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COMPUTER AIDED MANUFACTURING  
OVERVIEW OF CAM SYSTEMS 

Computer-Aided Manufacturing (CAM) systems are software tools used to plan, control, and automate 

manufacturing operations by generating toolpaths and machine instructions for production equipment. 

CAM systems act as a vital link between product design and actual manufacturing, ensuring that design 

intent is accurately translated into physical components. 

• The primary functions of a CAM system is toolpath generation. Toolpaths define the 

movement of cutting tools with respect to the workpiece, including direction, depth of cut, and 

machining sequence. CAM software supports a wide range of machining operations such as 

facing, drilling, contouring, pocketing, turning, and finishing, enabling accurate material 

removal according to the desired geometry. 

• CAM systems allow detailed definition of the workpiece setup, including stock size, datum 

location, and fixture arrangement. Proper setup definition ensures correct toolpath execution 

and minimizes the risk of errors during machining. This step is crucial for achieving 

dimensional accuracy and repeatability. 

• After toolpaths are generated and verified, CAM systems use post-processing to convert the 

data into machine-specific NC programs, such as G-codes. The post-processor ensures 

compatibility with the specific CNC machine and controller by translating generic toolpaths 

into executable commands for accurate machine operation. 

• Simulation and verification capabilities are integral to modern CAM systems. These features 

allow the complete machining process to be visualized before actual production. Simulation 

helps in identifying potential problems such as tool collisions, over-cutting, or incorrect tool 

movements, thereby reducing machine downtime, material waste, and production cost. 

• Another feature of CAM systems is tool selection and cutting parameter optimization. CAM 

software assists users in choosing suitable cutting tools and determining optimal cutting speed, 

feed rate, and depth of cut based on the work material and machining requirements. Advanced 

CAM systems use built-in material and tool databases to optimize machining conditions and 

enhance productivity. 

• CAM systems also provide various machining strategies to improve efficiency and quality. 

These include roughing and finishing strategies, high-speed machining, adaptive milling, and 

rest machining. The selection of an appropriate strategy helps in reducing machining time, 

improving surface finish, and extending tool life. 



• Advanced CAM systems support multi-axis machining, including 4-axis and 5-axis operations, 

where the cutting tool can move simultaneously along multiple axes. This capability is 

essential for manufacturing complex components with free-form surfaces, such as molds, dies, 

turbine blades, and aerospace parts. 

• In addition to subtractive machining, many modern CAM systems also support additive 

manufacturing processes. These systems generate layer-by-layer toolpaths for additive 

manufacturing technologies and can integrate additive and machining operations within a 

single workflow. 

• CAM systems are closely integrated with Computer-Aided Design (CAD) software, allowing 

direct import of 2D drawings and 3D models. This integration eliminates manual data transfer, 

maintains design consistency, and significantly reduces errors. Any modification made in the 

CAD model can be quickly updated in the CAM environment, thereby shortening the design-

to-manufacturing cycle. 

• Automation features such as feature recognition, template-based programming, and 

knowledge-based machining further enhance the efficiency of CAM systems. These features 

reduce dependence on operator skill, ensure consistency, and significantly decrease 

programming time. 

SCOPE OF CAM 

Computer-Aided Manufacturing (CAM) plays a crucial role in modern manufacturing by enabling the 

accurate and efficient conversion of digital designs into physical products. Its scope spans across 

conventional and advanced manufacturing processes, supporting industries that demand high 

precision, productivity, and consistency. 

• In conventional machining processes, CAM is widely used for milling, turning, drilling, and 

grinding operations. For example, in the automotive industry, companies such as Tata Motors 

use CAM to machine engine blocks, cylinder heads, and transmission components with tight 

dimensional tolerances. CAM helps optimize cutting parameters, reduce cycle time, and ensure 

repeatable quality across thousands of components. 

• CAM is necessary in CNC machining and automation, where it generates machine-readable 

programs for CNC lathes, machining centers, and mill-turn systems. In aerospace 

manufacturing, organizations like Boeing rely on CAM to produce highly complex structural 

components with extreme accuracy. CNC machining driven by CAM ensures minimal human 

intervention, improved safety, and consistent production of high-value parts. 



• The scope of CAM has grown into additive manufacturing, to generate layer-by-layer build 

paths from 3D models. In the medical industry, CAM-supported 3D printing is used to 

manufacture patient-specific implants, prosthetics, and surgical guides. For instance, 

customized orthopedic implants are produced using CAM-based additive manufacturing 

workflows, allowing better anatomical fit and faster recovery for patients. 

• In multi-axis machining, CAM enables simultaneous movement of machine axes, making it 

possible to manufacture geometrically complex components. Turbine blades used in jet engines 

and power plants are typical examples. Aerospace and energy companies use 5-axis CAM 

strategies to machine curved surfaces and internal features in a single setup, reducing errors 

and improving surface finish while saving significant production time. 

• CAM also plays a crucial role in tooling and fixture design, which directly impacts productivity 

and accuracy. In tool and die manufacturing industries, CAM is used to design molds for plastic 

injection molding and die-casting operations. For example, consumer electronics 

manufacturers use CAM-designed molds to mass-produce mobile phone housings with 

excellent surface quality and dimensional consistency. 

• CAM supports both rapid prototyping and large-scale manufacturing. Start-ups and R&D 

centers frequently use CAM to quickly prototype new products and validate designs before 

mass production. In contrast, heavy manufacturing industries use CAM to standardize 

production processes, ensuring uniform quality in batch and mass production environments. 

• CAM enables customization and flexible manufacturing, which is increasingly important in 

today’s market. In the bicycle and automotive aftermarket industries, CAM allows 

manufacturers to customize components such as frames, brackets, and performance parts 

according to customer specifications without changing physical tooling, thereby reducing cost 

and lead time. 

• Another important scope of CAM is simulation and verification. Before actual machining, 

CAM software simulates toolpaths to detect collisions, tool overtravel, and machining errors. 

For example, in die and mold industries, simulation prevents costly tool damage and material 

wastage, significantly reducing rework and downtime. 

• CAM is deeply integrated with CAD, CAE, and PLM systems, creating a seamless digital 

manufacturing environment. In large manufacturing enterprises, this integration ensures that 

design changes are automatically reflected in manufacturing programs, reducing 

communication gaps and engineering errors across departments. 

• In the context of smart manufacturing and Industry 4.0, CAM supports digital twins, real-time 

data exchange, and adaptive machining. Modern smart factories use CAM in combination with 



sensors and CNC feedback systems to optimize machining processes dynamically, improving 

efficiency, quality, and sustainability. 

BENEFITS OF CAM 

Computer-Aided Manufacturing (CAM) provides substantial advantages to modern manufacturing 

industries by enhancing efficiency, accuracy, flexibility, and competitiveness. By directly linking 

design data with manufacturing operations, CAM minimizes manual intervention and enables a high 

degree of automation across the production cycle. 

• The most significant benefits of CAM is increased manufacturing efficiency. CAM software 

automates the generation of toolpaths, selection of machining strategies, and sequencing of 

operations, thereby reducing dependence on manual programming and operator skill. In 

automotive manufacturing plants, companies such as Maruti Suzuki use CAM-driven CNC 

machining to achieve high production rates with minimal downtime. Optimized toolpaths and 

reduced setup times lead to faster throughput and improved machine utilization. 

• CAM offers improved accuracy and precision, which is critical in industries requiring tight 

tolerances. Since CAM uses digital CAD models as direct input, the chances of dimensional 

errors caused by manual interpretation are greatly reduced. In the aerospace sector, 

organizations like HAL rely on CAM to manufacture aircraft components where even micron-

level deviations can compromise safety. CAM ensures consistent quality across batches, 

reducing rejection rates and rework. 

• Another advantage of CAM is cost reduction. CAM optimizes cutting parameters, minimizes 

material wastage, and reduces machining time, directly lowering production costs. In mass 

production environments such as consumer goods manufacturing, CAM enables efficient use 

of raw materials and tooling. Reduced scrap, lower tool wear, and fewer machine breakdowns 

contribute to long-term cost savings for manufacturers. 

• CAM significantly contributes to faster time-to-market, which is essential in today’s 

competitive industries. By enabling rapid prototyping and quick design modifications, CAM 

shortens the product development cycle. For example, in the electronics industry, 

manufacturers use CAM-supported CNC and additive manufacturing systems to quickly 

prototype enclosures and heat sinks, allowing products to reach the market ahead of 

competitors. 

• The technical benefit of CAM is its ability to handle complex geometries that are difficult or 

impossible to produce using conventional machining. Multi-axis CAM strategies allow the 

machining of free-form surfaces, deep cavities, and intricate contours in a single setup. In 



turbine and power generation industries, CAM is extensively used to manufacture blades with 

complex aerodynamic profiles, ensuring high performance and efficiency. 

• CAM also provides flexibility and support for customization, enabling manufacturers to 

respond quickly to changing customer requirements. In industries such as medical devices and 

customized automotive components, CAM allows design changes to be implemented through 

software updates rather than hardware modifications. This flexibility supports small-batch 

production and personalized products without significant cost escalation. 

• An often-overlooked but critical benefit of CAM is enhanced safety. CAM software includes 

simulation and verification tools that allow machining processes to be tested virtually before 

execution on the shop floor. This helps identify potential tool collisions, machine overtravel, 

and unsafe cutting conditions. In heavy machining and die-mold industries, such simulations 

prevent costly damage to machines and improve operator safety. 

• CAM further enhances productivity through its integration with CAD and PLM systems. 

Seamless data flow ensures that any design modification is automatically reflected in the 

manufacturing process, eliminating communication gaps between design and production 

teams. In large manufacturing organizations, this integration improves coordination, reduces 

engineering changes, and ensures traceability throughout the product lifecycle. 

APPLICATIONS OF CAM 
 

Computer-Aided Manufacturing (CAM) is extensively applied in modern industries to convert digital 

product designs into precise, automated manufacturing operations. By enabling accurate toolpath 

generation, process optimization, and machine control, CAM supports a wide range of industrial 

manufacturing activities, from mass production to highly customized components. 

• The most widespread industrial applications of CAM is in machining operations such as 

milling, turning, drilling, and grinding. CAM software generates optimized CNC programs for 

machining metal, plastic, composite, and wooden components. In the automotive industry, 

manufacturers such as Tata Motors use CAM-based CNC machining to produce engine blocks, 

transmission housings, crankshafts, and suspension components with high dimensional 

accuracy and repeatability. CAM ensures consistent quality across large production volumes 

while reducing manual errors and cycle time. 

• CAM is also a core technology in additive manufacturing (3D printing) used in industrial 

environments. CAM software controls the slicing and deposition paths for layer-by-layer 

material buildup. In the aerospace and medical industries, CAM-enabled additive 



manufacturing is used to produce lightweight aircraft brackets, lattice-structured components, 

and patient-specific implants. For example, aerospace companies use CAM-driven 3D printing 

to manufacture complex internal geometries that reduce weight while maintaining strength—

an outcome difficult to achieve through conventional machining. 

• Another industrial application of CAM is in multi-axis machining, particularly 4-axis and 5-

axis CNC systems. CAM enables simultaneous movement of multiple axes, allowing the 

machining of complex free-form surfaces and contoured profiles. In the aerospace and power 

generation sectors, CAM is used to manufacture turbine blades, impellers, and structural 

components with complex aerodynamic shapes. Organizations such as HAL rely on multi-axis 

CAM strategies to achieve the high precision and surface finish required for flight-critical 

components. 

• CAM plays a vital role in prototyping and rapid manufacturing, especially in industries with 

short product life cycles. By quickly converting CAD models into machining or printing 

instructions, CAM enables rapid development and testing of prototypes. In the consumer 

electronics industry, CAM is used to rapidly produce prototypes of mobile phone enclosures, 

heat sinks, and internal frames, allowing companies to validate design, ergonomics, and 

thermal performance before mass production. 

• In industrial production environments, CAM is widely applied in tooling and fixturing design. 

CAM assists in the design and simulation of jigs, fixtures, cutting tools, and tool holders 

required for accurate and stable machining. In automotive and heavy engineering industries, 

CAM-designed fixtures ensure proper alignment and secure holding of components during 

high-speed machining, thereby improving dimensional accuracy and reducing setup time 

across multiple production lines. 

• CAM has a major industrial application in die and mold manufacturing, where precision and 

surface quality are critical. CAM systems generate highly accurate toolpaths for machining 

mold cavities, cores, and inserts used in plastic injection molding, die casting, and metal 

forming. In packaging, consumer goods, and automotive industries, CAM-based mold 

manufacturing directly influences the quality, surface finish, and dimensional accuracy of the 

final mass-produced products. 

• In sheet metal fabrication industries, CAM software is used to control laser cutting, plasma 

cutting, punching, bending, and robotic welding operations. CAM optimizes nesting layouts, 

cutting paths, and bending sequences to minimize material waste and production time. 

Automotive body manufacturing plants and aerospace structure manufacturers rely on CAM 



to produce panels, frames, brackets, and enclosures with high precision and efficient material 

utilization. 

• CAM is also increasingly applied in artistic, architectural, and customized manufacturing. 

Large-scale sculptures, decorative panels, architectural facades, and customized interior 

components are produced using CAM-driven CNC routers, robotic milling systems, and large-

format 3D printers. This application demonstrates how CAM extends beyond traditional 

engineering industries into creative and design-oriented manufacturing. 

• In modern factories, CAM forms an essential part of smart manufacturing and Industry 4.0 

systems. CAM integrates with CNC machines, sensors, and manufacturing execution systems 

to support simulation-based planning, adaptive machining, and digital twins. Industries 

adopting smart manufacturing use CAM to achieve real-time process optimization, predictive 

maintenance, and improved overall equipment efficiency. 

 

CAM FOR ADDITIVE & SUBTRACTIVE MACHINING  
Computer-Aided Manufacturing (CAM) plays a central role in both additive and subtractive 

manufacturing by converting digital product designs into precise machine-level instructions. While 

additive manufacturing builds components layer by layer by adding material, subtractive 

manufacturing produces components by removing material from a solid workpiece. CAM acts as the 

digital bridge that ensures accuracy, efficiency, and repeatability in both approaches. 

CAM in Additive Manufacturing (AM) 
In additive manufacturing, CAM begins with the preparation of digital models created in CAD 

software. CAM converts these models into machine-readable formats and prepares them for layer-

based fabrication. This preparation includes checking model integrity, repairing geometric errors, and 

orienting the part to achieve optimal strength, surface quality, and build efficiency. 

A key function of CAM in additive manufacturing is slicing and toolpath generation. CAM software 

divides the 3D model into thin layers and generates deposition paths that guide the printer nozzle or 

laser system during material deposition. These toolpaths are optimized based on material properties, 

layer thickness, print speed, and thermal behavior. In industries such as aerospace and medical devices, 

CAM-controlled slicing ensures dimensional accuracy and internal structural integrity of complex 

parts. 

CAM also supports design optimization and support structure generation for additive manufacturing. 

Advanced CAM tools enable the creation of lattice structures to reduce weight while maintaining 

strength, which is especially valuable in aerospace components. Support structures are automatically 

generated to prevent deformation, sagging, or collapse during printing. For example, in aerospace 

https://youtu.be/8sxlyuN6xso?si=Gc55ytU859kb_grc
https://1drv.ms/i/c/39E66F1165A1D040/IQCz9CDQt7LKQY6eXl43PKzvAbV7Jq_HWEUE4okJB4lKPVY?e=uxqfLf


manufacturing, CAM-based additive processes are used to produce lightweight brackets and internal 

structural components that cannot be manufactured through conventional machining. 

Another important role of CAM in additive manufacturing is simulation and process validation. CAM 

software can simulate the printing process to predict issues such as warping, residual stresses, 

overheating, or layer delamination. This predictive capability helps manufacturers avoid failed builds, 

saving both time and material. In the medical industry, CAM simulation ensures that patient-specific 

implants meet strict dimensional and structural requirements before actual production. 

CAM further supports post-processing planning in additive manufacturing. It can generate instructions 

for secondary operations such as heat treatment, surface finishing, machining of critical surfaces, or 

inspection. This integration is particularly important in industrial-grade additive manufacturing, where 

printed parts often require post-processing to meet functional and dimensional specifications. 

CAM in Subtractive Manufacturing 

In subtractive manufacturing, CAM focuses on controlling the removal of material from a solid 

workpiece using machining processes such as milling, turning, drilling, and grinding. The primary role 

of CAM is toolpath generation, where the software determines how cutting tools move relative to the 

workpiece to achieve the desired geometry. These toolpaths are generated based on part geometry, tool 

selection, machine constraints, and material properties. 

CAM software also develops optimized material removal strategies to improve productivity and 

surface quality. It selects appropriate cutting speeds, feed rates, depth of cut, and machining sequences 

to minimize machining time, reduce tool wear, and avoid excessive cutting forces. In automotive and 

heavy engineering industries, CAM optimization significantly improves cycle time and extends tool 

life during mass production. 

An advanced application of CAM in subtractive machining is multi-axis machining. CAM supports 

3-axis, 4-axis, and 5-axis machining, allowing complex parts with free-form surfaces, deep cavities, 

and undercuts to be manufactured in fewer setups. In aerospace and turbine manufacturing, multi-axis 

CAM is essential for machining components such as turbine blades and impellers with high 

dimensional accuracy and superior surface finish. 

CAM plays a critical role in collision detection and machine safety. Before actual machining, CAM 

software checks for possible collisions between the cutting tool, workpiece, fixtures, and machine 

components. This prevents costly damage to machines and tools and enhances operator safety. In die 

and mold manufacturing, collision detection is particularly important due to complex toolpaths and 

long machining cycles. 

Another important feature of CAM in subtractive manufacturing is simulation and verification. CAM 

allows visualization of the entire machining process, enabling engineers to detect issues such as tool 

https://www.youtube.com/watch?v=o8SD9zxtFb0


deflection, chatter, overcutting, or unmachined regions. This virtual verification reduces trial-and-error 

on the shop floor and ensures first-time-right production. 

CAM further enhances subtractive manufacturing through process optimization for efficiency and 

quality. It balances machining time, tool cost, material utilization, and machine capability to achieve 

optimal production performance. In high-volume manufacturing environments, CAM-driven 

optimization leads to consistent quality, reduced scrap, and improved overall equipment effectiveness. 

Integrated Role of CAM in Hybrid Manufacturing 

In modern manufacturing, CAM increasingly supports hybrid manufacturing systems, where additive 

and subtractive processes are combined. A component may first be additively manufactured to achieve 

near-net shape and then finish-machined using CAM-controlled subtractive operations to achieve tight 

tolerances and surface finish. This integrated approach is widely used in aerospace, tooling, and high-

performance engineering applications. 

Computer-Aided Manufacturing (CAM) plays a crucial role in both additive and subtractive 

machining processes by bridging the gap between digital design and physical production. Here's how 

CAM functions in each: 

1. Additive Manufacturing (AM): 

a) Preparation of Digital Models: CAM software prepares digital models (typically in CAD 

formats) for the additive manufacturing process. This involves converting 3D models into 

instructions understandable by the additive manufacturing machine, usually in the form of 

sliced layers. 

b) Slicing and Toolpath Generation: CAM software slices the digital model into layers and 

generates toolpaths that guide the additive manufacturing machine on how to deposit material 

layer by layer. This includes considerations for factors like material properties, support 

structures, and optimizing build time. 

c) Optimization and Support Structures: CAM tools often include features for optimizing the 

design for additive manufacturing, such as lattice structures for lightweighting or reducing 

material usage, as well as generating support structures to prevent deformation or collapse 

during printing. 

d) Simulation and Validation: CAM software may offer simulation capabilities to predict and 

validate the printing process, identifying potential issues like warping, overheating, or 

structural weaknesses before the actual printing begins. 

e) Post-Processing Instructions: CAM software can also generate instructions for post-processing 

steps like surface finishing or heat treatment, if necessary. 

2. Subtractive Manufacturing: 



a) Toolpath Generation: CAM software generates toolpaths based on the geometry of the part and 

the capabilities of the subtractive manufacturing machine. These toolpaths instruct the machine 

on how to remove material from the raw stock to achieve the desired shape. 

b) Material Removal Strategies: CAM tools optimize material removal strategies to minimize 

machining time, reduce tool wear, and achieve the desired surface finish. This includes 

considerations for cutting speeds, feeds, depths of cut, and tool changes. 

c) Multi-Axis Machining: CAM software supports multi-axis machining operations, enabling 

complex geometries to be manufactured efficiently. This involves generating toolpaths for 

simultaneous movement of the cutting tool along multiple axes. 

d) Collision Detection: CAM software often includes collision detection features to ensure that 

the cutting tool and the machine components do not collide during machining operations, 

thereby preventing damage to the part or the machine. 

e) Simulation and Verification: CAM tools may offer simulation capabilities to visualize the 

machining process and verify the toolpaths before actual machining begins. This helps in 

identifying potential issues such as tool deflection, chatter, or interference. 

f) Optimization for Efficiency: CAM software optimizes machining operations for efficiency, 

considering factors like tool life, material cost, and machine capabilities to achieve the desired 

quality within the specified constraints. 

CAM SOFTWARE 

CAM software is a fundamental element of modern manufacturing systems, enabling the 

transformation of digital designs into physical products. It acts as the interface between CAD models 

and manufacturing machines, ensuring accuracy, efficiency, and repeatability in both additive and 

subtractive manufacturing. 

• Definition: CAM software is a computer-based system that converts CAD models into 

machine-executable instructions such as toolpaths and control codes. For example, a 

mechanical component designed in AutoCAD or SolidWorks is imported into Fusion 360, 

where machining operations are defined. In automotive industries, this allows engineers to 

directly convert engine component designs into CNC programs without manual coding, 

reducing errors and saving time. Video: Link 

• Process Optimization: CAM software optimizes the manufacturing process by analyzing part 

geometry, material type, tool selection, and machine capability. For instance, when machining 

an aluminum gearbox housing, CAM software automatically selects high-speed machining 

strategies, optimal feed rates, and cutting depths. In automotive mass production, this 

https://www.youtube.com/watch?v=dCi-giExHj4


optimization reduces cycle time per component, leading to higher productivity and lower 

manufacturing cost. 

