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Abstract  
   
With the increasing demand for the machinery's availability, it becomes critical to have a periodic check on the health 
status of the machinery. The process of periodic check consists of collection, processing and decision making. Condition 
monitoring is the process of periodic checks of the health of machine elements. The condition monitoring consists of two 
main components: diagnosis and prognosis. In the present work, the discussion on condition monitoring as a tool of 
engineering management was carried out.  
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Introduction 
 
In today’s time, goods are subjected to severe 

competition. The demand for environment-friendly, 

energy-efficient products emphasizes quality, reliability, 

health and safety during the design and manufacturing 

stage of the product [1]. The increased demand brings the 

engineer's attention to designing a product that can fulfil 

the above criteria along with good design life. In practical 

application, the product operates under varying stress or 

load and fluctuating operating conditions [2]. The product 

deteriorates over time, no matter how good the product 

is. Most engineers support that prevention is better than 

cure and use the previous knowledge and historical data 

of machinery failure to predict and eliminate the 

machinery failure [3–5]. Most of the maintenance work 

relies on the human senses. In the past, the survey 

reports indicate that catastrophic incidents happened 

because of poor maintenance[3]. In today’s time, the 

complex system brings more interdependence among the 

system elements (bearings, gear, cam, shafts etc.). The 

failure of one element shuts the whole system down [4–

6]. In the past, researchers carried many works on the 

tribological performance of the bearings [7,8,17–26,9,27–

36,10,37–46,11,47–56,12,57,58,13–16] and gear 

condition monitoring [59–67]. The research shows that 

the failure combines technical and management decision 

elements (communications, supervision and 

organizational shortcoming) [3].  
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The present work focuses on using the condition 
monitoring tool as the engineering decision-making or 
engineering management tool.  
 
2. Process of diagnosis and decision making 
 
All the interacting mechanical elements are prone to 
degradation over time[41,66]. The mechanical failures are 
classified as lubricated (pitting, wear etc.) and non-
lubricated or strength-related failures [4]. The failures 
need to be avoided or prevented for the longer service 
life of the component, so the following parameters are 
considered before designing a component: 
 
A) Type of motion (kinematics of the system) 
B) Pseudo-static (assumed at the state of rest) and 

dynamics- force, displacement 
C) Material, surface characteristics, and lubricant 

(physical and chemical) 
D) Working conditions 

 
All these parameters together combined to explain a 

failure mechanism. All forms of failure are time-

dependent phenomena. The geometry provides 

information on relative contact and velocities; kinematics 

defines the set of motion at the contact, and contact 

defines the load sharing. Each component in a system is 

interdependent for the proper working of the 

component.  

Analyzing these factors brings more complexities to 

system equations[68]. The non-linear behaviour is due to 

engagement, profile modification, manufacturing errors, 

and externally imposed conditions[69–71]. 
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The diagnosis of a system consists of three main steps. 
 

 
 

Fig. 1 Diagnosis steps [5] 
 

 
 

Fig. 2 Gearbox condition monitoring approaches 

 
 

Fig 3 Gearbox faults assessment based on vibration parameters analysis 
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(a)               (b) 
 

Fig. 4 Gearbox faults assessment based on tribological analysis (a) Wear data analysis, (b) Lubricant oil data analysis 
 

 
 

Fig. 5 Gear teeth contact modelling 
 

The data is processed to take the preventive decision. 
Let's take the case study of the gearbox fault diagnosis. 
Diagnosing the gearbox faults is a two-way process: 
experimental and modelling. Further, these are divided 
into different data types like vibration data, wear debris 
data, lubrication (quality) data etc. These data can be 
collected from the running gearbox by connecting 
suitable sensing devices. The modelling is a function of all 
affecting parameters like forces acting, velocities and 
displacements, properties of the interacting surfaces etc. 
Figure 2 depicts the different gearbox condition 
monitoring approaches; Figure 3 depicts the vibration-
based fault indicators and the denoising techniques. 
Figure 4 (a) and Figure 4 (b) depict the wear debris 
analysis and the lubricating oil analysis. Figure 5 depicts 
the gear modelling based on the vibration, wear and 
lubrication effects.  

