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MD - Multidiscipline Products from MSC
The Next Step in Simulation

• MD Nastran
– Advanced multidiscipline structural solution 

built with Nastran, Marc, Dytran, & 3rd party 
components

– Fully integrated structural-thermal-acoustic, 
FSI, composites, MD optimization, motion-
structures capabilities

• MD Adams
– Seamless integration with MD Nastran for 

motion-structural coupling

• Integrates foundation engineering solvers
– Common solver framework
– Common data model

• Leverages ongoing enhancements to 
engineering solver technologies

– New solver enhancements naturally roll up to 
MD Solutions

• Enables 3rd party solver integration
– Open architecture for complete flexibility
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MultiMulti --Discipline / MultiDiscipline / Multi --Scale Optimization (SOL400)Scale Optimization (SOL400)

Micro-failure integration

TMG PAA integration

NAI Sinda integration nCode integrationContact Algorithm

Infinite Elements User Defined Elements

MD Nastran Architecture

FE Optimization (SOL 200)

Structures 
/Mechanical

Thermal Dynamics
/Aero, …

Adv NLAdv NL
(Implicit,(Implicit,
Explicit)Explicit)

MBSMBS
ServiceService

MSC/NASTRAN 1980 thru

1990
1990 thru

2000
2000 thru

2005
2005 thru

2009

Basic Basic 
NLNL

Nastran Footprint
More than Doubles

ASCII & binary file conduit (op2, op4, xdb, pch), D MAP macros 

45 Years of Pedigree

2009+

MD Framework (solver integration, 3MD Framework (solver integration, 3 rdrd party integration, scripting)party integration, scripting)

Point
Solutions

Exchange
Excitations

Exchange
Environment

Exchange
Attributes

Full Event
Simulation

MD
Integration

Pattern
Coupled (2H)

Implicit NL IntegrationImplicit NL Integration
(Thermal(Thermal--Mechanical)Mechanical)

ExplicitExplicit--Implicit NL IntegrationImplicit NL Integration

Chaining Level II (1H)
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Nastran

Marc .dat

Marc

T16/XDB/op2

Elements, materials, 
contact…

XDB/op2

Nastran

Elements, materials, 
contact…

Elements, materials…

MSC.Nastran 2004 MD Nastran R2

Access to some 
Marc functionality 
by spawning the 
Marc process

Functionality integrated into Nastran

Foundation for multi-disciplinary nonlinear 
and optimization

MD Nastran
Basics
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• Delamination and failure
– 2D, 3D, Cohesive zone model

– VCCT (energy release rates in 
mixed mode fracture)

– Progressive Failure Analysis
– Additional failure criteria

– Hill

– Hoffmann
– Tsai-Wu

– Chang-Chang

– Hashin
– Puck

– Hashin tape/fabric

MD Nastran
Composite Enhancements
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MD Nastran
Composite Enhancements

Example: PFA – Wing Model with Damage
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• Steady State Thermal Advection Flow. Advection is the modeling of fluid flow in 
engine using fluid. The fluid takes away the heat by means of the energy 
transport.

MD Nastran
Advanced Heat Transfer
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Semiconductor Application:

1. IC chip

2. Thermal-Stress

3. Thermal Analysis with 
convection heat loss

4. Followed by a Stress 
Analysis

MD Nastran
Advanced Heat Transfer
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• Radiation Viewfactor using Hemi-
Cube (33 x speedup for this 
model)

• 2nd model took over 10 days to 
solve using Gaussian view 
factors, MD with Hemi-Cube: 
4.5h

MD Nastran
Advanced Heat Transfer
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*Head attributes and initial conditions are similar but not according to the physical test.

Head diameter = 160 mm
Head weight = 4.5 kg
Head impact velocity = 40 km/h
Head impact angle = 50°

Mesh: 
1D elements :           15
2D elements :   116104
3D elements :       6475

Material: 
Linear elastic, elastoplastic, rigid

Nonlinearity: 
Geometric, material, contact

MD Nastran
SOL700 Crash Examples

Pedestrian safety: head impact
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Front view

Rear view

MD Nastran
SOL700 Crash Examples
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• Bunker Blast

Bunker

Ground

Outer Air 
Zone

Inner Air 
Zone

Blast

• Airbag

MD Nastran
SOL700 FSI Examples
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• Model a sequence or history of loading or analysis type

• Examples
– Pre-stiffened normal modes
– Static preload followed by transient analysis
– Brake Squeal with preload and contact
– Thermal preloading

• SOL 400 allows easy chaining with the STEP capability

• Allows initial conditions in any STEP or SUBCASE from 
any previous STEP of any SUBCASE (NLIC)

• Boundary condition changes (SPC, MPC, DMIG, TFL) 
from STEP to STEP

MD Nastran Basics
Analysis Chaining
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FBO-RD Solution

Prestress – Implicit simulation
Choice of MD Nastran SOL 106/400 or 700 (Implicit)

Initial Condition for 
explicit run

MD Nastran SOL400 RD (Unbalance loading)

Extract final displacement after stabilization

FBO/FOD – Explicit simulation
MD Nastran SOL 700 (bird strike)

Simulate Damage and extract 
mass, inertia and CG for 
rotordynamics unbalance
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MD Nastran Examples
Chaining Example
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Pre-stress the blades 
(Implicit)

Apply Bird Impact 
(Transient- Explicit)

Rotor Dynamics 
for Stability Study 
(Implicit)

Study Blade-out 
(Explicit)

