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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

Fig. 1. The proposed construction of the pneu-
mohydraulic boostera: a — the general view
of the proposed PHB construction; b — the
schematic diagram of PHB with the clutch
friction linings wear compensation mecha-
nism

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 AlS5.

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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Fig. 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’

VXO}:{ = VOmin 'nxyn Migar > (1)
Vion =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 n4,,=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

xon

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 =V0ﬂ-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



ABTOMOOGMNBLHLIA TPaHCNOPT, Bbin. 43, 2018

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—756=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 3YeIIEHHSIM 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-
Mmobinem. Kepyeanns acpecamamu mpaucmicii — He
BUHAMOK. 3acmocy8anns 34yenieHv i3 CUCMeMOol0
KOMReHcayii 3HOCY (DPUKYIUHUX HAKIAOOK 00380JI5€
He MIinbKUu niosuwumu Kom@opm, 3a paxyHok 3de-
pedicentsi cmabinbho2o 3ycunis Ha nedami, a U
nIOSUWUMU eKCNIYAMAYIUHI XAPAKINePUCMUKU 34en-
JNeHHs. Y cmammi 6UKOHAHO NOPIGHANLHUL AHANI3
mpaouyiiunoi koncmpykyii III'Y i koncmpykyii, sika
MA€ MEeXAaHizmM KOMNeHCayii 3HOCY — DPuKyitiHux
HAaKaaoox 3uenjenus. B skocmi xomnencamopa 3uocy
DPUKYIIHUX HAKAAOOK 3UenjieHHs. GUKOPUCIIOBYEMb-
CsA MenecKONiYHUll WMOK i3 3AMKHYMOI0 NOPONCHU-
HOI0, 5IKA 3ANOBHIOEMbCA Yepe3 360POMHULL KAANAH
eanvmisHoio piournoro. Ilpu 3noci gpukyiinux Haxkia-
00K 3uenjienHst PiOUHa Mae MONCIUBICMb NOBLILHO
gumikamu i3 3AMKHYMOI NOPOJCHUHU WIMOKA 34
DAXYHOK He2epMemuiHoCmi 360pOmMHO20 KIANaHa.
Hosumusnolo  ocobaugicmio € MONCIUBICIL — pe-
anizyeamu 3anponoHo8any KOHCMPYKYIIO 6 paAMKax
MPAOUYIIHO20 KOHCMPYKMUBHO20 BUKOHAHHS NHE-
Mozioponiocuntosaua bes sminu bazoeux oemaneil. B
pe3yiomami  3acCmoCy6aHHs  3anpoNnoOHOGAHOI  KOH-
CMPYKYIL OYIKYEMbCA OMPUMAMU MAKI NO3UMUGHI
AKOCMI 51K 3MEHUWEHHs MacU I MamepianiomicmKocmi
8Upo0by, 30epedicentss GUCOKOT WBUOKOOIL 3uenieHHs,
He3aNediHCHO 6i0 CMyneHst 3HOCY (PPUKYItHUX HaK1a-
00K, 3MeHulenHs gumpam nosimps 6 excniayamayii (i,
5K HACMOOK, 3MEHWEHH SUMpam NAauea), 3MeH-
wenns eabapumnux posmipis III'Y. /s niomeep-
OJiCeH sl HOBUX SIKOCMEU PO3PAX08AHO GUMPAMmy No-
8impsi i NAIUBA NPU eKCHIyamayii 000X KOHCMpPYKYil
Ha MUNOBOMY MICOKOMY Mapwpymi y CKAaoi mMapu-
pymuoeo asmobyca. I1i0 yac po3paxynxy epaxoeami
BUKJIIOYEHHS 34eNJIeHHs, HeOOXIOHI Ni0 4ac po320Hy
nicis KOXCHOL 3ynuHku ma npoizoy ceimnogopa. /la-
HO NOCUNAHHSL HA OO0CTIOJCEH ST WUBUOKOOI] MeXaHi3-
MY Kepy6aHHs 34enyieHHAM 3i 3HOWeHUMU | He3Houe-
HUMU  Hakiaokamu  3yenienns..  Ilpoananizosano
eracmusocmi npononosanoi xowcmpykyii III'Y 3
MEXAHIZMOM KOMNEHCAyii 3HOCY BPUKYIIHUX HAKIA-
00K 34YenieHHsi 1 NOKA3aHo eqhekm He MIinbKUu npu
BUSOMOGNEHHI OAHOT KOHCMPYKYIL, ane i 810 3acmocy-
BAHHs OAHOL KOHCMPYKYIT 6 eKkcniyamayil, sKull eu-
padcaemscsi 8 eKOHOMIi naiuea.

