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Introduction

• Mechanical stimulation
• ”Gym for cells”  Cell morphology, orientation, and 

fate of differentiated stem cells can be affected
• Mechanobiological studies to understand the

molecular mechanism of cells

• Our ”gym” approach[1,2]

• Equiaxial strain for cells on a coated 
polydimethylsiloxane (PDMS) membrane 

• Real‐time observation of cells with a microscope
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Model verification
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Problems with previous design

• Large z‐movement[1] or small media volume[2]

• Approach to solve these problems: Using COMSOL 
to desing the geometry that solves both
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COMSOL implementation

• Solid Mechanics (1/2)
• Stationary, 2D symmetric model
• Solid Mechanics physics for PDMS (silicone 

type elastomer)
• Hyperelastic (Neo‐Hookean model), nearly 

incompressible material property of PDMS 
• Used PDMS properties

• Density: 971 kg/m3

• Young’s modulus: 2 Mpa & Poisson’s ration: 0.499 
Bulk modulus: 333.3 Mpa

• Lamé parameter: 667e3 N/m2



COMSOL implementation

• Solid Mechanics (2/2)
• Contact Pair and Contact nodes used to model 

contacts between the membrane and the device
• Source: less convex (bulk material)
• Destination: "softer“, more convex boundary (membrane)



COMSOL implementation

• Stationary Solver
• Problem is quite nonlinear  Auxilary sweep using

previous solution as an initial value

• Mesh: Fine, ~7000 elements



Optimization

• Requirements for the device
• Strain ≥ 10% with p ≤ 400 mbar
• Membrane vertical movement ≤ 50 µm
• Chamber volume ≥ 0.5 ml

• Optimization goal: minimize the objective
function that included normalized
• max vertical movement
• required vacuum pressure



Optimization
• 2 x Point ODEs and DAEs



Optimization
• Points that are monitored



Control variables & parameters



Constraints



Optimization settings
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• Strain > 10% when p = ~330 mbar
• Vertical movement: ~37 µm
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Discussion & challenges

• Modeling method to optimize cell streching device was presented
• Some issues related to modeling strain of membrane

• PDMS parameters (E, ρ, …) vary
• Stationary (modeling) vs. time‐dependent (1 Hz sine) experiments
• Hyperelastic material very non‐linear

• Neo‐Hookean model used some more sophisticated?
• Liquid (cell media) not included

• Optimization: Finding really optimized structure difficult
• Best results vs fabrication
• Between geometry ranges, not all combinations possible need to do

optimization simulations in steps
• Highly non‐linear problem

• Cobula etc solver typically only local maximum
• Monte Carlo solver used is really ”optimized”?



Future work

• For the future
• Fabricate the optimized device
• Verify the strain and z‐movement
• Streching cells

• Study different strecthing parameters (e.g. different input 
signal frequencies and amplitudes)
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