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Summary. The electrohydraulic drive with volume
regulation is considered.

A volume pump with adjustable feed, assistive
devices and executive hydraulic motor volume type are
included in power part of the drive. Axial piston pump,
the feed of which is controlled by varying the inclination
angle of the cylinder block or change the angle of the
swash spacer is used in the hydraulic drive. Hydraulic
axial piston or radial-piston motor is used as an executive.
Auxiliary devices: flap, filter, pump and tank system for
feeding hydraulic fluid power part of the drive are set in
the hydraulic drive. From extremely high-pressure
pipelines of hydraulic drive is protected by two safety
flap. The auxiliary pump injection line also has a safety
flap which protects the pump from the pressure increase
when the filter is clogged. In the development of a
mathematical model the following assumptions: an
asynchronous motor rotates the pump shaft with an
angular velocity, whose value does not depend on the
power developed by the pump; when the hydraulic drive
pressure in the pipes do not reach values at which the
safety flap open; line pressure before makeup flap is kept
constant; force to overcome the hydraulic motor in the
control of the object represented by the sum of the
moments of action given to the shaft motor inertia load,
positional load and hydraulic friction; pipes are made so
short that it was possible to them to neglect the inertia of
the fluid and pressure losses due to friction resistance are
made.

The mathematical model of the dynamic
characteristics for the power unit of the automatic
electrohydraulic drive with volume regulation is
developed. A block diagram of the control signal
transmission is represented. Transfer function of the
driveis received.

Key words: mathematical model, pump, motor,
pressure, flow, volume control, a block diagram, transfer
function.

INTRODUCTION

Modern technologies of materials processing, plastic
molding machine designs placing ever-increasing
demands on the technical and functional characteristics of
machine tools and special process equipment. The quality
of the products for machining, forming, plastic molding
depends on the feasibility of optimal laws of motion of
blades, precision control of their movements, stability,
speed with variable load. Therefore important the
scientific and technical task is to improve the accuracy

and extend the functionality of machines and equipment
for processing materials.

Achievement of any of the kinematics of the
working body, the possibility of program implementation
optimal laws of motion provided by the use of automatic
hydraulic  transmission and, in particular, auto
electrohydraulic drive(EHD) with volume control in
equipment capacity exceeding 8 kW[1 -3]. However, there
are currently no generic mathematical model of the work
processes that take place in the drive, there is no generally
accepted methods for calculating EHD adapted to drive
machine tools and special equipment for material
processing, enables the assessment and selection of drive
components and devices, to predict its static and dynamic
characteristics.

The power part of the electrohydraulic servo drive
(EHD) includes a positive displacement pump with
adjustable pitch, and accessories, the executive hydraulic
motor displacement type. The most widely used in servo-
hydraulic actuator has axial-piston pumps, which flow is
regulated by a change in the angle of the cylinder, or
changing the angle of inclination of the puck[4-7]. As
actuation hydraulic cylinders typically used with linear
transmission output link, hydraulic cylinders with a rotary
motion of the output link and axial piston and radial
piston motors. Auxiliary devices include valves, filter,
pump and tank system of feeding with work fluid of
hydraulic power unit.

The aim of this work is to develop mathematical
models of dynamic characteristics of the power unit of the
automatic electrohydraulic drive with volume control and
obtaining the transfer function of the drive by the control
signal.

OBJECTS AND PROBLEMS

The aim of this work is to develop mathematical
models of dynamic characteristics of the power unit for
the automatic electrohydraulic drive with volume control
and obtaining the transfer function of the drive by the
control signal.

