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Analysis of a PRB model of a 
compliant mechanism = 
kinematic analysis + 
elastostatic analysis
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Kinematic update equations
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Elastostatic analysis
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Elastostatic analysis
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Energy method
Minimize potential energy.

Potential energy = strain energy + work potential

PE = SE + WP
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Original and moved configurations
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Work potential
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Potential energy
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Minimization of potential 
energy
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Derivatives
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Derivatives (contd.)
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Elastic equilibrium equation
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Principle of virtual work
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Force equilibrium

Internal virtual work = 
external virtual work
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Force-displacement relationship
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Solving the force-equilibrium 
equation: tangent stiffness
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Iterative method

Incremental method
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Tangent stiffness

{ }
1 1 2 2 3 3 3 4

int

2 5

1

sin sin( )

d d d d
Nd d d df

d Dl l
d

β ψ β ψκ µ κ µ κ µ κ µ
θ θ θ θ

βθ β γ
θ

   + − + − +   
   = =
− − +

int
2t

dN dDD Ndf d dK
d D

θ θ
θ

−
= =

2
31 2

1 2 2 2 32

2 2 2
4

3 3 3 3 42 2 2

1 dd ddN d d d d
d d d d d d d d

dd d d d
d d d d d

µµ µ β β ψ βκ κ κ µ κ
θ θ θ θ θ θ θ θ

µψ β ψ ψκ µ κ κ µ
θ θ θ θ θ

   = + − + + − +   
   

 
+ − + + 

 
2

2 5 5 2cos cos( ) sin( )dD d dl l l
d d d

β βθ β γ β γ
θ θ θ
= − − + − +



Ananthasuresh, IISc,

Solve in small increments.
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Graphical explanation: 
Iterative method
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Graphical explanation: 
Incremental method
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Incremental and iterative 
method
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An example
% Geometric information
gamma = 0.92;
L1 = 0.9; L10 = L1;
L2 = 0.5; L20 = L2;
L3 = 0.4;
L4 = 0.5;
theta0 = atan(0.43/0.25);
L5 = 0.06;
alpha = 90*pi/180;

% Elastostatic information
E = 2.1E9;
I = 1E-2*(1E-2)^3/12;
kappa1 = 2.25*E*I/L20;
kappa2 = 0;
kappa3 = 0;
kappa4 = 0;
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Constructing the PRB model
% Compute the new initial 
angle, theta0; and
% compute the new lengths in 
the pseudo rigid-body model
s = sqrt( L1^2 + L2^2 -
2*L1*L2*cos(theta0) );
Ax = L2*(1-gamma)*cos(theta0);
Ay = L2*(1-gamma)*sin(theta0);
L2 = L2*gamma;
L1 = sqrt( (Ax-L1)^2 + Ay^2 );
theta0 = acos( (L2^2 + L1^2 -
s^2) / (2*L2*L1) );
epsilon = acos( (L10^2 + L1^2 
- (L20*(1-gamma))^2) / ...

(2*L10*L1) );
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Initial and final configuration
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Output and coupler angles
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Force vs. theta
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Compare PRB and FEA results
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Force on the cantilever
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Force on the cantilever
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PRB parameters with n-ranges
EIK
L

κ γ Θ=
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Compare PRB and FEA paths
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Main points

• A pseudo rigid-body (PRM) model of a 
compliant mechanism can be analyzed 
using
– Kinematic update equations
– Static equilibrium equation
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Further reading

• Howell, L. L., Compliant Mechanisms, John Wiley, 2001.
• Matlab code in the supplementary files of this lecture
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