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Abstract — The machining had been considered to be an 

important aspect for shaping material as per the requirement 

using material removal concept. EN 31 has been used on a 

large scale in various applications like development of 

injection mold die, etc. The process itself relates to various 

parameters. Among them few parameters had been adjusted 

as process input parameters i.e. speed, Feed, depth of cut, 

orientation of work piece, tool type, etc. And few considered 

being output parameters that a machinist can observe for 

product quality justification. The review article here is giving 

exposure to those parameters. The depth presentation of 

parameters affecting machining of EN31 steel has been 

presented here. The findings available had been referred for 

development of logical range of acceptable machining 

parameters and surface parameters. 
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I. INTRODUCTION 

The techniques for screeching metallic material had been 

promoted and accepted by many industries in the past many 

years. The awareness regarding profiling metallic material by 

holding it on rotational axis and pressing tool to it with 

translation movement gives an appropriate appearance and 

shape to the material according to industry requirements. 

A. Machine for machining: 

1) Lathe machine: The unique development of such 

machine is done by keeping work piece revolving on a 

horizontal axis and pushing tool towards the axis to 

remove material. Majorly operations of maintaining 

torque and movement of work piece is done by gear drive 

and belt drives depending on the tasks which a machinist 

wants to perform on machine. Here figure 1 represents 

conventional lathe machine configuration. Generally, 

such configurations are also configured for complex job 

works. 

 
Fig. 1: Conventional lathe machine 

2) CNC turning center: The system had been developed 

keeping in consideration the numerical operation 

approach so that a basic automation in controlling 

parameters and flexibility to work for variations in logic 

had been available in such machines. Figure 2 represents 

how CNC turning Centre is arranged. 

 
Fig. 2: CNC turning center. 

3) Multi axes CNC lathe: The single axis operations had 

been basic performing tasks, so this machine had helped 

to work for complex eccentric machining operations. 

 

B. Machining technique referred: 

The machining process that can be achieved in lathe are 

facing, turning, knurling, threading, grooving, separating, etc. 

as the machine capabilities increase, more and more complex 

surfaces can be developed on lathe machines also. 

C. Machining tool referred: 

We can have conventional tools made of hardened steel, SS 

with hardened tip, carbide tip tools, etc. The performance of 

tools will be observed from the surface roughness and surface 

profile of what they deliver and after comparing the same the 

machining parameters will be adjusted on various machines. 

Figure 4 represents concern machining tools. Tools presented 

here are 

 
Fig. 4: tool configurations which are used for 

machining(Chowdary et al., 2019) 

D. Machining parameters referred:  

Major compilation of results represents the effect of variables 

to get observation. 
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E. Material: EN-31 grades to be machined: 

EN31 Alloy Steel material products like rod, bar, billet or 

sections can be produced using forging, sheet metal rolling, 

coil winding and profiled strip, die extrusion, molding, steel 

cold extrusion etc… all methods will introduce specifications 

of surface profile in different ways. 

Equivalent Material Grade En31 Round Bar available across 

world are: 

 The code of material identification is different as per 

their language and mark methods but science of material 

configuration remains same across the world. According to 

BRITISH code material is going to be identified as BS 

970:1991: 535A99, As well BRITISH BS 970:1955: EN31. 

According to GERMAN DIN code standards material is 

identified as 100CR6, so do French code is identifying 

material as FRENCH AFNOR: 100C6,so do SWEDISH code 

:SS2258,and American code AMERICAN SAE / AISI : 

52100. 

II. LITERATURE REVIEW 

A. Machining technique and parametric e valuation for EN-

21 

1) Passive Suppression Method/Techniques: 

The passive chatter suppression representation methods refer 

the utilization of outer mounting based devices. It also 

considers the stiffness of damping members within the 

machine tool or fixture or mounting and the tool holder. It 

deals with major physical restrictions subjected to machine 

tools and holding devices arranged on machines. Figure here 

represents one of the modeling possibilities concerned with 

the passive suppuration. 

 
Fig. 5: passive suppression technique reference schematic. 

