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Pick & Place



Pre-collated Components



Part Fabrication

• Additive Processes
— molding, casting, sintering

• Subtractive Processes
— turning, milling, grinding, EDM

• Forming Processes
— sheet metal
— bending, shearing, punching

• Joining Processes
— fasteners, adhesives, welding



Material Removal Processes

• Turning
— work rotates, tool translates

• Milling
— tool rotates, work and tool translate

• Drilling
— tool rotates, tool translates

• Grinding
— tool rotates, work may rotate, 

work or tool may translate



Chip Formation



Turning



Milling Operations



Geometry of Milling Process



Face Milling



Milling Forces



Machinability

• Maximize metal removal rate (MRR)
• Minimize surface roughness
• Maximize tool life
• Minimize power required

• Available parameters:
— tool type (geometry, material, and tool holder)
— rotation rate (speed)
— translation rate (feed)
— cutting path
— cutting lubricant



Feed & Speed Charts



Tool Wear

• Abrasion 
• Adhesion (built-up edge)
• Diffusion (migration of atoms between work 

and tool)
• Fatigue
• Chemical (oxidation)



Tool Wear
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