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Introduction

The article describes static and dynamic characteristics of the pressure control
system of 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
schematically outlined on Fig. 1.
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Fig. 1 The 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 servo-
cylinder with a piston-rod stroke y(t). Hydraulic generator supplies output flow Qg. A part
of the flow Qy runs to the hydraulic motor that constitutes hydraulic generator load while
the other part Qy flows through the control unit and servo-cylinder. In the entire bifurcated
output branch there rules the system pressure py composed of loading resistors. At the
same time, py is a feeding pressure of the control unit (brought to the "P" input) and
controlled pressure of the system set by the bias of the control unit spring. The required
preset value of the controlled pressure is marked with an asterisk in the exponent. If
pn<pn’, the control unit is out of operation. At the hydraulic generator, the maximal output
flow at the maximal geometric volume £ = 1. In the instant when pressure py reaches the
preset required vaiue the control unit is put into operation. At the control unit "A" output
arises non-zero controlling pressure p, that starts shifting the piston-rod of the servo-
cylinder towards the maximal position. The course of the output controiling pressure of
the control unit is dependent on geometry of controlling edges of the slide valve and slide
valve stroke x(f). (p,(t)=F(x(t)).

1. Arrangement and Parameters of the Pressure Control Unit.

The arrangement of the pressure control unit is outlined on Fig. 2. The slide valve
features only two spigots. The controlling one and conducting one.
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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 py
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affects the entire front area of the slide valve of diameter dp. Hydraulic force Sp.pn(f) is
balanced with the spring force k. (xo+x(f)). The dependence of the output controlling
pressure pa on the slide valve stroke x(f) 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:
Nominal diameter of the slide valve ~ d,=8 mm area S, =16.7=50254 mm?

Calculating clearance 2h=d,:,1—dpz =0,0032 mm
Total length of conducting spigots L=12 mm
Basic negative cover Xon=0,42 mm (Xon =Xmax)

Diameter of controlling hole in body  d,=5 mm
Calculating weight of the slide valve  m=0,01012 kg
Feeding pressure py =25 MPa
Drawback spring rigidity k=273,3 N.mm™
Working oil viscosity u=145.10"2 N.s.m™2
Oil specific weight p=900 kg.m™

Calculated Dynamic Parameters.

Natural frequency quadrat w§=%=27005929 CEa

(0y=5196,723 s7")

dp

Viscous damping coefficient b=m.uL- B

=2733 N.sm™

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:

1 4
Wt g oVl -R? (1)
Hydraulic resistance: R:f;’z _ EA? @
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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 8
5, (x)=§.,/dA.x3 , Sz(x):g. da-(Xon=X)° (3)
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 Controlling Resistances Connection  cylinder while the piston-rod is halted.

The rate of flow Q,(t)=Sy .y(t) is zero.
Then Q;=Q, and the entire input flow

flows through open controlling edges. On
Fig. 3 flows the flow Q, through the

both controlling holes of the control unit.

it applies for the pressure losses on the controlling resistances on Fig. 3:

A A
pN—pA:R1.Q,%, =—2.Q,%,, Pa—=Pr =R2.Qﬁ :_Z'QI%I (4)

5 S2

1 1 82+S2
py =Py =(R,+R,).Q%=| — AQf=—F—2. AQ? ()

N T 1 2 N S1 32 N 31 -Sz N
R S2

If p,=0 Pa_ P2 _ > (6)

Py Ri+R, 812+322

The flow rate through open negative cover of the controlling edges:

QN F /pN pA (7)
JA(SZ+S

Definition of dimensionless quantities:

_ p P = Q
p ___A_.:_A, QN = N
Xmax XON pAmax pN QNmax
If substituted for flow areas according to (3) it applies:

= X X
xX=
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_ x3

Pp=—m——=
A X +(1-%)2

(8)

Linearly growing slide valve X(t)e(0; 1) and constant feeding pressure py=1 is

substituted in the equation (8) (Theoretic characteristics).
Analogically, the dimensionless flow through open negative cover finds its dependence:

Qy =4.,/(1—7)3.5A )

Simulation model constructed according to the latter two equations is depicted on
Fig. 4.
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Fig. 4 Simulation model of the dimensionless inner static characteristics of the control unit

The calculation results in dimensionless inner static characteristics of the control unit we
can see at Fig. 5.
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Fig. 5 Dimensionless inner static characteristics of the control unit

On the left there is the pressure and on the right there is the flow dimensionless
inner static characteristic of the control unit. With maximal pressure of 25 MPa, maximal
losing flow is about 2.5 dm*min. For controlling is used the middle distance of the
pressure characteristic with steepness of 4p/4x=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=Sp.Py (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 Ap .

