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Outline

• Disclaimer
• Overview:

– MSC.ADAMS – What Is It?:
• Advantages Relative to FAST
• Disadvantages Relative to FAST

– A2AD – What Is It?
– FAST-to-ADAMS Preprocessor – What Is It?

• FAST-to-ADAMS Preprocessor:
– Why Create ADAMS Datasets with FAST?
– FAST & MSC.ADAMS Modes of Operation
– Features

• Recent Work
• Current & Planned Work 
• Future Opportunities
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Disclaimer

• NREL does not endorse MSC.ADAMS or any other 
commercial MBS package

• Issues related to MSC.ADAMS should be directed to MSC 
Software

• Other MBS products include:
– SIMPACK (includes an interface to AeroDyn; interface to HydroDyn under 

development)
– FEDEM (interface to AeroDyn under verification)
– MBDyn (interface to AeroDyn under development)
– SAMCEF
– LMS.VirtualLab
– HAWC2
– GH Bladed Multibody
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Overview
MSC.ADAMS – What Is It?

• Commercial code from MSC Software
• Stands for Automatic Dynamic Analysis of Mechanical 

Systems
• Structural-dynamic model for virtually any mechanical system
• Uses a multi-body representation
• General purpose code with virtually unlimited structural DOFs
• Coupled to AeroDyn, HydroDyn, & controller through A2AD

for aero-hydro-servo-elastic simulation of wind turbines
• Wind turbine datasets created by FAST



Design Codes Workshop                                                                                      5 National Renewable Energy Laboratory

Overview
MSC.ADAMS – Advantages Relative to FAST

• Avoids many limitations of FAST:
– Blade & tower axial & torsion DOFs
– Blade mass & elastic offsets
– Larger deflections
– Blade-pitch actuator dynamics
– Adaptable to atypical configurations:

• Flapping-hinge blade
• Variable-length blade
• Bendible shaft
• Anisotropic materials
• Built-in blade curvature & sweep

– Versatile treatment of non-linear
actuators, dampers, friction, stops, etc.

– GUI & animation capabilities
– Commercial-grade manuals & tech. support
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Sample Results—SWRT in high winds:

Identical models except FAST
has no blade torsion DOF

A. C. Hansen, Windward Engineering
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Overview
MSC.ADAMS – Disadvantages Relative to FAST

• Why not use it?:
– Expensive
– Steep learning curve
– Slower run times
– Numerical problems require

expertise to debug 

• Recommend to start with FAST
& to use FAST when it can
model the details needed:
– Free
– Easier to learn
– Faster
– Fewer numerical problems
– Less susceptible to modeling errors

ADAMS Model Generated by FAST
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Overview
A2AD– What Is It?

• A2AD interfaces AeroDyn, HydroDyn, & controller to 
MSC.ADAMS:
– Works with FAST-generated models
– Aerodynamics & hydrodynamics identical to FAST (though different 

DOFs may yield different results)

• Latest version:
– v13.00.00a-bjj (March 2010)
– Newer in progress

• User’s Guide:
– Laino & Hansen (2001)
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Overview
FAST-to-ADAMS Preprocessor – What Is It?

• FAST-to-ADAMS is a preprocessor for creating MSC.ADAMS
datasets of wind turbines:
– Replaces ADAMS/WT
– Preprocessor & MSC.ADAMS evaluated by Germanischer Lloyd 

WindEnergie

• Latest version (built within FAST):
– v7.00.00a-bjj (March 2010)
– Newer in progress

• User’s Guide (FAST’s):
– Jonkman & Buhl (2005)
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FAST-to-ADAMS Preprocessor
Why Create ADAMS Datasets with FAST?

• Ensures consistency between FAST & MSC.ADAMS models:
– All pertinent information is stored in a single location:

• i.e., the FAST input files
– One drawback to this is that input errors propagate between models:

• No redundancy checks such as when models are created independently

• Facilitates easy creation of MSC.ADAMS datasets:
– Natural progression from simple to complex modeling
– Allows users to reap the advantages of MSC.ADAMS without spending 

months learning
– Accomplish a lot of work with very little effort:

• Useful way to impress your boss/professor 
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FAST-to-ADAMS Preprocessor
FAST & MSC.ADAMS Modes of Operation
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• Contains most functionality FAST has:
– Same switches are available to 

enable/disable DOFs
– Uses same drivetrain, yaw, furl, teeter, & 

support platform models & DOFs
– Uses same aerodynamic & hydrodynamic 

models
– Uses same built-in control paradigms
– Uses same interfaces to user-defined 

routines & controllers
– Uses same output parameter selection:

• No need to generate a REQSUB() for each 
model

• Identical output file format
– Simulation & linearization analyses:

• Linearization only for nonrotating rotor

FAST-to-ADAMS Preprocessor
Features

ADAMS Model Generated by FAST
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FAST-to-ADAMS Preprocessor
Features (cont)

• The MSC.ADAMS structural model created by 
FAST is of higher-fidelity:
– Blade/tower modes replaced with a series of rigid bodies 

connected by 6×6 stiffness & damping matrices
– Blade/tower created with axial & torsion DOFs included
– Blades include optional mass & elastic offsets, & 

flap/twist coupling
– Blades include optional precurve & presweep

(improvements needed)
– Blades include pitch actuator dynamics
– No small angle approximations used:

• Although approximations may apply to ancillary models, 
e.g. HydroDyn hydrodynamics

– Configuration is customizable within MSC.ADAMS
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Recent Work (Changes in v13.00.00)

• Applied same changes as FAST v7.00.00a-bjj
• Discontinued support for models generated by ADAMS/WT
• Used MARKERs from the FAST-to-ADAMS preprocessor 

(influences results for models with nonzero precone, nonzero 
initial teeter angle, &/or high yaw rates)

• Included gravity & structural damping during linearization of 
FAST-generated MSC.ADAMS models
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Current & Planned Work
& Future Opportunities

• Current & planned work:
– Same as planned for FAST
– Plus:

• Restructure A2AD for improved numerical processing of fluid-
structure interaction

• Improve definition of elastic, inertia, & aerodynamic axes  of blades 
with built-in curvature & sweep

• Have MARKERs use IEC-style instead of ADAMS/WT-style 
coordinate systems

• Future opportunities:
– Same as planned for FAST
– Plus:

• Replace rigid bodies with flex bodies (imported from FEA)
• Utilize linearization in a rotating frame
• Model gearboxes in detail



Questions?

Jason Jonkman, Ph.D.
+1 (303) 384 – 7026
jason.jonkman@nrel.gov
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