THE MAIN SECTION

At Fig. 1 a schematic diagram of a typical power
unitof the drive with volume control containing two axial
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piston hydraulic machines[2, 11-13]: the main hydraulic
pump 2 and motor 5 is presented. The pump shaft is
driven by an asynchronous motor 1. Pump capacity is
controlled by varying the angle of the cylinder block (or
angle washer) with the 3, which can also be power,
consisting of cylinder and valve. The pipe is connected to
motor with two pipelines 4. Motor shaft via a gear 6 is
connected to the governing board 7. For the leakages of
fluid is an auxiliary pump (usually gear or plate) 13
driven in rotation by the shaft of the main pump. If the
angle of the cylinder (tilt washer) of the ground the pump
is controlled by steering, the auxiliary pump is also used
to supply hydraulic fluid under pressure. The pressure in
the pressure line of the auxiliary pump is supported
overflow valve 10. This highway two make-up valve 9 is
connected to a pipeline linking the main pump and motor.
When the pressure in one of the pipes below the value of
the corresponding make-up valve opens and passes the
pressurized fluid from the pressure line of the auxiliary
pump for as long as the line does not restore the required
level of pressure. After that, make-up valve by the
pressure in the pipe is closed. Make-up valves must
maintain such a minimum pressure in the pipelinenot to
occur a cavitation in basic pump. To do this, set the
required pressure in the pressure line of the auxiliary
pump by adjusting the tension of the spring (set pressure)
relief valve 10.

| r

Fig. 1. The scheme of the power unit with interior EHD
regulation

From the occurrence of excessively high pressure
hydraulic lines are protected by two safety valves 8.
During excessive rise in pressure in one of the pipelines
can open a safety valve to leak into another pipeline with
low pressure. In the discharge of the auxiliary pump also
has a pressure relief valve 12, which protects the pump
from pressure build-up clogging the filter 11.

Let’s note symbols of the hydraulic machines and
hydraulic units in Fig. 1. Here P1...P2 - pumps, HM -
hydraulic motor; CV/...CV2 - check valves;SV1...5V4 -
safety valves, F - filter.

Before constructing a mathematical description of
the power of the EHD surround regulation, form the
design scheme, taking into account the following basic
assumptions of{2, 8-10]:

1. Asynchronous motor 1 rotates shaft with angular
velocity €, the value of which is independent power
developed by the pump.

2. When operating hydraulic pressure in the
pipelines4 do not reach the values for opening the safety
valves 8.

3. Pressurep,, in the line before the make-up valve is
kept constant.

4. Efforts, overcome by hydraulic motor 5 in the
management of object 7, may be represented by the sum
of points given to the shaft of the motor inertia loads, load
positioning and hydraulic friction.

5. Pipelines will take as short to allow them to
neglect the inertia of the fluid and pressure loss due to
friction.

The design scheme is shown in Fig. 2. In this circuit,
the arrows show on the direction of fluid flow at the
moment when the pressure is greater than the pressure p;
and p,.
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Fig. 2. The design scheme of the hydraulic power

With all the above assumptions made obtaining a
linear mathematical model of the power of the EHD with
interior control prevents one essentially nonlinear
characteristic that determines the dependence of flow and
recharge Q,;andQ,, through the make-up valve from the
pressures p;andp, in the pipelines. If the pressure in the
pipe is below the supply pressurep, to the make-up valves,
small changes can apply pressure ratio:

er = ksv( r _pl); (1)

Qrz = ksv( r _pz); 2

where: k,, — the conductivity of makeup valve [2, 15-17].

If the pressure in the pipeline exceeds the charge
pressurepy, the:

Qr1=Qr=0, 3)

as make-up valves are closed by the pressure in the
pipelines.

At steady state hydraulic drive, for which the
unloaded motor shaft does not rotate, the pressure in the
pipes due to leakage of fluid from the pump and motor
and final values of the conductivity of valves installed
below the p,. With fluctuations in each pipeline after a
certain make-up valve on one half cycle at low pressure
enters the amount of fluid is compensated not only leaks,
but the compressibility of the liquid. In the next half-cycle
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of the compression of large volume of fluid in the pipe
happens, which leads to an increase in its pressure. Flow
of fluid through the make-up in the hydraulic valves is
accompanied by increase in the average for the period of
pressure fluctuations in the system or in increased levels
of pressure in them. The amount of fluid received in the
pipelines for the period of oscillation depends on the
amplitude of fluctuations in pressure p; and p,, so the
average for the period of the valve conductance amplitude
pressure in the pipes.

In the study of the dynamics of the hydraulic drive
with small deviations of the variables from the steady-
state values the level of pressure in the lines can be
adopted under p, pressure, so is permissible to use the
linear relationship (1, 2). In the study of the dynamics of
the hydraulic drive with large changes of variables have
to take into account the non-linear characteristics of
make-up valves.