2) Active Suppression Method/Techniques: 

In Active chatter suppression criteria or method may be 

technique, the sensors and the actuators had been mounted or 

positioned on the spindle or tool holder. This dynamic 

observation schematic provides an option which helps to refer 

the parameters of the process represented by DAQ as the 

feedback from attached sensing systems. Recorded 

observations can be investigated by data processing tools and 

can drive us to appropriate selection of processing 

parameters. Various kinds of actuators can be implemented 

to acquire information in various ways. 

 
Fig. 6: Active Suppression Technique Reference Schematic. 

 

3) Machine parameters for DOE: 

(Bhushan, 2013) in the research work presented in Journal of 

Manufacturing Science and Engineering presented 

optimization of the variable’s optimal set of the machining 

variable parameters. This are to fulfill and justify the 

objectives referring the tool wear, the metal removal rate 

(MRR). The regression models observed and developed for 

the minimum tool wear and the maximum MRR had been 

kept as observational input parameters. The machining 

conditions found by the research are expected to represent the 

minimum tool wear along with optimal MRR, task had been 

assigned to the machine for optimal machining operations. 

 (Lela et al., 2009) in the article drafted as 

“Regression analysis, support vector machines, and Bayesian 

neural network approaches to modeling surface roughness in 

face milling” investigated various parameter of machining on 

ductile material and had been evaluated the roughness and 

material remove rate using statistical tools. The regression 

model equations had also been developed and results had 

been presented. The steel St 52-3 roughness of material 

surface had been observed which had been increasing with 

increase in depth of plunge at lower speed. 

 (Hazir et al., 2018) in the article represented as 

“Optimization of CNC cutting parameters using design of 

experiment (DOE) and desirability function” had been helped 

to investigate machining parameters associated with the 

process parameters. The research had been extended to gain 

minimum surface roughness. Specimens had been prepared 

using variables parameters like spindle speed, feed in 

transverse and longitudinal directions, depth of cut, tool nose 

radius, and cutting directions orthogonal or oblique. Surface 

roughness was measured using a stylus based electronic 

impulse or EMF based instrument. The results represent that 

the DOE based on the desirability function approach, helps to 

determine the optimal machining parameters. The results 

leading to minimum surface roughness-Ra compared to the 

observed value observed during experimentations. Minimum 

surface roughness had been measured for tangential and 

radial cutting directions, which future measured as values and 

highlighted. 

 (Abbas et al., 2017) showed that, the artificial neural 

network-ANN was used to predict the surface roughness of 

profiled surface for different cutting parameters. The CNC 

turning operations had been performed. These parameters 

were measured and inspected during the process evaluation 

to get the minimum surface roughness. To expand research a 

mathematical model to test outcomes as surface roughness 

was derived from the experimental data. The regression 

analysis method had been used for same. The experimental 

data had been compared with both the regression model 

results and Adaptive Network-based Fuzzy Inference System 

results. The desirability function referred to maximize the 

material removing rate- MRR while maintaining Roughness-

𝑅𝑎 below 0.8 µm. 
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III. EXPERIMENTAL INVESTIGATIONS(JIA ET AL., 2021) 

 
Fig. 7: Experimental setup reference configurations. 

Figure 7 represents experimental setup reference for further 

experimental pilot study. Complex sensing system 

arrangement along with processing the raw material gives 

important information which can help researcher 

understanding the complexity related to the process easily. 

Few pilot study law cost sensing systems are also available to 

get data regarding parameters or effects what had been 

available as changes in cutting forces or displacements 

offered to the tool shoulder during process.  

All researches carried till now 

IV. RESULT AND DISCUSSION 

A. Output Parameters 

The major output observations depend on the methods which 

had been implemented to observe and analyze observation or 

data acquisition techniques observed. So first a researcher 

must identify techniques on which whole research can be 

conducted. (Jia et al., 2021) The various sensor setups give 

information what cannot be observed with measurement of 

output parameter. The process complexity can easily be 

observed with sensors collecting data while the process is 

actually ongoing. 

 
Fig. 8: reference results captured in DAQ in present     

research. 

