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ResourcesMachining DesignWhat is Turning in Machining?Learn more about turning and how this process is used in machining.Turning is a machining process where a lathe is used to rotate the metal while a cutting tool moves in a linear motion to remove metal along the diameter, creating a cylindrical shape. The cutting tool can be angled
differently to create different forms. It can be done manually or with a CNC turning machine. CNC machining is generally used when part measurements must be very exact.Turning can be done manually with a lathe, which frequently requires continuous supervision by the operator, or by an automated lathe that does not. Today the most common
type of such automation is computer numerical control, or CNC.When turning, the workpiece (a piece of a relatively rigid material such as wood) is rotated, and a cutting tool is moved along one, two, or even three axes of motion to produce precise diameters and depths. Turning can be on the outside of the cylinder to have tubular components to
various geometries.A component subject to turning operations can be called a "turned part" or a "machined component". For more information, see our article on the Types of Machining Processes.The materials used for the turning process are mainly metals. These metals include alloy steel, carbon steel, cast iron, stainless steel, aluminum, copper,
magnesium, and zinc. However, the process can also machine plastic parts and work with other materials such as ceramics, composites, thermoplastics, and thermosets.How the Turning Process WorksThe turning process works with a lathe machine moving the cutting tool in a linear motion along the surface of the rotating workpiece, removing
material around the circumference until the desired diameter is achieved, to machine cylindrical parts with external and internal features, such as slots, tapers, and threads.Turning uses single-point cutting tools to remove material from the rotating workpiece. The design of the turning tool depends on its application, with tools available for roughing,
finishing, facing, threading, parting, forming, undercutting, and grooving applications.Turning produces rotational, typically axi-symmetric, parts with many features, such as holes, grooves, threads, tapers, various diameter steps, and even contoured surfaces. Products fabricated completely through turning often include components used in limited
quantities, especially for prototypes, such as custom-designed shafts and fasteners.Turning is also often used as a secondary process to add or refine features on parts that were manufactured using a different method.Some examples of products made with turning are camshafts, crankshafts, baseball bats, bowls, cue sticks, signboards, musical
instruments, and table and chair legs.Types of Turning ProcessesStraight turning, also known as cylindrical turning, decreases the work diameter in a uniform motion to prevent variation in the work diameter of the cut. Straight turning is often considered a "roughing" operation that removes large amounts of material before the precision cuts.Taper
turning produces a cylindrical shape that has a gradually decreasing diameter.Spherical generation occurs when a program creates a form around a fixed axis of revolution or when a specific semicircular tool is used to lower the diameter to zero to make a perfect sphere.Grooving is done when a shaped tool is pressed into the component gouge to
form a narrow cavity.Parting is used to gouge deeply into the component to remove a completed piece from the original stock piece.Knurling is done by cutting a serrated pattern into the material. Knurling is usually done with materials that need extra grip.Threading is done by cutting in a helical path to make grooves that can be screwed into other
objects."Turning parts in a lathe is one of the oldest forms of manufacturing high precision components. You can control varying and tight tolerances as long as your features are on axis to each other"Director, Applications EngineeringThe advantages of the turning process are as follows:1. All Materials Are Interchangeable.While turning is mainly
used to machine metals, any material can be used in turning, including wood and plastic. This makes turning a very flexible process.2. Tolerance is Excellent.Turning can be used to create parts with extremely high tolerances. Because of the high tolerances and surface finishes that turning can offer, the process is often used for adding precision
rotational features to a part whose basic shape has already been formed through a different method.3. The Lead Time is Short.Turning has a short lead time. Lead time is the time between when the customer places an order and when the customer gets the final delivery. Because turning is a fast process, the lead time is short.4. There is No Need for
a Highly Skilled Operator.Turning does not require a highly skilled operator of the machine. To handle a CNC lathe, a machinist can complete a set amount of coursework and earn certification from an accredited industrial training organization.5. The Pace of Material Removal is Adjustable.Another advantage of turning is that the pace of removing
material is adjustable. Lathes can operate at different speeds depending on the machined material or the desired end product.The disadvantages of the turning process are as follows:1. Only Rotatable Components Are Permitted.Since turning requires the workpiece to be rotated, only rotatable components can be turned. This means that the size of
the parts that can be created with turning is limited.2. Parts May Need Many Procedures and Machines.Turning may end up being only one process used to create a part. It is often used in conjunction with other procedures, which means more than one machine is required to make the final product.3. Expensive Equipment.Turning machines can be
expensive, especially if CNC. In addition, turning requires extra fittings and attachments, which increase the cost of the equipment.4. Tool Wear is Significant.The repetitive motion of turning means that the cutting tool is subject to significant wear.As with most machining processes, turning creates scrap metal. The bits of metal produced from
turning operations are known as chips in North America, and in some areas, they may be called turnings.Dean McClements is a B.Eng Honors graduate in Mechanical Engineering with over two decades of experience in the manufacturing industry. His professional journey includes significant roles at leading companies such as Caterpillar, Autodesk,
Collins Aerospace, and Hyster-Yale, where he developed a deep understanding of engineering processes and innovations.Read more articles by Dean McClements Turning is a foundational process in machining, integral to manufacturing precision components that meet the rigorous demands of various industries. This extensive guide explores every
facet of turning, from basic principles to advanced techniques and future trends, providing a comprehensive understanding for both novices and seasoned professionals in the field. What is Turning? Definition Turning is a subtractive machining process where a workpiece is rotated on a lathe, while a cutting tool removes material to create cylindrical
shapes. This technique is primarily utilized for producing parts like shafts, bushings, and other round objects. The lathe’s ability to rotate the workpiece allows for precise shaping and finishing, making turning one of the most widely used processes in manufacturing. Importance of Turning in Machining Turning is vital in numerous sectors, such as:
Automotive: Creating engine components, transmission parts, and various fittings. Aerospace: Manufacturing high-precision components that require stringent quality standards. Manufacturing: Producing a wide array of mechanical components for various machines. The versatility and efficiency of turning enable manufacturers to produce high-
quality parts quickly and at scale, which is crucial in today’s fast-paced industrial environment. Types of Turning Operations Turning encompasses several specific operations, each designed to achieve distinct outcomes. Understanding these operations helps in selecting the appropriate technique for a given task. 1. Facing Process: Facing involves
cutting the end of the workpiece to create a flat surface. This operation is typically the first step in preparing a workpiece for further machining, ensuring that it is correctly aligned. Applications: Facing is used in various settings, including: Initial preparation of a workpiece before further operations. Creating a flat surface for mounting or assembly.
Techniques and Considerations: Tool Selection: Typically, a flat-ended tool or a rounded tool may be used depending on the desired finish. Feed Rate: Careful selection of feed rate is important to prevent chatter and achieve a smooth surface. Depth of Cut: Usually shallow to prevent tool wear and maintain accuracy. 2. Straight Turning Process:
Straight turning reduces the diameter of the workpiece along its length, producing cylindrical sections. Applications: Commonly used for manufacturing: Shafts: Essential components in motors and machines. Pins: Used in mechanical assemblies. Techniques and Considerations: Cutting Speed: Should be optimized based on the material to balance
efficiency and tool life. Tool Path: A straight tool path is essential for maintaining consistent diameter along the length of the part. 3. Taper Turning Process: Taper turning involves creating a conical shape by gradually reducing the diameter of the workpiece. This is often achieved by adjusting the position of the tailstock or by using a taper
attachment. Applications: Useful for applications that require: Fitting parts together: Ensuring proper alignment in assemblies. Producing conical shapes: Necessary for specialized components like tool holders. Techniques and Considerations: Angle Adjustment: The angle of taper can be set using the lathe’s tailstock or by programming CNC lathes.
Depth Control: It is important to control the depth of cut and feed rate to achieve the desired taper without over-cutting. 4. Contour Turning Process: Contour turning follows a specified path to create curved profiles on the workpiece. This operation is essential for producing non-linear shapes. Applications: Employed in industries requiring:
Decorative elements: Components that have aesthetic or functional curves. Complex geometries: Parts that must meet specific design requirements. Techniques and Considerations: CNC Utilization: CNC lathes are often employed to program complex paths with high precision. Tool Selection: Appropriate tools with the right geometry are critical to
achieve smooth contours. 5. Thread Cutting Process: This operation creates internal or external threads, using either single-point tools or specialized thread-cutting tools. Applications: Critical for producing: Fasteners: Bolts, nuts, and screws that hold components together. Mechanical assemblies: Where threaded components must fit precisely.
