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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 eбception. Application of clutch аith the sвstem of compensation of аear of 
friction overlaвs can not onlв enhance comfort, due to maintaining a stable effort on the pedal, but 
also improve the performance of the clutch. In the article a comparative analвsis of the traditional 
design of the pneumohвdraulic booster (PHB) and the design, аhich has a mechanism for compensat-
ing the аear of friction plate of clutches. As a compensator for the аear of friction plate of clutches, a 
telescopic rod аith a closed cavitв is used, аhich is filled the brake fluid through a reverse valve. With 
the аear of friction clutches, the fluid has the abilitв to sloаlв floа out of the closed cavitв of the rod 
due to the leakage of the reverse valve. A positive feature is the abilitв to implement the proposed de-
sign аithin the frameаork of the traditional design of the pneumatic booster аithout changing the 
basic parts. As a result of the application of the proposed designs, it is eбpected to obtain such positive 
qualities as reducing the mass and material capacitв of the product, maintaining high clutch perfor-
mance regardless of the degree of аear of friction plates, reducing air consumption in operation (and, 
consequentlв, reducing fuel consumption), reducing the overall dimensions of the PHB. In order to 
confirm the neа qualities, the consumption of air and fuel during the operation of both design of PHB 
on the tвpical urban route in the route bus is calculated. When calculating, the clutch eбclusions 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 аith neа and аorn friction plate of clutch is 
given. The properties of the proposed PHB design аith the mechanism of compensation of the аear of 
the friction plate of the clutch are analвгed and the effect is shoаn not onlв in the manufacture of this 
design, but also from the application of this design in operation, аhich is eбpressed in fuel economв. 
Key words: pneumohвdraulic booster, compensation mechanism for friction linings аear, fuel econo-
mв, reduction of compressed air consumption. 
 
 

IntroНЮМtion 
ThО signiПicant attОntion is giЯОn to thО driЯ-

ing control in thО modОrn compОtitiЯО ОnЯiron-
mОnt. ThО opОration oП thО gОaring sвstОm dО-
ЯicОs is not an ОбcОption.  

ThО clutchОs аith thО аОar compОnsation 
sвstОm alloаs not onlв to adЯancО thО comПort 
duО to kООping thО ПiбОd pОdal ОППort, but also to 
adЯancО thО opОrational ПОaturОs oП thО clutch 
[1]. 

 
PЮbliМation analвsis 

PlОntв oП authors in UkrainО and abroad paв 
attОntion to thО dОЯОlopmОnt and improЯОmОnt 
oП thО ЯОhiclО clutch control driЯОs in thОir pa-
pОrs [2-5]. 

 
 

ThО objОМtiЯО anН problОm statОmОnt 
ThО objОctiЯО oП this papОr is to analвгО thО 

Пunctional binding oП thО pnОumohвdraulic 
boostОr (PHB) аith thО clutch Пriction lining 
аОar compОnsation. It is ОбpОctОd to gОt sОЯОral 
positiЯО altОrations as thО rОsult oП thО suggОstОd 
construction application:  thО product mass and matОrials consump-
tion rОduction;  kООping thО Пast rОsponsО timО oП thО 
clutch, rОgardlОss oП Пriction lining аОar dОgrОО;  air consumption rОduction during thО op-
Оration (and as a rОsult, thО rОduction oП ПuОl 
consumption);  PHB oЯОrall dimОnsions rОduction; 
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PnОЮmohвНraЮliМ boostОr аith thО МlЮtМh 
friМtion lining аОar МompОnsation 

ThО grОat majoritв oП thО clutch constructions 
comprisО no аОar compОnsation mОchanisms. In 
that casО, thО dОclutching pnОumohвdraulic 
boostОr constantlв slidОs out thО starting position 
oП thО piston componОnt to kООp гОro clОarancО 
bОtаООn thО plug connОctor and thО clutch bОar-
ing, so thО opОrational ПОaturОs oП thО clutch 
driЯО go doаn аith incrОasО oП thО clutch аОar 
[2]. ThО problОm solution could bО thО PHB 
construction rОЯision. As an altОrnatiЯО mОthod 
to rОducО thО dimОnsions and PHB mass, along 
аith thО simultanОous clutch аОar compОnsa-
tion, it is possiblО to considОr thО proposОd con-
struction аith thО PHB thrust rod that has tаo 
sОctions.  

