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Abstract: The current scenario demands the usage of alternate materials with lower stress and stress–
strain energy deformation for applications in gas turbines, chassis of automobiles, and biomedical
instruments. The work on Inconel-718 can be carried out as it is a new material; it can be used for
many applications in addition to its usage in automobiles. Inconel-718 is a superalloy of nickel (Ni)
and chromium (Cr). Inconel-718 is corrosion resistant and oxidation resistant when subjected to
extreme temperature conditions. But when applying tensile and compressive load, it bends, causing
the formation of Luder’s band. The work analyses the formation of Luder’s band in Inconel-718.
The methodology for detecting Luder’s band is based on the material structure. It also depends on
the material’s rigidity modulus and the shear stress ratio to shear strain. The stress, harmonic, and
thermal analyses were carried out using ANSYS to find the red-hot zone for the formation of Luder’s
band. The results demonstrate that Luder’s band is mainly formed at the middle point of the frame.
The stress for Inconel-718 is in the range of 0.064454 MPa to 81.514 MPa, whereas the frequency
varies from 0.71157 to 475.87 Hz under vibration load. Conversely, while heating Inconel-718, the
temperature varies from 1.6009 × 105 to 112.83 ◦C. The analysis shows that Inconel-718 is a better
material for designing automobile parts.

Keywords: Luder’s band; Inconel-718; low-strain energy; specimen; deformation

1. Introduction

The body of a machine part is made up of various kinds of materials. These materials
are placed under various processes to form the machine part, making it challenging to find
the point of the fracture and breakage of the materials. The materials have a slip formation
at the middle of the points of the joint, causing a breakage. These breakages are extremely
dangerous during the working conditions of the machines. The band formed before the
fracture occurs at the point of breakage is typically called Luder’s band. Hence, the present
study investigates the formation of Luder’s band. This band is caused by the cyclic load
and the thermal stress–strain analysis, as shown in Figure 1.
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1. Introduction 
The body of a machine part is made up of various kinds of materials. These materials 

are placed under various processes to form the machine part, making it challenging to 
find the point of the fracture and breakage of the materials. The materials have a slip for-
mation at the middle of the points of the joint, causing a breakage. These breakages are 
extremely dangerous during the working conditions of the machines. The band formed 
before the fracture occurs at the point of breakage is typically called Luder’s band. Hence, 
the present study investigates the formation of Luder’s band. This band is caused by the 
cyclic load and the thermal stress–strain analysis, as shown in Figure 1. 
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(a) (b) 

Figure 1. Luder’s band. (a) Cluster of Luder’s band. (b) Closed-up look on one of the clusters [1].
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In the case of turbines, all the parts in a turbine are alloys of some form, and during the
start and braking of rotational motion, these parts undergo some form of stress and strain.
Given external force to a body, the stress is the internal forces that each of the neighboring
particles in a continuous material exert on one another. To a certain extent, they prevent
deformation from occurring [2]. When the force exceeds the set limits, deformation occurs,
and a measure of deformation representing the displacement between particles in the
body relative to some reference length is strain. Symbolically, it is represented as ε. If
a material regains its shape after stress, it is elastic; if it does not, then it is plastic. On
increasing external force, every material has stresses that turn elastic to plastic. This is
called yield Luder’s line deformation [1], which is the typical manner of deformation near
the yield point for numerous metals displaying a yield point. Inconel 718, an innovative
coating material specially designed for machining, may improve surface properties at
the cutting zone of carbide tools. More research should be conducted on customized
cutting tool materials that incorporate composite reinforcement to increase the hardness of
hard materials like CBN or ceramic tools. The hybrid process results in a heterogeneous
microstructure. On the other hand, on the selective laser melting (SLM) side, the material
has a cubic structure, columnar grains, a well-defined cell dislocation sub-structural, and
very fine Laves phase and oxides. Conversely, the material develops a crude dendritic
structure on the Directed energy deposition (DED) side, with significant, segmented Laves
phase in inter-dendritic regions and (Nb, Ti) C carbide and oxides.