Techniques and Considerations: Tool Design: The geometry of the cutting tool is crucial for achieving the correct thread profile. Machine Settings: Accurate adjustments to spindle speed and feed rate are essential for quality threads. 6. Boring Process: Boring enlarges existing holes in a workpiece and can achieve high precision. It often follows
drilling to reach tighter tolerances. Applications: Commonly used for: Adjusting hole sizes: Ensuring parts fit together correctly. Enhancing surface finishes: Achieving smoother interior surfaces. Techniques and Considerations: Tool Selection: Boring bars must be selected based on the material and desired hole diameter. Stability: Ensuring the
workpiece is stable during boring is essential for maintaining precision. Tools and Materials in Turning The effectiveness of a turning operation largely depends on the cutting tools and materials used. The right tool choice can significantly impact efficiency, surface finish, and overall part quality. Turning Tools 1. Tool Types Single-Point Cutting Tools:
These tools have one cutting edge and are commonly used for general turning operations. They are versatile and can be used for facing, straight turning, and taper turning. Multi-Point Cutting Tools: Featuring multiple cutting edges, these tools are typically employed for threading and similar tasks, improving material removal rates. 2. Tool Materials
High-Speed Steel (HSS): Known for its toughness and versatility, HSS is suitable for a wide range of materials and applications. HSS tools are often used for general-purpose machining due to their good wear resistance. Carbide: Harder and more wear-resistant than HSS, carbide tools are ideal for high-speed operations and can significantly increase
productivity. These tools are suited for tougher materials and longer production runs. Ceramics: These tools are best for machining hard materials and can withstand high temperatures. However, they are more brittle and less forgiving in terms of tool setup. Ceramic tools excel in high-speed applications but require careful handling. Cubic Boron
Nitride (CBN): This superhard material is suitable for machining hardened steel and offers excellent wear resistance. CBN tools are often used in finishing operations where surface integrity is critical. 3. Tool Geometry Understanding tool geometry is essential for optimizing performance: Rake Angle: Influences cutting efficiency, chip flow, and the
surface finish of the part. A positive rake angle can reduce cutting forces and improve chip removal, while a negative rake angle provides better edge strength for harder materials. Relief Angle: Prevents friction between the tool and the workpiece, allowing for smoother cutting action and reducing wear. The right relief angle is crucial for minimizing
tool wear and maximizing tool life. Cutting Edge Geometry: The shape of the cutting edge affects how the tool interacts with the material, impacting the quality of the cut and the tool’s lifespan. Different applications may require varying edge shapes, such as sharp edges for softer materials or rounded edges for tougher materials. CNC Turning
machine Tool Coatings Modern cutting tools often feature specialized coatings to enhance performance: Titanium Nitride (TiN): This gold-coloured coating improves hardness and reduces friction, extending tool life and improving surface finish. Titanium Carbonitride (TiCN): This coating provides enhanced wear resistance, particularly useful in dry
machining applications. Diamond Coatings: These are used for machining non-ferrous materials, offering exceptional hardness and low friction. Turning Operation Machining Parameters in Turning Optimizing the following parameters is essential for improving efficiency and quality in turning operations: 1. Cutting Speed Cutting speed refers to the
speed at which the cutting edge engages the workpiece, usually measured in surface feet per minute (SFM) or meters per minute (MPM). The optimal cutting speed varies based on factors such as: Material type: Different materials require different speeds; harder materials generally require lower cutting speeds to prevent excessive tool wear. Tool
material: Harder tool materials can often handle higher speeds, allowing for more aggressive machining. 2. Feed Rate The feed rate is the distance the cutting tool advances per revolution of the workpiece. It is a crucial parameter that affects: Material removal rate: A higher feed rate can increase productivity but may sacrifice surface finish quality.
Surface finish: A slower feed rate usually results in a finer surface finish, as the tool spends more time on each area of the material. 3. Depth of Cut Depth of cut refers to the thickness of material removed in a single pass. It influences both machining efficiency and tool wear. Adjusting this parameter can help balance: Tool life: Deeper cuts may
increase wear on the tool, while shallower cuts can prolong tool life. Machining time: A deeper cut can reduce overall machining time but may require more robust tooling and machine capabilities. 4. Tool Path The tool path refers to the trajectory that the cutting tool follows as it engages the workpiece. Optimizing the tool path is crucial for:
Reducing cycle time: A well-planned tool path minimizes unnecessary movements and optimizes machining efficiency. Maintaining accuracy: Ensuring that the tool path is correctly programmed helps maintain tight tolerances and high-quality finishes. Parts manufactured by turning operations. Work holding Techniques Proper work holding is critical
for ensuring accuracy and safety during turning operations. Various techniques are employed to secure the workpiece effectively. 1. Chucks Chucks are devices that grip the workpiece during machining. Common types include: Three-Jaw Chucks: Automatically centre round parts and are widely used for their ease of operation. They provide reliable
gripping for cylindrical components and are standard in many machine shops. Four-Jaw Chucks: Allow for holding irregularly shaped components and provide greater flexibility in work holding. Each jaw can be adjusted independently, making them suitable for complex or asymmetrical workpieces. Self-Centring vs. Independent: Self-centring chucks
quickly centre round parts, while independent chucks offer more versatility for non-cylindrical shapes. 2. Collets Collets are precision work holding devices that grip the workpiece tightly. They are particularly useful for high-precision applications where minimal runout is essential. Collets can accommodate various diameters, making them ideal for
small-diameter workpieces. 3. Fixtures Fixtures are custom-made devices designed to hold specific workpieces securely. They ensure consistent positioning and alignment throughout the machining process, enhancing productivity and precision. Design Considerations: Effective fixtures must account for part geometry, machining operations, and the
need for easy access during loading and unloading. Quick Change Systems: These fixtures allow rapid setup changes, minimizing downtime and enhancing workflow efficiency. Safety Considerations in Turning Safety is paramount in any machining operation. Key safety practices include: Safety Protocols Machine Guards: Protect moving parts to
prevent accidents and injuries. These guards should be in place and checked regularly to ensure they provide adequate protection. Regular Maintenance: Conduct routine checks to ensure machines are functioning properly and to identify any potential issues before they become hazardous. Personal Protective Equipment (PPE) Wearing appropriate
PPE is critical for ensuring safety in the workplace. Common PPE includes: Safety Glasses: Protect against flying debris, which can cause serious eye injuries. It’s essential that the lenses meet safety standards for impact resistance. Hearing Protection: Essential in noisy environments to prevent hearing loss. Workers should use earplugs or earmuffs,
especially in environments exceeding 85 decibels. Gloves: Provide protection against cuts, although they should be chosen carefully to avoid entanglement with moving parts. Cut-resistant gloves are recommended for handling sharp tools or workpieces. Steel-Toed Boots: Protect feet from heavy objects that may fall during the machining process.
Additionally, slip-resistant soles can help prevent falls in wet or oily environments. Advanced Turning Techniques With advancements in technology, turning has evolved to include several advanced techniques that improve efficiency and capability. 1. CNC Turning Computer Numerical Control (CNC) turning machines have revolutionized the industry.
These machines use computer programming to control the cutting tool’s movements, allowing for: Increased Precision: CNC lathes can achieve tighter tolerances and better repeatability than manual lathes, reducing errors in production. Complex Shapes: CNC technology enables the production of intricate designs that would be difficult or impossible
to achieve manually, such as complex contours and varying diameters. Automation: CNC lathes can operate unattended for extended periods, enhancing productivity and reducing labour costs. 2. Live Tooling Live tooling allows lathes to perform milling operations while the workpiece is rotating. This capability expands the lathe’s functionality,
enabling it to: Reduce Setup Time: By performing multiple operations on a single machine, live tooling minimizes the need for part handling and setup, resulting in significant time savings. Improve Part Accuracy: Machining features such as slots or holes in a single setup enhances accuracy and reduces cumulative errors, which can occur with
multiple setups. 3. Multi-Axis Turning Multi-axis lathes can move in multiple directions simultaneously, allowing for complex geometries and intricate designs. This technology is essential for: Advanced Applications: Aerospace and automotive industries often require components with complex shapes that traditional lathes cannot achieve. Increased
Efficiency: Multi-axis capabilities reduce machining time by allowing for more operations in a single setup, which is particularly beneficial for high-volume production runs. 4. Hybrid Machining Combining traditional turning with additive manufacturing techniques, hybrid machining allows for the creation of complex geometries while maintaining the
benefits of traditional machining. This approach can: Expand Design Possibilities: Designers can create shapes that would otherwise be impossible to machine conventionally. Reduce Material Waste: Additive processes can build up material only where needed, minimizing waste compared to traditional subtractive methods. Applications of Turning in
Various Industries Turning plays a significant role in numerous industries, providing tailored solutions for a diverse range of applications. 1. Automotive Industry In the automotive sector, turning is used to manufacture a variety of components, including: Engine Parts: Crankshafts, camshafts, and pistons, which require high precision to function
effectively. These parts must withstand high pressures and temperatures, making accurate machining critical. Transmission Components: Gears and shafts that must meet strict tolerances for reliability and performance. The precise alignment of these components ensures smooth operation and longevity. Suspension Systems: Components such as
control arms and bushings that require durability and precise dimensions for proper vehicle handling. 2. Aerospace Industry The aerospace industry demands exceptional precision and quality, making turning essential for: Airframe Components: Structural elements that must withstand extreme conditions, such as high pressures and temperatures.
