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How CNC Machining Works — And When to Use It in

Product Development

By GEMS-MFG Team

I. Introduction

In today’s fast-paced, innovation-driven world, the ability to transform a product idea into a high-performance,
manufacturable part is critical to success. Among the various technologies enabling this transformation, CNC
machining stands out as a versatile, precise, and dependable solution. From early-stage prototypes to functional
production parts, CNC machining plays a pivotal role across industries such as aerospace, automotive, medical

devices, consumer electronics, and more.

This article offers a deep dive into how CNC machining works and, more importantly, when it should be used
during the product development cycle. We will explore everything from the fundamental principles and machine
types to tolerances, finishes, and real-world applications. Additionally, we’ll compare CNC machining with other
manufacturing methods, helping engineers and decision-makers choose the most appropriate technology for

their needs.

Whether you're a product designer, mechanical engineer, sourcing manager, or startup founder, understanding

the value and scope of CNC machining can accelerate your path from concept to market-ready product.
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I1. What Is CNC Machining?

CNC machining, short for Computer Numerical Control machining, is a subtractive manufacturing process in
which pre-programmed computer software controls the movement of factory tools and machinery. These tools—
such as mills, lathes, routers, and grinders—are used to cut and shape solid blocks of material into final parts with

tight tolerances and intricate geometries.

Unlike manual machining, where a machinist must operate equipment by hand, CNC machining automates the
process using digital instructions (G-code) derived from a 3D CAD model. This automation not only increases
speed and accuracy but also allows for complex and repetitive operations to be performed consistently, making it

ideal for both prototyping and production.

CNC machining is an elegant combination of software intelligence, machine capability, and human expertise. With
proper planning and execution, it consistently delivers parts that meet the highest engineering and quality

standards.
Key Characteristics:

e Subtractive Process: Material is removed from a solid block (called a workpiece or billet) to form the final

shape.

o Digitally Controlled: Machines interpret a G-code program generated from CAD/CAM software to

execute precise tool paths.
e High Precision: Tolerances as tight as £0.005 mm are achievable with the right setup and equipment.
e Material Versatility: Works with a wide range of metals, plastics, and composites.

CNC machining is foundational to modern manufacturing. It bridges the gap between digital product design and
physical production, delivering functional parts that meet exacting engineering standards. Whether you're cutting
aluminum for aerospace parts or machining a medical-grade plastic prototype, CNC technology offers the

reliability and control today's industries demand.

I1I1. How CNC Machining Works

CNC machining transforms a digital design into a physical part through a series of highly controlled and
automated steps. This process involves both software and hardware elements, working in harmony to deliver

precision-cut components from raw material blocks.

Here’s a breakdown of how CNC machining works from concept to final product:
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Step 1: CAD Model Creation

The process begins with a CAD (Computer-Aided Design) file — a 3D digital model of the part. This model defines
all dimensions, geometries, and critical features. It serves as the blueprint for manufacturing and must be

designed with machining capabilities in mind (Design for Manufacturability, or DFM).
Step 2: CAM Programming and Toolpath Generation

The CAD file is imported into a CAM (Computer-Aided Manufacturing) software, which converts the design into a

set of machining instructions. These include:
e Toolpaths: The exact movement of cutting tools
e  Cutting strategies: Roughing, semi-finishing, and finishing passes
¢ Tool changes and spindle speeds: Optimized based on material and geometry

The CAM software generates G-code and M-code, which tell the CNC machine how to move, what speed to use,

when to switch tools, and how deep to cut.
Step 3: Machine Setup and Workholding
A machinist prepares the CNC machine by:
e Installing and calibrating tools (end mills, drills, inserts, etc.)
e Securing the workpiece using vises, clamps, or custom fixtures
e Loading the G-code program into the machine controller
Proper setup is critical to ensure accuracy, alignment, and repeatability throughout the machining process.
Step 4: Machining Execution
Once setup is complete, the CNC machine begins executing the program:
e The cutting tools remove material from the block along the specified toolpaths
e Sensors monitor spindle speed, temperature, and position to maintain precision
e  Multi-axis machines (3-, 4-, 5-axis) allow for complex movements and part geometries

Modern CNC machines often include coolant delivery systems, chip evacuation, and automatic tool changers,

streamlining operations for efficiency and quality.