Static forces shall be balanced on the slide valve in the maximal position:
(PN +4Pg ) Sp=k.(X +Xgy) (11)
With the maximal stroke, the controlling pressure has maximal value
pAmax:p;I+4pS :

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

(o5, + 4Py (1)) Sp =m.5(t)+ bX()+K.(xo +X(1)) (12)

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

Apy ()-Sp =m.X(t)+b.x(t)+k.x(t) (13)
It follows from the equations (10) and (11):
Aps = x,=2:275 MPa, 0,091 pj (14)
p

In the kinetic equation (12), the input change of pressure must be of
value 4p,, =Ap 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:

Apy(8)-Sp=(m.s* +b.s+k).x(s)=k.(TZ.8>+T,.5+1).x(s) (15)

Definition of dimensionless quantities:

_ _ _ Vi)
Fot e b G B 5 N (16)

' N *
Xmax  Xon Prmax Py

Equation (15) in a dimensionless shape:

Kk _
A;oN(s)=SXA(T22.s2 +T,5+1).X(s) (17)

*

PPy
Image transmission of the control unit:

GX(S)= Y(S) _ FOX rOX rOX'wOZ (18)

APy (S) T2s2+T,s+1 T252+26T,5+1 5% +200,5+02
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-~ San, . . : o
Tox = PN_ 1 1094 dimensionless proportional amplification of the
kXon  APns
control unit,

T22=—'Z(1=—13=3,7.10‘8 (52) oo, time constant of the second order,

@y
T,:%:z)—&=10‘5 € N time constant of the first order.

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
zero pressure loss on the conducting spigot [2].

Numeric values of the basic parameters of the control unit were chosen. Calculated
values of the dynamic parameters are just orientational, used for model calculations. After
the back control feed is closed and simulation model of the entire pressure control 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
control systems at the testing room.

Behind 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
0.000000057 s2+0.0000 15+ 1

_I:il I_i_ Regulatar
@ E Lo.oz}-p[ 1 ] |de

Clock

UABAUAEH(1-UPE)

0/1.081 =100

Fig. 6 Simulation model of dynamic properties of the control 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 g
reaches the value +1 in time t; = 0.01 s when the transitional process begins. In the ramp
function it is possible to set the initial value i =+1. the entire control unit may be modelled
by substitutive P- transfer of the first order, (Fig. 8)
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Fig. 8 Substitutive image transmission of the control unit.
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Fig. 9 Slide valve stroke Fig. 10 Substitutive course of the
controlling pressure

The course of the slide valve stroke is oscillated. The course of the controlling
pressure is not that oscillated. The slide valve may overshoot behind the maximal active
position. After the maximal stroke is exceeded, the output controlling edge is closed now
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and the controlling pressure pa cannot be of higher value than the feeding pressure py.
The calculated 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
on Fig. 8.

4. Arrangement and Parameters of the Servo-cylinder.

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

Fig. 11 Arrangement of the controlling servo-cylinder

In the upper part, the drawback spring is placed on an independent piston-rod of
diameter d,, . System pressure py affects the area of the piston-rod Sy..

The controlling piston is hollow, placed on the fixed conduction of diameterD, ,
with active area Sy, and the width of the wall t=4 mm. This is rather different

arrangement than on the schematic Figure 1 where the system pressure py affects the
~ differential area Syq - Sya.

Basic Parameters of the Servo-cylinder:
Internal diameter of the piston D, =349 mm, area S,,=289.7=907,29 mm?

Diameter of the piston-rod d, =240 mm, area S,,=144.7=45238 mm?
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Spring stiffness constant ky =133 N.mm™

Radius of the arm R=(29+31).D, =96 mm
Maximal angle of the swing board ~ a=(19+20)°

Maximal stroke Ymax =R1g =34 mm (Vypoctova hodnota)
Length of the piston placement L,=3.Y o =100 mm

Length of the piston-rod placement L,=3.y,.., =100 mm

Clearance h=0,001mm

The indicated numeric values of the basic parameters of the servo-cylinder were
chosen for analysing. With the real embodiment HGR-0, the basic parameters are known.