These parts require rigorous testing and quality assurance. Engine Components: Parts that require lightweight yet strong materials, often produced using advanced alloys and composites. The ability to machine these materials accurately is critical for safety and performance. Landing Gear: Components that undergo significant stress and must be
manufactured to stringent tolerances to ensure aircraft safety. 3. Medical Device Manufacturing Turning is also pivotal in the production of medical devices, where precision and reliability are paramount: Surgical Instruments: Instruments such as scalpel handles, and drill guides must be manufactured with tight tolerances to ensure proper
functionality and safety. Implants: Components like hip and knee replacements that require precise dimensions and smooth surfaces to ensure biocompatibility and longevity. Diagnostic Equipment: Parts used in imaging and diagnostic machines, where accuracy is essential for proper operation and results. 4. Electronics Industry The electronics
industry relies on turning for producing various components: Connectors: Components that require precise dimensions for reliable electrical connections. Heat Sinks: Machined parts that dissipate heat from electronic devices, requiring efficient thermal properties and precise surface finishes. Enclosures: Housing for electronic devices that must be
both functional and aesthetically pleasing. Future Trends in Turning As technology continues to evolve, the field of turning is poised for significant advancements that will enhance capabilities and efficiency. 1. Smart Manufacturing The integration of IoT (Internet of Things) technologies into machining processes enables real-time monitoring and data
collection, leading to: Predictive Maintenance: Sensors can detect wear and tear on machines, allowing for timely maintenance and reducing downtime. Enhanced Decision Making: Data analytics can provide insights into production processes, helping manufacturers optimize operations and improve quality. 2. Automation and Robotics The use of
automated systems and robots in machining processes is increasing, leading to: Improved Productivity: Automation allows for continuous operation without human intervention, significantly increasing output. Consistent Quality: Robots can perform repetitive tasks with high precision, reducing human error and variability in production. 3. Sustainable
Machining Practices With growing concerns about environmental impact, the industry is focusing on sustainable practices, including: Energy Efficiency: Implementing energy-efficient machinery and processes to reduce consumption and minimize carbon footprints. Waste Reduction: Techniques such as recycling scrap materials and optimizing
machining parameters to minimize waste generation. Coolant Management: Using biodegradable coolants and minimizing coolant usage to reduce environmental impact. 4. Advanced Materials The introduction of new materials will continue to challenge traditional machining processes, requiring ongoing adaptations in tooling and techniques:
Composite Materials: Increasingly used in industries such as aerospace and automotive, these materials require specialized tools and processes for effective machining. High-Strength Alloys: With applications in extreme environments, these alloys demand advanced machining techniques to achieve desired properties and performance. Conclusion
Turning is a critical process in modern manufacturing, providing the foundation for producing high-quality, precision components across a wide range of industries. As technology continues to advance, the techniques, tools, and practices associated with turning will evolve, offering new opportunities for efficiency and innovation. By understanding the
fundamentals of turning, manufacturers can better leverage this essential machining process to meet the challenges of today and tomorrow. Stay Tuned for Next Month! In our next topic, we will dive into the latest advancements in CNC turning technology and how they are shaping the future of machining. You Tube channel link-

CNC Guru Tech Center S. Jagnnath Sr. Instructor -Advance Manufacturing. TATA Indian Institute of skills, Mumbai I hold a B. Tech in Production Engineering from SGGSIE&T Nanded and have over 10 years of experience in the training sector, specializing in CNC skill development initiatives. I've worked as an Application Engineer at Siemens
Digital Experience Centre, Master Trainer at Bharat Forge, and Technical Training Manager at Godrej & Boyce. Additionally, I've served as a Subject Matter Expert at Phillips Machine Tools and as Associate Training Manager at Ace Micromatic. Currently, I am a Senior Instructor in Advanced Manufacturing at TATA Indian Institute of Skills in
Mumbai. I also run a CNC training YouTube channel with over 80K subscribers. In the realm of manufacturing processes in engineering, machining processes play a pivotal role in shaping and finishing materials to meet precise specifications. Among these processes, turning stands out as one of the most fundamental and widely used techniques.
Turning is a machining process in which a cutting tool, typically a non-rotary tool bit, describes a helical toolpath by moving more or less linearly while the workpiece rotates. This process is essential for creating cylindrical parts and is employed across various industries, from automotive to aerospace. This article delves into the intricacies of turning,
exploring its principles, historical development, applications, advanced topics, challenges, and considerations. Fundamentals Basic Principles and Concepts Turning is a subtractive manufacturing process where material is removed from a rotating workpiece to shape it into the desired form. The primary components involved in turning are the lathe,
the cutting tool, and the workpiece. The lathe holds and rotates the workpiece, while the cutting tool, mounted on a tool post, moves along the workpiece to remove material. Key Terms Lathe: A machine tool used to perform turning operations. Cutting Tool: The tool that removes material from the workpiece. Feed Rate: The speed at which the
cutting tool moves along the workpiece. Spindle Speed: The rotational speed of the workpiece. Depth of Cut: The thickness of the material removed in one pass of the cutting tool. Theories The mechanics of turning involve several theories, including the theory of chip formation, which explains how material is sheared off the workpiece to form chips.
The cutting forces involved in turning are also critical, as they influence tool wear, surface finish, and dimensional accuracy. Understanding these forces helps in optimizing the turning process for efficiency and quality. Historical Development The history of turning dates back to ancient civilizations, where simple lathes were used to shape wood and
other materials. The development of the lathe saw significant advancements during the Industrial Revolution. Notable figures such as Henry Maudslay and David Wilkinson made substantial contributions to the evolution of the lathe. Maudslay’s invention of the screw-cutting lathe in the early 19th century revolutionized precision machining, enabling
the production of standardized screws and other components. In the 20th century, the advent of computer numerical control (CNC) technology transformed turning operations. CNC lathes allowed for greater precision, repeatability, and automation, making turning an even more integral part of modern manufacturing processes. Applications Turning
is employed in a wide range of industries due to its versatility and precision. Some of the key applications include: Automotive Industry In the automotive sector, turning is used to manufacture engine components, transmission parts, and various other cylindrical parts. The precision and efficiency of turning make it ideal for producing high-quality
automotive components. Aerospace Industry The aerospace industry relies on turning for the production of critical components such as turbine shafts, landing gear parts, and structural elements. The stringent quality requirements in aerospace manufacturing necessitate the use of advanced turning techniques. Medical Devices Turning is also used in
the medical field to produce surgical instruments, implants, and other precision medical devices. The ability to achieve tight tolerances and smooth surface finishes is crucial in this industry. Case Study: Custom Machining for Aerospace A notable example of turning in action is the custom machining of aerospace components. A leading aerospace
manufacturer required high-precision turbine shafts with complex geometries. By utilizing CNC turning, the manufacturer was able to achieve the required tolerances and surface finishes, ensuring the reliability and performance of the turbine shafts in demanding aerospace applications. Advanced Topics High-Speed Turning High-speed turning
involves operating the lathe at significantly higher spindle speeds and feed rates. This technique reduces machining time and improves productivity. However, it also requires advanced cutting tools and machine tools capable of handling the increased forces and temperatures. Hard Turning Hard turning is a process used to machine hardened
materials, typically with a hardness above 45 HRC. This technique eliminates the need for grinding, reducing production time and costs. Advanced ceramic and cubic boron nitride (CBN) cutting tools are often used in hard turning to achieve the desired results. Recent Research and Innovations Recent research in turning has focused on improving
tool life, surface finish, and process efficiency. Innovations such as cryogenic cooling, where liquid nitrogen is used to cool the cutting zone, have shown promise in extending tool life and enhancing surface quality. Additionally, advancements in tool coatings and materials continue to push the boundaries of what can be achieved with turning. Tool
Wear One of the primary challenges in turning is tool wear. The cutting tool is subjected to high temperatures and forces, leading to gradual wear and degradation. This affects the quality of the machined part and increases production costs. Strategies to mitigate tool wear include using advanced tool materials, optimizing cutting parameters, and
employing cooling techniques. Surface Finish Achieving the desired surface finish is critical in turning operations. Factors such as tool geometry, feed rate, and cutting speed influence the surface quality. Ensuring optimal conditions and using appropriate cutting tools are essential for achieving the required surface finish. Dimensional Accuracy
Maintaining dimensional accuracy is another challenge in turning. Variations in cutting forces, tool wear, and machine tool stability can lead to deviations from the desired dimensions. Implementing precision control systems and regular calibration of machine tools can help address this issue. Potential Solutions and Areas for Further Research To
address these challenges, ongoing research is focused on developing advanced cutting tool materials, improving cooling techniques, and enhancing machine tool stability. Additionally, the integration of artificial intelligence and machine learning in turning operations holds promise for optimizing process parameters and predicting tool wear, further
improving efficiency and quality. Conclusion Turning is a fundamental machining process that plays a crucial role in modern manufacturing. Its ability to produce precise cylindrical parts makes it indispensable across various industries, from automotive to aerospace and medical devices. The historical development of turning, from ancient lathes to
advanced CNC machines, highlights its enduring importance in engineering. As technology continues to advance, turning processes are evolving to meet the demands of modern manufacturing. High-speed turning, hard turning, and innovations in tool materials and cooling techniques are pushing the boundaries of what can be achieved. However,
