Ince-Strutt. related to stability analysis methods based on-Bicett
diagram.
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1. Introducere 1. Introduction

Supapele de limitare a presiunii sunt elemente  Pressure limiting valves that are integrated in
ale instalgilor care au rolul de a mé@ne sau de a hydraulic systems have the role of maintaining, or
regla presiunea uleiului in conformitate cu ceglim  controlling the oil pressure in accordance with
impuse la proiectarea instdlr. In cele ce requirements imposed at the level of designing
urmea se analizedz comportarea supapelor de hydraulic systems. In the followings there is

limitare a presiunii in urgtoarele ipoteze: analyzed the behavior of pressure limiting valves
1- conducta dintre poripsi supap este SCut i using the followings simplifying hypothesis:
rigida; 1- the pipeline between the pomp and valve is of
2- varigiile presiunii p a uleiului care int n an short length and it is considered to be rigid;
supag sunt pur armonice; 2- the pressure variations @ the oil that entries
3- presiunea pa uleiului care iese din supgapste the valve have a harmonic form;
mult mai mic decét p; 3- pressure pof the oil that exists the valve is

4- setiunea transversala conductei de alimentare much smaller than pressurg p
a supapei este comparabilcu seg@unea 4- the cross section of the supply pipeline of the
transversdl a conductei de evacuare. valve is similarly with the cross section of the
exhaust pipeline.
Aceste ipoteze pot fi acceptate, cu o dun The hypothesis mentioned above can be
aproximaie, cel pdin in studile privind accepted with good approximation, studying thelfiel
comportarea transmisiilor hidraulice ale studies involving the behavior of the hydraulic

autovehiculelor pe standul de piob transmissions of vehicles on the test rig.
2. Ecuatia de miscare a masel mobilea 2. The motion equation of the mobile valve
supapei mass
Elementele constructive de laaale supapelor The main building elements of the valves used

folosite la transmisiile hidraulice ale autoveh@al  on vehicles hydraulic transmissions are presemted i
evindeiate Tn figura 1, iar in figura 2 este prezentat figure 1, and figure 2 showing the instantaneous

poztia instantanee a masei mobile a supapei. position of the valve mobile mass.
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Figura 1. Componentele valvei Figura 2. Pozia masei mobile a valvei
Figure 1. Valve components Figure 2. Position of valve mobile mass
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undg: 1- carcds 2- bila; 3- supap; 4- arc.
In baza principiului lui D’Alambert, ectia de
miscare a masei supapei este:

where: 1- housing; 2- ball; 3- valve; 4- spring.
Using D’Alambert principle, the equation of
the motion of valve mobile mass is:

my + oy +ky = F(t), Q)
unde [1, 2, 5]: where [1, 2, 5]
m=my3+ (033+ 0.5) iy, (2)
F=A)- A Do(t) —kDBp —Fu(t), 3)
Ag-:'r[d_lz A2 :T[d_22 (4)
4"’ 4’
Fr = A V; IV, [p[Eosa . (5)

in relaiile (1) + (5):
my3 este masa elementelosiZ3 din figura 1;
my, — masa arcului elicoidal;
¢ — coeficientul de amortizare vascaasmediului;
k — constanta elasti@a arcului;
Yo — cOmprimarea itiiala a arcului;
Fn — forta de rezistei hidraulici (datorad curgerii
uleiului prin supap);

In relations (1) + (5):

M3 is the mass of elements 2 and 3 form figure 1,
my — the helicoidal spring mass;

¢ — viscous damping coefficient;

k — the spring elastic constant;

Yo — initial spring compression;

Fn — hydraulic rezisting force (due to oil flow thru

valve);

A; — aria segunii transversale a conductei de A; — area of the cross section of the valve supply
alimentare a supapei; pipeline;

A, — aria segunii transversale a conductei de evacuare; A, — area of the cross section of the valve exhaust

v, — viteza de curgere a uleiului prin conducta de pipeline;

alimentare; v, — oil flow speed through the supply pipeline;
V, — viteza de curgere a uleiului prin conducta de
evacuare; v, — oil flow speed through the exhaust pipeline;

p — densitatea uleiului;

a — semiunghiul conului scaunului supapei.
Pentru valori nu prea mari ale defldis

instantaneey < y,, se poate considera @ebitul

uleiului care trece prin supapste dat de refia [1]:

AQ=A1W1=T[E11E$/BV2 [([:p $ina,

in careC, este un coeficient cargne seama de
destinderea uleiului la curgerea sa turbulemtn
intersttiul creat de deschiderea supapei.

in conformitate cu [1, 5], vitez¥, este:

p — oil density;
a — semiangle of the cone of the valve seat.

