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Abstract. The article deals with one of the ways to control an actuator of the automated clutch control system. The aim is to
design control of the electropneumatic actuator, to control its coupling with the acceleration valve on the basis of expe-
rimental research as well as to provide rational parameters of the automated clutch control system for the robotic transmis-
sion. The feature of the system is an acceleration valve in the design of the electropneumatic actuator to control the clutch.
New links demand to adjust the way to control the actuator. The connection of Pulse-Width Modulation (PWM) with single
power supply pulses to control electropneumatic valves is substantiated. The quantitative characteristics of single control
pulses and PWM ones are determined. The error of operation accuracy for various ways of the control of the electropneumatic
actuator to control the clutch of the robotic transmission is determined. Obtained separate PWM area is designed to suppress
the initial hysteresis when the rod of the clutch actuator is moved. An algorithm for the operation of a clutch control system is
proposed, taking into account the use of two modes of operation of solenoid valves. A graphical interpretation of the clutch
control algorithm is presented, which gives an idea of the location of the constant signal feeding zones to the solenoid valve,
as well as the operation areas of the solenoid valve in PWM mode. The control algorithm of the clutch booster provides
a mode of guaranteed absence of excess pressure in the pneumatic cylinder after releasing the clutch pedal, provided that two
normally closed solenoid valves are used. This configuration of the electro-pneumatic clutch control system allows the use
of an emergency clutch release system in case of voltage absence. The reference algorithm for filtering the array of data co-
ming from the feedback sensor, as well as the numerical values of the delay caused by the presence of a filter, are given.
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ITHEBMAaTUYECKUM HCIIOIHUTENIBHBIM YCTPOMCTBOM YIIPABICHUS CLEILUICHHEM C YCKOPUTEIbHBIM KJIAallaHOM, a TaKkXke pa-
OUOHANBHBIE TTapaMeTphl aBTOMAaTH3UPOBAHHOW CHUCTEMBI YIPABICHHS CLEIUICHHEM IS POOOTH3UPOBAHHON TPAHCMHCCHUHL.
OCOOEHHOCTBIO PAacCMAaTPUBAEMOM CHUCTEMBI SIBIAETCS HAIMYME B KOHCTPYKLIUH 3JIE€KTPOMHEBMATHYECKOTO HCIOIHHUTENb-
HOTO MEXaHM3Ma YMNpaBIEHHUs CLEMICHHEM YCKOPUTENIbHOro kinamaHa. Hamudne HOBBIX cBsizell TpeOyeT KOPPEKTHPOBKU
crnoco0a yrpaBiIeHHs! UCTIOTHUTENbHBIM MeXaHN3MOM. OG0CHOBaHO 00BEANHEHNE IITUPOTHO-UMITYIECHOX MOAYIISIIUH C OJH-
HOYHBIMM MMITYJIbCAMH TTUTAHUS I YINPABICHUS 3NEKTPOMHEBMATHUYECKHUMH KianaHamMu. OmpesneneHbl KOIMIeCTBEHHbIE
XapaKTePUCTHKN YIPaBILSIIONIMX HMMITYJbCOB KaK JUIS CIydas OJWHOYHBIX, TaK M B CIydae NCHOJNB30BAHMS IIUPOTHO-
HUMITyJIbCHOM Momymsiiuu. OmnpernenieHa omMOKa TOYHOCTH paboTHI BO BpPeMsI pa3sHBIX CIIOCOOOB YIPABIEHHS HIIEKTPOITHEB-
MAaTHYECKUM HCIOJHHUTEIHHBIM YCTPOMCTBOM YIIPABJICHMs CIEIUICHHEM POOOTH3HPOBAHHON TpaHCMUCCHH. BEImeneHa otmenbHas
30Ha IIMPOTHO-UMITYJIbCHOM MOAYJALMHU, IPEAHA3HAUCHHAs Ul MOJABJICHHs HAayalbHOIO I'MCTEpe3Hca IpU MEepEeMELICHUU
MITOKA UCHOIHUTEIBHOTO YCTPOUCTBA yHpaBieHus cuerieHneM. [Ipeanosxken anroputM paboTsl CHCTEMBI YIIPABICHUS CLET-
JICHHEM C Y4EeTOM HCIOJIb30BAHMS JBYX PEKHMMOB PabOTHI 3JIEKTPOMArHUTHbBIX KianaHoB. IIpeacraBineHa rpadudeckas vH-
TepHpeTanysi alropuTMa YNpPaBIEHHs CLEIJICHHEM, AOIasl MPEACTaBICHHE O PACIOI0KEHUH 30H MOJAYH MOCTOSHHOTO
CHT'HAJIa Ha JIEKTPOMArHUTHBIH KJIamaH, a Takke 30H pabOoTHI AEKTPOMArHUTHOTO KJIaMaHa B PEKUME ITHPOTHO-UMITYJIbCHOM
MOAYJLSIIUH. B airoputMme ynpaBieHns yCHIHTENIEM IPEeIyCMOTPEH PEKHM IapaHTUPOBAHHOTO cOpoca JIaBiIeHHs U3 ITHEBMa-
TUYECKOr0 MINHJPA IOCIIe OTIYCKaHUs MEelalIU CLICIUICHHs IIPU YCIOBUYU MCIOIb30BAaHUS JBYX HOPMAJIbHO 3aKPBITHIX DJICK-
TPOMArHUTHBIX KJIANaHOB. Takas KOH(HIypamus SJIEKTPOIHEBMATHYECKOH CHCTEMBI YIPABICHUS CLEIUIEHHEM IT03BOJISET
3aJ1elCTBOBaTh CUCTEMY aBapUHHOIO BBIKIIOYEHUS CLEIUICHUS NPH OTCYTCTBUU 3ieKTponuraHus. [IpuBeaeHsl ONOpHBIA an-
TOpPUTM QUIBTPAIIMM MAaCCUBA JAHHBIX, MOCTYMAOIINX OT AAaTYMKa OOPaTHOM CBA3M, a TAKXKE YHCICHHBIC 3HAYECHHS 3aIa3/bl-
BaHUS, BBI3BAHHOTO HAJIMIHEM (QHIBTPA.