challenges such as tool wear, surface finish, and dimensional accuracy remain, necessitating ongoing research and development. In conclusion, turning is a vital machining process that continues to shape the future of manufacturing. Its relevance and importance in engineering cannot be overstated, as it enables the production of high-quality
components that drive innovation and progress in various industries. Turning is a machining process in which a cutting tool, typically a non-rotary tool bit, describes a helix toolpath by moving more or less linearly while the workpiece rotates. Usually the term “turning” is reserved for the generation of external surfaces by this cutting action, whereas
this same essential cutting action, when applied to internal surfaces, is called “boring”. Thus the phrase “turning and boring” categorizes the larger family of processes known as lathing. The cutting of faces on the workpiece, whether with a turning or boring tool, is called “facing”, and maybe lumped into either category as a subset. Turning can be
done manually, with a conventional lathe that often requires continuous operator supervision, or with an automated lathe that does not. Today the most common type of this automation is computer numerical control, better known as CNC. When turning, the workpiece (e.g., wood, metal, plastic, or stone) is rotated and a cutting tool is moved in 1, 2 or
3 axes of motion in order to create precise diameters and depths. Turning can be done either on the outside of the cylinder or on the inside (also known as drilling) to produce tubular components with various geometries. Although quite rare today, early lathes could even be used to make complex geometric figures, even the Platonic solids; although
since the advent of the CNC it has become uncommon to use non-computerized toolpath control for this purpose. If you are looking for CNC Turning parts than YIJIN Hardware the best CNC turning parts supplier in China. The turning processes are typically carried out on a lathe, which is considered to be the oldest of the machine tools and can be of
various types, such as straight turning, taper turning, profiling, or external grooving. With this turning process, different material shapes such as straight, conical, curved, or grooved workpieces can be produced. When turning, simple single-point cutting is generally used. Each group of workpiece materials has an optimal set of tool angles that have
been developed over the years. The bits of waste metal from turning operations are known as chips (North America), or swarf (Britain). In some areas, they may be known as turnings. Turning is a form of machining, a material removal process, which is used to create rotational parts by cutting away unwanted material. The turning process requires a
turning machine or lathe, workpiece, fixture, and cutting tool. The workpiece is a piece of pre-shaped material that is secured to the fixture, which itself is attached to the turning machine, and allowed to rotate at high speeds. The cutter is typically a single-point cutting tool that is also secured in the machine, although some operations make use of
multi-point tools. The cutting tool feeds into the rotating workpiece and cuts away material in the form of small chips to create the desired shape. Turning is used to produce rotational, typically axis-symmetric, parts that have many features, such as holes, grooves, threads, tapers, various diameter steps, and even contoured surfaces. Parts that are
fabricated completely through turning often include components that are used in limited quantities, perhaps for prototypes, such as custom-designed shafts and fasteners. Turning is also commonly used as a secondary process to add or refine features on parts that were manufactured using a different process. Due to the high tolerances and surface
finishes that turning can offer, it is ideal for adding precision rotational features to a part whose basic shape has already been formed. Turning is the most common lathe machining operation. During the turning process, a cutting tool removes material from the outer diameter of a rotating workpiece. The main objective of turning is to reduce the
workpiece diameter to the desired dimension. There are two types of turning operations, rough and finish. A variety of operations can be performed on the workpiece during the process cycle to obtain the desired shape of the part. These operations can be classified as external or internal. External operations change the outside diameter of the part,
while internal operations change the inside diameter. The following operations are each defined by the type of cutter used and the path this cutter takes to remove material from the workpiece. Turning. A single-point turning tool moves axially, along the side of the workpiece, removing material to form different features, including steps, tapers,
chamfers, and contours. These features are typically machined at a small radial depth of cut and multiple passes are made until the end diameter is reached. Tapered turning. Tapered turning produces a cylindrical shape that gradually decreases in diameter from one end to the other. Hard Turning. Hard turning is a type of turning done on materials
with a Rockwell C hardness greater than 45. It is typically performed after the workpiece is heat treated. The process is intended to replace or limit traditional grinding operations. Hard turning, when applied for purely stock removal purposes, competes favorably with rough grinding. However, when it is applied for finishing where form and
dimension are critical, grinding is superior. Facing. A single-point turning tool moves radially, along the end of the workpiece, removing a thin layer of material to provide a smooth flat surface. The depth of the face, typically very small, may be machined in a single pass or may be reached by machining at a smaller axial depth of cut and making
multiple passes. Parting. Similar to the grooving, a single-point cut-off tool moves radially, into the side of the workpiece, and continues until the center or inner diameter of the workpiece is reached, thus parting or cutting off a section of the workpiece. Grooving. A single-point turning tool moves radially, into the side of the workpiece, cutting a
groove equal in width to the cutting tool. Multiple cuts can be made to form grooves larger than the tool width and special form tools can be used to create grooves of varying geometries. Boring. A boring tool enters the workpiece axially and cuts along an internal surface to form different features, such as steps, tapers, chamfers, and contours. The
boring tool is a single-point cutting tool, which can be set to cut the desired diameter by using an adjustable boring head. Boring is commonly performed after drilling a hole in order to enlarge the diameter or obtain more precise dimensions. Drilling. It is used to remove material from the inside of a workpiece. This process utilizes standard drill bits
held stationary in the tail stock or tool turret of the lathe. The process can be done by separately available drilling machines. Knurling. The cutting of a serrated pattern onto the surface of a part to use as a hand grip or as a visual enhancement using a special-purpose knurling tool. Reaming. The sizing operation removes a small amount of metal from
a hole already drilled. It is done for making internal holes of very accurate diameters. For example, a 6mm hole is made by drilling with a 5.98 mm drill bit and then reamed to accurate dimensions. Threading. A single-point threading tool, typically with a 60-degree pointed nose, moves axially, along the side of the workpiece, cutting threads into the
outer surface. The threads can be cut to a specified length and pitch and may require multiple passes to be formed. Polygonal turning. In which non-circular forms are machined without interrupting the rotation of the raw material. When turning, the speed and motion of the cutting tool are specified by several parameters. These parameters are
selected for each operation based on workpiece material, tool material, tool size, and more. Cutting feed - The distance that the cutting tool or workpiece advances during one revolution of the spindle, measured in inches per revolution (IPR). In some operations, the tool feeds into the workpiece and in others, the workpiece feeds into the tool. For a
multi-point tool, the cutting feed is also equal to the feed per tooth, measured in inches per tooth (IPT), multiplied by the number of teeth on the cutting tool. Cutting speed - The speed of the workpiece surface relative to the edge of the cutting tool during a cut, measured in surface feet per minute (SFM). Spindle speed - The rotational speed of the
spindle and the workpiece in revolutions per minute (RPM). The spindle speed is equal to the cutting speed divided by the circumference of the workpiece where the cut is being made. In order to maintain a constant cutting speed, the spindle speed must vary based on the diameter of the cut. If the spindle speed is held constant, then the cutting
speed will vary. Feed rate - The speed of the cutting tool’s movement relative to the workpiece as the tool makes a cut. The feed rate is measured in inches per minute (IPM) and is the product of the cutting feed (IPR) and the spindle speed (RPM). Axial depth of cut - The depth of the tool along the axis of the workpiece as it makes a cut, as in a facing
operation. A large axial depth of cut will require a low feed rate, or else it will result in a high load on the tool and reduce the tool’s life. Therefore, a feature is typically machined in several passes as the tool moves to the specified axial depth of cut for each pass. Radial depth of cut - The depth of the tool along the radius of the workpiece as it makes
a cut, as in a turning or boring operation. A large radial depth of cut will require a low feed rate, or else it will result in a high load on the tool and reduce the tool’s life. Therefore, a feature is often machined in several steps as the tool moves over at the radial depth of cut. The various angles, shapes, and sizes of a single-point cutting tool are directly
related to the resulting surface of a workpiece during machining operations. There are different types of angles such as rake angle, side rake angle, cutting edge angle, relief angle, and nose radius that exists and can be different in relation to the workpiece. There are also many shapes of single-point cutting tools such as V-shaped and square. A
special tool holder is usually used to hold the cutting tool in place during operation. Turning, a term that resonates throughout the industry, a technique that has paved the way for modern machining and has become the cornerstone of mechanical engineering.With a single point cutting tool and a rotating workpiece, it opens up a world of precision
cuts and intricately shaped components.This article will unravel the ins and outs of turning, laying bare the parameters, operations, types, and equipment involved. Get ready to explore the world of turning, where raw materials are shaped into engineered perfection.What is Turning?Turning is a type of machining operation that involves a cutting tool
removing material from a workpiece while it rotates around an axis. This operation is performed on a turning machine or lathe, a specialized tool that accommodates various geometries and materials.With turning, operators can achieve a good surface finish and manufacture parts with high tolerances. It’s a process that allows for the creation of
internal and external surfaces, even contoured ones, with unparalleled precision.The Dawn of Turning: A Historical PerspectiveTracing the origins of turning takes us back centuries, to when manual lathes were used to shape wood and metals. The transformation of the process came with the introduction of Computer Numerical Control (CNC)
technology in the mid-20th century, revolutionizing the industry.Turning evolved from a manually controlled process to an automated one, enabling the production of intricate and accurate diameter components, limited only by the specifications of the machine and operator skill. What is the Working Principle of Turning?Turning operates on a simple