Figure 8 represents power consumption variations observed 

during turning the work piece. The consumption increases, as 

the constant cut of material is adjusted then the load on work 

piece increases so power consumption related to same 

initially increases then starts dropping. The data collected by 

researcher also helped to grow the possibility of getting 

finished surface at each of the region without doing post 

processing of object.  

B. Observing and compiling data of Output parameters 

1) Roughness: 

Contact Type Roughness Measurement Instruments/tactile 

measurement methods: 

 Stylus-dependent contact instruments; Contact 

Profilometers. 

 Non-contact Type Roughness Measurement 

Instruments/optical microscopes measurement 

methods: 

 Vertical profile scanner: Coherence scanning 

interferometry; Confocal microscopy; Focus 

variation; & Confocal chromatic aberration. 

 Horizontal Profile scanner: Scanning laser 

microscope (SLM) and Structured-light scanning 

method. 

 Non-scanning methods or instruments: Digital 

holographic microscopy 

 
Fig. 9: surface roughness observed with individual results 

observed during data investigations. 

 The figure 9 helps to investigate on the utility aspect 

of material machining as process parameter. According to 

researches the concept reveals that the process needs more 

energy to achieve minimum roughness. The energy related to 

various machining process when calibrated on basis of energy 

requirement during material removal reveals that at higher 

energy consumption is the only option for achieving minimal 

roughness. 

2) Chatter 

Basic chatter observation modeling: 

 
Fig. 10: Chatter models referred for math model 

observations (Urbikain et al., 2019) 

 Figure 10 represents possible math model 

schematic. This helps in understanding the behavior of 

limited bandwidth depends on the dynamometer. Its 

placement at suitable or unsuitable operating condition for 

chatter detection, in high-speed machining and 

micromachining, plays an important role in scientific 

investigations. Dynamometer has been used for dynamic 

characterization of processes for data collection in studies. 

This force dynamometer has preloaded and few components 

https://en.wikipedia.org/wiki/Profilometer
https://en.wikipedia.org/wiki/Coherence_scanning_interferometry
https://en.wikipedia.org/wiki/Coherence_scanning_interferometry
https://en.wikipedia.org/wiki/Confocal_microscopy
https://en.wikipedia.org/wiki/Focus_variation
https://en.wikipedia.org/wiki/Focus_variation
https://en.wikipedia.org/w/index.php?title=Confocal_chromatic_aberration&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Scanning_laser_microscope&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Scanning_laser_microscope&action=edit&redlink=1
https://en.wikipedia.org/wiki/Structured-light_3D_scanner
https://en.wikipedia.org/wiki/Digital_holographic_microscopy
https://en.wikipedia.org/wiki/Digital_holographic_microscopy
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for force sensing, they had been arranged between a cover 

plate and lateral plates which helps to protect sensing 

members to eliminate external noise. 

3) Chatter detection using “Displacement sensor”: 

Chatter is getting produced due to the vibration of the work-

piece, cutting tool, tool orientation, tool type, spindle speeds, 

structure making methods or combination of all these. The 

sensor selected must be capable of catching vibration 

produced due to all these modes. The machined surface. The 

control over certain process is needed; math model ideations 

can solve many technical issues. 

4) Experimental chatter detection Methods/techniques: 

Chatter can be identified on sensing systems made of 

ccelerometer or ultrasonic detection or sometimes the visual 

inspection of the surface profiles and topography, the plots 

identifies presence of chatter. Few limitations of some of 

these sensors are their range of bandwidth changes or noise 

deviations in received output. The micromachining done at 

high speeds using a low- stiffness miniature end mill will give 

accesses chatter during machining. While operating, sensor is 

not able to generate data to represent chatter under certain 

conditions due to micron finish operating conditions. Few 

alternative techniques are also available to replace physical 

sensors one of them is the machined surface topography 

scanning using CMM machines and laser scanners. (Puertas 

Arbizu & Luis Pérez, 2003) (Hazir et al., 2018)(Radha 

Krishnan & Ramesh, 2020) 

 
Fig. 11: flow chart for selection for chatter (Urbikain et al., 

2019) 

 Figure 11 represents various methods or techniques 

for detecting chatter. Few techniques had been referred to get 

force variations and few are sensing surface profile changes 

found with changes in process parameters. 