A limited stripe of strain is commenced at a particular location in a tensile workpiece,
and it develops to a steady-state stripe that promulgates along the workpiece at low velocity
until the entire workpiece is strained by the quantity proportional to the maximum strain
in the band. Luder’s band is observed on the tensile curves of some metallic materials at
the elastic-to-plastic transition (∆ ∈ plastic strain & ε f failure strain), as shown in Figure 1.

The primary work of the analysis involves detecting the band of failure under bending
for specimens made of Inconel-718. Inconel-718 is considered due to its thermal properties,
and even the strength of the material was much lesser than that of the aluminum and
the structural steel. Inconel-718 is a superalloy and encompasses extensive configurations
and mechanical characteristics. The presence of a significant percentage of Ni and Cr
aids Inconel-718 to withstand many prominent wear mechanisms at high temperatures.
Inconel-718 is used in heat treatment vessels, turbines, aviation, and nuclear power plants.
A significant part of the work was conducted to find the strength and the breakage point as
well as the point of formation of Luder’s band in Inconel-718 specimens.

2. Materials and Methods

The materials used for the analysis were a composite material of precipitation harden-
able nickel–chromium alloy containing significant amounts of iron, niobium, molybdenum,
and lesser amounts of aluminum and titanium. The stress–strain graph of Inconel-718 is
given below in Figure 2a,b.
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Methodology

Figure 3 presents the overall methodology for detecting Luder’s band in Inconel-718.
The stress–strain analysis provides the bending point and the band’s formation.

Eng. Proc. 2023, 59, 4  4 of 9 
 

 

 
Figure 3. Flowchart of the methodology for detecting Luder’s band in Inconel-718. 

The significant impact of the load on the body causes bending and then the band’s 
formation. Since residual stresses are usually excessive at the shoulders of tensile specimens, 
the genesis of ligaments is advocated in these zones [4]. Conversely, the emergence of 
Luder’s bands depends essentially on the microscopic (i.e., average grain size and crystal 
structure, if any) and macroscopic geometry of the specimen. A tensile-tested steel bar with 
a square cross-section tends to develop comparatively more bands than a bar of the same 
composition with a circular cross-section. Further, ultrasonic vibrations can cause softening 
and hardening when metals are deformed; this concept has been widely used in micro-
forming. Recently, it was found that low-frequency vibrations with micro amplitudes pro-
duce similar effects and vary with the direction of vibration. This study investigated the 
effects of vibrations in three directions (transverse, normal, and rolling, denoted as TD, ND, 
and RD, respectively) on the mechanical behavior and microstructure of an automobile 
chassis of Inconel-718 during tensile deformation. The results of the uniaxial tensile test 
showed that the superimposed vibration in TD caused a significant stress reduction, and the 
superimposed vibration in ND/RD resulted in a modest stress increase. In all three cases, 
residual softening was observed when the vibration was removed, and the tensile test con-
tinued. Estimation of the strain field and electron backscatter showed that vibration in TD 
caused localized plastic deformation and aggravated the deformation. 

3. Results 
The results show the deformation of the Inconel-718 frame under the action of dis-

tinct loads. These loads are mostly uniformly loaded, with thermal expansion and vibra-
tion. These loads have an action to cause the formation of Luder’s band on the frame. 

3.1. Stress Analysis 
The sample of the chassis of the car body is shown in Figure 4, which depicts the 

application of the tensile load. It leads to the breakage of the body in the middle of the 
shorter limbs of the framework. Table 1 ofers the boundary conditions for stress analysis. 

 
Figure 4. Geometry of the car chassis frame. 

Figure 3. Flowchart of the methodology for detecting Luder’s band in Inconel-718.

