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ABSTRACT 

 

 

 

CONTACT LENS TRAY POSITIONING CONTROL BY USING DOUBLE-

SLIDER MECHANISM AND PROGRAMMABLE LOGIC CONTROLLER 

 

 

By 

 

Rynaldi Maydrian Lauren 

Benny Widjaja, S.T., M.T., Advisor 

Dr. Eka Budiarto, S.T., M.Sc., Co-Advisor 

 

 

SWISS GERMAN UNIVERSITY 

 

 

 

Automation plays a vital role in many engineering applications nowadays, especially in 

industry. The implementation of automation system includes mechanical system, 

electrical system and programming within it. In this thesis project, a double-slider 

mechanism to provide motion in X- and Y- direction is introduced to solve the sorting 

problem in PT XYZ. Currently, no specific automated machine is dedicated for this 

process. This mechanism will be driven a servomechanism control system which 

utilizes servomotors as the actuator. The double-slider mechanism is implemented by 

installing two linear guide bearings on a track. A table will be installed on top of each 

linear guide bearing. There will linkage arms which are installed on the table to connect 

each linear guide bearing to a tray holder. The purpose of the linear guide bearings 

movement is to position the tray holder to a certain position. If both of the linear guide 

bearings are traveling in the same direction, then it will provide movement in X-

direction. Y-direction movement is possible by moving the linear guide bearings in 

opposite direction. The movement of the servomotor is controlled by a Programmable 

Logic Controller. 

Keywords: Double-slider mechanism, Programmable Logic Controller, 

Servomechanism, Positioning. 

 



CONTACT LENS TRAY POSITIONING CONTROL BY USING DOUBLE-SLIDER   Page 4 of 113 

MECHANISM AND PROGRAMMBLE LOGIC CONTROLLER 

  Rynaldi Maydrian Lauren 
 

 

 

 

 

 

 

 

 

 

 

 

 

© Copyright 2017 

by Rynaldi Maydrian Lauren 

All rights reserved 

 

 

 



CONTACT LENS TRAY POSITIONING CONTROL BY USING DOUBLE-SLIDER   Page 5 of 113 

MECHANISM AND PROGRAMMBLE LOGIC CONTROLLER 

  Rynaldi Maydrian Lauren 
 

 

DEDICATION 

 

 

I dedicate this work for my family and the country I love : Indonesia 

 

 



CONTACT LENS TRAY POSITIONING CONTROL BY USING DOUBLE-SLIDER   Page 6 of 113 

MECHANISM AND PROGRAMMBLE LOGIC CONTROLLER 

  Rynaldi Maydrian Lauren 
 

 

ACKNOWLEDGEMENTS 

 

Foremost, I thank Jesus Christ for all the strengths, blessings and guidance in doing my 

Thesis. 

I would like to give my deepest gratitude as well for Benny Widjaja, S.T., M.T. as my 

advisor and Dr. Eka Budiarto, S.T., M.Sc. as my co-advisor for supporting and guiding 

me throughout this Thesis. Thank you for all the time which has been spent to help me 

completing this Thesis. 

Thank you to Felita Vania who has supported me through ups and downs faced during 

the Thesis work.  

I also thank Richard, Darwin, Albert Wibowo, and Fabrilian for the cooperation in 

finishing the product. Thanks to you guys for helping me to complete this Thesis. 

To “Born to Feel” group, I would like to thank for all the memories, both good and bad 

in this last 4 years. 

 

 



CONTACT LENS TRAY POSITIONING CONTROL BY USING DOUBLE-SLIDER   Page 7 of 113 

MECHANISM AND PROGRAMMBLE LOGIC CONTROLLER 

  Rynaldi Maydrian Lauren 
 

 

TABLE OF CONTENTS 

Page 

STATEMENT BY THE AUTHOR ................................................................................ 2 

ABSTRACT ................................................................................................................... 3 

DEDICATION ............................................................................................................... 5 

ACKNOWLEDGEMENTS ........................................................................................... 6 

TABLE OF CONTENTS ............................................................................................... 7 

LIST OF FIGURES ..................................................................................................... 11 

LIST OF TABLES ....................................................................................................... 13 

Chapter 1 – INTRODUCTION .................................................................................... 14 

1.1. Background .................................................................................................... 14 

1.2. Design Problem .............................................................................................. 15 

1.3. Objectives ...................................................................................................... 15 

1.4. Significance of Study ..................................................................................... 15 

1.5. Scope of Thesis .............................................................................................. 16 

1.6. Limitation ....................................................................................................... 16 

1.7. Thesis Structure ............................................................................................. 16 

Chapter 2 – LITERATURE REVIEW ......................................................................... 18 

2.1. Double Slider Mechanism ............................................................................. 18 

2.1.1. Elliptical Trammel ................................................................................ 18 

2.1.2. Scotch Yoke .......................................................................................... 19 

2.2. Control System and Servomechanism ........................................................... 19 

2.3. Programmable Logic Controller .................................................................... 22 

2.3.1. Programming Language ....................................................................... 24 

2.3.2. Scan Time ............................................................................................. 25 

2.4. Safety Relay ................................................................................................... 25 



CONTACT LENS TRAY POSITIONING CONTROL BY USING DOUBLE-SLIDER   Page 8 of 113 

MECHANISM AND PROGRAMMBLE LOGIC CONTROLLER 

  Rynaldi Maydrian Lauren 
 

2.5. Proximity Sensor ............................................................................................ 26 

Chapter 3 – METHODOLOGY ................................................................................... 28 

