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Abstract - The Life Cycle Cost (LCC) includes the cumulative monetary effect accrued by a specific component or machine 

during its life span of usage, right from its design to its disposal. The Life Cycle Cost for a Milling Machine Spindle is 

divided widely into four stages namely, the design phase, manufacturing phase, the operation & maintenance phase, and the 

disposal phase. These phases come along with their respective costs associated with the specific component of the machine 

selected; in this case- spindle. The costs can further be classified into two categories i.e., one time costs and repetitive costs. 

the one-time costs are accrued by the component only once such as The R&D cost or The design fabrication cost whereas, 

repetitive costs are accrued over and over during the whole operation like the machining costs and transportation costs. The 

calculation of theoretical costs provides a reference for comparison and the methods/ concepts employed include weighted 

average method, probability distribution method, and Delphi method. The methods employed to accumulate the theoretical 

costs mostly included Delphi Method and the one employed in the optimization of the same includes regression/ control 

analysis by Graphical Method. The values obtained from the regression/ control analysis are termed to be as the optimum 

values for the LCC of the selected component i.e., spindle. The analysis and research for the same were aimed at collecting 

the theoretical and practical values of the various costs of the selected component and providing a comparison of both. 

Thereafter, the optimization techniques are applied in order to find and confirm a hypothesis regarding the same, it exists. 

 

Keywords - LCC (Life Cycle Cost), Spindle, Milling Machine, Weighted Average, Probability Distribution, Delphi Method, 

Regression Analysis, Phases of Life Span, MTBF (Mean Time Between Failures), MTTR (Mean Time To Repair). 

 

I. INTRODUCTION 

 

Life Cycle Cost refers to the overall cost incurred by 

a specific component during its whole life-span, right 

from its design and development to its disposal and 

retirement and is also discussed by Hatch and 

Badinelli, (1999) stating that  four stages i.e., system 

design, production operations, field operations, and 

retirement comprise the life cycle of every system. 

This also creates a ground for the need of the LCC 

analysis of a product and its life as  product when 

designed after considering  proper issues related to 

the support, maintenance, service delivery 

performance and the competence and capability of 

users then, it can be called a major source of revenue 

for the manufacturer and users (Markeset & Kumar, 

2003). This can be generalized to any type of 

material, product, or system. In order to perform an 

LCCA, scoping is critical - what aspects are to be 

included and what not? If the scope becomes too 

large the tool may become impractical to use and of 

limited ability to help in decision-making and 

consideration of alternatives; if the scope is too small 

then the results may be skewed by the choice of 

factors considered such that the output becomes 

unreliable or partisan. 

 

The product considered in this research is the milling 

machine spindle because of the lack of work 

abundance in this field. LCC analysis of the spindle 

includes the accumulation of various costs and their 

categorization into various stages of its lifelike, 

Design, Maintenance, Operation, Disposal, etc. Some 

particular costs are associated with each and every 

stage of product life cycle like cost of maintenance, 

repairs, etc. (Lad & Kulkarni, 2008). These sub-costs 

are then calculated and prioritized according to their 

contribution share in the overall LCC. This research 

shows that LCC analysis can be conducted in two 

approaches: deterministic and probabilistic method. 

The former one includes qualitative methods like 

Delphi, etc. while the latter includes quantitative 

ones. However, this suffers from a limited acceptance 

due to the absence of standard references and is 

particularly important in various methods where 

many of the benefits of strategic choices can often 

only be understood and justified when casting in a 

life-cycle context (Cole & Sterner, 2000). The 

essence of analysis is generally understood as an 

alternative approach for comparing various costing 

methods and also,  enabling operational cost benefits 

to be evaluated against any initial cost increases as 

discussed by Anand & Wani, (2010). 

 

The main objectives of this paper are as follows: 

 Determining the costs associated with various 

stages of life-span of a milling machine spindle. 

 Comparison of these costs in order to implement 

optimization techniques. 

 Finding out the optimum values of the Life Cycle 

Cost of the spindle. 

 Formulating generic and applicable functions to 

the LCC components of the spindle. 