MD Nastran Examples
Aircraft Engine Use Case

Normal Modes Analysis

Hot/Cold Blade Shape Analysis
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MD Nastran Examples
Hood Slam Use Case

Explicit
Nonlinear

Hood 
slamming

Normal
Modes

Implicit 
Nonlinear 

Hood Analysis

• Transient 
Mechanical 
Load

•Vibration 
Issues

•Transient 
Thermal 
Load
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Obtain bearing loads using MD Adams Multi-body system analysis

Stiffness - Normal Mode

Thermal Load Cycling
Pressure Loads

NL Gasket Analysis

Acoustic Analysis 

Stiffness and normal modes analysis using MD NastranThermal/Structural Chaining to analyze the temperature induced
stresses 

Conduct an advanced nonlinear analysis accounting full 3D 
contact and gasket materials.

Advanced acoustics for coupled structural-acoustics analysis to 
study radiated sound levels

MBS – Bearing Loads

MD Nastran Examples
Engine Block Analysis
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User Guide 39

Acoustic Application:

1. Brake Squeal Analysis

2. Frictional Contact

3. Complex Eigen-values

4. Mode Bifurcation 

5. Dynamic Instabilities

MD Nastran Examples
Break Squeal
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• Multidiscipline integration
– Thermal-mechanical
– Motion-structures-flex 

• Tailored for expert

• Seamless data exchange

• Single and easy to                       
learn GUI
– Flexible toolbar
– Modern windows
– Intuitive icons and                         

toolbars
– Display filtering

SimXpert
Overview Intuitive 

Icons

Model
Browser

Display 
Window

Expression 
Input

Linear 
StructuresMotion

NVH & 
Acoustic

NonLinear
Structures
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• Native CAD Interoperability
• True Native CAD

• No translations
• Bi-directional associativity
• Parametric

• Multi-CAD
• CATIA V5
• Parasolids
• Pro/Engineer
• UG NX

• Smart Update
• Parameters
• Topology
• Loads / Constraints …

• CAD Translation
• Parasolid
• Catia V4, V5
• ProE
• STEP
• IGES
• …

SimXpert
Overview
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• Automate repetitive 
processes

• Eliminate process errors
• Reduces Workflow Time
• Flexible

– Access non-templated core 
SimXpert functions during 
execution

– Easily modified

• Not a rigid, hard-coded 
executable

• Step-by-step “wizard”
for a simulation process

Collect Model Pre
Process Solve Post

Process
Report

Productivity 
Gain

Productivity 
Gain

SimXpert
Templates



9/22/2009 28

• 3D Contact capability is now available for 
the general nonlinear solution sequence,
SOL 400, 600 and 700
– Marc contact has been integrated into MD 

Nastran and enhanced

• The same 3D Contact capability is also 
available in SOL 101 for linear contact 
analysis

• Permanent-Glue Contact, a special case of 
3D Contact is supported in SOL 101, 103, 
105, 107-112, 200 and 400

• The contact definition is COMMON to ALL 
solution sequences

MD Nastran Contact
Overview
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• Small and large displacement sliding contact :
– Deformable-to-deformable and rigid-to-deformable
– Friction and higher order elements
– Contact post quantities (normal and friction force/stress and contact 

node status) – f06, OP2, XDB, DAC, t16 etc
– Contact status information is stored in the database (DBALL)
– Distance tolerance and initial motion of bodies to establish contact 
– Initial contact of approaching rigid body
– Initial stress-free contact
– Self-contact
– Delay sliding-off
– 2D or 3D contact

MD Nastran Contact
Overview
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• Create contact 
body for the 
cylinder as a 
deformable 
body

c

b

d

e

f

a

k

h

j

i

g

MD Nastran Contact
Creating Contact Bodies
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NVH CRASH

Contact is treated as 
glued contact bodies

Contact is treated as 
touching contact bodies

Contact is in BOTH Model Representations 

MD Nastran Contact
Multi-Discipline
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• SOL 103 
– Free - Free

– Glued contact between vanes and 
shroud with dissimilar meshes

– Initial stress-free contact used

– Quadratic elements contact to make 
smoother contact surface 

MD Nastran Contact
Example – Modal Analysis with Glued Contact
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• Clean rigid body modes

1. 6.911939E-04
2. 6.290693E-04
3. 4.908829E-04
4. 4.434468E-04
5. 2.943299E-04
6. 7.051053E-05

• Results compare well with a continuum mesh model

Elastic mode shapes 7 and 8

MD Nastran Contact
Example – Modal Analysis with Glued Contact
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MD Nastran Contact
Example – Contact wit Gasket & Bolts
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Gasket Forces

MD Nastran Contact
Example – Contact wit Gasket & Bolts
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MD Nastran Contact
Customer Example
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t=0.018 s (end of explicit run)

Final deformation after springback analysis
(end of Implicit run)

Sheet Metal
Die

Punch

Clamp

MD Nastran
Metal Forming
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User Guide 52

Manufacturing Application:

1. Hydro-forming of a pan 

2. Large Strain Deformation

3. Elasto-plastic Material

4. Frictional Contact

5. Automatic Time Stepping

6. Quasi-static Damping

MD Nastran
Metal Forming



9/22/2009 46

MD Nastran
Metal Forming

• Application: Forming simulation
• Box forming with MD Nastran Sol700 explicit 

solver 
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• Application: Forming simulation
• Springback with MD Nastran Sol700 implicit 

solver 

MD Nastran
Metal Forming