Step 5: In-Process Inspection and Adjustment
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For tight-tolerance components, in-process measurements using touch probes or manual gauges help verify
dimensions mid-run. Adjustments can be made to compensate for tool wear, thermal expansion, or minor

variations in setup.
Step 6: Part Removal and Post-Processing
Once machining is complete:
e The partis removed and cleaned
e Sharp edges may be deburred

e If required, it proceeds to post-machining operations such as surface finishing, heat treatment, or

quality inspection

IV. Types of CNC Machines

CNC machining encompasses a wide variety of machines, each designed for specific tasks, materials, and
geometries. Understanding the different types of CNC machines helps engineers select the most suitable

equipment for their part requirements, balancing precision, complexity, and cost.

Here are the most common types of CNC machines used in manufacturing:

1. CNC Milling Machines

CNC milling is one of the most versatile machining processes. It uses rotating multi-point cutting tools to remove

material from the workpiece. Mills can perform operations such as facing, pocketing, contouring, drilling, and

tapping.
e Axes: Typically 3-axis (X, Y, Z), with 4-axis and 5-axis configurations for complex geometries
e Applications: Enclosures, housings, brackets, precision components

e Materials: Metals, plastics, composites

2. CNC Lathes (Turning Centers)

CNC lathes rotate the workpiece while cutting tools remain stationary (or move linearly). This makes them ideal

for producing cylindrical, conical, or spherical parts with high symmetry.

e Axes: 2-axis or multi-axis with live tooling (for milling and drilling operations)
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e Applications: Shafts, bushings, pulleys, threaded components

e Materials: Metals, plastics, polymers

3. CNC Routers

CNC routers are similar to milling machines but optimized for lightweight materials and high-speed cutting. They

are widely used in woodworking, sign making, and plastics processing.
e Axes: Typically 3-axis or 3+1 axis
e Applications: Panels, displays, custom signage, molds

e Materials: Wood, foam, plastics, aluminum

4. CNC EDM (Electrical Discharge Machining)

EDM machines use electrical sparks to erode material in conductive workpieces. It is a non-contact process that

allows for machining hard metals and tight internal corners.
e Types: Wire EDM and sinker EDM
e Applications: Dies, molds, sharp internal features

e Materials: Hardened steels, titanium, tungsten

5. CNC Grinding Machines

CNC grinders use abrasive wheels to achieve ultra-high surface finishes and tight tolerances. These machines are

used for finishing operations where dimensional precision and surface quality are critical.
e Applications: Tooling, bearing surfaces, precision gears

e Materials: Hardened steels, ceramics, exotic alloys

6. Multi-Axis CNC Machines

Machines with 4 or more axes allow simultaneous movement in multiple directions, enabling the production of

complex, contoured parts in a single setup.
e Common Types: 4-axis (rotary table), 5-axis (tilting head and rotary table)
e Applications: Aerospace components, medical implants, turbine blades

e Benefits: Reduced setups, increased accuracy, shorter cycle times
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V. Common Materials Used in CNC Machining

One of CNC machining’s greatest strengths is its compatibility with a broad range of materials, enabling
manufacturers to meet diverse mechanical, thermal, and aesthetic requirements. The choice of material impacts

not only the part’s functionality but also its cost, machinability, and finish quality.