Knwuesble ciioBa: ABTOMATU3UPOBAHHAA CUCTEMA YIIPABJICHUSA CUCIUICHUEM, HCTIOJTHUTEIIBHBIN MEXaHU3M C YCKOPUTEIIbHBIM
KJIaltaHOM, HIMPOTHO-UMITYJIbCHAsA MOIYJIAIINA, 3HeKTpOHHeBMaTI/I‘IeCKHﬁ KJialmaH
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Introduction

A large number of freight vehicles and buses
having the automated clutch control system (ACCS)
with the electropneumatic actuator are produced
nowadays. Most serial models of ACCS executive
devices consist of a power cylinder and four elec-
tropneumatic valves that control air pressure in the
power cylinder [1]. The availability of many elec-
tromagnetic valves causes the reduction in reliabi-
lity and increase in the cost of the whole system.
Besides, electromagnetic valve durability require-
ments are much higher compared to the reliability
of the actuator mechanics. It is because of electro-
pneumatic valve operating in pulse-width modula-
tion mode to ensure the accuracy of the whole sys-
tem operation. Reducing the quantity of electro-
pneumatic valves the contradiction appears between
ACCS speed and the accuracy of its operation.

Kharkiv National Automobile and Highway
University (KhNAHU) proposes the design of the
ACCS actuator for the robotic transmission with
only two control electropneumatic valves. They en-
sure the good accuracy of their operation.
The required speed of ACCS is guaranteed due to
the acceleration valve in the design of its actuator.
It is possible to eliminate the contradiction bet-
ween ACCS speed and accuracy due to the special
design of the acceleration valve [2—6]. The opera-
tion quality of the above-mentioned accelera-
tion valve depends on both its design parameters
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and the parameters of electropneumatic valve con-
trol pulses that the electronic control unit (ECU)
of ACCS generates. This fact stipulates the neces-
sity of rationalization of the control mode imple-
mented by means of the ECU algorithm.

