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子模型分析

Substructuring



What is Substructuring?



Why Substructuring?



Submodeling



Two methods of doing this

• Substructuring analysis (Guyan reduction): Static reduction which reduces the system 

matrices to a smaller set of nodal DOFs. Substructuring analysis applies to structural and non-

structural analysis types. For structural analysis, this condensation method is also called 

Guyan reduction

• Component mode synthesis (CMS): reduces the system matrices to a smaller set of nodal 

DOFs complemented by a set of generalized coordinates. CMS applies to structural analysis 

only. CMS is more accurate than the Guyan reduction for modal, harmonic, and transient 

analyses because CMS includes truncated sets of normal mode generalized coordinates, 

which capture the basic modal characteristics of the components.



Supported Analysis Types

• Harmonic Response (MSUP only)

• Modal

• Random Vibration

• Response Spectrum

• Rigid Dynamics



How to proceed substructuring?



How to proceed substructuring?

• Top-down Substructuring:

• Bottom-up Substructuring:



Condensed part



Comparison

Full model Bottom up 
CMS







Substructure Generation



Coupled Field Static 
Analysis
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Coupled Field Static Analysis

• Piezoelectric coupling and Acoustics physics is supported for Coupled Field Static 
analysis
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Physics Region and Analysis Settings

• PML settings are supported for respective Acoustics 
physics in the Physics region object

• Voltage and Charge convergence supported on Analysis 
settings
‐ Program Controlled
‐ On
‐ Remove
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Boundary Conditions

• Electric and Acoustics boundary conditions are supported
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Results

• Electric results and probes are 
supported



Pre-stress Coupled Field Analysis Enhancements

• Pre-stressed Coupled Field Modal and Pre-stress Coupled Field Harmonic (full harmonic) 
is supported by linking to upstream a Coupled Field Static analysis
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Pre-stress Coupled Field Enhancements

• The physics combination which can be performed in Pres-stress 
Coupled Field analysis are:
o Structural – Acoustics
o Structural – Electric with Piezoelectric coupling
o Acoustics with Piezoelectric coupling

• Physics region specified in the upstream coupled field static analysis will 
be automatically selected on downstream linked environment.

• Thermal physics selection in the coupled field static analysis will not 
support pre-stress workflow

• Linking on Coupled Field Modal and Harmonic can be done by selecting 
the pre-stress environment on the Initial conditions
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Imported Heat Generation Load from Coupled Field Harmonic

• Loss due to damping in the upstream Coupled Field Harmonic analysis can be imported as Heat
Generation load in Transient Thermal analysis by linking the solution cell of Coupled Field
Harmonic to setup of Transient Thermal analysis

• The losses are only considered from the coupled structural-electric bodies with Piezoelectric
coupling and is applicable for dissimilar meshes. The source frequencies is split over equal time
intervals in the transient thermal analysis when All option is selected from Worksheet of Imported
Heat generation object



Prestress Wire Bonding Ultrasonic Transducer



Define physics region



Harmonic result



非線性自適應網格劃分技
術(NLAD)介紹



Imported Temperature



With and Without “Apply to initial mesh”