Here’s an overview of commonly used materials grouped into key categories:

1. Metals

Aluminum

e Grades: 6061, 7075, 2024

e Features: Lightweight, corrosion-resistant, excellent machinability

e Applications: Aerospace, automotive, enclosures, robotics
Stainless Steel

e Grades: 303, 304, 316, 17-4PH

e Features: High strength, corrosion resistance, biocompatibility

e Applications: Medical instruments, marine components, structural parts
Steel (Carbon and Alloy)

e Grades: 1018, 4140, 1045, A36

e Features: High strength and durability, can be hardened

e Applications: Mechanical parts, gears, industrial tooling
Brass

e Features: Easy to machine, corrosion-resistant, non-sparking

e Applications: Plumbing fittings, decorative hardware, precision connectors
Copper

e Features: Excellent thermal and electrical conductivity

e Applications: Electrical contacts, heat exchangers, custom terminals
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Titanium
e Features: High strength-to-weight ratio, corrosion resistance, biocompatibility

e Applications: Aerospace, medical implants, high-performance parts

2. Plastics

ABS (Acrylonitrile Butadiene Styrene)
e Features: Lightweight, impact-resistant, cost-effective
e Applications: Consumer products, prototypes, housings
POM (Delrin/Acetal)
e Features: Low friction, excellent wear resistance, high rigidity
e Applications: Bearings, bushings, moving parts, gears
Nylon
e Features: Strong, flexible, wear-resistant
e Applications: Industrial components, mechanical fasteners, spacers
PEEK (Polyether ether ketone)
e Features: High-temperature resistance, chemical stability, biocompatible
e Applications: Medical implants, aerospace components, electronic insulators
Polycarbonate (PC)
e Features: Impact-resistant, transparent, flame-retardant options

e Applications: Safety equipment, lenses, display covers

3. Composites and Others

o FR4 (Glass-Reinforced Epoxy): Used in circuit boards and electrical insulators
e G10/Phenolic: Strong and lightweight; used in electrical and structural applications

e Foam and Urethane: Often used for tooling, fixtures, or lightweight prototyping
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4. Material Selection Considerations

When selecting a material for CNC machining, consider the following factors:
¢ Mechanical performance (strength, hardness, stiffness)
e Environmental resistance (corrosion, temperature, chemicals)
e Weight and cost
e Post-processing needs (plating, anodizing, polishing)

e Machinability (tool wear, cycle time, complexity)

VI. CNC Machining Tolerances and Precision

One of the key strengths of CNC machining lies in its ability to produce parts with tight dimensional tolerances
and repeatable accuracy. Whether it's for a single prototype or a full production run, precision is essential to

ensure fit, function, and performance—especially in industries like aerospace, automotive, and medical devices.

1. What Are CNC Machining Tolerances?

A tolerance defines the allowable variation in a dimension—how much a machined part can deviate from its
nominal size while still being acceptable. For example, a hole with a diameter of 10.00 mm + 0.05 mm means the

actual size can range from 9.95 mm to 10.05 mm.

Tolerances are typically specified in millimeters (mm) or thousandths of an inch (inches or mils) and can be

expressed in different formats:
e Limit Tolerances: e.g., 19.90 — 20.10 mm
e  Plus/Minus Tolerances: e.g., 20.00 mm + 0.10 mm

e Geometric Dimensioning and Tolerancing (GD&T): Controls form, orientation, location, and runout

2. Standard Tolerances in CNC Machining

Unless otherwise specified, most machine shops apply general machining tolerances according to international

standards like:

e 1SO 2768 (Fine / Medium Class) — Commonly used for metal and plastic parts
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e IS0 286 (for fits and limits) — Defines specific dimensional tolerances for shaft and hole systems
e ASME Y14.5 (GD&T) — Widely used in North America for high-precision applications
Typical tolerance capabilities:
e General CNC Machining: £0.125 mm (+0.005 in)
e High-Precision CNC Machining: £0.025 mm (+0.001 in) or tighter
e  Micro Machining or EDM: £0.005 mm (+0.0002 in)
Note: Achievable tolerances depend on material properties, part geometry, machine condition, and operator

experience.

3. Factors Affecting CNC Precision

Several variables influence the final accuracy of a machined part:

Tool wear and machine calibration

e Thermal expansion of material and tooling

e  Fixture stability and workholding method

e Cutting speed, feed rate, and vibration

e Part geometry and depth-to-diameter ratios

Proper CNC programming, consistent quality control, and skilled operators help mitigate these variables.