Knrouoei cnosa: I1I'Y, smenwenns memanoemmocmi,
MeXanizm KOMNeHCayii 3H0Cy QPUKYIUHUX HAKIAOOK,
EeKOHOMIS NANUBA, 3MEHUEHHA CNOJICUBAHHS CINUCHE-
HO20 NOBIMPAL.
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MexaHu3M yIpaBJieHHS CHEIUICHHEM ¢ KOMIIeH-
canueii M3HOCa (PPUKIMOHHBIX HAKIATOK. AHAIH3
CBOICTB M 3(p(PeKTUBHOCTH HUCIOJIb30BAHUS
Annomayusn. B cospemeHHbIX YCI06USIX KOHKYDEH-
yuu 6orbUIOE BHUMAHUE YOeNssemcsi KoMGpopmy 60-
Jrcoenus. Ynpaenenue azpecamamu mpascmuccuu —
He uckmouenue. Ilpumenenue cyenienuii ¢ cucmemoul
KOMAEHCayuu Uu3Hoca (pUKYUOHHBIX HAKIAOOK NO3-
60JI5leN He MOAbKO NOBbICUMb KOMpopm, 3a cuém
COXpaHeHus CmabuibHo20 YCUIUs Ha neoanu, HO U
HOBbICUMb  IKCIIYAMAYUOHHbIE  XAPAKMEPUCTUKU
cyennenus. B cmamve 6vinonanen cpaenumenvibiii
ananuz mpaouyuontol xowcmpyxkyuu IT'Y u rou-
CMPYKYUU, KOMOopasi uMeem Mexanusm KOMHeHcayuu
UBHOCA (PPUKYUOHHBIX HAKIAOOK cyenienus. B kaue-
cmee KOMNeHcamopa U3HOCA (DPUKYUOHHBIX HAKIA-
00K Ccyenienusi UCHONb3Yemcsl MeNecCKONnU4ecKull
WMOK ¢ 3aMKHYMOU NOAOCMbIO, KOMOPAsi 3aNONHs-
emcsl yepe3 obpamublll KIAnNan mopmMo3HOU JICUOKO-
cmwio. Ilpu usnoce QpuKyUOHHBIX HAKIAOOK cyenie-
HUSL  JICUOKOCMb  UMEEen. BO3MOICHOCTL  MEONEHHO
BbIMEKAMb U3 3AMKHYMOU NOAOCHU WIMOKA 34 CYEém
HezepmemuuHocmu 0opamnozo Kianaua. Ilonodicu-
MENbHOU 0COOEHHOCMbIO SIBNAEHICS BO3MOICHOCHIb
Peanuz08ams NpeoLoNCEHHYI0 KOHCMPYKYUIO 8 PaM-
Kax mpaouyuoHHO20 KOHCPYKMUBHO2O0 UCHOIHEHUS.
nHesemocuopoyceiumens 0Oe3 uUsMeHeHus 0a308bix
Odemaneu. B pezyiomame npumenenus npeonodlceH-
HOU KOHCMPYKYUU OJICUOAEMCs NOJYYUMb  MaKue
HONOJCUMEIbHbIE KAYeCm8d KaK YMeHbUleHUe MACCbl
U MamepuanioémKocmu u30eiusi, COXpameHue 6blco-
K020 OblcmpoOelicmeus Cyenienus, He3aeucumo om

