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Electromagnetic Reflectors

• Surface that reflects electromagnetic radiation (often radio and visible light)

• Used in antennas, receivers and telescopes:
- Satellite TV receivers
- Communications systems
- Radio observatories
- Reflecting telescope

• Reflected signal pattern is directly related to reflector shape

• A common shape is Paraboloid
- Allows sharp focus

Presenter
Presentation Notes
1. quality of reflected pattern is super sensitive to reflector shape.
2. Paraboloid reflector shape  is very important so there are many applications.
3. The Big advantage : in controlling reflector shape -> ex) Hubble telescope 


-------------------------------------
Laminate with integrate shape control would have advantages
Here’s SNL’s idea for one;
It’s corner supported ideally can readily make a paraboloid shape
Many aspects are involved in making and actuating a smart laminate.
Uncertainty in the design/ fabrication /etc will lead to shape errors.





Shape Matters

• Quality of reflected pattern:
- Sensitive to reflector shape

• Controllable shape:
• Post manufacture focus control

• Can save millions of dollars in case of a 
design error or equipment malfunction.

Hubble Space Telescope (NASA)

Degraded Images Image Quality Restored

Culprit:  0.0022 mm reflector shape error.

Costly Repair
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A Solution:  Smart Laminate

 
How it Deforms:  Bimorph Action

• PVDF layers have opposing poling 
directions.

• Positive field induces simultaneous exp
ansion (top) and contraction (bottom).
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• Natural actuation into paraboloid with 
ideal corner supports, 

• Improved flexibility, 
• Large deflections possible.

Thin, Square, Active Membrane

Presenter
Presentation Notes
Explain the left figure first: a corner-supported rectangular small laminate: Form is naturally paraboloid.
These little patches can be the active material, and we can change the signals
But we don’t know where you are giving some electrode signal / voltage.
So, it’ll be gonna fuzzy then we will think about the IMPACT of UNCERTAINITY.

Polyvinylidene fluoride

- There are two PVDF layers and oriented in a way one expands and other one contracts(due to voltage difference (0 thickness of electrodes))- 0 degrees and 90 degrees, when you put field on them, they also isometric (direction and rate of contraction – rotated direction of stronger expansion/contraction)…  (Epoxy- polymer, hit with)
----- Meeting Notes (7/26/17 09:43) -----
animation fix!!
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Impact of Uncertainty?

How does uncertainty in design parameters and 
material properties affect smart laminate 

reflector operation and performance?

• What are the significant model parameters?
• What is a statistical description of performance due to uncertainty?
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1. Our team’s analysis: can we better understand how variation in the design affect shape error?
2. Can we quantify the impact of uncertainty?: What is impact of uncertainty on the reflector 
3. Can we recommend guidelines for better smart laminate designs?
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Impact of Uncertainty?

Can we design a reflector which is tolerant to 
uncertainty ?

• What are the optimum parameter values?
• What are the optimum parameter tolerance bounds?
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Approach

Uncertainty Quantification

Sensitivity Analysis

Optimization

Guideline for better smart 
laminate design

How does design uncertainty affect shape?

What are the important parameters ?

Is there a optimum design specification ?
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Computational Model
Total Deformation Energy

Corner-supported Shape Function

Energy Minimization

Results

Nonlinear functions of parameters 

Voltage distribution

Based on Sumali, Massad, 2003-2007

Presenter
Presentation Notes
no need to deep
KEY: explain H and R 

Two sources of energy – potential energy, U_eps – energy stored in the deformation of the whole laminate, U_act – piezoelectric activation – related to voltage of electrode layer.
We are going to construct the solution using approximation of basis function, each of this basis function supports the boundary condition for corner supported laminate…
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Electrode Patterns and Deflection
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)

Presenter
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Explain one by one and say ‘corner-supported laminate’

There are different electrode patterns and deflections.
This is how I see that and 
1.8 by 8:uniformly
2. 8 by 8: checker
3. Donut : negative 400 V
4. 8 by 3: turn off the middle part voltage =0




Define Shape Error
• With respect to a perfect Paraboloid

Relative Shape Error = 
|| w – wref ||2

|| wref ||2 
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Shape Difference with a 
perfect paraboloid 

Our Quantity of Interest (QoI)

Type equation here.

𝑤𝑤
(𝜇𝜇
𝜇𝜇

)

𝑒𝑒𝑒𝑒
𝑒𝑒𝑒𝑒
𝑒𝑒(
𝜇𝜇𝜇𝜇

)
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Example 8 by 8 : w-w_ref: zernike decomposition

Error definitions (RSE, Zernike)
Now we have a model so we wanna define the shape error.
recommand: show multiple kinds of shape error. 
we can see how different.
define shape error again!

No error pic. 

How good the paraboloid is 
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• 15 Parameters including dimensions, material properties, and input voltages.
• Assumed uniform distributions based on guidance and known design tolerances.
• Latin Hypercube Sampling 

• What is the shape error distribution under parameter uncertainty?

Uncertainty Quantification
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Presentation Notes
Explain that there is physical implications and we analyzed the differences (But we don’t know yet what causes it)

We have bounds of 14 parameters from expert knowledge
Assume Uniform distribution
Perform Latin Hypercube Sampling  to  have a propagate relative shape  error distribution

simply comment for LHS(Latin hypercube sampling)
guide(Explain): how to do, super easily.
-10,000 samples 
- running
what are we getting?




Parameter Ranges
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- mention briefly : G12 is the most sensitivity
don't go deep



Uncertainty Propagation
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Two modes 

Zernike Polynomials

Astigmatism is one of the reason for 
two modes
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-10,000 samples 
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what are we getting?




Sensitivity Analysis (SA)

14

What are the significant model parameters?

• One at a time (OAT) SA
• Scatter Plots
• Partial Rank Correlation 

Coefficient (PRCC) (Saltelli, 2008)

Presenter
Presentation Notes
- mention briefly : G12 is the most sensitivity
don't go deep



SA Results (OAT)
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Two modes have different distribution 
of 𝑌𝑌11& 𝐺𝐺12

Presenter
Presentation Notes
- mention briefly : PVDF shear modulus (G12) has most impact then PVDF young’s modulus (Y11 Y12) 



Optimization Under Uncertainty
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Optimized mean value Optimized tolerance bound

• Obtaining a better shape error distribution

Optimization approaches
• Simplex (fminsearch)
• Constrained Differential Evolution (DE) (Price,1996)

• What are the optimum parameter values?
• What are the optimum parameter tolerance bounds?
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Presentation Notes
Sensitivity Analysis (how, result)
differential evolution
simplex DE




Optimization Under Uncertainty
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Improved CDF

Modify stiffness
Reduce variation of Young’s modulus

Presenter
Presentation Notes
Sensitivity Analysis (how, result)
differential evolution
simplex DE




Conclusions
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• Implemented model to simulate laminate deformation 
given variable electrode pattern; accelerated 
computation

• Quantified shape error and determined its distribution

• Identified sensitive and significant design parameters

• Bi-modal nature of RSE distribution was discovered

• Optimized the design under uncertainty to improve    
shape error distribution

Presenter
Presentation Notes
See the latex 
Implemented computationally efficient model .. That allowed uncertainty analysis.. �Simple model which we made very fast to calculate and explore the dynamics of different parameters effecting the responses… �A priori idea- where to focus for parameter values .. (six most important parameters)
(potential factors of bi-modality)
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