For the time, when a small deviation of the cylinder
(or the clone disk) from the equilibrium pump delivers
fluid through the pipeline to the pressure p; and sucks
fluid from the pipeline to the pressure p,, the flow
equation can be written using the D. Popov's approach [2,
9], as follows:

for pipeline pressure p, pump flow:

Qp =Qpn +Qop +Qom+QIp1+QIml+ch_er; (4)
for a pipeline with pump flow pressure p,:
Qp =Qp +Qop +Qom —lez —Qimz =Qe2 +Qr2- ®)

In equations (4) and (5) the costs Q.; and Q.are the
components of the distribution moves that are associated
with the compensation of compressibility. The remaining
components designhated in accordance with the design
scheme (Fig. 2). To simplify expressions, determining the
coefficients in the following equations, we consider the
pump and motor hydraulic machines of the same type,
such as axial piston, differing only in the fact that the
pump is regulated by the angle cylinder (or disk) is not
regulated. Inthiscase, youcantake:

Qop = Qom = Qov;
lel = lel = Qll;
lez = lez = le-

Given these relations, we define the components of
the pump flow in the form of

Q-1 -, (6)
2n 2n dt

Qo =Ko (P = P2) (@)

Qu=kps; ®)

Q|2 = I(| P, (9)

where: (|, — working volume of the hydraulic motor; €,
— motor shaft angular velocity; o — the angle of rotation
of the shaft motor; K,, — conductivity slits through which

the pump and drive have a transmission of the fluid from
the high pressure in the cavity with a low pressure; kI -

the conductivity of the slits, which the leakage of fluid
from the pump and motor.

Costs Q,; and Q,, determined by the ratio (1) and
(2), and the costs Q.; and Q., assuming the pipes is hard
to find the following relationships [2, 19, 20]:

_Wo dp, ; (10)
Qt:l*Ef dt

_Wo dp,. 11
Q(:Z_Ef dt ( )

where: W, — the internal volume of the pipeline with the
connected volume of the cavity pump and motor;
E: — bulk modulus of the working fluid.

Substitute the components of the costs according to
(1, 2, 6-11) in equation (4, 5). Then add these equations
and transform:

d
Qn :qli+ Zkov(pl _P2)+ k, (171 _Pz)"'

27 dt (12)

Wo d(pl_pz)

+&(p1 _P2)+77-
2 2E, dt

Ideal pump flow Q, in the form depending on the
angle of inclination y of cylinder blocks or angle swash
plate pump:

q
Qp = igp ' (13)
where: q,, - the pump displacement.
For axial piston pump:
qp = Fpz,Dptay (14)

where: F,— the working area of one piston (plunger)
pump; z, —the number of pistons; D — the diameter of

the circle on which the axis of the piston pump.

As can be seen, the function is nonlinear. For small
deviations of cylinder blocks (spacers) of the pump from
the neutral position of the specified function can be
linearized, and the equation (14) is written in the form:

Qp=ko, v (15)
where:
aQ,
kg, = —P -
@ =g

For axial piston pump:

_ FpzpDpQy

Qv 21
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Applying (15), we reduce (12) to the form:

Om dﬂ+ WO dp7m+k72pm =7 (16)
2nkg, dt  2E(kg, dt kg,
where:
kSV
ky =k, +2k,, +—=;
2
Pm = D1~ P2 (17)

In equation (16), except for the input and output
values yand a, found of changing the time differential
pressure pn, which is dependent on hydro-motor
overcomes the load. When the inertial load value pp,
determined torque M, which is included in the equation
of the rotational movement of the shaft motor:
d%a
dat?

where: J — moment of inertia of the rotating parts of
the motor to the shaft (given moment of inertia of the load
and the rotor motor). In the future, this value will be
called reduced moment of inertia motor.

