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Abstract— Nickel-chromium-molybdenum alloy that has been designed to resist a wide range of severely corrosive 

environments, pitting and crevice corrosion. This alloy shows significantly high tensile, yield and creep-rupture characteristics 

at high temperatures. The company’s main aim is to reduce the cost of the production without compromising on the quality of 

the output. Using the optimum resources possible in designing the Jigs & Fixtures An attempt has been made in this direction to 

Increase life of Jigs & Fixtures.  

         So here we consider an industrial application project consisting of Experimental Analysis of Raw Material & FEA Analysis 

of Fixture Jaw.  This Fixture Jaw has to compensate the forces acting on the Component and has to fulfill certain critical 

constraints. Solid works simulation is the software has been used for this analysis which uses finite element method for 

solution. And main resulting, An attempt was made on experimental Analysis carried out on En24 Before hardening main 

compositions C-0.428, Cr-1.052, Ni-1.4020, Mo-0.2190  And After Heat Treatment were found C-0.4452, Cr-1.2133, Ni-1.3652, 

Mo-0.2290 which will drastically changes its mechanical property, which will simultaneously improves its mechanical 

properties as well as surface finish. As in previous material defects were found and was not performed good as material used 

was EN8 of yield stress 465 N/mm2. In order to have better performance (Nickel-chromium-molybdenum) with heat treatment 

used will have yield stress of 716.46 N/mm2 with factor safety 6. 

1.INTRODUCTION 

The properties of interest in materiel science can be 

mechanical, electrical, magnetic and optical and so on. 

The mainly engineering function involved in the 

industries of electronics, communication, medicine, 

transportation, manufacturing, recreation, energy and 

environment. In this various type of materials formed 

by metals, ceramics, polymers and their various 

composites. Fundamentals of materiel science broadly 

classified into many types such as structure, 

characterization, properties, processing and 

performance mainly depends upon behavior. A 

materiel is defining as a ''substance that is 

intentionally and purposely to be used for certain 

applications''. There are few materials around us, 

which can be used for building and aircraft application. 

Materials are generally classified into two groups that 

are crystalline and non crystalline. In this materiel 

with traditional examples of ceramics, polymers, 

metals and semiconductors and materials of 

nano-materials and biomaterials are developed by 

advanced materials with certain characteristics. In this 

materials science,  they are going to study the 

structure materials and their appropriate properties. 

When materiel scientist described about 

structure-properties correlation then obviously they 

can study about specific materials in given application. 

The major contaminants in material structure, their 

specially properties, components of chemical elements 

everything processed into final form for certain 

processes and their application. This is the science in 

which that investigates the arrangement of the atoms 

in solid crystalline and this is the very useful tool to 
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the material science. The effect of crystalline 

arrangement of the atoms in a individual crystal is 

easy to inspect microscopically because the atomic 

structure are reflected by the natural shapes of the 

crystals and then crystalline defects also controlled by 

the physical properties. In a single crystal the material 

do not occur in a definite integral. But it will occur in 

poly-crystalline form like large quantity of small 

crystal with a different orientation. Ferrous is metal 

material which contain iron composition. the basic 

insulation used in ferrous materials such as cast iron 

and steel is iron. The main thing is its widely used in 

the form of pig iron. Iron is popularly known as base 

metal and plays very important role as alloying agent 

in some of the different materials. Ferrous material 

mainly including stainless steel, mild steel, carbon 

steel, and cast iron and these materials mainly used for 

their durability and tensile strength, specially mild 

steel which helps to hold for the  longest bridges in the 

world and skyscrapers. These materials which 

contains the metals and alloys which do not have the 

iron content and these materials are used mainly 

because of appreciable properties such as resistance to 

corrosion low weight and high conductivity mainly 

including the materials such as aluminum, nickel, 

chromium, brass, copper as well as important precious 

materials like gold and the silver.(1) 

 

 Objectives and methods: 

The objective of this project is the development of 

high-strength Nickel-chromium-molybdenum with 

improved surface finish and this alloy that has been 

designed to resist corrosive environments, pitting and 

crevice corrosion. This alloy shows considerably high 

tensile, yield and creep-rupture personality at high 

temperatures. An limited feature of NCM composition 

is that niobium is added to allow that allows welding 

and annealing without spontaneous hardening during 

heating and cooling. 

