
SCIENTIFIC PAPERS
OF THE UNIVERSITY OF PARDUBICE

Series B
The Jan Perner Transport Faculty

14 (2008)

AUTOMATIC PRESSURE CONTROL SYSTEM

Gabriela KOREISOVÁ, Josef KOREIS

Department of Means of Transport and Diagnostics

Introduction

The article describes static and dynamic characteristics of the pressure contral
systemof a regulatory hydraulic generator into an open hydraulic circuit. The pressure
control system of a hydraulic generator into an open hydraulic circuit, (HGR-O) is
schematicallyoutlined on Fig. 1.
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Fig. 1The pressure control system HGR-O
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The basic features of the system are a regulatory hydraulic generator into an open
hydraulic circuit (HGR-O), a pressure control unit with a slide valve stroke x(t) and serve-
cylinder with a piston-rod strake y(t). Hydraulic generator supplies output flow OG. A part
of the flow OH runs to the hydraulic motor that constitutes hydraulic generator load while
the other part ON flows thraugh the contral unit and servo-cylinder. In the entire bifurcated
output branch there rules the system pressure PN composed of loading resistors. At the
same time, PN is a feeding pressure of the control unit (brought to the "P" input) and
contralled pressure of the system set by the bias of the control unit spring. The required
preset value of the contralled pressure is marked with an asterisk in the exponent. If
PN<PN*, the contral unit is out of operation. At the hydraulic generator, the maximal output
flow at the maximal geometric volume fJ = 1. In the instant when pressure PN reaches the
preset required value the contral unit is put into operation. At the contral unit "A" output
arises non-zero contralling pressure PA that starts shifting the piston-rod of the servo-
cylinder towards the maximal position. The course of the output controlling pressure of
the contral unit is dependent on geometry of contralling edges of the slide valve and slide
valve stroke x(t). (PA (t)=f(x(t)).

1. Arrangement and Parameters of the Pressure Control Unit.

The arrangement of the pressure contral unit is outlined on Fig. 2. The slide valve
features only two spigots. The controlling one and conducting one.

Fig. 2 The arrangement of the pressure control unit

The input controlling edge is closed with zero cover. (In a real-life version, the input
controlling edge may be closed against high pressure with non-zero positive cover). The
output controlling edge is opened with basic negative cover XON. The feeding pressure PN
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affects the entire front area of the slide valve of diameter dp. Hydraulic force Sp.PN(t) is
balanced with the spring force k.(xo+x(t)). The dependence of the output controlling
pressure PA on the slide valve stroke x(t) is an inner static characteristic of the control
unit.The time flow of the slide valve stroke of the control unit x(t) is a basic characteristic
of the control unit.

Basic Parameters of the Control Unit:

Nominaldiameter of the slide valve dp =8 mm area Sp =16.1r=50,254 mm?

Calculating clearance 2h=dp1-dp2=O,0032 mm

Totallength of conducting spigots L=12 mm

Basicnegative cover

Diameterof controlling hole in body

Calculating weight of the slide valve

Feedingpressure

Drawbackspring rigidity

Workingoil viscosity

Oilspecific weight

Calculated Dynamic Parameters.

Naturalfrequency quadrat

Viscousdamping coefficient

(XON =xmax)xON=0,42 mm

dA=5 mm

m=0,01012 kg

P~ =25 MPa

k=273,3 Nsnmř'

,li =1,45.10-2 N.s.m-2

p=900 kg.m-3

w~=~=27005929 S-2m

2. Inner Static Characteristic of the Control Unit

Theoretic inner static characteristics may be achieved by calculation, with a
constant input feeding pressure. Actual inner static characteristics are determined by
measurement. Controlling edges of the slide valve constitute the local hydraulic
resistances. Loss in pressure at the controlling edges is proportional to the flow quadrat:

LlP=S'.~.p'V2= S'.p .Q2=R.Q2 (1)
2 2.s2

Hydraulic resistance: R= S'.p =~ (2)
2.S2 S2
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(3)

With the controlling edges of the slide valve, the flow area is a variable dependent on the
slide valve stroke x and controlling edges geometry applied. Figure Fig. 2 outlines the
front controlling edges on the controlling spigot of the slide valve and the controlling hole
in the the control unit body (Geometry "B"). The flow area is formed by intersection of two
cylinder areas. The size of the flow area is calculated as an area of parabolic segment.
One concurrent controlling hole constitutes two flow areas on one controlling.
With zero cover of the input controlling edge (Fig. 2), it applies for the flow areas:

8 tr=: 8~ 3S1(x)=3·...;dA·X , S2(x)=3' dA·(XON-x)

Connection of resistances of the two-edge controlling slide valve is outlined on Fig. 3.

