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1. Introduction

This study investigates a TIG-welded joint between a brass flange and a copper tube, utilizing
ERCuSn-A filler metal [2,5]. The joint configuration is representative of geometries commonly
found in fluid handling systems. Brass was selected for the flange component due to its superior
mechanical properties compared to pure copper, as detailed in Table 1 [4]. The enhanced
mechanical stability of brass justifies this selection [1,3]; the comparative data underscore the
rationale for this material choice. Furthermore, brass flanges are integral to hot water,
refrigeration, and gas distribution systems, where sealing gaskets are typically employed between
the flange face and mating components.

Table 1. Comparative Mechanical and Practical Properties of Brass and Copper

Aspect Brass Copper Added Value of Brass
Hardness Higher (70-90 HB) Lower (40-50 HB) Withstands torque and bolt
clamping pressure
Machinability Excellent (90-100%) Poor (~20%) Easier to turn, drill, and
machine precision holes
Deformation resistance Superior due to Poor; deforms Maintains flange alignment
under load crystalline structure readily during fastening
Dimensional stability during Excellent Moderate Yields smoother, more
machining accurate mating surfaces
Friction and wear resistance High (abrasion- Relatively low Ideal for contact surfaces with
at mechanical contact resistant) gaskets and bolts
Cost Less expensive than Significantly more Overall cost savings
pure copper expensive

2. Methodology
2.1 Geometric Model

The three-dimensional (3D) CAD model of the welded assembly was developed using SolidWorks.
The assembly comprises a cylindrical copper tube (Outer Diameter [OD] 30 mm, wall thickness 4
mm) joined to a flat brass flange (OD 63 mm, height 7 mm), as illustrated in Figure 1. The geometry
was precisely modeled to ensure high-fidelity representation during the subsequent finite

element discretization.
o¢ .)
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Figure 1. Three-dimensional geometric model of the copper tube-brass flange welded
assembly (SolidWorks)
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2.2 Welding Parameters and Process Data

The welding process parameters were defined before the simulation to calculate the net heat
input, which was subsequently implemented as a transient thermal load in the finite element
model. Table 2 summarizes the optimized TIG welding specifications adopted for this
investigation [2,5], ensuring that the simulated thermal cycles align with realistic welding
conditions.

Table 2. TIG Welding Machine Settings

Parameter Recommended Setting
Current type DC (straight polarity/electrode negative)
Arc voltage 15V
Welding current 160 A
Shielding gas Argon + Helium (75% Ar + 25% He) for enhanced heat penetration
Gas flow rate 12-15 L/min
Tungsten electrode diameter 3.2 mm (ground to a 15-30° included angle)
Filler wire (ERCuSn-A) Diameter: 2.4 mm
Torch angle 10-15° from the vertical (to concentrate heat on the thicker flange)
Welding speed 6 cm/min (to control heat input)

2.3 Weld Time and Heat Power Calculations

The weld seam length was determined from the tube circumference:
L=mxd=314x30%94.2 mm.
At a welding speed of 6 cm/min (60 mm/min), the arc travel time is:

t=94.2 mm + 60 mm/min = 94s.

Allowing an additional 8 seconds for the cooling initiation phase yields a total simulation duration
of 102 seconds. The effective heat input was calculated from the welding parameters recorded in
Table 2. With an arc voltage of 15 V, a welding current of 160 A, and an assumed thermal efficiency
of 1 = 0.70 (consistent with the 60-80% range characteristic of TIG welding, in which a fraction
of the generated energy is lost to the shielding gas and surroundings):

P=VxIxn=15Vx160A x0.70~ 1,680 W

For the simulation, a rounded value of 1,650 W was applied as the prescribed heat power per weld segment.

2.4 Assumptions and Model Simplifications

To facilitate the computational analysis within the current software framework, several
simplifying assumptions were implemented:
e Linear Material Behavior: The analysis assumes linear elastic behavior for both base metals and the

filler rod.
e Constant Material Properties: Thermal and mechanical properties (e.g., thermal conductivity, specific

heat, and yield strength) are treated as temperature-independent constants.
e Phase Change Neglect: The latent heat of fusion and vaporization was not explicitly modeled, focusing
instead on the macro-thermal distribution.
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e Stepwise Heat Application: The moving heat source was approximated by sequential heat load
application across discrete segments of the weld path.