DuО to thО construction (Fig. 1a), thО Пriction 
lining аОar аill bО compОnsatОd Пor bв thО al-
tОration oП thО thrust rod lОngth, not bв shiПting 
thО cвlindОr, as in thО customarв constructions. 
ThО ПorcО transmission bОtаООn tаo sОctions oП 
thО thrust rod is carriОd out duО to thО closОd 
Яoid A (Fig. 1b).  

ThО Пluid supplв to Яoid A is carriОd out 
through thО rОturn ЯalЯО 5. DuО to thО Пriction 
lining аОar compОnsation sвstОm, thО cвlindОr 1 
(Fig. 1), has thО ОnclosurО shortОr than thosО oП 
thО customarв constructions, and proЯidОs thО 
traЯОl that is nОcОssarв onlв Пor thО dОclutching. 
ThО automatic аОar compОnsation mОchanism 
consists oП tаo thrust rods: thО innОr 3 and thО 
outОr 11. ThОrО is thО Яoid А аith thО poаОr 
Пluid bОtаООn thОm, and it is sОparatОd Пrom thО 
disconnОcting gОar bв thО ball аith thО rОturn 
ЯalЯО 5. 

ThО opОrating principlО is similar to thО hв-
draulic rockОr compОnsating gОar in thО ЯariablО 
ЯalЯО ОЯОnt and liПt. WhОn prОssing on thО clutch 
pОdal, thО аorking Пluid prОssurО ОntОrs thО Яoid 
bОtаООn tаo thrust rods through thО rОturn ЯalЯО 
and pushОs thО innОr thrust rod oПП as Пar as it 
can go. BОsidОs, it opОns thО spООd ЯalЯО 13  
(Fig 1.a), thОrОaПtОr thО air Пills thО ПorcО Яoid B 
oП thО cвlindОr 1.  

WhОn moЯing Пorаards, thО piston compo-
nОnt 2 pushОs thО outОr thrust rod 11, hОrОаith, 
duО to thО lockОd rОturn ЯalЯО 5, thО hвdraulic 
Яoid А bОtаООn thО piston componОnts 11 and 3 
bОcomОs closОd, and proЯidОs thО transmission 
oП ПorcО Пrom thО piston componОnt 2 аith thО 
thrust rod 11, to thО thrust rod 3.  

WhОn dОclutching, thО air outlОt Пrom Яoid B 
takОs placО and thО аholО mОchanism rОturns to 
origin bв thО action oП thО countОr springs. ThО 
clutch lining аОars during thО car opОration, and 

that causОs thО stОpаisО small displacОmОnt oП 
thО thrust rod 3 insidО thО thrust rod 11, thО ma-
nomОtОr prОssurО that staвs in thО closОd hвdrau-
lic Яoid aПtОr dОclutching (аhОn moЯing аithout 
dОclutching), is dumpОd through thО lОakinОss in 
ЯalЯО 5. ThО possiblО air bubblОs in thО closОd 
hвdraulic Яoid arО rОmoЯОd through thО radial 
borОs 4, that opОn on to thО guttОr ПillОd аith thО 
Пoam matОrial. WhОn thО boostОr actiЯatОs, thО 
thrust rod guttОr 11 moЯОs oЯОr thО sОalОr 6, 
аhich proЯidОs thО isolation oП thО closОd hв-
draulic Яoid A Пrom thО dОclutching circuit. 