3.1. System Overview ........................................................................................... 28 

3.2. Kinematic Calculation of the Tray Position with Respect of the Position and 

Displacements of the Linear Guide Bearings .............................................................. 31 

3.3. Mechanical Construction ............................................................................... 33 

3.3.1. Double Slider Mechanism .................................................................... 33 

3.3.1.1. Linkage Arms .............................................................................. 35 

3.3.1.2. Length of Linear Bearings Track and Linkage Arms .................. 37 

3.3.1.3. Tray Holder ................................................................................. 40 

3.3.2. Base Structure ....................................................................................... 42 

3.3.3. Driving Mechanism .............................................................................. 44 

3.3.3.1. Translation of the Angular Displacement of the Servomotor into 

Linear Displacement of the Timing Belt ........................................................ 45 

3.4. Electrical Connection ..................................................................................... 46 

3.4.1. Panel Box and Components ................................................................. 46 

3.4.2. Power Line ........................................................................................... 48 

3.4.3. Programmable Logic Controller ........................................................... 49 

3.4.4. Servo Drives and Servomotor .............................................................. 50 

3.4.4.1. Electronic Gear Function ............................................................ 52 

3.5. Programming ................................................................................................. 52 

3.5.1. State Machine Diagram ........................................................................ 53 

3.6. Measurement Method .................................................................................... 60 

3.6.1. Actual Radius Measurement ................................................................ 60 

3.6.2. Repeatability of the Linear Movement ................................................. 62 

3.6.3. Repeatability of Coordinate .................................................................. 64 

Chapter 4 – RESULTS AND DISCUSSIONS ............................................................. 66 

4.1. Machine Overview ......................................................................................... 66 

4.2. Manufactured Part Errors ............................................................................... 66 

4.3. Servomotor Tuning ........................................................................................ 67 



CONTACT LENS TRAY POSITIONING CONTROL BY USING DOUBLE-SLIDER   Page 9 of 113 

MECHANISM AND PROGRAMMBLE LOGIC CONTROLLER 

  Rynaldi Maydrian Lauren 
 

4.4. Data Analysis ................................................................................................. 68 

4.4.1. Actual Radius Measurement ................................................................ 68 

4.4.2. Repeatability of the Linear Movement ................................................. 71 

4.4.3. Repeatability of Coordinate .................................................................. 74 

4.5. Sensitivity Analysis ........................................................................................ 75 

Chapter 5 – CONCLUSION AND RECOMMENDATIONS ..................................... 77 

5.1. Conclusions .................................................................................................... 77 

5.2. Recommendations .......................................................................................... 77 

GLOSSARY ................................................................................................................. 78 

REFERENCES ............................................................................................................ 79 

APPENDIX A – TECHNICAL DRAWING ................................................................ 80 

4.1. Motor Bracket ................................................................................................ 80 

4.2. Extension Shaft 1 ........................................................................................... 81 

4.3. Extension Shaft 2 ........................................................................................... 82 

4.4. Extension Shaft 3 ........................................................................................... 83 

4.5. Extension Belt Clamp 1 ................................................................................. 84 

4.6. Extension Belt Clamp 2 ................................................................................. 85 

4.7. Tray Holder Pin .............................................................................................. 86 

4.8. Belt Clamp Below .......................................................................................... 87 

4.9. Sensor Holder ................................................................................................ 88 

4.10. Table Pin ........................................................................................................ 89 

4.11. Linear Guide Table 1 ..................................................................................... 90 

4.12. Linear Guide Table 2 ..................................................................................... 91 

4.13. Extension Bearing Casing .............................................................................. 92 

4.14. Tray Holder .................................................................................................... 93 

4.15. Timing Pulley Bracket 1 ................................................................................ 94 

4.16. Timing Pulley Bracket 2 ................................................................................ 95 



CONTACT LENS TRAY POSITIONING CONTROL BY USING DOUBLE-SLIDER   Page 10 of 113 

MECHANISM AND PROGRAMMBLE LOGIC CONTROLLER 

  Rynaldi Maydrian Lauren 
 

APPENDIX B – ELECTRICAL DRAWING .............................................................. 96 

B.1. AC Power 1 .................................................................................................... 96 

B.2. AC Power 2 .................................................................................................... 97 

B.3. DC Power ....................................................................................................... 98 

B.4. PLC Power Supply and Input Module ........................................................... 99 

B.5. PLC Output Module ..................................................................................... 100 

B.6. Servo Drive 1 CN1 Connector ..................................................................... 101 

B.7. Servo Drive 2 CN1 Connector ..................................................................... 102 

B.8. PLC I/O Pin Allocation ................................................................................ 103 

APPENDIX C – PLC INSTRUCTION ..................................................................... 104 

C.1. INI (880) ...................................................................................................... 104 

C.2. ACC (888) .................................................................................................... 105 

C.3. PLS2 (887) ................................................................................................... 106 

APPENDIX D – DATASHEET ................................................................................. 108 

D.1. Programmable Logic Controller .................................................................. 108 

D.2. Servo Drive R88D-KP01H .......................................................................... 109 

D.3. CN1 Connector Pin ...................................................................................... 110 

APPENDIX E – BILL OF MATERIAL .................................................................... 111 

CURRICULUM VITAE ............................................................................................ 112 

 

 

 

 

 

 

 

 

 

  


