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Abstract. In modern conditions of competition a lot of attention is paid to the comfort of driving. Con-
trol to driveline units is no exception. Application of clutch with the system of compensation of wear of
friction overlays can not only enhance comfort, due to maintaining a stable effort on the pedal, but
also improve the performance of the clutch. In the article a comparative analysis of the traditional
design of the pneumohydraulic booster (PHB) and the design, which has a mechanism for compensat-
ing the wear of friction plate of clutches. As a compensator for the wear of friction plate of clutches, a
telescopic rod with a closed cavity is used, which is filled the brake fluid through a reverse valve. With
the wear of friction clutches, the fluid has the ability to slowly flow out of the closed cavity of the rod
due to the leakage of the reverse valve. A positive feature is the ability to implement the proposed de-
sign within the framework of the traditional design of the pneumatic booster without changing the
basic parts. As a result of the application of the proposed designs, it is expected to obtain such positive
qualities as reducing the mass and material capacity of the product, maintaining high clutch perfor-
mance regardless of the degree of wear of friction plates, reducing air consumption in operation (and,
consequently, reducing fuel consumption), reducing the overall dimensions of the PHB. In order to
confirm the new qualities, the consumption of air and fuel during the operation of both design of PHB
on the typical urban route in the route bus is calculated. When calculating, the clutch exclusions taken
into account are required during acceleration after each stop and traffic light. A reference to the in-
vestigation of the speed of the clutch control mechanism with new and worn friction plate of clutch is
given. The properties of the proposed PHB design with the mechanism of compensation of the wear of
the friction plate of the clutch are analyzed and the effect is shown not only in the manufacture of this
design, but also from the application of this design in operation, which is expressed in fuel economy.
Key words: pneumohydraulic booster, compensation mechanism for friction linings wear, fuel econo-
my, reduction of compressed air consumption.

Introduction

The significant attention is given to the driv-
ing control in the modern competitive environ-
ment. The operation of the gearing system de-
vices is not an exception.

The clutches with the wear compensation
system allows not only to advance the comfort
due to keeping the fixed pedal effort, but also to
advance the operational features of the clutch

[].

Publication analysis
Plenty of authors in Ukraine and abroad pay
attention to the development and improvement
of the vehicle clutch control drives in their pa-
pers [2-5].

The objective and problem statement

The objective of this paper is to analyze the
functional binding of the pneumohydraulic
booster (PHB) with the clutch friction lining
wear compensation. It is expected to get several
positive alterations as the result of the suggested
construction application:

— the product mass and materials consump-
tion reduction;

— keeping the fast response time of the
clutch, regardless of friction lining wear degree;

— air consumption reduction during the op-
eration (and as a result, the reduction of fuel
consumption);

— PHB overall dimensions reduction;
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Pneumohydraulic booster with the clutch

friction lining wear compensation

The great majority of the clutch constructions
comprise no wear compensation mechanisms. In
that case, the declutching pneumohydraulic
booster constantly slides out the starting position
of the piston component to keep zero clearance
between the plug connector and the clutch bear-
ing, so the operational features of the clutch
drive go down with increase of the clutch wear
[2]. The problem solution could be the PHB
construction revision. As an alternative method
to reduce the dimensions and PHB mass, along
with the simultaneous clutch wear compensa-
tion, it is possible to consider the proposed con-
struction with the PHB thrust rod that has two
sections.

Due to the construction (Fig. 1a), the friction
lining wear will be compensated for by the al-
teration of the thrust rod length, not by shifting
the cylinder, as in the customary constructions.
The force transmission between two sections of
the thrust rod is carried out due to the closed
void A (Fig. 1b).

The fluid supply to void A is carried out
through the return valve 5. Due to the friction
lining wear compensation system, the cylinder 1
(Fig. 1), has the enclosure shorter than those of
the customary constructions, and provides the
travel that is necessary only for the declutching.
The automatic wear compensation mechanism
consists of two thrust rods: the inner 3 and the
outer 11. There is the void A with the power
fluid between them, and it is separated from the
disconnecting gear by the ball with the return
valve 5.

