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What Are Rigid Bodies?

Rigid bodies are objects that maintain their shape and geometry 
under applied loads—they experience no stretching, bending, 
compression, or deformation. This idealization simplifies 
mechanical analysis by allowing engineers to focus exclusively on 
translational and rotational motion.

In practical engineering, many objects can be treated as rigid when 
their deformations are negligible compared to their overall 
dimensions. This assumption streamlines calculations for dynamics, 
kinematics, and force analysis.

Classic example: A hammer striking a nail remains essentially 
unchanged in shape during use, making it an ideal candidate for 
rigid body analysis.
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What Are Deformable Solids?

Stretching

Materials elongate under tensile forces, changing 

their length and cross-sectional area.

Compression

Bodies contract and bulge when subjected to 

compressive loads from opposite directions.

Bending

Structures curve and flex under transverse forces, experiencing complex internal stresses.

Deformable solids are bodies that undergo shape changes when forces are applied. Understanding these 

deformations is essential for analyzing stress distribution, strain patterns, material failure modes, and overall 

structural integrity. A car crumpling during a crash test exemplifies dramatic deformation—this controlled failure 

absorbs impact energy and protects passengers.
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Why Does This Matter? The Engineering Perspective

1

Rigid Body Assumption

Applied when deformation is negligible relative 

to the scale of motion. Ideal for analyzing 

mechanisms, robotics, and kinematic systems 

where shape changes don't affect performance.

2

Deformable Body Analysis

Required when shape changes significantly 

impact performance, safety, or functionality. 

Critical for structural design, material selection, 

and failure prediction.

3

Computational Tools

Finite Element Method (FEM) enables detailed 

deformable solid simulations. Rigid body 

dynamics software provides efficient motion 

analysis for non-deforming systems.

Choosing the right modeling approach—rigid or deformable—dramatically affects simulation accuracy, computational cost, and design insight quality.
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Stage 1: Empathy — Understanding User Needs and Context
Design Thinking begins with empathy: deeply understanding the people we're designing for. When creating vehicle safety systems, engineers 
must empathize with drivers and passengers who depend on these systems during life-threatening collisions.

Recognizing human vulnerability

Understanding how the human body 
responds to impact forces—and how 
materials must deform to absorb energy
—guides protective system design.

Identifying critical behaviors

Empathy reveals which physical behaviors
—rigid structural integrity or controlled 
deformation—are most critical to model for 
user safety and satisfaction.

Contextual understanding

Real-world conditions like varied collision 
speeds, angles, and vehicle types inform 
which body mechanics assumptions are 
appropriate.
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Stage 2: Define — Framing the Problem with Precision
The Core Challenge
How can we optimize material selection and structural design to balance 
strength with flexibility, ensuring passenger protection while meeting 
manufacturing constraints?

Critical Constraints

• Weight limitations for fuel efficiency
• Cost targets for market competitiveness
• Durability requirements for product lifespan
• Safety standards and regulatory compliance
• Manufacturing feasibility and scalability

Defining success: A well-framed problem statement 
guides the entire design process. Understanding 
deformation behavior—when materials should 
remain rigid versus when they must deform—is 
fundamental to defining effective engineering 
solutions.
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Stage 3: Ideate — Generating Solutions Based on Body 
Mechanics

Armed with empathy and a well-defined problem, engineers brainstorm creative solutions leveraging both rigid and deformable body principles. 

The ideation phase explores how different mechanical behaviors can be strategically combined.

Rigid Structural Frames

High-strength steel frames provide rigid 

support, maintaining passenger compartment 

integrity during collisions while resisting 

deformation.

Deformable Crumple Zones

Engineered crush zones at vehicle front and 

rear deform predictably, absorbing impact 

energy and decelerating occupants gradually.

Advanced Composite Materials

Innovative materials like carbon fiber 

composites exhibit controlled, programmable 

deformation—strong yet flexible where 

needed.
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Visualizing the Contrast: Rigid vs. Deformable in Action

Rigid Body: Hammer

• Negligible deformation during impact

• Energy transferred efficiently to nail

• Simple kinematic analysis sufficient

• Shape preservation critical to function

Deformable Solid: Vehicle

• Dramatic controlled deformation

• Energy absorbed through material failure

• Complex stress-strain analysis required

• Deformation enhances safety performance

This side-by-side comparison illustrates why different analytical approaches are necessary. The hammer's rigidity enables its function; the 
car's deformability enables passenger survival.
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Real-World Impact: From Simulation to Safety

Rigid Body Models

Enable fast, computationally efficient 
simulations for mechanical systems, robotics, 
and kinematic analysis where deformation 
effects are minimal.

Deformable Solid Analysis

Critical for predicting failure modes, 
optimizing material usage, improving 
product durability, and ensuring structural 
safety under real loads.

Integrated Approach

Combining both modeling strategies leads to 
smarter, safer engineering designs that balance 
efficiency with comprehensive performance 
prediction.

"The most sophisticated engineering solutions strategically leverage both rigid and deformable body mechanics—knowing 
when to preserve shape and when to allow controlled failure."
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