Calculated parameters:

Weight of piston and piston-rod myr=0,908 kg

Weight of the swing board mp=6,357 kg, inertia moment J=0,0162 kg.m2
Reduced weight of the board Mpg =%=1,76 kg

Resulting translation translational weight in the axis of the servo-cylinder:
my =My +Mpp=2,668 kg.

Natural frequency @gy :‘/7:_%:223,27 s (quadrat w2, = 49850 s7%)
Ratio of the active surfaces: Sy,/Sy,=144/289=0,498=0,5

Viscous damping coefficient ( if 1=145.10"2 N.s.m™2)

piston: by =7z.y.DY-LT1=145,77 N.sm™

piston-rod: by =m.ptdy -%:100,21 N.s.m™

Translational movement damping coefficient without being affected by resistance
against swing board rotation: by;=by, +b,, =246 N.s.m™' being affected by resistance

against swing board rotation b, =492 N.sm™.
Dimensionless damping factor is 6, =L:0,41 3

2 ki,
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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

the controlling pressure p (), in a row of subsequent steady states. Initial relation is the

balance of static forces:

PA(t)-Sy=Ky (Vo +Y(t)+Py-Sy, (3

Considering that the hydraulic force pn.Syy affects in the same direction as the spring
force, the spring may be installed with insignificantly minor bias. If y0 = 0 then:

pA(t)SY‘I_pNSYZ:SY‘I(pA(t)—O’spN)zkYy(t) (20)
As long as the left side of the Equation (20) is negative, then y = 0 and the piston
stands in the right stop position. Controlling pressure p,(t) gradually increases up to the

start value p,,=0,5.pyo When the servo-cylinder starts to move. To make sure that the
controlling pressure p,(t) is nonzero, the slide valve must be opened by
pressure py, (t)>py, . To put it simply, it is save to presume that the real controlled pressure
will be dimensionless calculating value p,,=1+4p,s=1091 That provided, the starting

pressure will be of dimensionless value:
7 P40=05.(1+ 4p,s)=0,545 (21)
Control of servo-cylinder stroke and geometric volume HGR-O is over on maximal

stroke with servo-cylinder piston-rod leaning against a terminative position stop. That
shall occur on balance of forces.

Sy1-(Pam =05.(Py +APws ) =Ky Y max @2)

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

*

Ky Ve —
P = szmax +P40=0,866 (23)
N"~Y1

It is not necessary to model the limit controlling pressure p,,,=0,866. More
expedient is to model a mechanical stop of the piston-rod at the value y . .
From Equation (20) it follows for the servo-cylinder stroke:

y(t)=%.<pA(t)—o,sva(t))=%.(pA(t>—0.5.(p;+ApN(t)) (24)
¥

Y
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In a dimensionless shape:

= P s o
F(O=3 P (B (R(0)-05. (B + 4P, () (25)
Y 7 max
Here is generally p= P_ and specially p, =L=Bf—‘—, Py =_*p—"’ (26)
max Pamax  Pn Prmax

All the existing calculations were done for the required value of the controlled
pressure p, =1. Static characteristics of the servo-cylinder will be calculated for lower
required values of the controlled pressure. In the relation (25), dependence (8) shall be
substituted for p,(x(t)) , modified also for decreased values of the controlled pressure.

The result of the calculation according to (25) shall be converted through applying
the relation A(t)=1-y(t) to controlled pressure dependence on the geometric volume
(Fig. 12).

pN T T T : Similar static characteristics are quoted by
1= e : : HGR-O producers in the technical
documentation, usually in a dimensionless
D8 frmmrs e shape. On Fig. 11, there are static chara-
; 5 cteristics outlined for several required
06 === s 3 values of the controlled pressure. With a
zero servo-cylinder stroke and maximal
0.4 from=== T R : geometric HGR volume, each chara-
: E cteristic starts on the required value of the
0.2 Fr=—— —— 4 ; : controlled pressure.
With decreasing geometric volume and
0 ’ . . : increasing  servo-cylinder  stroke, the
0 0.2 04 06 05 beta 1

drawback spring gets pressed while the
controlled pressure increases by a static
deviation. With zero geometric volume and
maximal stroke, the static deviations are
maximal. (For better clearness, the static
deviations on Fig. 12 were increased).