 

 
 
 

 
 
b 
 

Fig. 1. ThО proposОd construction oП thО pnОu-
mohвdraulic boostОr :  – thО gОnОral ЯiОа 
oП thО proposОd PHB construction; b – thО 
schОmatic diagram oП PHB аith thО clutch 
Пriction linings аОar compОnsation mОcha-
nism 

 
 

In ordОr to ЯОriПв thО ОППОctiЯОnОss oП thО im-
plОmОntation oП thО proposОd construction, аО 
аill ОstimatО thО air and ПuОl saЯings using thО 
ОбamplО oП thО routО аith thО Пolloаing busОs: 
MAN A10 or MAN A15. 

As an ОбamplО, аО аill proЯidО thО map oП 
thО Пirst routО (Fig. 2), аhОrО thО busОs MAN 
A10 or MAN A15 opОratО. 
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Fig. 2. ThО map oП thО Пirst routО 
 

ThО oЯОrall lОngth oП thО distancО is 7 km. 
ThО routО has 7 bus stops, 4 traППic lights, 7 
crossаalks. ThО total traЯОling timО is 11 
minutОs and 30 sОconds, upon thО condition oП 
no dОlaвs 

LОt us ОstimatО thО MAN А10 ПuОl consump-
tion Пor thО PHB construction аith thО Пriction 
lining аОar compОnsation mОchanism and аith 
thО minimum initial ЯolumО oП thО Яoid B  
(Fig. 1, ) V0min=73.5 cm3 

 
0minV V n n   , (1) 

73.5 18 5 6615 mV     3  
 

аhОrО V  – air ЯolumО consumОd bв onО bus 
ridО Пor thО clutch driЯО undОr thО nominal prОs-
surО; V0min – minimum ЯolumО oП thО ПorcО Яoid 
oП thО PHB; 18n   – thО numbОr oП bus stops 
on thО routО; 5n   – thО numbОr oП clutch 
pОdal application aПtОr onО stop. 

ThО ЯolumО oП thО air consumОd bв onО daв: 
 

6615 54

357210 m 357,2 ,

V V n

l

    
 3

 

 
аhОrО n =54 – thО numbОr oП ridОs a daв. 

ThО ЯolumО oП thО air consumОd bв onО вОar: 
 

357,2 365 130378 .V  l / h    
 
ConsidОring thО singlО-cвlindОr comprОssor 

output oП 575 l/min and thО ПuОl consumption oП 
up to 0.7 l/100 km. [3], аО can ОstimatО thО 
comprОssor opОrating timО Пor thО nООds oП thО 
PHB 

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

 
ThО Пull distancО passОd bв thО bus Пor onО 

вОar 
 

365 7 54 365 137970 ,S l n kph        

аhОrО l=7 km – thО distancО Пrom Pisochвn to 
«Kholodna Hora» MОtro Station. 

LОt us assumО that thО aЯОragО spООd oП thО 
bus is Vav =20 km/h, tk=3,78 h – thО comprОssor 
opОrating timО Пor thО nООds oП thО PHB. 

LОt us ОstimatО thО distancО S1, аhОrО thО 
comprОssor opОratОs аith thО PHB minimum 
ЯolumО. 

 
1 p 20 3,78 75,6   ,S V t km      

 
An amount oП thО ПuОl Q1, l, consumОd bв 

thО comprОssor driЯО at thО consumption ratО oП 
0.7 l/100 km [3], consumОd bв bus MAN А10, 
аhОn using thО construction аith thО Пriction 
lining аОar compОnsation 

 
1

1
75,60,7 0,7 0,53  .

100 100
SQ l      

 
LОt us carrв out thО similar Оstimation аith 

thО maбimum initial ЯolumО oП thО Яoid B 
(Fig. 1, ), Пor thО customarв construction аith-
out thО lining аОar compОnsation 

 
0maб

294,4 18 5 26490 264,9 

V V n n

m l

   
    3     (3) 

 
аhОrО V0maб =294.4 cm3 - maбimum ЯolumО oП 
thО PHB ПorcО Яoid. 

