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Function and Advantages

Function, Path and Motion Generation
Repeatability

Force, Motion and/or Energy Transfer

Disadvantages

Friction

Vibrations

Wear and Tear

Noise

Lubrication

Need for Assembly
Backlash (play)

(Would we now witness)

Got an overview about flexures

Summary

Lumped compliant joint in a monolithic
mechanism that behaves like a rigid body
hinge with a torsional spring 
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Where should the hinge be?

What is the torsional stiffness?
How much should/does the hinge displace?

How does the precision get influenced?

What should be the stress levels?

Design queries…

Sets up a nice inverse, optimization problem — design profiles 1 and 2, s. t. {Small or large deformation?
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Function and Advantages

Function, Path and Motion Generation
Repeatability

Force, Motion and/or Energy Transfer

Disadvantages

Friction

Vibrations

Wear and Tear

Noise

Lubrication

Need for Assembly
Backlash (play)

(Would we now witness)

Got an overview about flexures

Summary

Lumped compliant joint in a monolithic
mechanism that behaves like a rigid body
hinge with a torsional spring 

Design queries…

History, current status of flexures

Where should the hinge be?

What is the torsional stiffness?
How much should/does the hinge displace?

How does the precision get influenced?

What should be the stress levels?{
Small or large deformation?

Towfigh’s adjusting mechanism

Mirror Galvanometer

Mounting
Screws

Set screw
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Classify, Discuss and Evaluate Flexures

{

Investigates drawbacks of ‘typical’ flexure connectors

Presents new designs for highly effective, kinematically 
 well-behaved compliant joints

Revolute and translational joints proposed, offering 
great improvements over existing flexures

Large range of motion

  Minimal axis drift

  Increased off-axes stiffness

Reduced stress concentrations
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Classify, Discuss and Evaluate Flexures

{
In 50 years, many flexible joints researched/developed

Notch-type joints and leaf springs

Notch-type joints, first analysed by Paros and Weisbord, 1965

Notch-type joints used for high-precision, small displacement 
mechanisms

Lobontiu for analyses of planar & spherical notch joints

Leaf springs, most generic flexible translational joint {Used in high-precision motion stages, medical instruments
and MEMS
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Classify, Discuss and Evaluate Flexures

{Range of motion
Flexures have limited range
Hinges/sliders rotate/translate significantly
In flexures, it is the material and geometry that limits the range

{
Axis Drift

Most flexures undergo imprecise/parasitic motion
For notches, centre of rotation can change

For translational flexures, deviation from the axis of straight line 
motion

Remedy: Add symmetry Increased stiffness
Increased space requirements {Off-Axis Stiffness

Low stiffness in most flexures in undesired (other) directions
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Classify, Discuss and Evaluate Flexures

— POOR,   0. NORMAL,   +  GOOD Benchmarking Translational Joints
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Classify, Discuss and Evaluate Flexures

— POOR,   0. NORMAL,   +  GOOD Benchmarking ROTATIONAL Joints
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Review of Circular Flexure Hinges

{
Comparison of various compliance/stiffness equations of 
circular flexure hinges with FEA results. 

Limitation of these equations at different t/R ratios are revealed. 

(R is the radius and t is the neck thickness)

A guideline for selecting most accurate equations for hinge design 
calculations are presented. 
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Review of Circular Flexure Hinges
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Review of Circular Flexure Hinges

Errors could be quite HIGH in BOTH DIRECTIONS
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Compliance Matrix
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Cxx Cxy Cxz Cxθx
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Cxθz

Cyy Cyz Cyθx
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Czz Czθx
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Czθz

Cθxθx
Cθxθy

Cθxθz

Cθyθy
Cθyθz

Cθzθz

Fx

Fy

Fz

Mx

My

Mz

C K = C−1

Numerical coefficients (small deformation) can be determined using FEA

Precision of Rotation Stress Considerations

Typical process to design a notch flexure (?)


