
MEASURING FORCE AT HIGH-RATE

We measured force in two ways in our experiment:
(1) force sensor (direct measurement)
(2) inverse dynamics (F = MtotACM)

Difference between the two forces for the first 5 ms
suggests other forces acting on the sample, e.g. 
friction from the clamp during release and air drag.

Overshoot of inverse dynamics compared to force 
sensor indicates a potential systematic error. 
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designing bioinspired elastic mechanisms.
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Recoil experiments have been used to measure 
the extreme limits of elastic performance.

Recoil experiments involve stretching and 
releasing a strip of material. Dots are also 
marked along the material to track how the 
movement is different at different points of the 
strip.

Previous work focused on the elastic response 
of the material, but the role of energy dissipation 
due to viscoelasticity at these extreme unloading 
conditions is not well understood.

Ilton et al. (2019)

In this work, we directly measure the high-rate large deformation 
unloading of elastic materials and compare to a simulation based on 
the independently-determined viscoelastic properties of the material. 

PROJECT AIM

Smooth position data, X(t), 
by free knot spline fitting 

COMPARISON BETWEEN DIRECT MEASUREMENT AND SIMULATION

The energy efficiency (resilience) of the material is 
lower during recoil (slow loading/fast unloading) 
than when the material is stretched and unloaded 
at a slow rate. This result is consistent with 
previous work (Tsai et al., 2024) that measured  
resilience at controlled rates.
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SIMULATION INSIGHTS

Short relaxation times act like dampers during 
the recoil and resist the recoil proportional to 

the strain rate, which increases with time.

short relaxation times long relaxation times

Long relaxation times act like compressive 
springs that start in equilibrium just before 
recoil and provide an elastic resistance as 
they get compressed during the recoil. 
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MATERIAL CHARACTERIZATION
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RECOIL SIMULATION
To simulate recoil, we discretize a 1D spatial grid and 
assign each material point the measured E(t) and Eelastic. 
We then solve Newton’s second law for the 
displacement U at each point: 

gradient of 
stress

density

acceleration

with the stress determined by the strain history ϵ(t) of 
the material at each point

The direct measurement trajectories are delayed 
compared to the simulation. This discrepancy is 
consistent with friction from the pneumatic clamp 
acting on the sample during release.
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Stress at end of band during recoil Stress-strain behavior of each point
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