CMenenu U3HOCa (PPUKYUOHHBIX HAKIAOOK, YMeHblle-
HUe pacxooa 6030yxa 6 dKcnayamayuu (4, Kak cieo-
cmeue, yMeHbleHue pacxooa Moniuea), ymenvuie-
Hue eabapumnvix pasmepos III'Y. s noomeepoic-
OeHUsl HOBbIX KAYeCme pacCUuman pacxoo 8030yxa u
MONIUBA NPU IKCHAYAMAYUY 0OeUX KOHCMPYKYULL Ha
00OBbIYHOM 20POOCKOM Mapuipyme 8 cocmage Mapil-
pymunoeo aemobyca. Ilpu pacuéme yumenuvl 6bIKIIO-
YeHusl cyenneHus, HeobXooumvle 60 8peMs pPAa320HA
nocie Kaxicoou OCMAHOGKU U Npoe3da ceemogopa.
Jlana ccoiika Ha uccaedosanue ObICMPOOEUCmMEUs
MeXAHUZMA YNPAGLeHUs. CYEnieHUeM ¢ USHOWEHHbIMU
U HEU3HOWEHHbIMU Hakaaokamu cyennenus. IIpoana-
JUBUPOBAHBL CEOUCMEA NPeONacaemMoll KOHCMPYKYUU
Iy ¢ mexanusmom Komnencayuu UsHOCA QpuK-
YUOHHBIX HAKIAOOK CYenNeHUs U NOKa3an dghgexm ne
MOILKO NPU U320MOGNEHUU OAHHOU KOHCMPYKYUU, HO
U om npuMeHeHus OAHHOU KOHCMPYKYUU 6 IKCH-
ayamayuy, KOmopbvill blpadcaemcs 6 IKOHOMUU
monuea.

Knioueevie cnoea: III'Y, ymenvuwenue memanioém-
KOCMU, MeXanu3m KOMHEHCayuu U3HOCAd QPUKYUOH-
HbIX HAKIAOOK, JKOHOMUSL WONIUBA, YMeHbUleHUe
nompeoneHUst CHCAmo2o 8030yXa.
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Bapianr 2, a

1,13 — BepxHi mapHipu amoptuzaropis; 2,12 — pykaBHi
MpY)XHI eneMeHTH; 3,11 — MIapHIpY HWKHIX BaKEJiB;
4,10 — mapHipy  BepxHIX  BaxenmiB; 5,9 — KyJaboBi
HIApHIPH KEPMOBUX TAT; 6,8 — KPOHIITEHHU KEPMOBOL
Tparertii; 7 — mo3I0BXKHS KepMoBa Tara; 14,16 — komicHi
MEXaHI3MH Yy 300pi 3 BaKEISIMH, PYKaBHUMHU TP YKHUMHU
eIleMEeHTaMH 1 aMopTH3aTopaMu; 15 — kepMoBa Tparemnis
B 300pi 3 KEPMOBUMH TATaMHU

BapianT 2, 6
1,13 —BepxHi mmapHipu amopTu3aropis; 2,12 —
pyKaBHI TpyxHi enemeHtd; 3,11 — mapHipu

HIDKHIX BakeniB; 4,10 — miapHipy BepxHiX Ba-
KewiB; 5,9 — KynboBi HIAPHIPH KEPMOBHX TSIT;
6,8 — KpoHIITEiHN KepMOBOi  Tpamerii; 7 —
MO3/IOBXKHSA KepMoBa Tsra; 14,16 — koiicHi Me-
XaHI3MU y 300pi 3 BaXKeNSIMH, pyKaBHUMH TIPYXK-
HUMH eJIEMEHTaMH 1 aMopTHu3aTopamu; 15—
KEepMOBa Tparnelis y 300pi 3 KEPMOBUMU TSTaMH
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Bapianr 3, a
1,11 — BepxHi mapHipu amopruzaropis; 2,10 — pykaBHi
NPYXKHI eJeMeHTH; 3,9 — MapHipyu HWKHIX Ba)<eliB;