• Toolpath Generation: One of the most critical functions of CAM software is generating 

toolpaths that guide cutting tools during machining. In CNC milling, CAM determines an end 

mill moves to remove material efficiently. For example, in aerospace manufacturing, CAM 

software generates complex 5-axis toolpaths to machine curved aircraft structural components 

accurately, which would be extremely difficult to program manually. 

• Support for Various Machining Operations: CAM software supports a wide range of 

manufacturing operations such as milling, turning, drilling, threading, pocketing, and 

contouring. In mold and die industries, CAM software is used to perform roughing operations 

to remove bulk material, followed by finishing operations to achieve smooth cavity surfaces. 

This flexibility allows manufacturers to use a single CAM platform for diverse machining 

requirements. 

• Simulation and Verification: Before actual machining begins, CAM software simulates the 

entire manufacturing process. This simulation detects tool collisions, overcutting, or 

unmachined areas. For example, in die and mold manufacturing, where machining cycles may 

run for several hours or days, CAM simulation prevents expensive machine crashes and tool 

breakage, ensuring safe and error-free production. 

• Integration with CAD Systems: CAM software integrates seamlessly with CAD software, 

enabling automatic updates when design changes occur. For instance, if a hole diameter is 

modified in the CAD model, the CAM toolpaths are updated automatically. For example is 

Autodesk Fusion 360, widely used in startups and electronics product development. Fusion 

360 integrates CAD, CAM, and simulation in a single environment. When a design engineer 

modifies features such as slots, bosses, or mounting holes, the CAM workspace updates 

machining strategies in real time. This capability is especially valuable in rapid prototyping 

and agile product development, where design iterations are frequent and time-to-market is 

critical. 

• Post-Processing:  

After toolpaths are finalized, CAM software generates machine-specific control codes, 

commonly known as G-codes and M-codes. These codes control spindle speed, feed rate, tool 

changes, and coolant flow. For example, CAM software generates different G-code outputs for 

CNC machines from manufacturers like FANUC or Siemens, ensuring compatibility with 

different machine controllers used in industry. 



• Automation and Manufacturing Efficiency: CAM software automates repetitive and 

complex programming tasks, reducing reliance on skilled manual programmers. In flexible 

manufacturing systems, CAM allows quick changeover between different parts by simply 

loading new CAM programs. For example, in small-batch aerospace component 

manufacturing, CAM enables efficient production of customized parts without significant 

setup changes, improving responsiveness and reducing lead time. 

• Use in Additive Manufacturing: In additive manufacturing, CAM software controls slicing 

and deposition paths. For example, in medical device manufacturing, CAM-based additive 

workflows are used to produce patient-specific implants. CAM ensures correct layer thickness, 

support generation, and material deposition, resulting in accurate and functional printed 

components. 

Examples:  

1. Fusion 360 

Features: Integrated CAD, CAM, and CAE (Computer-Aided Engineering), supports 2.5-axis 

to 5-axis machining, cloud-based collaboration, simulation, and generative design tools. 

Best For: Small-to-medium manufacturers, hobbyists, and professionals 

Example: A small CNC workshop using Fusion 360 to design and manufacture custom metal 

brackets. The designer creates a 3D model in Fusion 360 CAD, and the CAM module 

generates toolpaths for a CNC milling machine. The G-code is then exported and executed on 

the CNC machine. 

Video : Fusion360 | Generate TOOLPATH and export G CODE  

2. Mastercam 

Best For: CNC milling, turning, and tool-making 

Features: Strong support for 2D and 3D milling, turning, wire EDM, high-speed machining 

strategies, toolpath verification, and simulation. 

 Example: An automotive parts manufacturer using Mastercam to machine engine components. 

Engineers design a cylinder head in CAD, and Mastercam generates optimized toolpaths for 

high-speed cutting. The final component is machined in a multi-axis CNC machine. Video : 

Link 

3. SolidWorks  

Best For: CAD users wanting integrated CAM functionality 

Features: Integrated with SolidWorks CAD, automatic feature recognition (AFR), supports 

2.5-axis and 3-axis milling, rule-based machining automation. 

https://www.youtube.com/watch?v=wsSWVtjp8c0
https://www.youtube.com/watch?v=vO6oj7_PwVc


 Example: A mechanical design company producing custom gears using SolidWorks CAM. A 

gear model is created in SolidWorks, and the CAM module applies AFR to generate 

toolpaths. The CNC lathe then machines the gear. Video: Link 

4. Siemens NX CAM (Siemens PLM Software) 

Best For: Large-scale, high-precision manufacturing 

 Features: Advanced 5-axis machining and multi-axis milling, integrated with Siemens NX 

CAD and PLM (Product Lifecycle Management), AI-driven automation for optimizing 

toolpaths, supports additive manufacturing (3D printing). 

Example: An aerospace company machining titanium turbine blades with Siemens NX CAM. 

A complex turbine blade is designed, and NX CAM generates 5-axis milling toolpaths. The 

CNC machine then cuts the part with AI-driven optimization. 

Video: Link 

INTEGRATION OF CAD AND CAM SYSTEMS 
CAD and CAM  are often integrated to facilitate a seamless transition from design to production in 

manufacturing processes. Here's how they are integrated: 

1. Integrated and Associative File Formats: Modern CAD and CAM systems are increasingly 

built around integrated and associative data exchange, enabling seamless transfer of design 

information with minimal data loss. CAD models can be imported directly into CAM 

environments while preserving geometric accuracy, feature definitions, and sometimes even 

design intent. In addition to widely used neutral formats such as DXF, STEP, IGES, and STL, 

many advanced systems support native and feature-based formats that allow bidirectional 

associativity—meaning changes in the CAD model can automatically update CAM toolpaths. 

This integration significantly reduces manual data translation, improves workflow efficiency, 

and minimizes errors during manufacturing preparation. 

2. Direct Platform Integration: Many modern CAD–CAM solutions are developed as unified 

platforms or closely linked modules within a single software ecosystem. This approach allows 

users to move seamlessly between design and manufacturing functions without leaving the 

same working environment. Design modifications made in the CAD module are automatically 

reflected in the CAM module through real-time associativity, ensuring that toolpaths, 

machining strategies, and manufacturing parameters remain synchronized with the latest 

design data. Such integration improves efficiency, reduces rework, and enhances overall 

accuracy in the digital manufacturing workflow. 

 

https://youtu.be/asKz0VRfSyg?si=dltPawgnP2mitUJ8
https://www.youtube.com/watch?v=QAoR6A3MIXI


3. Parametric and Feature-Based Modeling: Modern parametric CAD systems enable the 

creation of feature-based models in which geometry, dimensions, and constraints are logically 

linked. When design parameters are modified, the entire model regenerates automatically while 

preserving design intent. Advanced CAM systems can utilize this parametric and feature-level 

associativity to adapt machining strategies and regenerate toolpaths automatically in response 

to design changes. This model-driven approach ensures continuous alignment between design 

and manufacturing data, reduces manual intervention, and supports efficient change 

management in contemporary digital manufacturing workflows. 

4. Intelligent Feature Recognition and Automation: Contemporary CAM systems incorporate 

advanced feature recognition and knowledge-based machining capabilities that automatically 

detect manufacturing-relevant features—such as holes, pockets, slots, bosses, and fillets—

directly from the CAD model. These features are then mapped to predefined machining 

strategies, tools, and cutting parameters. By leveraging rule-based logic and process 

knowledge, the CAM system can automatically generate optimized operations and toolpaths, 

significantly reducing manual programming effort, improving consistency, and accelerating 

the transition from design to production. 

5. Digital Simulation and Process Verification: Modern CAD–CAM environments incorporate 

advanced digital simulation and verification tools that enable virtual execution of machining 

processes prior to physical production. These tools allow users to evaluate toolpaths, machine 

kinematics, material removal, and potential collisions in a virtual setting. Any design 

modification introduced in the CAD model is automatically propagated to the CAM 

environment, where simulations are updated in real time. This digital validation approach 

enhances process reliability, minimizes shop-floor errors, and supports first-time-right 

manufacturing in contemporary production systems. 

6. Customization, APIs, and Digital Extensibility: Modern CAD and CAM platforms provide 

extensive customization frameworks, including open API (Application Programming 

Interface), scripting environments, and plug-in architectures, enabling users to extend core 

functionalities and automate routine tasks. These capabilities allow organizations to integrate 

CAD–CAM systems with enterprise tools such as PLM (Product Lifecycle Management), 

MES (Manufacturing Execution System), and ERP (Enterprise Resource Planning), as well as 

to implement rule-based automation, custom post-processors, and knowledge-driven 

workflows. Such digital extensibility supports scalable, flexible manufacturing processes and 

allows CAD–CAM integration to be tailored precisely to specific production requirements. 

 



By integrating CAD and CAM software, manufacturers can streamline the design-to-manufacturing 

process, reduce errors, improve efficiency, and ensure consistency throughout the product 

development lifecycle. This integration is essential for modern manufacturing environments seeking 

to leverage digital technologies for improved productivity and competitiveness. 

COMPUTER CONTROLLED MACHINES  
 

HISTORICAL DEVELOPMENTS IN CNC 
The historical development of Computer Numerical Control (CNC) is a fascinating journey that spans several 
decades and involves contributions from various fields including engineering, computing, and manufacturing. 
Here's an overview of key milestones in the evolution of CNC technology: 
 

1. Early Numerical Control (NC) Systems (1940s-1950s): 
a. The roots of CNC can be traced back to the 1940s and 1950s when the aerospace and defence industries 

sought ways to automate and improve the precision of machining processes. 
b. During this period, early forms of NC systems were developed, primarily using analog and punched tape-

based control mechanisms to automate machine tool movements. 
2. Introduction of Digital Computers (1950s-1960s): 

a. The advent of digital computers in the 1950s paved the way for significant advancements in NC 
technology. 

b. Researchers and engineers began experimenting with using digital computers to control machine tools, 
leading to the development of the first true CNC systems. 

3. MIT's Servomechanisms Laboratory (1950s-1960s): 
a. MIT's Servomechanisms Laboratory, led by researchers such as John T. Parsons and Frank L. Stulen, 

played a crucial role in the development of early CNC technology. 
b. Parsons is often credited with developing the concept of numerical control for machining operations, 

while Stulen contributed to the development of the first CNC milling machine. 
4. First CNC Machines (Late 1950s-Early 1960s): 

a. In the late 1950s and early 1960s, the first commercial CNC machines began to appear, primarily in the 
aerospace industry. 

b. These early CNC machines used punched cards or magnetic tape to input instructions and control 
machine movements. 

5. Integration of Computers (1960s-1970s): 
a. Throughout the 1960s and 1970s, CNC technology continued to advance, with increasing integration of 

digital computers into machine control systems. 
b. This period saw the development of standardized programming languages such as APT (Automatically 

Programmed Tool) and the adoption of new technologies like minicomputers and microprocessors. 
6. Expansion Across Industries (1970s-1980s): 

a. By the 1970s and 1980s, CNC technology had expanded beyond aerospace and defence applications to 
become widely adopted across various industries, including automotive, electronics, and metalworking. 

b. Advances in software, hardware, and networking further accelerated the growth and adoption of CNC 
technology during this period. 

7. Modern CNC Systems (1990s-Present): 
a. In the 1990s and beyond, CNC technology continued to evolve rapidly, driven by advancements in 

computing, software, and automation. 
b. Today, CNC systems are highly sophisticated, integrating with CAD/CAM software, robotics, sensors, 

and data analytics to enable complex machining operations, rapid prototyping, and high-volume 
production. 

 

https://1drv.ms/i/c/39E66F1165A1D040/EYhXws5Tv7NAr9KW1rzHg_MBa8j-hW1Ml4iDBy7UwoGwtQ?e=RCf7xR
https://1drv.ms/i/c/39E66F1165A1D040/EZtCQM5hpTBHt3E-_fjZ-1oBmjBLdfqx8cLAaZirk8YWcQ?e=eMBuLy
https://1drv.ms/i/c/39E66F1165A1D040/EQBJW_Kac-9Am6F6c_lJi4gBUB_2Zo62qWjPeN5_iUgQ-Q?e=ohk6tZ
https://1drv.ms/i/c/39E66F1165A1D040/EfYEg_fJnZ1HssDJKRtNxCUBitbXNEvrdMwL2yaSYtXFYg?e=5dPauy
https://1drv.ms/i/c/39E66F1165A1D040/EUkSuXps7RJLvrFvfZLcXEQBKbxk-_lpRkEGrSpY51JyIA?e=Gd6J3w
https://1drv.ms/i/c/39E66F1165A1D040/EUS3WBTb39dCm7zWG81h7v0BhRATHXpr25mbvfhjnKxq9w?e=QhZLvx
https://1drv.ms/i/c/39E66F1165A1D040/EW33dcKodRhNsDBPur-E4Q0BPbQ-o0ViV4bXDegMXOMJkA?e=WZoDjn


 

Assignment -1 
1. List and briefly describe the key components and functions of CAM systems. 

2. Mention at least four industries where CAM is applied and describe one use case for each. 

3. Highlight four key benefits of using CAM in manufacturing processes. 

4. Explain how CAD and CAM systems are integrated and why this integration is important for 

modern manufacturing. 
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UNIT-II (Syllabus) 
Video :  Link ..How is it made? 

Video : Link  Which is this machine? 

CNC TECHNOLOGY 

• Overview of CNC machines  

• Advantages 

• Type of CNC machine tools 

• Structure of CNC machine tools 

 

CNC HARDWARE 

• Components of CNC machining & turning center 

• Drives used in CNC 

• Actuation systems 

• Feedback devices used in CNC machine tools 

• Work setting. 

  

https://1drv.ms/i/s!AkDQoWURb-Y5wbl5BBuJq65WPXgW-g?e=jmHQYU
https://www.youtube.com/shorts/TmaZUK1yBYo
https://www.youtube.com/watch?v=6aEpJB52dS8
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OVERVIEW OF CNC MACHINES 
CNC (Computer Numerical Control) machines are automated manufacturing devices 

used to create intricate parts and components from various materials like metal, plastic, 

wood, and composites. Here's an overview: 

1. Basic Principle: CNC machines operate based on coded instructions programmed into 

a computer. These instructions dictate the movement of cutting tools and other 

machinery to precisely shape and form the material according to the desired design. 

2.  Types of CNC Machines: 

• CNC Mills: These machines use rotating cutting tools to remove material from a 

stationary workpiece. They are commonly used for cutting, drilling, and milling 

operations.  

• CNC Lathes: Lathes rotate the workpiece against stationary cutting tools to produce 

cylindrical parts. They are ideal for creating symmetrical objects like shafts and 

bushings. 

• CNC Routers: These machines are similar to mills but are typically used for cutting 

softer materials like wood, plastic, and foam. They are widely used in woodworking and 

prototyping industries. 

• CNC Plasma Cutters: Utilizing a high-velocity jet of ionized gas, plasma cutters can 

slice through electrically conductive materials such as steel, aluminum, brass, and 

copper with precision. 

• CNC Laser Cutters: Laser cutters use a high-powered laser to cut or engrave materials 

with extreme accuracy, making them suitable for intricate designs on various surfaces 

including metal, wood, plastic, and fabric.  

3. Components of a CNC Machine: 

• Controller: The brain of the machine that interprets the programming code and sends 

signals to the motors and other components. 

• Motors: Servo motors or stepper motors are used to drive the movement of the machine's 

axes. 

• Tooling: Various cutting tools, drills, or lasers are used depending on the type of CNC 

machine and the material being processed. 

• Workholding: Fixtures and clamps secure the workpiece in place during machining to 

ensure precision and stability. 

• Coolant System: Used to lubricate and cool cutting tools and workpieces during 

machining to prevent overheating and maintain accuracy. 

• Enclosures and Safety Features: CNC machines often have protective enclosures and 

safety interlocks to ensure operator safety during operation. 

https://1drv.ms/i/c/39E66F1165A1D040/EbxxYeqr42ZIt1H_Sp0QCKIBfGglzOZf1nFNDJJ-jh8SuA?e=GjNfqW
https://1drv.ms/i/c/39E66F1165A1D040/EeRv4cMAuJ9Npa_nc-Ej8WwBZx09hCP_f29_ULVTshOh8w?e=diqMTG
https://1drv.ms/i/c/39E66F1165A1D040/EendALF9aWRMgox_-m2yBTQBmw-hxkDXaAZYT7cWq-p0zA?e=TE1peN
https://1drv.ms/i/c/39E66F1165A1D040/EbIwcK6Go29NkRjm0qjkZjABwnlLMDmz_IHewtyxqHtu1g?e=LVG7FF
https://1drv.ms/i/c/39E66F1165A1D040/ETeg7qT_-TRGlFUyEgp27-kBTWV9osUn7NS0eIhcBUJ-uw?e=Dm4PcL
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4. Applications: 

• Aerospace: Manufacturing aircraft components like engine parts, wing ribs, and 

fuselage sections. 

• Automotive: Producing engine blocks, transmission components, and chassis parts. 

• Electronics: Creating circuit boards, connectors, and housings. 

• Medical: Fabricating surgical instruments, prosthetics, and orthopedic implants. 

• Woodworking: Crafting furniture, cabinetry, and decorative items. 

Overall, CNC machines play a pivotal role in modern manufacturing, offering efficiency, 

precision, and versatility across a wide range of industries. 

  

ADVANTAGES 
CNC (Computer Numerical Control) machines offer several advantages over traditional 

manual machining methods: 

1. Precision: CNC machines operate with high precision, allowing for extremely 

accurate and consistent production of parts. This precision ensures that each part 

produced meets exact specifications, reducing errors and waste. 

2. Efficiency: CNC machines can operate continuously, 24/7, with minimal downtime 

for maintenance or tool changes. This high level of automation increases productivity 

and reduces production time compared to manual machining. 

3. Flexibility: CNC machines can easily switch between different manufacturing tasks 

by simply changing the program. This flexibility allows for rapid prototyping and quick 

adaptation to changing production requirements. 

4. Complex geometries: CNC machines can produce complex shapes and intricate 

designs that would be difficult or impossible to achieve with manual machining methods. 

This capability opens up new possibilities for innovative product designs. 

5. Reproducibility: CNC machines can produce identical parts with consistent quality, 

ensuring that each part meets the same specifications as the previous ones. This 

reproducibility is crucial for mass production and maintaining quality standards. 

6. Cost-effectiveness: While the initial investment in CNC machines can be significant, 

they can ultimately reduce manufacturing costs by improving efficiency, reducing waste, 

and minimizing the need for skilled labor. 

7. Integration with CAD/CAM software: CNC machines can be programmed directly 

from computer-aided design (CAD) files using computer-aided manufacturing (CAM) 

software. This integration streamlines the production process and allows for easy design 

changes and optimization. 

Overall, CNC machines offer a wide range of advantages that make them indispensable 
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tools in modern manufacturing industries. 

 

TYPE OF CNC MACHINE TOOLS 
CNC (Computer Numerical Control) machines encompass a variety of machine tools, 

each tailored to specific manufacturing tasks. Here are some common types of CNC 

machine tools: 

1. CNC Milling Machine: These machines use rotary cutting tools to remove material 

from a workpiece, creating complex shapes and features. They are versatile and widely 

used in industries such as aerospace, automotive, and electronics. 

2. CNC Lathe Machine: Lathe machines rotate a workpiece while cutting tools move 

along its length to shape the material symmetrically. CNC lathes are used for 

cylindrical or conical parts, including shafts, bushings, and fittings. 

3. CNC Router: CNC routers are similar to milling machines but are typically used for 

cutting and shaping wood, plastic, and other softer materials. They are commonly used 

in woodworking, signage, and prototyping applications. 

4. CNC Plasma Cutter: Plasma cutters use a high-velocity jet of ionized gas (plasma) 

to cut through electrically conductive materials such as steel, aluminum, and brass. 

CNC plasma cutters are used in metal fabrication for precise cutting of intricate shapes. 

5. CNC Laser Cutter: Laser cutters use a high-powered laser beam to cut, engrave, or 

etch materials such as wood, plastic, metal, and glass. CNC laser cutters are used in 

various industries, including signage, jewelry making, and industrial manufacturing. 

6. CNC Waterjet Cutter: Waterjet cutters use a high-pressure stream of water mixed 

with abrasive particles to cut through materials. They are suitable for cutting a wide 

range of materials, including metals, composites, stone, and glass, without generating 

heat-affected zones. 

7. CNC Wire EDM (Electrical Discharge Machining): Wire EDM machines use a 

thin wire electrode to cut intricate shapes in conductive materials using electrical 

discharges. They are used for producing complex and precise parts in tool and die 

making, aerospace, and medical industries. 

8. CNC Grinding Machine: CNC grinders are used for precision grinding operations 

to achieve tight tolerances and fine surface finishes on cylindrical, internal, and surface 

profiles. They are commonly used in tool and die making, automotive, and aerospace 

industries. 

 

These are just a few examples of the types of CNC machine tools available, each 

serving specific purposes and applications in modern manufacturing processes. 

https://1drv.ms/i/c/39E66F1165A1D040/Ec-jUkGKa_FLgpRTf4uUZg4BFnxImqlcyLMCwnsWfAJTbQ?e=MCB4wb
https://1drv.ms/i/c/39E66F1165A1D040/Ea8B5V_TEXNMo6MQMj7THYMBej4mQSWLrxTydgElwlDe_Q?e=T8wYLO
https://1drv.ms/i/c/39E66F1165A1D040/Ea6kf3BiMh9Jo0IHG9xIQJIBF7SFVf3QoPR4cGeWaugL1A?e=BCBUBa
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STRUCTURE OF CNC MACHINE TOOL 
The structure of CNC (Computer Numerical Control) machine tools typically consists of 

several key components that work together to perform machining operations with high 

precision and efficiency. Here's an overview of the typical structure of a CNC machine 

tool: 

1. Frame/Bed: The frame or base provides the structural support for the entire machine. 

It is usually made of heavy-duty materials such as cast iron or welded steel to ensure 

stability and minimize vibrations during operation. 

2. Column: The column is a vertical component attached to the base that supports the 

other major components of the machine, such as the spindle and tooling. It provides 

rigidity and stability to the machine structure. 

