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Why Machine Anatomy Matters

e  When designing real-world parts for CNC machining, you are designing
around the machine's capabilities and limitations.

e Understanding how the spindle, bed, tooling, and workholding interact
helps you anticipate constraints, improve tolerances, and reduce
production time.

« SendCutSend Capabilities: (example parts: see Figure 1.1and 1.2)

e 3-axis, 3+2-axis, and 5-axis

» We can produce dimensional features including pockets, slots, holes,
bosses, webs, and flanges of varying heights and thicknesses.

Resources:
CNC Guidelines: https://sendcutsend.com/quidelines/cnc-machinina/

Figure 1.2


https://sendcutsend.com/guidelines/cnc-machining/
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Core Machine Components

« Spindle: The rotating component that drives the cutting tool.

« Collet: Holds the cutting tool securely inside the spindle (see Figure 1.3).

Figure 1.3

« End Mill: The cutting tool that removes material from the billet (see Figure 1.4).

» Auto Tool Changer: Automatically swaps tools during machining operations.
The spindle grabs a collet, the collet holds the end mill, and the end mill removes
material from the billet to reveal the final part (see Figure 1.5).
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Workholding and Bed

« The billet (see Figure 1.6) is secured to the machine bed (see Figure 1.7) using a
vise (see Figure 1.8) or specialized fixtures.

 Advanced setups may include 4th and 5Sth axis adapters, allowing the part to
rotate into multiple orientations.

» This reduces setups, improves tolerance control, and enables more complex
geometries.

Figure 1.8
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Probing Systems

* Modern CNC machines include probing systems:

« Tool Setter: Measures tool length to establish accurate Z heights (see
Figure 1.9).

« Part Probe: Locates the edges of the part to establish XYZ coordinates
(see Figure 1.10).

* Probing ensures the machine knows exactly where tools and parts exist in
space before machining begins.

Figure 1.10
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Control Panel and Operator Interface

« The control panel allows the machinist to monitor program progress, view tool
changes, override spindle speeds and feed rates, and activate the emergency
stop (see Figure 1.11).

« Spindle speed refers to tool rotation. Feed rate refers to how fast the tool moves
through material.

Safety Features:

e CNC machines include critical safety systems:
« Interlocked doors prevent operation when open.
« Impact resistant viewing windows protect operators from tool breakage.
» Emergency stop button halts all operations instantly

Figure 1.11
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Automation and Robotics

» Some CNC systems include robotic arms that automatically load and unload

parts (see Figure 1.12). “ T ﬂ
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» These systems are enclosed in protective cages to prevent accidental human -1 il i
interaction. | i ﬁ
« Automation increases efficiency and allows continuous production. iitiih
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Figure 1.12
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Design Implications

 Understanding CNC anatomy affects your design decisions:
« Tool access: determines feature geometry
» Workholding: affects part orientation and setups
» Multi axis: capability enables complex designs
« Tool changes: influence cycle time and cost

Resources:
CNC Service: https://sendcutsend.com/services/cnc-machining/
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Summary

A CNC machine is a coordinated system of motion, tooling, control, and safety mechanisms. By understanding its
anatomy, you can design parts that are efficient, precise, and optimized for real world manufacturing. In the next lesson,
we will explore how spindle motion and bed movement interact and how that impacts your design decisions.

Learn more at https://sendcutsend.com/education/



https://sendcutsend.com/education/