Torque for the bulk hydraulic [6-8] is defined by the
relation:

Mm_Mmpl_MmpZ_Mpozz‘] (18)

Am
My, = Epm-

Friction torque M,,is createdby friction in the
motor. In general, the friction in the hydraulic motor can
be mixed. To simplify the mathematical model of hydro-
drive we will consider only the hydraulic friction [9, 10],

setting:

(19)

Mo =k (20)

mpl mpla’
where:k, , is calculated from the slope of the
approximating performance a7, =M, ,(Q;,)-

Friction torque M,,,, arising due to the friction of the
load, consider the analogous dependence:

do
MmpZ = kmpZ H ) (21)
Moment due to the positional load:
M o, =Kpoot (22)

where: k,,,— the rigidity of positional load.
Using (19-22), from (18) that
@ﬁ 27k, dﬁ+ 21K o,
O dt?>  dn dt gy
where:k,,, =k, 1 +k

Considering simultaneously the equations (16) and
(23) we find:

(23)

o= Pp?

mp2 "

W, d3a [ mK,Wo  2nkgd dZa
e W (24)
EfOpkg, dt Efdmkg, dmKg, ) dt
L G (“ 212K o Wo +4n2kzkm[, do | 2mKsKpor
kg, k Etqp g dt ko,

In real hydrodrives usually:

2 2
+27'c KpoWo Jr4Tt KsK,p 1.

(25)
E¢qs 9%

Therefore, instead of (24) we have:

W, d’e +[ ko Wo 2n—sz] d%a
Efdnkg, dt® [ Eflnkg, dmkg, jdt? .  (26)
Up da _ 72nkzkpoz o
2nkg, dt UKy

We consider the following parameters:
time constant hydraulic:

Om
T — . (27)
hd 2nka
time constant motor:
2
Ty = ZnZJWO ] (28)
quf

the relative damping motor:

_ (208 ¢k +k,, Wo ) (29)
\[2IWoE a4
factor own feedback:
2nksk
ofb — = (30)
quQy

As can be seen from this expression, the coefficient
of its own feedback part of the hydraulic power unit due
to the combined action of hydraulic positional load and
no-leak of hydraulic machines.

Given the input parameters (26) the Laplace
transform [14, 18] to the form:

ThdS(Tl\al 52 + ZCmeS +1}"(5) = Y(S)_ kofba(s) ) (31)

Block diagram of the power part of EHD
according to equation (31) are shown in Fig. 3.

Y
1 I I 3 IS
- T7s? 4+ 2T4,s +1 Thas
ofb

Fig. 3. Block diagram of the power part of EGP

In the absence of positional load (22) or seals for
hydraulic, or insignificant moment of the forces positional
load and high hydraulic leak (which is usually the case in
practice) coefficientof the own feedback is negligible. It
should be noted that this ratio in the event of significant
influence can be included in the external feedback EHD.

Then, a block diagram of the power of the drive will
be as shown in Fig. 4. This scheme is, in fact, reflects the
transfer of the control signal - the angle to clone the
cylinder (or puck) y - and its influence on the output
signal - the angle of rotation of the shaft motor a.

/ 1 1o
] s e e
T\/ZSZ + 2145 +1 ThaS

Fig. 4. The block diagram of the control signal EHD
in the power section with interior control
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In the future, consider the block diagram of the
power part of EHD with the volume control as shown in
Fig. 4. According to this block diagram is obtained for
the transfer function of the angle of rotation of the drive
motor shaft angle o on the cylinder (or puck) y:

W, (5) - <) ! (32)

Ws) - Thds(T,\f, $2 420, TS +1)

CONCLUSIONS

Thus, on the basis of the research the following
conclusions:

1. The mathematical model of the dynamic
characteristics of the power unit of automatic
electrohydraulic drive with volume regulation is
developed. The block diagram of the control signalis
presented.

2. Transfer functions for the drive output shaft
angle motor with control signal (the slope of the
cylinder or disk) is received.
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MATEMATHYECKASA MOJEJIb
SJIEKTPOI'NAPABJIMYECKOI'O
INPUBOJA C OFBEMHBIM
PEI'YJIMPOBAHUEM

CoxkouoB B.H., Kpoas O.C., Crenanona O.I'.

