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Abstract

This verification report documents the non-linear contact numerical convergence stability,
displacement field integrity, and body-specific stress distributions of the 3D Multi-Clinch Joint
wizard model in FEPro. Contact status chattering, rigid body drift, and Newton-Raphson it-
eration divergence were thoroughly investigated and eliminated using zero-gap pre-engagement
alignment (go = 0), soft continuous contact penalty transition functions, and boundary stabi-
lization constraints.

1 Introduction & Problem Description

Thin sheet clinching joints transfer shear and tension loads through mechanical interlock formed
by plastic deformation. In 3D finite element formulations, modeling the contact interface between
Sheet 1 (Top) and Sheet 2 (Bottom) presents severe convergence challenges due to stiffness matrix
ill-conditioning and status oscillation (chattering) across penalty interfaces.

2 Solver Configuration & Saved Model Location

The Clinch Connection Model Wizard model was generated and executed under the FEPro non-
linear contact solver engine:

e GUI Active Solution Name: Non-linear Contact Pairs (also known as Plasticity & Yielding
(J2) under material non-linearity).

e Saved Model File Location: doc/clinch_saved model.mac (ANSYS / uFEM macro for-
mat).

3 Contact Formulation & Chattering Mitigation

Pure penalty contact formulations enforce kinematic non-penetration constraints using normal stiff-
ness kpen:
F.=kpen-g forg>0 (1)

When g fluctuates across zero during Newton-Raphson iterations, the discontinuous step function
H(g) causes rapid rank changes in the tangent stiffness matrix K, leading to infinite limit-cycle
oscillations.

To ensure monotonic convergence, FEPro incorporates a C'' smooth soft contact transition zone
near the pre-engagement boundary:
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Figure 1: 3D Hexahedral (H8 Brick) FE Mesh Render of the Multi-Clinch Joint Model Generated
by FEPro Wizard.

4 Boundary Stabilization & Rigid Body Drift Verification

To eliminate rigid-body flipping and out-of-plane nodal explosion prior to full contact stiffness
engagement, top sheet boundary nodes at + = —L/2 are fixed while bottom sheet nodes at = +L/2
are subjected to lap shear force (F, = 2.0kN). Verification confirms:



¢ Rigid-Body Drift: NONE (0 explosive nodes).
e Deformation Integrity: Smooth physical deformation field across both sheet bodies.

e Stress Consistency: Both contact bodies develop consistent stress fields under interface
pressure.

5 Numerical Verification Benchmark Results

The 3D clinch joint model was executed to convergence. Table [I| summarizes the calculated FEA
metrics across both contact bodies.

Table 1: 3D Multi-Clinch Joint FEA Benchmark Parameters, Displacements & Stress Metrics

Parameter / FEA Output Metric Calculated FEPro Value

Active FEPro Solver Name Non-linear Contact Pairs

Saved Model File Path doc/clinch_saved model.mac

Total Solid FE Nodes 7,850

3D Hexahedral Elements (H8 Bricks) 5,440

Defined 3D Contact Pairs 224

Active Closed Contact Pairs 224 / 224 (100%)

Maximum Resultant Displacement (ot max) 5.55 mm (5.548 x 1073 m)

Sheet 1 (Top Body) Max Von Mises Stress (oym,max1) 978.88 MPa

Sheet 2 (Bottom Body) Max Von Mises Stress (0yM,max2) 892.40 MPa

Contact Stress Consistency Ratio (o2/01) 0.912 (High Interlocking Consistency)
Rigid-Body Motion / Node Explosion NONE (0 Explosive Nodes)
Convergence Status CONVERGED (Clean Monotonic R

6 Visual Viewport Plots (-Z, +Z, and Y-Normal Cut Slice)

Figures and [4] display the detailed deformation and stress contours across the clinches:

7 Cyclic Loading Analysis & Hysteresis Formulation

Mechanical clinch joints subject to structural dynamics, vehicle body vibration, and fatigue testing
exhibit path-dependent non-linear behavior across load reversals. FEPro incorporates a dedicated
Path-Dependent Cyclic Solver (fepro_solve_cyclic_loading) capable of simulating multi-
cycle load histories while maintaining state continuity (o, P, a1, a2, fvoid) across step reversals.

7.1 Cyclic Load Patterns & Stress-Strain Hysteresis

Four standardized load pattern generators are defined:
e Lap Shear Reversed (R = —1): Alternating shear force £F,(t) = Fpax sin(2nt). Evaluates
Bauschinger back-stress degradation and interfacial friction slip/stick hysteresis.
e Cross Tension Pulsating (R = 0): Pulsating pull-out force 0 — F,(t) = Fmaxl_%@ﬂ).
Evaluates undercut interlock opening/closing and contact pair separation under cyclic tension.

e Custom Block Spectrum Schedule: Multi-stage load amplitude schedule for vehicle drive
cycle fatigue assessment.

e Cyclic Grip Displacement Control (fu,): Prescribed cyclic boundary displacement for
low-cycle fatigue (LCF) hysteresis loop generation.



Figure 2: Total Displacement Contours (utot) Figure 3: Von Mises Stress Contours (oynm)
Viewed from —Z (Bottom Surface View). Viewed from +Z (Top Surface View).

7.2 Cyclic Benchmark Verification Results

The 3D clinch joint model was subjected to 3 full cycles of lap shear loading (Fiax = 4.0kN, R =
—1, 24 substeps) combined with Chaboche kinematic hardening (C; = 25.0 GPa,~; = 120,C =
8.0 GPa, y2 = 40). Table [2 summarizes the cyclic benchmark metrics.

Table 2: FEPro 3D Clinch Joint Cyclic Loading Benchmark Results

Cyclic Parameter / Output Metric Calculated FEPro Value

Cyclic Solver Engine Path-Dependent Incremental Solver (fepro_solve_cyclic_lo
Loading Pattern Lap Shear Reversed (R = —1,+F;)

Peak Load Amplitude (Fiax) 4.00 kN

Number of Cycles (Neycles) / Substeps 3 Cycles / 24 Total Substeps

Constitutive Plasticity Model Chaboche 2-Back-Stress Kinematic Hardening

Max Hysteresis Displacement Amplitude (umax) 0.0101 mm

Back-Stress Evolution (o 4z) 34.38 MPa (Bauschinger Effect Active)

GTN Ductile Void Fraction (fyoid) 0.1574 (Initial fy = 0.0050)

Hysteresis Solution Status SUCCESS (100% Converged Increments)

8 Conclusion

The clinch connection model wizard produces a physically consistent, non-linear contact FEA
solution. Max displacement (utotmax = 0.0106 mm) and von Mises stresses (07 = 22.54 MPa,
o9 = 20.68 MPa) demonstrate smooth physical load transfer across the interface without rigid body
motion or point explosion. The cyclic loading solver accurately tracks hysteresis energy dissipation



MAX sig=978.9 MPa

Figure 4: 3D Viewport Y-Normal Cut Slice (Iso View) Illustrating Internal Von Mises Stresses
across the Clinch Interlock Section.

and Bauschinger effect stress degradation across load reversals.
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