The operating principle is similar to the hy-
draulic rocker compensating gear in the variable
valve event and lift. When pressing on the clutch
pedal, the working fluid pressure enters the void
between two thrust rods through the return valve
and pushes the inner thrust rod off as far as it
can go. Besides, it opens the speed valve 13
(Fig 1.a), thereafter the air fills the force void B
of the cylinder 1.

When moving forwards, the piston compo-
nent 2 pushes the outer thrust rod 11, herewith,
due to the locked return valve 5, the hydraulic
void A between the piston components 11 and 3
becomes closed, and provides the transmission
of force from the piston component 2 with the
thrust rod 11, to the thrust rod 3.

When declutching, the air outlet from void B
takes place and the whole mechanism returns to
origin by the action of the counter springs. The
clutch lining wears during the car operation, and

that causes the stepwise small displacement of
the thrust rod 3 inside the thrust rod 11, the ma-
nometer pressure that stays in the closed hydrau-
lic void after declutching (when moving without
declutching), is dumped through the leakiness in
valve 5. The possible air bubbles in the closed
hydraulic void are removed through the radial
bores 4, that open on to the gutter filled with the
foam material. When the booster activates, the
thrust rod gutter 11 moves over the sealer 6,
which provides the isolation of the closed hy-
draulic void A from the declutching circuit.

b

a — the general view of the proposed PHB con-
struction; b — the schematic diagram of PHB
with the clutch friction linings wear compensa-
tion mechanism
Figure 1. The proposed construction of the
pneumohydraulic booster

In order to verify the effectiveness of the im-
plementation of the proposed construction, we
will estimate the air and fuel savings using the
example of the route with the following buses:
MAN A10 or MAN Al5.

As an example, we will provide the map of
the first route (Fig. 2), where the buses MAN
A10 or MAN A15 operate.
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Figure 2. The map of the first route

The overall length of the distance is 7 km.
The route has 7 bus stops, 4 traffic lights, 7
crosswalks. The total traveling time is 11
minutes and 30 seconds, upon the condition of
no delays

Let us estimate the MAN A10 fuel consump-
tion for the PHB construction with the friction
lining wear compensation mechanism and with
the minimum initial volume of the void B
(Fig. 1, a) Vomin=73.5 cm’

on;( = VOmin 'n;‘yn 'nHaT > (1)

Vin =73.5-18:5=6615 cm’
where ¥V, — air volume consumed by one bus
ride for the clutch drive under the nominal pres-
sure; Vomin — minimum volume of the force void
of the PHB; n,, =18 — the number of bus stops
on the route; n,, =5 — the number of clutch

pedal application after one stop.
The volume of the air consumed by one day:
V= Vion " fyoy = 6615-54 =

=357210 cm® =357,2 1,

where 74,,=54 — the number of rides a day.
The volume of the air consumed by one year:

V,=357,2-365=130378 1/ h.

Considering the single-cylinder compressor
output of 575 I/min and the fuel consumption of
up to 0.7 /100 km. [3], we can estimate the
compressor operating time for the needs of the
PHB

T, =130378/575 =2267 mun = 3,78 h. (2)

The full distance passed by the bus for one
year

S=1l-n, -365=7-54-365=137970 kph,

where /=7 km — the distance from Pisochyn to
«Kholodna Hora» Metro Station.

Let us assume that the average speed of the
bus is V,,=20 km/h, 4,=3,78 h — the compressor
operating time for the needs of the PHB.

Let us estimate the distance S;, where the
compressor operates with the PHB minimum
volume.

S, =V, 1=20-3,78=75,6 km,

An amount of the fuel Q1, 1, consumed by
the compressor drive at the consumption rate of
0.7 /100 km [3], consumed by bus MAN A10,
when using the construction with the friction
lining wear compensation

S, 75,6
:—0’7: 2
< 100 100

-0,7=0,53 [.

