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Thermal & thermo-mechanical simulations using
LS-DYNA
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Contact – DYNAmore Nordic

▪ Support

▪ Sales: sales@dynamore.se

▪ E-mail: support@dynamore.se

▪ Target to answer in 4 hours

▪ Call: +46 13 236680

▪ Training & seminars including on-line & on-site: www.dynamore.se

▪ Secure file server: files.dynamore.se

▪ Software and license download, client area with guidelines and more

▪ www.dynamore.se - information on LS-DYNA, Seminars, Conferences

▪ www.dynalook.com – Papers from international LS-DYNA conferenses

▪ www.dynasupport.com – General support for LS-DYNA

▪ www.dynaexamples.com – LS-DYNA example models from crash to DEM

mailto:sales@dynamore.se
mailto:support@dynamore.se
http://www.dynamore.se/
http://www.dynamore.se/
http://www.dynalook.com/
http://www.dynasupport.com/
http://www.dynaexamples.com/
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Thermal simulations in LS-DYNA
Intention

The intention is to give the audience basic knowledge of

▪ What is included in LS-DYNA

▪ How to select between different options and features

▪ How to set-up and run a thermal and thermo-mechanical simulation
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Thermal simulations in LS-DYNA
Heat transfer mechanisms

There are basically three ways to transfer heat energy

Radiation

▪ Transfer of heat energy

by electromagnetic waves

▪ No movement of matter.

▪ No media needed.

Conduction

▪ Transfer of heat energy

between particles of

objects in contact.

▪ Needs a media.

Convection

▪ Transfer of heat energy

by the movement of a 

fluid.

▪ Needs a media.
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Thermal simulations in LS-DYNA
Basic knowledge

Thermal solution

▪ Solution type

▪ Solver settings

Thermal material models

▪ What is it?

▪ Different types

▪ How to choose

Thermal elements

▪ Definition in LS-DYNA

▪ Supported types

▪ Special case

Thermal contacts

▪ Correct heat transfer at 

interfaces

Thermal conditions

▪ Heat source

▪ Heat energy transfer

mechanisms

▪ Initial conditions
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Thermal simulations in LS-DYNA

Thermal solution types
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Thermal simulations in LS-DYNA
Thermal solution types

There are different thermal solution type options available in LS-DYNA

▪ Steady state thermal simulation

▪ Transient thermal simulation

▪ Un-coupled thermal and mechanical simulation

▪ Coupled transient thermo-mechanical simulation
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Thermal simulations in LS-DYNA
Thermal solution types

Solution type options, explanation

▪ Steady state thermal simulation

▪ Very fast!

▪ Linear assumption

▪ Heat transfer problem solved in one single step

▪ No stress/strain output

▪ Transient thermal simulation

▪ Linear of non-linear

▪ For path dependent problems

▪ No stress/strain output

▪ Un-coupled thermal and mechanical simulation

▪ No mechancal-thermal dependency

▪ *LOAD_THERMAL_D3PLOT

▪ Coupled transient thermal and mechanical simulation

▪ Linear or non-linear

▪ Needed if the mechanical behavior affects the thermal properties

▪ Complete output
Temperature input

tn tn+1

Coupled thermo-mechanical simulation

Un-coupled thermo-mechanical simulation
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Thermal simulations in LS-DYNA

LS-DYNA thermal solver
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Thermal simulations in LS-DYNA

▪ The thermal solver can be coupled to any any other solver in the LS-DYNA-package or be used as a 

“stand-alone“-solver for unclupled thermal problems.

LS-DYNA thermal solver

stress/strain

Fatigue solver

The mechanical solver must be

included if thermo-mechanical

fatigue is of interest.
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Thermal simulations in LS-DYNA

▪ The thermal solver is an implicit solver and the solution scheme for a coupled thermo-mechanical

problem is stagered.

▪ The mechanical time-step (implicit or explicit) should not exceed the thermal time-step size.

