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Introduction of Hybrid Simulation
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Courtesy of Swinburne University

Hybrid Simulation

• Test only a portion of a structure. Model rest of the structure.

• MTS works closely with multiple universities, such as UC Berkeley, to 

develop hybrid simulation methodology.

• MTS has provided quasi static, real-time, and soft real-time hybrid 

simulation solutions to more than 100 customers.
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Hybrid Simulation Example – Wind Energy

Research carried out using MTS real-time hybrid simulation system at Trinity College Dublin, 

Ireland.
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Hybrid Simulation Example – Wind Energy
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ExpBridge
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Real-Time HS with Single Table and Loading Actuator
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Physical Test Specimen

(columns + isolators +

partial-weight bridge deck)

ExpBridge
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Real-Time HS with Single Table and Loading Actuator
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Quasi Static Hybrid Simulation
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Real Time Flow Chart
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MTS Soft Real-Time Hybrid Simulation Solution
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Three Tier Structure of Soft Real-Time Approach

12

MTS
NEES @ 

Berkeley

• Allow simulation steps to be much larger than the close loop steps. 

Therefore, Model can be much more complicated.

• Models run in Windows OS. No need to compile the model to C++ 

code and run at a real-time machine. 
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Hybrid Simulation with ANSYS
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Hybrid Simulation with ANSYS  

ANSYS

• ANSYS is widely used in many areas. Hybrid simulation with ANSYS can help 

spreading hybrid sim in other industries.

• There have been several requests to do hybrid simulation with ANSYS.

ANSYS is the desired finite element analysis software for DTU blade hybrid simulation.
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• User-defined element in ANSYS

• Generic Client Element is an interface to OpenFresco

• Has arbitrary number of nodes and degrees of freedom

• Uses TCP sockets for communication

• Makes use of Experimental Elements already in 

OpenFresco

• Generic Client Element is programmed once for a specific 

FESoftware

Generic Client Element for ANSYS 
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Ansys Hybrid Simulation Demo Example
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Ansys Hybrid Simulation Demo Video
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Hybrid Simulation with 

Reduced Order Models (ROM)
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Hybrid Simulation with Reduced Order 

Model

• In many cases, FEA models are too complicated to run in real-time. However, 

the specimens are rate dependent. Therefore, real-time hybrid simulation is a 

must. The solution is Reduced Order Model (ROM).
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» Convert structural dynamic model (2nd order ODE) into state 

space model (1st order ODE)

» State space model allows utilization of vast resources of 

dynamical system analysis and control design tools

ROM for Analytical Structural Dynamic EOMs

DUCXY

BUAXX
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ROM for FEA Models (Ansys)

» Use modal superposition approach to 

construct state space ROM

» Hybrid simulation - analytical 

substructure ROM 4 inputs, 2 outputs

X-disp

Y-disp

X-eq Y-eq X-force Y-force
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Ansys ROM Realtime Hybrid Simulation Demo

» State space ROM constructed offline

» Hard realtime hybrid simulation, 1024 Hz simulation rate

» No OpenFresco needed
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Ansys ROM Realtime Hybrid Simulation
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Hybrid Simulation Coupled with 

Fatigue Testing
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• There are many factors that can cause specimen 

degrades, such as corrosion, mechanical aging, 

delamination, and crack propagation.

• Specimen property change will in turn change the 

loading on the specimen. 

• It is important to consider specimen degradation 

during fatigue tests.

Specimen Degradation During the 

Services Life  
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• During hybrid simulation, ANSYS output interface load to 

a file in global coordinate in MTS Profile Command format.

• Fatigue testing can be easily setup by repeating the load 

file.

Hybrid Simulation Provides Commands 

for Fatigue Testing  
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Hybrid Fatigue Test Method

Initial Hybrid Sim

Loads1

Fatigue test _1 Update 

model
Hybrid Sim_2

Loads 2

Fatigue test _2
Update 

model
Hybrid Sim_3

Loads 3

Setup of Hybrid Fatigue test
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DOF Control – 2 Channel 

Example

Individual actuator 

control causes 

specimen to 

follow arc path.

Use DOF control 

to provide pure 

vertical and 

lateral motion.

Path if only

Actuator 1

moves.

Actuator 1

Actuator 2

Path if only

Actuator 2

moves.
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DOF Control

» Controlling motion, force or acceleration of any point in 

global coordinate system

» Could be any number of actuators

» Mixed control mode (For example, vertical in force 

control, lateral in displacement control)

» Could be over constrained systems

» Control any degrees of freedom less or equal to 6

» Cross coupling can be dealt with

» External transducer is acceptable

» Fast and accurate solving

» More and more used in hybrid simulation
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Multi-Axial Sub-assemblage Test (MAST) - Multiple Degree of 

Freedom

University of Minnesota
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DOF Control Coupled with Hybrid Simulation
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Questions


