
  

Additive Manufacturing 

COURSE 

OBJECTIVE: 

● Additive Manufacturing (AM) Principles:  

Fundamental concepts and principles behind various 

additive manufacturing techniques. Explaining the 

advantages and limitations of AM compared to 

traditional manufacturing methods. 

● Design Fundamentals for AM: Design 

considerations specific to additive manufacturing 

processes. Emphasizing the importance of designing 

for AM to exploit its capabilities (such as complex 

geometries, lightweight structures, etc.).  Exploring 

the impact of design choices on the final 

manufactured product's quality and performance. 

● Optimization Techniques: Optimization 

techniques tailored for additive manufacturing, such 

as topology optimization and lattice structures. 

Demonstrating how to use software tools to optimize 

designs for AM, considering material usage, weight 

reduction, and part consolidation. 

● Material Selection and Properties: Discussing 

various materials suitable for different AM processes 

and their properties. Exploring the relationship 

between material selection, part design, and final 

product characteristics. 

● Design Challenges and Solutions: Identifying 

common challenges encountered during the design 

phase of AM. Providing strategies and solutions to 

overcome these challenges, such as minimizing 

support structures, managing thermal issues, etc. 

● Quality Assurance and Post-Processing:  

Importance of quality control and assurance in 

additive manufacturing.  Exploring post-processing 

techniques to improve the surface finish, accuracy, 

and mechanical properties of AM parts. 

COURSE 

OUTCOME: 

● Exhibit the principles, concepts, and various additive 

manufacturing techniques, including their 

advantages, limitations, and applications. 

● Application of design principles specific to additive 

manufacturing, including considerations for complex 

geometries, lightweight structures, and design 

optimization for AM processes. 



● Demonstrate proficiency in using software tools and 

techniques for optimizing designs for additive 

manufacturing, such as topology optimization and 

lattice structures. 

● Perform the selection criteria for materials used in 

additive manufacturing, including their properties, 

suitability for different AM processes, and their 

impact on the final product. 

● Hands-on exercises on projects, or case studies, 

demonstrating the ability to create AM-optimized 

designs and understand their real-world implications. 

● Develop effective communication skills to collaborate 

with multidisciplinary teams including designers, 

engineers, and manufacturers, fostering a 

streamlined design-to-production workflow. 

Course Duration: 45 Hours 

Course Content:  

UNIT 1: INTRODUCTION TO ADDITIVE MANUFACTURING PROCESS 

SIMULATIONS 

Introduction to Additive Manufacturing - Additive Manufacturing Concerns - 

Process Simulation Overview - Powder Bed Fabrication Planning and Preparation - 

Introduction - Main Tools - Machine - Build Tray - Rules Management - Build Layout 

- Support Creation - Scan Path - Analysis and Output 

UNIT 2: ADDITIVE MANUFACTURING PROCESS SIMULATIONS  

Application Overview - Guided User Assistant Panel - Setup – Meshes - Part and 

Support Properties - Initial Temperatures - Moving Heat Source - Material 

Deposition - Cooling - Prescribed Temperatures - Structural Restraints and Loads 

- Simulate – Results - Summary: Best Practices and Model Checklist 

UNIT 3: EIGENSTRAIN PROCESS SIMULATION 

Residual Stresses – Eigenstrains - Basic Steps for Defining Eigenstrains - Defining 

a Uniform Eigenstrain in a Part - Pattern with Layer-to-Layer Rotation and Multiple 

Patches - Defining Two Eigenstrain Regions in a Part 

UNIT 4: ADDITIVE MANUFACTURING ADVANCED SCENARIOS  

Introduction - STL Import and Meshing - Voxel Mesher - Hex-dominant Mesher - 

External Scan Path Data - XML Format - Feature Configuration - User Subroutines 

 

UNIT 5: PATTERN BASED THERMAL MECHANICAL SIMULATION  



Application Overview - Application Overview - Heat Energy Application - Thermal 

Parameter Library - Pattern Heat Flux - Material Activation – Results 

 

Test Projects: 

Use Cases 

1. Aerospace: 

• Designing lightweight, complex geometries for aircraft components to reduce 

weight and enhance fuel efficiency. 