 

Experimental material: En24 steel is mainly used for 

high tensile alloy steel and is reputation for wear and 

tear resistance properties as well as high strength 

mechanical properties. some part, components 

including large cross section and high stress in this 

En24 need to be used. This is generally used in the 

application of automotive, aircraft and engineering 

application for example aircraft gears, vehicle shafts, 

propeller or gear shafts, bolts, studs, and connecting 

rod in engines. En24 steel is a hardening steel which 

dedicates excellent machinability in T section. This is 

apparently used to produce components for the heavy 

equipments know as cranes, coal cutting machine 

blades, locomotives and rolling mill etc. This materials 

is high tensile and quality steel which combines shock 

resistance, high tensile strength, well ductility for 

material and corrosion resistance to wear. It is 

measured by Rockwell hardness number(RHN) and 

Brinell hardness number(BHN) depend on material. 

European standard having many types of 

classification. These are En19, En 24, EN36, EN39, 

En40 and EN42. For example En 36 is combination of 

Ni-Cr hardening steel, which is mainly used in deep 

hardening for developing the tough core. Application 

of this material used in gears, cams and rollers.(3) 

 

Microstructure of EN24 alloy: 

 

 

Fig 1- Micro structure of as received EN 24, a) at 100X, 

b) at 800X 

 

Heat treatment: 

Heat treatment is always related with increasing the 

strength of the material but mainly used for few 

manufacturability objects known as improve 
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formability, Machining, ductility after the cold working 

processes, by increasing in the appropriate 

characteristics and strength of the material can also 

improve the product performance. 

Heat treatment involves mainly five steps, Annealing, 

Normalizing, Tempering, hardening and Refining.(8, 

11) 

Chemical composition of En24 Before HT: 

 

 

Tensile test: 

The Tensile test was done by using Universal Testing 

Machine at room temperature, a ASTM standard test 

specimen was placed between two jaws of the machine 

and then slowly load is applied on the specimen until it 

breaks. During this process the elongation of gauge 

section, % of reduction in area, Ultimate tensile 

strength are recorded against the applied load and the 

result and graph are shown below,(17) 

 

 

 

Chemical composition After HT: 

 

Tensile test after: 

The tensile test was performed on universal testing 

machine and the procedure is same as previous and 

the results are listed below, 
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Comparison of En24 with En8 alloy: 

En8 steel is supplied with untreated but can be 

supplied in the form of normalized or heat treated, 

which can be used in different application. It os also 

popular grade material of hardened medium carbon 

steel, which can having machinability properties in any 

condition. This can used in many manufacturing 

operation like bolts, nuts, gears and shaft.(11) 

 

Chemical composition and Specification of 

En8: 

Before Heat treatment: 

 

 

 

After Heat treatment: 

 

 Calculation Result 

Ordinary En24 steel  

 Initial area (A0)  =  

                                       = = 113 mm2 

 Final area (A1)   =  

                           =     = 50.26 mm2 

 Yield stress       =   
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                      =     

       = 429.38N/mm2 

 Tensile strength =   

                       =     

                       = 609.55 N/mm2 

 % of Elongation 

    

= 1

00 

                           =    100  

                           = 27.33 % 

 %of Reduction area  

=   100 

                                  =    100 

                                  = 55.52 % 

Similarly the calculation is done for different loads and 

the values are listed in below table 

 

 

After heat treatment En24 steel 

 Initial area (A0) =  

                          =   

                          = 113.04 mm2 

 Final area (A1)  =   

                         =   

                         = 78.52 mm2 

 Tensile stress  =  

                         =   

                        = 804.16 N/mm2  

                         