4,8 — mapHipu BepXHIX BakelmiB; 5,7 — KPOHIITEHHU
KEepMOBOI Tparelii; 6 — o30BKHs KepMoBa Tsra; 12 —
miiBicka y 300pi 3 KOJIICHUMHU MeXaHi3MaMu, pyKaBHH-
MU NPY)XHHMHU €JI€MEHTaMH, aMOpTH3aTOpaMHu, KepMo-
BOIO TPAIELI€0 i KEPMOBUMH TATaMHU

BapianT 3, 6

1,11 —BepxHi mapHipu amopTuzaropis; 2,10 —
PYKaBHI MPYXHi eleMeHTH; 3,9 — MapHipu HIK-
HiX BaxeniB; 4,8 — mapHIpU BEpXHIX BaKeliB;
5,7 — KpOHIITEHHN KepMOBOI  Tpamemii; 6 —
TO3JIOBXKHS KepMoBa TATa; 12 — mijBicka y 300pi
3 KOJNICHUMHU MEXaHi3MaMH, PYKaBHUMH MPYXK-
HUMH eJIeMEHTaMH, aMOPTH3aTOPaMH, KEPMOBOIO
TpAIeni€ero i KEPMOBUMHU TATaMH

Tabnuu 2 — Pe3ynbraTu 10CHiPKEHHS Bary i BiJicTaHi BepIIHH rpadiB AOCTYIy 10 Mi/IBICKH KEPOBaHUX KO-
Jtic aBro0yca borman A 70132

XapaKTepI/ICTI/IKa Baru

I'papu  mocry-
n?’z(llgzleﬂTaﬂeijl ”(xi)' F(x;)
10 BiI[MOBI/IJ'II/I’ Bepumnn H(xi) F, (xi) YR
n (xi)'Fp(xi)
1,2,3,4,7,8,9,12, 13, 14, 15, 1", 2T, ) 17 1x17
3',4' 12", 13", 14", 15", 16, 22 1’x17
Bapiasr 1 5,6,10, 11,17, 18, 20, 21 2 8 22"8
2°x8
3x1
P 3 ! 3%x1
1,2,5,7,9,12,13 1 7 1x7
i 1x7
Bapianr 2 e
3,4,5,8,10, 11 2 6 a0
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14,15, 16 5 3 552’;33
1,2,6,10, 11 1 5 112’;55
Bapiant 3 3,4,5,7,8,9 2 6 222’;66
12 28 1 22882’;11
XapaKTepuCTHKA BiJCTaHEH
d(XO’xl)
I'padu  mocty- F, (xo X )
Iy JI0 JieTaJieH, _—
110 BIZIMOBWIIH Bepumm d(xo X ) Fy (xo %, ) d’ (xo » X )
F, (xo,xI )
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 1 15 1x15
14, 15 1’x15
Bapianr 1 2x8
1,2',3',4', 12", 13", 14, 15, 2 8 228
16,17, 18, 19, 20, 21 3 7
1x13
1,2,3,4,5,6,7,8,9,10, 11, 12, 13 1 13 %13
BapianT 2 3
14,15, 16 2 3 3
1x11
1,2,3,4,5,6,7,8,9,10, 11 1 11 1’x11
BapianT 3
12 2x1
2 ! 22);1

Tabnuus 3 — Pe3ynbraTu H0CHIPKEHHS Bary 1 BiJCTaHi BEpIIMH IpadiB AOCTYIy 10 MiABICKM BEIYIUX KOJIIC
aBToOyca borman A 70132