yet effective principle:The workpiece is rotated at high speed while a single point cutting tool traverses along the workpiece’s surface, cutting off a thin layer of material.The cutting action takes place at the point where the tool’s cutting edge meets the workpiece.This cutting speed, coupled with the feed rate (the speed at which the cutting tool
moves relative to the workpiece), determines the shape and surface finish of the final product.What are the Stages of Turning?The turning process unfolds in a series of carefully calibrated stages, which we will explore below.Mounting the WorkpieceFirst, the workpiece is mounted onto the lathe. This is often achieved by fixing the workpiece between
two centers or securing it in a chuck, allowing it to rotate around a fixed axis.Tool SetupNext, the single point cutting tool is positioned perpendicular to the workpiece surface. The tool’s cutting edge angle, rake angle, and relief angle, which determine the quality of the cut, are adjusted as per the desired outcome.Cutting ProcessOnce the setup is
complete, the lathe machine is started, and the workpiece begins to rotate. The cutting tool moves in a longitudinal direction along the rotating workpiece, removing material in the form of chips.Quality Checks and FinishingThe last stage involves checking the workpiece for any imperfections and making necessary corrections. The final part is then
measured for dimensional accuracy and surface finish, which may require additional turning operations such as finish turning or sizing.What are the Different Types of Turning?Turning is not a monolithic process, but rather a collection of methods, each with its unique characteristics and applications. Here are some of the most common
types:Straight Turning: Straight turning involves the removal of metal from the external surface of a cylindrical workpiece. The cutting tool moves longitudinally along the workpiece, reducing its diameter. It is often used to ensure cylindrical workpieces have a consistent diameter along their length.Taper Turning: In taper turning, the tool is not
parallel to the axis of the lathe, but at an angle, allowing for the creation of conical shapes. This technique is commonly used to create machine tool spindles and drive shafts that require a tapered end for fitting components.Facing: This operation involves reducing the length of a workpiece or creating a smooth end or face. The cutting tool moves
radially across the end of the workpiece, removing material. It’s used frequently to clean up the ends of parts or prepare surfaces for additional machining processes.Groove Turning (or Grooving): This type involves cutting a narrow groove on the external or internal surface of the workpiece. Groove turning is commonly used for oil grooves, retaining
ring grooves, and for parting off sections of a workpiece.Parting: Parting or cutoff is the operation of cutting off a piece from a larger workpiece. It involves the creation of a narrow slot down to the center of the workpiece, ultimately separating a section of material. It is typically the final operation after the part is fully shaped.Thread Turning: This
type involves cutting a helical groove of a particular pitch along the external or internal surface of a cylindrical workpiece. Thread turning is used to make screw threads for fasteners and other components requiring threaded features.Boring: Boring is the process of enlarging a hole that has already been drilled or cored. It can improve hole accuracy
and provide a smooth internal surface. It’s used for finishing internal surfaces or preparing them for additional operations like thread turning.Knurling: This operation produces a regularly shaped roughness on the workpiece surface, often to provide a better grip for handling. The knurling tool presses a pattern into the surface of the workpiece as it
rotates.Drilling: In a lathe, drilling is the operation of making a cylindrical hole by removing metal along the circumference of a pointed tool or drill bit. It’s typically the first step in creating an internal feature that will be further refined by operations like boring or thread turning.CNC (Computer Numerical Control) Turning: CNC turning employs
computer programs to control the cutting tool’s motion. It enables the creation of complex parts at high speeds and with high precision. CNC turning is particularly useful for producing parts with complex radial features or when tight tolerances are required.Turning Techniques and MethodsDifferent turning techniques have been developed to suit
the needs of various applications. These include:Parting OffParting off, also known as cut off, involves cutting a piece off a part that is being turned.GroovingGrooving is a turning operation where grooves are made on the surface of a workpiece.FacingFacing is the process of cutting along the end face of a workpiece, generally to make it flat or to cut
it to a specific length.KnurlingKnurling doesn’t involve cutting but rather pressing a pattern onto the surface of a workpiece. It is often used to create a serrated pattern for better grip or aesthetic appeal.ReamingReaming removes a small amount of material from an existing hole to improve its dimensional accuracy and surface finish.Tools and
Equipment in TurningTurning, as an essential machining operation, employs a range of equipment for different purposes. Here are some of the critical tools involved:Lathe MachineA lathe machine, also known as a turning machine, is the central equipment in the turning process. Different types of lathes are used for various turning operations, such
as turret lathes, special-purpose lathes, and CNC lathes.Single Point Cutting ToolA single point cutting tool, typically made of high-speed steel or carbide, is used in the turning process. The tool’s characteristics, such as the cutting edge angle and tool life, play a significant role in the turning process’s success.ChuckA chuck is a device used to hold
the workpiece in place while it rotates.TailstockA tailstock supports the end of the workpiece when it is being turned between centers.Feed MechanismThe feed mechanism, usually controlled by a lead screw, controls the speed at which the tool moves along the workpiece.Parameters in TurningSeveral parameters influence the turning process.
Understanding these can help optimize the process and achieve the desired results. Some of the main parameters include:Cutting speedThe cutting speed, often expressed in meters per minute or feet per minute, refers to the speed at which the cutting tool or the workpiece moves during the cutting process. It’s a paramount factor that influences the
quality of the cut, tool life, and overall productivity of the turning operation.There are numerous factors to consider when setting the cutting speed, such as:The type of material being worked onThe hardness of the materialThe type of cutting tool being usedThe desired surface finishDepth of CutAnother pivotal parameter in turning is the depth of
cut, which is the distance the cutting tool penetrates into the workpiece. This factor can have a significant impact on the production rate, surface finish, and tool life.To highlight a few considerations related to the depth of cut:It should not be so shallow that it wastes time or so deep that it overworks the tool and machine.The material type, its
hardness, and the type of tool being used all come into play while deciding the appropriate depth of cut.Feed RateThe feed rate in turning refers to the distance the tool travels along the workpiece in one revolution of the workpiece. Like other parameters, it can significantly influence the quality of the finish, the life of the tool, and the speed of
production.Here are some key factors to consider regarding the feed rate:Higher feed rates can lead to higher production rates but might negatively affect the tool life and surface finish.Different materials and tool types might require adjustments in the feed rate for optimal results.Other important turning parameters are:Tool geometry: This includes
various angles on the cutting tool, such as the rake angle and relief angle. They influence the cutting action and the surface finish.Workpiece material: Different materials have different machining properties, affecting the choice of cutting speed, feed rate, and tool material.Supported Materials for TurningTurning is a versatile process that can be
used on a wide range of materials. Commonly turned materials include metals like steel, brass, aluminum, titanium, and nickel alloy, as well as plastics such as nylon, polycarbonate, ABS, POM, PP, PMMA, PTFE, PEI, and PEEK.Some turning operations also extend to wood and other materials, though metals and plastics remain the most
common.Turning is chosen based on the material’s machinability, the complexity of the required features, and the desired surface finish.More robust materials such as steel and titanium may require more power, specialized tools, or specific cutting force, while softer materials like aluminum and plastic are relatively easy to machine.Certain
materials, due to their unique properties, may produce better surface finishes or allow for more intricate shapes and forms to be machined.Advantages and Disadvantages of TurningLike any manufacturing process, turning also comes with its share of advantages and disadvantages.The advantages of turning include:Efficiency in mass production due
to automationHigh level of precision and accuracyAbility to handle complex shapes and geometriesProvides a good surface finishOn the other hand, the disadvantages are:Initial setup can be time-consumingLess efficient for non-cylindrical or complex shaped partsOperator skill and experience play a critical roleThe process may require frequent tool
changes due to tool wear.Turning Applications Across IndustriesTurning — especially CNC turning — plays a vital role across countless industries. This process shapes cylindrical or axially symmetric parts with exceptional precision and consistency, making it indispensable wherever accuracy and repeatability matter.The advantages are clear:High



precision and repeatability for consistent part qualityAbility to produce complex geometries around a central axisSeamless integration with CAD/CAM workflowsReduced the need for secondary finishing and manual laborThese strengths make turning a cornerstone of modern manufacturing, particularly for components that demand accuracy and
high-volume production.Common Turning Applications by Industry:Aerospace: Shafts, pins, spacers, hydraulic fittingsAutomotive: Axles, drive shafts, camshafts, crankshafts, pulleysMedical: Surgical instruments, bone screws, dental implantsElectronics: Connectors, terminals, contact pins, housingsOil & Gas: Valves, fittings, couplings, hydraulic
componentsMarine: Propeller shafts, couplings, marine engine componentsDefense: Gun barrels, ammunition casings, ordinance componentsConstruction & ConsumerDesign Tips for TurningWhen it comes to designing for turning, there are a few critical points to keep in mind. The following guidelines can help you achieve optimal results:Keep the
design as simple as possible.Avoid sharp internal corners; they can cause stress concentration and are difficult to machine.Maintain a uniform wall thickness to prevent distortion during the machining process.Opt for standard thread sizes to reduce cost and machining time.Design parts that can be machined in a single setup to save time and
maintain accuracy.Softwares used in TurningWith the advent of computer numerical control (CNC) technology, turning operations have become highly automated and precise. CNC lathes are controlled using specialized software that enables complex geometries to be machined accurately and repeatably. Some of the popular software used in turning
include AutoCAD, SolidWorks, Mastercam, and Fusion 360. These software tools allow operators to design the part, plan the machining operations, and generate the necessary G-code that controls the movement and operation of the CNC lathe.Potential Dangers of TurningTurning, like any other machining operation, presents potential hazards.
