TABLE OF CONTENTS

List 0f SYMbOIS: i:ioiiiiietinis siiisiastansiansesss sbiitiiiiosiiniissidiiiidiaiiuainsiiiiniSuce somsiuoosisabobocasesfoessemooesstonte 7
1. BASIC COMPONENTS OF HYDRAULIC SYSTEMS (Pawel Cigzkowski, Sebastian Bgk)... 9
1.1, INTOTUCHON. . .ccciieeresnssnrersnssssssistasaivnsossosnsssssonsosnssssisronsassssssnontassissonoseiotsrishssbsranansafilod s odbo 9
1.2. Design and operation of basic hydraulic components..... %D

1.3. Laboratory stand.................... ‘ il B
1.4. Method and MEASUTEMENLS .........c.cueuririeueueirtreeseirieieieeeet ettt es et saesenees 16
1.5 TabOrRtory S8k, .. S i i s e e il e Bt B Bk e R A L AR 17
RELCIONCEE . it i i i dihirscsivsssessrni fistimorsonsonssassrnisssansassassesasassssssnsassssessassssossssnsasassesbsnadossois Sidant ititnn 18
2. CONTROL IN HYDRAULIC SYSTEMS WITH THE USE OF PROPORTIONAL TECH-
NOLOGY: (Daritsz DABrOWSKD): i3tk i i s e ioiabinssisndonisasionbusessidsssansnaneguressareansogens shansange
2 O AUCION o oot eiasssmsecstaesge satse sinl - gtas 15 Ao s e wasssataaomssnsas o V5 dasastneoesie hanesTnatasaseasinss sans
2.2. The principle of operation of devices in proportional technology ...
2.2.1. Proportional directional control valve 4WRE............cccccoimiiiminininienccccceee
2.2.2. Proportional directional control valve PVG 32........cccccouviniineninininenicieeseeens
2.2.3. AIOVO PUMD ....uovnerinciirecnenctsenecineseneneees
2.3. Laboratory stand................
2.4. Course of measurements.............ccccceveueneen
2.5. Developing the results 0f MEASUrEMENLS ..........c.cerieieueuiinieieiieieieece e
REICTRIICES 1., o onaihs basgibrepsansonsponsonsass ssapaioshivAmTaieag 1> b oepesssishassst afidnon sonodingomsdses]ssansep osst snsorsanasadieas foaiie
3. HYDRAULIC CYLINDER ROD POSITION CONTROL (Jarostaw Kusmierczyk)................ 31
3.1, - IBPOdUOtION i fisiniissiin it nnnna s e Rt BRI, 31
3.2. Structure and operation principle of electro-hydraulic servo system for position control.... 32
3.3. - Testistand il s s by U ATITHARNIL 10 SLIESE I IR L, 33
3.4 Control BYSeIR ::ii:iiuiusimsatitssanniisianiniinhibo ot dosb it SRR BN LR G 34
3.5. Hydraulic system and proportional valve...........cc.ccceceeureciiinncniinncnicnicnnncnecsnecnenes 35
3.6. Performing the experiment
REFCICNCES i1huoret e i 5y1: dibsaronvin vionaiss foptioss fuaib snssssbassaiosssnsosassansotasssiasiasssionsonsssetnnisesursassassabtonssssonss
4. BASIC COMPONENTS OF PNEUMATIC SYSTEMS (Pawel Gomolinski) ......................... 40

4.1 AT OF thC CXCTCISE i..cvoesonisssnsinioss sbbmsss hasesshsassnesiiaasnossssansieossasasssstonsssostsstissionanssaronssasons 40
4.2 DIREIMILIONS . oot v vt ciussiasnasatsobiiasissntisniisussnnsaivonissnsisssanansssssintostonsasstsasseiasosessantsossision 40

