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Key concepts, steps, and tools for creating reliable, efficient mechanical systems

1. What Is Machine Design?

Aspect Description

Definition

Goal

The systematic process of creating machines and mechanical components that meet
specified performance, safety, and cost requirements.

Convert energy into useful work while satisfying functional, economic, and
environmental constraints.

Includes conceptual ideas, detailed drawings, material selection, analysis,

Scope

prototyping, testing, and production planning.

2. Design Process Overview

Problem Definition

o Clarify the need, performance targets, operating conditions, and constraints (space,
weight, cost, regulations).

Concept Generation

o Brainstorm multiple solutions.
o Use sketching, functional block diagrams, and concept?selection matrices.

Preliminary Design (Synthesis)

o Choose a concept and develop rough dimensions, kinematics, and force/torque
estimates.

o Perform quick calculations (static, dynamic, energy) to verify feasibility.
Detailed Design (Analysis & Optimization)

o Refine geometry, select materials, and size components.
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o Apply analytical methods (strength of materials, fatigue, vibration) and/or numerical
tools (FEA, CFD).
o lterate to meet safety factors, minimize weight, and reduce cost.

5. Prototyping & Testing

o Build physical or virtual prototypes.

o Conduct functional, performance, and durability tests.

6. Final Design & Documentation

o Produce complete drawings, bill of materials (BOM), manufacturing instructions, and

maintenance plans.

7. Production & Lifecycle Support

o Oversee manufacturing, quality control, and field service.

o Gather feedback for future design improvements.

3. Fundamental Design Principles

Principle

Typical Application

Strength & Stiffness Size members to resist loads without excessive deformation.

Factor of Safety
(FoS)

Material Selection

Kinematics
Energy Efficiency
Manufacturability

Maintainability

Ergonomics &
Safety

Ratio of allowable stress to actual stress; chosen based on material,
reliability, and consequences of failure.

Use Ashby charts, considering strength, stiffness, density, corrosion
resistance, cost, and manufacturability.

Define motion paths, velocities, and accelerations; ensure smooth
transmission of power.

Minimize losses (friction, heat) and select appropriate power sources.

Design for casting, forging, machining, additive manufacturing, etc., to
reduce cost and lead time.

Provide access for inspection, lubrication, and part replacement.

Ensure user comfort and compliance with safety standards (e.g., ISO,
OSHA).
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4. Core Analytical Tools

4.1 Statics & Strength of Materials

e Free?body diagrams ? identify internal forces/moments.
e Stress calculations — axial, shear, bending, torsion.
e Combined stress criteria — von Mises, Tresca.

4.2 Fatigue & Life Prediction

e S?N curves, Goodman and Gerber criteria.
e Miner’s rule for cumulative damage.

4.3 Dynamics & Vibration

e Equations of motion (Newton/Euler, Lagrange).
e Natural frequencies ? avoid resonance.
e Damping analysis for shock and vibration control.

4.4 Thermodynamics & Heat Transfer
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