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Introduction

High speed machining (HSM) has become the backbone of modern manufacturing, enabling engineers to produce
complex parts with unprecedented precision and efficiency. Chapter 6 of this series focuses on the practical
implementation of HSM, covering everything from tool selection and cutting parameters to advanced strategies that
push the limits of machine capability. Whether you are a seasoned machinist looking to refine your workflow or a
newcomer seeking a comprehensive guide, this article provides the knowledge you need to master high speed
machining and stay competitive in a rapidly evolving industry.

What is High Speed Machining?

High speed machining is a subset of precision machining that emphasizes high feed rates, high spindle speeds,
and aggressive cutting strategies. Unlike conventional machining, which prioritizes tool life and surface finish, HSM
focuses on maximizing productivity without compromising quality. The key elements that define HSM include:

e High spindle speeds: Often exceeding 20,000 rpm for small tools.

« High feed rates: Typically 10-50 times the conventional feed rate.

¢ Reduced cutting depth: Thin cuts that minimize tool deflection.

¢ Advanced tool geometry: Positive rake angles, sharp flutes, and specialized coatings.
Optimized coolant usage: To manage heat and chip evacuation.

By integrating these elements, manufacturers can achieve faster cycle times, lower labor costs, and higher part
quality.

Chapter 6 Overview: The Practical Side of HSM

Chapter 6 serves as the practical guide that bridges theory and application. It covers:

« Selection of appropriate cutting tools for HSM.

e Setting optimal cutting parameters for various materials.

¢ Machine setup and calibration specific to high speed operations.
» Tool path strategies that reduce cycle time.

e Common pitfalls and troubleshooting tips.

e Case studies illustrating real-world implementations.

Each section is designed to be actionable, with step-by-step instructions and illustrative examples that you can
immediately apply to your own machining processes.

Tool Selection for High Speed Machining
Choosing the Right Tool Material
The choice of tool material is critical in HSM. Common materials include:

e Carbide: Offers high hardness and heat resistance, ideal for steel and aluminum.
¢ Polycrystalline Diamond (PCD): Best suited for hard, abrasive materials like titanium and carbide.



e Coated Carbide: With TiN, TiAIN, or TiCN coatings to improve wear resistance.

For HSM, carbide is the most widely used due to its balance of strength and cost. However, for extreme
applications, PCD may be the only viable option.

Tool Geometry Considerations

Tool geometry directly impacts cutting performance. Key geometric features include:

¢ Rake angle: Positive rake angles reduce cutting forces.
Cutter radius: Smaller radius tools allow tighter radii on parts.
e Flute design: Multiple flutes improve chip evacuation.

e Corner radius: Minimizes tool deflection.

When selecting a tool, always match its geometry to the material and the desired surface finish. For example, a 90-
degree rake angle is optimal for aluminum, whereas a 45-degree rake works better for high-carbon steel.

Tool Size and Spindle Compatibility

High speed machining often utilizes small-diameter tools (e.g., 1-5 mm). Ensure your CNC machine’s spindle can
handle the required speeds. Most modern CNC machines can reach 25,000-30,000 rpm for small tools, but verify
the torque rating to avoid spindle overload.

Cutting Parameters for Optimal Performance
Establishing Cutting Speed (Vc)

Cutting speed is calculated using the formula:

Vc=(<rBréao

where D is the tool diameter in millimeters, and Nis the spindle speed in rpm. For HSM, Vc values typically range
from 200 to 1,200 m/min, depending on material.

Determining Feed Rate (f)

Feed rate is the product of the number of teeth (z) and the feed per tooth (fz):
f=zxfz
In HSM, fz values often exceed 0.1 mm/tooth, especially for high-performance tools.

Choosing Depth of Cut (ap)

Depth of cut is usually kept shallow (0.05—-0.15 mm) to maintain tool stability. Reducing aphelps control vibration
and improves surface finish.

Parameter Matrix for Common Materials

1. Aluminum (AI7075): Vc = 200—300 m/min, fz = 0.15-0.25 mm/tooth, ap = 0.1 mm.
2. Stainless Steel (316): Vc = 80—-120 m/min, fz = 0.05-0.1 mm/tooth, ap = 0.05 mm.
3. Tool Steel (HSS): Vc = 30—60 m/min, fz = 0.02—0.04 mm/tooth, ap = 0.02 mm.