▪ If automatic thermal time step size is used, then: ttherm = 100*tmech

▪ The thermal time step must be small enough to capture the temperature/time behavior

▪ A convergence study of the results may be neccessary.

LS-DYNA thermal solver

𝑡𝑚𝑒𝑐ℎ =
𝐿𝑒
𝑐

𝑐 =
𝐸

𝜌

Mechanical solution (explicit) Thermal solution (implicit)

𝑡𝑡ℎ𝑒𝑟𝑚 =
𝜌𝑐𝑝𝐿𝑒

2

2𝑘
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Thermal simulations in LS-DYNA

▪ Activate the thermal solver by setting SOLN = 1 or 2 on *CONTROL_SOLUTION 

LS-DYNA thermal solver
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Thermal simulations in LS-DYNA

▪ *CONTROL_THERMAL_SOLVER

▪ Define analysis & thermal problem type

▪ *CONTROL_SOLUTION need to be specified!

LS-DYNA thermal solver

Analysis type

Solution type

Solver
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Thermal simulations in LS-DYNA

▪ *CONTROL_THERMAL_SOLVER

▪ Optional card 2

▪ Direct input of time scaling parameter

▪ Instead of applying it manually to material properties

LS-DYNA thermal solver

Time scale factor
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Thermal simulations in LS-DYNA

▪ Time scaling

▪ Time saving

▪ The thermal problem is scaled in time in the same manner as the structural problem.

▪ Typical thermal properties are:

Thermal capacity J/kgK

Heat transfer W/m2K 

Thermal conductivity W/mK

e.g. using N, mm, s and a time scale factor of X yields

Thermal capacity=Thermal capacity*1000.000

Heat transfer=Heat transfer/1000*X

Thermal conductivity=Thermal conductivity*X

▪ The time scale factor can be input directly on the second card of the 

*CONTROL_THERMAL_SOLVER keyword. Then LS-DYNA scales the time dependent thermal input

LS-DYNA thermal solver
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Thermal simulations in LS-DYNA

▪ *CONTROL_THERMAL_TIMESTEP

▪ Specify time step options for the thermal solver.

▪ *CONTROL_SOLUTION need to be specified!

LS-DYNA thermal solver

Fixed or variable

timestep size

Time Integration

parameters

Initial thermal

timestep

Min. thermal

timestep

Max. thermal

timestep.

Max. temperature

difference / timestep

Defaults

▪ TMIN = stuctural time step

▪ TMAX = 100*strucural time step
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Thermal simulations in LS-DYNA

▪ *CONTROL_THERMAL_NONLINEAR

▪ Set convergence related conditions for the non-linear thermal solver

▪ *CONTROL_SOLUTION need to be specified!

LS-DYNA thermal solver
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Thermal simulations in LS-DYNA

Thermal elements
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Thermal simulations in LS-DYNA

▪ Supported element types

▪ Solid, shells, thick shells, beams, discrete beams

▪ When a thermal material id (TMID) is assigned to the part definition (*PART) the elements in that part

becomes thermal elements.

▪ To run a thermal simulation all elements in the model must have a thermal material assignment.

Thermal elements
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Thermal simulations in LS-DYNA

▪ Thick thermal shells

▪ THSHEL=1 on *CONTROL_SHELL will trigger that all 4-noded elements are treated as 12-noded.

▪ The through thickness nodes will use quadratic shape functions and this will give a highly resolved

temperature gradient through the shell element thickness.

Thermal elements
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Thermal simulations in LS-DYNA

▪ Thick thermal shell elements

▪ Thermal contact should be defined at the outer surfaces only. This is achieved by setting ITHOFF=1 

on the 5th card *CONTROL_CONTACT

Thermal contacts
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Thermal simulations in LS-DYNA

▪ Thick thermal shell elements

▪ The shells have a lower, middle and upper surface.

▪ Initial conditons and boundary conditions must be applied to all surfaces. This is done by using the

LOC-parameter which is found on all neccessary input-cards.

