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Abstract— In this article an comprehensive report has been 

presented from the conventional gear failure occurred in lathe 

gar system. It has been seen that in a lathe performing any 

operation, the transmission of power is a form the gear train 

system plays a crucial role. If this system not been analysed 

or proper maintenance has been carried out this may lead to 

critical failure and ultimately affect the overall production. To 

verify this failure various researches has been conduction to 

optimize the gear train system experimental and 

computationally by researchers are presented in details. 
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I. INTRODUCTION 

Gear is a modified form of a wheel containing teeth on its 

circumference. It is the most commonly used mechanical 

element for positive and accurate transmission of power 

and/or motion. Ten billions gears of different types are 

consumed annually in different fields of applications such as 

automobiles, avionics, machine tools, electrical machines, 

industrials machineries, defense equipment, construction 

machineries, ship and marine, agriculture equipment, 

biomedical equipment, clocks, robotics, office automation, 

printing devices, toys etc. Type of gear to be used depends on 

the relative position of the shafts i.e. cylindrical (i.e. spur and 

helical) gears used for parallel shafts, conical (i.e. bevel and 

spiral bevel) gears for intersecting shafts, and rack and pinion, 

crossed helical, hypoid and spiroid gears for nonparallel and 

non-intersecting shafts. Increasing demands for gears have 

forced the gear manufacturers to focus on high-quality gears 

which are light-weight, easier, economical, and productive to 

manufacture and finish at minimum cost, result in higher 

transmission efficiency and lower running noise and 

vibrations, and offer high wear resistance [1]. Generally, 

increase in power, torque and speed increases stress level in 

a gear system which causes high noise and vibrations. This 

causes gear wear which become evident in the form of loss in 

involute profile, accuracy, and efficiency of the gear system 

and may eventually lead to its premature failures. Therefore, 

increasing wear resistance is very important to enhance life 

of gears [2]. American Gear Manufacturers Association 

(AGMA) has distinguished gear failure in 36 modes into two 

broad categories namely (i) non-lubricated failures such 

overload and bending fatigue; and (ii) lubricated failures such 

as macro-pitting, micro-pitting, pitting, wear and scuffing. 

Bending fatigue initiates at root of a gear tooth due to 

imperfect manufacturing or non-metallic inclusion. It is a 

slow failure initiated by formation of the cracks on gear flank 

surfaces and their subsequently propagation cause early 

failure of gears. Macro-pitting is caused due to Hertzian 

contact fatigue and it causes crack propagation near the 

contact surface of gear. Micro-pitting 

 Contemporary gear trains are faced with increasing 

expectations pertaining high kinematic accuracy and non-

backlash operation in precision lathes and indexing heads, 

gear drives, especially inside mechanisms dealing with 

accuracy of motion as well as positioning systems. Even the 

most precise conventional spur gear drives cannot provide 

nonbacklash operation of a machine. This results in the 

pursuit of backlash elimination by executing new designs, as 

well as manufacturing gear train components with high 

accuracy. These factors should be accompanied by optimal 

working conditions, so as to diminish the wearing of 

components. The presence and variations of backlash in a 

drive is a typical situation resulting from manufacturing 

inaccuracy of the drive's components, imprecise installation, 

conditions of operation, drive components' thermal 

expansion, wear of some of the components, etc. And so the 

strive to eliminate the backlash in kinematic systems and 

drives is an important technological and design task. 

II. LITERATURE REVIEW 

Wojciech et al. 2018 presented the newest designs of worm 

gear drives which allow to adjust or decrease the amount of 

backlash. This effect is achieved with innovative designs of 

worms and worm wheels. The designed drives are aimed to 

find their application in systems for precise positioning of 

measurement assemblies, precise drives of technological 

instrumentation, as well as in micro-mechanisms. Many of 

the presented designs allow backlash adjustment without 

removing of the worm gear drive. The described solutions 

present a good alternative to conventional high-gear precision 

drives as well as harmonic drives used at speeds typical to 

positioning mechanisms. 

 
Fig. 1: Worm Wheel with A Circumferential Cutout in Its 

Rim: (A) the Worm Wheel, (B) A Complete Worm Wheel 

Assembly 

 
Fig. 2: Worm Wheel With A Pressing Disk: (A) Worm 

Wheel Assembly, (B) Pressing Disk, (C) Worm Wheel's 

Cross-Section [2] 
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 This paper presents the results of numerical research 

performed with the MES finite element method and also the 

results of experimental research on the innovative worm gear 

drive with an axially adaptive worm. The results analysis has 

led to the conclusion, that the described solutions allow 

reduction of backlash to 5–15%, and even greater reduction 

of its standard deviation – that is 5–10% – of their initial 

values. 

