
Advanced CNC Machining Techniques – Study Notes

1. Overview

Aspect Description

Goal
Increase precision, productivity, and part complexity while reducing waste

and tool wear.

Key Enablers
High?performance control systems, sophisticated toolpaths, real?time

monitoring, and advanced materials.

Typical

Applications

Aerospace brackets, medical implants, automotive engine components,

molds & dies, high?speed production runs.

2. High?Speed Machining (HSM)

Feature Benefits Practical Tips

Spindle speeds

up to 60?000?rpm

Reduces cutting forces ?

better surface finish.

Use small?diameter carbide tools; balance tool

holder to avoid vibration.

Low depth of cut,

high feed rate

Improves material removal

rate (MRR) while keeping

chip load optimal.

Calculate chip thickness:
chip = feed_per_tooth ×

number_of_teeth. Keep it within 0.02–0.06?

mm for aluminum, 0.01–0.04?mm for steel.

Trochoidal milling
Continuous engagement,

lower tool wear.

Program with a constant radius offset (CRO) or

use CAM “trochoidal” strategy.

Dynamic toolpath

optimization

Shorter cycle times,

smoother motion.

Enable look?ahead (e.g., 2–4?blocks) and jerk

?limited motion in the controller.

3. Adaptive Machining

Concept How It Works When to Use
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Adaptive Feed?

rate

CNC controller varies feed based on

instantaneous cutter engagement (AE, axial

engagement).

Complex 3?D surfaces, deep

?pocketing.

Adaptive

Toolpath (ATC)

Tool path is recomputed on?the?fly to maintain

constant chip load.

Materials with variable

hardness (e.g., titanium

alloys).

Tool Load

Monitoring

Sensors measure spindle torque, vibration,

acoustic emission ? controller adjusts

parameters.

High?value parts where tool

breakage must be avoided.

Implementation Steps

1. Enable Adaptive Control in the machine’s UI (often called “Adaptive Feed” or “Dynamic

Machining”).

2. Set Minimum/Maximum Feed Limits (e.g., 0.02–0.2?mm/tooth).

3. Select a Suitable Tool – high?rigidity carbide with adequate flute count.

4. Run a Test Cut and review the logged engagement data; fine?tune limits if needed.

4. 5?Axis Simultaneous Machining

Element Details

Kinematics
Rotational axes (A, B, C) move concurrently with X/Y/Z,

allowing any tool orientation.

Advantages

Fewer setups ? reduced alignment error.

Ability to machine complex free?form surfaces.

Improved tool life by maintaining optimal cutter?

workpiece angle.

Key Strategies

– Swivel/Tilt
Keep the tool’s cutting edge normal to the surface (optimal

chip flow).

– Lead?in/Lead?out
Use helical or spline leads to avoid sudden direction

changes.
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Element Details

– Collision Avoidance
Simulate tool envelope in CAM; enable “machine limits” in

the controller.

Programming Tips

• Use G?code: G90 G54 (absolute,

work offset
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