Thermal bounday conditions
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Thermal simulations in LS-DYNA

Thermal material models
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Thermal material models

▪ Heat capacity and conductivity may be

temperature dependent.

▪ Mandatory in a thermal simulation

▪ Input curve data is never extrapolated

Thermal simulations in LS-DYNA

▪ Thermal material models

Thermal material models
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Coupled material models

▪ Temperature dependent material 

properties.

▪ Not mandatory in a thermal simulation

▪ Curve input is extrapolated

Thermal simulations in LS-DYNA

▪ Temperature dependent material models

Thermal material models
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Thermal simulations in LS-DYNA

▪ *MAT_ADD_...

Thermal material models

Add-on thermal strain effects

▪ Add thermal expansion coefficient to any

material model.

▪ The simulation may be thermal only, 

coupled thermo-machanical or structural

only



© 2022 DYNAmore Nordic ABEvent title | data classification (9 pt) Slide 27

Thermal simulations in LS-DYNA

▪ Thermal expansion

▪ Given as a tangential input, not secant input. Hence, no reference temperature is needed.

Thermal material models

𝛼𝑠𝑒𝑐𝑎𝑛𝑡

𝛼𝑡𝑎𝑛𝑔𝑒𝑛𝑡
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Thermal simulations in LS-DYNA

▪ Thermal expansion

▪ Included in the coupled thermo-mechanical material models.

▪ For a non-coupled material model, use *MAT_ADD_THERMAL_EXPANSION to include the effect of

thermal strains.

Thermal material models

+
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Thermal simulations in LS-DYNA

▪ Thermal expansion is included in a coupled material model.

Thermal material models
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Thermal simulations in LS-DYNA

▪ A thermal material model, TMID, need to be defined.

▪ Linear material properties

Thermal material models
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Thermal simulations in LS-DYNA

▪ A thermal material model, TMID, need to be defined.

▪ Non-linear material properties

Thermal material models
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Thermal simulations in LS-DYNA

Thermal contact
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Thermal simulations in LS-DYNA

▪ Thermal contact is activated by adding THERMAL or THERMAL_FRICTION to the contact type name

▪ Applicable to AUTOMATIC and FORMING contact types.

Thermal contacts

Conductivity

of fluid between

faces

Radiation

Heat transfer 

coefficient

Min. gap of 

thermal contact Max. gap of 

thermal contact

About LMIN & LMAX

▪ Gap > LMAX: 

- No thermal contact

▪ Gap < LMIN: 

- Thermal contact using H0
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Thermal simulations in LS-DYNA

▪ By adding _THERMAL_FRICTION instead of _THERMAL the user may define friction and heat

conductance as a function of temperature and interface pressure.

Thermal contacts

_THERMAL

_THERMAL_FRICTION
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Thermal simulations in LS-DYNA

▪ Defining h(p) (conductance as a function of interface pressure) with _THERMAL_FRICTION

Thermal contacts

101
LCID =10
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Thermal simulations in LS-DYNA

▪ Contact gap & Heat transfer

Thermal contacts
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Thermal simulations in LS-DYNA

Thermal boundary conditions
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Thermal simulations in LS-DYNA

▪ *BOUNDARY_CONVECTION

▪ Air cooling

▪ Applied on single segment or on segment set(s)

▪ Input convection heat transfer coeficient, 𝛼, and surrounding temperature, 𝑇∞

▪ 𝛼 may be given as a constant or as a curve for time or temperature dependency

▪ 𝑇∞ may be given as a constant or as a curve for time dependency

Thermal bounday conditions

ሶ𝑞 = 𝛼(𝑇)(𝑇 − 𝑇∞)

2

3

4

1

n
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Thermal simulations in LS-DYNA

▪ *BOUNDARY_RADIATION

▪ Heat transfer between parts

▪ Several options… but for the SEGMENT_SET-option:

▪ Applied on single segment or on segment set(s)

▪ Input Radiation heat transfer coeficient, 𝑓, and surrounding temperature, 𝑇∞

▪ 𝑓 may be given as a constant or as a curve for time or temperature dependency

▪ 𝑇∞ may be given as a constant or as a curve for time dependency

Thermal bounday conditions

ሶ𝑞" = 𝜎𝜀𝐹 𝑇𝑠𝑢𝑟𝑓𝑎𝑐𝑒
4 − 𝑇∞

4 = 𝑓 𝑇𝑠𝑢𝑟𝑓𝑎𝑐𝑒
4 − 𝑇∞

4

2

3

4

1

n



© 2022 DYNAmore Nordic ABEvent title | data classification (9 pt) Slide 40

Thermal simulations in LS-DYNA

▪ *INITIAL_TEMPERATURE

▪ Define an initial temperature for the simulation

▪ Applied to a node or set of nodes. 

Thermal bounday conditions

Node or

node set id
Temperature

NSID/NID = 0 => All nodes are included (default)
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Thermal simulations in LS-DYNA

▪ *BOUNDARY_TEMPERATURE

▪ Heat source

▪ Define boundary temperature for a thermal simulation

▪ Several tailored options available (PERIODIC_SET, RSW, TRAJECTORY, WELD,….)

Thermal bounday conditions

Node or

node set id
Load curve

Temperature vs. time
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Thermal simulations in LS-DYNA

▪ *BOUNDARY_FLUX

▪ Define boundary conditions on the amount of heat energy passing through a certain surface.

▪ Given as heat flux density, 𝑞, in units of power/area.

Thermal bounday conditions

ToutsideTinside

𝑞 = −𝑘∇𝑇
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Thermal simulations in LS-DYNA

Thermal strain output
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Thermal simulations in LS-DYNA

▪ Output of thermal strain specified on *DATABASE_EXTENT_BINARY

Thermal strain output
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Thermal simulations in LS-DYNA

Example 1 – Heating of a steel plate
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Thermal simulations in LS-DYNA

▪ Thermal only analysis of a plate

▪ Material: Steel

▪ Environment: Air

▪ Surrounding temp.: Room-temp.

▪ Heat source temp.: 600 K

Heating of a steel plate

Tsurround=300 K

Convection defined on all 

sides but at the heat source

Heat source applied 

to nodes at this side
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Thermal simulations in LS-DYNA

▪ Load case set-up

Heating of a steel plate
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Thermal simulations in LS-DYNA

▪ Material modeling

Heating of a steel plate
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Thermal simulations in LS-DYNA

▪ Solution & solver definition

Heating of a steel plate
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Thermal simulations in LS-DYNA

▪ Results

Heating of a steel plate
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Thermal simulations in LS-DYNA

▪ Results

▪ Steady-state found at t > 60s => Time consuming?

▪ The problem is not path-dependent and linear => try Steady-state

Heating of a steel plate
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Thermal simulations in LS-DYNA

▪ Steady-state thermal analysis of a plate

▪ Material: Steel

▪ Environment: Air

▪ Surrounding temp.: Room-temp.

▪ Heat source temp.: 600 K

Heating of a steel plate

Tsurround=300 K

Convection defined on all 

sides but at the heat source

Heat source applied 

to nodes at this side
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Thermal simulations in LS-DYNA

▪ Changes

Heating of a steel plate
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Thermal simulations in LS-DYNA

▪ Results

▪ Solution time for Steady state is, in this case, 24 times faster than for the transient linear solution!

Heating of a steel plate

Steady state Transient linear
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Thermal simulations in LS-DYNA

Example 2 – Exhaust manifold
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Thermal simulations in LS-DYNA

▪ Thermo-mechanical simulation

▪ Material: Steel

▪ Environment: Air

▪ Surrounding temp.: Room-temp.