4. Titanium (Ti6AI4V): Vc = 10—-20 m/min, fz = 0.01-0.02 mm/tooth, ap = 0.01 mm.

Machine Setup and Calibration

Spindle Speed Calibration

Ensure the spindle speed matches the calculated N. Use a tachometer or the machine’s built-in speed indicator for



verification. A deviation of more than 2% can significantly affect surface finish.

Tool Length Compensation (TLC)

Accurate tool length measurement is vital for HSM. Use an auto-tilt sensor or manual measurement with a dial
indicator to calibrate TLC. Incorrect TLC leads to dimensional inaccuracies.

Axis Acceleration and Jerk Settings
High acceleration (up to 10 m/s?) and jerk (up to 50 m/s3) settings reduce cycle time but can induce chatter if not
properly managed. Adjust these parameters based on the machine’s rigidity and the material being machined.
Coolant Management
Effective cooling reduces tool wear and improves chip evacuation. Options include:

* Flood coolant: Provides general cooling but can cause coolant buildup.

e Mist coolant: Less water usage, suitable for small tools.
< High-pressure coolant: Ideal for deep cuts and high heat generation.

Choose the coolant type that matches the material and tool geometry.

Tool Path Strategies for High Speed Machining

Contour Milling vs. Pocket Milling

Contour milling follows the outer edge of a part, whereas pocket milling removes material from within a defined
area. In HSM, contour milling often yields higher speeds because it requires fewer tool changes.

Hybrid Strategies
Combining multiple strategies can optimize performance:

e Hybrid 2D/3D milling: Use 2D passes for roughing and 3D passes for fine features.

¢ Adaptive clearance: Adjust feed and depth dynamically based on tool load.

« High-velocity tool paths: Employ linear interpolation to maintain maximum spindle speed.
Optimizing Tool Path Density

Reducing the number of tool path points speeds up the process. Use tool path densitysettings to balance
between precision and speed. For example, a 1 mm spacing for high-speed operations can still achieve the
required tolerance.

Utilizing Multi-Tool Strategies

Simultaneous use of multiple tools can reduce cycle time. For instance, a 2- or 3-tool setup can perform roughing,
semi-finishing, and finishing in a single pass sequence. This approach requires precise synchronization of tool
changes and spindle speeds.

Cooling and Chip Evacuation Techniques

Chip Load Management

In HSM, chips are typically thin and narrow. Use chip breakers and chip evacuation channelsto prevent chip re-
cutting and tool clogging.

Coolant Delivery Methods

Choose the appropriate coolant delivery method:



 Direct application: Delivers coolant directly to the cutting zone.

* Conventional flood: Provides broad coverage but may dilute cooling effectiveness.

¢ High-pressure mist: Offers precise cooling with minimal water usage.
Temperature Monitoring

Use thermocouples or infrared cameras to monitor tool and workpiece temperatures. Exceeding 200°C can
accelerate tool wear and affect dimensional accuracy.

Common Challenges and Troubleshooting

Tool Vibration (Chatter)

Vibration can cause poor surface finish and tool damage. Mitigation strategies include:
* Increasing spindle speed to shift vibration to a higher frequency.
¢ Reducing depth of cut or feed rate.
¢ Using a stiffer tool holder or adding damping.

Tool Wear and Breakage

High-speed machining imposes significant thermal and mechanical loads. Regularly inspect tools for signs of wear
and replace them before catastrophic failure.

Coolant Flooding Issues

Excessive coolant can lead to water spots or corrosion. Adjust coolant flow rates and use anti-corrosion additives to
mitigate these effects.

Workpiece Distortion

Rapid heating can cause distortion. Use clamping fixturesthat distribute pressure evenly and consider pre-
heating or post-cooling strategies.

Case Studies: High Speed Machining in Action

Automotive Component Production
Company A reduced the cycle time for a complex aluminum bracket from 45 minutes to 12 minutes by adopting
HSM. Key changes included:

e Switching to a 3 mm carbide tool with a 90° rake angle.
¢ Implementing a hybrid tool path strategy.
¢ Using high-pressure mist coolant to maintain temperature.

The result was a 73% reduction in labor cost and a 15% improvement in surface finish.

Medical Device Manufacturing

Company B used HSM to machine titanium surgical instruments. By optimizing cutting parameters (Vc = 12 m/min,
fz = 0.01 mm/tooth, ap = 0.
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