The choice of the way to control
the electropneumatic valves
of the automated clutch control system

The research of the ACCS operation is car-
ried out with the help of the test unit (fig. 1).
The choice of an optimal control mode is made on
the basis of the range of experimental research of
the developed ACCS design (fig. 2, 3), when a
control signal is first delivered to the electropneu-
matic valves continuously and then in the form
of the pulse-width modulation (PWM). Besides,
pulse-width modulation parameters are changed
for the purpose of determining the most favourable
values of electropneumatic valve open time.

The oscillograms illustrated the transitions
in the ACCS actuator, use the following symbols:
X,oa — the transition of an actuator rod, mm; p. —
the pressure in a power chamber, MPa; p,, — the pres-
sure in an acceleration valve control chamber, MPa;
tuse — the time of an electropneumatic valve being
under pressure, s; AX — the inertial transition of an
ACCS actuator rod, mm; a;, b, — the position of an
ACCS actuator rod during electropneumatic valve
closing; a,, b, — the stable position of an ACCS ac-
tuator rod after electropneumatic valve closing.
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Fig. 1. Block diagram of a test unit: 1 — compressor; 2 — receiver; 3 — gauge; 4 — valve; 5 — pressure regulator;
6 — pressure control unit; 7 — rod displacement sensor; 8 — power cylinder; 9 — vehicle powertrain; 10 — clutch fork;
11 — pressure sensor; 12 — switch; 13 — measuring system; 14 — PC; 15 — power supply unit
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Fig. 2. ACCS actuator operation:
a — voltage delivery as a continuous signal;
b — voltage delivery as a PWM

We will present the example of the most sig-
nificant examples of ACCS operation in different
modes. In the case of voltage delivery to the elec-
tropneumatic valve as a continuous signal with
duration #,,, = 0.25 s (fig. 2a) there is a considera-
ble inertial transition of the actuator rod.
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Fig. 3. Process of overcoming hysteresis in the ACCS actuator:
a — clutch disengagement; b — clutch engagement

According to the oscillogram (fig. 2a) the case
of actuator rod stopping at the point a; seems to be
ideal, directly during electropneumatic valve clo-
sing. However, experiment results show that after
valve closing the rod continues moving at the dis-
tance AX that makes about 45 % from a rod transi-
tion for the nonce. Concerning a general rod stroke
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distance AX makes about 10 %. In this case it is
necessary to establish the dead space of an appro-
priate size for switching off the vibrational nature
of a rod movement. The dead space which corres-
ponds to the value 10 % (2.2 mm) is unacceptable
in terms of a positioning accuracy.

In the case of usage for the PWM electropneu-
matic valve control (fig. 2b) there is a small in-
crease in the duration of an actuator rod transition
process, but at the same time its more accurate po-
sitioning should be marked as well.

After stopping a voltage delivery to the elec-
tropneumatic valve at point bl there is an inertial
rod movement to point b,, the length of transition
makes up near 10 % of the rod transition. The total
time of the electropneumatic valve operation in the
given case equals Xt =0.4s. Concerning the
general rod stroke transition AX is about 2.7 %.

The analysis of the conducted research [7] has
confirmed the appropriateness of PWM usage for
the electropneumatic valves control. The further
development of an ACCS control algorithm is
closely connected to the choice of pulse-width
modulation optimal parameters. It is known that
[8-10], a large quantity of used moving rubber
packings increase the friction by parts movement
causing the appearance of a considerable hysteresis
loop in drive static characteristics and worsening
its sensibility. As there are moving rubber packings
in the design of the ACCS developed actuator, it is
necessary to determine the level of a hysteresis
influence on the ACCS operation before the deve-
lopment of a control system operation algorithm.

The results of the experimental research have
shown (fig. 3) that filling the power cylinder the
pressure burst in the rod end up to 0.215 MPa

causes the rod movement to the value less than 2 mm
which can be compared with the choice of clea-
rance in the drive (fig. 3a). There is a similar effect
by emptying the rod end of the power cylinder.
A pressure reduction by 0.135 MPa causes the rod
movement to less than 1 mm (fig. 3b).

