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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)

Grübler’s (Mobility) Criterion

n rigid bodies

Planar Motion

Some Examples

!  lower pairsj1

net freedom in motion: 
!DOF : 3(n − 1) − 2j1 − j2

No. links: !n = 6
No. joints: !j1 = 7 No. links: !n = 8 No. joints: !j1 = 10

!  higher pairsj2
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Kutzbach (Mobility) Criterion

n rigid bodies

straightforward extension

Spatial Motion

DOF : 3(n − 1) − 2j1 − j2

!  joints restricting 5 relative motionsj1
!  joints restricting 4 relative motionsj2
!  joints restricting 3 relative motionsj3

!  joints restricting 1 relative motionsj5

DOF : 6(n − 1) − 5j1 − 4j2 − 3j3 − 2j4 − j5

PCCC mechanism HCCC mechanism

4L, 1 ! , 3! : !j1 j2 DOF = 6(3) − 5(1) − 4(3) = 1
http://youtu.be/nK66IwNJG78 

4L, 1 ! , 3! : !j1 j2 DOF = 6(3) − 5(1) − 4(3) = 1
http://youtu.be/aUlLcT74mXM
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Kutzbach (Mobility) Criterion

n rigid bodies

straightforward extension

Spatial Motion

DOF : 3(n − 1) − 2j1 − j2

!  joints restricting 5 relative motionsj1
!  joints restricting 4 relative motionsj2
!  joints restricting 3 relative motionsj3

!  joints restricting 1 relative motionsj5

DOF : 6(n − 1) − 5j1 − 4j2 − 3j3 − 2j4 − j5

RSCH mechanism Spherical 4R mechanism

4L, 4 ! : !j1 DOF = 6(3) − 5(4) = − 24L, 2 ! , 1! ,1! : !j1 j2 j3 DOF = 6(3) − 5(2) − 4(1) − 3(1) = 1
http://youtu.be/Gg8Q6nUZc1c http://www.youtube.com/watch?v=q0erDDuPO7w

Axes of R joints cocentric



https://engineering.purdue.edu/ME/Seminars/2021/compliant-mechanisms-memory-lane-and-some-novel-and-exciting-applications/amidha.PNG

Prof. Ashok Midha

Compliant Mechanisms (ME 851) Anupam Saxena
Professor

Indian Institute of Technology Kanpur

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)

What happens when Compliance is
introduced?

Understanding Compliance
Flexural pivot

Rigid members
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What happens when Compliance is
introduced?

Understanding Compliance
Flexural pivot

Distributed beams
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What happens when Compliance is
introduced?

Understanding Compliance
Flexural pivot

Distributed beams

Four bar linkages

Loads at different locations

Changing member characteristics
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What happens when Compliance is
introduced?

Understanding Compliance
Flexural pivot

Distributed beams

Four bar linkages

Changing member characteristics

Identical topologies ?

Not quite — connectivity at central
bar changes

Example of TYPE  SYNTHESIS
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Distributed beams
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Example of TYPE  SYNTHESIS

Representation

Hinges
Flexural
Pivot

⊗

Rigid 
Segment

Axially 
Compliant
Segment

Compliant
Segment

Much Easy to do “Graph Representative” Type synthesis

Clamped
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Representation

Much Easy to do “Graph Representative” Type synthesis
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Topological synthesis for a compliant mechanism… 1994

For mechanisms containing flexible members, response to 
inputs, is comprised of rigid body and elastic members. 

The paper presents a technique for determination of 
Mobility Characteristics of
Compliant Mechanisms
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Type Synthesis

Olsen et al. define 
Type synthesis

as
process of determining possible mechanism structures to perform

a given task or their combination without regard to 
component dimensions  
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The nature of possible deformations of a compliant segment
can be specified by determining a segment’s

compliance content, !  (Norton, 1991; Midha et al., 1994b)sc

⊗
C, flexural pivot: a segment

A
Joint variable, !dθA

B

A

Segment compliance: !sc = 1

Joint variable, !dxA

Segment compliance of BA: 
!sc = 1 C

A

Joint variables, !dxA, dyA, dθA

!dyA

!dxA
!dθA

Segment compliance of CA: !sc = 3
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Vertex-vertex adjacency matrix for an RB mechanism
nth order matrix —a(i,j) = 1 if i and j vertices are adjacent;  
a(i,j) = 0 otherwise.  

