TABLE OF CONTENTS

LSt Of SYIMDOLS......itieiieiieiieieee ettt ettt et ettt st e st e et e benteeaeeneens 7
1. BASIC COMPONENTS OF HYDRAULIC SYSTEMS (Pawet Cigzkowski, Sebastian Bgk) ... 9
L1 IEEOAUCTION. ¢ttt b ettt ne e 9
1.2. Design and operation of basic hydraulic components ............ccoceeceevevierierienieneneeeeeeeeene 9
1.3, Laboratory STANd ........cccocceviriieieiieieieiestest ettt ettt ettt s ese st ettt e ae s e saeeneeneens 13
1.4. Method and MEASUICIMENLS .........c.coueuiriiiriiieiieieieieeteeetee ettt e 16
1.5, Laboratory tasK .....c..coueriiriiriioiietieieee ettt ere e 17
RETETENCES ...ttt ettt ettt b e bt bt ettt e b bbb eas 18
2. CONTROL IN HYDRAULIC SYSTEMS WITH THE USE OF PROPORTIONAL TECH-
NOLOGY (DariuSz DGBIOWSKL) ........c.ccuceveirieoiiiinieiiiiieienieteteiee ettt 19
2.1 TIEEOAUCTION. ¢ttt ettt ettt b e s bt bttt et et et e sbesbenbesbeene 19
2.2. The principle of operation of devices in proportional technology ...........ccccceiveerenennnne 20
2.2.1. Proportional directional control valve 4WRE......................
2.2.2. Proportional directional control valve PVG 32
2.2.3. ATOVO PUMD .o
2.3, Laboratory StANG .........ccuerieriiriieiietieieeii ettt ettt ettt et et ene e
2.4. CoUrse Of MEASUTCIMEILS ......evertertirtirieeiieteriestertesteeteeteeteeseestetestesbeebeeueeseensensensensestestenseane
2.5. Developing the results of MEASUTEMENTS .........cevueuiriiririiieieieieieee et
RETEIEICES ...ttt ettt bbbt b e st b et b et st e e bt e st eee e
3. HYDRAULIC CYLINDER ROD POSITION CONTROL (Jarostaw Kusmierczyk................ 31
3.1 TEEOAUCTION. c. ettt b e bbbt e sbesbe i sbe e 31
3.2. Structure and operation principle of electro-hydraulic servo system for position control.... 32
330 TS SANA ..ttt 33
3.4, CONLIOL SYSTEIM ..uiivieiieiieiieieie ettt ettt et et estesteeteeseese et essensesseeseeseeseessensensensenseesessensenns 34
3.5. Hydraulic system and proportional ValVe ...........cccoeceeirierieniininieieieeieeerie e 35
3.6. Performing the eXPEerimMent .........c.eeueeieierierierieriesie ettt ettt ettt este st seeeneene 38
RETETEICES ...ttt ettt sttt b e bttt et et b eb e b eas 39
4. BASIC COMPONENTS OF PNEUMATIC SYSTEMS (Pawel Gomolinski) .............c.cc....... 40
4.1 ATM OF the @XEICISE ...cuvviiiuieiiieiiititeert ettt ettt sttt 40
4.2, DEEINTTIONS. ..ottt ettt ettt ettt et et e ettt beeb e e st e st et et et e besbesbesbeeneeneane 40
4.3. Introduction to pneumatic drive systems architeCture ..........cooeeeeieieiieienieneneniereneeene 41
4.3.1. Pre-treatment of working meditm ...........cccooiiiiiineiieee e 41
4.3.2. BASIC ACTUALOTS ...ttt ettt sttt ettt ettt b et eneneanens 42
4.3.3. Basic CONIOL dEVICES .....cuvvuirieiiiiiiiirieiieieete ettt 42
4.3.4. Direct and indir€Ct CONIOL ..........coueiriiiriiniiiiiieieec et 46



4.4. Symbols of pneumatic COMPONENLS .....c.eeuerueriiriieieteteterterieste ettt ettt ee e bt siesieereene 47
4.5. Description of the laboratory test stand.............ccoevereirinieiiiieeeee e 49
4.5.1. Handling the test stand fastening SYStEemMS .........cccoeveverereeeeieieieiesiese e 50

4.6. Sample pneumatic drive SYSIEIM .......cc.evieieieieieieeeieteste sttt sentessesseetesseeseeneens 51
4.7. Procedure for the 1aboratory EXEICISC ......cuveuiruirieieieieiertesteeie ettt ettt e ete e e eneene 54
4.8. Sample tasks performed within the 1aboratory eXercise ..........ceeeeeeierierienieneneneneneeens 54
4.9, SATCLY TULES ..ottt bbb ene 55
RETEICIICES ...tttk a et et ettt e st et et e b e s e st e be e ene s eneanens 55
5. CHARACTERISTICS OF A POSITIVE-DISPLACEMENT PUMP (Michat Makowski)....... 56
5.1, TEEOAUCHION. c. ettt ettt ettt e ettt b et e s et e et e e eneenan 56
5.2. Basic concepts and dependencies ..........cceveririeeeieieieieriesie e enas 56
5.3, ODbJECt OF the SEUAY ..vveieieiisieeiieteee ettt et ese et sb e b e eneeneenas 58
5.4, TESE STANA ...ttt ettt 58
5.5. Conducting MEASUTEIMENLS.........c.eeuiieuirrerieiitetenteteteetetentet ettt et etestese st etesaeaeeteeenenaes 59
5.6. CONLIOL PANECL ...ttt sttt ettt b e b 60
5.7. DeVEIOPING TESUILS .....itiiiitiieiieteietiet ettt ettt sttt e sttt be e eaeanas 61
RETEIEICES ...ttt ettt b et b et b e st b et b et e st b e e bt s et eee s 62

6. DIMENSIONLESS CHARACTERISTICS OF A TORQUE CONVERTER (Michat

MAKOWSKE) .ottt ettt ettt e e st e st e e seensaenseenseessesnseesaenneenseenseanns 63
6.1, INETOAUCTION. ...ttt ettt enes 63
6.2. Basic dependencies and construction of the torque CONVerter.............coecevevrueneenennenenn 63
6.3, ObJECt OF the STUAY .....eeuieiiiiiieeeeeee ettt ettt st saeene e 68
6.4, TESE DEICH ..cuitiiiiiieee ettt ettt ettt eae e 69
6.5. COoUrse Of MEASUTCIMEILS ......evetetirtirieeiieiieterte e st ettt et et te et et e ebeebeese et essenbesbestesbesreene 71
6.6. Developing the results of MEASUTEMENTS .........cerveuiruirieiieieieeieeeee e 72
6.7. Issues related to the topic of the activity

RETEICIICES ...tttk ettt ettt b ettt be e ebene

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 0f the STUAIES ......cerveiiiiiciriciee e
T4 TESE SEANA ..ottt ettt h bt et ettt et et nee et
7.5. Method Of MEASUIEIMENLS. ......c.ieeuitiietiieiieeeiet ettt ettt eee s
7.6. Elaboration of results of Measurements. .........c.cceoveereirenieeneineeeseeseee e
7.7. Issues related to the topic of the activity ..

RETETEINCES ... ettt ettt ettt e et et eteete e b e eateesae et e esseeaseeaeeeaseseeseenseennas