The failure of the gearbox has to be prevented the 
increasing the overall life of the gearbox.  

In the same way, a systematic approach is used to 
identify all the possible system parameters to get 
complete information and failure possibilities of the 
system. Then these parameters and existing monitoring 
tools are integrated into the system's design. 
 

3. Condition monitoring as engineering management 
 

Every physical system or element is prone to be degraded 
with time. So, it is crucial to have a check on the current 
health status of the system. Condition monitoring is the 

process of keeping the check on the health state of the 
system and, based on that state, deciding on the 
maintenance actions. The maintenance techniques are 
either time-dependent or time-independent. Preventive 
maintenance and condition-based maintenance (CBM) is 
time-dependent techniques. The breakdown 
maintenance is a time-independent technique. The 
breakdown maintenance is also called run to failure 
maintenance because it can only be implemented at the 
system's breakdown. In preventive maintenance, the 
maintenance is carried out on a periodic time interval 
basis, irrespective of the system's health status. 
Breakdown maintenance and preventive maintenance are 
not cost-effective, as the demand for reliability, 
availability and quality increases the maintenance cost. 
The solution to the problem is CBM. The information 
collected during the condition monitoring is used to make 
maintenance decisions. The CBM has two essential 
aspects diagnostics and prognostics. 

In diagnostic, the detection (to indicate whether 

something is wrong in the system), isolation (locate the 

element or component) and identification (the nature 

and type of fault)[72]. In prognostic predict useful life of 

the component under specific conditions based on prior 

system history. Prognostics is a probability-based 

approach. The difference between diagnostics and 

prognostics is one post-event analysis and another 

preliminary event analysis. Diagnostics came into the 

picture when the prognosis prediction failed [3,5]. 
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Fig. 6 Condition-based maintenance (CBM) Process [73] 

 
Conclusions 
 
The above discussion on the maintenance strategies 
shows that one should need to take a maintenance 
decision. To take such a decision, one needs to 
understand and better predict the system's behaviour in 
real-time. The collected information from the 
maintenance activities needs to be controlled, and proper 
execution to achieve quality, reliability and availability of 
the system is optimised depending upon the decision-
makers managerial quality. So, condition monitoring is an 
engineering management tool for the system's 
availability.  
 
References 
 
[1] Syta, A., Jonak, J., Jedliński, Ł., and Litak, G., 2012, “Failure 

Diagnosis of a Gear Box by Recurrences,” J. Vib. Acoust., 134(4), 

p. 041006. 

[2] Bartelmus, W., 2011, “Gearbox Damage Process,” J. Phys. 

Conf. Ser., 305(1). 

[3] Davies, A., 1998, Handbook of Condition Monitoring, 

Springer-science+ Business Media, B.V. 

[4] Davis, J. R., 2005, Gear Materials, Properties, and 

Manufacture, ASM International. 

[5] Jardine, A. K. S., Lin, D., and Banjevic, D., 2006, “A Review on 
Machinery Diagnostics and Prognostics Implementing Condition-
Based Maintenance,” Mech. Syst. Signal Process., 20(7), pp. 
1483–1510. 
[6] Liang, X., Zuo, M. J., and Feng, Z., 2018, “Dynamic Modeling 
of Gearbox Faults: A Review,” Mech. Syst. Signal Process., 98, 
pp. 852–876. 
[7] Sukhwani, V. K., Lakshmi, V., & Hirani, H., 2006, 
“Performance Evaluation of MR Brake: An Experimental Study,” 
Indian J. Tribol., 1, pp. 47–52. 