3. Spindle: The spindle is the rotating shaft that holds the cutting tool or workpiece. It is 

driven by a motor and is responsible for the cutting or machining operations. CNC 

machines may have different types of spindles depending on the specific application, 

such as milling spindles, turning spindles, or grinding spindles. 

4. Axes: CNC machines typically have multiple axes of motion along which the cutting 

tool or workpiece can move. Common axes include: 

   - X-Axis: Horizontal motion along the length of the machine. 

   - Y-Axis: Vertical motion perpendicular to the X-axis. 

   - Z-Axis: Vertical motion perpendicular to both the X and Y axes. 

   - Additional axes may include A, B, and C axes for rotational movements in various 

directions. 

5. Tool Changer: Many CNC machines are equipped with automatic tool changers that 

allow for the quick and seamless exchange of cutting tools during machining operations. 

This feature improves efficiency and reduces downtime by eliminating the need for 

manual tool changes. 

6. Control Panel: The control panel is where the operator interacts with the CNC 

machine. It typically includes a computer interface or touchscreen display where the 

operator can input machining parameters, load programs, and monitor the machining 

process. 

7. Drive System: The drive system consists of motors, ball screws, belts, and other 

components that drive the motion of the machine's axes. The motors receive commands 

from the CNC controller and translate them into precise movements of the cutting tool 

or workpiece. 

8. Coolant System: CNC machines often use coolant or lubricant during machining 

https://1drv.ms/i/s!AkDQoWURb-Y5wboMuGkNU-ZlT9qKNQ?e=5QsaHP
https://1drv.ms/i/s!AkDQoWURb-Y5wboNFao9l0SHTHuhRA?e=Ssc0oL
https://1drv.ms/i/s!AkDQoWURb-Y5wboOi55Dy7oPrTbRXw?e=Xe7H5O
https://1drv.ms/i/s!AkDQoWURb-Y5wboPWW-gFwi_TH2I0Q?e=6VhIo2
https://1drv.ms/i/s!AkDQoWURb-Y5wboQ-d4YC88QfFU97Q?e=qnem0g
https://1drv.ms/i/s!AkDQoWURb-Y5wboRfA6sc7a8yLBxfQ?e=bhb09h
https://1drv.ms/i/s!AkDQoWURb-Y5wboTJBe31nU277qW1A?e=QniqPQ
https://1drv.ms/i/s!AkDQoWURb-Y5wboVrLHFE2juwOmStw?e=muRtcU
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operations to reduce heat, remove chips, and prolong tool life. The coolant system 

delivers coolant to the cutting zone and removes it along with the chips generated during 

machining. 

9. Enclosures/Guards: Enclosures and guards are safety features designed to protect 

operators from moving parts, flying debris, and other hazards associated with CNC 

machining. They help ensure a safe working environment and compliance with safety 

regulations. 

Overall, the structure of CNC machine tools is designed to provide rigidity, precision, 

and reliability in performing various machining operations across different industries. 

  

https://1drv.ms/i/s!AkDQoWURb-Y5wboX-tg2-cHvWBBkSQ?e=p9LVIn
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CNC Hardware 

COMPONENTS OF CNC MACHINING & TURNING CENTER 

CNC Machining Center 

A CNC machining center, also known as a CNC mill, features several key components that work 

together to perform various machining operations with high precision and efficiency: 

1. Bed/Base: The bed or base provides a stable foundation for the machine's components.  

2. Column: The column is a vertical structure mounted on the bed, housing the spindle head and 

providing support for the other components. 

3.Spindle Head: The spindle head houses the spindle, which rotates the cutting tool. It also contains 

mechanisms for controlling spindle speed, tool changes, and orientation. 

4.Tool Changer: CNC machining centers often feature an automatic tool changer (ATC) that holds 

multiple cutting tools and can automatically swap them during machining operations. This enhances 

efficiency by reducing downtime for manual tool changes. 

5.Table: The table is where the workpiece is secured for machining. It can have various 

configurations, including a fixed table, rotary table, or indexing table, depending on the machine's 

design and intended applications. 

6.Axis Drives: CNC machining centers have multiple axes of motion, including typically three 

primary axes: X-axis (horizontal), Y-axis (vertical), and Z-axis (depth). These axes are driven by 

motors and ball screws or other mechanisms to precisely position the cutting tool relative to the 

workpiece. 

7. Control Panel: The control panel serves as the interface for programming and operating the CNC 

machine. Operators use it to input machining instructions, set parameters, and monitor the 

machining process. 

8. Coolant System: Similar to a turning center, a machining center is equipped with a coolant system 

to remove heat and chips from the cutting zone, improving tool life and surface finish. 

9. Enclosure: Many CNC machining centers are enclosed to contain coolant and chips, protect 

operators from flying debris, and reduce noise levels. The enclosure may include safety features 

such as interlocks and guarding. 

10. Chip Conveyor: A chip conveyor removes chips and swarf from the machining area, keeping 

the work environment clean and preventing chips from interfering with machining operations. 

11.  Probe/Measurement System: Some machining centers are equipped with probes or 

measurement systems for in-process inspection and tool measurement, ensuring accuracy and 

consistency throughout the machining process. 

These are the primary components of a CNC machining center, though specific configurations may 

vary depending on the machine's size, manufacturer, and intended use.  

https://1drv.ms/i/c/39E66F1165A1D040/IQAAbFXt05NNRJxSRSOihQ3IAYSiWRh6iCAasFqUjv8blv4?e=2bmnXa
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CNC Turning Center 

A CNC turning center, also known as a CNC lathe, consists of several key components: 

1. Bed: The bed is the base of the machine and provides support for all other components. It is 

typically made of cast iron to ensure stability and rigidity. 

2. Headstock: The headstock contains the main spindle, which rotates the workpiece. It also houses 

the gearbox or other mechanisms for controlling spindle speed and direction. 

3. Tailstock: The tailstock provides support for the other end of the workpiece, especially in longer 

or heavier workpieces. It can be adjusted to accommodate different lengths of workpieces. 

4. Tool turret: The tool turret holds the cutting tools and indexes them into position for machining 

operations. Turrets can be either manual or automatic, with automatic turrets allowing for quicker 

tool changes and increased productivity. 

5. Tool holders: Tool holders are used to secure cutting tools in the tool turret. They come in 

various types and sizes to accommodate different types of cutting tools. 

6. Chuck or collet: The chuck or collet is used to securely hold the workpiece in place during 

machining. Chucks are typically used for larger workpieces, while collets are used for smaller, 

more delicate workpieces. 

7. Control panel: The control panel houses the interface for programming and operating the CNC 

machine. Operators use the control panel to input machining instructions, set parameters, and 

monitor the machining process. 

8. Axis drives: CNC turning centers have several axes of motion, including the X-axis (horizontal), 

Z-axis (vertical), and sometimes additional axes for milling operations. Axis drives consist of 

motors and ball screws or other mechanisms for precise movement of the cutting tool relative to 

the workpiece. 

9. Coolant system: The coolant system is used to remove heat and chips from the cutting zone, 

prolonging tool life and improving surface finish. Coolant is typically delivered through nozzles 

near the cutting tool. 

10. Chip conveyor: A chip conveyor removes chips and swarf from the machining area, keeping the 

work environment clean and preventing chips from interfering with the machining process. 

DRIVES USED IN CNC 
Several types of drives are used in CNC (Computer Numerical Control) machines to control the 

movement of the machine's axes and other components. Here are some common types of drives 

found in CNC systems: 

1. Servo Motors: Servo motors are widely used in CNC machines for precise control of motion. 

They offer high torque, fast response times, and accurate positioning, making them ideal for 

applications requiring precise motion control. Servo motors receive signals from the CNC 

controller and convert them into rotational motion to drive the machine's axes. More Details: Servo 

https://1drv.ms/i/c/39E66F1165A1D040/IQAiqkPrHTkVR6jnD0lqRy05AR4_5mTt64VADG2gVHYApxg?e=iqRqGb
https://1drv.ms/i/c/39E66F1165A1D040/ESBgB4wSsHFEsMD06Xh3hsYBCHk1Zwr34xfq66rY7X6pVQ?e=loDai1
https://www.electrical4u.com/what-is-servo-motor/
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Motor: Definition, Working Principle, and Applications | Electrical4U 

2. Stepper Motors: Stepper motors are another common type of motor used in CNC machines, 

especially in lower-cost systems or for simpler applications. Stepper motors move in discrete steps 

in response to pulses from the CNC controller. While they are less expensive than servo motors, 

stepper motors may have lower torque and speed capabilities and may be more prone to losing steps 

if overloaded. More Details: Understanding Stepper Motors: Types, Principles, Applications 

(components101.com) 

3. Ball Screws: Ball screws are used to convert rotary motion into linear motion in CNC machines. 

They consist of a screw shaft with helical grooves and a ball nut containing recirculating ball 

bearings. As the screw rotates, the ball bearings move along the helical grooves, translating the 

rotary motion into linear motion. Ball screws offer high efficiency, low friction, and precise 

positioning, making them ideal for CNC applications requiring accurate linear movement. More 

Details: What is a ball screw? - CNC milling machine - NC Service 

4. Linear Guides: Linear guides, also known as linear bearings or linear motion systems, are used 

to support and guide the movement of machine components along linear axes. They consist of rails 

and bearing blocks that provide smooth and precise motion with minimal friction. Linear guides 

are essential for maintaining accuracy and repeatability in CNC machines. More Details : Linear 

Guides (Linear Motion Guides) Design and Selection | THK Official Web Site [Japan/English] 

 

These are just a few examples of the types of drives used in CNC machines to control motion and 

positioning. The choice of drive depends on factors such as the specific application, required 

precision, speed, and load capacity. 

ACTUATION SYSTEM 
In a CNC (Computer Numerical Control) machine, the actuation system is crucial for converting digital 

instructions into physical movements. Essentially, it's the mechanism responsible for moving the cutting tool 

or workpiece precisely as directed by the computer program. Here's a breakdown of how it typically works: 

1. Computer Control: The CNC machine is programmed using specialized software to define the 

desired tool paths and machining operations. 

2. Controller: The programmed instructions are sent to a controller unit, which interprets the commands 

and generates electrical signals to drive the actuators. 

3. Actuators: The actuators are the components that physically move the machine's axes according to 

the programmed instructions. There are different types of actuators used in CNC machines, including: 

• Servo Motors: These are commonly used for their precision and ability to provide feedback on 

position. Servo motors receive electrical signals from the controller and convert them into rotational 

motion to move the machine's axes.    

https://www.electrical4u.com/what-is-servo-motor/
https://components101.com/sites/default/files/components/stepper-motors.jpg
https://components101.com/articles/basics-of-stepper-motors-types-working-principles-and-applications
https://components101.com/articles/basics-of-stepper-motors-types-working-principles-and-applications
https://www.shopsabre.com/wp-content/uploads/2021/02/ball-screw-technology.png
https://www.ncservice.com/en/what-is-a-ball-screw-and-why-is-the-most-common-type-used-in-cnc-milling-machines
https://www.thk.com/opm/wp-content/uploads/2024/01/linearguide_lp_eng_2.png
https://www.thk.com/opm/jp/en/linear/thklinearguide/#:~:text=A%20linear%20guide%20is%20a%20machine%20element%20that,guideway%E2%80%9D%20by%20the%20Japan%20Machine%20Tool%20Builders%E2%80%99%20Association.
https://www.thk.com/opm/jp/en/linear/thklinearguide/#:~:text=A%20linear%20guide%20is%20a%20machine%20element%20that,guideway%E2%80%9D%20by%20the%20Japan%20Machine%20Tool%20Builders%E2%80%99%20Association.


10 

 

• Stepper Motors: Stepper motors move in discrete steps, making them suitable for applications 

requiring precise control over position. They receive digital pulses from the controller, with each 

pulse causing the motor to move a specific distance. 

• Hydraulic or Pneumatic Systems: In some heavy-duty CNC machines, hydraulic or pneumatic 

actuators may be used, especially for applications requiring high force. 

4.  Feedback System: Many CNC systems incorporate feedback mechanisms to ensure accurate 

positioning. Encoders or resolvers are commonly used to provide feedback on the actual position of 

the machine's axes. This information is fed back to the controller, allowing it to make adjustments to 

ensure the desired positioning is achieved.  

5. Mechanical Components: The actuators are connected to the machine's axes through mechanical 

components such as ball screws, lead screws, or rack and pinion systems. These components translate 

the rotational motion of the actuators into linear motion along the axes.  

6. Tool and Workpiece Control: In addition to moving the machine's axes, the actuation system may 

also control other aspects of the machining process, such as spindle speed, tool changes, and coolant 

flow. 

Overall, the actuation system in a CNC machine plays a critical role in translating digital instructions into 

precise, controlled movements, allowing for accurate and efficient machining operations. 

FEEDBACK DEVICES USED IN CNC MACHINE TOOLS 

Feedback devices in CNC  machine tools are essential components that provide real-time information about 

the position, speed, and movement of machine elements to the CNC control system. This feedback enables 

the control unit to compare the actual position with the commanded position and make necessary corrections. 

As a result, high accuracy, repeatability, and reliability in machining operations are achieved. Some 

commonly used feedback devices in CNC machines are described below: 

1. Encoders: Encoders are devices that convert linear or rotary motion into electrical signals, which are 

then interpreted by the CNC control system. There are two main types of encoders: 

• Linear Encoders: These are used to measure linear motion along axes such as X, Y, and Z. They 

provide accurate position feedback by translating the linear displacement of the machine moving 

parts into electrical signals.  

• Rotary Encoders: Rotary encoders are used to measure the angular position of rotating components 

such as spindles and tool heads. They provide feedback on the rotational position and speed of these 

components. 

2. Resolvers: Resolvers are similar to rotary encoders but operate based on electromagnetic induction 

principles. They provide feedback on angular position and velocity, typically used in applications 

where ruggedness and reliability are crucial, such as in harsh industrial environments. 

https://1drv.ms/i/s!AkDQoWURb-Y5wboGWZZnWdPImlhWiQ?e=ckkBU1
https://1drv.ms/i/c/39E66F1165A1D040/IQAyFOH3gANvQrB0sxCxXq5MAdmz9UT3OuGlQTOW3O8e__A?e=dS0hu9
https://1drv.ms/i/c/39E66F1165A1D040/IQC8WhDVJb6oTaMaDL96VIoDAYeln_C809BiGcjlNrU41yc?e=34jo1c
https://1drv.ms/i/c/39E66F1165A1D040/IQBrZZvpZ0iiT5XokDPizLRvAfZ99SmaLItRRbewOBH9BW4?e=nlxG7u
https://1drv.ms/i/s!AkDQoWURb-Y5wboJ64BOchc4T2Qh0A?e=6NXOHG
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3. Linear Scales: Linear scales, also known as linear position transducers, provide direct and precise 

measurement of linear displacement along machine axes. They typically consist of a scale with grating 

marks and a read head that detects the position of these marks to provide accurate feedback to the 

control system. 

4. Lasers: Laser interferometers are used for high-precision measurement of linear displacement. They 

work based on the interference pattern created by a laser beam split into two paths, one of which 

reflects off a moving target. The interference pattern changes with the movement of the target, 

allowing precise measurement of displacement. 

5. Load Cells: Load cells are used to measure forces and torque applied during machining operations. 

They provide feedback on cutting forces, allowing the CNC system to adjust parameters such as feed 

rate and cutting depth for optimal performance and tool longevity. 

These feedback devices enable CNC machines to maintain accuracy, repeatability, and reliability in various 

machining operations across industries such as manufacturing, aerospace, automotive, and healthcare. 

WORK SETTING 
In CNC (Computer Numerical Control) machining, the work setting process involves accurately positioning 

the workpiece and the cutting tool relative to each other and the CNC machine's coordinate system. Here's a 

general overview of how work setting is performed in CNC: 

1. Workpiece Mounting: The workpiece is securely mounted on the machine table or fixture using 

clamps, bolts, or other suitable methods. It's essential to ensure that the workpiece is firmly held in 

place to prevent movement during machining. 

2. Tool Installation: The cutting tool required for the specific machining operation is installed in the 

machine's spindle. This involves selecting the appropriate tool for the job and properly securing it in 

the spindle. 

3. Tool Offsetting: Once the tool is installed, its position relative to the machine's coordinate system 

needs to be precisely defined. This is typically done by measuring the tool's length and diameter and 

entering these values into the CNC machine's control system. 

4. Workpiece Alignment: The CNC machine's control system allows operators to specify the desired 

location and orientation of the workpiece. This can be achieved using various methods such as edge 

finders, dial indicators, or probing routines. The goal is to accurately position the workpiece relative 

to the machine's coordinate system to ensure proper machining. 

5. Zero Point Definition: Before machining begins, the operator defines the zero point (origin) for the 

machining operation. This is typically done by touching off the tool or probing specific points on the 

workpiece to establish its position relative to the machine's coordinate system. 

6. Work Coordinate System Setup: In addition to the machine's coordinate system, CNC machines 

often allow operators to define custom work coordinate systems (WCS) to simplify programming and 

https://1drv.ms/i/s!AkDQoWURb-Y5wboHeg3Yb3Npk6jDfQ?e=4ZPL9A
https://1drv.ms/i/s!AkDQoWURb-Y5wboIsFt70nyT2B2L8Q?e=5RMKLl
https://1drv.ms/i/s!AkDQoWURb-Y5wboKplP4K-Fobz6zRQ?e=GYwfob
https://1drv.ms/i/s!AkDQoWURb-Y5wbl_9oGuYcXoTJZwrw?e=YjrPzn
https://1drv.ms/i/s!AkDQoWURb-Y5wboE8udletwm5n-reQ?e=gg3zED
https://1drv.ms/i/s!AkDQoWURb-Y5wboDRg1LHji_jl_Yew?e=t8dwEQ
https://1drv.ms/i/s!AkDQoWURb-Y5wboA_QEA45ChZ8irVg?e=X1vath
https://1drv.ms/i/s!AkDQoWURb-Y5wboCUBb5THNRBGR3cg?e=vz2xjc
https://1drv.ms/i/s!AkDQoWURb-Y5wboBSKibZpzpkL3ekg?e=XSYXta
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setup. These WCSs can be aligned with specific features of the workpiece to streamline machining 

operations. 

7. Verification and Calibration: Once the work setting is complete, it's essential to verify the accuracy 

of the setup before starting the machining process. This may involve running a test program to ensure 

that the tool path matches the intended design and making any necessary adjustments. 

 

https://1drv.ms/i/s!AkDQoWURb-Y5wboFdr9qEKUq4OqWbg?e=j0HsBC
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COMPONENTS OF PART PROGRAM 

A CNC (Computer Numerical Control) part program typically consists of several key components: 

1. Header: This section contains information about the program itself, such as the program 

number (O0001: Program name), the name of the programmer, the date of creation, and 

any comments or remarks. 

2. Program Start/End: Every CNC program begins with a start command (O-word) and ends 

with an end command (M30: End of program). These commands indicate the beginning 

and the conclusion of the program.  

3. Tool Information: This part of the program includes details about the tools to be used in 

machining, such as tool number (T followed by tool number), tool length offset (H-

command), tool diameter offset (D-command). 

4. Workpiece Setup: Information about the setup of the workpiece, including its dimensions, 

orientation, and position on the CNC machine table (G54, G55, G56...). 

5. Tool Path Commands: These are the primary commands (G : Geometric Code) that specify 

the tool's movements in relation to the workpiece. They include instructions for linear 

movements (G00, G01), circular movements (G02, G03), and other motion commands. 

6. Speed and Feed Rate: Commands that control the spindle speed (S in RPM) and the rate at 

which the tool moves (F in mm/min) through the material. e.g. S1000 means setting 

spindle at 1000 RPM, F200 means feed rate set to 200 mm/min.   

7. Auxiliary Functions: Commands that activate auxiliary functions such as coolant flow, tool 

changes, tool compensation, and spindle direction (M08, M09…). 

8. Conditional Statements: These are commands that enable the program to make decisions 

based on certain conditions, allowing for more complex machining operations IF 

[condition] THEN [action]. 

9. Subprograms (Optional): Sections of code that can be called from within the main program. 

Subprograms are useful for organizing code and performing repetitive tasks. (M99) 

10.  Program End: The program ends with an end-of-program command, indicating that the 

machining operation is complete. (M02, M03, M30) 

11. CNC Program Structure: Compilation of all the Machine Data and Translate into a 

Language understood by the Control System of Machine For e.g. Sample Program (Run in 

https://ncviewer.com/ ) Sample Program NC File : Link (Save & Open in ncviewer) 

https://1drv.ms/i/s!AkDQoWURb-Y5wbsSc59ahn4rKS6h1Q?e=jzVo9m
https://1drv.ms/i/s!AkDQoWURb-Y5wbohdHEEx9MfaRr5Kw?e=DDIaVg
https://1drv.ms/i/s!AkDQoWURb-Y5wboikiP35kQM28NTgg?e=gusi63
https://1drv.ms/i/s!AkDQoWURb-Y5wbo_paEE_fDo2h3E_A?e=bl3oxx
https://1drv.ms/w/c/39E66F1165A1D040/ESYkNUm4oe9Flo_Kw-xrFe8BKC2PvQdmCzmNHpZhQdd92g?e=MsdK5h
https://1drv.ms/w/c/39E66F1165A1D040/EfhGN46UtCFPt7rmHgTwQiQBLvsksHzN0glHP4OC5rM9Gg?e=uNdHok
https://ncviewer.com/
https://1drv.ms/u/c/39E66F1165A1D040/EaI0pGgA7jZKq69DfyY8g98BsWV2eR9DyYqEMARmt2nEpA?e=rB8pCy


These components work together to provide instructions to the CNC machine on how to 

manufacture a specific part according to the desired specifications. 

STEPS IN CNC PROGRAMMING 

CNC (Computer Numerical Control) programming involves a series of steps to create instructions 

that control the movement of CNC machines. Here's a general overview of the steps involved: 

1. Design Part: The first step is to design the part you want to create. This could involve using 

CAD (Computer-Aided Design) software to create a 3D model of the part. 

2. Select CNC Machine: Choose the appropriate CNC machine for your part based on factors 

like size, complexity, and material. 