The significant impact of the load on the body causes bending and then the band’s
formation. Since residual stresses are usually excessive at the shoulders of tensile specimens,
the genesis of ligaments is advocated in these zones [4]. Conversely, the emergence of
Luder’s bands depends essentially on the microscopic (i.e., average grain size and crystal
structure, if any) and macroscopic geometry of the specimen. A tensile-tested steel bar
with a square cross-section tends to develop comparatively more bands than a bar of the
same composition with a circular cross-section. Further, ultrasonic vibrations can cause
softening and hardening when metals are deformed; this concept has been widely used in
micro-forming. Recently, it was found that low-frequency vibrations with micro amplitudes
produce similar effects and vary with the direction of vibration. This study investigated the
effects of vibrations in three directions (transverse, normal, and rolling, denoted as TD, ND,
and RD, respectively) on the mechanical behavior and microstructure of an automobile
chassis of Inconel-718 during tensile deformation. The results of the uniaxial tensile test
showed that the superimposed vibration in TD caused a significant stress reduction, and
the superimposed vibration in ND/RD resulted in a modest stress increase. In all three
cases, residual softening was observed when the vibration was removed, and the tensile
test continued. Estimation of the strain field and electron backscatter showed that vibration
in TD caused localized plastic deformation and aggravated the deformation.
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3. Results

The results show the deformation of the Inconel-718 frame under the action of distinct
loads. These loads are mostly uniformly loaded, with thermal expansion and vibration.
These loads have an action to cause the formation of Luder’s band on the frame.

3.1. Stress Analysis

The sample of the chassis of the car body is shown in Figure 4, which depicts the
application of the tensile load. It leads to the breakage of the body in the middle of the
shorter limbs of the framework. Table 1 ofers the boundary conditions for stress analysis.
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Table 1. Boundary conditions for stress analysis.

Conditions Position and Values in MPa

Fixed support At the 4 extremes faced
Loads Applied at the 4 extreme corners
Pressure (uniformly distributed loading) 81.5 MPa

Luder’s band is found by Equations (1)–(3) with the strain rate, stress tensor, and yield
function, respectively, for the location of band formation [5].

Strain rate
.
ε∼ is split into elastic and plastic rates:

.
ε∼ =

.
ε

e
∼ +

.
ε

p
∼. (1)

The stress tensor is given by Hooke’s law involving fourth-order sensor E∼ of elas-
tic moduli:

σ∼ = E∼ : εe
∼. (2)

The yield function, f(σ∼, R), involves the von Mises equivalent stress,

σeq: (σ∼, R) = σeq(σ∼)− σM − R, σeq =

√
3
2

s∼ : s∼. (3)

The red zone on the shorter limb shows that there is bending and breaking at the point.
This zone also shows plastic deformation with a tensile load of 89 N/m uniform loading
applied at the point, as shown in Figure 5.
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Figure 5 shows the different modes of Luder’s band traversing across the frame of the
car chassis. The middle column shows the values of the load and deflection caused by the
frame at the middle point. Every increase in the load of Inconel-718 causes bending in the
frame. But the results show that formation of Luder’s band occurs at the higher end [6–8].

3.2. Harmonic Analysis

Even though the car chassis frame is kept under the action of tensile loading, it
constantly undergoes vibrational motion. Vibrational motion gives the body a bending
motion and a uniform tensile loading. Table 2 presents the boundary conditions of harmonic
analysis of the car chassis frame.

Table 2. Boundary condition of harmonic analysis of car chassis frame.

Condition Type/Value

Environment temperature 25 ◦C
Fixed support Hinges
Pressure 7.895 MPa
Phase angle 0◦

Loaded area Deformed

The function showing the thickness variation of the frame is given in Equation (4) [9],

h(x) = h0

(
1− x

l

)
, (4)

where
h(x) = thickness of the frame,
h0 = original thickness of the frame,
L = frame length,
X = frame width.
The natural frequency of the frame is computed using Equation (5).