Accidents can happen due to tool breakage, flying chips, or entanglement with rotating parts. It’s crucial to ensure all safety measures are in place and adhered to, including wearing protective clothing and equipment, regularly maintaining and inspecting the machinery, and providing proper training to operators. It’s also important to maintain a
clean and organized workspace to reduce the risk of accidents.Possible Side Effects in TurningTurning involves the removal of material from a rotating workpiece using a single point cutting tool. This machining operation can produce several side effects, largely contingent on the operation parameters, the nature of the workpiece material, and the
cutting tool characteristics.A key concern is tool wear, an inevitable occurrence in turning operations, impacted by factors such as cutting speed, feed rate, and the tool’s cutting edge angle. Wear leads to degradation in the tool’s performance, affecting the accuracy and surface finish of the machined component. Moreover, the produced chips, a by-
product of removing material, may impose handling and disposal challenges.Frequently, turning operations require continuous supervision to monitor these side effects. Despite such automation advancements in CNC lathes, an operator’s role in maintaining high tolerances, mitigating tool wear, and ensuring a good surface finish remains

essential. Environmental Impact of TurningLike other machining processes, turning can have environmental implications. The energy consumption of turning machines, waste generation from the removed material, and the disposal or recycling of spent cutting tools represent significant environmental factors.Moreover, coolant and lubricants used to
mitigate friction, cool the cutting tool, and extend tool life often pose environmental hazards due to their chemical compositions. As the machining industry progresses, eco-friendly alternatives are increasingly being sought, aiming for a more sustainable turning process.Cost-effectiveness of TurningThe cost-effectiveness of turning is largely
dependent on several factors, including machine cost, operator costs, tool life, and maintenance expenses.How Much Does Turning Cost Per Hour on Average?The cost of turning services can vary significantly based on factors such as the complexity of the part, material type, tolerances required, and regional labor costs. On average, however, one
might expect to pay between $50 and $100 per hour for CNC turning services.Where to Get Turning Services?Several organizations offer professional turning services, one notable provider being 3ERP. They specialize in various CNC machining services to a broad array of parts. Turning at 3ERP is carried out on a variety of metals like aluminum,
magnesium, steel, stainless steel, brass, copper, bronze, titanium and nickel alloy, as well as plastics like nylon, polycarbonate, ABS, POM, PP, PMMA, PTFE, PEI, and PEEK.Alternative Technologies to TurningAlthough turning is a vital operation for creating cylindrical or tubular components, there exist other technologies capable of generating
similar results. Milling, for instance, although fundamentally different in operation, can be used to produce components with cylindrical characteristics and even contoured surfaces.Furthermore, advancements in additive manufacturing or 3D printing offer an alternative approach for creating complex geometries without the need for subtractive
processes like turning.ConclusionTurning is an integral component of the machining industry, enabling the creation of intricate components through high precision cuts. Its versatility is showcased in its ability to handle a variety of materials and produce a wide array of shapes and geometries.While turning brings numerous benefits, it also presents
challenges such as tool wear and environmental concerns. As technology progresses, continuous efforts are made to optimize this technique, making it safer, more efficient, and more sustainable. The mesmerizing world of turning will continue to evolve, molding the future of mechanical engineering. Turning is a cornerstone of modern manufacturing,
shaping countless components with precision and efficiency. From creating smooth finishes to achieving tight tolerances, the process is essential across various industries. In this article, you will learn about the different types of turning operations, the tools and materials involved, and the key advantages and challenges, gaining insight into why
turning remains a critical machining method today.Turning is a machining process where a cutting tool, typically a single-point tool, removes material from the outer surface of a rotating cylindrical workpiece. The workpiece is usually clamped in a lathe, and as it spins, the cutting tool moves along its axis to create precise shapes, such as cylindrical,
conical, or even complex profiles. This method is commonly used to produce round components like shafts, pins, and bolts and is essential for achieving tight tolerances and smooth surface finishes, particularly through the use of Computer Numerical Control (CNC) turning.There are many types of operations that turning machines can handle. This
section will introduce you to each of these in detail.A turning operation used to create a flat external surface on the end of a workpiece is known as facing. The cutting tool moves perpendicularly to the workpiece’s rotational axis, shaving material from the end to ensure a smooth, precise workpiece surface. This operation is commonly performed to
prepare a part for subsequent machining steps, ensuring that the workpiece is uniformly flat and ready for accurate length measurements or additional cuts.In straight turning, the cutting tool moves parallel to the workpiece’s axis of rotation, reducing the diameter uniformly along the length of the part. This process results in a cylindrical shape with
a consistent cross-section and is often used to achieve a specific diameter or prepare the workpiece for additional turning operations. It is fundamental in producing shafts, rods, and other cylindrical components that require precise tolerances, which are often achieved by carefully selecting the cutting parameters, such as depth of cut, feed rate, and
cutting speed during machining.A conical shape on a workpiece is achieved through taper turning, where the cutting tool moves at a specific angle to the axis of rotation. This operation creates parts with varying diameters, such as machine tool spindles, pins, and conical fasteners. The taper can be achieved through various methods, including
offsetting the tailstock, using a compound slide, or employing a taper attachment on the lathe.Complex, non-linear shapes on the surface of a workpiece are made possible with contour turning. This operation requires the cutting tool to follow a pre-programmed path, typically controlled by CNC (Computer Numerical Control) machines, to achieve the
desired profile. It is ideal for parts with intricate curves or varying cross-sections, making it essential for industries like aerospace and automotive, where precision and complexity are critical.A narrow, recessed channel cut into the surface of a workpiece is referred to as grooving. The cutting tool plunges radially into the workpiece, forming grooves
that can be used for snap rings, sealing O-rings, or aesthetic purposes. Grooving can be performed on both the outer diameter (external grooving) and the inner diameter (internal grooving) of a part, with precision being essential to ensure the groove meets dimensional specifications.Severing a finished piece from the remaining stock material is done
through parting, or cut-off. The turning tool plunges into the workpiece perpendicularly to the axis, cutting through the material until the part separates. This operation is crucial for manufacturing processes involving mass production or when multiple components are made from a single workpiece, requiring a sharp tool to prevent deformation or
damage to the part.Helical grooves on the outer or inner surface of a cylindrical workpiece are created through threading. The cutting tool moves in synchronisation with the rotation of the workpiece, producing threads with specific pitch, depth, and angle. This operation requires careful attention to detail to ensure the threads engage properly with
corresponding parts and can be performed manually or using CNC machines for high accuracy.The process of enlarging an existing hole or cylindrical cavity in a workpiece to improve dimensional accuracy and surface finish is called boring. Using a single-point cutting tool, boring can adjust the diameter and refine the interior surface of a hole. This
operation is often used when precision is critical, such as in engine cylinders, hydraulic components, or precision instrument housings, and is typically carried out on a lathe or a boring mill.Creating holes along the axis of a workpiece can be done through drilling, which is often performed on a lathe. The cutting tool, typically a drill bit, is fed into the
rotating workpiece to produce a cylindrical hole. This process is commonly used to initiate holes for further machining operations, like boring or reaming, ensuring that the hole is centred and aligned accurately with the workpiece’s axis.The turning process utilises a variety of machine tools and equipment, each designed for specific operations and
outcomes:Cutting Tools: These are the primary machine tools used in turning and typically include single-point cutting tools made from high-speed steel (HSS), carbide, or ceramic materials. The cutting tool’s geometry, including the angle and shape, is carefully selected to optimise the material removal rate and achieve the desired surface finish.Tool
Holders: Tool holders secure the cutting tool in place and ensure stability during the turning operation. They are designed to minimise vibration and allow for precise positioning of the cutting tool, which is crucial for achieving accurate and consistent cuts.Chucks: Chucks are used to hold the workpiece firmly in place on the lathe. They come in
different types, such as three-jaw chucks (for round or hexagonal workpieces) and four-jaw chucks (for square or irregularly shaped workpieces). Collet chucks and magnetic chucks are also used depending on the application and workpiece material.Centres: Centers, such as live centres and dead centres, are used to support the workpiece at the
tailstock end, especially for longer or more flexible workpieces. They help maintain alignment and stability during the turning process.Lathe Machines: The lathe machine itself is a critical component, with various types of lathes like engine lathes, turret lathes, and CNC lathes. The machine rotates the workpiece while the cutting tool performs the
material removal. CNC lathes are particularly important for high-precision and automated turning operations.Boring Bars: Boring bars are used for internal turning operations, such as enlarging a hole or cylindrical cavity in a workpiece. They are designed to minimise deflection and vibration, which is essential for maintaining accuracy when cutting
inside the workpiece.Grooving and Parting Tools: These are specialised machine tools designed for grooving and parting operations. Grooving tools create channels or grooves, while parting tools are used to cut off a section of the workpiece. They are typically narrow and designed to minimise waste material. Threading Tools: Threading tools cut
helical grooves in the workpiece to form threads. These tools can be single-point tools for external threading or internal threading tools for cutting threads inside a hole. Threading inserts are commonly used in CNC lathes for precision and repeatability.Drill Bits: Drill bits are used in turning processes to create holes along the axis of a rotating