Static characteristic is dependence of
two quantities in several succeeding
steady states. In the steady state, there
is balance of static forces on the servo-

Fig. 3 Contro/ling Resistances Connection cylinder while the piston-rod is halted.

The rate of flow QA(t)=Sy.Y(t) is zero.

Then Qr =QN and the entire input flow

flows through open controlling edges. On
Fig. 3 flows the flow QN through the

both controlling holes of the control unit.

If Pr =0

Definition of dimensionless quantities:

x= __x_=~, PA=~=~' ON=~
xmax XON PAmax PN ONmax

If substituted for flow areas according to (3) it applies:

(4)

(5)

(6)

(7)
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s

x3

PA X3 +(1-X)3

Linearly growing slide valve x(t) E < O; 1> and constant feeding pressure p~=1 is

substituted in the equation (8) (Theoretic characteristics).

Analogically, the dimensionless flow through open negative cover finds its dependence:

(8)

ON =4)(1-X)3.p A (9)

Simulation model constructed according to the latter two equations is depicted on
Fig.4.

~
Clock ((1-uf'3f'D.5

Fig. 4 Simulation model of the dimensionless inner static characteristics of the contral unit

The calculation results in dimensionless inner static characteristics of the control unit we
cansee at Fig. 5.
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Fig. 5 Oimensionless inner static characteristics of the contral unit

On the left there is the pressure and on the right there is the flow dimensionless
innerstatic characteristic of the control unit. With maximal pressure of 25 MPa, maxima I
losing flow is about 2.5 dm3/min. For controlling is used the middle distance of the
pressurecharacteristic with steepness of L1pl &=3.
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3. Analysis of dynamic characteristics of the control unit

Required value of the controlling pressure is set through drawback spring bias of
the control unit according to the static forces balance equation in the initial (zero) position:

k.xo=SpP~ (10)

Maximal stroke is determined by the size of the basic negative cover xON=0.42 mm.
To achieve the maximal stroke, it is necessary to increase the required value of the

controlled pressure by static variance iJps .

Static forces shall be balanced on the slide valve in the maximal position:

i»; +L1ps)·Sp =k.(xo +XON) (11)

With the maximal stroke, the controlling pressure has maximal value

PAmax=~+4Js .

The time flow of the slide valve stroke is determined through the balance of all
static and dynamic forces affecting on the slide valve:

(p~ +LlPN(t))·Sp =m.x(t)+b.x(t)+k.(xo +x(t)) (12)

After the initial static forces are eliminated according to (10) the balance of the
dynamic forces will result:

LlPN(t)·Sp =m.x(t)+b.x(t)+k.x(t) (13)

It follows from the equations (10) and (11):

LlPs=; ·xoN=2,275MPa, =O,091.p~ (14)
p

ln the kinetic equation (12), the input change of pressure must be of
value LlPN =Llps according to the result (14) so that the slide valve of the control unit

moves from the zero position to the maximum position.
For assembling the simulation model, the equation (13) shall be transformed into

an operator shape:

L1pN(s)·Sp=(m.s2 +b.s+k).x(s)=k.(Ti-S2 + T1.s+1).x(s) (15)

(17)

Definition of dimensionless quantities:

- x x - P - LlPN
X =--=-, P =--, LlPN=-.-

xmax XON PTmax PN

Equation (15) in a dimensionless shape:

- k.xON 2 2 -
LlPN(S)=--. (T2·s +T1·s+1).x(s)

SpPN

Image transmission of the control unit:

(16)

(18)
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where:

1
10,94 dimensionless praportional amplification of the

L1PNS

contral unit,

T;=; =-;'=3,7.10-8 (S2) time constant of the second order,
(1)0

T1=-kb = 2c5=10-5 (s) time constant of the first order.
(1)0

The relation for the viscous damping coefficient was derived for incompressible
Newton liquid with the prerequisite of linear distribution of speeds through clearance and
zeropressure loss on the conducting spigot [2].

