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Transformations

• Force and displacement

– Components for rotation of coordinate axes in 2D

– Vectors for coordinate axes in 3D

– Components from one set of coordinate axes to a parallel set

• Inertia matrix

– Cartesian tensor transformations for rotation of axes

– Parallel-axes theorem

• Stress tensor

– 2D stress state and rotation of axes



Vehicle Platform Design & Analysis FOA - 121

Planar Structures

• Plane frame • Grid structure
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3D Rotation
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Force Translation 
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Force Transformation
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Displacement 
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3D Rotation
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Force Translation 
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Force Transformation
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Displacement 
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Force Systems

• Pin-jointed truss member • Frame or beam member
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Member Distortions & Joint Displacements

• Pin-jointed truss member • Frame or beam member
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Force Transformations

• Pin-jointed truss member

• Frame member

– Type Ia

– Type Ib

– Type Ia: intermediate hinge
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Displacement Transformations (1)

• Pin-jointed truss member
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Displacement Transformations (2)

• Frame or Beam members
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Member Stiffness 

• Prismatic member of length l and area A with 

Young’s modulus of elasticity E

• Beam element that is prismatic, of length l and of 

bending stiffness EI
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Plane Frame Member

T
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Grid Member
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Prismatic Member in 3D
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– Known X’ direction

– T3 measured from the XZ plane to the axis iZ’ (projection of 

Y’ on the Y axis is positive)
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Summary

• Solution to the structures problem by the 

displacement method

( )
1

1.  (displacement transformation)

2.  (member forces in terms of member displacements)

3.  (joint equilibrium equations)

4.  (solution for joint displacements)

5.  (member force
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Element Stiffness
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