Noting that a(i,i) = 0, always
For compliant mechanism, this fact can be gainfully utilized

Set (new matrix) !  for the ith linkb(i, i) = sc

New matrix called the Compliance element matrix, CE

Non-diagonal elements: 
Segments !  and !  not connected, !
  Segments !  and !  connected via kinematic pair, !
Flexural pivot between segments !  and ! , !
Segments !  clamped to segment ! , !

i j b(i, j) = 0
i j b(i, j) = 1

i j b(i, j) = 2
i j b(i, j) = 3

If two segments connected at more than one location, 
one of these can be split into two and joined at fixed connection
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⊗ Examples

a

b

c

d

a b

cd

⊗0 0

03

CE =

0 2 0 1
2 0 1 0
0 1 0 3
1 0 3 3

sc

a

⊗
b

c

de
f

a b

c

de

f

⊗ 0

0
3

0

0

6

CE =

0 2 0 0 0 1
2 0 1 0 0 0
0 1 0 1 0 1
0 0 1 0 3 0
0 0 0 3 3 3
1 0 1 0 3 6 sc
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DOFs for a Compliant Mechanism
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Compute degenerate (Rigid-Body) DoFs

{
Assume all flexible links to be rigid Fr = 3(n1 − 1) − 2j1 − j2

{

! : number of links, 
!  :number of 1 DoF joints
!  :number of 2 DoF joints

n1
j1
j2

{
If only kinematic pairs present
! : number of segments n1 = nseg

{
For each kinematic pair replaced 
by a flexural joint or fixed connection

Number of links in the mechanism is reduced by 1
!n1 = nseg − nflp − nfix

! : Number of flexural pivots
 connecting segments 

nflp ! : Number of fixed connections
 between segments

nfix
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DOFs for a Compliant Mechanism
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Upon substitution Fr = 3(nseg − nflp − nfix − 1) − 2j1 − j2

{!  can be computed from the Compliance
Element Matrix, CE
FT

{!  is usually less than ONE for a compliant mechanism,
else, mechanism will be operations without deformation
of its members.

FT
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Examples
⊗

Seg 1

Seg 2

Seg 3

Seg 4

FC: Fixed Connection
KP: Kinematic Pair

FC

KP
FP: Flexural Pivot

KP

FP

CE =

0 3 0 1
3 3 1 0
0 1 0 2
1 0 2 0

Seg 1

Seg 2

Seg 3

Seg 4

FC

FC

KP

FC

CE =

0 3 0 1
3 3 3 0
0 3 3 3
1 0 3 0

nseg = 4; nfix = 1; nj1 = 2; nnfp = 1; nj2 = 0

Fr = 3(nseg − nflp − nfix − 1) − 2j1 − j2
Fr = 3(4 − 1 − 1 − 1) − 2(2) − 0 = − 1

nseg = 4; nfix = 3; nj1 = 1; nnfp = 0; nj2 = 0

Fr = 3(nseg − nflp − nfix − 1) − 2j1 − j2
Fr = 3(4 − 3 − 1) − 2(1) − 0 = − 2
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COMPLIANCE NUMBER — C

https://engineering.purdue.edu/ME/Seminars/2021/compliant-mechanisms-memory-lane-and-some-novel-and-exciting-applications/amidha.PNG

Prof. Ashok Midha

C represents the DoFs gained by adding compliance to the 
mechanism {If only kinematic pairs present as connections between segments, 

!C = ∑ Segment (link) Compliances

Introduction of Flexural Pivots also increases Compliance of a 
mechanism

Fixed connections offer no change to the value of the Compliance number

C = nflp + nsc1
+ 2nsc2

+ 3nsc3

! : Number of flexural pivotsnflp
! : Number of segments with 
segment compliance !
nsci

i, i = 1,2,3
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For k—nary segments, segment compliance can be greater than 3.

In general, 

!C = nflp +
q

∑
i=1

nsci

q: highest value of segment compliance 
in the mechanism

Infact, 

!
q

∑
i=1

nsci
= trace(CE)

Thus 
!C = nflp + trace(CE)

Finally, degrees of freedom for a compliant 
mechanism 

!DoF = Fc = Fr + C
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Examples
⊗

Seg 1

Seg 2

Seg 3

Seg 4

FC: Fixed Connection
KP: Kinematic Pair

FC

KP
FP: Flexural Pivot

KP

FP

CE =

0 3 0 1
3 3 1 0
0 1 0 2
1 0 2 0

Seg 1

Seg 2

Seg 3

Seg 4

FC

FC

KP

FC

CE =

0 3 0 1
3 3 3 0
0 3 3 3
1 0 3 0

nseg = 4; nfix = 1; nj1 = 2; nnfp = 1; nj2 = 0

Fr = 3(nseg − nflp − nfix − 1) − 2j1 − j2
Fr = 3(4 − 1 − 1 − 1) − 2(2) − 0 = − 1

nseg = 4; nfix = 3; nj1 = 1; nnfp = 0; nj2 = 0

Fr = 3(nseg − nflp − nfix − 1) − 2j1 − j2
Fr = 3(4 − 3 − 1) − 2(1) − 0 = − 2

C = nflp + trace(CE) = 1 + 3 = 4
Fc = Fr + C = − 1 + 4 = 3

C = nflp + trace(CE) = 0 + 6 = 6 Fc = 4