XapaKTepI/ICTI/IKa Baru

I'padpu gocryn
z[gz[%)Taneﬁ }I/J_l(})/ 'u(xi)'F/t(xi)
BiI[MOBI/IJ',II/I Bepmnu :u(xi ) F, u (xi) 2
‘Ll (xi ) F,u (xi)
1,2,3,4,5,6,7,8, 1,27 3T 4T, 1x16
121 A1 ol 1 16 )
. 5,6,7,8 1°x16
Bapianr 1 <3
9,10, 11,12, 13 2 5 2245
1,2,3,4,5,6,7,8 1 8 112’;88
Bapianr 2 9,10,11,12, 14 2 5 222);55
13 7 1 772’;11
1,2,3,4,5,6,7,8,9, 10, 11, 12 1 12 112’;1122
BapianT 3 Tox1
13 10 1 10%x1
XapaKTepuCTHKa BiJCTaHEH
d(XO’xl)
I'padu mocrymy F (x . )
i d\*o>
710 JICTalIeH, o Bepumau d (xo » X, ) F, (xo , X ) :
BiaMoBHIN ! FE (x X )
ER
F, (xo,xI )
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1,2,3,4,5,6,7,8,9,10,11,12, | b23%5
6,7,8,9, 1 12
13, 14, 15
. 10, 11, 12
Bapianr 1 T AT 2T 4T
1 b 2 b 3 b 4 b 2 8
11,2, 31 4" 12", 13, 14", 15 56", 7', 8!
16,17, 18, 19, 20, 21 13 3 1
1,2,3,4,5,
1,2,3,4,5,6,7,8,9,10,11,12, 13 | 6,7,8,9, 1 12
Bapianr 2 10, 11, 12
13 2 1
14, 15, 16 12 3 1
1,2,3,4,5,
Bapianr 3 1,2,3,4,5,6,7,8,9,10, 11 6,7,8,9, 1 12
apranT 10, 11, 12
12 13 2 1
[IpoBenemo Bu3Ha4YeHHS (QYHKIIT JOCTYIY KepoBaHHMX Komic aBToOyca borman A70132 3a
JUIsl TIEpUIOrO BapiaHTy pO3OMpaHHS MiJBiCKH JaHuMH Tabm. 1, a ta 2:
2 2
O-d (x0,x,)=d* (xq,x,) Fd (x4, x,) —[d (xg,x; ) Fd (xq,x, )] =
= (1715427 -8+3"-7)—(1-15+2-8+3-7)" = -2594;
2 2 2 2 2
bu (1) =1 (x5 B () =[x By ()] =(17-17+27-8+3-1) -
~(1-17+2-8+3-1)" =-1238;
Ad=d-d (xy,x, )-¢“(x]) =-2594—(-1238)=-1356
3a TakuM alIropuTMOM BH3HAYUMO (DYHKIIT borman A70132, 3Bememo ix mo Tabm. 4 i
JOCTYIY JJIsl BCIX TPHOX BapiaHTIB pO3OHpaHHS MPOBENIEMO NOPIBHUTBHUM aHAI3 13 METOI PO3-
MiIBICOK KEPOBaHUX 1 BEIlyYHX KOJIIC aBTOOYyCa pOOJIEHHS TPAKTUYHUX PEKOMEHAAIliH.

Tabnuigt 4 — Pesynbratu BU3HaYeHHs (QYHKINN JOCTYITY

06’ ek Bapiant Q- d(xo )X, ) ?, (x, ) Ag
ITigBicka KepOBaHUX KOJIIC aBTOO I 2594 1238 1356
ABICKA ]Sg;’ ;H Am‘g;a obyea 1 2336 ~1050 +714
8 111 -154 1212 11058
Mixsi . 6 | -907 -493 -414
‘I‘B‘CKaESfY::’:;‘(’ﬁ‘;z"‘BTO yea I 264 -563 1299
a 111 2153 372 1219
3 tabs. 4 BUIHO, 110 HAHOLIBII PalliOHATLHUM Jlireparypa
BapiaHTOM JJisl POo30MpaHHs MTHEBMATUYHOI Iij- 1. JICTY 2860-94. HaniliHicTh TEXHIKH. :FeleHn i
BICKU KEpOBAHUX KOIIC € TpeTiii, a s Bexydnx susHauends. K.: Jlepkcranmapr Ykpaiau, 1994.
_ o 36 c.
NpYTUH.
2. Boikos H. PeMOHTONPHUTOAHOCTh MAaIlluH / TOJ.
pen.. II. H. Bomkoa. M.: MammHocTpoeHue,
Bucnosku 1975. 368 c.
3.3 AOLIOMOT'O0 CTPYKTYPHOTO aHaJI3y MHEB- 3. Tym I'. C. CtpyKTypHas OLIEHKA PEMOHTOIPUIO-
MOIIIJIBICOK PI3HMX aBTOOYCIB MOXKHA OILIIHUTH 3 JHOCTH TIONBECKH  aBToOyca JIA3-4202 /