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 balance of all the forces:

(PA(t)=05.Py(t)).Syy=Ky Y(t)+ by y(t)+ my (1) (27)
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For dimensionless quantities in the operator shape.

s — K _
Da(5)-05.(1+ 4Dy (5))=Apg (5)=—L-Ymax -(4. Dy 5 My .32)-}/(8) (28)
S,..px ky " ky
Y1 N

Image transmission of the servo-cylinder:

y(s) Toy
Gy (s)= = (29)
YU App(s) T2 24T, s+1

where
= Sy ,.Px . . . P
Toy =711 PN__g dimensionless proportional amplification of the

Y/ max

servo-cylinder,

T2, :ﬂziz:zm‘s (G0 I time constant of the second order,

Ky Doy

2 . :

Ty =Pi=—§-=0,0037 (8): sswmsnssssines time constant of the first order.

ky @oy

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

10.84 14
i 1 M Je—{ "]
; 0.000015+1 5 |
| L- -J - '
. A :
: Regulator 1 |

I

| 5

i 0.0000252+0 0037 5+1
[

|

|

Sat1
dpA Senvovalec | beta
=

=

| ZAT  FOED

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

In the model of the servo-cylinder, the input limiting block "Sat 1" transmits only
positive values of the controlling pressure deviations. The output limiting block "Sat 2"
models the 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 Input change of the controlling Fig. 15 Time flow of the servo-cylinder
pressure stroke

On Fig. 14 there is generation outlined of the change of the controlling pressure
Apn = pa - 0,5.pn at the servo-cylinder input. The control unit begins generating the
controlling pressure ps as the loading pressure py reaches the desired unit value. On
Fig. 15 there is the course of the strike y(t) and dashed course of the dimensionless
geometric volume f(t) = 1 - y(t).

The model on Fig. 13 features the source of the loading pressure (ZAT), in the
form of ramp function. After the feedback loop is closed, the input ramp of the loading
pressure shall be replaced with the source 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 hydraulic HGR-O resistances.

The block to convert the servo-cylinder stroke y(t) to the geometric volume /(f) =1
- y(t) is a part of the closed feedback loop. The passive signum in the given relation
determines the signum of the entire feedback. With increasing positive regulation
deviation Apy(t) the geometric volume decreases /) and thus also the controlled
pressure py(t) decreases. The feedback is negative.

6. Analysis of the Dynamic Properties of the System

The control unit model and servo-cylinder is supplemented with the HGR-O model
with a driving motor and loads. The ZAT 1 load shall model pressure losses at hydraulic
resistances depending on the flow and the pressure difference proportional to the passive
HGR moments depending on revolutions. Hydraulic resistances against the movement of
the liquid are modelled by static function f(1)=0,8.u+0.2.u>. The resistance against
acceleration of the liquid is modelled with derivative transmission of the first order. The
pressure difference depending on revolutions is modelled with multiplier so that it is not
necessary to change two parameters at the change of the desired controlled pressure
value. The ZAT 2 load shall model effect of connection and disconnection of the hydraulic
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motor by moving the distributor. By the latest requirements is adjusted the simulation
model at Fig. 16.
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Fig. 16 Simulation model of pressure control 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-
fransmission of the first order. The inner load ZAT 2 consists of two identical ramps
modelling the change of the distributor position. On the left there is the ramp of steepness
$=30 s "' set for the start time t,=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
against the movement of the hydraulic motor. On the right side there is a ramp of the
same steepness set for the start time £,=0,45 s. The ramp on the right side models
transposition of the distributor to the close position or termination of the hydraulic motor
stroke by 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
distributor when the flow of the hydraulic motor is zero (Q4=0) and the whole flow of the
hydraulic generator flows through opened negative cover of the controlling edges of the
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control unit (Qsz=Qy). The size of this minimal flow is determined by product of velocities
of servo-cylinder movement and its active area Sys. In the dimensionless form it

is Qy(t)=y(t). In the ZAT 1 Load it is modelled by function f(u) where u=Qy(t) . The effect

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 =0 s. The
results of simulation are on the following figures:

[ S— e pupn—— po

P L i D B L=+ s

03 | orthemsmtiiie sl smssms s fmseammen :
1y : : DL [ fo gt sommiirad s 9
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‘ AN : : 0« R
02 /7/“'\*«,\‘ """" 1 1 A i . YO SO S
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0 o0.0s1 Jz 0.3 0s1 0.4 0 0 0.z L3 =) 04

Fig. 17 Revolutions, geometric volume Fig. 18 Controlled pressure and moment
and flow

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

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

flow on the Fig. 14 stands the definition relation 5T=ﬁ1.ﬂ. In the range te(0,t,) there is

£=1 and5T=ﬁ1. In the range re(r.0) the flow course is according to the definition

relation. Similarly, it stands for the moment M, =p,.A. At g=1 isM=p,. At =1
isM;=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
controlling 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 py*=0.8 and on the start of the motor
deferred to the time t,=0,05 s.

15 qr=- I zan-ad ‘I : '
b
' 1 i _,_,d—'—T'.ﬂ 1 1 ] 1 F‘ 1
S, B S IR 08 -t o=y = S
. : : A TRE
;] R R U (P . E— SR e 1 i it it
1 T S, . e P, R A ST deneeend
02f---t Semnenn 1] SRS 0Eli  W TRS —
0 : . PO e Sl 0 : L s :
0 005 04 02 03 tis) 04 0 00504 0z 03 t(s) 0.4
Fig. 19 Revolutions, the geometric Fig. 20 Pressures and the controlled
volume and flow moment

The start of all the characteristics is deferred by Af = 0.05 s. Lower desired value of
the controlled pressure py* corresponds to the lower values of all the other pressures as
well as 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
maximal geometric volume and all the other quantities are zero as it is in accordance with
to the reality.

6.3 Putting the Hydraulic Motor into Operation

The driving motor gets started in the time #%=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 £,=0.4 s. In the time t;=0.45 s the distributor moves to the
closed position or the hydraulic motor stroke is stopped when the piston hits the lid. The
time £;=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
pressure increases 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 £,=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
hydraulic motor.

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
pressure control unit. The controlling pressure pa drops to the zero value and the swing
board turns over to the maximum position. There is no flow flowing through the closed
regulator. Starting from the time £,=0.4 s the whole flow of the hydraulic generator is
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transferred o the hydraulic motor input. (Qs=Qy). Until the time t,=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
;=0,45 s. The ramp on the right side models 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
controlled pressure is exceeded, the control unit restores its activities. It overturns the
swing board to the zero position while maintaining the controlled 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
through 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:
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Fig. 21 Revolutions, the geometric Fig. 22 The controlled pressure and
volume a flow. momen

Marked times:

to - start of the motor

—

1 - start of the control unit

—

> - hydraulic motor start and control unit stop. (Opening the distributor).

—

3 - hydraulic motor stop and control unit start. (Closing the distributor).

On Fig. 21 there is a course of quantities from the definition relation 5T =n,.f.In

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

On Fig. 22 there is a corresponding course of the controlled pressure py and the
theoretical moment. There applies a definition relation I\71T =py.B. If g=1 then I\_/I1T=;_)N. If

py=1then M, =4.

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

According to the final Figure, the pressure control unit with preset parameters turns
over the 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
motor is loaded with a nonzero moment just for a very short time of the transient act. (On

~ the start 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.
Regulation to the constant pressure is a basis of the energy-saving hydraulic systems.

Submited: 22.2.2009
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Resumé
SYSTEM AUTOMATICKEHO RIZENi TLAKU

Gabriela KOREISOVA, Josef KOREIS

Clanek popisuje statické a dynamické vlastnosti systému Fizeni tlaku v otevieném
hydraulickém obvodu s regulaénim hydrogeneratorem. Nejprve jsou sestaveny simulacni modely
statickych a dynamickych vlastnosti regulatoru tlaku a ovladaciho servovalce hydrogeneratoru.
Nasledné je sestaven simulacni model statickych a dynamickych vlastnosti celého systému
automatického fizeni 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 hydraulic generator. First, simulation models are assembled of
static and dynamic properties of the pressure control unit and controlling servo-cylinder of the
hydraulic 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 fir statische und dynamische Eigenschaften fur Druckregler und Servozylinder
der Pumpen zusammengestellt. Dann ist ein Simulationsmodel fiir statische und dynamische
Eigenschaften des ganzen Automatischen Drucksteuerung Systems zusammengebaut.
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