Numeric values of the basic parameters of the contral unit were chosen. Calculated
valuesof the dynamic parameters are just orientational, used for model calculations. After
theback control feed is closed and simulation model of the entire pressure contral system
is assembled, some parameters will be fine-tuned. The stated dependencies of the
dynamic parameters on the basic parameters of the control unit facilitate tuning of real
controlsystems at the testing room.

8ehind the control unit output x(t) it is now possible to connect a non-linear function
PA = f(x) according to Equation (8). A corresponding simulation model is on Fig. 6.

10.94

0.000000037 s2+0 .0000 1s+ 1

Regulátor

~
Clock

Fig. 6 Simulation model of dynamic praperties of the contral unit

The result of the simulation is on Fig. 7. The time shift is caused by creation of
regulatory deviation. Constant -1 is a step change. A ramp of steepness s=100 S·1

reachesthe value +1 in time t1 = 0.01 s when the transitional pracess begins. In the ramp
function it is possible to set the initial value i =+1. the entire contral unit may be modelled
bysubstitutive P- transfer of the first order, (Fig. 8)
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Fig. 7 The time flaw af the slide va/ve stroke and the caurse af cantrolling pressure

10.94

0.00001s+1
Regulátor1

Fig. 8 Substitutive image transmissian af the cantro/ unit.
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Fig. 9 Slide va/ve stroke
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Fig. 10 Substitutive caurse af the
cantrolling pressure

The course of the slide valve stroke is oscillated. The course of the controlling
pressure is not that oscillated. The slide valve may overshaot behind the maximal active
position. After the maximal stroke is exceeded, the output controlling edge is clo sed now
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and the controlling pressure PA cannot be of higher value than the feeding pressure PN.
Thecalculated superelevation may be cut off by inserting a limiting block in the simulation
model on Fig. 6. More suitable is application of substitutive course of the controlling
pressure through P-shift of the first order, (dashed on Fig. 10), according to the model
onFig. 8.

4. Arrangement and Parameters of the Servo-cylinder.

For controlling the geometrie volume HGR-O, there is a standard servo-cylinder
schematically outlined on Fig. 1 and Fig. 3 with drawback spring. Realization is depicted
onFig. 11.

Fig. 11 Arrangement af the cantrolling serva-cylinder

ln the upper part, the drawback spring is placed on an independent piston-rod of
diametero.. . System pressure PN affects the area of the piston-rod SY2·

The controlling piston is hollow, placed on the fixed conduction of diameter Dy ,

with active area SY1 and the width of the wall t=4 mm. This is rather different

arrangement than on the schematic Figure 1 where the system pressure PN affects the
differential area SY1 - SY2.

Basic Parameters of the Servo-cylinder:

Internaldiameter of the piston

Diameterof the piston-rod

o; =34~~ mm, area SY1 =289.7r=907,29 mm2

a; =24~~ mm, area SY2 =144.7r=452,38 mm"
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Spring stiffness constant

Radius of the arm

Maximal angle of the swing board

Maximal stroke

Length of the piston placement

Length of the piston-rod placement

Clearance

ky=133 N.mm-1

R=(2,973,1).Dy =96 mm

a=(19720)O

Ymax =R.tg a =34 mm (výpočtová hodnota)

L1 =3.y max =100 mm

L2 =3.y max =100 mm

h=O,001 mm

The indicated numeric values of the basic parameters of the servo-cylinder were
chosen for analysing. With the real embodiment HGR-O, the basic parameters are known.

J
mOR=-2 =1,76 kg

R
Resulting translation translational weight in the axis of the servo-cylinder:

my=mYT+mOR=2,668 kg.