4. When Tight Tolerances Matter

Tight tolerances are critical when parts:
e Must interlock, slide, or assemble with minimal clearance
e Require dynamic movement, such as gears or drive components
e Need to seal or contain pressure or fluids
e Must ensure aesthetic symmetry or high-precision fits

However, specifying unnecessarily tight tolerances can increase machining costs and lead times. It’s important to
match the tolerance to the functional requirement of the part. CNC machining's precision makes it a top choice

for engineers who need accurate, repeatable parts—whether for testing, production, or final assembly.
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VII. Surface Finishes in CNC Machining

CNC machining doesn’t just deliver precision—it also offers flexibility in surface finishes, allowing parts to meet
functional, mechanical, or cosmetic requirements. Whether a component needs to reduce friction, resist

corrosion, or simply look great, the right finish can enhance both performance and aesthetics.

Below are the Common Surface Finishes for your reviewing:

1. Anodizing (Type Il and Type III)

e Materials: Aluminum
e Type ll: Adds corrosion resistance and color options (e.g., black, clear, red, blue)
e Type lll (Hard Anodizing): Provides a thicker, more wear-resistant layer

e Applications: Consumer electronics, enclosures, medical devices

2. Bead Blasting

e Effect: Matte or satin finish created by blasting with fine glass beads
e Purpose: Removes machining marks, enhances texture

e Commonly Used With: Aluminum, stainless steel

3. Powder Coating

e Materials: Metals (mainly steel and aluminum)
e Description: Dry powder is electrostatically applied and cured under heat

e Benefits: Durable, protective, colorful finish; thicker than painting

4. Painting / Spraying
e Usage: Aesthetic customization for metal or plastic parts

e Variations: PU spraying for plastics, automotive-grade coatings

e Applications: Custom casings, consumer products, brand differentiation
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5. Polishing and Buffing

e Level of Gloss: Can range from satin to mirror finish

e Applications: Cosmetic parts, decorative elements, reflective surfaces

6. Brushed Finish

e Appearance: Fine parallel lines created by abrasive brushing

e Typical Use: Stainless steel parts with a sleek, modern look

7. Black Oxide / Blackening

e Materials: Steel and stainless steel
e  Function: Adds mild corrosion resistance and dark appearance

e Used For: Tools, fasteners, firearms, mechanical assemblies

8. Passivation

e Material: Stainless steel
e Effect: Removes free iron and enhances corrosion resistance

e Industry Use: Medical, aerospace, marine

9. Heat Treatment

e Purpose: Increases hardness and wear resistance for tool steels and alloys
e Process: Includes annealing, quenching, and tempering

e Note: Typically done before finishing or coating

10. Teflon or PTFE Coating

e  Function: Non-stick, low friction, chemical resistance

e Applications: Food processing, aerospace, precision sliding parts
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VIII. Advantages and Disadvantages of CNC Machining

CNC machining is one of the most powerful and versatile manufacturing processes available today. However, like
any technology, it comes with both benefits and limitations. Understanding these will help you determine

whether CNC machining is the right fit for your product development needs.

1. Advantages of CNC Machining

High Precision and Tight Tolerances
e Achieves tolerances as tight as £0.001 mm
e Ensures consistent part quality and repeatability
Excellent Material Compatibility
e Works with a wide range of metals (aluminum, steel, titanium) and plastics (ABS, POM, PEEK, etc.)
e Ideal for both prototyping and end-use parts
Rapid Turnaround
¢ No need for hard tooling or long curing times
e Quick programming and fast cycle times for simple geometries
Great for Complex Geometries
e 5-axis CNC allows for undercuts, intricate angles, and curved surfaces
e Reduces need for multiple setups or secondary operations
Scalability
e Suitable for one-off prototypes, small batch production, and full-scale manufacturing
Consistent Quality Control
e Automated machining reduces human error
e Supports traceability and inspection standards like ISO and AS9100
Flexible Finishing Options
e Wide range of cosmetic and protective surface finishes available

e Allows for custom branding and end-user ready parts
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2. Disadvantages of CNC Machining