• Creating optimized and custom-shaped parts for drones or satellite components. 

2. Automotive: 

• Manufacturing complex, high-strength automotive parts with intricate designs 

for improved performance and reduced weight. 

• Designing prototypes and custom components for concept cars or racing 

vehicles. 

3. Healthcare/Medical: 

• Customizing patient-specific implants, such as orthopedic implants or dental 

prosthetics, for better fit and functionality. 

• Producing anatomical models for surgical planning or medical education 

purposes. 

4. Consumer Goods: 

• Designing personalized and customized products like jewelry, fashion 

accessories, or smartphone cases with intricate details. 

• Customizing footwear for enhanced comfort and performance using 3D printed 

midsoles or insoles. 

5. Architecture and Construction: 

• Printing intricate and unique architectural models or prototypes for visualization 

and client presentations. 

• Manufacturing complex and customized building components or decorative 

elements. 

6. Tooling and Manufacturing: 

• Developing specialized and optimized tooling components, jigs, or fixtures for 

manufacturing processes to improve efficiency and accuracy. 

• Creating molds or dies with intricate designs for injection molding or casting. 



7. Electronics: 

• Designing and printing complex casings or housings for electronic devices with 

integrated functionalities. 

• Prototyping and manufacturing custom circuitry and sensor housings for IoT 

(Internet of Things) devices. 

8. Defense and Military: 

• Producing lightweight, strong, and intricate parts for military equipment, drones, 

or specialized vehicles. 

• Creating customized components for defense equipment or gear, tailored to 

specific mission requirements. 

9. Energy and Power Generation: 

• Designing optimized and high-performance parts for turbines, heat exchangers, 

or generators. 

• Prototyping and producing components for renewable energy devices, such as 

wind turbines or solar panels. 

10. Education and Research: 

• Using 3D printing for educational purposes, creating models or prototypes to 

facilitate learning in engineering or design courses. 

• Conducting research experiments with customized lab equipment or models. 

11. Food Industry: 

• Designing customized molds or shapes for chocolate, confectionery, or pastry 

decorations. 

• Exploring 3D food printing for creating novel food textures or designs. 

12. Marine Industry: 

• Producing lightweight, corrosion-resistant parts for marine vessels or equipment 

using additive manufacturing. 

• Designing custom components for underwater devices or ROVs (Remotely 

Operated Vehicles). 

13. Art and Design: 

• Creating intricate sculptures or art installations using additive manufacturing 

techniques. 

• Designing unique and artistic home decor items or furniture pieces. 

14. Environmental Applications: 

• Printing components for environmental monitoring devices or sensors. 



• Designing structures for water filtration or air purification systems. 

15. Entertainment and Media: 

• Fabricating customized props or costumes for movies, theater, or cosplay. 

• Designing specialized components for gaming peripherals or virtual reality 

accessories. 

16. Mining and Geological Exploration: 

• Producing custom-designed parts for mining equipment, optimizing for durability 

and performance. 

• Designing prototypes for geological models or surveying tools. 

17. Agriculture: 

• Creating specialized agricultural tools or equipment components tailored to 

specific farming needs. 

• Designing prototypes for irrigation systems or greenhouse structures. 

18. Telecommunications: 

• Developing custom casings or housings for antennas or communication devices. 

• Prototyping and manufacturing specialized components for satellite or telecom 

infrastructure. 

19. Robotics: 

• Printing custom parts for robotic arms, joints, or end-effectors, optimizing for 

weight and strength. 

• Designing prototypes for experimental robotic systems or mechanisms. 

20. Supply Chain and Logistics: 

• Using additive manufacturing for rapid prototyping of packaging or storage 

solutions. 

• Designing and producing customized parts for automated warehouse systems or 

conveyors. 


