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In the high-precision world of Finite Element Analysis (FEA), the ability to accurately simulate thermal distribution is 

critical for predicting structural integrity, residual stresses, and material phase transformations. While standard 

software packages like Abaqus/Standard and Abaqus/Explicit provide robust built-in tools for constant or simple 

periodic heat loads, real-world engineering challenges—such as laser welding, additive manufacturing, and friction 

stir processing—demand a more dynamic approach. This is where the DFLUX subroutinebecomes an

indispensable asset for the thermal engineer. By leveraging the power of Fortran-based user subroutines,

researchers and engineers can define complex, non-uniform, and time-dependent heat fluxes that adapt to the

evolving state of the model.

The Architecture of the DFLUX Subroutine

The DFLUX subroutineis a user-defined interface in Abaqus that allows for the specification of distributed heat

fluxes. Unlike standard magnitude-based loading, DFLUX is called at each integration point of every element for

which a user-defined flux has been specified in the input file. This high level of granularity enables the simulation of

localized phenomena that are otherwise impossible to capture. The subroutine’s primary responsibility is to return

the value of the flux magnitude, known in the code as FLUX(1), based on various input variables such as position,

time, and temperature.

Core Subroutine Arguments

To effectively utilize DFLUX, one must understand the parameters passed into the routine by the Abaqus solver.

The standard Fortran header for DFLUX typically includes variables such as:

•  FLUX(1): The primary output value; the magnitude of the flux (energy per time per area or volume).

•  FLUX(2): The derivative of the flux with respect to temperature (dFlux/dTemp), used to enhance convergence 

in non-linear problems.

•  TIME(1): Current step time.

•  TIME(2): Current total time across all steps.

•  COORDS: An array containing the current coordinates of the integration point (COORDS(1)=x, 

COORDS(2)=y, COORDS(3)=z).

•  JLTYP: An indicator for the type of flux (e.g., surface vs. volumetric).

•  SNAME: The surface name for surface-based fluxes, allowing for conditional logic within the code.

Theoretical Framework for Moving Heat Sources

One of the most common applications of the DFLUX subroutine is the simulation of moving heat sources, such as 

a welding torch or a laser beam. Modeling these requires a mathematical foundation that translates the heat 

source's physical motion into a spatial-temporal flux distribution. The most frequently used models include the 

Gaussian Surface Distribution and the Goldak Double Ellipsoidal Model.

Gaussian Heat Source Model



For surface-level heating like laser etching, a Gaussian distribution is often sufficient. The heat flux q(r) at a

distance r from the center of the source is defined by the equation:

q(r) = q_max * exp(-C * r^2)

In the DFLUX subroutine, the distance r must be calculated dynamically. If a heat source moves with velocity v

along the X-axis, the position of the source center at time t is (x_0 + v*t, y_0, z_0). The subroutine calculates the

distance between the current integration point (provided via the COORDS array) and this moving center point to

determine the instantaneous flux magnitude.

The Goldak Double Ellipsoidal Model

For deep penetration processes like Arc Welding, surface-only models fail to account for the volumetric distribution

of heat. Goldak’s model addresses this by defining two different semi-ellipsoids—one for the front of the source and

one for the rear. This model requires the subroutine to differentiate between integration points located ahead of or

behind the source center, applying different exponential decay constants accordingly. This ensures a realistic

"comet-tail" heat distribution.

Implementing Multi-Heat Flux Definitions

Engineers often face models requiring multiple distinct heat sources, such as a volumetric heat generation in the

bulk material combined with a surface radiation or convection loss on specific boundaries. Managing this within a

single DFLUX subroutine requires structured logic. The SNAME (Surface Name) and NOEL (Element Number)

variables are crucial here.

By using IF-THEN-ELSEblocks within the Fortran code, the user can assign different mathematical behaviors

based on the region of the model. For example, if SNAME equals 'TOP_SURFACE', the code applies a localized

laser heat flux. If the code detects it is operating on a specific set of elements (via NOEL), it might apply a different

volumetric heat generation value. This multi-flux capability allows for highly complex thermal environments to be

simulated within a single job execution.

Comparison: Standard Abaqus Loading vs. DFLUX Subroutine

The following table illustrates the key differences between utilizing the built-in Abaqus loading features and the

advanced DFLUX subroutine approach.



Feature Standard Abaqus Flux (*DFLUX) User Subroutine DFLUX

Spatial Variation Uniform or limited predefined patterns. Fully customizable via mathematical 
functions.

Time Dependency Limited to Amplitude curves. Dynamic and interdependent on other 
variables.

Coordination Fixed to geometry. Relative to moving coordinate 
systems.

State Dependency No access to field variables. Can integrate with USDFLD for 
material-state flux.

Computational Cost Lower; highly optimized. Slightly higher due to subroutine calls 
per point.