5) Chatter detection using “force sensor/load cell / strain 

gauge”: 

Force dynamometer is widely used to detect chatter in various 

machining processes. The range of mounting design of the 

sensor associated to the structure is an important task in 

detecting vibrations. Direct placement of the sensor on any 

components reduces amplitude of the vibration; it also creates 

the transmissibility problem. Optimization of process 

parameters must be done for finding the optimum variable 

attempt for required surface finish. For that following 

methods can be adopted. 

6) Single Objective Optimization: 

Including input parameters RPM, Depth of plunge, tool type, 

etc… the output parameters can be optimized. Single 

variables and output as well multiple input parameters with 

single output parameters can be evaluated by using 

mathematical models and statistical software like MINITAB, 

R, etc… 

 Single Objective Optimization Solution: Flank 

Wear 

 Single Objective Optimization Solution: MRR 

 Single Objective Optimization Solution: Crater 

Wear, etc. 

7) Multi response Optimization: 

The responses recorded can be evaluated for observing the 

effect of individual variable when it changes as well on 

output. It can also be investigated using such response surface 

techniques.(Agapiou, 2019) (Kant & Sangwan, 2015) 

(Armarego & Zhao, 1996) (Singh & Kumar, 2005) (Benardos 

& Vosniakos, 2003) (Garg et al., 2018) (Akgün, 2022) 

Boppana V. Chowdary et. al in the article titled“ Optimization 

of Surface Roughness when CNC Turning of Al-6061: 

Application of Taguchi Design of Experiments and Genetic 

Algorithm” observed that Surface roughness is surface 

integrated to machined parts. This study was guided towards 

optimizing part surface roughness by collecting data related 

to the effects of cutting speed, feed rate, depth of cut and tool 

nose radius on the surface roughness of Aluminum 6061. The 

optimization was conducted on the prediction model 

generated by use of Response Surface Methodology (RSM) 

together with Analysis of Variance (ANOVA), and a 

confirmation test validated the predicted values obtained 

from the Genetic Algorithm (GA). The study reflects the 

efficacy of the GA approach in optimization of machining 

parameters for improved surface roughness. 

C. Microstructure observations: 

The outcomes observed are giving information regarding how 

these surfaces look. All kinds of surface defects like 

ploughing groove, surface burning, metal surface debris, the 

observable defects like scar, burrs, feed mark and burnout are 

also taking part in product surface. The defects degrade 

performance of product. (Armarego, 1998) (Palanikumar, 

2006) (Abhang & Hameedullah, 2010)(Aslan et al., 2007) 

Figure 12 represents various defects found in surface of 

machined surfaces. The process parameters when changes 

they produces defects like tearing edges, burned surfaces, 

scars, feed profile marks, cracks etc 

 



Review of Vibration Monitoring In Machining EN Series Material 

 (IJSRD/Vol. 12/Issue 5/2024/003) 

 

 All rights reserved by www.ijsrd.com 17 

 

 

 
Fig. 12: micro structural images of machined surfaces 

V. CONCLUSION: 

The study here incorporates possible aspects which must be 

considered while designing an aspect to machine a material. 

The material once machined will never be retrieved so 

machining with either possible skill as well by data 

observations will help to make the right decision to get an 

appropriate surface as per the product and industry 

requirements. 

 The stability of high, law and medium speed turning 

of various hardness materials are referred using basic graphs 

and theories adopted by researchers. The representations had 

been as lobe diagrams, polar diagrams, etc... The operating 

parameters are going to be decided from earlier experiences 

or researches for programming high depths of cut. It is 

difficult in turning processes to work at low spindle rotation 

speeds, at instance while turning titanium, low machinability 

alloys and super alloys.  

 Chatter generally amplifies at high order lobes, 

where there is no spacing between lobes. During the 

machining process, noise damping and handling 

nonlinearities are scientific challenges. Also, the modeling 

process can be helping to develop new theorems and further 

results achieved can be investigated using analysis software. 

 To get a complete research window a researcher 

must study possible combinations of variables associated 

with the surface quality starting from the raw materials to the 

finished projects. 
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