For values not so large of the instantaneous
motion y<y it can be considered that oil discharge
that passes the valve is geven by equation [1]:

(6)

where C, represents a coefficient that considerers
the discharge of the oil, that flows with a turnde
character over the interstitium generated at the
valve opening.

According to [1, 5], the speéd, is:

V, = c\/g TRt - Po(t)]

unde C, poarti numele de coeficient al vitezei de where C, is

evacuare. Combinand réie (5) + (7) rezuli:

Fr = A1 IR () = P(O] (D) ,

unde:

A =mileh [Cp BD\? [$in2a .

(7)

the exhaust speed coefficient.
Combining equations (5) + (7) results:

(8)

where:

(9)
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Tindnd seama de reliie (3) si (8), ecusia de
migcare (1) devine:

my + oy +ky = A TR (1) = Ap TP (1) = A TR (1) = Po(0)] By —k B

in general, presiuneRy(t) este Tn funge dey(t)
si timp, iar Py(t) variaz in timp ca urmare, n
primul rand, a principiului de futionare a pompei
de alimentare. Intr-o priin aproximaie, prin
acceptarea ipotezelor 1+, = 0, (caz frecvent luat
in considerare in literatura de specialitate), gaua
(10) se poate considera Tn forma particilar

my+ oy +ky=A R -A R Y-k,

Tn care:

R(t) =Ro+AR [Coswyt

Taking into consideration equations (3) and (8)
the equation of the motion (1) becomes:

(10)

Generally, pressur®,(t) is a function ofy(t)
and varies with time, considering the functioning
principle of the supply pump. In a firs
approximation, accepting the  simplifying
hypothesis 1+4P, = 0 (frequently used case in field
research), equation (10) has the particular form:

(11)
in which:
(12)

prin ®; notandu-se pulsa uleiului trimis in by ®; understanding the oil pulsation sent into the
supag. valve.
Notand: Noting:
A2 =k+A1[Rg;  Az=A1[ARg (13)
Fo=AMRo-kDon,  ARg=AlAR, (14)
din (11) + (14) rezuit from (11) + (14) results:
my + oy + (Ao + Agcosut)y = Fy + AR [Eoswt (15)
Folosind schimbarea de variabil Using the variable changing:
Cc
-t
y=z[@ 2m (16)
ecuaia (15) devine: equation (15) becomes:
% )= ), (17)
t2
in care [4, 5] in which [4, 5]:
A c?
F(t) =22+ A3 pogt -
(O) = >+ [Eosty P
c (18)
A —t
fi(t) = [ﬁo E:osooltJ [@2m
Notand: Noting:
=St = dt=—2dy 19
ecuaia (17) capta forma: equation (17) has the following form:
2
% +(a+2q(Cos2y) (2= fo(W), (20)
unde: where:
2\
a=—5—5 @m,-c%); q=—3, (21)
m Mmooy
iarfo(W) are expresia: anfd(t) has the following form:
4
fa(W) = p fa (). (22)
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Rezolvarea ecui@i (20) ridica probleme
deosebite, din acest motiv, in cele ce urrieazva
soluiona numai problema stabiliti supapei
folosind ecuga tip Mathieu rezultat din (20)
pentruf(y) = 0.

In condiiile instabilitatii, supapa intt intr-un
regim necontrolat de furonare, Vvibraile
puternice care apar influgmd puternicsi asupra
nivelului de zgomot din circuitul hidraulic. Apgge
fenomenului este posibil la deschidereg
inchiderea supapei, in coridle unei variaii bruste
a presiunii uleiului etc. De medonat &
functionarea stahil sau instab#l a supapei depinde
exclusiv de parametrii ei constructivi, ny de
perturbaia f(t).

