
Overview / Design Specs
The VST system adapts both the running gait and an arbitrarily 
customized stiffness profile to generate an equivalent effective length 
map for two parallel linear leaf springs. Upon a laser sensor 
triggering, a linear module actuates, changing effective spring length.

DYNASTI Variable-Stiffness Treadmill (VST)Background
Designing running footwear with stiffness profiles that maximize 
running economy requires intensive fabrication and testing. Currently, 
design precedes the testing process. The Variable-Stiffness Treadmill 
(VST) allows testing to precede design, enabling manufacturers to 
emulate the stiffness profile of any shoe foam within a fraction of the 
time. 

Figure 1: State Machine of the VST System

Hardware Components
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Figure 2: Fully-assembled VST System

Stiffness Range Testing

Figure 3: Effective System Stiffness vs. Effective Beam Length

Hawkes Lab

Allowable Elevation Max height: 40 mm

Linear Actuator Peak speed: 0.6 m/s
Peak axial load: 387 N

Stiffness Range 100 ~ 300 kN/m

Load Capacity Dynamically 2000 N on treadmill bed
Bumper Assembly:

Suppresses excess system 
vibrations and houses laser 
sensors for step detection.

Bed Plate Assembly:

Eliminates bed plate deflection, 
leaving an undisturbed stiffness 
simulation.

Leveraging Unit Assembly

Enables variable-stiffness 
technology by dynamically 
adjusting leaf spring length with a 
linear actuator system.

Expected range: 100 kN/m ~ 300 kN/m

Achieved range: 56.1 kN/m ~ 4448.2 kN/m

Dynamic Testing

Walking Load Testing (Left Graph): In the walking test, the  VST 
system matches the maximum displacement with a delay of less than 
60 milliseconds. 
Running Load Testing (Right Graph): In the running test, the VST 
system matches the maximum displacement while sufficiently 
capturing dynamic stiffness changes.

Figure 4a & 4b: Dynamic Bed Plate Tip Displacement vs. Time.

Table 1: VST Engineering Characteristics.