ω = ω0
Lb
h

√√√√12
(

1− ϑ2
)
ρ

E
. (5)

The resonant frequency error is obtained using Equation (6) [10]. Equations (7) and (8)
are used to find E, lx and ly.

fa = αf, (6)

4l2xfaρ(1− υn) = α2k2
xE, (7)

l2yρ
(

1− υ
n

)
= α2k2

yE, (8)

where lx and ly are the length and width of the chassis frame.
The force is applied as a load throughout the shorter leg of the frame. The red-colored

zone of the limb shows that the body breaks at the point and that there is a formation of
Luder’s band. The analysis of the parts is also given in Figure 6. The bending of the frame
shows that the frame is stable under the action of the load.

A suitable coupling coefficient helps to make the machining of ultrasound vibration
plate devices easier. A coupling coefficient of 0.45–0.5 can create a single vibration area in
the middle of the plate device’s surface. The best value for a coupling coefficient is around
0.47. This means a single vibration area in the center of the plate device, with a minimum
standard deviation of 1.065 m, can be obtained. In addition, the correcting factor makes it
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easier to see the elastic method; as a result, the frequency error below 0.85 percent under
the ultrasonic vibration mode is ruled out [11,12].
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3.3. Thermal Analysis

Thermal analysis of the car chassis frame is performed using Equations (9)–(12). A
major part of the analysis involves finding the fracture point of the car chassis frame by
applying the boundary conditions given in Table 3.

Table 3. Boundary conditions for thermal analysis of car chassis frame.

Condition Value

Initial temperature 25 ◦C
Heat flow 89 W
Heat Flux 9 W/mmˆ2 (ramped)

To represent the application of heat to material in the analysis, a hyperbolic sine
function, as given in Equation (9), is used [13],

.
ε = A′[sinh(ασ)]n exp(

−Q
RT

), (9)

where ‘A’ is the material constant, ‘n’ is the creep exponent, ‘Q’ is activation energy.
The thermal stress for the frame is computed using Equation (10) [14],

σoth = σG + σs. (10)

The strain rate is computed using Equation (11),

.
ε =

.

ε0 e−
∆G
kt . (11)

The external force of the field is obtained using Equation (12),

ε = ε0e−
∆F
kT . (12)

The energy balance is calculated using Equation (13) [15],

ρCpδT
δt

+ ρCpu.∇T +∇q = Q. (13)

The heat applied to the body causes a deformation in the car chassis frame. The
deformation might lead to the formation of fracture and Luder’s band. The resulting
change in the structural texture of the car chassis frame is depicted in Figure 7.

The subservience of Lüders elongation, εL, on grain size as well as repression of its
processing control are examined on various AlMgMn alloys. Variation in the size of the
grain stemmed from a Hall–Petch (HP) correlation. The rise in macroscopic flow stress on εL
can be attributed to unsettled rise in stress of separations. This is taken care of by the extra
term in the HP correlation, and it is based on the genesis of non-age separations [16–19].
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4. Discussion

The results show that the steel might be a hard metal, but at the point of Luder’s band,
it can easily break under the action of vibration as well as heat. In contrast, Inconel-718
does not bend at the band point under harmonic and thermal analyses [20].

The stress analysis highlighted that the car’s chassis, when loaded at the extreme
points, gave rise to a bending moment, causing a deformation at the middle point, showing
the formation of Luder’s band (Figure 5). Harmonic analysis determined that under any
vibrational load, the chassis of the car display formation of Luders band at the longer legs
of the car chassis frame (Figure 6). Thermal analysis pointed out the heat transfer from the
hot zone to the colder zone, thereby showing the formation of Luder’s band (Figure 7) [21].

5. Conclusions

Inconel-718 is a better and lighter material for making car chassis frames than alu-
minum [7]. The stress in Inconel-718 varies from 0.064454 MPa to 81.514 MPa, whereas
load frequency varies from 0.71157 to 475.87 Hz under vibration. On the other hand, due to
the heating of Inconel-718, the temperature varies from 1.6009 × 105 to 112.83 ◦C. From
these results, it can be concluded that Inconel-718, which is corrosion-resistant, does not
quickly oxidize under the action of heat and moisture. In contrast, the bending moment
does not cause any deformation at the point of band formation.
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