4.3. Introduction to pneumatic drive systems architecture.............c.coccouveereinecnccncneneeeennes 41
4.3.1. Pre-treatment of working medium ...........c.cccccriiiniiiniininiinececeee 41
4.3.2. BaBIC ACHIALOTS .. .. o iuiestes cotaissisnincinsarssssnssgsnsapasssosnsonsansinnssssiisassesssatasssnsstonaiiosssessin
4.3.3. Basic control devices
4.3.4. Direct and indirect CONLIol ..........ccoeiviririiininiiiiiciiriccc s 46




4.4. Symbols of pneumatic COMPONENLS ..........ccoveverrrrerriereeeeeeeeeiesesese et esessesesseessessesans 47

4.5. Description of the laboratory test Stand............c.cccceeveueuririrerereieieieseece e 49

4.5.1. Handling the test stand fastening systems ..... ... 50
4.6. Sample pneumatic drive SYSTEIM .........cccueueueurrieiereuieiieiereeeeeee ettt 51
4.7. Procedure for the 1aboratory EXercise..........ocoueeieueueieererereereiereteec et eee e 54
4.8. Sample tasks performed within the laboratory exercise....... .54

4.9. Safety rules ........ccceeuvevenenenenennenenrnirnesreneresennns . 5D
REJCTENCES.....c.iusersisnsasmtsssovon sipsonsissiuonsanan idissssonsaisinshons Sososansisipspsorontioie it L E L A0S, S0 mioiald 55
5. CHARACTERISTICS OF A POSITIVE-DISPLACEMENT PUMP (Michal Makowski)....... 56

3.1, INOAUCHION.........oiiestersnstisisassinsanssanossussoriosseisssmsnsnansnsssasessnsesisastsssesssosssabossispinessasonssanasss 56

5.2. Basic concepts and dependencies ............ocevueeeieerieirisieisieieseeeeseeee e 56

5:3. Objectiofithe sty i, i i s s b Bttt irssoisssbivisstinssssssasssassssssesatsbissbisnscesssinh 58
54. Teststand ..sicnaib. Al ...58
5.5. Conducting MEASUIEIMENLS. ........c.cueueueueueuriererereieresesesesesesesesesesesesesesessesesisssassssesesesessasseans 59
5:6.Control panel . n s i S R s

5.7. Developing results...
References.......cccccoveveueienennen.

6. DIMENSIONLESS CHARACTERISTICS OF A TORQUE CONVERTER (Michatl

MAKOWSEL) c.iviieiciivpisvesssmsssgssonissssssssiagsasssansbosissiosssssisenssistssbosasasisassinsnssnsssonsisagsosbosons BAS IR EHL 63
6. 1. INUIOQUCHION. s corsye st fusponseisossinsins sebentiinsesomechnsrasasadbarsinsrenss nssast posnien sssng soagrsassisasssssoops 63
6.2. Basic dependencies and construction of the torque converter...............ccceveveveruevernenennee. 63
6.3. Object of the study
6.4. Testbench.......cccccerururuencne :
6.5. Course Of MEASUIEMENLS..........c.eueueueuiuiieieicieieieieieieteeete ettt se s s se s s aeaesesesesesaes 71
6.6. Developing the results 0f MEASUIEMENLS ...........covrrueveriererereeeese et 72
6.7. Issues related to the topic of the activity .... .73
REFETENCES ...ttt sttt sa st sasss s 73
7. DIMENSIONLESS CHARACTERISTIC OF HYDROSTATIC DRIVE (Lech Knap) ........... 74

7.1. Introduction
7.2. Construction and operation of a hydrostatic transmission, main terms and dependencies... 74

7.3. Object of the studies ....................... EIESANE L AR ITT ¢ AR O ARV, (4.4 95 RERPIE SR L s 77

7.4.

75

7.6.

7.7. Issues related to the topic Of the ACHIVILY ......ccevveveveeieiiriiieecece et 83
REFOICIICES  iuu 0t usnsessnssotensasssensassasssnassassasssnsesonsessmsisfinisde fiinssntissnsivansessbsssipsdtssisasss iobbssspsinsihdronsiontne 83