[8] Talluri, S. K., & Hirani, H., 2003, “Parameter Optimization Of 
Journal Bearing Using Genetic Algorithm,” Indian J. Tribol., 2(1–
2), pp. 7–21. 
[9] Sukhwani, V. K., Hirani, H., & Singh, T., 2007, “Synthesis and 
Performance Evaluation of Magnetorheological (MR) Grease,” 
74th NLGI Annu. Meet. Scottsdale, Arizona, USA. 
[10] Sukhwani, V. K., Hirani, H., & Singh, T., 2007, “Synthesis 
of Magnetorheological Grease,” Greasetech India. 
[11] Sukhwani, V. K., Hirani, H., & Singh, T., 2008, “Synthesis 
and Performance Evaluation of Magnetorheological (MR) 
Grease.,” NLGI, Natl. Lubr. Grease Inst., 71(10), pp. 10–21. 
[12] Hirani, H., & Dani, S., 2005, “Variable Valve Actuation 
Mechanism Using Magnetorheological Fluid,” World Tribol. 
Congr., 42029, pp. 569–570. 
[13] Shankar, M., Sandeep, S., & Hirani, H., 2006, “Active 
Magnetic Bearing,” Indian J. Tribol., 1, pp. 15–25. 
[14] Hirani, H., 2014, “Wear Mechanisms.” 
[15] Hirani, H., Athre, K., & Biswas, S., 2000, “Transient 
Trajectory of Journal in Hydodynamic Bearing,” Appl. Mech. 
Eng., 5(2), pp. 405–418. 
[16] Sukhwani, V. K., Hirani, H., & Singh, T., 2009, 

“Performance Evaluation of a Magnetorheological Grease 

Brake,” Greasetech India, 9(4), pp. 5–11. 

[17] Sarkar, C., and Hirani, H., 2015, “Synthesis and 

Characterization of Nano-Particles Based Magnetorheological 

Fluids for Brake,” Tribol. Online, 10(4), pp. 282–294. 

[18] Lijesh, K. P., and Hirani, H., 2015, “Modeling and 

Development of RMD Configuration Magnetic Bearing,” Tribol. 

Ind., 37(2), pp. 225–235. 

[19] Goilkar, S. S., and Hirani, H., 2010, “Parametric Study on 
Balance Ratio of Mechanical Face Seal in Steam Environment,” 
Tribol. Int., 43(5–6), pp. 1180–1185. 
[20] Hirani, H., Athre, K., and Biswas, S., 2001, “A Simplified 
Mass Conserving Algorithm for Journal Bearing under Large 
Dynamic Loads,” Int. J. Rotating Mach., 7(1), pp. 41–51. 
[21] Sarkar, C., and Hirani, H., 2015, “Synthesis and 
Characterisation of Nano Silver Particle-Based 



Dharmender Jangra                 Condition monitoring as tool of engineering management 

 

230|Int. J. of Multidisciplinary and Current research, Vol.10 (March/April 2022) 

 

