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Course Description:

This course provides an in-depth study of surface engineering principles, tribology, and surface
modification techniques. Students will gain a strong understanding of surface topography,
roughness parameters, contact mechanics, coatings, and thermochemical surface treatments. The
course emphasizes both theoretical foundations and practical applications, including numerical
modeling, measurement techniques, and problem-solving. Upon completion, students will be
equipped to design, analyze, and enhance surface properties of engineering materials to improve
wear resistance, corrosion protection, and mechanical performance in real-world applications.

Course Objectives:
By the ed of this course, students will be able to:

Understand the fundamentals of surface engineering and tribology.

Analyze surface topography and quantify surface roughness using standard parameters.
Apply contact mechanics and Hertzian stress theory to engineering components.

Evaluate and select appropriate surface coatings and thermochemical treatments.

Perform numerical calculations related to surface roughness, coating thickness, diffusion
depth, and stress analysis.

6. Understand deposition techniques and property gradients in surface coatings

AR

Course Learning Outcomes (CLOs):

CLOL1: To identify and understands the fundamentals and applications of surface engineering.
CLO2: To measure, distinguish, and interpret surface topography and roughness parameters.

CLO3: To apply numerical methods to analyze surface roughness, coating thickness, and
diffusion depth to improve material performance.

CLO4: To Analyze and evaluate surface stresses and contact mechanics problems in
engineering components.

CLOS5: To reveal the ability to integrate surface engineering and surface modification
techniques for practical engineering solutions.
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Course Topics:

Lectures H Topics H References
1. Introduction to Definition, importance,|1. M. F. Ashby, Materials Selection in
Su-rface Endineerin applications, historical||Mechanical Design, 5th Edition, 2016. 2. B.
g 9lltrends Bhushan, Modern Tribology Handbook, 2001.
Friction, wear,||1. J. Halling, Tribology of Engineering
2 Fu_PSi%rglzntals of lubrication, wear||Plastics, 2013. 2. B. Bhushan, Principles and
9y mechanisms Applications of Tribology, 2013.
3. Surface Surface morp;]hqlogy, 1. K. Holmberg & A. Matthews, Coatings
Topography measurement  techniques, Tribology, 2nd Edition, 2009
profilometers, SEM, AFM ’ ' '
4. Surface Ra. Ra. Rz. other metrics 1. B. Bhushan, Introduction to Tribology,
Roughness ra,cti(c:lél si’nificance "12013. 2. ISO 4287:1997, Surface Texture:
Parameters P g Profile Method.
Prot?l-ewnl;rgflnscjrlface Calculations using||1. B. Bhushan, Modern Tribology Handbook,
profilometer data Vol. 1, 2001.
Roughness

6. Introduction to
Coatings

Types: metallic, ceramic,
polymeric; applications

1. K. Holmberg & A. Matthews, Coatings
Tribology, 2009. 2. P. Martin, Surface
Engineering, Elsevier, 2015.

7. Coating Thickness

Thickness measurement,

1. R. F. Bunshah, Handbook of Hard Coatings,

& Pro_perty hard_ness/composmon 2nd Edition, 2001,
Gradients gradients
8. Numerical Stress distribution 1. K. Holmberg & A. Matthews, Coatings
Modeling of adhesion modeling. EEA 'ITribology, 2009. 2. D. Dowson, History of
Coatings 9 Tribology, 1979.
9. Numerical Stress . and _fa||ure 1. R. F. Bunshah, Handbook of Hard Coatings,
Problems on calculations,  thickness 2001
Coating Thickness |estimation '
. .. ... |I1. K. Holmberg & A. Matthews, Coatings
10. Thermochemical Car_bgrlzmg, nitriding, Tribology, 2009. 2. ASM Metals Handbook,
Surface Treatments |boriding

Surface Engineering, Vol. 5, 2002.