~

y -1 2
{úOY = - =223,27 s (quadrat {úOY = 49850

my

Ratio of the active surfaces: SY2/ SY1 =144/289=0,498=0,5

Viscous damping coefficient ( if fl =1,45.10-2 N.s.m-2)

Ca/cu/ated parameters:
Weight of piston and piston-rod

Weight of the swing board

Reduced weight of the board

Natural frequency

piston:

mYT=0,908 kg

mo=6,357 kg, inertia moment J=0,0162 kg.m2

L1 1
bw =lLflDy ·-=145,77 N.s.m-

h

L2 1
b2y =Jr./-l.dy 'fJ=100,21 N.s.m-

Translational movement damping coefficient without being affected by resistance

against swing board rotation: bvr =bw +b2y =246 N.s.m-1 being affected by resistance

against swing board rotation by =492 N.s.m-1
.

piston-rod:

Dimensionless damping factor is Oy ~ 0,413.
2. ky.my
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5. Analysis of Static and Dynamic Properties of the Servo-cylinder

Static characteristic of the servo-cylinder is dependence of the stroke y(t) on

thecontralling pressure PA (t) r in a row of subsequent steady states. Initial relation is the

balanceof static forces:

(19)

Considering that the hydraulic force PN.S2Y affects in the same direction as the spring
řorce,the spring may be installed with insignificantly minor bias. If yO = Othen:

PA(t),SY1-PN,SY2 =Sn(PA(t)-O,5,PN )=ky.y(t) (20)

As long as the left side of the Equation (20) is negative, then y = O and the piston
standsin the right stop position. Controlling pressure PA (t) gradually increases up to the

startvalue PAO =O,5,PNO when the servo-cylinder starts to move. To make sure that the

controlling pressure PA (t) is nonzero, the sfíde valve must be opened by

pressurepN(t»p~. To put it simply, it is save to presume that the real controlied pressure

will be dimensionless calculating value PNo=1+L1PNS=1,091 That provided, the starting

pressurewill be of dimensionless value:

PAO=0,5.(1+ L1PNS)=0,545 (21 )

Contral of servo-cylinder stroke and geometrie volume HGR-O is over on maximal
strokewith servo-cylinder piston-rod leaning against a terminative position stop. That
shalloccur on balance of forces.

Sn(PAM -O,5,(PN +L1pNS ))=kY'Ymax (22)

Limit pressure at the end of control will be of value:

ky·Ymax -
PAM • +PAo=O,866

PN,SY1
(23)

It is not necessary to model the limit controlling pressure PAM =0,866 . More

expedientis to model a mechanical stop of the piston-rod at the value Y max .

From Equation (20) it follows for the servo-cylinder stroke:

y(t)= SY1.(PA(t)-O,5.PN(t))= SY1,(PA(t)-O,5.(P~+L1PN(t))
k; k;

(24)
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ln a dimensionless shape:

y(t) SY1'P~ ,(PA(x(t))-O,5.Cp~+LjpN(t)) (25)
ky·Ymax

Similar statie eharaeteristies are quoted by
HGR-O produeers in the teehnieal
doeumentation, usually in a dimensionless
shape. On Fig. 11, there are statie ehara-
eteristies outlined for several required
values of the eontrolled pressure. With a
zero servo-eylinder stroke and maximal
geometrie HGR volume, eaeh ehara-
eteristie starts on the required value of the
eontrolled pressure.

With deereasing geometrie volume and
inereasing servo-eylinder stroke, the
drawbaek spring gets pressed while the
eontrolled pressure inereases by a static
deviation. With zero geometrie volume and
maximal stroke, the statie deviations are
maximal. (For better clearness, the static
deviations on Fig. 12 were inereased).

Hereisgenerally P=-pP andspecially PA=pPA =pPA, p~=_~~ (26)
max Amax N PNmax

AII the existing ealeulations were done for the required value of the eontrolled

pressure P~=1. Statie eharaeteristies of the servo-eylinder will be ealeulated for lower

required values of the eontrolled pressure. In the relation (25), dependenee (8) shall be
substituted for PA(x(t)) , modified also for deereased values of the eontrolled pressure.