Magnetorheological Fluids for Brakes,” Def. Sci. J., 65(3), pp. 
252–258. 
[22] Muzakkir, S. M., Hirani, H., and Thakre, G. D., 2013, 
“Lubricant for Heavily Loaded Slow-Speed Journal Bearing,” 
Tribol. Trans., 56(6), pp. 1060–1068. 
[23] Hirani, H., and Manjunatha, C. S., 2007, “Performance 
Evaluation of a Magnetorheological Fluid Variable Valve,” Proc. 
Inst. Mech. Eng. Part D J. Automob. Eng., 221(1), pp. 83–93. 
[24] Lijesh, K. P., Muzakkir, S. M., and Hirani, H., 2015, 
“Experimental Tribological Performance Evaluation of Nano 
Lubricant Using Multi-Walled Carbon Nano-Tubes (MWCNT),” 
Int. J. Appl. Eng. Res., 10(6), pp. 14543–14550. 
[25] Ghosh, K., Mazumder, S., Hirani, H., Roy, P., and Mandal, 
N., 2021, “Enhancement of Dry Sliding Tribological 
Characteristics of Perforated Zirconia Toughened Alumina 
Ceramic Composite Filled with Nano MoS2 in High Vacuum,” J. 
Tribol., 143(6), pp. 1–9. 
[26] Hirani, H., Athre, K., and Biswas, S., 1998, “Rapid and 
Globally Convergent Method for Dynamically Loaded Journal 
Bearing Design,” Proc. Inst. Mech. Eng. Part J J. Eng. Tribol., 
212(3), pp. 207–213. 
[27] Hirani, H., 2009, “Root Cause Failure Analysis of Outer 
Ring Fracture of Four-Row Cylindrical Roller Bearing,” Tribol. 
Trans., 52(2), pp. 180–190. 
[28] Lijesh, K. P., Muzakkir, S. M., Hirani, H., and Thakre, G. 
D., 2016, “Control on Wear of Journal Bearing Operating in 
Mixed Lubrication Regime Using Grooving Arrangements,” Ind. 
Lubr. Tribol., 68(4), pp. 458–465. 
[29] Lijesh, K. P., and Hirani, H., 2015, “Magnetic Bearing 
Using Rotation Magnetized Direction Configuration,” J. Tribol., 
137(4), pp. 1–11. 
[30] Hirani, H., 2005, “Multiobjective Optimization of Journal 
Bearing Using Mass Conserving and Genetic Algorithms,” Proc. 
Inst. Mech. Eng. Part J J. Eng. Tribol., 219(3), pp. 235–248. 
[31] Goilkar, S. S., and Hirani, H., 2009, “Design and 
Development of a Test Setup for Online Wear Monitoring of 
Mechanical Face Seals Using a Torque Sensor,” Tribol. Trans., 
52(1), pp. 47–58. 
[32] Hirani, H., and Goilkar, S. S., 2011, “Rotordynamic 
Analysis of Carbon Graphite Seals of a Steam Rotary Joint,” 
IUTAM Bookseries, 25, pp. 253–262. 
[33] Hirani, H., and Rao, T. V. V. L. N., 2003, “Optimization of 
Journal Bearing Groove Geometry Using Genetic Algorithm,” 
NaCoMM03, IIT Delhi, India, 1, pp. 1–9. 
[34] Ghosh, K., Mazumder, S., Kumar Singh, B., Hirani, H., 

Roy, P., and Mandal, N., 2020, “Tribological Property 

Investigation of Self-Lubricating Molybdenum-Based Zirconia 

Ceramic Composite Operational at Elevated Temperature,” J. 

Tribol., 142(2), pp. 1–8. 

[35] Lijesh, K. P., Kumar, D., and Hirani, H., 2017, “Effect of 

Disc Hardness on MR Brake Performance,” Eng. Fail. Anal., 74, 

pp. 228–238. 

[36] Lijesh, K. P., and Hirani, H., 2016, “Failure Mode and 

Effect Analysis of Active Magnetic Bearings,” Tribol. Ind., 38(1), 

pp. 90–101. 

[37] Athre, K., and Biswas, S., 2000, “A Hybrid Solution 

Scheme for Performance Evaluation of Crankshaft Bearings,” J. 

Tribol., 122(4), pp. 733–740. 

[38] Lijesh, K. P., Kumar, D., and Hirani, H., 2017, “Synthesis 
and Field Dependent Shear Stress Evaluation of Stable MR Fluid 
for Brake Application,” Ind. Lubr. Tribol., 69(5), pp. 655–665. 
[39] Sarkar, C., and Hirani, H., 2017, “Experimental Studies 
on Magnetorheological Brake Containing Plane, Holed and 
Slotted Discs,” Ind. Lubr. Tribol., 69(2), pp. 116–122. 