These simplifications define the study as a first-order approximation intended to identify qualitative trends

rather than absolute quantitative values.

3. Discussion
3.1 Steady-State Thermal Analysis

The simulation sequence commenced with a steady-state thermal analysis to establish a spatially
uniform temperature distribution throughout the assembly. This baseline serves as the
prescribed initial condition for the subsequent transient thermal analysis, which characterizes the
dynamic welding cycle. To ensure numerical accuracy, material properties were defined for each
component by developing customized profiles within the SolidWorks material database. The
thermo-physical properties utilized for pure copper (C11000) are summarized in Table 3 [4].

Table 3. Material Properties: Pure Copper (C11000)

Property Value Units
Elastic Modulus 110,000 N/mm?
Poisson's Ratio 0.34 —
Shear Modulus 46,000 N/mm?
Mass Density 8,940 kg/m?
Yield Strength 70 N/mm?
Thermal Expansion Coefficient 1.7 x107° /K
Thermal Conductivity 385 W/(m-K)
Specific Heat 385 ]/ (kg-K)

The corresponding properties of the filler metal, ERCuSn-A, are presented in Table 4 [4].

Table 4. Material Properties: Filler Metal ERCuSn-A

Property Value Units
Elastic Modulus 110,000 N/mm?
Poisson's Ratio 0.341 —
Shear Modulus 44,000 N/mm?
Mass Density 8,800 kg/m?
Yield Strength 455 N/mm?
Thermal Expansion Coefficient 1.84 x 107° /K
Thermal Conductivity 100 W/(m-K)
Specific Heat 380 ]/ (kg-K)

The material properties assigned to the brass (Brass) flange are given in Table 5 [4].
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Table 5. Material Properties: Brass

Property Value Units
Elastic Modulus 100,000 N/mm?
Poisson's Ratio 0.33 —
Shear Modulus 37,000 N/mm?
Mass Density 8,500 kg/m?
Yield Strength 240 N/mm?
Thermal Expansion Coefficient 1.8x 1075 /K
Thermal Conductivity 110 W/(m-K)
Specific Heat 390 ]/ (kg-K)

Following the material property assignment, an initial temperature of 300 K was prescribed to
the entire assembly, representing a thermal equilibrium state with the ambient environment. In
this study, natural convection was assumed without forced airflow. Subsequently, the finite
element mesh was generated, and the numerical solver was executed to obtain the steady-state
thermal distribution.

3.2 Transient Thermal Analysis

Since SolidWorks Simulation does not natively support a moving heat source, a discrete
approximation strategy was implemented to simulate the welding process. The circular weld
seam was discretized into 16 arc segments of equal length. A time-dependent thermal load was
sequentially applied to each segment, with a torch dwell time of 6 seconds per segment — a
duration calculated to account for the substantial thermal mass of the brass flange. This
segmented application approximates the transient progression of the weld pool along the joint
circumference, effectively capturing the thermal oscillation patterns as illustrated in Figure 2.

Thermal Loads

2000
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=@=Thermal Loads

Figure 2. Time-heat-load schedule: temporal activation and deactivation of the 16 weld-
segment heat sources over the 96-second arc-on period

The analysis was transitioned to a Transient Thermal Study, with a total simulation duration of
102 seconds and a fixed time-step increment of 1 second. To ensure continuity, the temperature
profile obtained from the steady-state analysis was imported as the prescribed initial condition
for this stage. This temporal discretization was selected to adequately capture the rapid thermal
cycles associated with the TIG welding process.

A prescribed heat power of 1,650 W was assigned to each of the 16 segments via the Use Time
Curve option.