As a result of the experimental data of the
analysis which was carried out we can make a con-
clusion that to ensure ACCS qualitative mainte-
nance characteristics such as good tracking action
and high speed, the use of the pulse-width modula-
tion by the electropneumatic valves control is ine-
vitable.

The presence of hysteresis in the actuator em-
phasizes the need of using different parameters
of PWM depending on a drive operating mode.
The choice of PWM optimal parameters can be
made on the basis of the results of the experimental
research or the mathematical modelling of electro-
pneumatic clutch drive operation.

Taking into account experimental research re-
sults, it was decided to divide clutch engagement
and disengagement processes into two phases with
PWM different parameters (fig. 4).

PWM parameters in phase 1 (F;) and pha-
se 3 (F3) (fig. 4) are chosen taking into account
the need for overcoming hysteresis in operation
by clutch engagement and disengagement respec-
tively. It is suggested to calculate pulse on-time
impulstl in phase 1 (F;) depending on a rod cur-
rent position, pulse on-time impulst3 — depen-
ding on a clutch pedal movement speed. In phases
1 and 3 it is suggested to exercise control on a
pulses on-time change, pauses on-time pausetl and
pauset3 are chosen minimal from the view of elec-
tropneumatic valves technical specifications.
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Fig. 4. Phases of an ACCS control system operation: impulst] — pulse on-time in phase 1 of a clutch engagement process;
pauset] — pause on-time in phase 1 of a clutch engagement process; impulst2 — pulse on-time in phase 2 of a clutch engagement process;
pauset2 — pulse on-time in phase 2 of a clutch engagement process; impulst3 — pulse on-time in phase3 of a clutch disengagement process;
pauset3 — pause on-time in phase 3 of a clutch disengagement process; impulst4 — pulse on-time in phase 4 of a clutch disengagement
process; pauset4 — pause on-time in phase 4 of a clutch disengagement process
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Phases 2 (F,) and 4 (F,) (fig. 4) are necessary
for actuator rod positioning respectively. It is pro-
posed to calculate pulse on-time impulst2 not only
depending on the clutch pedal movement speed,
but also to set time pauset2 minimal. During the
clutch disengagement process impulst4 is sugges-
ted to set minimal but to control by means of a
pause on-time change pauset4 depending on the
pedal movement speed.

Taking into account the literary review and the
analysis of experimental studies performed before,
the operation of the ACCS control system was
built on the basis of the three-position algorithm,
presented in fig. 5.

Fig. 5 demonstrate the following accepted
symbols: Ugpz — a signal from the rod position sen-
sor (feedback sensor); Ugs — a signal from the pe-
dal position sensor (reference signal sensor); p —
a parameter that provides guaranteed pressure drop
from the rod end of the power cylinder with the
clutch pedal fully released in the case of using
a normally closed exhaust valve; 3;, , — the limits
of the upper and lower null zones of the rod posi-
tion sensor respectively; EK; — inlet electropneu-
matic valve; EK, — exhaust electropneumatic
valve; t,;7— temporal value of taking the initial po-
sition of the pedal; #; — current time value.

[ Start |
Y
/UFB, URS’ P= 1/
T

At the initial moment of time the ECU receives
data from the pedal position sensor Ugs and the rod
position sensor Ugp, as well as data whether the
first round of computing this branch of the algo-
rithm takes place. The algorithm has four main
branches [8—14].

The first branch of the algorithm operation de-
scribes the case when the system is at rest (fig. 5).
The ECU verifies whether the clutch control actua-
tor is in its original position (Ugs = 0). If the signal
from the pedal position sensor indicates that it is in
the starting position, this may be a sign of two
operational modes: the system has not come out of
the resting or the operator has acted on the pedal
and brought it to its original position.

This is verified by means of the condition P = 1
(dimensionless quantity). If the condition is ful-
filled the operator has acted on the control actuator
and returned it to its original position, then we
have the first round of the algorithm computing.
To exclude the availability of residual pressure in
the actuator dead space, the ECU supplies the vol-
tage to EK, for 3 seconds and ensures that there is
no residual pressure. At every next step of compu-
ting the condition p=1 is not fulfilled and the
ECU brings the system to the rest, there is no vol-
tage on both electro-pneumatic valves.
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Fig. 5. Operational algorithm of automated control system
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The second branch is the algorithm operation
in the case when the rod of the actuator has tra-
velled more than was specified by the opera-
tor (fig. 6a).