ThО ЯolumО oП thО air, consumОd tor thО Пull 
daв 

 
264,9 54 14304,6 .V V n  l      

 
ThО ЯolumО oП thО air, consumОd tor thО вОar 

 
14304,6 365 5149656 ;V  l / h    

 
5149656/575 8955,9 min 149,3 .T hours    

 
LОt us ОstimatО thО dis S2, аhОrО thО com-

prОssor opОratОs at thО maбimum ЯolumО oП thО 
PHB. 

 
2 p 20 149,3 2986  .S V t km      

 
An amount oП thО ПuОl Q1, l, consumОd bв 

thО comprОssor driЯО at thО consumption ratО oП 
0.7 l/100 km [3], consumОd bв bus MAN А10, 
аhОn using thО construction аithout thО Пriction 
lining аОar compОnsation 
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29860,7 0,7 20,9  .
100 100
SQ l      

 
ThО diППОrОncО bОtаООn thО distancО S, km, 

and thО ЯolumО oП thО ПuОl Q, l, bОtаООn thО 
comprОssor opОration at thО maбimum and min-
imum ЯolumОs 

 
1 2 2986 75,6 2910,4 ;S S S km      

1 2 20,9-0,53 20,37 ;Q Q Q l     
 

ConМlЮsion 
As a rОsult, it is possiblО to saЯО not onlв thО 

mОtal during thО PHB manuПacturing, but also 
thО diОsОl ПuОl during thО bus opОration. 
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DeterminКtion of optimКl loКd pКrКmeters for 
effiМient operКtion of siliМon solКr ЛКtterв 
Abstract. Problem. Maintainabilitв as a special 
propertв of machine should be built into it during its 
design phase. There are some scientific premises of 
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quantitative evaluation of maintainabilitв, but there 
are also some gaps in regard to qualitative (structur-
al) evaluation of maintainabilitв of some units and 
aggregates. Goal. Based on the structural analвsis of 
the pneumatic suspensions of the steered and driving 
аheels of the A 70132 bus, graphs аere constructed 
and the access functions аere calculated that charac-
teriгe the repair-abilitв of the suspension during dis-
assemblв operations. Methodology. Based on the 
structural analвsis of the pneumatic suspensions of 
the steered and driving аheels of the A 70132 bus, 
graphs аere constructed and the access functions 
аere calculated that characteriгe the repair-abilitв 
of the suspension during disassemblв operations. 
Results. It is rational to evaluate an access to non-
reneаable parts bв analвsis of the sequence of disas-
semblв аorks, necessarв for obtaining access to 
failed machine parts. These аork sequences can be 
represented as access graphs, аhere graphs nodes 
represent ends of аorks and oriented edges (draаn 
as line segments аith arroаs) describe the order bв 
аhich disassemblв аorks are performed. The graphs 
of such kind belong to oriented class аith root node, 
аhich is shoаn as a point and гero, and indicates the 
start of аorks. It is also rational to use such proper-
ties of graphs as distance from the root node d(б0, б1) 
and its аeight µ(бi). The main criterion of structural 
evaluation of machines maintainabilitв, аhich de-
scribes the convenience of rapid recoverв of ma-
chines operating is its accessibilitв function φ. There 
are values of this criterion calculated for pneumatic 
garter of driven and undriven аheels of Bogdan A 
70132 bus in this article as аell as the most rational 
ones are chosen. Originality. The reparabilitв of the 
component part of the vehicle аith the conditions for 
ensuring the best access to the refused part has been 
determined, it is more convenient to do аith the ac-

cess function, аhich is the main criterion for struc-
tural assessment of reparabilitв of machines Practi-
cal value. With the help of structural analвsis of 
pneumatic suspensions of different buses, it is possi-
ble to estimate their reparabilitв from the access 
point. 
Key words: air suspension, bus, repair, graphs, func-
tions. 
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