The result of the ealeulation aeeording to (25) shall be eonverted through applying
the relation ,8(t)=1- y(t) to eontrolled pressure dependenee on the geometrie volume

(Fig.12).

pN
1 1:-:-:-::--=--::-:- _:-::_-i:-~, ::-:- _:-::_c-_ =- -,.;", -c- =- -'""-~- ..;....~..........;-~-l

, ,, ,, ,, ,
0.8 - - - - - - ,-- - - - - - ,--, ,, ,, ,, ,
0.6 ------~------~, ,, ,,,
0.4 ------~------, ----- ,, , ,, , ,, ,, ,,0.2 r r r r r r r r r r r r r r, ,, ,, ,, ,, ,OL---~----~--~----~--~

O 0.2 0.4 0.6 0.8 beta 1

Fig. 12 Static characteristics of the servo-
cylinder.

Dynamic characteristic of the servo-cylinder, (the time flow of the stroke y(t)),

is determined through the balanee of all the forees:
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For dimensionless quantities in the operator shape.

PA(s)-O,5.(1+L(ON(S))=LlPR(S) kY'Ym~x '(1+ ~y .s+;Y .S2).y(S)
SnPN Y Y

(28)

Image transmission of the servo-cylinder:

(29)

where:

- SnP~ 5 I I f frOY k dimension ess proportional amp i ication o the
Y'Ymax

servo-cylinder,

2rny 1 -52 .T2y =k=-2-=2.1 O (s) tirne constant of the second order,
Y OJOY

by 2by . f h fi dTW=-k =-=0,0037 (s) time constant o t e irst or er.
y OJOY

Corresponding simulation model of the dynamic properties of the servo-cylinder is
onthe Fig. 13 in the lower foot. The control unit is modelled by substitutive P- transfer of
thefirst order according to Fig. 8.

:1
I:
:1
I:
: 1 0/1 091 :>=5001 . .
:i ZAT t=O,i=O I
1:-"-"-"-"-"

I~
Cloe!<

._ .. _ .. _ .. _ .. _ .. _ .. _ .. _. _ .. _ .. _,._ .. _ .. _ ._ .. J

Fig. 13 Simulation model the conirol unit a servo-cylinder.

ln the model of the servo-cylinder, the input limiting block "Sat 1" transmits only
positivevalues of the controlling pressure deviations. The output limiting block "Sat 2"
modelsthe mechanical stop of the servo-cylinder stroke.

The results of the simulation is on Fig. 14 and Fig. 15.
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Fig. 14/nput change ofthe controlling Fig. 15 Time flow ofthe servo-cy/inder
pressure stroke

On Fig. 14 there is generation outlined of the ehange of the eontrolling pressure
t1PA = PA - O,5PN at the servo-eylinder input. The eontrol unit begins generating the
eontrolling pressure PA as the loading pressure PN reaehes the desired unit value. On
Fig. 15 there is the eourse of the strike y(t) and dashed eourse of the dimensionless
geometrie volume fJ(t) = 1 - y(t).

, oN

1

0.8 ~' - - - - - j -~~---~------~--------
I I I I
I I I I

0.6 - I -----~------:------r--------
:doA: :
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The model on Fig. 13 features the souree of the loading pressure (ZAT) , in the
form of ramp funetion. After the feedbaek loop is closed, the input ramp of the loading
pressure shall be replaeed with the souree of the loading pressure on the output side of
the HGR-O. The loading pressure shall be proportional to the passive moments
depending on revolutions and pressure losses at the inner hydraulie HGR-O resistanees.

The bloek to eonvert the servo-eylinder stroke y(t) to the geometrie volume fJ(t) = 1
- y(t) is a part of the closed feedbaek loop. The passive signum in the given relation
determines the signum of the entire feedbaek. With inereasing positive regulation
deviation t1PN(t) the geometrie volume deereases fJ(t) and thus also the eontrolled
pressure PN(t) deereases. The feedbaek is negative.