3. Select Cutting Tools: Choose the cutting tools (end mills, drills, etc.) needed for the 

machining process based on the material and geometry of the part. 

4. Create Toolpaths: Use CAM (Computer-Aided Manufacturing) software to generate 

toolpaths. Toolpaths are the paths that the cutting tool will follow to machine the part. 

CAM software generates these paths based on the CAD model, cutting tool geometry, and 

machining parameters. 

5. Write CNC Program: Translate the toolpaths into G-code, which is the programming 

language used to control CNC machines. G-code consists of a series of commands that tell 

the machine how to move and operate. 

6. Verify Program: Before running the program on the CNC machine, it's important to 

simulate it using CAM software or a CNC simulator to check for errors, collisions, and 

optimize toolpaths if necessary.  

7. Set Up Machine: Set up the CNC machine by installing the appropriate cutting tools, 

loading the workpiece, and setting the work offsets. 

8.  Run Program: Load the CNC program into the machine's controller and run it. The 

machine will follow the instructions in the program to cut and shape the workpiece. 

9.  Monitor Operation: While the program is running, monitor the machine for any issues 

such as tool wear, material deformation, or machine malfunctions. 

10.  Inspect Part: Once the machining operation is complete, inspect the finished part to ensure 

it meets the required specifications. Make any necessary adjustments to the CNC program 

or machining process if defects are found. 

11. Post-Processing: After the part has been inspected and approved, perform any necessary 

post-processing operations such as deburring, cleaning, or surface finishing. 



12. These steps may vary depending on the specific CNC machine, software, and 

manufacturing process being used, but they provide a general framework for CNC 

programming and machining. 

 

 

GEOMETRIC CALCULATIONS 

In CNC machining, geometric calculations help determine tool paths, hole positions, cutter 

compensation, and interpolation. These calculations ensure precision in machining by defining 

exact movements based on the part's geometry. 

1. Toolpath Generation: This involves calculating the toolpath that the cutting tool will follow 

to machine the part. The toolpath is determined based on the geometry of the part, the type 

of machining operation (such as Machining, turning, drilling), the cutting tool dimensions, 

and any machining constraints. It involves complex geometric calculations to define the 

movement of the tool along a specific path while maintaining accuracy. These calculations 

ensure proper cutting, drilling, or contouring. 

The most common geometric calculations in tool path generation include: 

i. Linear Interpolation Calculations (Straight-Line Cutting) 

Example: Moving a Tool from (X10, Y10) to (X50, Y40) 

Total Distance (D) Travelled by the Tool:  

Using the Pythagorean theorem: 𝐷 =  √(𝑋2 − 𝑋1)2 + (𝑌2 − 𝑦1)2 𝐷 =  √(𝑋2 − 𝑋1)2 + (𝑌2 − 𝑦1)2 𝐷 =  √2500 = 50 𝑚𝑚 

 

 

CNC Code : G01 X50 Y40 F200 ; Move tool diagonally 40 mm 

ii. Circular Interpolation (Arc Cutting) 



Circular interpolation is required to move the tool along an arc or circle. 

Example: Cutting a 90° Arc from (100,50) to (75,50) 

• Start Point: (100,50) 
• End Point: (75,50) 
• Arc Center: (75,25) 
• Radius: 25 mm 

• Clockwise (CW) movement (G02) 

Calculate Arc Center Offsets (I, J) 

 

CNC Code : G02 X75 Y50 I-25 J-25 ; Clockwise arc movement 

 

2. Tool Offset Calculations: Tool offset refers to the distance between the centerline of the 

cutting tool and the surface of the workpiece. Calculating the correct tool offset is crucial 

for achieving the desired dimensions and tolerances in the machined part. Tool offset 

values may vary depending on factors such as tool diameter, tool length, and machining 

strategy. In CNC machining, the tool has a physical diameter, so compensation is required 

to ensure the tool cuts at the correct location. 

Example: Cutting a 100 mm × 50 mm Rectangle with a 10 mm Cutter 

Tool moves along a rectangular shape 

Cutter diameter = 10 mm 

Cutter needs to move 5 mm outward (half the tool diameter) 

 

CNC Code :  

G41 D1 ; Enable cutter compensation (left offset) 

G01 X100 Y50 ; Move to top-right 

G01 X100 Y0 ; Move to bottom-right 

G01 X0 Y0 ; Move to bottom-left 

G01 X0 Y50 ; Return to start 

G40 ; Cancel compensation 

 

3. Feed Rate Calculations: The feed rate determines how fast the cutting tool moves relative 

to the workpiece during machining. Feed rates are calculated based on factors such as 



cutting speed (surface speed of the cutting tool), chip load (thickness of material removed 

with each cutting pass), and spindle speed. Optimizing feed rates helps achieve efficient 

material removal and surface finish while avoiding tool wear and workpiece damage. 

Relation Between Speed & Feed 

 

Examples : Link  

4. Toolpath Optimization: Geometric calculations are also used to optimize toolpaths for 

efficiency, minimizing machining time and tool wear while maintaining accuracy and 

surface finish. This may involve strategies such as adaptive clearing, high-speed 

machining, and toolpath smoothing. 

Overall, geometric calculations are fundamental to CNC machining, enabling precise control of 

tool movements and ensuring the accurate fabrication of complex geometries in the workpiece. 

Advanced CAD/CAM software packages incorporate these calculations to automate the 

programming process and optimize machining operations. 

COORDINATE SYSTEMS 

CNC (Computer Numerical Control) machining involves several coordinate systems to define the 

positions and movements of the cutting tool and workpiece. The primary coordinate systems used 

in CNC are: 

1. Machine Coordinate System (MCS): 

The Machine Coordinate System (MCS) is the fundamental reference system used in CNC 

machines, defined by the manufacturer and fixed throughout the machine’s operation. It 

serves as the absolute coordinate system that the CNC controller uses to track positions 

and movements. When the machine is turned on, it moves to the home position. The origin 

of the CNC machine, known as the Machine Zero Point (M), is typically located at the 

machine’s home position, which is predetermined and remains unchanged. The directions 

of the X, Y, and Z axes are fixed, with positive and negative directions clearly defined. 

While operators set the Work Coordinate System (WCS), the machine still translates all 

movements in reference to MCS. Unlike the Work Coordinate System (WCS), which is set 

by the operator for specific jobs, the MCS remains constant and is used internally for all 

https://chatgpt.com/share/67db8851-fc84-8005-b643-e34dfccf09b9
https://1drv.ms/i/s!AkDQoWURb-Y5wbsPE9CEUHdYySIvdg?e=K05g33
https://1drv.ms/i/c/39E66F1165A1D040/EbaqKmeON-RKj-7e7_UtJhQBW0GXUZC2IFzHo66QE_OWxA?e=Z79t1S


calculations and tool movements. This system is crucial for maintaining precision and 

repeatability in CNC machining. 

Key points of MCS:  

• The machine coordinate system is the default reference frame of the CNC machine. 

• It is fixed relative to the machine's structure and doesn't change unless physically altered. 

• The origin (0,0,0) is typically set at a specific point on the machine, often at one corner 

of the work envelope. 

• All tool movements are defined relative to the machine coordinate system. 

• Machine zero point is fixed by machine manufacturers and cannot be changed. 

2. Workpiece Coordinate System (WCS): 

The Workpiece Coordinate System (WCS) is a user-defined coordinate system that allows 

operators to set a reference point specific to the workpiece being machined. Unlike the 

Machine Coordinate System (MCS), which is fixed by the manufacturer, the WCS is 

flexible and can be adjusted for different jobs. The origin of the WCS, known as the 

workpiece zero, is typically set at a convenient location on the part, such as a corner, center, 

or a specific feature. CNC programmers define this point using G-code offsets (G54-G59), 

enabling the machine to interpret movements relative to the workpiece instead of the 

machine’s absolute zero. This system simplifies programming, reduces errors, and allows 

easy repositioning when machining multiple parts. By using WCS, operators can efficiently 

set up different jobs without manually recalibrating the machine each time, enhancing 

precision and productivity in CNC machining. 

Key points of WCS:  

• The work coordinate system defines the position and orientation of the workpiece 

relative to the machine. 

• It allows operators to specify tool movements relative to the workpiece rather than the 

machine structure. 

• The origin and orientation of the WCS can be set arbitrarily based on the part geometry 

and machining requirements. 

• All programming dimensions are taken from workpiece zero point when a cnc program 

is made for a component. 

• Multiple WCSs can be defined for different setups or operations on the same workpiece. 

3. Tool Coordinate System (TCS): 

The Tool Coordinate System (TCS) is a reference system specific to the cutting tool in a 

CNC machine. Unlike the Machine Coordinate System (MCS) and Workpiece Coordinate 

https://1drv.ms/i/c/39E66F1165A1D040/EWx_kG8gjiVFsiNroc5Q1YQBx0QZj0xTbKop6Q_BcZOwRA?e=PszGg4
https://1drv.ms/i/c/39E66F1165A1D040/EbfjYgLgvjJPsnhRYFF9nK0BciRdz2F7toGWA5s8uMmAnw?e=Oa6DYO


System (WCS), which define the machine and workpiece positions respectively, the TCS is 

centered at the tool tip and moves dynamically as the tool changes position. This system is 

essential for tool length compensation, ensuring that different tools, each with varying 

lengths and geometries, are properly accounted for in machining operations. The CNC 

controller adjusts for these variations using preset offsets, allowing the tool to accurately 

engage with the workpiece without requiring manual recalibration for each tool change. By 

using the TCS, manufacturers can improve precision, automate tool changes efficiently, and 

maintain consistent machining accuracy, ultimately enhancing productivity and reducing 

errors in CNC machining processes. 

Key points of TCS:  

• The tool coordinate system defines the position and orientation of the cutting tool 

relative to the machine or workpiece. 

• It allows operators to specify tool movements and offsets based on the tool's geometry 

and orientation. 

• Tool length and diameter offsets are commonly applied in the TCS to compensate for 

tool dimensions and wear. 

4. Program Coordinate System (PCS): 

The Program Coordinate System (PCS) is a reference system used in CNC machining that 

defines the coordinate framework for executing a part program. It serves as the coordinate 

system in which all programmed movements and machining instructions are interpreted. 

The PCS is typically aligned with the Workpiece Coordinate System (WCS) but can be 

transformed through offsets, rotations, or scaling to accommodate different machining 

strategies. This system ensures that the tool follows the programmed toolpaths accurately, 

regardless of changes in fixture setup or workpiece orientation. By using the PCS, CNC 

machines can adapt to various production scenarios while maintaining precision and 

consistency, enabling efficient and repeatable machining operations. 

Key points:  

• The program coordinate system is a virtual coordinate system used within the CNC 

program. 

• It simplifies programming by allowing tool movements to be defined relative to a 

specific reference point on the workpiece. 

• The PCS is typically aligned with one of the WCSs to simplify programming and 

coordinate transformations. 

Table summarizing the differences between MCS, WCS, PCS and TCS: 

https://1drv.ms/i/c/39E66F1165A1D040/EQ87TccsRFtGluZMN1r9mDQBDdMEZy0i06_VFg0h-zNzQA?e=aqftt5


Aspect MCS (Machine 

Coordinate 

System) 

WCS 

(Workpiece 

Coordinate 

System) 

PCS (Program 

Coordinate 

System) 

TCS (Tool 

Coordinate 

System) 

Definition The fixed 

coordinate system 

of the machine, 

referenced from the 

machine's home 

position. 

The coordinate 

system set by the 

operator to align 

with the 

workpiece. 

The coordinate 

system used in 

the CNC 

program, which 

may be offset 

from WCS. 

The coordinate 

system centered 

on the tool tip 

and moves with 

the tool. 

Reference 

Point 

Machine home 

position (typically 

set by 

manufacturer). 

Workpiece zero 

(set by operator 

based on part 

setup). 

Defined in the 

CNC program, 

often aligned 

with WCS but 

can be shifted. 

Tool tip position, 

constantly 

changing as the 

tool moves. 

Movement Fixed and does not 

change. 

Fixed relative to 

the workpiece. 

Can be offset 

from WCS for 

program 

adjustments. 

Moves 

dynamically with 

the tool. 

Use in CNC Used for machine 

calibration and 

absolute 

positioning. 

Used as the 

primary reference 

for part 

programming. 

Used in CNC 

code to define 

toolpaths relative 

to a specific part 

reference. 

Used for tool 

compensation 

and movement 

calculations. 

Importance Ensures 

repeatability and 

accurate 

positioning of 

machine 

components. 

Helps define 

workpiece 

placement, 

allowing 

flexibility in 

setup. 

Allows 

programmers to 

create CNC code 

relative to a 

chosen part 

origin. 

Critical for 

precise cutting 

and machining 

accuracy. 

These coordinate systems work together to facilitate accurate and efficient CNC machining 

operations. Operators and programmers must understand how to define, manipulate, and transform 

between these coordinate systems to program and execute machining tasks effectively. CNC 

machines typically provide features for setting and adjusting coordinate systems manually or 

through software commands, ensuring precise control over tool movements and part fabrication. 

AXES 

In CNC (Computer Numerical Control) machining, the axes system refers to the directions along 

which the machine can move and position its cutting tool relative to the workpiece. CNC machines 

typically operate in three primary axes, but more advanced machines may have additional axes for 

enhanced functionality. Here's an explanation of the axes system commonly used in CNC: 

1. Three Primary Axes:  

CNC machines primarily operate using three main axes: the X, Y, and Z axes, which define 

movement in a three-dimensional space. These three axes work together to facilitate accurate 

https://1drv.ms/i/s!AkDQoWURb-Y5wbsXcvpWg3mdbXONTg?e=RldCSz
https://1drv.ms/i/s!AkDQoWURb-Y5wbsYyngU-A_8tZ4LLQ?e=ZS789w


machining operations, enabling complex geometries and precise material removal. In advanced 

CNC machines, additional axes (such as A, B, and C) allow rotational movements, further 

enhancing flexibility and efficiency in machining processes. 

• X-Axis Definition in CNC Machines 

In a CNC Vertical Machining Center (VMC), the X-axis is defined as the left-to-right 

movement of the machine table. The workpiece is mounted on the table, which moves 

along the X-axis while the cutting tool remains fixed in its horizontal position. 

• Positive X direction: The table moves right (which makes the tool appear to move 

left relative to the workpiece). 

• Negative X direction: The table moves left (which makes the tool appear to move 

right relative to the workpiece). 

Since VMCs have a fixed spindle in the vertical direction (Z-axis), the X-axis 

movement is achieved by shifting the table, not the tool. 

X-Axis in CNC Lathe 

In a CNC lathe, the X-axis is defined as the radial movement of the cutting tool, which 

controls the tool's depth of cut. Unlike VMCs, where the workpiece is stationary and 

the table moves, a lathe rotates the workpiece while the tool moves. 

• Positive X direction: The tool moves away from the spindle centerline, increasing 

the cutting diameter. 

• Negative X direction: The tool moves toward the spindle centerline, reducing the 

cutting diameter. 

In a CNC lathe, the X-axis is always perpendicular to the spindle centerline and 

determines the diameter of the turned part. 

• Y-Axis Definition in CNC Machines 

 

 

In a CNC Vertical Machining Center (VMC), the Y-axis represents the front-to-

back movement of the machine table. The workpiece is mounted on the table, which 

moves along the Y-axis while the spindle remains fixed in position. 

• Positive Y direction: The table moves toward the back of the machine (which makes 

the tool appear to move forward relative to the workpiece). 

• Negative Y direction: The table moves toward the front of the machine (which 

makes the tool appear to move backward relative to the workpiece). 

The Y-axis in VMCs allows precise positioning of the workpiece for milling 

operations like slotting, contouring, and pocketing. 



 

Y-Axis in CNC Lathe 

In a CNC lathe, the Y-axis is typically not present in traditional 2-axis lathes.  

• Z-Axis Definition in CNC Machines 

In a CNC Vertical Machining Center (VMC), the Z-axis represents the up-and-down 

movement of the cutting tool (spindle direction). Unlike the X and Y axes, where the 

machine table moves, the Z-axis movement is controlled by the spindle, which holds 

the cutting tool. 

• Positive Z direction: The spindle (and tool) moves upward, away from the 

workpiece. 

• Negative Z direction: The spindle (and tool) moves downward, toward the 

workpiece for cutting. 

The Z-axis is crucial for controlling cutting depth, drilling, and milling operations. 

Z-Axis in CNC Lathe 

In a CNC lathe, the Z-axis represents the longitudinal movement of the cutting tool 

along the spindle axis. The workpiece rotates around the spindle, while the tool moves 

along the Z-axis to control cutting length. 

• Positive Z direction: The tool moves away from the chuck (spindle), increasing 

the distance from the workpiece’s origin. 

• Negative Z direction: The tool moves toward the chuck (spindle), reducing the 

distance from the workpiece’s origin. 

The Z-axis is critical for turning, facing, and threading operations, ensuring precise 

length control in lathe machining. 

 

2. Additional Axes:  

a. A-Axis: The A-axis is often referred to as the rotary axis. It allows the workpiece 

or the cutting tool to rotate around the X-axis, enabling machining operations on 

cylindrical or contoured surfaces. 

b. B-Axis: Similar to the A-axis, the B-axis is a rotary axis that enables rotation around 

the Y-axis. It provides additional flexibility for machining complex geometries. 

https://1drv.ms/i/c/39E66F1165A1D040/EX2RZ_ZhEjxOuB2LyyPnFP4BL0wXAUmD42ptFxk0mIFgVQ?e=CSk76j


c. C-Axis: The C-axis is a rotary axis that enables rotation around the Z-axis. It allows 

for the indexing or continuous rotation of the workpiece or cutting tool to access 

different surfaces or angles. 

4. Multi-Axis Machining:  

a. - CNC machines with more than three axes (such as 4-axis, 5-axis, or even higher) 

are capable of performing more complex machining operations. 

b.    - Multi-axis machining allows for simultaneous movement and positioning of the 

cutting tool along multiple axes, enabling the fabrication of intricate geometries and 

reducing the need for repositioning the workpiece. 

By understanding and effectively utilizing the axes system in CNC machining, operators can 

program and execute precise tool paths to manufacture parts with complex shapes and tight 

tolerances. 

PROGRAM REFERENCE ZERO 

Program Reference Zero (PRZ) is the starting point or origin from which all CNC machining 

coordinates and tool movements are referenced. It serves as the datum point in the CNC program 

and ensures consistent, repeatable machining operations. 

This reference point is set according to the work coordinate system (WCS) and can be different 

from the machine coordinate system (MCS). It is established by the programmer or operator based 

on the workpiece's geometry, tooling setup, and machining requirements. 

1. Definition:  

• The Program Reference Zero is a designated point within the CNC program that 

acts as the origin for all coordinate calculations and movements.  

• It is typically specified at the beginning of the CNC program, either as an absolute 

coordinate in relation to the machine's coordinate system or as an offset from a 

predefined machine position. 

2. Establishment: The Program Reference Zero can be established in several ways: 

• Manually: Operators can manually set the Program Reference Zero by physically 

moving the cutting tool to a desired position on the workpiece and entering the 

corresponding coordinates into the CNC program. 

• Probing: CNC machines equipped with probing systems can automatically locate 

the Program Reference Zero by probing specific features or surfaces of the 

workpiece. 

https://1drv.ms/i/s!AkDQoWURb-Y5wbsZkqyBaY53_ECPYQ?e=UAGMna


• Work Offsets: Work offset codes (e.g., G54, G55, etc.) can be used to define 

multiple Program Reference Zero points for different setups or workpieces, 

allowing flexibility in machine operations. 

3. Usage:  

• Once established, the Program Reference Zero serves as the reference point for all 

tool movements and operations specified in the CNC program.  

• Coordinates for tool paths, tool changes, spindle rotations, and other machining 

operations are defined relative to the Program Reference Zero. 

• By accurately specifying the Program Reference Zero, CNC operators ensure that 

tool paths are executed precisely according to the intended design and machining 

requirements. 

4. Flexibility: 

• The Program Reference Zero can be redefined as needed throughout the machining 

process, allowing operators to adjust machining parameters, change tools, or 

reposition the workpiece without altering the entire CNC program. 

• This flexibility enables efficient machining operations, reduces setup times, and 

accommodates changes or corrections during the manufacturing process. 

• In summary, the Program Reference Zero is a fundamental reference point in CNC 

machining that establishes the origin for tool movements and operations within the 

CNC program. By accurately defining and utilizing the Program Reference Zero, 

operators ensure precision and consistency in their machining processes. 

Example :  

In both CNC milling and CNC turning, setting the Program Reference Zero (PRZ) involves 

defining a work offset (e.g., G54, G55) so that the CNC machine recognizes the correct workpiece 

origin. Below are step-by-step examples for CNC milling and CNC turning setups. 

1. Setting PRZ in a CNC Mill Using G54 

In a CNC milling machine, PRZ is usually set at a key point on the workpiece (e.g., bottom-left 

corner of the top surface). 

Step 1: Load the Workpiece and Fixture 

• Secure the workpiece in a vise or fixture. 

• Ensure it is aligned properly using a dial indicator or edge finder. 



Step 2: Select Work Coordinate System (e.g., G54) 

• Press the OFFSET key on the CNC controller. 

• Navigate to the Work Offsets (WCS) page. 

• Select G54 (or another work offset like G55, G56, etc.). 

Step 3: Touch Off the X, Y, and Z Axes 

• X-Axis and Y-Axis Setup (Edge Finder or Probe) 

o Use an edge finder to locate one corner of the workpiece (e.g., bottom-left corner). 

o Bring the spindle close and gently touch the edge of the workpiece. 

o Note the machine position and subtract the edge finder’s radius (usually 10mm). 

o Enter the values into the G54 X and Y offset fields. 

• Z-Axis Setup (Tool Setter or Paper Method) 

o Bring the spindle close to the workpiece surface. 

o Place a piece of paper (0.1mm thick) under the tool and slowly lower it until it 

touches. 

o Set this value as the G54 Z offset. 

Step 4: Verify and Save the Offsets 

• Double-check values in the offset table. 

• Save the G54 values before running the program. 

