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DYNAMIC RESEARCH OF PRESSURE-REDUCING VALVE

Abstract. The principle of work of the Pressure-reducing Valve is shown as an example of linear automatic control
system. The dynamics of a constant pressure control device is considered. The low internal resistance of a pressure source
for the whole range of fluid flow is assumed. The variable pressure reducing the transient process at the valve outlet after
the step reduction of the load throttle is shown. The reduction of the fluid flow due to the valve throttle control slot
resistance increasing and the reduced pressure decreasing after the maximum point form the feedback work. The dynamic
equations of the hydro pneumatic automatic devices and elements have the form of nonlinear differential equations in
partial derivatives that describe the wave processes in variable volumes. Have been distinguished the open deformable
control volume of the reducing cavity between the cross sections of the throttle control slot of the valve and before the
throttle of the load and determined the stability and quality of transient process.
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Analysis of the control process can be performed: a) by calculation method; b) experimentally; c)
by a combination of calculations and experiment. It is necessary to set up the dynamics equations of the
considered system separate elements and perform analysis of the obtained relations. For example, let’s
consider the constant pressure control device dynamics before any consumer of the simplest hydraulic
or pneumatic system.

The Pressure-reducing Valve is represented as a constant pressure control device. It keeps a
constant fluid flow pressure after the valve and before the load in the case of the control device and its
load are connected in series, as shown in Fig. 1. Here we mentioned a pressure source only, which
should provide an approximate pressure constancy # (t) or its small changes in rather wide range of the
fluid flow. The Pressure-reducing Valve load determines this flow, but not the power source, which is
replaced by the expression p. = const in the Fig. 1.

In such conditions, low internal resistance of a pressure source for the whole range of fluid flow
variation is assumed. This value of internal resistance is taken independently on the time and the load
parameter. The linear throttle of the variable cross-section which depends on the time only is chosen as
a load of the valve in Fig. 1. and represented as the sum of the constant and variable components
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Fig. 1 — The linear throttle asa

The load linear throttle characteristic inclination p,, = f(Q) must be positive (Fig.2), because at
zero and negative characteristic inclination it loses its properties to maintain the constant pressure.
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Fig. 2 — Fluid flow — pressure relation

The variable pressure reducing transient process at the valve outlet after the step reduction in time
of the load throttle cross-section is shown in Fig.3. The pressure in the reducing zone rapidly rises
causing the valve moving downward and the valve throttle control slot cross-section reduction at the
initial time due to the stepwise reduction in the load throttle cross-section. The fluid flow reduction
through the load throttle (third graph in Fig.3) and along with it the reduction of pressure in the cavity of
the reducing valve p.(t) is the second reason of the valve displacement downward.

The reduction of the fluid flow due to the valve throttle control slot resistance is increasing and the
reduced pressure decreasing after the maximum point in the second graph (Fig.3) form the feedback
work. In the case, either of the zero or negative inclination of the load characteristics the process of the
reduced pressure decreasing after the maximum point is not possible. Decreasing the flow in the case of
the negative inclination will not lead to the required pressure reduction, but, on the contrary, to the
undesirable increasing the reducing pressure in the transient process.
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Fig. 3— The step reduction in time of the load throttle cross-section
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Let distinguish the open deformable control volume of the reducing cavity between the cross
sections of the throttle control slot of the valve (Fig. 1) and before the throttle of the load, have a form:

d
‘Zt(t) =m (1) —mg g (D 1)

The control volume mass m(t) can be represented as a variable value due to the considered
volume deformations by the movement of the valve gate and changes of the density of compressible
medium within the control volume. The mass m(t) can be represented as a product of the compressible
medium and volume density, which depends on the time:

m(t) = p(OV(t). @)
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The equation of forces is the second major equality of the dynamics descriptions of the object. The
pressure reducing force acts and directed downward on the sliding shutter with mass m in Fig.1.
Therefore, its projection is negative. The hydrostatic forces at the conical part of the shutter and at the
end of the cylindrical sliding valve portion of the belt from the side of fluid supply are mutually
balanced under any pressure. Thus, they are not recorded in the equation of forces. The shutter lifting
reduction is the peculiarity of the spring positive force determination and hence, variable component is
negative. The friction force of the cylindrical corbel is assumed as a linearly dependent from the speed
and directed against the positive direction of the "x" at dx(t)/dt > 0 with the purpose to simplify the
linear model. According to the law of momentum change (Newton’s second law), the equation of forces
projected on the X axis is written as:

dx d?x

~(Pro — P(O)F + c(h — x(1) —k, =2 = m = @3)
[1].