[40] Hirani, H., Athre, K., and Biswas, S., 1999, “Dynamic 
Analysis of Engine Bearings,” Int. J. Rotating Mach., 5(4), pp. 
283–293. 
[41] Lijesh, K. P., Muzakkir, S. M., and Hirani, H., 2016, 
“Failure Mode and Effect Analysis of Passive Magnetic Bearing,” 
Eng. Fail. Anal., 62, pp. 1–20. 
[42] Lijesh, K. P., Kumar, D., Muzakkir, S. M., and Hirani, H., 
2018, “Thermal and Frictional Performance Evaluation of Nano 
Lubricant with Multi Wall Carbon Nano Tubes (MWCNTs) as 
Nano-Additive,” AIP Conf. Proc., 1953(May), pp. 1–6. 
[43] Lijesh, K. P., and Hirani, H., 2017, “Design and 
Development of Permanent Magneto-Hydrodynamic Hybrid 
Journal Bearing,” J. Tribol., 139(4), pp. 1–9. 
[44] Burla, R. K., Seshu, P., Hirani, H., Sajanpawar, P. R., and 
Suresh, H. S., 2003, “Three Dimensional Finite Element Analysis 
of Crankshaft Torsional Vibrations Using Parametric Modeling 
Techniques,” SAE Tech. Pap., 112, pp. 2330–2337. 
[45] Hirani, H., Athre, K., and Biswas, S., 2000, 
“Comprehensive Design Methodology for an Engine Journal 
Bearing,” Proc. Inst. Mech. Eng. Part J J. Eng. Tribol., 214(4), pp. 
401–412. 
[46] Gupta, S., and Hirani, H., 2011, “Optimization of 
Magnetorheological Brake,” Am. Soc. Mech. Eng. Tribol. Div. 
TRIB, pp. 405–406. 
[47] Hirani, H., Athre, K., and Biswas, S., 2001, “Lubricant 
Shear Thinning Analysis of Engine Journal Bearings,” Tribol. 
Trans., 44(1), pp. 125–131. 
[48] Muzakkir, S. M., Lijesh, K. P., and Hirani, H., 2016, 
“Influence of Surfactants on Tribological Behaviors of MWCNTs 
(Multi-Walled Carbon Nano-Tubes),” Tribol. - Mater. Surfaces 
Interfaces, 10(2), pp. 74–81. 
[49] Lijesh, K. P., and Hirani, H., 2015, “Design of Eight Pole 
Radial Active Magnetic Bearing Using Monotonicity,” 9th Int. 
Conf. Ind. Inf. Syst. ICIIS 2014. 
[50] Kumar, P., Hirani, H., and Agrawal, A., 2015, “Scuffing 
Behaviour of EN31 Steel under Dry Sliding Condition Using Pin-
on-Disc Machine,” Mater. Today Proc., 2(4–5), pp. 3446–3452. 
[51] Lijesh, K. P., and Hirani, H., 2015, “Design and 
Development of Halbach Electromagnet for Active Magnetic 
Bearing,” Prog. Electromagn. Res. C, 56(January), pp. 173–181. 
[52] Lijesh, K. P., Muzakkir, S. M., and Hirani, H., 2016, 
“Rheological Measurement of Redispersibility and Settling to 
Analyze the Effect of Surfactants on MR Particles,” Tribol. - 
Mater. Surfaces Interfaces, 10(1), pp. 53–62. 
[53] Sukhwani, V. K., and Hirani, H., 2007, “Synthesis and 

Characterization of Low Cost Magnetorheological (MR) Fluids,” 

Behav. Mech. Multifunct. Compos. Mater. 2007, 6526, p. 

65262R. 

[54] Samanta, P., and Hirani, H., 2008, “An Overview of 

Passive Magnetic Bearings,” Proc. STLE/ASME Int. Jt. Tribol. 

Conf., pp. 1–3. 

[55] Goilkar, S. S., and Hirani, H., 2009, “Tribological 

Characterization of Carbon Graphite Secondary Seal,” Indian J. 

Tribol., 4(2), pp. 1–6. 

[56] Samanta, P., and Hirani, H., 2007, “A Simplified 

Optimization Approach for Permanent Magnetic Journal 

Bearing,” Indian J. Tribol., 2(2), pp. 23–28. 