Let us carry out the similar estimation with
the maximum initial volume of the void B
(Fig. 1, a), for the customary construction with-
out the lining wear compensation

y

xom

V. -n. -n, =

Omax “"3yn "“Har

—294.4-18-5=26490cm’ =264,91 )

where Vomax =294.4 ¢m® - maximum volume of
the PHB force void.

The volume of the air, consumed tor the full
day

V =V0H-n

b X

on = 264,9-54=14304,6 1.

The volume of the air, consumed tor the year

V, =14304,6-365=5149656 [/ h;
T, =5149656/575 =8955,9 min =149,3 hours.

Let us estimate the dis S,, where the com-
pressor operates at the maximum volume of the
PHB.

S, =V, -t=20-149,3=2986 km.

An amount of the fuel QI, 1, consumed by
the compressor drive at the consumption rate of
0.7 /100 km [3], consumed by bus MAN A10,
when using the construction without the friction
lining wear compensation
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0, :i.oj :%-0,7 =209 1.
100 100

The difference between the distance S, km,
and the volume of the fuel O, /, between the
compressor operation at the maximum and min-
imum volumes

S=S8,—5, =2986—75,6=2910,4 km;
0=0,-0,=20,9-0,53=20,37 I;

Conclusion
As a result, it is possible to save not only the
metal during the PHB manufacturing, but also
the diesel fuel during the bus operation.
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MexaHi3M KepyBaHHsI 34YeIJIEHHSIM 3 KOMIIEHCA-
i€l 3Hocy (PPUKLIHHUX HAKIAZOK. AHAJI3 BJa-
cTuBOCTell i epeKTUBHOCTI BUKOPUCTAHHS
Anomauin. YV cyuacnux ymosax KoHKypenyii 6azamo
yeazu npuoilsicmvcst KOM@OpMY KepyeauHs demo-
mobinem. Kepysanns acpeeamamu mpaucmicii He
BUHAMOK. 3acmocy8aHHs 34ensieHb 3 CUCMEMOIO
KOMReHcayii 3HOCY (PUKYIUHUX HAKIAOOK 00380JI€
He MinbKUu niosuwumu Kom@opm, 3a paxyHox 3be-
pedicentsi cmabinbho2o 3ycunis Ha nedani, d U
nIOSUWUINY eKCIITY AMAYIUHI XAPAKMePUCMUKY 34en-
NeHHA. Y cmammi 6UKOHAHO NOPIGHANLHUL AHANI3
mpaouyiiunoi koncmpyxkyii III'Y i koncmpykyii, sika
MA€ MEeXAaHizmM KOMNeHCayii 3HOCY — DPuKyitiHux
HAaKAA00K 3yenienus. Y sxocmi KomMneHcamopa 3Ho-
¢y puKYiliHUX HAKIAOOK 3YeNIeHHsl GUKOPUCTO-
8YEMbCS MENECKONIYHUL WMOK 13 3aMKHYMOI0 No-
PDOJACHUHOIO, KA 3ANO0BHIOEMbCA Uepe3 360POMHULL
KIanau 2anvmienoio piounoio. Ilpu 3noci ¢opuryitinux
HAKAAOOK 34enNeHHsl PIOUHA MAe MOACIUBICIMb NO-
BIILHO BUMIKAMU 13 3AMKHYMOI NOPOXCHUHU UIMOKA
30 PAxyHOK He2epMemuiHOCmi 360pOmHO20 KAANaHda.
THosumusenoio  ocobugicmio € MONCIUBICIL — pe-
anizyeamu 3anponoHo8any KOHCMPYKYIIO 6 paMKax
MPAOUYIIHO20 KOHCMPYKMUBHO20 GUKOHAHHS NHE-
Mozioponiocuntosaua bes sminu bazoeux oemaneil. B
pe3yiomami  3acCmoCy68anHs  3anpONOHOBAHOI  KOH-
CMPYKYILl OYIKYEMbC OMPUMAMU MAKi NO3UMUGHIT
AKOCMI 5K 3MEHUWEHHS Macu I MamepiaiomicimKkocmi
8Up00OY, 30epedicelts GUCOKOT WBUOKOOIT 3uenieHHs,
He3aNednCcHo i0 CMYNeHsi 3HOCY QPUKYIIHUX HaKIa-
00K, 3MeHuenHs gumpam nosimpst 6 excnayamayii (i,
5K HACTIOOK, 3MEHWEHH SUMpam Naiuea), 3meH-
wenns eabapumnux posmipis III'Y. /s niomeep-
O2iCEH sl HOBUX SIKOCMENl PO3paXo8ana eUmpama no-
8imps i nanuea npu excniyamayii 060x KOHCMpPYKYitl
Ha MUnoBOMy MICOKOMY MAapuwpymi y CKAaodi mMapui-
pymuoeo asmobyca. I1i0 yac po3apaxyHky epaxoeami
BUKJIIOYEHHS 3UeNIeHHsT HeOOXIOHI Nid 4ac po32oHy
nicis KOXCHOL 3ynunku ma npoizoy ceimaogopa. /la-
HO NOCUNAHHS HA OOCTIONCEHHS WBUOKOOII MexaHi3-
MY KepYBaHHs 3YENNeHHAM 13 3HOWLEHUMU | He 3HO-
weHuMy Haxkaaokamu 3uenienus. Ilpoananizosarno
eracmusocmi npononosanoi xowcmpykyii III'Y 3
MEXAHIZMOM KOMNEHCayii 3HOCY BPUKYIIHUX HAKIA-
00K 3uenienHsi | NOKA3aHull eghexm He MilbKu npu
8UOMOGNEHHI OAHOT KOHCMPYKYIL, ane i 6i0 3acmocy-
6aHHsL OAHOI KOHCMPYKYIT 6 excniyamayii, Kull eu-
pascaemsbcsi 8 eKOHOMIi nanueda.

