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• Background

• Traditional Approach

• Surrogate Modelling (RSM)

• Optimization

• Democratization
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Collet device in energy services tools
• Collet

• mechanical locking device

• retain position until specified force is applied

• Unlatches from a profile (force deflects finger)

• Force-Deflection relationship is critical for design!

Formation Isolation Valve has collet actuations.
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Design Variables:
• Number of fingers
• Thickness of fingers
• Width of fingers
• Length of fingers

Challenges with Traditional Method

Design Constraints:
• Force +/- tolerance
• Geometric space for deflection
• Max stress

Min_ID

Max_OD

Max_Deflection

Thickness

Clearance

Locked / Undeformed  Unlocked / Deformed position  

Design 
Requirements

Design
Engineer

Analytical 
Calculations

Iterations

Simulation
Engineer

Iterations

FEA New Design Physical Test

Iterations

Non-optimized Design

Long turn-around time
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Low-fidelity
(Error 15% - 40% 
compared to FEA)
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• A mathematical approximation of a physical phenomenon.
• Generated from output data of high-fidelity simulation models.
• Uses machine learning.
• Enhance with operational data, experiments, and simulations.

• “Model of a model” that iterates faster than a complex physical system.

• Accelerates optimization & explores system behavior efficiently. 

• Other nomenclature: proxy, metamodel, emulator, response surface model, or black box.

Surrogate model

Progression of Engineering Science

Experimental Science

Theoretical Science

Computational Science

Data Science

Surrogate Model
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Design Exploration

Automated FEA Workflow
(15 – 20 mins run-time)

Parametric FEA Model Latin Hypercube DOE
(~200 Feasible Runs)
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Sensitivity Analysis

Parameters with > 
95% main effect

Adaptive Space Filler 
Exploration AlgorithmAdaptive RSM

for each iteration

Iterations terminates when 
relative mean error 

between RSM and FEA 
outputs < 2%

Final Dataset 
(~ 600 Feasible Runs)
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RSM Modelling

Dataset (FEA)

Train and Built 
RSM

Gaussian Processes

Kriging

Radial Basis Function

Neural Networks

Automatic Machine 
Learning

Polynomial SVD RSMs for force and stress 
prediction

RSM predicts force with mean error of <2% and stress 
<0.6% in comparison to FEA prediction 
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RSM Performance Comparison

80% 
Training

20% 
Validation
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RSM Based Design Optimization

New Design 
Requirement

RSM Model

RSM Based Design Optimization 
Workflow

Stress
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Pareto Frontier

Verification of Optimized 
Design using Automated FEA

FAST Optimization Algorithm
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Democratization

RSM Model

modeFrontier RSM Workflow

RSM exported as FMU to Excel

Volta Deployment

VOLTA Adviser Dashboard for expert users

RunBox for non-expert users
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Conclusions

CAD Model FE Model
F – d 

Relationship

>8 Hours +

Geometric 
Constraints

RSM F – d 
relationship

< 2 mins +

Bonus: Optimized 
Geometry

Analytical 
Calculations
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Thank you!

https://www.facebook.com/ESTECO-166776810033909/
https://twitter.com/esteco_mF
https://it.linkedin.com/company/esteco-s-p-a
https://www.youtube.com/user/estecosrlsoftware/featured
https://vimeo.com/channels/1050665
https://www.esteco.com/corporate/esteco-copyright-policy
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