6. Analysis of the Dynamic Properties of the System

The eontrol unit model and servo-eylinder is supplemented with the HGR-O model
with a driving motor and loads. The ZAT 1 load shall model pressure losses at hydraulic
resistanees depending on the flow and the pressure differenee proportional to the passive
HGR moments depending on revolutions. Hydraulie resistanees against the movement of
the liquid are modelled by statie funetion f(u)=O,8.u+O.2.u2

. The resistanee against
aeeeleration of the liquid is modelled with derivative transmission of the first order. The
pressure differenee depending on revolutions is modelled with multiplier so that it is not
neeessary to ehange two parameters at the ehange of the desired eontrolled pressure
value. The ZAT 2 load shall model effeet of eonneetion and diseonneetion of the hydraulic
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motor by moving the distributor. By the latest requirements is adjusted the simulation
model at Fig. 16.

40

O.o0001s+1

_R~ul<!Jor_

Fig. 16 Simulation model of pressure contral system.

The HGR-O Model with driving motor and ZAT 1 load is taken from the study [1]
where it is described in details. The driving motor is modelled with a simple image P-
transmission of the first order. The inner load ZAT 2 consists of two identical ramps
modellingthe change of the distributor position. On the left there is the ramp of steepness
s=30s -1 set for the start time t1=0,40 s. The ramp on the left models opening of the
distributor and the system pressure drop to the level corresponding to the resistances
againstthe movement of the hydraulic motor. On the right side there is a ramp of the
same steepness set for the start time t2=0,45 s. The ramp on the right side models
transposition of the distributor to the close position or termination of the hydraulic motor
strokeby the piston stopped by the lid.

6.1 Closed Distributor Start

First, the system is analyzed at the start of the driving motor and closed RP
distributorwhen the flow of the hydraulic motor is zero (QH=O) and the whole flow of the
hydraulicgenerator flows through opened negative cover of the controlling edges of the
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Fig. 17 Revolutions, geometrie volume

and f/ow

eontrol unit (OG=ON). The size of this minimal flow is determined by produet of velocities
of servo-eylinder movement and its active area SY1. In the dimensionless form il

iSQN(t)=Y(f). In the ZAT 1 Load it is modelled by function f(u) where u=QN(f). The effecl

of the change of distributor position is eliminated through setting of start time in the ZAT-2
ramps longer than the start simulation time. The motor is started in time to=O s. The
results of simulation are on the following figures:

--·n f.i~.. ~-.::..:.----:--

0.8 _+\_L --i -p~- ---, ---

:: :~~i~:::;:::::::j::::::
0.2 ~11.-~_._.~.~; -- -- ---~--- --.-

I -S-__~'

O' ,-
O 0.051 0.2 U trs) 0.4
Fig. 18 Controlled pressure and moment

The pressure control unit begins affecting in the time t1=0.061 s when the system
pressure reaehes the desired value. Until then the servo-cylinder stroke is zero while the
geometrie volume is maximal and all the quantities are increasing.

As soon as the pressure control unit starts its performanee, the geometric volume
and flow on Fig. 14 begins decreasing. On Fig. 15 there is the controlled pressure PN
maintained on the constant value while the moment is decreasing. For dimensionless

flow on the Fig. 14 stands the definition relation OT=n1.,8. In the range tE(0,t1) there is

,8=1 andOT=n1. In the range tE(tpOO) the flow course is according to the definilion

relation. Similarly, it stands for the moment M1T=PN.,8. At ,8=1 isM1T=PN. At PN=1

is M1T =,8 .

The geometric volume and flow do not decrease to zero. To maintain the constant
pressure the control unit requires the minimal flow through negative cover of opened
eontrolling edges. Then on Fig. 17 neither the theoretic moment shall drop to the zero
value. The greater the statistic deviation is, the greater the non-zero value of controlled
quantities in the new balanced state is. Therefore, in tuning the model on Fig. 16 the
proportional amplification of the control unit was increased.

6.2 Deferred Start and Lowered Desired Value

The system simulation model on Fig. 15 is functional even at lowered desired
value of the controlled pressure and in time deferral of the driving motor start. On the
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following Figure there are results of the simulation if PN*=0.8 and on the start of the motor
deferred to the time t2=O,05 s.