[57] Samanta, P., Hirani, H., Mitra, A., Kulkarni, A. M., and 
Fernandes, B. G., 2005, “Test Setup for Magneto Hydrodynamic 
Journal Bearing,” NaCoMM, pp. 298–303. 
[58] Hirani, H., 2016, Fundamental of Engineering Tribology 
with Applications. 
[59] Kumar, P., Hirani, H., and Agrawal, A. K., 2018, “Online 
Condition Monitoring of Misaligned Meshing Gears Using Wear 



Dharmender Jangra                 Condition monitoring as tool of engineering management 

 

231|Int. J. of Multidisciplinary and Current research, Vol.10 (March/April 2022) 

 

Debris and Oil Quality Sensors,” Ind. Lubr. Tribol., 70(4), pp. 
645–655. 
[60] Shah, H., and Hirani, H., 2014, “Online Condition 
Monitoring of Spur Gears,” Int. J. Cond. Monit., 4(1), pp. 15–22. 
[61] Hirani, H., 2009, “Online Wear Monitoring of Spur 
Gears,” Indian J. Tribol., 4(2), pp. 38–43. 
[62] Hirani, H., 2012, “Online Condition Monitoring of High 
Speed Gears Using Vibration and Oil Analyses,” Therm. fluid 
Manuf. Sci. Narosa Publ. House, pp. 21–28. 
[63] Kumar, P., Hirani, H., and Agrawal, A., 2017, “Fatigue 
Failure Prediction in Spur Gear Pair Using AGMA Approach,” 
Mater. Today Proc., 4(2), pp. 2470–2477. 
[64] Kumar, P., Hirani, H., and Agrawal, A. K., 2019, 
“Modeling and Simulation of Mild Wear of Spur Gear 
Considering Radial Misalignment,” Iran. J. Sci. Technol. - Trans. 
Mech. Eng., 43(s1), pp. 107–116. 
[65] Kumar, P., Hirani, H., and Kumar Agrawal, A., 2019, 
“Effect of Gear Misalignment on Contact Area: Theoretical and 
Experimental Studies,” Meas. J. Int. Meas. Confed., 132, pp. 
359–368. 
[66] Dharmender, Darpe, A. K., and Hirani, H., 2020, 
Classification of Stages of Wear in Spur Gears Based on Wear 
Debris Morphology. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[67] Kumar, A., Antil, S. K., Rani, V., Antil, P., and Jangra, D., 
2020, “Characterization on Physical , Mechanical , and 
Morphological Properties of Indian Wheat Crop,” pp. 1–18. 
[68] Spitas, V., Costopoulos, T., and Spitas, C., 2007, “Fast 
Modeling of Conjugate Gear Tooth Profiles Using Discrete 
Presentation by Involute Segments,” Mech. Mach. Theory, 
42(6), pp. 751–762. 
[69] Khabou, M. T., Bouchaala, N., Chaari, F., Fakhfakh, T., 
and Haddar, M., 2011, “Study of a Spur Gear Dynamic Behavior 
in Transient Regime,” Mech. Syst. Signal Process., 25(8), pp. 
3089–3101. 
[70] Eritenel, T., and Parker, R. G., 2012, “Three-Dimensional 
Nonlinear Vibration of Gear Pairs,” J. Sound Vib., 331(15), pp. 
3628–3648. 
[71] Guerine, A., El Hami, A., Walha, L., Fakhfakh, T., and 
Haddar, M., 2016, “Dynamic Response of a Spur Gear System 
with Uncertain Parameters,” J. Theor. Appl. Mech., 0, p. 1039. 
[72] Begg, C. D., Byington, C. S., and Maynard, K. P., 2000, 
“Dynamic Simulation of Mechanical Fault Transition,” Proc. 54th 
Meet. Soc. Mach. Fail. Prev. Technol. Virginia Beach, VA, pp. 
203–212. 
[73] Mohammed, O. D., 2015, Dynamic Modelling and 
Vibration Analysis for Gear Tooth Crack Detection. 

 
 
 

 
 