workpiece. They are typically mounted in the tailstock and fed into the workpiece to initiate holes, which can then be further processed through boring or threading.Form Tools: Form tools are used to cut complex shapes or profiles in a single pass. They are custom-shaped to match the desired contour of the workpiece and are often used in high-
volume production to speed up the machining process.Each tool and component plays a vital role in ensuring the efficiency, precision, and quality of the turning operation, with selections tailored to the material and design requirements of the part being machined.Materials used in the turning process for both workpieces and cutting tools are chosen
based on the requirements of the operation, the desired properties of the finished part, and the tool’s durability. Here’s an overview:Metals: Common metals include steel (carbon steel, alloy steel, stainless steel), aluminium, brass, copper, titanium, and cast iron. Steel is often selected for its strength and machinability, while aluminium is favoured for
lightweight applications and ease of cutting.Plastics: Materials such as nylon, polypropylene, and polycarbonate are used when low weight, corrosion resistance, or electrical insulation is needed. These plastics can be easily machined but require different cutting tool geometries.Composites: Carbon fibre-reinforced polymers and fibreglass are
machined in turning operations for lightweight yet strong components. Special tooling may be needed to handle these abrasive materials.Ceramics: Engineered ceramics are sometimes machined in turning processes for their high heat resistance and hardness, although these materials are generally more challenging to machine.High-Speed Steel
(HSS): HSS is used for general-purpose cutting tools because it offers good toughness and resistance to heat. It is suitable for lower-speed turning applications and when flexibility and sharpness are important.Carbide: Carbide tools are extremely hard and wear-resistant, making them ideal for high-speed turning operations and machining harder
materials. They are commonly used in CNC lathes for precision and efficiency.Ceramic: Ceramic tools are used for high-speed machining of hard or abrasive materials. They have excellent heat resistance but are more brittle compared to carbide, so they are used in controlled environments for finishing operations.Cermet: A composite material made
of ceramic and metallic materials, cermet tools provide a good balance of wear resistance and toughness, often used for fine finishing to achieve high surface quality.Cubic Boron Nitride (CBN): CBN is second only to diamond in hardness and is ideal for cutting hardened steels and superalloys. It is highly wear-resistant and retains cutting edges even
at high temperatures.Polycrystalline Diamond (PCD): PCD tools are used for turning non-ferrous metals, composites, and plastics. They are extremely hard and provide a very smooth surface finish but are not suitable for cutting ferrous materials because of chemical reactivity.Tool Steels: Tool steels, including tungsten and molybdenum types, are
used for cutting tools when durability and resistance to deformation are needed. These materials are common in specialised applications where HSS and carbide are not ideal.The selection of both workpiece and cutting tool materials is critical to the success of the turning process, as it affects factors like cutting speed, tool life, surface finish, and
overall efficiency.Advantages:High Precision: Turning can achieve tight tolerances and high dimensional accuracy, making it ideal for parts that require precision.Versatility: Suitable for machining a wide variety of materials, including metals, plastics, and composites, and capable of producing various shapes like cylindrical, conical, and threaded
parts.Smooth Surface Finish: Capable of producing smooth and uniform surfaces, reducing the need for additional finishing operations.High Efficiency with Automation: CNC lathes enhance productivity, enabling the rapid and consistent production of high-quality parts, especially for large quantities.Disadvantages:Tool Wear: Cutting tools experience
wear and tear, especially when machining hard materials or at high speeds, leading to increased maintenance and tool replacement costs.Material Limitations: Less effective for extremely hard or brittle materials, such as certain ceramics, which can lead to part breakage or faster tool wear.Complex Shape Limitations: Not suitable for machining very
complex or intricate geometries that require multi-axis capabilities, limiting its application for certain parts.Setup Time and Constraints: Initial setup can be time-consuming, and the size of the workpiece is limited by the lathe’s capacity, restricting the machining of very large or heavy components.Turning is an essential machining method that
provides high precision, versatility, and efficiency, making it indispensable in many manufacturing settings. However, understanding the limitations, such as machine tool wear and the complexity of shapes achievable, is crucial for optimising its use. By selecting the appropriate tools and materials, and employing the right techniques, turning
operations can deliver exceptional results tailored to specific production needs. Turning is a Substractive machining process that uses a cutting tool, typically a lathe, to achieve a variety of shapes for end-use plastic, metal, wood, or stone parts. Briefly, the use of a rotating metal rod performs turning. At the same time, a cutting tool is held against a
rigid piece of material, generally cylindrically shaped, to remove material and create final parts. Today, CNC (Computer Numerical Control) is the most common automated form of turning. Turning takes a fairly rigid material such as metal, plastic, stone, or wood and rotates it while carving it with a cutting tool that uses one, two, or three axes of
motion, resulting in diameter and depths of remarkable precision. It is possible to perform turning on either the interior or exterior of a cylinder (also known as boring) to create cylindrical parts of different forms. Four turning operations There are four specific turning operations: Turning is one of the most basic machining processes, which involves a
rotating part cut by a single-point cutting tool whose movement is parallel to the axis of rotation. Turning can be performed on both the external and internal surfaces of parts. Facing is frequently the first operation and often the last, performed in the production of machined parts. It moves the cutting tool at right angles to the axis of rotation while
the part rotates. Parting creates deep grooves that remove an entire or partial segment from its parent part. Grooving is the cutting of grooves at a specific depth and can be performed on internal and external surfaces, as well as on the face of a part. It encompasses face grooving, boring, drilling, knurling, reaming, threading, and polygonal turning.
In this article, you'll learn What is Turning Operation? Its Definition, Process, Types, Cutting Parameters, Procedure, and Dynamics are all explained with pictures.Turning is a machining process performed on a machine in which the cutting tool (non-rotary tool bit) follows a helix tool path by moving linearly along the workpiece. Turning traditionally
refers to the action of cutting external surfaces, whereas “boring” refers to the action of cutting internal surfaces (holes). Thus, the phrase “turning and boring” classifies several processes known as lathing.Turning can be done manually, as in the traditional form of the lathe, which often requires constant supervision by the operator. An automated
lathe that doesn’t require operator input and is most commonly referred to as a computer numerical control, or CNC.An object that undergoes turning operations is called a “turn part” or a “machined object.” It is possible to process most cylindrical, conical, endfaces, grooves, and thread surfaces that have rotary surfaces with turning operations.
Let’s understand the process of turning.Related: 22 Types of Lathe Machine Operations and Their ApplicationsIn the turning process, the tool normally moves with the main axis (z) while the workpiece rotates. When configured with a diameter less than the actual diameter of the workpiece, it cuts off the workpiece’s “surface” and reduces its
diameter.It can also run perpendicular to the central axis. This operation is typically used to remove material only from the flat face (facing operation) or to remove a specific portion from the total length (cut-off).The figure above illustrates the standard turning process forces, which can also be seen given the parallel direction of the cutting tool and
the spindle’s velocity.There are a few things to consider when a good accuracy and surface finish are required. Good operating quality, clamping stability, and correct center height is three of these important factors. It is assumed that the chip generated during turning slides on the tool’s rake face. As positive rake angles produce higher shear angles,
cutting forces are reduced, and chips flow more easily, resulting in a better surface finish.Read Also: What is Twist Drill? Its Working, Types, and NomenclatureWhen turning, the workpiece is rotated, and a cutting tool is rotated along 1, 2, or 3 axes of motion to produce precise diameters and depths. The main purpose of turning is to reduce the
diameter of the workpiece to the required dimension.The turning can be done either outside or inside the cylinder to produce tubular components for various geometries. In the tuning operation, the diameter must be cut to size in two cuts: roughness and finishing. For the workpiece to have the same diameter at both ends, the lathe’s center must be
aligned.In rough turning operations, excess material is removed in order to achieve a predefined thickness while disregarding surface finish and accuracy. With Finish turning, the workpiece is produced with final accurate dimensions and a smooth surface finish.These operations are performed on a lathe and are used to remove as much metal as
possible in the shortest possible time. Precision and surface finish is not important in this type of turning operation.Accordingly, a maximum depth of 0.030 inches and a feed of 0.020 to 0.030 inches are usually recommended. The workpiece is typically roughened into as many cuts as possible within approximately 0.030” of the finished size.Finish
turning is performed on a lathe and, followed by rough turning, produces a smooth surface finish, and cuts the workpiece to a precise shape.The type of surface finish produced is affected by a few factors, such as the position of the cutting tip, the hardness of the machine and workpiece, and the speed and feed rate of the lathe.Read Also: Different
Types of Lathe Machine and Their WorkingThe turning process can be of various types, such as straight turning, taper turning, profiling, or external grooving. In general, single-point cutting tools are generally used to perform turning operations. Let’s discuss the types of turning operations.Plain turningStep turningTaper turningChamfer
turningContour turningSpherical generationHard turningEccentric turningDuring plain turning, excess material is removed from a cylindrical workpiece’s surface. This operation involves holding the work in a chuck or between centers, then driving the tool longitudinally by hand or with a motor.Step turning is a turning operation in which a series of
steps of different diameters are produced on a workpiece. The final feature of the workpiece forms a step.The taper-turning operation is a gradual reduction in diameter from one end of a cylindrical workpiece to another. This can be achieved using a composite slide, taper-turning attachment, and offsetting of the tailstock on a lathe.Chamfering is
similar to step turning in that it is the process of beveling the extreme end of the workpiece. This is a necessary operation after thread cutting so that the nut can freely slide over the threaded workpiece. Chamfering also eliminates sharp edges, greatly reducing the chance of cuts.In the type of turning operation, the cutting tool follows an axial path
