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Partl : Question o9
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> Parasitic motion is an index for accuracy

Parasitic motion is defined as any

undesirable motion along the

constraint directions of a

mechanism.




Partl : Question

> Methods to reduce or eliminate the parasitic motion

parameter compensation

Tune the structural Mirror two identical Design a practical full-
parameters and flexure modules and symmetrical
 material properties arrange them in serial compliant mechanism
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Partl : Question
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> Common knowledge of symmetry

Method

¥

Symmetry design

IS It necessary to design the flexure
mechanisms with symmetrical
features as many as possible for
better kinetostatic performance, when
considering the resulting cost by the
symmetry?



Part2 : Analysis
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> Degree of symmetry

Here, the Degree-of-
Symmetry (DoS) is

specifically constrained
with plane symmetry.




Part2 : Analysis
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Part2 : Analysis

>A comparative study
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Part2 : Analysis

> Build the model /// /
The desired freedom space

The desired constraint space
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Part2 : Analysis
> Build the model
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Part2 : Analysis
> Build the model
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Part2 : Analysis @ rexmrmars

> Overall compliance matrix

According to the screw theory
and the theory of linear
elasticity, the deformation
denoted by the twist

&=(0,0)=(6,.6,.0.;5,,6,,6.)
and the load wrench
F=(t;f) =77 [0/, [.)

are connected by the generic
6 X 6 compliance matrix.
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Part2 : Analysis

> 0verall compliance matrix
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Only a force f,

IS imposed on
the mobile
platform.
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Part2 : Analysis

> Parasitic motion error analysis

¢y ¢, 0 ¢y Cis 0

Cy Cpn 0 ¢y cx 0

e L IIEE' E;EHH
e : = -. =L |l 5 L
X - Rl

L]
C i
H 1 . T



Part2 : Analysis

> Parasitic motion error analysis
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Part2 : Analysis

> Parasitic motion error analysis

moving
platform
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Part2 : Analysis

> Parasitic motion error analysis

¢ 0 0 0 O
O ¢, 0 0 O
C 10 0 ¢ 0 O
3-DOS O O O Can O
0 0 0 0 g

0

LR
AT

AL,




>The best design

3-DoS type
Because of all symmetric planes
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Part3 : Verification

> Finite element analysis

ANSYS Rigid platform: SOLID 186

15.0
Flexure beam: BEAM 189

Fluid Dynamics Structural Mechanics Electromagnetics Systems and Multiphysics

E=70 GPa, p=0.34

0110 SAS I, b, Al Wights Messrved.

Cross section radius: 5 mm

Pl -5

: Heigi\rt between platforms: 200 mm
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Part3 : Verification AR
> I imulati f h hani
EA simulations of each mechanism
ANSYS 15.0 ANSYS 15.0 ANSYS 15.0 ANSYS 15.0
NOV 18 2017 NOV 18 2017 NOV 18 2017 NOV 18 2017
19:58:32 19:56:04 20:01:10 20:04:45
NODAL SOLUTION NODAL SOLUTION NODAL SOLUTION NODAL SOLUTION
= g e
- SUB = = _
TIME=7 TIME=T TIME=7 ux (AVG)
Ux (AVG) X (AVG) UX (av6) RSY5=0
RSYS=0 RSYS=0 RSYS=0 . PowerGraphics
e e e
= EFACET=1 =. a
AVRES=Mat AVRES=Mat AVRES=Mat DUX -. 019334
DMX =. 020009 DMX =. 019239 DMX =. 019366 SMX =.01933
SMX 26019836 SMX =. 019232 SMX :001936 = 0002148
0 .
= . 002204 = 002137 = . 002151 B 04296
- 004408 - 004274 £ 004302 - 006443
B2 oo6612 - 006411 £ 006453 £ ooss91
0 T o0ss16 B3 ooss48 - 008604 B 510739
B or102 T 010685 B 010755 1 012887
0 o13224 T o12s22 1 Cor2907 L1 015035
£ or5428 L1 014959 L 015058 £ o17182
o 017632 - 017095 O 017209 101933
- 019836 9232 . 01936
4 — w1

oo [ ...,_.:_-'.'
|
|

1-DoS ="+ 2-DoS7T
DMX-O 019239

'I"'

DMX_'-O"0193§“"'"‘“ S

Al 8 RS 1 11 )




Part4 : Optimizatiol

> Optimize the 3-DoS flexure mechanism

The entry ¢, and c,, should be the dominant ones
for ensuring a rotation along the x-axis and a
translational about x-axis.
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Part4 : Optimization

> Optimize the 3-DoS flexure mechanism
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Part4 : Optimization Y P EEREMARE
> Optimize the 3-DoS flexure mechanism
ANSYS 15.0
NOV 18 2017
. NODAL SOLUTION
Optimal parameters for 3-DoS flexure model STEP-1
TIHE;T (AVE)
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Part5 : Discussion

> Larger DoS, better result.

In the design process, it is indeed
better to generate as many DoS as
possible from the very beginning.
With the different DoS, people can
furthe; adopt certain methods to
aIIeV|at the unwanted parasitic _
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Part5 : Discussion

>Application of flexure mechanisms with cylindrical motion

The joint for realizing a snack-link
robot’s three dimensions’ gaits.

For the in-pipe inspection robots
with fast and continuous rate
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Part5 : Conclusion

Using FACT method to design flexure
m mechanisms with different number of symmetric
planes.
Using overall compliance matrix to analyze the
effect of symmetrical geometry on the
kinetostatic characteristics.

Using FEA simulations to verify the effect of
Verification{ different DoS on the parasitic.motion and

obtain the optimization of 3.008 model.
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