/\ Material Waste

e Subtractive process = removes material, leading to higher waste vs. additive manufacturing or forming

processes
A Higher Costs for Complex Setups
e Intricate geometries may require specialized fixturing, longer setup times, or multi-axis machines
e Can be cost-prohibitive for very complex or large-scale geometries
/\ Not Ideal for Soft or Flexible Materials

e Elastomers and soft silicones are better suited for molding processes (e.g., injection or compression

molding)
A Limited Internal Geometry
e Hollow parts or internal cavities may be impossible or require multi-part assemblies
/\ Batch Size Cost Sensitivity

e Unit cost may remain high for very large volumes compared to high-volume processes like injection

molding or die casting

3. Is CNC Machining Right for Your Project?

Use CNC machining when:
e You need precise, durable parts with tight tolerances
e You're working with metal or engineering-grade plastics
e You want prototypes or functional components fast
e You need flexibility in design iterations
Consider alternatives like injection molding, vacuum casting, or 3D printing when:
e The geometry is highly organic or internalized
e You need thousands to millions of identical parts

e The part requires rubber-like flexibility or soft-touch feel
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IX. Applications of CNC Machining in Product Development

CNC machining is a cornerstone of modern product development across numerous industries. Its ability to deliver
functional prototypes, precise end-use parts, and durable components makes it essential throughout the entire

product lifecycle—from concept validation to mass production.

1. Rapid Prototyping

e Function: Transforms digital designs into physical parts within days
e  Why CNC?: High dimensional accuracy and functional strength for early testing

e Use Cases: Mechanical fit checks, performance testing, short-run demo units

2. Engineering Verification and Functional Testing

e Function: Produces parts that match final production materials and tolerances
e  Why CNC?: Engineers can evaluate stress, load, and movement with real materials

e Use Cases: Automotive mounts, aerospace brackets, device housings

3. Low-Volume Production

e Function: Economical alternative to tooling-intensive processes like injection molding
e  Why CNC?: Ideal for bridge production, pilot runs, and market validation

e Use Cases: Medical devices, robotics assemblies, industrial equipment parts

4. Custom Tooling and Fixtures

e Function: Produces jigs, gauges, and fixtures used in broader manufacturing workflows
e  Why CNC?: Custom setups tailored for precision manufacturing and testing

e Use Cases: Assembly line fixtures, inspection tools, mold bases

5. High-Performance Components

e Function: Creates mission-critical parts for demanding environments

e  Why CNC?: Supports advanced materials like titanium, Inconel, and PEEK
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e Use Cases: Aerospace turbine components, medical implants, racing parts

6. End-Use Product Parts

e  Function: Produces production-quality parts with excellent strength and finish
e  Why CNC?: Enables fast market delivery and lower inventory overhead

e Use Cases: Consumer electronics, enclosures, lab instruments, gear housings

7. Aesthetic and Display Models

e Function: Delivers polished, presentation-ready pieces
e  Why CNC?: Precision and surface finishes that reflect final product appearance

e Use Cases: Showroom models, investor prototypes, marketing assets

X. Conclusion

CNC machining remains one of the most robust, reliable, and versatile manufacturing technologies in product
development today. Whether you're engineering a prototype, validating a concept, or delivering low-volume

production parts, CNC machining offers unmatched precision, material versatility, and speed.

Ready to bring your design to life with precision and speed? Partner with a trusted CNC machining expert to
accelerate your product development. GEMS-MFG is the comprehensive solution provider here for you. As a one-
stop custom manufacturer, we provide a wide range of services, including rapid prototyping, mold making,
injection molding, CNC machining, die casting, and more. Whether your requirements involve intricate prototypes
or precision parts, GEMS-MFG is committed to delivering an efficient and cost-effective solution tailored to your

needs.

Contact us today [INFO@GEMS-MFG] to explore our offerings and receive an instant quote. Your manufacturing

goals are our priority.
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