 Khusainov et al. 2017 examines the impact of the 

geometric and kinematic errors of gear shaping machines for 

the accuracy of processed wheels. There is a problem to 

establish a correlation between the errors of the technological 

system with the gear accuracy parameters defined by 

standards. In this article, the equation of the machined surface 

is proposed based on the coordinate transformation matrices 

and equations of involute surface of the tool in the form of a 

matrix equation. On the basis of this equation the machine 

output precision is given in the form of matrix equation. The 

impact of errors of the technological system elements is 

displayed by a matrix of variations, components of which are 

the projection of errors on the axis. Output errors are applied 

on the machined surface via the projection on the line of 

action. Next, the obtained values are translated into a 

standardized deviation of the gear accuracy. This enables 

forecasting the possibility of obtaining the products of certain 

accuracy on this machine, as well as to control the specific 

parameters of the technological system to ensure the accuracy 

and stability of the process. 

 
Fig. 3: The Line of Action in Gear Shaping [3] 

 
Fig. 4: Scan Graphics Errors [3] 

 Gaoxiang Ni et al. 2018 based on the generation 

concept of beveloid gears, a novel design approach with 

parabolic modification is introduced in this paper. The 

equation of normal section of parabolic modified rack-cutter 

is derived, and the generating procedure of beveloid gears 

with parabolic modification is proposed. Therefore, the 

mathematical model of parabolic modified beveloid gears is 

obtained. Thereafter, the solid models of beveloid gear pair 

with and without parabolic modification are developed in the 

CAD software. Based on the installation condition, the mesh 

model considering misalignments is established. Then, the 

loaded tooth contact analysis (LTCA) is performed, and the 

effects of load and misalignments on the general beveloid 

gear pair and parabolic modified beveloid gear pair are 

discussed. Also, the contact pressure, transmission error, 

contact pattern and tooth root stress are investigated. Results 

show that under the same load, parabolic modification can 

reduce the maximum value of contact force and tooth root 

stress of beveloid pinion. Meanwhile, it can reduce the peak 

to peak value of transmission error and change the shape of 

contact pattern from wave mode to parallelogram. Under 

shaft angle error and offset error, the location of contact 

pattern and maximum value of tooth root stress move to the 

heel and toe side, while the axial position error of pinion and 

gear only slightly affects the contact performance. After 

parabolic modification, the peak to peak value of 

transmission error and the maximum value of tooth root stress 

of beveloid gear pair reduced are reduced significantly under 

misalignments.  

 

 
Fig. 5 Mesh Model of Parabolic Modified Beveloid Gear 

Pair [4] 
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Fig.6 Effect of Load on the Curve of Contact Force [5] 

 Anand et al. 2018 Improvement in operating 

performance, service life and transmission efficiency and 

reducing the noise of straight bevel gears (SBG) requires their 

better wear resistance, surface finish and microgeometry. 

Viscosity of the medium used in abrasive flow finishing 

(AFF) process and finishing time play very important role in 

achieving these objectives. This paper reports on 

simultaneous improvement of wear characteristics, surface 

finish and microgeometry of SBG by abrasive flow finishing 

(AFF) process by studying the effects of viscosity of AFF 

medium and finishing time so as to identify their optimum 

values through twenty experiments. Average and maximum 

surface roughness were used to study improvement in surface 

finish while, microgeometry was evaluated in parameters of 

pitch deviation and runout. Friction force, coefficient of 

friction, specific wear rate coefficient, wear volume, 

microhardness and microstructure of the worn surfaces were 

used to study the wear characteristics and wear mechanism of 

the best finished SBG. Use of AFF has significantly improved 

the wear characteristics, surface finish and microgeometry 

and quality of SBG. Reduced wear characteristics will reduce 

the frictional heating which will result in lower operating 

temperature of the bevel gears. Lower wear volume will 

improve their service life and mechanical efficiency. 

Microstructure study of the AFF best finished bevel gear 

flank surfaces revealed that they are free from hobbing cutter 

marks, cracks, burrs, pits, surface roughness peaks, thermal 

distortion. The worn flank surface of the best finished bevel 

gear have shown very less amounts of worn debris, pits and 

displacement of material and indicate scuffing mode of wear. 