CNC Code :  

G54  (Select work offset G54) 

T1 M06  (Tool change to tool 1) 

G0 X0 Y0 Z10  (Move to PRZ position) 

 

2. Setting PRZ in a CNC Lathe Using G54 

In CNC turning (lathe), PRZ is usually set at the front face and centerline of the workpiece. 



Steps to Set PRZ in a CNC Lathe 

Step 1: Load the Workpiece in the Chuck 

• Secure the raw material in the chuck. 

• Face off the end to create a reference surface. 

Step 2: Select Work Coordinate System (e.g., G54) 

• Press the OFFSET key on the CNC controller. 

• Navigate to the Work Offsets page. 

• Select G54 or another work offset. 

Step 3: Touch Off the X and Z Axes 

• Z-Axis Setup (Facing Method) 

o Bring the cutting tool to the front face of the workpiece. 

o Set this as Z = 0 in the G54 offset table. 

• X-Axis Setup (Diameter Mode) 

o Touch the tool to the OD (outer diameter) of the part. 

o Measure the diameter using calipers and enter half of it in the X-offset field. 

Step 4: Verify and Save the Offsets 

• Ensure the offsets are correct. 

• Save and run a test movement to check alignment. 

CNC Code  

G54  (Select work offset G54) 

T0101  (Select tool 1) 

G0 X0 Z1  (Move to PRZ position) 

 

• Key Differences Between CNC Mill and CNC Lathe PRZ Setup 

Feature CNC Mill (VMC) CNC Lathe 

PRZ Location Bottom-left or center of workpiece Front face and centerline 



Axes Used X, Y, Z X, Z 

Setup Tools Edge finder, probe, tool setter Turning tool, facing tool 

Offset Reference Workpiece edges/surface Workpiece front face and diameter 

 

Conclusion 

• In CNC mills, PRZ is set relative to the workpiece edges and top surface. 

• In CNC lathes, PRZ is set at the front face and centerline. 

• G54, G55, etc. allow multiple part setups on the same machine. 

G-CODES 

G-codes (Geometric Codes) is a standardized language used in CNC (Computer Numerical 

Control) machining to control and program various operations and functions of CNC machines. 

They consist of alphanumeric codes that command specific actions such as tool movements, 

spindle speeds, coolant control, and other machining operations. Here's an explanation of G-codes 

commonly used in CNC: 

1. Movement G-codes: 

• G00: Rapid positioning. Moves the tool at maximum speed to a specified position 

without cutting. 

• G01: Linear interpolation. Moves the tool in a straight line at a specified feed rate, 

allowing for cutting. 

• G02/G03: Circular interpolation. Moves the tool in a circular arc, either clockwise (G02) 

or counterclockwise (G03), at a specified feed rate. 

2. Spindle Control G-codes: 

• M03: Spindle ON (Clockwise Rotation), Used with right-hand cutting tools 

• M04: Spindle ON (Counterclockwise Rotation), Used with left- hand cutting tools 

• M05: Spindle Stop 

Tool Compensation Codes 

Tool compensation codes in CNC machining are used to adjust for the physical dimensions 
of the cutting tool, ensuring accurate machining. These codes help in compensating for tool 
diameter, tool length, and wear during the machining process. The primary tool 
compensation codes are: 
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Cutter Diameter Compensation  

Cutter diameter compensation allows the machine to adjust for the radius of the cutting 

tool when programming tool paths. 

o G41 (Cutter Compensation Left): The tool moves to the left of the 

programmed path, accounting for the tool radius. 

Code:  

G41 D1 X50 Y50 

D1 refers to the tool diameter offset stored in the tool table. 

o G42 (Cutter Compensation Right): The tool moves to the right of the 

programmed path,accounting for the tool radius. 

o G40: Cancel Cutter Compensation  

• Tool Length Compensation 

Tool length compensation (TLC) accounts for the varying lengths of cutting tools.  

o G43 (Tool Length Compensation Positive): Used in most cases, it adds the 

tool length offset value to the programmed Z-axis position. 

Code: 

G43 H01 Z50.0 

o G44 (Tool Length Compensation Negative): Less commonly used, it subtracts 

the tool length from the programmed Z-position. 

o G49: Tool Length Compensation  

3. Auxiliary Functions G-codes: 

• M08/M09: Coolant control. Turns on (M08) or off (M09) the coolant system. 

• M06: Tool change. Changes the current tool to the specified tool in the tool magazine. 

4. Plane Selection and Coordinate System G-codes: 

• G17/G18/G19: Plane selection. Specifies the XY (G17), XZ (G18), or YZ (G19) plane 

for circular interpolation. 

• G54-G59: Work coordinate system selection. Specifies which work coordinate system 

(WCS) to use for positioning. 

5. Programming and Control G-codes: 

• G20/G21: Unit selection. Specifies whether programming is done in inches (G20) or 

millimeters (G21). 

• G90/G91: Distance mode. Determines whether coordinates are interpreted as absolute 

(G90) or incremental (G91) distances from the current position. 

These are just a few examples of the many G-codes available for programming CNC machines. 

Each CNC machine may support a slightly different set of G-codes depending on its capabilities 

and manufacturer. G-codes provide CNC operators with a versatile and powerful means of 

controlling and programming machining operations with precision and efficiency. 

https://1drv.ms/p/c/39E66F1165A1D040/EZ1xA7ZX5eFMgmhTWHkg838BcUCBBEin-7g-58HTpqd9EQ?e=lipmHf&nav=eyJzSWQiOjI2Nn0
https://1drv.ms/p/c/39E66F1165A1D040/EZ1xA7ZX5eFMgmhTWHkg838BcUCBBEin-7g-58HTpqd9EQ?e=Y0I2IF&nav=eyJzSWQiOjI5MCwiY0lkIjoxMzMxOTIxMzI4fQ
https://1drv.ms/p/c/39E66F1165A1D040/EZ1xA7ZX5eFMgmhTWHkg838BcUCBBEin-7g-58HTpqd9EQ?e=XUfYz5&nav=eyJzSWQiOjI2OH0
https://1drv.ms/i/s!AkDQoWURb-Y5wbsbL6q-xIQGa5JWWQ?e=v1D2y1
https://1drv.ms/w/c/39E66F1165A1D040/EYWZ0E8GPhdKr-b65zs9PbEBDS-FMUW7YZGxIJNRnuAB4A?e=CB5OAc


PREPARATORY FUNCTIONS 

Preparatory Functions are a subset of G-codes that focus on preparing the CNC machine for 

machining operations. They are a category of G-codes that primarily prepare or set up the CNC 

machine for specific types of movement and operations. 

o All Preparatory Functions are G-Codes, but not all G-Codes are Preparatory 

Functions.  

o Preparatory Functions mainly involve movement, tool compensation, and 

workplane selection, while other G-codes handle tasks like dwell times, spindle 

speed control, and coolant activation. 

Examples of Preparatory Function G-Codes 

1. Motion Control (Tool Path Preparation) 

• G00 – Rapid positioning (non-cutting move) 

• G01 – Linear interpolation (cutting move) 

• G02 – Circular interpolation (clockwise) 

• G03 – Circular interpolation (counterclockwise) 

2. Plane Selection (Preparation for 2D/3D Machining) 

• G17 – XY Plane selection 

• G18 – ZX Plane selection 

• G19 – YZ Plane selection 

3. Tool Compensation (Preparing Tool Offsets) 

• G40 – Cancel cutter compensation 

• G41 – Cutter compensation left 

• G42 – Cutter compensation right 

4. Positioning Mode (Preparing Coordinate System) 

• G90 – Absolute positioning 

• G91 – Incremental positioning 

5. Feed Rate and Speed Control (Machining Optimization) 

• G96 – Constant surface speed (lathe) 

• G97 – Cancel constant surface speed 

MISCELLANEOUS FUNCTIONS 

In Computer Numerical Control (CNC) machining, miscellaneous functions refer to a set of codes 

used to control various auxiliary functions of a CNC machine tool. These functions are typically 



used to perform tasks such as tool changes, coolant control, spindle control, and other operations 

related to the machining process. Here are some common miscellaneous functions in CNC: 

1. M00 - Program Stop: This function stops the program execution at a designated point, 

allowing the operator to perform manual operations or make adjustments. 

2. M01 - Optional Program Stop: Similar to M00, but the program stops only if the operator 

requests it. This function is useful for pausing the program at specific points for inspection 

or verification. 

3. M02 - Program End: Indicates the end of the program. The machine will stop executing 

the program after encountering this code. 

4. M03 - Spindle On, Clockwise Rotation: This function turns on the spindle of the CNC 

machine tool in the clockwise direction. 

5.  M04 - Spindle On, Counter-Clockwise Rotation: Similar to M03, but it turns on the spindle 

in the counterclockwise direction. 

6. M05 - Spindle Off: Turns off the spindle of the CNC machine tool. 

7. M06 - Tool Change: This function is used to perform automatic or manual tool changes. It 

prompts the operator to change the tool in the spindle. 

8. M07 - Mist Coolant On: Activates the mist coolant system, which sprays a fine mist of 

coolant onto the cutting tool and workpiece to lubricate and cool the cutting area. 

9. M08 - Flood Coolant On: Activates the flood coolant system, which floods the cutting area 

with a continuous stream of coolant to improve chip evacuation and reduce heat buildup. 

10. M09 - Coolant Off: Turns off the coolant system. 

11. M30 - Program End and Rewind: Indicates the end of the program and returns the program 

to the beginning for repeated execution. 

12. M98/M99 - Subprogram Call/Return: Used for calling and returning from subprograms, 

which are smaller programs embedded within the main program. 

These miscellaneous functions provide control over various aspects of the CNC machining 

process, allowing operators to automate tasks, optimize cutting conditions, and ensure safe and 

efficient operation of the CNC machine tool. 

ABSOLUTE & INCREMENTAL SYSTEMS 

In CNC (Computer Numerical Control) machining, both absolute and incremental systems are 

methods of specifying positions along the axes of a machine. They are fundamental to how CNC 

machines operate and determine how tool movements are programmed and executed. 



Absolute System: 

In absolute positioning, all coordinates are referenced from a fixed point, typically the Workpiece 

Zero (WCS) or Program Reference Zero (PRZ). 

For example, if the zero point is set at the lower-left corner of the workpiece, and you want the 

tool to move to a position 50 mm to the right and 30 mm up from this point, you would specify the 

absolute coordinates as (50, 30). 

Absolute positioning is straightforward and intuitive, making it easy to understand and program. 

However, it requires careful calibration of the machine to ensure that the zero point accurately 

corresponds to the desired reference point on the workpiece. 

Incremental System: 

In an incremental system, positions are defined relative to the current position of the tool. Instead 

of specifying the absolute position from a fixed origin point, incremental coordinates represent the 

distance and direction of movement from the tool's current position. 

For example, if the tool is currently at position (100, 100), and you want it to move 20 mm to the 

right and 10 mm up, you would specify the incremental coordinates as (+20, +10). If you want it 

to move 15 mm to the left and 5 mm down from its new position, you would specify (-15, -5). 

Incremental positioning is useful for performing complex operations and defining tool paths 

relative to the current position of the tool. However, it requires careful planning and sequencing of 

movements to ensure that the tool reaches the desired final position accurately. 

Comparison: 

- Absolute positioning is easier to understand and program, especially for simple operations and 

when precise positioning is required. 

- Incremental positioning is more flexible for defining complex tool paths and sequences of 

movements, as it allows movements to be defined relative to the current position of the tool. 

- Absolute positioning is generally preferred for applications where accuracy and repeatability are 

critical, such as precision machining and manufacturing. 

- Incremental positioning is often used in applications where relative movements and complex 

machining operations are required, such as contouring, engraving, and 3D machining. 



In practice, CNC machines can use both absolute and incremental positioning systems, and the 

choice between them depends on the specific requirements of the machining operation and the 

preferences of the programmer or operator. 

Example: Link  

Sample Program (Rectangular Pocket): 

Line 
No. 

Absolute Mode (G90) Incremental Mode (G91) Explanation 

1 % % Program start 
2 O1000 (Absolute Mode 

Example) 
O1001 (Incremental Mode 
Example) 

Program name 

3 G21 G17 G90 G40 G49 G80 
G94 G54 

G21 G17 G91 G40 G49 G80 
G94 G54 

Mode settings 

4 T1 M06 T1 M06 Tool selection 

5 S1000 M03 S1000 M03 Spindle on 

6 G00 X0 Y0 Z5 G00 X0 Y0 Z5 Safe position 

7 G00 X10 Y10 G00 X10 Y10 Move to pocket 
start 

8 G01 Z-5 F100 G01 Z-5 F100 Plunge into 
material 

9 G01 X50 Y10 F200 G01 X40 Y0 F200 Move in X 
direction 

10 G01 X50 Y50 G01 X0 Y40 Move in Y 
direction 

11 G01 X10 Y50 G01 X-40 Y0 Move in -X 
direction 

12 G01 X10 Y10 G01 X0 Y-40 Move in -Y 
direction 

13 G00 Z5 G00 Z5 Retract tool 
14 M30 M30 End program 

15 % % Program end 
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CAM PROGRAMMING 

OVERVIEW OF CAM 

Computer-Aided Manufacturing (CAM) refers to the use of software and computer-controlled 

machinery to automate and improve the manufacturing process. CAM integrates with Computer-

Aided Design (CAD) to convert digital designs into precise machine instructions for production. 

Key Components of Computer-Aided Manufacturing 

1. Computer-Aided Design (CAD) Integration 

CAM software relies on CAD models to generate machining instructions. The CAD model 

can be a 2D drawing or a 3D solid model created in software like AutoCAD, SolidWorks, 

CATIA, or Fusion 360. Once a design is finalized, it is imported into CAM software, which 

then analyzes the geometry and material specifications to determine how the part should 

be manufactured. 

Example: 

o A 3D engine part designed in SolidWorks is imported into Mastercam, where 

machining operations such as drilling and milling are applied to create the final 

component. 

2. Toolpath Generation 

Toolpaths define the movement of cutting tools (such as drills, end mills etc.) to shape the 

raw material into the desired part. CAM software uses algorithms to determine the most 

efficient toolpaths way to cut, drill, or mill the material while minimizing errors and 

reducing material wastage. 

Example: 

o A metal bracket needs to be machined from an aluminum block. CAM software 

like Fusion 360 generates an adaptive roughing toolpath, which efficiently removes 

excess material with a high-speed milling strategy before moving on to finishing 

passes. 

3. Machine Control 

Once the toolpaths are generated, the CAM system converts them into G-code, the 

programming language used by CNC machines. This code contains precise instructions for 



tool movements, spindle speeds, feed rates, and depth of cuts. The G-code is then 

transferred to the CNC machine, which executes the machining process automatically. 

Example: 

o A CNC lathe manufacturing a steel shaft follows G-code instructions generated by 

Mastercam, which specify tool changes, spindle speeds, and turning operations to 

achieve the required shape and dimensions. 

4. Automation & Optimization 

CAM systems include features to optimize manufacturing processes, such as automatic 

tool selection, feed rate adjustments, and simulation to detect potential errors before 

machining. This ensures that production is both time-efficient and cost-effective. 

Example: 

o A die mold for plastic injection molding is programmed in PowerMill, where high-

speed finishing toolpaths and collision detection simulations ensure a smooth and 

defect-free surface without requiring manual adjustments. 



TOOL PATH GENERATION 

Toolpath generation is a step in Computer-Aided Manufacturing (CAM) where the software 

determines the exact movements of cutting tools to shape the raw material into a finished product. 

The efficiency, accuracy, and quality of machining depend significantly on how the toolpaths are 

generated. 

Types of Toolpaths 

1. Contouring (Profiling) 

o Used for cutting along the edges or outlines of a part. 

o Commonly used for cutting shapes from sheet metal, plastics, or wood using CNC 

routers or laser cutters. 

Example: A sheet metal part cut using a plasma cutter follows a contour toolpath that 

ensures a precise external shape. 

2. Pocketing (Cavity Milling) 

o Removes material from a defined region inside a boundary, often creating pockets 

or cavities. 

o Used in mold making and part machining where internal spaces need to be 

cleared. 

Example: A mold cavity for an injection-molded plastic part is created using a 

pocketing toolpath with an end mill. 

3. Drilling and Boring 

o Used for creating holes or enlarging existing ones. 

o Can include simple drilling or more complex operations like peck drilling, which 

is stepwise drilling to avoid overheating. 

Example: A CNC drill press uses a programmed toolpath to create multiple holes in 

an engine cylinder head. 

4. Facing 

o Removes material from the surface of a workpiece to create a flat and smooth 

finish. 

o Commonly used in preparing stock material before other machining operations. 

Example: A large metal block is faced using a fly cutter before milling finer features. 
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5. Adaptive Clearing (High-Speed Machining) 

o A modern toolpath strategy that optimizes tool engagement with material to 

reduce cutting forces. 

o Used to improve tool life and machining speed, especially in aerospace and 

automotive applications. 

Example: A titanium aircraft component is machined using an adaptive clearing 

toolpath to prevent excessive tool wear. 

6. Thread Milling 

o Used for cutting internal or external threads using a specialized tool. 

o Offers flexibility over traditional tapping methods, especially for large or custom-

threaded holes. 

Example: A CNC mill produces threads in a hardened steel workpiece without 

requiring a separate tapping tool. 

Factors Affecting Toolpath Generation 

1. Material Type 

o Harder materials require optimized toolpaths with lower cutting speeds and step-

downs to avoid tool breakage. 

2. Tool Selection 

o The tool’s diameter, length, and shape influence toolpath strategies. A ball-end 

mill is ideal for smooth 3D surface milling, while a flat-end mill is used for 

pocketing and contouring. 

3. Cutting Speed and Feed Rate 

o Faster speeds can improve production time but may increase tool wear. CAM 

software calculates optimal values based on the material and tool type. 

4. Climb Milling vs. Conventional Milling 

o Climb milling, cutting in the same direction as tool movement, produces a better 

surface finish and reduces tool wear. 

o Conventional milling, cutting against tool movement, is sometimes preferred for 

harder materials to prevent tool deflection. 

Optimization of Toolpaths 

1. Minimizing Tool Wear 

o Using constant chip load toolpaths helps distribute cutting forces evenly, 

extending tool life. 
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2. Reducing Machining Time 

o Strategies like trochoidal milling, which involves circular tool movements, help 

maintain optimal cutting conditions while reducing machining time. 

3. Avoiding Collisions 

o CAM software simulates the toolpath before machining to detect collisions with 

fixtures, clamps, or the workpiece. 

 

PART SETUP – WORK MODEL, STOCK 

WORK MODEL 

In Computer-Aided Manufacturing, a work model refers to the digital representation of the part 

that will be machined. It serves as the foundation for generating toolpaths and simulating 

machining operations before actual production. It consists of the following concepts:  

• CAD Model 

The work model consists of the precise digital representation of the finished part, created 

using CAD software such as SolidWorks, AutoCAD, or Fusion 360. It includes: 

o Surfaces, edges, and contours that define the part’s shape. 

o Machining features such as holes, pockets, slots, and chamfers. 

o Dimensional and geometric tolerances to ensure manufacturing accuracy. 

o File formats like STEP, IGES, DXF, or STL for import into CAM software. 

• Workpiece Coordinate System (WCS) 

The WCS is a reference system that establishes the zero point (datum) for machining. It 

ensures that CNC machine movements are aligned with the CAD model. The WCS can 

be set at: 

o The top-left corner of the part. 

o The center of a cylindrical feature for turning operations. 

o The bottom face of the part for specific setups. 

• Machining Features & Design Intent 

CAM software identifies specific machining features from the work model, including: 

o Profiles for contour milling. 

o Pockets for cavity milling. 

o Drilled holes for boring operations. 

o Chamfers and fillets for finishing operations. 

Recognizing these features helps in selecting the correct machining strategy. 



• CAM Workflow with the Work Model 

The process of working with the work model in CAM follows these steps: 

▪ Import the CAD Model → Load the work model into CAM software. 

▪ Verify Model Integrity → Check for missing surfaces or errors. 

▪ Set Workpiece Coordinate System (WCS) → Align with CNC machine 

setup. 

▪ Recognize Machining Features → Identify profiles, pockets, and holes. 

▪ Generate Toolpaths → Select appropriate machining operations. 

▪ Simulate & Verify → Check for errors and optimize machining sequences. 

▪ Post-Process to G-code → Convert toolpaths into CNC machine 

instructions. 

• Importance of the Work Model in CAM 

o Ensures machining matches design intent. 

o Facilitates efficient toolpath generation. 

o Prevents errors by ensuring correct WCS setup. 

o Enhances simulation and collision detection. 

• Types of Work Models in CAM 

a. Solid Model 

• A full 3D CAD model of the part with precise dimensions. 

• Used in 3D milling, turning, and additive manufacturing. 

b. Surface Model 

• Represents only the outer shape of the part. 

• Used for complex freeform surfaces like molds and aerospace parts. 

c. Wireframe Model 

• Contains only edges and curves without solid faces. 

• Used for 2D contouring and laser cutting. 

• Software Used for Work Models in CAM 

Popular CAM software that utilizes work models includes: 

• Fusion 360 (Autodesk) 

• Mastercam 

• SolidCAM 

• NX CAM (Siemens) 

• EdgeCAM 

Flow Chart of making Work Model: Picture Link 

Example Work Model in Fusion 360  

• Open Fusion 360 and create or import the CAD model 

o Launch Fusion 360 and open a new project 

o If designing from scratch: 

▪ Go to "Design" Workspace 
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▪ Use Sketch tools to draw 2D profiles 

▪ Use Extrude, Revolve, or Loft to create 3D geometry 

o If importing an existing design: 

▪ Click "File" > "Open" > "Upload" and import files in STEP, IGES, DXF, 

or STL formats 

• Check and validate the model 

o Inspect the model for missing faces, open edges, or non-manifold geometry 

o Use the "Inspect" tool to check dimensions and tolerances 

o If needed, use the "Modify" tools to refine the shape 

• Switch to the Manufacturing Workspace 

o Click on "Design" > Switch to "Manufacture" Workspace 

o This switches Fusion 360 to the CAM environment where toolpaths are generated 

• Set up the Workpiece Coordinate System (WCS) 

o Click "Setup" > "New Setup" to define the machining setup 

o Under the "Orientation" tab, select how the part is positioned 

▪ Stock Box Point: Uses the corner of the stock 

▪ Selected Point: Manually choose a reference point 

▪ Model Orientation: Align with the part’s default position 

o Ensure that the Z-axis points upwards and the X-Y plane aligns with the machine 

bed 

• Define the machining features 

o Identify features like profiles, pockets, holes, and contours 

o Use the "Inspect" tool to measure depths and clearances 

o Verify that all necessary surfaces are accessible for machining 

• Optimize the model orientation for machining 

o Rotate or position the part for the most efficient toolpaths 

o Ensure the tool has clear access to the areas being machined 

• Save and finalize the work model 

o Click "Save" to store the final model configuration 

o The work model is now ready for toolpath generation in Fusion 360 

Example of Fusion 360: Video Link 

STOCK 

In Computer-Aided Manufacturing, stock refers to the raw material from which a part is 

machined. It serves as the starting shape that the CNC machine cuts, mills, or turns to create the 

final workpiece. 