La baza analizei stabiiii solutiei ecuaiei
Mathieu

2

sti diagrama Ince-Strutt, descti§n lucirile de
specialitate [5-8]si prezentat in figura 3.

a

A A
~15 L4

P
=35-30 -25 =20 -15 -10. =5

d—§+(a+2qm:0521p)&=0
dy

Resolving equation (20) involves special
problems, and for this reason in the followings it
will be solved only the valve stability problem ngi
the Mathieu type equation resulted from (20) for
fa() = 0.

In unstable conditions the valve entries in an
uncontrolled  functioning regime, vibrations
intensity that appear influencing the noise leviel o
the hydraulic system. The appearance of the
phenomena is possible at the opening and closing of
valve, in conditions of almost instantaneous
variations of oil pressure. It is to be mentionkdtt
the stable or unstable functioning depends
exclusively on the constructive parameters and not
on perturbatiorfi(t).

The basis of stability analysis using Mathieu
equation

(23)

is represented by Ince-Strutt diagram described in
studies [5-8], and presented in figure 3.

A A

(1]

Figura 3. Diagrama Ince-Strutt
Figure 3. Ince-Strutt diagram

In Diagrama Ince-Strutt limitele domeniilor de

instabilitate (hgurate) corespund salilor periodice
ale ecugei (23)si au ca ecud asa numitele funti
Mathieu [7]:

In the Ince-Strutt diagram the boundary of the
instability domain correspond to the periodic
solutions of equation (23) and have as equatioas th
sow called Mathieu functions [7]:

ag(q) = —%qz +1—;8q4 —%ﬁ .....

2@ =11 _%qz +6_14qg B 15136q4 B 3618164q5 o
@ =1+q _%qz _6_14q3 B 15136q4 B 3618164qS o
>2() = 4_1_12(42 * 135824q4 B 79552240‘16 o
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5 , 763 4, 1002401 g
a =4+ —q° - + e
2() 127 138247 " 79626240
1, 1 3, 13 4. 5 5 1961 g4
=9+—q°-—Qq°+ + - +o
bs(a) 160 62" 20480 163827 23592960
1 -, 1 4 13 4 5 5 1961 ¢
a- =0+ — -— + - - — s
3(0) 167 "2 "2048Y 16387 " 2350206

3. Concluzii

in diagrama Ince-Strutt limitele domeniilor de
stabilitate corespund sailor periodice ale ecugei
(23) si au ca descrieri analiticeg@numitele fungi
Mathieu. In lucrarea [7] se a#ati, dac parametrul
g este suficient de mic, atunci, in planul g-a, #®ne
de instabilitate se reduc krul de puncte (0;1),
(0;4), (0;9), (0:16) etc. In cazul general, @ns
decizia asupra stabiiii sau instabilifitii sistemului
descris de ectia (23) trebuie #se ia in funge de
localizarea punctuluiga) Tn diagrama Ince-Strutt.

Eliminand unul din parametrin si wy, din (21)
rezulé ecuaia drepteia = a(g). Reprezentarea

3. Conclusions

In Ince-Strutt diagram the boundary limits
correspond to periodic solutions of equation (23)
and have as analytical descriptions the so-called
Mathieu functions. In study [7] it is presentedttha
if parameterq is small enough, then, in plane g-a,
the instability areas are reduced to the stringptsoi
(0;1), (0;4), (0;9), (0;16) etc. In the generaleake
decision over the stability or instability of the
system described by equation (23) is taken
considering the coordinates aof;;d) point on the
Ince-Strutt diagram.

Eliminating one of the parametens and wy,
from (21) it is obtained the equation of the stinaig

acesteia in diagrama Ince-Strutt permite a precizéine a = a(qg). The representation of this line on the

valorile critice ale luia si g. Apoi, cu valorile luia
si q astfel determinate, din reide (21) rezuld
valorile critice ale unora din parametnii, c, wy, A,
etc. in funde de ceilal consider# dati.
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