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Background

Abstract: The purpose of this project was to investigate the premature failures of fry baskets used in Chick-fil-A stores. Microstructural characterization and finite element modeling approach were taken 

to identify the causes. The wire joints were found to experience high stresses due to thermal expansion while the pressure welding used in these joints were not completely fused two crossing wires. 

Fatigue fractures were also observed in the TIG welded joint at the sides of the baskets due to repeated loading/unloading and thermal cycles.

Chick-fil-A is looking to increase the lifespan of the chicken patty fryer

baskets. The lifespan is approximately six months, while the optimal

lifespan is expected to be two years. Weld failures are the reason for

most of the baskets’ removal from daily service.

Figure 4: Equivalent von Mises stress distributions in the deformed model. 

Deformation exaggerated by a factor of 27. 

As shown in Fig. 4, the areas experiencing the highest equivalent

stresses are the nodes near the weld and the nodes on the boundaries

of the model.

Finite Element Analysis

Property Condition Value

Coefficient of 
Thermal 
Expansion 
(CTE)

5.113˚C
93.53˚C
182.00 ˚C

1.538×10-5 1/˚C
1.592×10-5 1/˚C
1.642×10-5 1/˚C

Thermal
Conductivity

43.01 ˚C
105.6 ˚C

15.8 W/m*K
17.59 W/m*K

Density - 7954 kg/m3

Figure 5: Micrograph of an etched cross-section of pressure weld in a new basket.

Figure 10: Fractured surface of main wire from a TIG weld on the used basket.

Characterization

Figure 1: Photograph of the (a) Chick-fil-A fry basket, (b) base layer of the new 

basket and (c,d) broken baskets failed at different location/ welds.

Hypothesize: Weld failures occur from the torsion and shear stresses 

applied to the wires while the basket is loaded with frozen chicken patties 

and thermal cycling in hot oil.

Pairs of samples were chosen for microtubular characterization; the

same welds from both new and used basket.

Table 2. Maximum equilibrium stress and maximum normal and shear stress 

at weld nodes from finite element analysis.

Figure 7: Micrographs of 

a failure surface on a 

pressure weld showing 

both halves of the weld as 

well as material that had 

flowed during the welding 

process and the final 

fracture zone.
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Finite Element Analysis

Results

Maximum Stress [MPa] Pressure Weld TIG Weld

Equilibrium Von Mises Stress 682.4 739.3

Shear Stress 380.6 402.7

Normal Stress
Tension 187.5 224.7

Compression 150.8 244.4

Failure at Pressure Weld
Failure at TIG weld

Plastic flow

Deformed grains

20 µm500 µm

Growing 

Crack

Figure 6: Polished surface area at the cross-section of pressure weld in a used 

backet. (a) Optical and (b) SEM micrographs. (c) EDS analysis on a carbide 

inclusion.

EDS

Element At.%

Cr 19.0

C 21.1

Fe 19.9

Ni 5.2

Mn 2.2

Si 0.6

O 33.0

Cr-rich carbides

(a) (b) (c)

Fig 6 shows the growing crack initiated from the partially fused line at the

popped-up deformed area in pressure weld joint in the used basket.
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TIG Welds: The revealed microstructure (Fig 8) of the TIG weld

joint at the side of the basket shows insufficient mixing between

base, wire and weld metal. Fig 9 shows the formation of a crack

toward the main wire.

Figure 8: Micrograph of an etched cross-sectioned of TIG weld in a new basket.
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Figure 9: Polished surface area at the cross-section of TIG weld in a used 

basket showing detachment and crack at body and main wire.

Staircase-like 

crack  propagation

Voids ahead of the crack

Beach marks at the fractured surfaces of TIG weld joints (Fig 10) indicates

that components were under fatigue mode presumably due to the repeated

cycles of heating and cooling and loading and unloading applied on

the main wire.
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Discussion

Characterization analysis showed that

Conclusions

Table 1: List of important properties for 304 ½ Hard Stainless Steel

Figure 2: The boundary conditions visualized. 

Pressure Welds: A distinct curved line between two wires in the

micrographs shown in Fig 5, reveals that the fusion in welding process

has not completely mixed two crossing wires. The flow of material is

indicative to excess pressure being used in the pressure welding process.

Property Condition Value

Young’s 
Modulus

106˚C 190.4 GPa

Tangent 
Modulus

σ > 743MPa 3.29 GPa

Yield Strength - 743 MPa

UTS - 1.135 GPa

Poisson Ratio - 0.27

Table 2 also shows comparable stress between the weld types. While

the simulation treats the welds identically, differences between the

welds can cause failure to occur asynchronously.

Fig 4 shows that the top slender wires experience significantly 

lower stresses than the bottom wires as they are larger in radius.

Cutting/Sectioning
Dremel
Low speed diamond saw

Cleaning
1 M NaOH + Sonication
Rinsed with Deionized water

Mounting
Two-Part cold epoxy

Grinding
#60 to #2500 SiC paper

Polishing
0.3 µm Colloidal Alumina
0.04 µm Colloidal Silica

Etching
Carpenter’s solution

Microscopic analysis
Optical
SEM/EDS

Fractography

Microstructure

Figure 3:

Sample preparation procedure schematics.

The sample preparation procedure is 

depicted in Fig 3.

One broken pressure weld and one TIG weld joint

were selected for fractography.

Carbides were found on the heat affected zone.

Signs of severe torsion along with 

evident of insufficient fusion found in 

the premature fractured joint in 

pressure weld as shown in Fig 7.

Finite element analysis indicated that
• The welds are points of high stress, summarized in Table 2.

• The symmetric tension and compression seen at the welds suggests a

tendency to peel.

• The equivalent stress at the nodes exceeds the yield strength of 750

MPa, in Fig 4, suggesting that strain hardening is occurring.

• Highest equivalent stress is lower than the ultimate strength, implying

that simple yielding is not the primary mode of failure.

Repeated heating cycles and torsion at the joint boundary area

propagates the crack and causes final fracture.

Insufficient fusion in pressure welding process

Poor bonding at the wire joint

Crack formation at the wire boundaries contact area 

The finite element model was run using the ANSYS Mechanical suite

using tetrahedral second order elements. The mechanical simulation

employs a bilinear isotropic hardening curve for plastic properties.

Material presets for ½ Hard Stainless Steel 304 was used as key

properties shown below.

Pressure Welds

TIG Welds

Stress (MPa)

Figure 11: Nodes near 

weld are isolated and 

the Normal stresses are 

tracked. Stresses 

indicate a tendency for 

the welds to peel. 
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Microstructural Characterization and Finite Element Modeling 
of Thermal Cyclic Damage in Stainless Steel Frying Baskets

The faces of the wires are bound  

by a coupled constraint to 

ensure symmetry on 

both sides of 

the wires.

Symmetry boundary conditions prevents 

deformation normal to the planes.

Symmetry condition

The welding processes and subsequent cyclic loading, due to 

thermal excursions during frying, ultimate contribute to failure of the 

welded joints in the basket.

Two important contributing factors for wire joint fractures:

• Thermal cycling appears to induce stresses that are high 

enough to cycle fatigue damage and crack growth, leading to 

eventual failure.

• Incomplete fusion between the two wires in the pressure welds 

may also contribute to premature failure.

Characterization