with a predetermined geometry. To create desired contours in a workpiece, multiple passes of a contouring tool are required. It is possible, though, to produce the same contour shape using form tools in a single pass.Spherical generation produces a finished surface by turning a form around a fixed axis of revolution. To do this, the user must use a
hydraulic copy attachment with a form tool on the CNC lathe.The term “hard turning” refers to turning materials with a Rockwell hardness of over 45. This is usually done after heat treatment of the workpiece. The process is primarily intended to replace traditional grinding operations.When applied to stock removal only, hard turning outperforms
rough grinding. However, grinding is preferable when it is applied for finishing where form and dimensions are essential. By using grinding, high dimensional accuracy of roundness and cylindricity can be produced.Excentric turning is the process of machining a cylindrical surface with two axes of rotation, one of which is offset from the other. In this
operation, three sets of center holes are drilled here. A machining operation can be carried out on each surface of the workpiece by holding it at these three centers.Read Also: Different Types of Lathe Attachments and AccessoriesThe dynamics of the tuning process can be defined in three categories, which are as follows:In a turning operation,
relative forces are crucial in the design of machine tools. These forces should be able to be absorbed by the machine tool without causing significant deflections, vibrations, or chatter.The following are the three major forces during a turning process:Cutting or tangential force: These forces act downward on the tooltip, causing the workpiece to be
deflected upwards. These are essential as it supplies the energy required for the cutting operation.Axial or feed force: This force operates in the longitudinal direction. It is also known as feed force because it is applied in the feed direction of the equipment. As a result, the tool is forced away from the lathe chuck due to this force.Radial or thrust
force: It acts in a radial direction and pushes the tool away from the workpiece.For turning operation, the speed is selected based on the cutter material, workpiece material, setup hardness, machine tool rigidity and spindle power, coolant choice, and other factors.Feed is the distance that the tool moves through the material in one revolution and is
specified as mm per revolution (mm/rev).The cutting tool speed and turning speed are specified by means of several parameters. Depending on the workpiece material, tool material, tool size, and more, these parameters are selected for each operation.Cutting feedCutting speedSpindle speedFeed rateAxial depth of cutRadial depth of cutCutting feed
is the distance that the cutting tool or workpiece moves during one revolution of the spindle and is usually measured in inches per revolution (IPR). The cutting feed is also equal to the feed per tooth For a multi-point tool and is measured in inches per tooth (IPT).It is measured in surface feet per minute (SFM), the cutting speed of the workpiece
surface as it relates to the edges of the cutting tool.This is the rotational speed of the spindle and workpiece in revolutions per minute (RPM). Spindle speed is calculated by dividing the cutting speed by the circumference of the workpiece.This is the speed of movement of the cutting tool relative to the workpiece as the tool cuts and is measured in
inches per minute (IPM).The depth of the tool along the axis of the workpiece as it cuts in a facing operation. A larger axial depth of cut will require a lower feed rate. Otherwise, it will result in a greater tool load and reduced tool life.The depth of the tool varies with the radius of the workpiece as it cuts in a turning or boring operation. It is important
to use a low feed rate when cutting large radial depths. Otherwise, the tool will be under an excessive amount of load, resulting in a shorter tool life.Read Also: What is Cutting Speed, Feed, Depth of Cut, and Machining Time in Lathe?To determine the exact depth of the cut, follow the steps below:The user should set the compound rest to 30
degrees.After that, attach the roughing or finishing tool. If you are feeding the saddle toward the headstock, use a right-hand turning tool.Now, you should move the tool holder to the left side of the compound support and set the tool head in the center of the right height.Once the tool head is fixed, set the lathe to the correct speed and feed the
diameter as well as the type of material to be cut.Start the lathe and go to the right-hand end of the workpiece with a slight cut about 0.005” and 0.250” long.Now stop the lathe, but do not move the handle of the infeed screw.Rotate the carriage handwheel to move the tool to the end of the workpiece (in the right direction).Before cutting, measure the
workpiece and calculate the amount of material to be removed.Turn the scale ring over half the amount of material to be removed. As an example, if 0.060 inches is needed to be removed, the scale ring should be turned in by 0.030 inches.The diameter of the blank is reduced by two thousandths for every thousandth of the cutting depth.After getting
the desired diameter of the workpiece, take back the tool post and turn OFF the machine.Read Also: What is the Difference between NC, CNC and DNC Machine?The CNC Turning process involves holding a bar of material in a chuck and rotating it while a tool removes material from the piece. It is mainly used to make parts that are cylindrical in
nature.To better understand how to perform turning on a CNC lathe, I have given an example of Turning-CNC Programming below. This is the most basic example of turning operation programming. From the below example, beginners can get complete information about turning operations in CNC.CNC Program for TurningO0001(For Plain
Turning);N1;T0;G40;G30 P3 U0 W0;G54;G92 S1000;G95 F0.2 T0101;G96 S250 M04;G00 Z3.0;G00 X56.0;G01 X50.0 M08;G01 Z-40.0;G1 X56.0;G0O0 X200 M09;T0;G28 U0 W0O;M01;M30;CNC CodeMeaningN1Sequence numberT0Tool wear cancelG40Cancelling G41 & G42G30 P3 U0 WORest or Home PositionP3-position, U=X axis, W=Y axisG54Work
CoordinateG92 S1000SpeedG95 F0.2 TO101Feed & ToolG96 S250 M04Cutting speed & spindle rotationG00 Z3.0Safety distance for the Z axisTool movement (feed) to Z3.0Tool will stop at distance of 3.0 from faceG00 X56.0Safety distance for the X axisTool movement (feed) to 56 diameterSince the raw material is 54 in diameter.G01 X50.0 M08Tool
movement (feed) to 50 diameter.M08- Coolant ON.G01 Z-40.0turning movement of tool up to Z-40.0 according to drawing.G01 X56.0Tool back to safety postion with feed.G00 X200 M09Tool move to safety distance of 200 dia.M09- Coolant OFF.TOcancelation of tool wearG30 P3 U0 WOHome positionP3-position, U=X axis, W=Y axisM01Optional
stopM30Program stop and recycleThat’s it. Thanks for reading. I hope I have covered everything about the “Turning Operation.” If I missed something, or if you have any doubts, let me know in the comments. If you liked this article, please share it with your friends.Want free PDFs direct to your inbox? Then subscribe to our newsletter.Download PDF
of this article:You might like to read more in our blog: Turning is a basic machining operation performed on a lathe machine where a cutting tool removes material from the outer surface of a rotating workpiece to create a cylindrical shape. The tool moves in a straight line, parallel to the axis of rotation, and reduces the diameter of the material. It is
commonly used to make shafts, rods, and other round components. There are several types of turning operations such as straight turning, taper turning, step turning, facing, grooving, and threading. Each type serves a specific purpose and is selected based on the final shape and dimensions required for the part. Detailed Explanation: Turning is one
of the most important operations in mechanical machining. It is performed on a lathe machine, where the workpiece rotates and a fixed cutting tool removes material from its surface. The main goal of turning is to reduce the diameter of the material and to produce smooth and accurate cylindrical shapes. Turning is widely used in making machine
parts like shafts, bolts, rods, spindles, and pins. Turning operations are simple but very effective in shaping materials. It can be done on different kinds of metals and even on plastics or wood. The cutting tool used is usually a single-point cutting tool, and it is held firmly on the tool post. By moving the tool either straight or at an angle, different
shapes and surfaces can be produced. How Turning Works The cylindrical workpiece is mounted on the chuck of the lathe machine. The workpiece is rotated at a selected speed. The cutting tool is slowly fed into the rotating workpiece in a straight line or angle. As the tool touches the surface, it removes material in the form of small chips. This
process continues until the desired diameter or shape is achieved. The turning operation helps in making the surface smooth and reducing it to the required size. It is also used to improve the accuracy of the part and give it a better finish. Types of Turning Turning includes various types depending on the direction of the tool movement and the kind of
cut needed. Below are the main types of turning: In straight turning, the cutting tool moves in a straight line parallel to the axis of the workpiece. It reduces the diameter along the entire length. Use: To make a plain cylindrical shape of uniform diameter. In this type, the tool moves at an angle to the axis, producing a cone-shaped or tapering part.
This is useful where a gradual change in diameter is needed. Use: To create shafts or components that need tapered ends. Here, the tool cuts in steps or levels, producing a series of diameters on the same workpiece. It looks like a staircase shape. Use: To make machine parts with multiple sections of different diameters. This is a special type of
turning where the tool moves in a curved or irregular path to create a complex outer shape. Use: To make decorative or specially shaped components. Facing is used to produce a flat surface at the end of the rotating workpiece. It is done by moving the tool perpendicular to the axis. Use: To clean the face of the material and set the length accurately.
Grooving (Cutting a Slot) Grooving is done by feeding the tool radially into the workpiece to cut a narrow slot. It is not deep like parting. Use: To make grooves or reliefs for rings, washers, etc. In parting, the tool cuts deep into the workpiece and separates a portion completely. It is used to cut the final product from the raw stock. Use: To remove the
finished part from the rest of the material. This operation produces helical grooves or threads on the outer or inner surface. The tool follows a spiral path. Use: To make bolts, screws, and threaded rods. Importance of Turning Turning is a very important operation in mechanical workshops and manufacturing industries. Most round parts used in
machines are made using turning. It helps in shaping, sizing, and finishing components with accuracy. With modern CNC lathes, turning can be done automatically with high speed and precision. Conclusion Turning is a basic but powerful machining process that removes material from a rotating workpiece to create cylindrical shapes. It is performed
on a lathe and can be done in many forms like straight turning, taper turning, step turning, grooving, and threading. Each type of turning has a special use and helps in making different parts of machines. Understanding these types helps in selecting the right method for making accurate and strong mechanical components.
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