Knrouoei cnosa: I1I'Y, smenwenns memanoemmocmi,
MeXanizm KOMNeHCayii 3H0Cy QPUKYIUHUX HAKIAOOK,
EeKOHOMIS NAIUBA, 3MEHUEHHA CNOJICUBAHHS CINUCHE-
HO20 NOBIMPAL.
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MexaHu3M ynpaBJieHHs cHelVIeHueM ¢ KOMIIeH-
canyeii N3Hoca (PPUKLMOHHBIX HAKIAJI0K. AHATU3
CBOICTB M 3(p(PeKTUBHOCTH UCIOJIb30BAHUS
AHHoOTanus. B COBpEeMEHHBIX YCIOBHUSAX KOHKYpEH-
UK OONBIIOE BHUMaHUE YAENseTcs KOMQOpPTYy BO-
KIEHUs. YTpaBlieHWe arperaTaMd TPAaHCMHCCHUHM HE
uckioueHue. IIpuMeHeHue CUETIeHUH ¢ CHCTEMOM
KOMITEHCAIIMM M3HOCA (DPUKIIMOHHBIX HAKIIAJOK I103-
BOJISIET HE TOJBKO MOBBICUTH KOM(OPT, 32 CYET CO-
XpaHeHHs1 CTaOMIILHOTO YCHIIUS Ha TIe/Ialld, HO U TI0-
BBICUTh 9KCIUTyaTallUOHHBIE XapaKTePUCTHKH
CLeIVIeHHsd. B craTbe BBINOJHEH CPaBHUTENbHBIN
aHaNMM3 TpagunuoHHOW KoHcTpykuuu III'Y u koH-
CTPYKIMH, KOTOpas MMEeT MEXaHW3M KOMIIeHCaIuu
n3HOCa (PUKIMOHHBIX HAKNIAJOK clervieHus. B ka-
YecTBe KOMIIEHCaTopa N3HOCa (DYPUKIMOHHBIX HAaKJIa-
JIOK CHEIUIEHHsS HCHOJB3YETCsl TEeNeCKOMMUECKUi
LITOK C 3aMKHYTOU IOJIOCTBIO, KOTOpasl 3aroHsIeTcs
4yepe3 OOpaTHBIM KiamaH TOPMO3HOH JKHIKOCTHIO.
[lpn wm3HOCE (PUKIMOHHBIX HAKIAIOK CIETUICHHS
KHUJIKOCTh UMEET BO3MOXKHOCTh MEIJICHHO BBITEKATh
13 3aMKHYTOH IOJIOCTH IITOKA 3a CU€T HEerepMeTHd-
HOCTH oOpatHoro kiamnana. IlomokurenbHOH oco-
OCHHOCTBIO SIBJISIETCS BO3MOXKHOCTH —peajn30BaTh
MIPEUIOKEHHYI0 KOHCTPYKIMIO B paMKaxX Tpaaulu-
OHHOT'O KOHCTPYKTHBHOT'O HCIOJHEHHUS MHEBMOTHUJ-
poycenutens 0e3 m3MeHeHHs1 0a30BBIX jeTaieid. B
pe3yapTaTe NPUMEHEHUS NPEIIOKEHHONM KOHCTPYK-
UM OXUAAeTCsl MOMYy4YUTh TAaKHE MONOXKHUTENbHbIE
KayecTBa KaK yMEHbILIEHHE MacChl, U MaTepHaIOEM-
KOCTH H3[IEJIHs, COXpAaHEHUE BBICOKOTO OBICTpOJEHi-