[2]. The pressure substitution to the left part of the equation removes the constant

components poF = Chy that do not contain the perturbations f (t):

[3].

[ w4 () = ~Fp(0). @
[5].

From the polynomial it is not difficult to get the first transfer function of the linear model of the
reducing valve in the form of a rational fraction:

We($) =225 = : (5)

©(S)  (aszs3+aps?+a;s+ag)

In this formula the three-term square is designated by symbol 6(s) = ms? + k,S+ C. As a
result, equality can be written as the second transfer function of the reducing valve by pressure.

Vl/p(s) — LS) - _ b252+b1$+b0 (6)

Y(s) ass3+a,s?+a,S+ag

From the theory of linear differential equations stability is provided by fulfill of a system of
inequalities for the third order equations:

ap, >0; a; >0; a, > 0;a; > 0; a,a; > aya,. (7

The fulfill of inequality does not provide the dynamic quality of the object. It is necessary to
choose such combinations of coefficients of the denominator of transfer functions at which dynamic
quality will be the best. Small overshoots or dips of pressure reduction and minimum time required for a
step perturbation.

Conclusion

1. The Pressure-reducing Valve is represented as a constant pressure control device. It keeps a
constant fluid flow pressure after the valve and before the load which is connected in series.

2. In order to describe the dynamics of the considered object it is necessary to use two main
hydraulic equations: the continuity equation of the system and the equation of forces of the sliding
valve.

3. A significant increase in fluid compressibility coefficient at small values, significantly reduces
the stability of the regulator, and at the medium and big values, practically does not change the zone of
stability or even increases it.

129



4. Regulators design, it is recommended to select the zones located on the right side of the stability
curve, since this provides a wide band of operating frequencies.
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I'PA®IYHI 3BACOBU NPEJACTABJIEHHS I TPOEKTYBAHHSA CKJIAJTHUX
TEXHIYHUX CUCTEM I'TTPOABTOMATHUKH

Anomauyia. Poboma npucesuena numanHam Memooono2ii npoeKmy8ants NPUHYUNOBUX CXeM MEXHIYHUX cucmem 3
2IOpasnivuHUMU Ma MEXAHIYHUMU KomnoHeHmamu. OCHOBHUMU NPOONeMAaMU € BUCOKL sUMO2U 00 K8AIiQiKayil po3poOHUKIE
ma 3HAYHI GUMpPAMU  Ydcy, WO OOYMOGIEHO IHMYIMUGHUM NiOX000M 00 NPOEKMYBAHHS CXeM md GIOCYMHICTIO
cneyianizoeanoi OiOiomeKy epagiuHux NO3HAYEHb eIEMEHMHO20 6a3UCy. 3anponoHOBaAHO 3a2aibHe VAGIEHHs HA CKIAOHY
MEXHIYHY cucmemy, SIK maxKy, Wo 63aeMO0IE 3 308HIUHIM cepedoguigem uepe3 Nomix enepeii, inghopmayii i mamepiany.
Lnsixom Ouckpemnux Oill mexniuna cucmema gopmye 3adami eracmueocmi nomoxy. Ha ocnoei mipkyeansb usHaueHo
Komniexkm  OIl, SIKI peanizylomvCsi 6 MEeXHIYHUX CUCmemax Ol GUPIUEHHST WUPOKO20 KOlAd 3a0au 2iopoasmoManmuKi.
Pospobneno epaghiuni 3acobu Onst nosnavenv yux Oitl ma Memoouxy ix 3acmocyéanms Olsi NPeOCMAGIeHHs. CMpPYKmyp
NPUHYUNI@ Oii MexXHiuHUX cucmem. 3acmocy8anHs papiuHux 3acobié 0036015€ YACMKOB8O (BopMAnizyeamu nepexio 6io
KOMWIEKIY G1ACMUBOCmell MEeXHIYHOT cucmemu 00 CmpyKmypu npuHyuny Oii i 0o it npunyunosoi cxemu. Bukopucmanms
Gopmanvrozo aneopummy 3HUNCYE 6UMOSU 00 KEATIQIKAYIT 1 3MEHULYE YaCO8i UMPAMU HA NPOEKMYBAHHSI NPUHYUNOBUX
cxem.