U, V'
Urs.

URS

Urs %

Upg )

t,s

Fig. 6. Position of actuator rod:
a — rod travels more than specified;
b —rod travels less than specified

If the condition when the rod is in its original
position (Urs=0) is not fulfilled, the ECU con-
cludes that the operator has acted on the actuator
and introduces a new setting P =1, that will pro-
vide the first round of computing this branch of the
algorithm. Then the ECU defines the current state
of the actuator rod in relation to the position speci-
fied by the operator. If the signal from the feed-
back sensor is larger than from the pedal position
sensor, taking into account the upper null zone
(Upg > Ugs t+ 0;), the ECU concludes that the sys-
tem has reacted to the operator's impact but has
crossed the position specified by him. The next
step of the ECU is determining to what extent the
rod is far from the specified position, checking
if the condition Uz > Ugs + 9, is fulfilled. If the

condition is fulfilled, the ECU supplies the voltage
as a continuous signal to EK, to return the rod into
the specified position, if not — in the PWM mode.

The third branch of the algorithm describes the
case when the actuator rod has not reached the po-
sition specified by the operator (fig. 6b).

When working out the second branch of the al-
gorithm if the condition Ugz > Ugs + 8, is not ful-
filled the condition Ugpg < Ugg— 8. If it is fulfilled,
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the ECU concludes that the system has reacted on-
to the operator’s act, but the rod has not reached
the specified position. The next step of the ECU is
determining how far the rod is from the specified
position checking the fulfilment of the condition
Urp> Ugs— 0,. If the condition is fulfilled, the

ECU supplies the voltage as a continuous signal
to EK; to return the rod into the specified position,
if not — in the PWM mode.

The fourth branch describes the case when the
actuator rod has taken up the position according to
the specified pedal position. If none of the condi-
tions UFB > URS + 61 and UFB < URS* 62 18 fulﬁlled,
the ECU concludes that the rod has reached the
position specified by the operator. The system is at
rest before the change Ugg, there is no voltage on
both electro-pneumatic valves.

During the operation of the algorithm the ECU
conducts a constant scanning of pedal position and
rod position sensors at the set frequency. Making
a comparison of these signals directly to each other
is not possible either in analogue or in digital
forms. This is due to such two factors:

— a range of the signal change from the feed-
back sensor during the total travel of the actuator
differs in 2.5-3 times from the signal coming from
the pedal position sensor;

— a range of the signal change from the feed-
back sensor while in operation constantly shifts,
due to the wear of the clutch friction facings.

Correct comparison of two signals is possible
only in percentage terms. It is suggested to perform
the determination of the current range limits of the
feedback sensor operation in the calibration mode.
This mode is activated automatically at each loa-
ding of the ECU. When the driver presses the
clutch pedal for the first time, the system memo-
rizes two extreme points of the voltage range from
the feedback sensor and then interprets them as a
maximum and a minimum.

The required parameters of the null zone §,
and 9, are chosen in terms of ensuring steady oper-
ation of the system and the required precision of
ACCS operation.

For the correct operation of the automated con-
trol system ACCS it is necessary to ensure a high
degree of signal reliability and smoothness of the
pedal position and the actuator rod incoming from
the sensors to the ECU. When using sensors wit-
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hout high protection, noise can be made by any
accidental event such as an electric discharge.
In this case the signal can acquire a deliberately
impossible false meaning. In order to exclude
the influence of this false value on the operation
of the control system, it is necessary to elimina
te it from the data array incoming in the ECU.
The easiest and the most convenient way to do this
is to use a filter.

There are two types of filter forms: hardware
and software. Hardware filters are implemented on
the elements of integrated circuits, while the digital
ones — using programs executed by the proces-
sor or microcontroller. The advantage of software
filters prior to hardware ones is the ease of imple-
mentation, configuration and change. Application
of a software filter does not result in increasing
the price of the ECU as a whole because it does not
require additional components.