▪ Heat source temp.: 600 K

▪ Pre-stressed bolts

▪ Thermal contacts

▪ Conductance is dependent

on interface pressure

▪ Stress output requested

▪ Non-linear thermal properties

▪ Conductivity & specific heat are

temperature dependent

Exhaust manifold

Tsurround=300 K

Convection defined on all external 

Faces of the exhaust manifold

Part of engine block.

Heat source is applied 

to all nodes of this part

Need to use a non-linear, fully coupled approach
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Thermal simulations in LS-DYNA

▪ Load case set-up

Exhaust manifold
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Thermal simulations in LS-DYNA

▪ Material modeling

Exhaust manifold
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Thermal simulations in LS-DYNA

▪ Solution & solver definition

Exhaust manifold
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Thermal simulations in LS-DYNA

▪ Thermal contact

▪ All contacts are defined the same in this example

Exhaust manifold

k and frad are not defined.

The bolts are prestressed so 
there is no gap in the model.
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Thermal simulations in LS-DYNA

▪ Results

Exhaust manifold
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Thermal simulations in LS-DYNA

▪ Thermo-mechanical simulation

▪ Material: Steel

▪ Environment: Air

▪ Surrounding temp.: Room-temp.

▪ Heat source temp.: 600 K

▪ Pre-stressed bolts

▪ Thermal contacts

▪ Conductance is not dependent

on interface pressure

▪ Stress output requested

▪ Non-linear thermal properties

▪ Conductivity & specific heat are

temperature dependen

Exhaust manifold

Tsurround=300 K

Convection defined on all external 

Faces of the exhaust manifold

Part of engine block.

Heat source is applied 

to all nodes of this part

May use a non-linear, un-coupled thermo-mechanical approach
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Thermal simulations in LS-DYNA

▪ Thermo-mechanical simulation

▪ Material: Steel

▪ Environment: Air

▪ Surrounding temp.: Room-temp.

▪ Heat source temp.: 600 K

▪ Pre-stressed bolts

▪ Thermal contacts

▪ Conductance is not dependent

on interface pressure

▪ Stress output requested

▪ Linear thermal properties

▪ Conductivity & specific heat are

not temperature dependent

Exhaust manifold

Tsurround=300 K

Convection defined on all external 

Faces of the exhaust manifold

Part of engine block.

Heat source is applied 

to all nodes of this part

May use a linear, un-coupled thermo-mechanical approach
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Thermal simulations in LS-DYNA

▪ Thermo-mechanical simulation

▪ Material: Steel

▪ Environment: Air

▪ Surrounding temp.: Room-temp.

▪ Heat source temp.: 600 K

▪ Pre-stressed bolts

▪ Thermal contacts

▪ Conductance is not dependent

on interface pressure

▪ Stress output not requested

▪ Linear thermal properties

▪ Conductivity & specific heat are

not temperature dependent

Exhaust manifold

Tsurround=300 K

Convection defined on all external 

Faces of the exhaust manifold

Part of engine block.

Heat source is applied 

to all nodes of this part

May use a linear, thermal only approach
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Further information

▪ Dynalook ( www.dynalook.com )

▪ Papers from European and International conferences

▪ YouTube

▪ Dynamore GmbH

▪ Conjugate Heat Transfer - Tool Cooling

▪ …

▪ LS-DYNA Examples ( www.dynaexamples.com )

▪ Papers from European and International conferences

http://www.dynalook.com/
http://www.dynaexamples.com/
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Related webinars and short videos

▪ Client Area and Short Videos

▪ Free of charge Webinar every other Thursday
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Find us on 

DYNAMore Nordic AB

Brigadgatan 5

587 58 Linköping, Sweden

Tel.: +46 - (0)13 23 66 80

info@dynamore.se

www.dynamore.se

www.dynaexamples.com

www.dynasupport.com

www.dynalook.com

DYNAmore worldwide

Germany ■ France ■ Italy ■ Sweden ■ Switzerland ■ USA

Thank You
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