AHHOTaU M. PaccmoTtpen 3JIEKTPO-
THIPaBIHMYECKUIT MIPHUBOJ c 00BEMHBIM
perynupoBanueM. CuioBas 4acTh NMPHUBOJA BKIIOYAECT
O0OBEMHBI  HACOC C  pEryaupyeMoid  mojadei,
BCIIOMOTATENbHBIE YCTPOWCTBA W  HCIIOJIHHUTEIbHBIH
THAPOJIBUTATEIIh 00BbeMHOTO THUIA. B

TUIPOTIPUBOICTIPUMEHSIETCS aKCHaJIbHO-TIOPIIHEBOM
Hacoc, Mojaya KOTOPOTrO PEryjJupyercsi U3MEHEHUEM
yriia HakJIoHa OJI0Ka MUIMHIPOB WM U3MEHEHHEM YTJia
HakJioHa MmaiOpl. B KadecTBe HCIMOIHUTEIHHOTO
TUAPOJBUTATENS] UCIOJIB3YETCSl aKCHAIbHO-TIOPIIHEBOM
WU PaauaIbHO-IIOPIIHEBOMI TUAPOMOTOP. B
TUAPOINPUBOAC YCTaHOBJIEHBI BCIIOMOTaTeJIbHBIE
YCTpOMCTBA: KJIamaHbl, GUIBTP, HACOC M 0aK CHUCTEMBI
JUIA TOJIUTKA pa0oveldl J>KUIKOCThIO CHJIOBOW YacTH
npuBojga. OT BO3HUKHOBEHHUS YPE3MEPHO BBICOKOTO
JABJIICHUS TPYOOIPOBOIBI THUAPOIPHUBOAA 3aIIUIICHEI
JIByMsl TPEJOXpaHUTENbHBIMU KJamaHamu. B uHHH
HarHeTaHusi BCIIOMOTraTeIbHOIO HAacOCa TAaK)Ke UMEEeTCs
MpeOXpaHUTENbHBIM  KJIamaH, KOTOPBbIM 3aluiaeT
HacoC OT TIOBBIIICHUS JaBJIE€HUS TIPU 3aCOPEHUU

¢usTpa.
IIpu  pa3paboTke  MareMaTHYEeCKOW  MOJENH
CAETAaHbl  CIEAYIOIIME  OCHOBHBIE  JIONYIICHHS:

ACHHXPOHHBIHA AIEKTPOABUraTelh BPAIlaeT Bajl HACOCA C
YIJIOBOM CKOPOCTHIO, BEIMYWHA KOTOPOW HE 3aBHCHUT
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MOIITHOCTH, pa3BUBaeMOH HAcOCOM; TIpH paboTe
THIPONPUBONA JABICHUS B TpyOompoBomax He
JOCTUTAIOT 3HAYEHHWHA, NPH KOTOPHIX OTKPHIBAIOTCS
TpeIOXpaHUTENbHBIC KIIAIlaHbl, TaBICHHEB MaruCTPaIH
mepes TOANHWTOYHBIM  KIANaHaMU  MOIACP)KUBACTCS

MIOCTOSIHHBIM; yeunus, MPE0I0JIeBacMbIe
THUIPOMOTOPOM pu yhpaBlIeHUH 00BEKTOM,
NpEeJCTaBICHbBl CYMMOHM MOMEHTOB OT JIeHCTBUSA

MNpUBCACHHBIX K Bajly TIHUAPOMOTOpa I/IHepIII/IOHHOﬁ
Harpysku, HOSI/IIIHOHHOﬁ Harpyskv U ruipaBJIndC€CKOro
TPpCHUA; pr60HpOBOZ[I>I MMPUHHUMAKOTCA  HACTOJIBKO
KOPOTKHUMU, 4TOOBI MOKHO OBLIO B HHX npeHe6peraTI>

UHepIMEeH JKUIAKOCTH M MNOTepSIMH [JaBJICHHS H3-3a
COIPOTHBIICHHUS TPEHUSL.

Paspaborana MaTeMaTH4ecKas MOZIEeNb
OUHAMHYECKUX  XapaKTePUCTHK  CHJIOBOH  YacTH
ABTOMAaTHUYECKOTO JIEKTPOTUAPABINYECKOTO IIPUBOAA C
00BEMHBIM PeryIMpoBaHUEM. [pencraBnena
CTPYKTYpHasi CXeMa Nepe/iaul yIpaBisioniero CUrHaia.
[MTonyuena nepenarounas GyHKIHS IPUBO/A.

KnaioueBble cjioBa: Maremaruueckas MOJIENb,
HAcoc, THAPOMOTOp, IaBJIEHUE, pacXoi, OOBEMHOE
peryiupoBaHue, CTPYKTypHas cXema, IepeaaToqHast
GbyHKIHS.