The stock can be a solid block, cylinder, sheet, or a custom shape, depending on the machining 

process and material type. 

Types of Stock in CAM 

1. Rectangular Block Stock 

o Most common for milling and general machining. 

o Example: Aluminum or steel block for a bracket. 

2. Cylindrical Stock 

o Used in turning/lathe operations. 

o Example: Round bar for a shaft. 

https://www.youtube.com/watch?v=Qmx5DUvvmxI


3. Sheet Stock 

o Used in laser cutting, waterjet, or plasma cutting. 

o Example: Metal sheet for a custom bracket. 

4. Pre-Machined or Custom Stock 

o When the stock already has some pre-machined features. 

o Example: A casting or forging that only needs finishing. 

Stock Setup in CAM Software 

1. Defining Stock Dimensions 

o Set the length, width, and height for block stock. 

o Set the diameter and length for cylindrical stock. 

o Set thickness for sheet stock. 

2. Setting Stock Origin (Work Coordinate System - WCS) 

o Determines where machining starts (corner, center, or custom point). 

o Important for accurate toolpath generation. 

3. Selecting Stock Material 

o Defines cutting speeds and feeds based on material properties. 

o Example: Aluminum requires higher speeds, while steel needs slower feeds. 

4. Stock Allowance (Machining Offsets) 

o Extra material left for finishing operations. 

o Example: Leaving 0.5 mm excess for final finishing cuts. 

Stock Setup: Flow chart  

Step-by-Step Guide for Fusion 360 

1. Open Your Design 

o Launch Fusion 360 and open your CAD model. 

2. Switch to Manufacture Workspace 

o Click on the workspace switcher and select "Manufacture". 

3. Create a New Setup 

o Click on "Setup" → "New Setup". 

4. Define the Stock 

o Go to the Stock tab and choose stock mode: 

▪ Relative Size Box – Adds offset around the model. 

▪ Fixed Size Box – Manually input dimensions. 

▪ From Solid – Use an existing solid body. 

5. Set Work Coordinate System (WCS) 

o Select the origin based on machining preference. 

6. Confirm Setup 

o Click "OK" to finalize stock setup. 

Video of Fusion 306: Link  

Step-by-Step Guide for Mastercam 

1. Open Your Part File 

o Launch Mastercam and open your model. 

2. Access Stock Setup 

o In the Toolpath Manager, go to Machine Group Properties → Stock Setup. 

https://1drv.ms/i/c/39E66F1165A1D040/EegHymkCMZVGhKCmkg5l8rQByPrDIBf8mKXf7Z1JHLFw_g?e=5P2vn1
https://www.youtube.com/watch?v=G3K-qrzzA5w


3. Define Stock Shape & Size 

o Use Bounding Box, Manual Entry, or Existing Solid. 

4. Set Stock Origin 

o Select the reference point for machining. 

5. Confirm Stock Setup 

o Click "OK". 

Video of Mastercam: Link  

 

 

COORDINATE SYSTEM 

In Computer-Aided Manufacturing, coordinate systems are used to automate toolpath generation, 

ensuring accurate machining. CAM automates the coordinate system management, reducing 

manual calculations and ensuring accurate, collision-free machining. 

1. Machine Coordinate System (MCS) in CAM 

• Use in CAM: 

o CAM software imports machine specifications, including its coordinate system. 

o Simulations ensure the tool moves within the machine’s limits. 

o When generating G-code, CAM automatically references the machine’s zero 

point. 

• Example: If your CNC machine’s zero is at the far-left corner of the table, CAM ensures 

toolpaths do not exceed its boundaries. 

2. Workpiece Coordinate System (WCS) in CAM 

• Use in CAM: 

o Defined when setting up a part in CAM software (e.g., in Fusion 360 or 

Mastercam). 

o The WCS origin is chosen based on design needs, like the top-left corner of the 

part. 

o When exporting toolpaths, CAM assigns proper offsets (e.g., G54, G55) to match 

the CNC setup. 

• Example: If your part is fixed in a vise, WCS is set at a known edge for easy setup. 

3. Tool Coordinate System (TCS) in CAM 

• Use in CAM: 

o CAM software uses tool length compensation (like G43 in CNC) to adjust for 

different tools. 

o The tool tip is considered the active cutting point, and movements are calculated 

based on it. 

o Tool libraries store tool lengths and diameters, which affect path calculations. 

• Example: If a 100 mm tool is used, CAM adjusts movements based on its length to 

prevent collisions. 

 

4. Local Coordinate System (LCS) in CAM 

https://www.youtube.com/watch?v=sCTyWcUFBME


• Use in CAM: 

o Used in multi-axis machining (like 4-axis or 5-axis). 

o Helps when machining on tilted surfaces or different faces of the part. 

o Can be used for fixture offsets when multiple parts are placed on the table. 

• Example: If a part has angled holes, CAM creates a local coordinate system for that 

feature, allowing drilling at the correct angle. 

ZERO POSITION 

In Computer-Aided Manufacturing, the zero position, also known as the workpiece zero or part 

zero, is a reference point used to define the starting location of machining operations. It serves as 

the coordinate origin for tool movements during the machining process. 

The zero position can be set in different ways depending on the machine and the type of 

machining operation. Commonly, it is established in one of the following ways: 

1. Workpiece Coordinate System (WCS): In this method, the zero position is set on the 

workpiece itself, usually at a convenient and easily measurable location, such as a corner 

or center of the material. This is programmed into the CAM software and transferred to the 

CNC machine. 

2. Machine Zero (Home Position): This is a fixed reference point set by the machine 

manufacturer. It is often located at the extreme limits of the machine's working area and 

serves as a known starting position for all operations. 

3. Tool Offset Zero: In some cases, the tool's length and diameter offsets are considered 

while defining the zero position to ensure accurate machining. 

The selection of the zero position depends on factors such as ease of setup, accuracy, repeatability, 

and the machining strategy being used. Properly setting the zero position is crucial for ensuring 

precise and efficient machining operations. 

Example:  

In Fusion 360 CAM, the zero position (or work coordinate system, WCS) is a point for machining 

operations. It defines the starting location for tool movements and ensures accurate machining. 

Here’s how it works in Fusion 360: 

1. Work Coordinate System (WCS) in Fusion 360 

o Fusion 360 allows you to define the WCS in the Setup tab under the Manufacture 

workspace. 



o The WCS zero position can be set based on the stock, model, or fixture. 

2. Ways to Set Zero Position in Fusion 360 

o Stock Box Point: The zero position is set at a specific point on the stock (such as a 

corner, center, or top surface). This is useful for rough machining or when 

working with raw material. 

o Model Box Point: The zero is set relative to the part’s geometry instead of the 

stock. This is preferred when machining a finished part with precise dimensions. 

o Selected Point: You can manually pick any point on the part or fixture to define 

zero, which is useful when aligning with real-world setups. 

o Machine Zero (G53): Some machines use their own fixed machine zero, but in 

Fusion 360, the WCS is usually defined per job and linked to G54, G55, etc. 

3. Tool Length Offset Considerations 

o When defining the zero position, you must account for tool length offsets, 

especially in the Z-axis. 

o The machine controller uses these offsets to adjust the actual cutting depth. 

4. Post-Processing and CNC Machine Compatibility 

o Once the WCS zero is defined, Fusion 360 generates G-code that includes work 

offsets (G54, G55, etc.), which the CNC machine reads to establish the starting 

point. 

o It is essential to verify that the WCS zero in Fusion 360 matches the physical 

setup on the CNC machine to avoid errors. 

Video Link to set Zero Position in Fusion 306 : Link  

TYPE OF CAM PROCESSES FOR MACHINING 

CAM processes use computer software to automate and optimize material removal operations such 

as milling, turning, drilling, grinding, and advanced cutting techniques like EDM, laser, plasma, 

and water jet cutting. These processes enable precise and efficient manufacturing by generating 

tool paths, controlling cutting parameters, and ensuring repeatability. CAM systems are widely 

used in industries like aerospace, automotive, and medical device manufacturing to produce 

complex parts with high accuracy and minimal material waste. 

1. Milling 

Milling uses a rotating cutter to remove material from a stationary or moving workpiece. 

The cutter can move in multiple directions to shape the workpiece. 

https://youtu.be/BzsEqVZuRZg?si=Wkeimg2N0t9jCAcY


Example: In a CAM program for milling, a user can design a rectangular block with a 

pocket. The software generates a tool path that moves a flat-end mill over the block in a 

zigzag pattern to remove material layer by layer. 

2. Turning 

In turning, the workpiece rotates while a stationary cutting tool moves along its surface to 

create cylindrical shapes. This is commonly used for making shafts and rods. 

Example: A CAM software user programs a lathe to create a stepped shaft. The tool moves 

in a straight line along the rotating workpiece, removing material at specific diameters to 

form different steps. 

3. Drilling 

Drilling creates holes in a workpiece using a rotating drill bit. CAM software controls the 

depth, speed, and feed rate for accuracy. 

4. Example: In a CAM program, a user defines a hole pattern on a metal plate. The software 

generates drilling cycles, positioning the drill bit at each hole location and controlling the 

feed rate to ensure clean and precise holes. 

5. Grinding 

Grinding removes material using an abrasive wheel, achieving high surface quality and 

precise dimensions. 

Example: A CAM software user sets up a surface grinding operation where a grinding 

wheel moves back and forth across a metal part, gradually removing tiny amounts of 

material to achieve a smooth finish. 

6. Electrical Discharge Machining (EDM) 

EDM removes material using controlled electrical sparks between an electrode and the 

workpiece. It is useful for machining hard materials and complex shapes. 

Example: In wire EDM, a CAM program defines a complex gear shape. The software 

controls the movement of a thin wire electrode through the material, cutting the shape 

precisely without direct contact. 

7. Laser Cutting 

Laser cutting uses a focused laser beam to melt and remove material along a programmed 

path. 

Example: A CAM user imports a design for a metal sign. The software generates tool 

paths for the laser to follow, cutting letters and shapes out of the metal sheet with high 

precision. 



8. Plasma Cutting: Plasma cutting uses a high-temperature ionized gas jet to cut through 

conductive materials like steel and aluminum. 

Example: In a CAM program, a user sets up a plasma cutting operation to create parts 

from a steel sheet. The software optimizes the cutting path to minimize waste while 

ensuring clean cuts. 

9. Water Jet Cutting 

Water jet cutting uses a high-pressure stream of water mixed with abrasive particles to 

cut through materials without heat. 

Example: A CAM program generates tool paths for cutting intricate tile designs. The 

water jet nozzle follows the programmed pattern, cutting the tiles without causing cracks. 

10. Additive Machining (Hybrid Machining) 

Hybrid machining combines CNC machining with additive processes like 3D printing to 

create complex parts. 

Example: A CAM software program first controls a 3D printer to deposit layers of metal 

powder to build a part. Then, a CNC milling machine refines the surface and critical 

dimensions for high precision. 

CAM PROCESSES FOR TURNING 

1. Facing 

Cutting across the face of the workpiece to create a flat surface. 

CAM Example: 

• Fusion 360: Use the "Face" operation in the Turning workspace. Define the Z-zero (usually 

the front face), and the tool moves perpendicularly to clean up the surface. Link 

• Mastercam: "Face Toolpath" lets define the face area and generates the optimal feed-in and 

feed-out path. Link 

2. Rough Turning 

Removing large amounts of material quickly to form the general shape. 

CAM Example: 

• Siemens NX CAM: Use the "Turning Rough" operation. Set stock size and material 

removal strategy (zigzag, one-way).  

• Fusion 360: "Turning - Roughing" lets control step-downs, stock to leave, and engage 

multiple passes for deep cuts. Link 

3. Finish Turning 

Light cuts after roughing to achieve precise dimensions and smooth surface finish. 

https://www.autodesk.com/support/technical/article/caas/sfdcarticles/sfdcarticles/How-to-change-the-start-position-in-a-facing-operation-in-Fusion-360.html?utm_source=chatgpt.com
https://www.youtube.com/watch?v=w2r3fnspYmg
https://help.autodesk.com/view/fusion360/ENU/?guid=TURN-GROOVE-FINISH-STEPS&utm_source=chatgpt.com


CAM Example: 

• Mastercam: "Finish Turn" operation refines the profile with tight tolerances. 

• Fusion 360: After roughing, use a "Turning - Finishing" pass with reduced feed rate and 

depth of cut. 

4. Grooving (OD/ID) 

Cutting a narrow slot into the diameter (OD) or bore (ID) of a part. 

CAM Example: 

• Fusion 360: Use "Grooving" under Turning to define the groove width and location. The 

software handles pecking and clearance moves. 

• GibbsCAM: Offers "Groove Roughing and Finishing" operations, including pecking 

options and controlled chip breaking. 

5. Parting (Cut-off) 

Separating the finished part from the bar stock. 

CAM Example: 

• Fusion 360: The "Part" operation allows you to specify tool width, cutoff position, and 

safety retraction after separation. 

• Esprit: Has dedicated "Parting/Cut-off" strategies with controlled tool entry and 

breakaway forces. 

6. Threading 

Cutting threads on the outer or inner diameter. 

CAM Example: 

• Mastercam: "Lathe Thread" toolpath uses standard or custom thread forms (e.g., ISO 

metric). 

• Fusion 360: Use "Threading" in the Turning workspace; it automatically chooses 

appropriate passes based on pitch and thread depth. 

7. Drilling/Boring 

Creating or enlarging holes along the part axis. 

CAM Example: 



• Siemens NX: Use "Axial Drilling" for peck drilling or deep-hole boring. 

• Fusion 360: In "Turning > Drill," you select an axial hole location and customize dwell, 

retract, and peck cycles. 

8. C-axis Milling (Live Tooling) 

• Example in Fusion 360: Use "Mill Turn" to create toolpaths for drilling/milling on the 

part’s face or side. 

• FeatureCAM or Siemens NX: Support turning + milling in the same program with tool 

synchronization. 

CAM Software Turning Features 

Fusion 360 Roughing, finishing, grooving, threading 

Mastercam Full lathe support, multi-axis 

Siemens NX Advanced strategies, high-end CNCs 

GibbsCAM Fast cycle creation, mill-turn 

Esprit Strong multi-tasking and sync control 

 

POST-PROCESSING FOR MACHINE CODES 

Post-processing in CAM is the final step that converts toolpaths into machine-readable codes (like 

G-code) to be executed by a CNC machine. It ensures that the toolpaths generated by CAM 

software are correctly adapted to the specific machine being used, including its capabilities, 

coordinate system, and tooling requirements. 

1. Fusion 360 (Autodesk) 

In Fusion 360, after creating toolpaths for operations like milling or turning, post-process the 

toolpaths into machine code (G-code) that is understood by CNC machine. 

Post-Processing Example: 

• Design a part and generate toolpaths for a CNC milling machine. 

• Toolpath: For example, a 2D pocketing operation where the tool moves around a 

pocketed area to cut out a shape. 

• Post-Processor: Fusion 360 has various post-processors. Select one based on the machine 

like Haas CNC or Mazak. 

o Select "Post Process" in Fusion 360. 

o Choose the machine type, e.g., Haas VF-series. 

o Click "Post" to generate the G-code. 

Generated G-code Example:  



G21 ; Set units to millimeters 

G17 ; Select XY plane 

G90 ; Absolute positioning 

M6 T1 ; Tool change to Tool 1 

G0 X0 Y0 Z5 ; Rapid move to starting point 

G1 Z-5 F100 ; Move down to cutting depth at feed rate 100 mm/min 

G1 X10 Y10 F200 ; Linear move to X10 Y10 at feed rate 200 mm/min 

... 

M30 ; End of program 

 

2. Mastercam 

In Mastercam, after defining toolpaths like roughing, finishing, or drilling, use the post-processor 

to convert those toolpaths into machine code. 

Post-Processing Example: 

• Create a 3D milling operation for a part. 

• Toolpath: For example, a 3D surface roughing operation. 

• Post-Processor: Mastercam includes post-processors for various machines (e.g., Haas, 

Mazak, Fanuc). 

o Select the correct post-processor for your machine. 

o Click "Post" to generate the G-code. 

Generated G-code Example:  

G21 ; Set units to metric 

G90 ; Absolute positioning 

M6 T2 ; Tool change to Tool 2 

G0 Z5 ; Rapid move to start position 

G1 Z-5 F150 ; Move down to cutting depth 

G1 X50 Y50 F300 ; Linear move to X50 Y50 at feedrate 300 

G1 Z-10 ; Move further down for deeper cut 

... 

M30 ; End of program 

3. Siemens NX 

In Siemens NX, post-processing generates machine code for operations such as milling, turning, 

or multi-axis machining. 

Post-Processing Example: 

• Create a 5-axis milling operation for complex geometry. 

• Toolpath: For example, a 5-axis contour milling. 

• Post-Processor: NX has a wide range of post-processors that can be customized to the 

specific machine. Choose one (e.g., Siemens Sinumerik CNC, Fanuc CNC). 

o Click "Post" to generate the machine code. 



Generated G-code Example:  

G21 ; Metric units 

G17 ; XY plane selection 

G90 ; Absolute positioning 

M6 T3 ; Tool change to Tool 3 

G0 Z5 ; Rapid move to start position 

G1 X10 Y10 Z-5 F200 ; Move to X10 Y10 with Z cutting depth 

G2 X50 Y50 I25 J0 F300 ; Circular interpolation (clockwise) 

... 

M30 ; End of program 

4. SolidWorks CAM 

SolidWorks CAM integrates directly with SolidWorks CAD, allowing for a seamless transition 

from design to machining. After defining toolpaths, post-processing generates the G-code. 

Post-Processing Example: 

• Create a drilling operation for a part. 

• Toolpath: A drill cycle where a tool drills holes in a part. 

• Post-Processor: SolidWorks CAM provides post-processors for different CNC machines. 

o Select the post-processor for the machine (e.g., Haas, Fanuc). 

o Click Post Process to generate the G-code. 

Generated G-code Example:  

G21 ; Set units to millimeters 

G90 ; Absolute positioning 

M6 T1 ; Tool change to Tool 1 

G0 X0 Y0 Z5 ; Rapid move to start position 

G81 Z-5 R5 F100 ; Drilling cycle to depth of Z-5 

G80 ; Cancel drilling cycle 

... 

M30 ; End of program 

5. GibbsCAM 

GibbsCAM allows for efficient post-processing for turning, milling, and mill-turn operations. 

After generating toolpaths, post-processing converts them into G-code. 

Post-Processing Example: 

• Create a lathe turning operation for a cylindrical part. 

• Toolpath: A facing operation to flatten the front face of the cylinder. 

• Post-Processor: Choose a post-processor for your CNC lathe (e.g., Mazak, Fanuc, Haas). 

o Click "Post" to generate the machine code. 

Generated G-code Example:  



G21 ; Set units to millimeters 

G90 ; Absolute positioning 

M6 T1 ; Tool change to Tool 1 

G0 X0 Y0 Z5 ; Rapid move to start position 

G1 Z-5 F200 ; Start cutting 

G1 X50 Y50 F300 ; Move to desired coordinates 

... 

M30 ; End of program 

6. Esprit 

In Esprit, post-processing is used to convert toolpaths into machine code for various CNC 

machines. Define toolpath operations like milling, turning, or wire EDM. 

Post-Processing Example: 

• Create a turning operation on a CNC lathe for part shaping. 

• Toolpath: A rough turning operation. 

• Post-Processor: Select the post-processor for your CNC lathe (e.g., Mazak, Okuma). 

o Click Post to generate G-code. 

Generated G-code Example:  

G21 ; Set units to millimeters 

G90 ; Absolute positioning 

M6 T1 ; Tool change to Tool 1 

G0 X0 Y0 Z5 ; Rapid move to start position 

G1 Z-5 F150 ; Start cutting 

G1 X30 F200 ; Move to X30 at feed rate 200 

... 

M30 ; End of program 



Unit IV  

Additive Manufacturing 

• Role of Additive Manufacturing 

• Benefits 

• Applications 

• Additive Manufacturing Processes: Sterolithography 

(STL)  
• Fused Deposition Modeling (FDM) 

• Selective Laser Sintering (SLS) 

• Multi – Jet Printing (MJP)  

CAM for Additive Manufacturing  
• Slicing Process 

• Tool Path Generation 

• Support Structures 

• Post Processing 

  

https://1drv.ms/i/s!AkDQoWURb-Y5wbtJz9gPuRDyQTF7Wg?e=lfCSZK


ROLE OF ADDITIVE MANUFACTURING 

Additive manufacturing (AM), plays several significant roles across various 
industries and applications: 

1. Prototyping: One of the earliest and most prominent roles of AM is in rapid 

prototyping. It allows engineers and designers to quickly create physical 

prototypes of parts or products directly from digital designs. This rapid 

prototyping process accelerates product development cycles, enabling faster 

iteration and refinement of designs. 

2. Customization and Personalization: AM enables the production of 

customized and personalized products tailored to individual preferences or 

specific requirements. This capability is particularly valuable in industries 

such as healthcare (e.g., custom prosthetics, implants) and consumer goods 

(e.g., personalized jewelry, footwear). 

3. Complex Geometry: AM techniques can produce highly complex geometries 

that are difficult or impossible to achieve using traditional manufacturing 

methods. This includes intricate lattice structures, internal channels, and 

organic shapes. Such geometries can offer performance enhancements, weight 

reduction, and innovative design possibilities. 