Fick’s laws, temperature,

1. H. Leidheiser, Corrosion Control

by

11. Diffusion Theory||concentration, time Surface Engineering, 2000.
effects
12. Diffusion Depth Estimation of hardeped 1. ASM Metals Handbook, Heat Treating,
: layer depth, numerical
Calculations . 1991.
problem-solving
13. Contact dEé?(SJtrlr%ation Cog:;zts’ 1. K. L. Johnson, Contact Mechanics,
Mechanics analysis ’ Cambridge University Press, 1985.

14. Hertzian Contact
Stress

Stress calculation, contact
area estimation

1. K. L. Johnson, Contact Mechanics, 1985. 2.
J. F. Archard, Wear and Contact of Solids,
1953.
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\ Lectures H Topics H References \
15. Deposition PVD, CVD,|1. R. F. Bunshah, Handbook of Hard Coatings,
Techniques &  |electroplating,  thermal||2001. 2. K. Holmberg & A. Matthews,
Course Review ||spraying Coatings Tribology, 2009.

Grading Policy
Homework [2*5]

Two Major Exams [15*2]
Project report and presentation------------------

Final Exam

Exam schedule: Closed book
Mid-term exam 1: 5" March, 2026.

Midterm exam 2: 11" May,2026.

Reference Texts:

\Week|| Topic | Suggested Free Reading (PDF) | Notes |
: Tribology and Surface .

1 Intrqduct_lon to Surface Engineering, Chapters 1-2 (MDP| Overview of su_rfac_:e VS
Engineering PDF) — —|Ibulk, scope, applications

5 Fundamentals of|[Tribology and Surface||Friction, wear, lubrication,
Tribology Engineering, Chapters 3-4 tribology basics

3 Surface Tonoaranh Tribology of Textured Surfaces,||Surface texture,

pograpny Intro & Chapters 1-2 (MDPI1 PDF)|[roughness, waviness, lay

4 Surface Roughness||Tribology of Textured Surfaces,|RMS roughness, (R _a,
Parameters Chapter 3 R_g,R 2)

5 Numerical Problems on|Tribology of Textured Surfaces, Examoles and calculations
Surface Roughness Chapter 4 P

. . Coatings Tribology, Chapters 1-2(|Coating types, functions,

6 Introduction to Coatings (MDPI1 PDF) substrate interaction
Coating  Thickness & . . Thickness effects,

! Property Gradients Coatings Tribology, Chapters 3-4 property gradients, failure

8 Num_erlcal Modeling of Coatings Tribology, Chapter 5 Simulation, layered
Coatings models
Numerical Problems on . , .

9 Coating Thickness Coatings Tribology, Chapter 6 Practice examples

10 Thermochemical Surface|[Tribology and Surface||Carburizing, nitriding,
Treatments Engineering, Chapters 6-7 carbonitriding

11 Diffusion Theory Trlb.olog)_/ and Surface|[Fick’s . laws, diffusion

Engineering, Chapter 8 mechanisms
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https://www.mdpi.com/books/reprint/1957-tribology-and-surface-engineering?utm_source=chatgpt.com
https://www.mdpi.com/books/reprint/1957-tribology-and-surface-engineering?utm_source=chatgpt.com
https://www.mdpi.com/books/reprint/11473?utm_source=chatgpt.com
https://www.mdpi.com/books/book/3489-coatings-tribology?utm_source=chatgpt.com

\WeekH Topic H Suggested Free Reading (PDF) H Notes \
Diffusion Depth|Tribology and Surface .
12 Calculations Engineering, Chapter 9 Case depth calculations
Mechanical Tribology and Surface Contact area  real Vs
13 ||Contact Mechanics Technology, Chapters 1-2 (MDPI I X
PDF) apparent, elastic contact
14 Hertzian Contact Stress Mechanical Tribology and Surface Stress_ dlstr_lbutlon,
Technology, Chapter 3 numerical calculations
. . Laser Surface Engineering for|lon implantation,
15 Deposition _Technlques & Tribology, Chapters 1-2 (MDPI|/deposition parameters,
Course Review .
PDF) revision
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https://www.mdpi.com/books/reprint/9216?utm_source=chatgpt.com
https://www.mdpi.com/books/reprint/9216?utm_source=chatgpt.com