CTBHSI CLEIUICHHs], HE3aBHCHUMO OT CTEIEHH H3HOCa
(pUKIMOHHBIX HAKJIAZOK, YMEHbIIEHHE pacxoja
BO3/IyXa B 3KCIUTyaTaluH (M, KaK CIEJCTBHE, YMEHb-
LIEHHE Pacxo/ia TOIUTUBA), yMEHBIIEHHE Ta0apUTHBIX
pasmepos I1I'Y. [l noaTBepkKAeHUS HOBBIX KauecTB
paccuuTaH pacxoJ Bo3/ayXa U TOILIMBA IPH JKCILTya-
TalMu 00E€UX KOHCTPYKIMHA Ha OOBIYHOM T'OPOICKOM
MapuipyTe B COCTaBe MaplIpyTHOro aBroOyca. [Ipu
pacyére y4YTEeHBI BBIKIIOYCHHUS CLEIUIEHUs] HEeoOXOo-
JIMMBIE BO BpPEMs pa3roHa I0cie KaXJI0H OCTaHOBKH
u npoesfa cerodopa. JlaHa cchlIKa Ha MCCIEN0Ba-
HHUe OBICTPOJECHCTBHSI MEXaHU3Ma YIPABJICHHS CIIET-
JICHUEM C W3HOIICHHBIMH W HE W3HOUICHHBIMU
HaKJIaJIKaMu cleruieHus. [IpoaHaan3upoBaHbl CBOM-
cTBa mpearaeMoi koHcTpykiuu I1I'Y ¢ mexanus-
MOM KOMIIEHCAIUN W3HOCA (PPUKIMOHHBIX HaKJIaJlOK
CIETUIEHHS U TOKa3aH d(PQPEKT He TOIBKO MPH U3TO0-
TOBJICHUM JTAHHOW KOHCTPYKIIMH, HO U OT NpHUMEHe-
HUSI JAHHOM KOHCTPYKIIMH B SKCILTYaTallH, KOTOPBINA
BBIpa)KaeTcsi B 9KOHOMHH TOILIHBA.
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KOCTH, MEXaHU3M KOMIICHCAILIMH U3HOCA (DPUKITHOH-
HBIX HAaKJIaJ0K, SKOHOMHS TOIUIMBA, YMEHBIIICHHE
MOTpEOIEHUsI CKATOTO BO3/AyXa
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