4. On-Demand Manufacturing: AM facilitates on-demand manufacturing, 

where parts are produced as needed, eliminating the need for large inventories 

or lengthy supply chains. This reduces storage costs, minimizes lead times, 

and enables more agile and responsive production processes. 

5. Tooling and Jigs: AM is used to produce custom tooling, fixtures, and jigs 

for manufacturing processes. These auxiliary components aid in the assembly, 

machining, and inspection of parts, improving efficiency and accuracy in 

production operations. 

6. Low-Volume Production: AM is suitable for low-volume production runs, 

where traditional manufacturing methods may be economically unfeasible 

due to high setup costs or long lead times. It offers flexibility in producing 

https://youtube.com/shorts/Lg_fVCxXhgY?si=Vq4vHYYIkxrG22V5
https://1drv.ms/i/c/39E66F1165A1D040/EbNFVwacyTNLqocVDvtPhN4BKHM9L33Bl5DRBJcKrrSrqw?e=4Pc2xE
https://1drv.ms/i/c/39E66F1165A1D040/EWutu7ijWIFDt4t2Xmj4PIMBXteq48_GHmwJatM2pl2W_A?e=58ohI4
https://1drv.ms/i/c/39E66F1165A1D040/EUIeqpDzRc9DoDunPilrga8Bl-nFtQ8ejwbO-e-Z8iBR1A?e=d30wNc
https://1drv.ms/i/c/39E66F1165A1D040/EcZoXIErbfVFh-_OE4jIaZgB0f98UlZPeZm95q85IJiQrQ?e=hCbdry
https://1drv.ms/i/c/39E66F1165A1D040/EZHAaa4kOvZPn9OvuCK8ImQBNuj39wQ3m7afy4YQV5J7Kw?e=Kzd2qi
https://1drv.ms/i/c/39E66F1165A1D040/EdB8kkCGrYlPsju16xaNxuABetVImmSazLDOS-vIrvYd_g?e=gAsnWV


small batches of parts or products without the need for expensive tooling or 

molds. 

7. Material Innovation: Additive manufacturing enables the use of a wide 

range of materials beyond traditional manufacturing materials like metals and 

plastics. This includes advanced materials such as composites, ceramics, and 

biomaterials, opening up new possibilities for material innovation and product 

development. 

8. Sustainability: AM can contribute to sustainability efforts by reducing 

material waste through its layer-by-layer deposition process. It also enables 

design optimization for lightweighting and material efficiency, leading to 

reduced material consumption and energy usage compared to traditional 

manufacturing methods. 

Overall, additive manufacturing plays a transformative role in modern 

manufacturing by offering flexibility, customization, complexity, and sustainability, 

driving innovation across industries and enabling new possibilities in product design 

and production. 

BENEFITS 

Additive manufacturing (AM), offers a wide range of benefits across various 

industries and applications. Here are some of the key advantages of additive 

manufacturing: 

1. Design Flexibility: AM enables the creation of complex geometries and 

intricate designs that are difficult or impossible to achieve using traditional 

manufacturing methods. This flexibility allows for innovative product 

designs, lightweight structures, and optimized part performance. 

Example: 

General Electric (GE) Aviation uses Additive Manufacturing to produce 

complex jet engine components with intricate geometries that traditional 

manufacturing couldn’t achieve. For example, the fuel nozzles in their 

https://1drv.ms/i/c/39E66F1165A1D040/EUsM68oBaXFNoPX63ZgyJ_4BZ82lNBcWd-FsRK4xNaM0ew?e=wfQgdn
https://1drv.ms/i/c/39E66F1165A1D040/EePsfWTSjTNLnv7IRjX9P3cB1GGtpqcA2SctpjgykAFDCA?e=pz2jaJ
https://1drv.ms/i/c/39E66F1165A1D040/EfSEps0FOc1Ds0hlicRez3EB0FqoIZ2hO1j4XxfDx0LLog?e=1UW1mO


LEAP engines are made using AM, allowing for lighter, more efficient 

parts with optimized performance and better heat resistance. 
2. Rapid Prototyping: Additive manufacturing facilitates rapid prototyping by 

allowing engineers and designers to quickly iterate designs and produce 

physical prototypes directly from digital models. This accelerates the product 

development process, reduces time-to-market, and enables faster design 

validation and iteration. 

Example: 

Ford utilizes AM for rapid prototyping of car parts. The Ford Grand Touring 

(GT) prototype car used 3D printed components, reducing prototyping time 

from months to weeks. Engineers can test designs immediately and iterate 

much faster, significantly cutting down on development cycles and speeding 

up innovation. 

3. Customization and Personalization: AM enables the production of 

customized and personalized products tailored to individual preferences or 

specific requirements. This capability is particularly valuable in industries 

such as healthcare (e.g., custom medical implants, prosthetics) and consumer 

goods (e.g., personalized jewelry, footwear). 

Example: 

Materialise Healthcare, in partnership with orthopedic clinics, creates custom 
prosthetic limbs using 3D printing. By scanning the patient’s limb, they 

create perfectly fitted prosthetics tailored to the patient’s needs, improving 

comfort and functionality. Similarly, customized implants can be created for 

specific anatomical features, enhancing recovery. 

 

4. On-Demand Manufacturing: Additive manufacturing enables on-demand 

production, where parts can be manufactured as needed, eliminating the need 

for large inventories or lengthy supply chains. This reduces storage costs, 

minimizes lead times, and enables more agile and responsive production 

processes. 

https://1drv.ms/i/c/39E66F1165A1D040/EfSEps0FOc1Ds0hlicRez3EB0FqoIZ2hO1j4XxfDx0LLog?e=1UW1mO
https://1drv.ms/i/c/39E66F1165A1D040/Ed5y4dgXUbFKsK9WAGcnXA8Bm3HoHokhISRYmRamciS50A?e=N02tCQ
https://1drv.ms/i/c/39E66F1165A1D040/EUontsqpjNlOtZ0SUevynuMBXcdFii38m40jSYXu20c5fw?e=vcpqOA
https://1drv.ms/i/c/39E66F1165A1D040/EUontsqpjNlOtZ0SUevynuMBXcdFii38m40jSYXu20c5fw?e=vcpqOA


Example: 

Nike has leveraged AM in its Nike By You program, allowing customers to 

design their own customized shoes. This on-demand production eliminates the 

need for large inventories and allows for real-time, personalized orders, 

improving supply chain efficiency and customer satisfaction.  

5. Complexity at No Extra Cost: With AM, complexity does not significantly 

impact production costs. Unlike traditional manufacturing methods, which 

often become more expensive as part complexity increases, additive 

manufacturing processes typically have consistent costs regardless of part 

geometry, enabling the production of complex parts at competitive prices. 

Example: 

Stratasys, a leader in 3D printing technology, uses additive manufacturing to 

produce custom, complex anatomical implants, such as patient-specific skull 

plates or joint replacements. These implants, designed to match the unique 

contours of a patient's bone structure, feature complex geometries like 

intricate internal supports or ergonomic surfaces. With AM, these highly 

customized medical devices can be produced without additional costs, 

offering personalized solutions for patients without compromising 

affordability. 

6. Reduced Material Waste: Additive manufacturing is an inherently efficient 

process that generates minimal material waste. Unlike subtractive 

manufacturing processes, where material is removed from a block or sheet, 

AM builds parts layer by layer, only using the material necessary to create the 

final product. This can lead to significant material savings and reduced 

environmental impact. 

7. Supply Chain Simplification: AM can streamline supply chains by reducing 

the need for intermediate suppliers, tooling, and inventory storage. It enables 

decentralized manufacturing and distributed production models, allowing 

companies to produce parts locally or on-site, closer to the point of use. 

https://1drv.ms/i/c/39E66F1165A1D040/EW4fdBKH9X9KvXWu1E5SchoBgDj_cHjqmQzhqHQT2UXfRg?e=8pylek
https://1drv.ms/i/c/39E66F1165A1D040/EW4fdBKH9X9KvXWu1E5SchoBgDj_cHjqmQzhqHQT2UXfRg?e=8pylek


8. Complex Assemblies Consolidation: With AM, complex assemblies can 

often be consolidated into a single printed part, reducing the need for assembly 

operations, fasteners, and joining techniques. This simplifies manufacturing 

processes, lowers assembly costs, and improves product reliability by 

reducing potential failure points. 

9. Material Diversity: Additive manufacturing supports a wide range of 

materials beyond traditional manufacturing materials like metals and plastics. 

This includes advanced materials such as composites, ceramics, and 

biomaterials, offering new possibilities for material innovation and product 

development. 

10. Innovative Applications: Additive manufacturing enables innovative 

applications and solutions across industries, from aerospace and automotive 

to healthcare and consumer goods. It fosters creativity and encourages 

exploration of new design concepts, materials, and manufacturing techniques. 

APPLICATIONS 
Additive manufacturing (AM), also known as 3D printing, has a wide range of applications across 

various industries due to its versatility, flexibility, and ability to produce complex geometries. Here 

are some common applications of additive manufacturing: 

1. Prototyping and Product Development: Additive manufacturing is widely used for rapid 

prototyping, allowing engineers and designers to quickly iterate designs and produce 

physical prototypes for testing, validation, and design verification. This rapid process 

enables faster design changes and more efficient product development cycles. 

Example: Ford Motor Company uses additive manufacturing for rapid prototyping of car 

parts. For example, the Ford GT prototype car had 3D-printed components that allowed 

engineers to test designs much faster, reducing development time for new vehicle models. 

Use: The time for producing a prototype was reduced from weeks to just a few days. 

2. Customized and Personalized Products: AM enables the production of customized and 

personalized products tailored to individual preferences or specific requirements. This 

capability is particularly valuable in industries such as healthcare (custom medical 

implants, prosthetics) and consumer goods (personalized jewellery, footwear). 



Example: Materialise has partnered with hospitals to create custom prosthetics and 

implants. For example, a patient with a bone defect may receive an implant that perfectly 

fits their anatomy, which traditional methods couldn’t easily achieve. 

Use: Over 1,000 custom prosthetics have been created for patients, improving comfort and 

functionality. 

3. Aerospace and Defense: Additive manufacturing is increasingly used in the aerospace and 

defense industries for producing lightweight and complex aerospace components, such as 

aircraft interiors, engine parts, brackets, ducting, tooling, and unmanned aerial vehicle 

(UAV)components. 

Example: GE Aviation uses additive manufacturing to produce fuel nozzles for the LEAP 

jet engines. These nozzles are 3D-printed in a single piece, reducing part weight and 

improving fuel efficiency in aircraft. 

Use: The fuel nozzle for the LEAP engine is 25% lighter and 5 times more durable than 

traditionally manufactured nozzles. 

4. Automotive and Transportation: In the automotive industry, additive manufacturing is 

utilized for prototyping, tooling, jigs, fixtures, and end-use parts production. Applications 

include customized automotive components, interior parts, dashboard assemblies, and 

lightweight structures. 

Example: BMW uses additive manufacturing for creating lightweight automotive parts like 

customized dashboard components, brackets, and exterior parts. This reduces the overall 

weight of the car, enhancing fuel efficiency. 

Use: BMW’s 3D-printed seat component consolidated several parts into one, reducing 

weight by 20% and simplifying the assembly process. 

 

5. Medical and Healthcare: Additive manufacturing has transformative applications in the 

medical and healthcare sectors, including the production of patient-specific medical 

implants, prosthetics, orthopedic devices, dental restorations, anatomical models for 

surgical planning, and drug delivery systems. 

Example: Stratasys produces custom medical implants and surgical guides. For instance, 

patient-specific titanium implants for skull surgery are created using additive 

manufacturing, improving the precision and recovery time of surgeries. 

Use: 3D printing reduced the time to create complex titanium implants from weeks to days, 

enabling faster surgeries and recovery. 



6. Dental: In dentistry, additive manufacturing is used for producing dental crowns, bridges, 

dentures, orthodontic appliances, dental models, surgical guides, and other dental 

prostheses with high precision and customization. 

Example: 3D printing in dental applications has led to faster production of custom crowns 

and bridges, as well as more accurate surgical guides. Dentists use 3D-printed models to 

plan surgeries more effectively. 

Use: Companies like Align Technology have produced over 4 million clear aligners using 

additive manufacturing, significantly cutting lead times. 

7. Consumer Goods: Additive manufacturing is employed in the production of consumer 

goods, including fashion accessories, household items, decorative objects, and consumer 

electronics. It enables designers and manufacturers to create unique and customizable 

products for consumers. 

Example: Adidas uses 3D printing for its Futurecraft 4D shoes, where the sole is 3D printed 

with a material designed to enhance performance and comfort. Customers can also 

personalize the design and size, further tailoring the product to their needs. 

Use: Over 10,000 pairs of Futurecraft 4D shoes have been sold, with consumers choosing 

custom prints and designs for better fit and comfort. 

8. Tooling and Fixtures: AM is used to produce custom tooling, jigs, fixtures, and molds for 

manufacturing processes. These auxiliary components aid in assembly, machining, 

inspection, and production optimization, improving efficiency and accuracy. 

Example: Boeing uses 3D-printed tools for aerospace assembly, reducing the time and cost 

associated with traditional tooling methods. For example, they use 3D-printed fixtures to 

align complex parts during assembly, improving precision and speeding up production. 

Use: Boeing reduced tool production time by over 50% using 3D-printed assembly 

fixtures. 

9. Education and Research: Additive manufacturing is widely used in educational 

institutions and research facilities for teaching, training, and conducting research in various 

disciplines, including engineering, design, medicine, architecture, and materials science. 

Example: Universities like MIT and Stanford use additive manufacturing in their 

engineering programs. Students design and 3D print prototypes as part of hands-on learning 

in courses related to mechanical engineering, robotics, and biomedical engineering. 

Use: Over 500 universities worldwide use additive manufacturing in their curricula to teach 

engineering and design principles. 



10. Art and Design: Artists, designers, and creatives utilize additive manufacturing for 

creating sculptures, art installations, architectural models, prototypes, and custom-made 

artifacts with intricate designs and complex geometries. 

Example: Artists like Joris Laarman use 3D printing to create complex sculptures and 

functional art pieces. His “Bone Chair” is a unique, 3D-printed work of art that mimics the 

strength and design of biological bone structures. 

Use: The Bone Chair took 2,000 hours of 3D printing to complete, blending organic design 

with cutting-edge technology. 

11. Industrial Manufacturing: AM is increasingly integrated into industrial manufacturing 

processes for producing end-use parts, spare parts, low-volume production runs, and 

customized components. It offers advantages such as design freedom, reduced lead times, 

and decentralized production capabilities. 

Example: Siemens uses additive manufacturing for low-volume production of industrial 

components like turbine blades and custom gears. This enables them to produce specialized 

parts on-demand, reducing inventory and waste. 

Use: Siemens produced 3,000 customized parts for industrial machines using additive 

manufacturing, achieving production speeds 40% faster than traditional methods. 

ADDITIVE MANUFACTURING PROCESSES: 
STEROLITHOGRAPHY (STL) 

Stereolithography (STL) is one of the earliest and most widely used additive manufacturing 

processes. Charles Hull, an engineer, developed the stereolithography process and filed for a patent 

in 1986. He also developed the STL (Stereolithography) file format, which remains a standard in 

3D printing. It is commonly used for producing high-resolution, detailed parts with smooth surface 

finishes. The details about STL are:  

1. Principle: STL operates on the principle of photopolymerization, where a liquid 

photopolymer resin is selectively cured (solidified) by exposure to ultraviolet (UV) light. 

The process builds parts layer by layer from the bottom up, with each layer solidifying 

upon exposure to UV light. 

2. Preparation of Digital Model: The process begins with the creation of a digital 3D model 

using computer-aided design (CAD) software. The model is sliced into thin horizontal 

layers, typically ranging from a few microns to several millimeters in thickness, depending 

on the desired resolution and part geometry. 

https://www.youtube.com/watch?v=8a2xNaAkvLo


3. Resin Tank: The stereolithography machine consists of a vat or reservoir filled with liquid 

photopolymer resin. The resin typically resides below a transparent platform, which serves 

as the build surface for the part. 

4. Layer-by-Layer Build Process: 
• Layer Exposure: The build platform is lowered into the liquid resin, and a UV laser 

beam or UV light source is directed onto the surface of the resin. The UV light 

selectively cures the resin in the shape of the current layer of the 3D model, solidifying 

it into a thin cross-section of the part. 

• Platform Movement: After each layer is cured, the build platform is incrementally 

raised by the thickness of one layer, creating space for the next layer of resin to flow 

beneath it. 

• Resin Refill: As the build progresses, fresh liquid resin is continuously added to the 
resin tank to replenish the volume consumed during the printing process. 

5. Support Structures: For parts with overhangs or unsupported features, temporary support 

structures may be generated simultaneously with the part to prevent deformation or 

collapse during printing. These support structures are typically generated using a different 

material that can be removed after printing is complete. 

6. Post-Processing: Once the part is fully printed, it is removed from the build platform and 

cleaned to remove excess resin. Depending on the specific resin used, additional post-

processing steps such as UV curing, sanding, polishing, or surface finishing may be 

performed to achieve the desired appearance and mechanical properties. 

7. Applications: Stereolithography is widely used in various industries for producing 

prototypes, concept models, functional parts, patterns for investment casting, dental 

models, and other high-detail applications that require fine features and smooth surface 

finishes. 

Industries Using SLA: 

• Healthcare: Creating custom implants, prosthetics, and surgical guides. 

• Aerospace: Producing precise prototypes and parts for testing. 

• Jewellery: Making casting molds and detailed designs. 

• Automotive: Rapid prototyping and testing of automotive parts. 

8. Material:  

• Standard Resin: For general prototyping. 

• Tough Resin: For parts that need to withstand impact or stress. 

• Flexible Resin: For parts that need to bend or compress. 

• High-Temperature Resin: For heat-resistant parts. 



• Biocompatible Resin: For medical and dental use. 

FUSED DEPOSITION MODELING 
Fused Deposition Modeling (FDM) is a widely used additive manufacturing process for creating 

three-dimensional objects layer by layer from thermoplastic materials. Developed by Stratasys in 

the late 1980s, FDM is known for its simplicity, versatility, and affordability. Here's how the FDM 

process works: 

1. Principle: FDM builds parts by extruding molten thermoplastic filament through a heated 

nozzle, which moves along predefined paths to deposit material layer by layer, ultimately 

forming the desired object. 

2. Preparation of Digital Model: The process begins with the creation of a digital 3D model 

using computer-aided design (CAD) software. The model is sliced into thin horizontal 

layers, typically ranging from 0.1 to 0.3 millimeters in thickness, depending on the desired 

resolution and part geometry. 

3. Material Selection: FDM utilizes a wide range of thermoplastic materials, including 

acrylonitrile butadiene styrene (ABS), polylactic acid (PLA), polyethylene terephthalate 

glycol-modified (PETG), polyethylene, and others. The choice of material depends on 

factors such as mechanical properties, temperature resistance, flexibility, and surface finish 

requirements. 

4. Filament Loading: The selected thermoplastic filament is loaded into the FDM printer's 

extrusion system. The filament is typically fed from a spool through a motorized feed 

mechanism into a heated extruder assembly, where it is melted and extruded through a fine 

nozzle. 

5. Layer-by-Layer Build Process: 
• Layer Deposition: The FDM printer's nozzle moves along the X and Y axes, depositing 

molten filament onto the build platform or previous layers, following the contours of 

the sliced layers from the digital model. 

• Platform Movement: After each layer is deposited, the build platform is lowered by the 

thickness of one layer, creating space for the next layer of material to be added. This 

process continues until the entire object is built up layer by layer. 

• Cooling and Solidification: As the extruded filament is deposited, it rapidly cools and 

solidifies, adhering to the previous layers to form a cohesive structure. Some FDM 

printers may incorporate heated build platforms or enclosed build chambers to optimize 

adhesion and minimize warping. 

https://www.youtube.com/watch?v=WHO6G67GJbM


6. Support Structures: For parts with overhangs or unsupported features, temporary support 

structures may be generated simultaneously with the part to prevent deformation or 

collapse during printing. These support structures are typically made from the same 

thermoplastic material and can be removed manually or dissolved in a solvent after 

printing. 

7. Post-Processing: Once the printing is complete, the printed part may require post-

processing steps such as removal of support structures, sanding, trimming, and surface 

finishing to achieve the desired appearance and mechanical properties. 

 

8. Applications: FDM is widely used in various industries for rapid prototyping, concept 

modeling, functional prototyping, tooling, jigs, fixtures, and low-volume production of 

end-use parts. It is particularly suitable for producing robust, functional parts with 

moderate to high mechanical strength and temperature resistance. 

• Prototyping: FDM is widely used for quick prototyping of parts and products. 

• Manufacturing: FDM is used for creating custom tools, fixtures, and low-volume parts. 

• Education: FDM printers are used in schools and universities for teaching design and 

engineering. 

• Consumer Goods: Custom products, gadgets, and toys are made using FDM printers. 

9. Materials Used : 

• PLA (Polylactic Acid): A biodegradable, easy-to-use material often used for beginner 

prints. 

• ABS (Acrylonitrile Butadiene Styrene): A stronger material that is used for durable 

parts but requires a heated bed to prevent warping. 

• PETG (Polyethylene Terephthalate Glycol): A strong, flexible material that is less 

prone to warping. 

• TPU (Thermoplastic Polyurethane): A flexible filament used for creating parts that 

need to bend. 

SELECTIVE LASER SINTERING 
Selective Laser Sintering (SLS) is an additive manufacturing (AM) technology that utilizes a high-

power laser to selectively fuse powdered materials, typically polymers or metals, layer by layer to 

create three-dimensional objects. Developed in the 1980s by Dr. Carl Deckard and Dr. Joseph 

Beaman at the University of Texas at Austin, SLS is known for its ability to produce strong, durable 

parts with complex geometries. The working of  SLS can be understood in the following steps: 

https://www.youtube.com/watch?v=oV8Q6bLrMTU


1. Powder Bed Preparation: The process begins with a thin layer of powdered material 

spread uniformly across the build platform inside the SLS machine. The powder layer 

thickness typically ranges from 20 to 100 microns, depending on the desired resolution and 

part geometry. 