Convective heat loss from all external surfaces exposed to the environment was accounted for by
prescribing a surface convection boundary condition. A convection coefficient (h) of 25 W/(m?-K)
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was utilized, representing the upper bound of the standard range (10-25 W/(m?*-K)) typical for
natural convection in stagnant air. The ambient (sink) temperature was maintained at 300 K,
ensuring consistency with the previously established initial conditions. The comprehensive
thermal loading sequence, encompassing all 16 discrete heat-power applications is presented.

Upon completion of the mesh generation and numerical computation, the transient temperature
field was resolved, as illustrated in Figure 3. A plan-view projection depicts the spatial
temperature distribution at the conclusion of the heating cycle.

Figure 3. Plan-view temperature distribution from Transient Thermal Analysis — full-field
result at end of heating phase

The peak temperature recorded within the arc plasma zone has reached 2,556 °C.

Itis noteworthy that the vaporization temperature of copper is approximately 2,560 °C, indicating
that the simulated peak temperature approaches the physical evaporation threshold of the base
metal.

3.3 Static Structural Analysis

A linear static structural analysis was performed to quantify the thermally induced stresses and
deformations accumulated in the assembly. The study was initialized by importing the material
definitions from previous studies. The transient temperature field was then coupled to the
structural solver as an imported thermal load.

Upon mesh generation and solution, the resultant displacement field was post-processed. The
total displacement contour representing the thermally induced deformation of the assembly is
presented in Figure 4.

The maximum displacement was found to be 0.031 mm. This magnitude is negligibly small for
most engineering applications that do not impose sub-millimeter geometric tolerances. It should
be noted that SolidWorks Simulation intentionally renders the deformed shape at an amplified
scale for visualization purposes; the displacement magnitudes shown in the contour plot do not
represent actual dimensional changes.

Ly.]J. Appl. Sci. Tech. V. 14, No. (1). June 2026 48



Finite Element Analysis of Thermal and Residual Stress Fields in TIG-Welded Copper-to-Brass Dissimilar Joints

Figure 4. Total displacement contour from the static structural analysis (thermally induced
deformation)

4. Results
4.1 Thermal Analysis Results

The thermal analysis results reveal an elevated and highly localized heat flux within the weld zone
during the heating phase, driven by the sequential application of the arc heat source across the
sixteen weld segments. The following observations were made:

e The maximum temperature within the weld region reached approximately 2,556 °C, a value that
approaches the vaporization temperature of copper.

e Following cessation of the heat input, the cooling-phase results demonstrate that the assembly
returned progressively and smoothly to ambient temperature.

4.2 Static Structural Analysis Results

The spatially resolved temperature field from Transient Thermal Analysis served as the thermal
loading input for the structural analysis. The simulation captured the elastic response of the
assembly to differential thermal expansion and contraction during and after the welding cycle.
The principal findings are as follows:

e Residual thermal stresses were concentrated at and immediately adjacent to the weld interface; the
maximum von Mises equivalent stress reached approximately 183.9 MPa.

e A maximum total displacement of 0.031 mm was recorded, localized predominantly within the weld
zone. This level of deformation is well within acceptable limits for most engineering service
conditions.

5. Conclusions and Recommendations

It must be acknowledged that SolidWorks Simulation possesses inherent limitations that
constrain the high-fidelity modeling of welding processes. Specifically, the software does not
natively support a spatially distributed moving heat source—such as the Gaussian or Goldak
double-ellipsoid formulations -nor does it incorporate 'element birth-and-death’ algorithms
required to simulate the progressive deposition of filler metal. The absence of these advanced
constitutive models limits the physical accuracy of the simulation [6,7]; consequently, the present
results should be interpreted as a first-order approximation rather than a definitive
representation of the joint's complex thermo-mechanical behavior.

To overcome these constraints and achieve a more rigorous characterization of the Heat-Affected
Zone (HAZ), microstructural evolution, and complex residual stress states, it is recommended that
future research utilize specialized welding simulation frameworks, such as ANSYS or Simufact
Welding, which offer purpose-built tools for advanced joining analysis [7].
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In conclusion, this research provides a baseline understanding of the joining process for copper
and brass. Future studies should transition toward non-linear, temperature-dependent models
and incorporate experimental validation to refine the precision of the predicted residual stress
states.
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