 Yield stress   =   

                     =   

                     = 716.91 N/mm2 

 % of Elongation  

=   

                            =    

                            = 17.67 % 

 % of Reduction area  

=  *100 

                                     =    

                                     = 30.56 % 

Similarly the calculation was done for other 

loads and the results are listed in below table 
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Material removal rate (MRR): 

 

Chip sectional area A=a*s.... mm2 

 MRR =a*s*v.......................m3/min 

Where,         v-cutting speed .......m/min 

                     a-depth of cut..........mm 

                     s-feed rate................mm/rev 

 MRR=a*s*v.......mm3/s 

 a=4mm, v=45m/min, s=0.4mm/rev 

 

 MRR= 4*45*0.4 

 MRR=7.2*10-5  m3/min 

 We have ,     Cutting tool = HSS 

                     Side clearance α = 8°  

                     Side rake angle = 14° 

 

Surface roughness Ra in micro meter (µm): 

 

 Without hardening of En24 Ra= 1.4 µm and 

hardness= 6HRC 

 

 After hardening of En 24 Ra= 0.8 µm and 

hardness =28HRC 

  Before hardening of En24, the hardness was low 

and high rough surface finish. after hardening of 

material the surface finish improves with 

microstructure. So that overall strength of material,  

toughness, machinability and micro cracks are 

eliminated. As increase in mechanical properties helps 

in longer service life. 

Steps in ANSYS 

        To solve the problems it needs to describe the 

model, physical properties, boundary conditions. The 

important step in ANSYS is meshing it cut the structure 

into finite parts, so this leads to solve the problem 

more easy. It involves steps like this, initially build the 

model, describe material properties, meshing, apply 

loads, obtain the solution, present the results. 

 

 

 

Finite element analysis of En24 for CNC 

fixture jaw 

      Before En8 material is used in  CNC fixture jaw for 

the operations, Because of their certain mechanical 

properties and appropriated load it was break at 

certain point or fails at that movement. Therefore 

nowadays En24 is using instead of En8 because of high 

strength, toughness and other mechanical properties 

under the given load in the CNC fixture jaw. (18)  
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Meshing 

       Meshing it has control over the element size, shape 

and displacement of nodal. Compared to other part of 

analysis this is most important step, it affects the 

exactness and cost of the analysis. 

CALCULATION: 

 Section modules(Z)  =   

Where, 

I = Moment of Inertia mm4 

m = Moment at resistive of surface 

  I  =   

= = 21720.166 mm4 

At Bending moment, if L = 32 

M = F*L 

= 4905*32 

= 156960 N-mm 

We know that,    =    =   

 

ϭ  =    *Y 

=   

 

Stress at inner face =    68.65 N/mm2  

At bending stress, if L = 48 mm 

M = 4905*48 

= 235440 N-mm 

ϭ =   *Y 

ϭ =   

 

Stress at outer face  = 102.97 N/mm2 

CONCLUSION: 

An attempt was made on experimental Analysis carried out on En24 Before hardening main compositions C-0.428, Cr-1.052, Ni-1.4020, Mo-0.2190  And After Heat Treatment were found C-0.4452, Cr-1.2133, Ni-1.3652, Mo-0.2290 which will drastically changes its mechanical property, which will simultaneously improves its mechanical properties as well as surface finish 

from Ra1.4µm to Ra Ra0.8µm, gives crack free surface  

leads to good fatigue strength.  And also finite element 

analysis of CNC fixture jaw is carried out. The CNC 

clamping jaw is carefully designed and cross checked, 

where it does meets the requirements. As in previous 

material defects were found and was not performed 

good as material used was EN8 of yield stress 465 

N/mm2. In order to have better performance 

(Nickel-chromium-molybdenum) with heat treatment 

used will have yield stress of 716.46 N/mm2 with 

factor safety 6. 
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