Technical Execution: Linking and Compiling

A frequent stumbling block for users is the technical environment setup. Since Abaqus subroutines are written in 

Fortran, the computer must have a compatible compiler (usually Intel Fortran) and a linker (Visual Studio on

Windows). The process of "linking" ensures that Abaqus can pass data to and from the Fortran executable.

The Workflow for Implementation

1.  Drafting the Code: Write the subroutine logic in a .for or .f file. Ensure the syntax adheres to Fortran 77 or 

90/95 standards depending on your compiler.

2.  Modifying the Input File (.inp): In the Abaqus input file, the flux definition must include the USER parameter. 

For example: *DFLUX, USER.

3.  Executing the Job: Use the command line or the Abaqus CAE Job Manager to specify the user subroutine 

file. Command line: abaqus job=myJob user=mySubroutine.for.

4.  Verification: Check the .dat and .msg files for any "System Error" messages or compiler warnings that might 

indicate syntax errors or variable initialization issues.

Advanced Integration with USDFLD and HETVAL

In advanced thermo-mechanical simulations, the heat flux might depend on more than just time and position; it

might depend on the internal state of the material (e.g., phase, damage, or plastic strain). To achieve this, DFLUX

can work in tandem with other subroutines.

USDFLD and GETVRM Utility

The USDFLD (User Defined Field) subroutine allows users to redefine material properties as a function of field 

variables. By using the GETVRM utility routine within USDFLD, one can access integration point data like 

equivalent plastic strain (PEEQ) or stress (S). These values can be stored in State Dependent Variables (SDVs),

which are then readable by the DFLUX subroutine in the same increment. This creates a feedback loop where the

heat source magnitude is modulated by the material's mechanical response.

HETVAL Subroutine

While DFLUX is primarily for externally applied distributed fluxes, HETVALis used for internal heat generation,

such as the heat released during a chemical reaction or phase change. If a project involves both an external laser



(DFLUX) and an internal exothermic reaction (HETVAL), understanding the calling sequence is vital. Abaqus

typically calls these routines at each integration point, ensuring that the total energy balance accounts for both

external input and internal generation.

Troubleshooting Common DFLUX Errors

Even for experienced technical writers and engineers, debugging DFLUX can be arduous. The most common

issues arise from numerical instability or environment mismatches.

System Errors and Numerical Instability

If Abaqus returns a "System Error Code 144"or a similar generic failure, it often points to an array out-of-bounds

error in the Fortran code or a division by zero. For instance, if the radius r in a Gaussian model becomes zero and

is used in the denominator without a small epsilon safety factor, the simulation will crash. Always initialize variables

and include logical checks to handle edge cases where coordinates might result in undefined mathematical

operations.

Convergence Issues

Thermal simulations with high-intensity moving sources often suffer from convergence failures due to steep

temperature gradients. To mitigate this:

•  Refine the Mesh: The element size must be small enough to capture the peak of the heat distribution. A 

general rule is to have at least 3-5 elements across the radius of the heat source.

•  Adjust Time Stepping: Use smaller increments during the initial stages of heat application.

•  Define FLUX(2): Providing the exact derivative of the flux with respect to temperature allows the Newton-

Raphson solver to converge more efficiently.

Practical Field Guide: Simulating a Laser Scanning Path

To simulate a complex scanning path (e.g., a zig-zag or spiral), the DFLUX subroutine must contain logic that

tracks the center of the source along a predefined trajectory. This is typically done by defining a path function:

X_center = f(time) and Y_center = g(time).

Consider a scenario where a laser scans a plate in a square pattern. The subroutine uses TIME(2) to determine

which segment of the square the laser is currently on. It then calculates the vector from the current segment's start

point to determine the COORDS offset. This logic enables the simulation of complex additive manufacturing

processes where the toolpath is exported from G-code and converted into mathematical logic within the Fortran

routine.

Summary and Engineering Implications

The DFLUX subroutine represents a bridge between theoretical thermal physics and practical numerical simulation.

By moving beyond the constraints of static loading, it allows engineers to explore the nuances of transient heat

transfer in sophisticated manufacturing processes. Mastering DFLUX requires a dual proficiency: a deep

understanding of the mathematical models governing heat distribution and a technical grasp of Fortran

programming within the Abaqus environment.

As industry moves toward "Digital Twins" and high-fidelity virtual prototyping, the role of custom subroutines like

DFLUX will only grow. The ability to simulate the thermal history of a component with precision is the first step in

predicting microscopic grain structures, macroscopic distortions, and the eventual fatigue life of engineered parts.



Whether modeling a simple moving torch or a multi-physics additive manufacturing build, the DFLUX subroutine

remains the gold standard for flexible, accurate thermal loading in Abaqus.
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