2. Laser Sintering: A high-power laser beam is precisely controlled by a computer-aided 

design (CAD) software to selectively sinter (fuse) the powdered material according to the 

cross-sectional shape of the part being produced. The laser selectively heats and fuses the 

powder particles together, forming a solid layer corresponding to the shape of the current 

slice of the 3D model. 

3. Layer-by-Layer Build Process: 
• After each layer is sintered, the build platform is lowered by one layer thickness, and a 

new layer of powder is spread over the previous layer. 

• The laser scans the surface of the new powder layer, sintering it to the previous layer 

to create the next cross-section of the part. 

• This layer-by-layer process is repeated until the entire part is built up, with each layer 

fusing to the previous one to form a solid three-dimensional object. 

4. Support Structures: For parts with overhangs or unsupported features, temporary support 

structures may be generated simultaneously with the part to prevent deformation or 

collapse during printing. These support structures are typically made from the same 

powdered material and can be removed manually or with post-processing equipment after 

printing. 

5. Cooling and De-Powdering: After the printing process is complete, the built object is 

allowed to cool inside the build chamber. Once cooled, excess powder is removed from the 

surface of the part using compressed air or a vacuum system. The part may then undergo 

additional post-processing steps such as sanding, surface finishing, or thermal treatment to 

achieve the desired properties. 

6. Material: Selective Laser Sintering can be used with a variety of powdered materials, 

including thermoplastics such as nylon (polyamide), polystyrene, and polyethylene, as well 

as metals such as aluminum, titanium, and stainless steel. The choice of material depends 

on the specific application requirements, including mechanical properties, heat resistance, 

and surface finish. Materials can be selected based  on the following criterion:  

• Nylon (Polyamide, PA12 or PA11) 

Excellent mechanical strength, flexibility, and chemical resistance. Widely used for 

functional prototypes and end-use parts. 



• Glass-Filled Nylon 

Improved stiffness and heat resistance compared to pure nylon. Used for structural 

components. 

• Alumide (Nylon + Aluminium powder) 

Metallic finish with good stiffness and thermal stability. Suitable for rigid parts and 

tooling. 

• TPU (Thermoplastic Polyurethane) 

Flexible, elastic, and impact resistant. Great for seals, gaskets, and wearables. 

• Carbon-Fiber Filled Nylon 

Enhanced strength-to-weight ratio and heat resistance. Used in automotive and 

aerospace applications. 

• Polystyrene (PS) 

Low melting point and good for investment casting patterns. Brittle and not suitable 

for load-bearing parts. 

• PEEK (Polyether Ether Ketone) 

High-performance engineering plastic with excellent thermal, chemical, and 

mechanical properties. Expensive and used in aerospace, medical, and high-demand 

environments. 

7. Applications: 
• Functional Prototyping 

SLS allows rapid creation of durable, high-detail prototypes that can withstand 

mechanical testing, fitting, and thermal conditions. 

• End-Use Parts 

Its high strength and accuracy make it suitable for producing low-volume or 

customized final-use parts in industries like aerospace and automotive. 

• Customized Medical Devices 

SLS is used to create patient-specific orthotics, prosthetics, and surgical guides 

thanks to its biocompatible material options and precision. 

• Automotive Components 

Used for under-the-hood parts, ducts, brackets, and housings where durability and 

heat resistance are needed. 

• Aerospace Parts 

Ideal for lightweight, complex, and heat-resistant parts such as ducts, housings, 

and UAV components. 

https://1drv.ms/i/c/39E66F1165A1D040/EV3OLRCtMllCn3GQ-mhneIcBP0-OThAAAEHi5zpegV7qMw?e=eoBksc


• Tooling and Jigs 

SLS produces strong jigs, fixtures, and assembly aids for manufacturing lines, 

reducing lead time and cost. 

• Consumer Goods 

Used for custom-designed eyewear, footwear, and other personalized products 

due to its design flexibility. 

• Casting Patterns 

Polystyrene or wax-filled SLS parts can serve as patterns for investment casting, 

especially in jewellery and aerospace. 

MULTI – JET PRINTING 

Multi-Jet Printing (MJP) is an additive manufacturing (AM) technology that 

utilizes a print head with multiple nozzles to deposit droplets of photopolymer 

resin onto a build platform, where they are rapidly cured by UV light to create 

three-dimensional objects layer by layer. Developed by 3D Systems, MJP is 

known for its high resolution, accuracy, and ability to produce detailed parts 

with smooth surface finishes. The stepwise process of Multi-Jet Printing 

process works is:  

1. Preparation of Digital Model: The process begins with the creation of 

a digital 3D model using computer-aided design (CAD) software. The 

model is sliced into thin horizontal layers, typically ranging from a few 

microns to several millimeters in thickness, depending on the desired 

resolution and part geometry. 

2. Material Selection: Multi-Jet Printing utilizes a range of photopolymer 

resins with varying properties, including rigidity, flexibility, 

transparency, and color. The choice of resin depends on the specific 

application requirements, such as mechanical properties, surface finish, 

and aesthetic appearance. 

https://1drv.ms/i/c/39E66F1165A1D040/EdOH05pskItJslZMrsS9OTUB_-fMJ6QXv9mtptnMH1aduQ?e=xlQ5lQ


3. Print Head with Multiple Nozzles: The MJP printer is equipped with a 

print head containing multiple nozzles, each of which can deposit 

droplets of photopolymer resin onto the build platform. The print head 

moves along the X and Y axes, while the build platform moves along the 

Z axis to build up the part layer by layer. 

4. Layer-by-Layer Build Process: 
• Resin Deposition: The print head deposits droplets of photopolymer 

resin onto the build platform, following the contours of the sliced 

layers from the digital model. The droplets are selectively jetted onto 

the platform to form the current layer of the part. 

• UV Curing: As each layer of resin is deposited, it is rapidly cured by 

exposure to UV light emitted from UV lamps or LEDs integrated into 

the print head. The UV light activates photo initiators in the resin, 

causing it to solidify and adhere to the previous layer. 

• Support Structures: For parts with overhangs or unsupported features, 

temporary support structures may be generated simultaneously with 

the part to prevent deformation or collapse during printing. These 

support structures are typically made from a sacrificial material that 

can be removed after printing is complete. 

5. Post-Processing: Once the printing is complete, the printed part is 

removed from the build platform and cleaned to remove excess resin. 

Depending on the specific resin used, additional post-processing steps 

such as UV curing, sanding, polishing, or surface finishing may be 

performed to achieve the desired appearance and mechanical properties. 

6. Applications: Multi-Jet Printing is used in various industries for 

producing prototypes, concept models, functional parts, patterns for 

investment casting, and end-use parts with high resolution and fine 

details. It is particularly suitable for applications that require intricate 



geometries, smooth surface finishes, and high accuracy, such as 

consumer products, medical devices, jewelry, and dental appliances. 

7. Materials :  

1. Photopolymer Resins 

Photopolymer resins are the most common materials used in MultiJet Printing. 

These resins are liquid materials that solidify when exposed to ultraviolet (UV) 

light, allowing the printer to cure the material layer by layer. There are different 

types of photopolymer resins based on their properties and intended use: 

a. Standard Resins 

• Properties: 
o General-purpose, easy-to-use resins. 
o Typically used for creating visual prototypes and non-functional 

models. 
o Smooth surface finish and fine details. 

• Applications: 
o Concept models, visual prototypes, and casting patterns. 
o Suitable for non-functional parts that don’t require high 

mechanical properties. 
b. Tough Resins 

• Properties: 
o Designed for parts that need to withstand mechanical stress, 

offering higher impact resistance and durability. 
o Stronger than standard resins. 

• Applications: 
o Functional prototypes and engineering parts that will undergo 

mechanical testing. 
o Tooling and jigs used in manufacturing environments. 

c. Flexible Resins 

• Properties: 
o Resins that mimic the properties of rubber or soft plastics. 
o Offer elasticity, bending capability, and compressibility. 

• Applications: 
o Seals, gaskets, and wearable devices. 



o Parts that need to bend or stretch without breaking (e.g., 
automotive parts, medical devices). 

d. Castable Resins 

• Properties: 
o Designed for lost-wax casting processes. 
o Burns away cleanly when exposed to heat, leaving no residue. 

• Applications: 
o Jewelry production. 
o Investment casting for metal parts, particularly in aerospace and 

medical industries. 
e. High-Temperature Resins 

• Properties: 
o Resins that can withstand high temperatures without deforming 

or breaking. 
o Offer better thermal stability and resistance to heat. 

• Applications: 
o Parts exposed to high-heat environments, such as engine 

components, heat shields, or electrical enclosures. 
o Automotive and aerospace parts that require heat resistance. 

2. Wax Resins 

• Properties: 
o Soft and can be melted easily for casting purposes. 
o Ideal for producing detailed and intricate parts that require fine 

features. 
• Applications: 

o Investment casting for metal parts. 
o Jewelry production, where fine details are needed. 

3. Composite Resins 

Some MultiJet printers are capable of printing composite materials, which are 
resins mixed with reinforcing agents to enhance properties such as strength, 
flexibility, or heat resistance. 

a. Carbon-Filled Resins 

• Properties: 
o Resins mixed with carbon fibers for improved strength and 

stiffness. 
o Lightweight yet rigid. 

• Applications: 



o Structural parts, automotive components, and robotics. 
o Parts that require a high strength-to-weight ratio. 

b. Glass-Filled Resins 

• Properties: 
o Resins mixed with glass fibers to improve stiffness and 

dimensional stability. 
o Stronger than standard resins but less flexible. 

• Applications: 
o Parts that require high rigidity, like aerospace and automotive 

components. 
o Functional parts subjected to mechanical loads. 

4. Biocompatible Resins 

• Properties: 
o Safe for use in medical applications. 
o Adhere to standards like ISO 10993 or FDA approval for medical 

devices. 
• Applications: 

o Dental implants, surgical guides, prosthetics, and orthopedic 
models. 

o Medical devices that require biocompatibility for direct or 
indirect contact with human tissue. 

5. High-Resolution Resins 

• Properties: 
o Designed to print parts with extremely fine details and high 

accuracy. 
o Resins formulated to achieve very smooth surface finishes. 

• Applications: 
o Dental and medical applications, where precision and smooth 

finishes are critical. 
o Miniature models, jewelry prototypes, and other detailed designs. 

6. Multi-Material Resins 

Some advanced MultiJet printing systems support the use of multiple 
materials in a single print. These resins allow for the production of multi-
material parts with different properties in one build. 

• Properties: 
o Ability to combine multiple types of resins, such as rigid and 

flexible materials, to create multi-material objects. 



o Useful for applications where parts need to have varying 
mechanical properties within the same object. 

• Applications: 
o Prototypes with different materials in one print. 
o Functional models such as wearables that require both flexible 

and rigid components. 
Applications of MultiJet 3D Printing Materials 

1. Prototyping: 

o MJP is often used to create functional prototypes with high 
resolution and fine details. This is ideal for testing form, fit, and 
function in the early stages of design. 

2. Jewelry Manufacturing: 

o Castable resins in MJP are widely used for investment casting in 
the jewelry industry, allowing for the creation of intricate and 
detailed designs. 

3. Medical and Dental: 

o Biocompatible resins are used to print custom dental models, 
surgical guides, and implants. 

o In dentistry, MJP is used to create crowns, bridges, and aligners 
that need to fit with high accuracy. 

4. Aerospace and Automotive: 

o High-temperature resins and carbon-filled resins are used to create 
functional prototypes, jigs, fixtures, and parts that can be tested for 
mechanical properties and fit. 

5. Consumer Goods: 

o Multi-material resins allow for the production of consumer 
products like wearables (watches, fitness trackers) and other 
products that require complex features such as flexibility and 
rigidity in the same object. 

6. Tooling and Manufacturing: 

o MJP is used for the production of custom tools, jigs, fixtures, and 
production aids, as it can print fine details with excellent accuracy. 



SLICING PROCESS 

In the context of computer-aided manufacturing for additive manufacturing 
(AM) processes like 3D printing, the slicing process is step that converts a 3D 
digital model into a series of 2D cross-sectional layers, which are then used by 
the AM machine to build the physical object layer by layer. The slicing process 
is defined in following steps: 

1. Digital Model Preparation: The process begins with a digital 3D model 
of the object, usually created using computer-aided design (CAD) 
software. This model represents the geometry, size, and features of the 
final part or object to be manufactured. 

2. Slicing Software: Specialized slicing software is used to prepare the 3D 
model for printing. The software analyzes the 3D model and divides it 
into a series of horizontal layers, or slices, based on the chosen layer 
thickness. Each slice corresponds to a physical layer that will be printed 
by the AM machine. 

3. Layer Thickness Selection: The user selects the desired layer thickness, 
which determines the resolution of the final printed object. Thinner 
layers result in higher resolution but longer printing times, while thicker 
layers can reduce printing time but may sacrifice surface quality and 
detail. 

4. Toolpath Generation: For each layer, the slicing software generates a 
toolpath that defines the movement of the AM machine's print head or 
nozzle. The toolpath ensures that the material is deposited or cured in 
the correct locations to build up the part layer by layer. 

5.  Support Structures: In addition to the part geometry, the slicing 
software also generates support structures for overhanging or complex 
features that may require additional support during printing. These 
support structures are typically made of the same material as the part and 
are removed after printing is complete. 

6. G-Code Generation: Once the slicing process is complete, the slicing 
software generates a G-code file that contains instructions for the AM 
machine. The G-code file specifies parameters such as print speed, 
temperature, layer height, and toolpath coordinates, which are used by 
the machine to print the object according to the sliced layers. 
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7. Transfer to AM Machine: The G-code file is transferred to the AM 
machine, either directly or via a removable storage device or network 
connection. The machine uses the G-code instructions to control the 
printing process, layer by layer, until the object is fully printed. 

8. Printing: During printing, the AM machine follows the toolpath 
specified in the G-code file, depositing or curing material layer by layer 
to build up the final object. Once printing is complete, the object is 
removed from the machine, and any support structures are removed or 
dissolved to reveal the finished part. 

TOOL PATH GENERATION 

Tool path generation in additive manufacturing (AM) involves creating a series 

of instructions that guide the motion of the AM machine's tool (such as a laser, 

electron beam, or extrusion nozzle) to deposit material layer by layer, 

ultimately building the desired object. 

Key Goals 

• Minimize print time 

• Ensure dimensional accuracy and resolution 

• Optimize material usage 

• Enhance inter-layer bonding and surface finish 

• Prevent collisions and unsupported paths 

Types of Tool Paths 

Tool Path Type Description 

Contour (Shell) Outlines of the outer geometry (walls or perimeters) 

Infill Interior pattern for structural strength or material savings 

Support Structure Paths for support materials under overhangs or bridges 

Skirt/Brim/Raft Preliminary layers around or under the object to improve adhesion 

Retraction/Travel Non-extruding movements to avoid stringing and reduce idle motion time 

Path Planning Strategies 

1. Raster Scan (Zig-Zag / Serpentine) – Often used in FDM or SLA for efficient coverage 

but can leave seams. 

2. Spiral or Vase Mode – Continuous printing without layer jumps; ideal for cylindrical 

geometries. 

3. Offset Contours – Multiple shells expanding inward or outward, common in precise 

mechanical parts. 

4. Adaptive Toolpaths – Dynamically adjusted resolution, finer paths for curves or intricate 

regions. 



Parameters Affecting Tool Paths 

• Layer height 

• Nozzle diameter 

• Print speed 

• Extrusion width 

• Infill density and pattern (such as grid, honeycomb, or gyroid) 

• Travel speed and retraction settings 

Example: Toolpath for FDM Printing of a Gear 

• Outer shell: Two perimeter passes 

• Infill: 30% grid pattern alternating directions per layer 

• Supports: Generated under overhanging gear teeth 

• Brim: 5 mm width to ensure first layer stability 

• Travel paths: Retraction enabled during long moves to prevent oozing 

Toolpath Optimization Techniques 

• Path smoothing to reduce abrupt changes in direction 

• Dynamic acceleration adjustment to minimize vibrations 

• Z-hop during travel moves to avoid knocking into printed areas 

• Coasting or wiping to stop filament oozing before travel starts 

G-code Snippet Example 

G1 X50.2 Y20.4 E0.035 ; move to coordinate and extrude 

G1 X70.6 Y20.4 E0.055 

G0 X70.6 Y40.8         ; travel without extrusion 

G1 Z0.3                ; move to next layer 

 

SUPPORT STRUCTURES 

Support structures are temporary structures used in additive manufacturing 
(AM) to provide stability and prevent distortion or collapse during the printing 
process. They are typically added automatically by the slicing software based 
on the geometry of the object being printed. 

Here's a closer look at support structures in additive manufacturing: 

1. Purpose: Support structures serve several purposes: 
• They prevent overhanging or cantilevered features of the object from 

collapsing during printing by providing material support underneath. 
• They help distribute heat and minimize warping or distortion, 

particularly in materials prone to thermal stress. 
• They facilitate the removal of excess material or residues from the 

printed object after printing. 
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2. Generation: Support structures are generated based on the geometry of 
the digital model being printed. Areas of the model that have overhangs 
or steep angles beyond the machine's supported threshold typically 
require support structures. The slicing software analyzes the model and 
automatically adds support structures as needed. 

3. Design: Support structures are often designed to be easily removable 
after printing while still providing effective support during the printing 
process. They typically consist of a lattice or grid-like structure that 
attaches to the object at points where support is needed. 

4. Material: Support structures are usually made from the same material 
as the rest of the object being printed, although some AM processes allow 
for the use of different support materials that are easier to remove or 
dissolve. 

5. Removal: After the printing process is complete, support structures are 
removed from the printed object. Depending on the material and AM 
process used, removal methods may include manual cutting, breaking, 
sanding, or dissolving in a solvent. 

Types of Overhangs That Require Support 

1. Horizontal Bridges 

Example: A straight platform between two columns. 

2. Unsupported Overhangs 

Any part protruding at an angle greater than 45° (general rule of 
thumb). 

3. Floating Features 

Parts not connected to the main body at the beginning of the print. 

4. Complex Internal Channels 

Some internal features may need temporary support to hold shape. 

Type Description Removal Method 

Grid/Block Dense and solid, strong but harder to 
remove 

Manual or pliers 

Tree-like Branching supports that use less 
material, common in SLA 

Manual or snap-off 



Lattice Light mesh, easier to break off but 
less stable 

Manual 

Soluble Printed with dissolvable material (like 
PVA or HIPS) 

Dissolved in water or 
limonene 

Breakaway Specifically designed to snap off 
cleanly 

Manual with tools 

 

POST PROCESSING 

Post-processing in additive manufacturing (AM) refers to the steps performed 
on a printed object after it has been fabricated to achieve the desired final 
characteristics. While AM technologies offer the advantage of creating 
complex shapes with high precision directly from digital models, post-
processing is often necessary to improve surface finish, mechanical properties, 
or functional performance, as well as to remove support structures. Here's a 
detailed explanation: 

 

1. Support Removal: In many cases, support structures are added during 
the printing process to provide stability for overhanging or complex 
features. Post-processing involves the removal of these support 
structures, which may require manual cutting, breaking, sanding, or 
dissolving in a solvent, depending on the material and AM process used. 

2. Surface Finishing: Printed objects often have rough surfaces or layer 
lines resulting from the layer-by-layer deposition process. Post-
processing techniques such as sanding, polishing, or chemical treatments 
can be employed to improve surface smoothness and aesthetics. These 
techniques can also be used to add texture or surface patterns if desired. 

3. Heat Treatment: Some AM materials benefit from post-printing heat 
treatment processes to improve mechanical properties, such as strength, 
toughness, or dimensional stability. Heat treatment may involve 
annealing, sintering, or curing the printed object at specific temperatures 
and durations. 

4. Machining: In certain applications, post-processing may involve 
machining operations such as drilling, milling, or turning to achieve 
precise dimensional tolerances or to add features not possible with AM 
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alone. Machining can also be used to remove excess material or to 
modify the geometry of the printed object. 

5. Painting and Coating: Post-processing may include painting, coating, 
or surface treatment to enhance appearance, provide corrosion 
resistance, or add specific functional properties such as electrical 
conductivity or insulation. Various painting techniques, such as spray 
painting, dipping, or electroplating, can be applied depending on the 
requirements. 

6. Assembly and Integration: In some cases, multiple printed components 
may need to be assembled or integrated with other parts to form a 
complete product. Post-processing may involve assembly operations 
such as bonding, welding, threading, or fastening to join individual 
components together. 

7. Quality Inspection: Post-processing often includes quality inspection 
and testing to ensure that the printed object meets specified requirements 
and standards. This may involve dimensional measurements, surface 
analysis, mechanical testing, or non-destructive testing techniques such 
as X-ray or ultrasound inspection. 

Revision Questions 

1. Explain the concept of on-demand manufacturing in Additive Manufacturing. 

2. Discuss the role of Additive Manufacturing in the healthcare sector with examples. 

3. Differentiate between Stereolithography (SLA) and Fused Deposition Modeling (FDM). 

4. List the types of tool paths in Additive Manufacturing and explain any two with diagrams. 

5. What are the main steps involved in the slicing process in 3D printing? 

6. What is the importance of post-processing in Additive Manufacturing? Describe any two 

techniques. 

7. Describe the applications of Multi-Jet Printing in medical and dental industries.  

8. Explain the working principles of the following Additive Manufacturing processes with 

diagrams: 

o Stereolithography (SLA) 

o Selective Laser Sintering (SLS) 

9. Describe the benefits of Additive Manufacturing in detail, citing at least four industry-

specific examples. 

10. With the help of examples, discuss the applications of Additive Manufacturing across five 

different industries. 



11. Explain the tool path generation process in Additive Manufacturing. How do contour, infill, 

and support structure paths influence the final print? 

12. What are support structures in AM? Discuss their types, purposes, and removal methods 

with relevant examples. 

13. Discuss in detail the Multi-Jet Printing process including materials used, applications, and 

post-processing steps. 

14. Write a detailed note on slicing in AM. Include steps, toolpath generation, G-code, and 

transfer to the machine. 
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