Knrouosi cnosa. Memoodonozis, mexniuna cucmema, 2iOpoasmoOMamuxd, NPUHYUNOBA CXemd, eeKmueHicmb

npoexmysannsi, hopmanizayis, spaghiuni 3acoou.

@opMy/IIOBaHHA MPOOJEeM Ta aKTyajbHicTh. [IpoekTyBaHHS CKIQJHUX TEXHIYHUX CHCTEM
TiIpOaBTOMATHKHU MOTpeOye BUCOKOT KBaiikallii po3poOHHKIB 1 3HAYHMX YacOBUX BUTpaT. B Benmkiii
Mipi 11e O00yMOBJIEHO (DI3MYHOIO PI3HOPIAHICTIO KOMIIOHEHTIB CHUCTEM, CKJIQIHICTIO MPOIIECIB 1
CKJIQJHICTIO iX Y3rO/DKEHHS JUId JOCATHEHHS TMOTPIOHMX eKCIUTyaTalllfHuX XapaKTepUCTHUK.
[IpoexkryBanHsi mepeadayae BH3HAYEHHS MPUHIMIIB [ii, pO3pOOJIIEHHS MPUHIUIOBUX CXEM,
PO3po0IIeHHs, Halaro/PKEHHsS Ta BUKOPUCTAaHHS MAaTeMaTHYHHX MOJeNel, BU3HAUEHHS IapaMeTpiB
KOHCTPYKIIIi KOMIIOHEHTIB 1 CUCTEM Ta KOHCTPYIOBaHHA. B X0zl mpoekTyBaHHS BHUKOPHCTOBYIOTHCS
rpadiuHi 3acobu, SKi € OCHOBOO JUIs MPECTaBICHHs IPUHLIMIIB Aii, OyI0BH, OpraHizallii mpouecis Ta
iH. [Ipuknamamu Takux 3aco0iB € TpadivHi MO3HAYCHHS CIIEMEHTIB TiIPOABTOMATHKU Ta MPUHIIMITOBI
cxeMu cucteM Ha ix ocHoBi [1]. LIi 3acoOu CTBOprOBaIMCH 3aCHOBHHMKAMH IMPEJAMETHOI 00MacTi Jyis
nepefadi iHdopMallii mpo MPUHIMI Aii eJeMEHTIB Ta cucteM. OCHOBHMMH BHMOTaMH JI0 TaKHUX
M03Ha4YeHb Oy MiHIMI3aIlis 300paXkeHHs PH 30epekeH1 T0CTaTHhO1 iH(POPMATUBHOCTI 1 3a0e3MeueHH1
iHTYyiTUBHOTO cripuiHATTsA. o 1 6yJ10 3abe3neyeHo. Tpeda 3aYBAKHUTH, 1O B Tepio] CTAHOBIICHHS ITHX
rpagiyHUX 3aco0iB, MPHHIUIIOBI CXEMH CHCTEM pO3pOOJSIINCh IHTYITUBHMM MUIIXOM, 1  3a/1ada
dopmarizaitii mporecy po3poOiieHHs! MPUHIIMIIOBUX CXEM CHcTeM Oyia He Ha 4aci. [IpukiagaMu Takox
€ rpadiuHi 3ac00H, SKi BAKOPUCTOBYIOTh JUIs TIO3HAYEHb €IEMEHTAPHHX MPOLIECIB Ta CXEM IPOLECIB [2-
5]. i 3acobu po3poOsuIUCh B iCTOPUYHO OUIBII CYYacHHUM MepioJl 1 MPU3HAYAIUCH I BUPILICHHS
3a7a4 MOOY/IOBH MaTeMaTHYHHUX MOJeel Ta MojentoBanHs. [ padiuni 3acodu [4,5] BUKOPHUCTOBYIOThH
JUTSL BUPILICHHS 3a/1a4 TIPOEKTYBAHHSI MIPUHIUIIOBUX CXEM JTUCKPETHUX CHCTEM.
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