I -------j'------.:.,:::L...:--..=..=-=--
:: I ----n1 :

0.8 - - - ~- - - ~ - - - -4-------~-------
I I I I

I I I I

0.6 - - - ~- - - ~- - - - - - ~- - - - - - - ~- - - - - - -
: I beta: :

0.4 ---~-- ~ -- ---~-------~-------
::Q : :

0.2 ---~- -~----- .L ~-----_-

I I I I

" , ~~~~O 1.. .1. -1 _

O 0.05 0.1 0.2 0.3 I(s) 0.4

pN :
0.8 - - - > - - - - - - - - - - - - - - - - - - - =-=---, ~-'-

/."'" pZ :
0.6

0.4

0.2

oL-1-~--~--~~~~
O 0.05 0.1 0.2 0.3 I(s) 0.4

Fig. 19 Revolutions, the geometrie
volume and flow

Fig. 20 Pressures and the eontrolled
moment

The start of all the characteristics is deferred by LIt = 0.05 s. Lower desired value of
thecontrolled pressure PN* corresponds to the lower values of all the other pressures as
wellas the lower value of the moment maximum. Slightly shorter is the time of the start. It
is important that prior to the start, according to the simulation results on GHR-O, the
maximalgeometrie volume and all the other quantities are zero as it is in accordance with
tothe reality.

6.3 Putting the Hydraulic Motor into Operation

The driving motor gets started in the time to=0.05 s. The desired value of the
controlled pressure shall be per unit. With constant revolutions, the RP distributor moves
to the open position in the time t2=0.4 s. In the time t3=0.45 s the distributor moves to the
closedposition or the hydraulic motor stroke is stopped when the piston hits the lid. The
time t3=0.45 s is the starting time of the ramp on the right side in the ZAT 2 load in the
model on Fig. 16. The hydraulic motor stops, the system pressure stops, the system
pressureincreases while the pressure control unit restores its activity.

The inner load ZAT 2 consists of two identical ramps modelling the change of the
distributor position. On the left side there is a ramp set for the starting time t2=0.40 s. The
ramp on the left side models opening of the distributor and decrease of the system
pressure to the level corresponding to the resistances against the movement of the
hydraulicmotor.

Resistances against the movement of the hydraulic motor are modelled with the P-
transmission of the first order. Increase in pressure below the desired value disables the
pressurecontrol unit. The controlling pressure PA drops to the zero value and the swing
boardturns over to the maximum position. There is no flow flowing through the closed
regulator. Starting from the time t1=0.4 s the whole flow of the hydraulic generator is
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transferred to the hydraulic motor input. (OG=OH). Until the time t1=0.4 s the courses of
characteristics are identical to those on Fig. 16 to Fig. 19.

On the right side there is a ramp of the same steepness set for the start time
t3=0,45 s. The ramp on the right side model s the shift of the distributor to the closed
position or termination of the hydraulic motor stroke when the piston hits the lid. With the
distributor closed, the system pressure increases and after the desired value of the
contralled pressure is exceeded, the control unit restores its activities. It overturns the
swing board to the zero position while maintaining the contralled pressure on the constant
value. With the constant value of the controlled unit maintained, the minimal flow controls
through open controlling edges the slide valve which is the part of the flow flowing
thraugh loading resistances. For activation of the ZAT 2 load, the simulation time just
increases for the simulation model on Fig. 16.

The result of the simulation:

Fig. 21 Revolutions, the geometrie
volume a flow.

I, i\ ::: ~~~-~-~~~~~~~~~~~~~~t-r.
0.4 - - - - -:- -\; --=-- - - - - - - - - +1- - -~ - - - - -
0.2 -- -~----~~~-------~---~-----

I .•••.•..• I I

o I__~ -----~-~---:~-~

Fig. 22 The eontrolled pressure and
momen

Marked times:

to - start of the motor

t1 - start of the control unit

t2 - hydraulic motor start and contral unit stop. (Opening the distributor).

h - hydraulic motor stop and contral unit start. (Closing the distributor).