Many types of digital software filters are
known. The median filter providing a high degree
of protection against erroneous values while not
slowing down the ECU was selected for imple-
menting in the developed automated control sys-
tem ACCS.

Median filtering is a method of nonlinear signal
processing, developed by J. Tuckey in 1971.

The principle of filtering

The median of the numerical sequence x,
X2, ..., X,, When 7 is odd, is the average term of the
series obtained by arranging this sequence in in-
creasing (or decreasing) order [15].

The central value is substituted by the obtained
average value in the window for the processed sig-
nal. Thereby the median filter belongs to nonlinear
filters replacing anomalous points and spikes by
the median values regardless of their peak values.
It is steady and capable of removing even spikes
enormously large by value.

The median filtering algorithm excludes isola-
ted spikes, both negative and positive, that are on
the edge of the ranked list from the signals effec-
tively. Taking into consideration the list ranking
the median filters suppress some noise and inter-
ference with the length less than half the window.
A permanent point is a sequence (in a one-dimen-
sional case) or an array (in a two-dimensional case)
that do not change with median filtering. Due to
this feature, median filters with optimally selected
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number of elements can store preserved edges of
objects, obstacles and small dimensional details
without changes. Under similar conditions, linear
filtering algorithms inevitably smooth out the sharp
edges and forms of objects.

Different strategies of implementing a median
filter for noise suppression are possible. One of
them recommends starting with a median filter,
whose window covers three elements of the input
data array. If the signal attenuation is insignificant,
the filter window is expanded to five elements.

This is done as long as median filtering starts
to do more harm than good. Another possibility is
to implement a cascade median filtering of the
signal using a fixed or variable window width.
In general those areas having been constant after
a single filter treatment are not changed after re-
processing. The areas where the pulse signal dura-
tion is less than half the width of the window will
be changed after each processing cycle.

Advantages of median filters:

— a simple filter structure;

—a filter does not change step and powder
functions;

— a filter suppresses single impulse interference
and accidental noise spikes.

Disadvantages of median filters:

— median filtering is nonlinear because the medi-
an of the sum of two random sequences does not
equal the sum of their medians, that in some cases
can complicate the mathematical analysis of signals;

— a filter causes the flattening of vertices of tri-
angular functions;

— delays in one reading with continuously in-
creasing input values.

An example of signal processing by five points:

X[7]= x5 Xi15 Xio; Xi35 Xi43 Xis; X6 — an input
data array obtained directly from the sensor;

XFm[5] = XFm;y;, XFm;3; XFm;4;, XFmgs;
XFm,_ ¢ — a data array for the median filter.

Median filtering can be recursive and non-
recursive. Non-recursive filtering processes only
input array data

XFm; 4 = mediana(x; 2; Xi_3; Xi4; Xi_s; Xi6). (1)

Recursive filtration processes both input and
filtered array data at the same time

XFmM =
= mediana(XFm; 5; XFm; 3; X; 4; Xis5; Xi6). (2)
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A data array for derivative of rod travel

AXFm
At

[3] = XFm,; XFm, g x, . (3)

Five-point differentiation with simultaneous us-
ing the filter

AXF_y _
At
_(XFm_, — XFm,_)+(XFm,_; — XFm, )

B 5(,-1,,)

where i — a quantization step.

The displacement of the derivative relative to
the real time will be four steps of quantization, for
a predicted sampling rate of 200 Hz this will be
approximately 0.02 s.

4

>

CONCLUSIONS

1. It has been proved that the two modes for
controlling the electropneumatic valves to ensure
an actuator rod rapid movement and its accurate
positioning are necessary.

2. The use of electropneumatic valves with re-
action time of 0.03 s enables us to achieve a rod
positioning accuracy of 0.59 mm, this rate allows
to reduce the control system dead space by 2.7 %.

3. Rapid rod movement from the spot is possi-
ble due to the control pulse delivery to the magne-
tic coil for 0.07 s.

4. Unlike existing commercial clutch control
systems, this system enables to perform the func-
tions using only two electropneumatic valves'.
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