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Key concepts, classifications, components, and operational principles

1. What Is a Mechanical Production Machine?

e Definition: A device that transforms raw material or components into finished products

through a series of controlled mechanical operations.

e Purpose: Increase production speed, ensure repeatable quality, reduce labor intensity, and

enable mass?manufacturing.

e Typical Environments: Factories, workshops, assembly lines, and specialized production

cells.

2. Main Categories of Production Machines

Category

Machining Centers

Forming Machines

Joining Machines

Material Removal
Machines

Additive
Manufacturing (3?D
Printing)

Packaging Machines

Robotic Workcells

Typical Applications

Metal part shaping,
drilling, milling, turning

Shaping sheet metal,
plastics, or composites
Assembling
components

Cutting, grinding,
polishing

Layer?by?layer part
creation

Packing, labeling,
sealing

Flexible handling, pick?
and?place, inspection

Core Motion /
Process

High?speed rotary
tools, linear axes
Bending, stamping,
forging, extrusion
Heat, pressure, or
mechanical fastening

Abrasive or cutting
tools

Controlled deposition
of material

Motion of conveyors,
sealing heads

Multi?axis articulated
arms, vision systems

Example Machines

CNC milling machine,
CNC lathe

Press brake, hydraulic
press, extrusion extruder
Spot?weld gun, robotic
welding cell, rivet gun
Saw, grinder, water?jet
cutter

FDM printer, SLS printer

Form?fill?seal machine,
case packer

Six?axis industrial robot,
collaborative robot
(cobot)
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3. Fundamental Compon¥tachines

Component Function

Typical Variants

Provides rigidity, alignment, and Cast iron, welded steel, aluminum

Frame / Structure
support

Converts motor power into

Drive System _
motion

Linear or rotary guidance for

Guides & Slides ,
precise movement

Executes motion commands,

Control Unit _
monitors sensors

Detect position, speed, force,

Sensors
temperature

Tooling / End? Performs the actual work on the

Effector workpiece

Secures the part during

Workholding .
processing

Protect operators and
Safety Systems _
equipment

extrusions

Servo motor, stepper motor, hydraulic
cylinder, pneumatic actuator

Ball?screw, linear guideway, linear motor,
rotary table

CNC controller, PLC, embedded PC

Encoders, linear scales, load cells,
thermocouples

Cutting tool, die, weld torch, gripper

V?blocks, clamps, chucks, fixtures,
magnetic holders

Light curtains, emergency stops, safety
interlocks, safety PLCs

4. Operational Principles

1. Motion Generation

o Electric drives (servo/stepper) ? precise position control.

o Hydraulic/pneumatic drives ? high force, rapid actuation.

2. Feedback Loop

o Sensors provide real?time data ? controller adjusts drive output ? closed?loop

accuracy (typically £0.01?mm for high?precision machines).

3. Tool?Workpiece Interaction
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o Cutting: material removal by shear forces.

o Forming: material deformafig/] a@cht rﬂqe/g

o Joining: material bonding through heat, pressure, or adhesives.
4. Cycle Time Management

o Setup time (fixture change, tool
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