On Fig. 21 there is a course of quantities fram the definition relation Qr =n1./3 . In

the time t2=0.4 s the revolutions are already per unit and the course of the flow is identical
to the course of the geometrie volume. With the distributor opening in the time t1=0.4 s
with constant revolutions the geometrie volume and flow increase up to the maximal
value. With the distributor closed in the time t2=0.45 s, the flow through the hydraulic
motor OH resets. The pressure increases and the contral unit turns over the board to the
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minimum position corresponding to the minimal flow ON thraugh the negative cover of the
controlling edges of the control unit.

On Fig. 22 there is a corresponding course of the controlled pressure PN and the

theoretical moment. There applies a definition relation M1T =PN.fJ. If fJ=1 then M1T =PN. If

PN =1 then M1T =fJ .

On Fig. 23 there are sections shown of the dynamic characteristics as outlined in
the technical documents of the HGR-O producers [5].

--,---- ----r-- 1 .1, ,, ,
0.8

, , , , ,--,--- .-------T------- ----r--, ,
QT =beta

,, , ,
0.6

, , , , ,
0.9- - ., - - -,-------T-------r ---,.--, , , ,, , , , ,

0.4
, , , , , 0.8- -., - - -,-------T-------r - - - I'" --, , , , ,, , , , ,

0.70.2
, , , , ,---t- --~-------+-------~ ---~--, , , , ,, , , , ,

0.6, , , ,
o o 0.016 0.04 0.064 0.08 t(s) o

_______ L l _

pN : ::
- -----~-----------~---- ~, ", ", "-- ----r-----------r--- -~-----

, ", "
--- ---~-----------~-- --~-----, ,, ,

, "---- --r-----------r ----.-----, ,, ,:......_-----'- - - - - ~- - - --
0.02 0.05 0.066 1(s)

Fig. 23 Detail ot dynamic characteristics ot flaw and controi pressure

According to the final Figure, the pressure control unit with preset parameters turns
overthe board in the both directions in about 16 ms. The results of the simulation on the
final figure correspond rather well with the results of the measuring as stated in the
catalogue documents by the HGR producers. If the hydraulic motor is idle, the driving
motoris loaded with a nonzero moment just for a very short time of the transient act. (On
thestart and close of the distributor). In steady states, the hydraulic generator regulating
the constant pressure loads the driving motor with theoretically zero moment. No "LS"
distributor is capable of that in the open circuit with non-regulating gear hydraulic
generator. There is no distributor in the closed hydraulic circuits of the HS gearings.
Regulationto the constant pressure is a basis of the energy-saving hydraulic systems.
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Resumé

SYSTÉM AUTOMATICKÉHO ŘíZENí TLAKU

Gabriela KOREISOVA, Josef KOREIS

Článek popisuje statické a dynamické vlastnosti systému řízení tlaku v otevřeném
hydraulickém obvodu s regulačním hydrogenerátorem. Nejprve jsou sestaveny simulační modely
statických a dynamických vlastností regulátoru tlaku a ovládacího servoválce hydrogenerátoru.
Následně je sestaven simulační model statických a dynamických vlastností celého systému
automatického řízení tlaku.

Summary

AUTOMATIC PRESSURE CONTROL SYSTEM

Gabriela KOREISOVA, Josef KOREIS

The article describes static dynamic properties of the pressure control system in an opened
hydraulic circuit with a regulating hydra ulic generator. First, simulation models are assembled of
static and dynamic properties of the pressure control unit and controlling servo-cylinder of the
hydra ulic generator. Subsequently, a simulation model is assembled of the static and dynamic
properties of the entire automatic pressure control system.

Zusammenfassung

AUTOMATISCHES DRUCKSTEUREUNG SYSTEM

Gabriela KOREISOVA, Josef KOREIS

Das Artikel beschriebt statische und dynamische Eigenschaften Des Drucksteuerung
System in offenem hydraulischen Kreislauf mit regelbarer hydrostatischen Pumpe. Zuerst die
Simulationsmodelen fůr statische und dynamische Eigenschaften fůr Druckregler und Servozylinder
der Pumpen zusammengestellt. Dann ist ein Simulationsmodel fůr statische und dynamische
Eigenschaften des ganzen Automatischen Drucksteuerung Systems zusammengebaut.
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