Advanced CNC Machining Techniques

Advanced CNC Machining Techniques — Study Notes

1. Overview

Computer?Numerical?Control (CNC) machining transforms raw material into precise parts by
following programmed tool paths. Advanced techniques push accuracy, speed, and part
complexity beyond conventional machining, enabling high?performance components for
aerospace, medical, automotive, and mold?making industries.

2. High?Speed Machining (HSM)

Aspect Key Points
Purpose Reduce cycle time, improve surface finish, minimize tool wear.
Machine Rigid spindle, high acceleration/deceleration, low backlash linear guides,
Requirements high?frequency control loops.
Tool Path

) Trochoidal milling, adaptive clearing, high?feed milling.
Strategies

- Spindle speeds up to 30?000?rpm (or higher for small tools).
Cutting Parameters - Feed rates 5-20?mm/rev.
- Small axial depth of cut (DOC) but high radial engagement.

Lower cutting forces ? less vibration, better dimensional stability, superior

Benefits
surface roughness (Ra???0.4?um).

3. Adaptive Machining & Tool Path Optimization

1. Adaptive Clearing (or “Dynamic Milling”)

o Tool follows the steepest?descent direction, maintaining constant chip load.
o ldeal for roughing complex 3?D surfaces (e.g., turbine blades).

2. Feature?Based Machining
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o CAD model is decomposed into machining features (pockets, slots, contours).
o CAM software automatically selects optimal strategies per feature.

3. Collision?Free Path Planning

o Uses 37D simulation and tool?holder geometry to avoid tool?workpiece interference.
o Reduces scrap and machine downtime.

4. Multi? Axis Machining (4?, 5?, and 6?Axis)

AXis Typical Use Cases Advantages
) Rotary machining of cylindrical o ) _
4?Axis (A or B ) Eliminates multiple setups, improves
) parts, engraving on curved .
rotation) concentricity.
surfaces.
) ) Complex aerospace
5?Axis (simultaneous _ _ Accesses undercuts, reduces setup
components, impellers, medical )
A&B or A&C) . count, shortens lead time.
implants.

) ) Enables simultaneous machining of
6?Axis (dual?spindle Large molds, aerospace brackets o .
_ T ) opposite sides, further cycle?time
or articulated) with intricate internal features. _
reduction.

Key considerations:

e Kinematic error compensation — software corrects for axis misalignment.
e Tool orientation control — maintains optimal tool?workpiece contact angle.
e Dynamic balancing — essential for high?speed 5?axis to avoid chatter.

5. Micro?Machining & Ultra?Precision Machining

Feature Details
Target tolerances +0.5?um linear, surface roughness Ra???70.05?um.
Spindle Air?bearing, ceramic bearings, speeds >?807000?rpm.
Tooling Diamond or carbide micro?end mills (??0.1?mm diameter).
Environmental Temperature?stabilized rooms (£0.1?°C), vibration isolation, clean?room
control air.
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Feature Details

Applications Micro?fluidic devices, watch components, optical molds.
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