This work helps in establishing AFF as an economical, 

sustainable and productive alternative process for finishing 

the gears made of any material which can simultaneously 

improve surface finish, wear characteristics, microgeometry 

and quality of the bevel gears 

 

 
Fig. 7: Photograph Of The Fixture Designed To Hold And 

Support The Workpiece Bevel Gear For Its Finishing By 

The AFF Process.[6] 

 
Fig. 8: Schematic of Flow Path of the Abrasive Particles 

Contained In the AFF Medium over the Flank Surfaces of 

the Work Piece Bevel Gear [6] 

 Debabrata et al. 2018 describes an experimental 

investigation on hard turning of disc type automotive gears 

made of 20Mn5Cr5 steel hardened to 60±2 HRC against 

grinding process. Experiments are conducted by using PCBN 

tools on a CNC turning centre without using coolant. The 

effect of machining parameters; cutting speed (vc), feed rate 

(f) and depth of cut (ap) on the surface roughness Ra (µm) is 

analyzed and optimized with the help of Taguchi design of 

experiment (DOE), signal to noise (S/N) ratio and analysis of 

variance (ANOVA) methods. The surface quality, process 

characteristics, some economical and ecological features of 

the hard turning are analyzed and compared with the 

grinding. 
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Fig. 9: Workpiece & its Dimensional Specification: (a) RH 

Side View, (b) Front View, (c) LH Side View, (d) Part 

Drawing [7] 

 Alquraan et al.2016 operation principles of both new 

and improved clamping mechanisms of the CNC lathe with 

the automatic no-reinstallation workpiece manipulation are 

described in this article. The theoretical analysis of power 

characteristics with the spindle in rotary and non-rotary 

modes has been carried out with the account of unbalanced 

chuck jaws’ centrifugal forces. The efficiency of the new 

clamping mechanism at a higher spindle velocity has been 

justified. 

 
Fig. 10: A special clamping mechanism for a sequential 

double clamp of the workpiece without reinstallation (the 

German Patent No. 119 920 27): (a) single clamp in the jaw 

chuck; (b) double clamp in jaw chuck and collet; (c) unary 

clamp in a draw-in attachment [8] 

 Song et al. [9] discussed the influence of 

misalignments on contact performance of crossed beveloid 

gears and established a test rig to verify the dynamic analysis 

of a marine gearbox with crossed beveloid gears. Brecher et 

al. [10] introduced a simulation based method for the tooth 

flank microgeometry of beveloid gears considering 

manufacturing tolerances. Hübner et al. [11] introduced the 

approaches to simulate the complex contact conditions 

between grinding worm and gear which can calculate the 

micro- and macroscopic gear geometry. 

 Xu et al. [12] used AFF for finishing the helical 

gears and obtained 84%, 80% and 35% improvement in the 

average surface roughness values measured along the profile, 

along with lead on left-hand flank surface and right-hand 

flank surface.  

 
Fig. 11: Velocities of Abrasive Medium. & Strain Rates of 

Abrasive Medium.[12] 

 Kenda et al. [13] used AFF for polishing the 

injection molding die of spur gear manufactured by wire 

spark erosion machining (WSEM) process. They reported 

that average surface roughness of the die improved by 88% 

along complete removal of WSEM-produced white layer 

within 2 min of finishing by AFF. It also helped in increasing 

life of the die by inducing compressive residual stresses in it 

and obtaining the required accuracy in spur gear profile 

 
Fig. 12: Velocity Distribution of AFM Medium According 

To CFD Calculation: A without Core, B Cylindrical Core, 

and C Shaped Core [13] 
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III. CONCLUSION 

 With the help of Taguchi method, process optimization 

can be possible with less number of experimental runs 

and the results can be extrapolated to a larger lot size in 

a factory production system 

 Preliminary comparative theoretical research of both 

improved and new clamping mechanisms for CNC lathes 

has shown that according to their power characteristics 

they can be used for High-Speed Cutting and High 

Product Cutting. The most effective is a clamping 

mechanism with a ball compensator of centrifugal forces 

in case of a holed workpiece double clamp. 

 Microstructure study of the worn flank surface of the best 

finished bevel gear has revealed very less amounts of 

worn debris, pits and displacement of material. Material 

displacement and flaking in unfinished and the best 

finished SBG indicate wear of the bevel gear flank 

surfaces by scuffing mode. 

 Better finish of the bevel gear flank surfaces increases 

their contacting surface due to lower surface peaks which 

enhances their wear resistance and improves their 

aesthetics. Work hardening of gear flank surface takes 

place due to axial force imparted by an abrasive particle 

which improves microhardness. 
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