TO3HIIA TOCTYIy IXHIO PEMOHTO3/IaTHICTb. I'. C. I'ym3, 10. U. Jpobot,Il. U. Epemenko.-
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JIsBoB: Tpymst BKOUABTOBYCIIPOM, 1981.
C. 187-195.

4. Kenpman [. 1. TlimBumieHHs eKcIuTyaTariiiHUX
BJIACTHBOCTEH aBTOOyca B Cy4acHHUX YMOBax /
I. I. Kensman, K. Jleitna, P. A. Axomsu.-JIbBiB:
HBII «Meta», 1997. 253 c.

5. 3uxoB O. O. OcuoBbl Teopuu rpados / O. O. 3u-
KoB. M.: By3oBckas xkxura, 2004.-664 c.

6. Mpamenko H. U. TexHonorus peMoHTa aBTOMO-
ouneii / H. U. UBamenko. — K.: Bumia mxona,
1977.360 c.

7. ABtoOyc borman A 70132. HacranoBa mono
excruryatyBanns: BI'K JIIT «ABTockianaibHUiA
3aBog Nel AT «ABToMOOinhHAa KoMmaHis «bor-
naH Motop3»». Jlynek: 2016. 97 c.
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Determination of optimal load parameters for
efficient operation of silicon solar battery

Abstract. Problem. Maintainability as a special
property of machine should be built into it during its
design phase. There are some scientific premises of
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quantitative evaluation of maintainability, but there
are also some gaps in regard to qualitative (structur-
al) evaluation of maintainability of some units and
aggregates. Goal. Based on the structural analysis of
the pneumatic suspensions of the steered and driving
wheels of the A 70132 bus, graphs were constructed
and the access functions were calculated that charac-
terize the repair-ability of the suspension during dis-
assembly operations. Methodology. Based on the
structural analysis of the pneumatic suspensions of
the steered and driving wheels of the A 70132 bus,
graphs were constructed and the access functions
were calculated that characterize the repair-ability
of the suspension during disassembly operations.
Results. It is rational to evaluate an access to non-
renewable parts by analysis of the sequence of disas-
sembly works, necessary for obtaining access to
failed machine parts. These work sequences can be
represented as access graphs, where graphs nodes
represent ends of works and oriented edges (drawn
as line segments with arrows) describe the order by
which disassembly works are performed. The graphs
of such kind belong to oriented class with root node,
which is shown as a point and zero, and indicates the
start of works. It is also rational to use such proper-
ties of graphs as distance from the root node d(x,, x;)
and its weight \(x;). The main criterion of structural
evaluation of machines maintainability, which de-
scribes the convenience of rapid recovery of ma-
chines operating is its accessibility function ¢. There
are values of this criterion calculated for pneumatic
garter of driven and undriven wheels of Bogdan A
70132 bus in this article as well as the most rational
ones are chosen. Originality. The reparability of the
component part of the vehicle with the conditions for
ensuring the best access to the refused part has been
determined, it is more convenient to do with the ac-

cess function, which is the main criterion for struc-
tural assessment of reparability of machines Practi-
cal value. With the help of structural analysis of
pneumatic suspensions of different buses, it is possi-
ble to estimate their reparability from the access
point.

Key words: air suspension, bus, repair, graphs, func-
tions.
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