 Formulating a firm hypothesis on the basis of 

findings. 

 

This paper is further structured as follows: 
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Section 2 provides the Literature Review on  Life 

Cycle Cost Analysis and the same related to the 

milling machine spindle. In section 3, the paper talks 

about the methodology applied which includes 

various models on which the research is based. 

Section 4 & 5 depict the analysis of the data collected 

and the results found, respectively. This is followed 

by concluding remarks in Section 6, bibliography and 

references in sections 7 & 8, respectively. 

 

II. LITERATURE REVIEW 

 

The concerned research in this field poses a credible 

need for the estimation of various LCC components 

over a milling machine spindle. As the shortcomings 

include the absence of a standard reference that can 

be used to calibrate the results obtained. This can be 

overcome by the implementation of optimization 

techniques over the data obtained. 

Now, the whole research work is poised to 

accumulate various resources, collect the theoretical 

data and compare it with the practical one and 

implement optimisation method over the same. This 

method can also be used to find various generic 

functions of these costs as discussed by Barbera et al., 

(2012) which states that the applicable functions of 

various costs at each stage can be used to determine 

the related costs and applying the same during the 

whole cycle. Various costs obtained in the analysis of 

the spindle of a milling machine can be categorised 

into four wide stages of life-span. Each span comes 

with some sub-costs of itself which constitute 

together to form the overall LCC of the spindle. Some 

costs are even left uncovered while applying this 

method which needs to be taken care of. Costs like 

acquisition and sustaining costs are sometimes 

mutually exclusive and as far as the acquisition of 

equipment or processes, always require extra costs to 

sustain the acquisition, and this can’t be sustained 

without having acquired the item (Waghmode et al., 

2006). 

The results obtained after the implementation of the 

optimization generate a clear field to analyze the 

optimum values of the overall as well as, staged LCC. 

These results can be used to provide a quantitative 

analysis of the research objectives. As it is clear from 

the literature review,  there is not much work reported 

to date for the analysis and optimization of LCC of a 

milling machine spindle and also, the use of 

regression analysis in this regard is not common 

hence, this research is an attempt in this regard. 

 

III. METHODOLOGY 

 

The methodology of the concerned research work is 

divided into various stages which makes it an easy 

task to cover all the aspects. The flow of the 

methodology employed is explained superficially in 

Figure 1.  The subsequent stages come under these 

major stages which include, the accumulation of 

theoretical and practical costs, their comparison, 

implementation of optimization techniques and 

forming a hypothesis (if exists) on the basis of this.  

Also, the detailed flowchart of the same methodology 

can be explained as per Figure 2 which talks about 

each and every step to be conducted in order to 

conduct LCCA for the selected component. 

The concerned research has presented the following 

 

 
Figure 1: The stages of Methodology 

 

somewhat more specific applications of life cycle 

cost analyses: 

 Determining cost drivers; Forecasting future 

budget needs; Selecting the most effective 

procurement strategy. 

 Improving comprehension of fundamental 

design-related parameters in equipment or 

system design and development; Formulating 

contractor incentives. 

 Optimizing appropriate training needs; Choosing 

among options; Making strategic decisions and 

design trade-offs. 

 Providing effective objectives for program 

control; Assessing new technology application; 

and 

 Carrying outsources selections. 

 

 

 
 

Figure 2: Flowchart of thMethodology 

 

Now, the sole purpose of performing the LCC 

analysis is to get an overview and control over 

product failure. The chances of product failure are not 
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only affected by the preventive maintenance. Higher 

LCC can also be a product of inadequate addressing 

of system performance (Asjad et al., 2013). Now, 

there are various models and theories pre-existing in 

the field of Life Cycle Costing, on which this 

research is based. In this model over which the 

research is based, the equipment or system life cycle 

cost is divided into two main parts: recurring cost and 

nonrecurring cost (Dhillon, 2009). 

 

LCC =  RC + NRC                              (1) 

 

RC is recurring cost; NRC is a non-recurring cost. 

The recurring cost, RC, is expressed by: 

 

RC= OC + IC + SC+ MC + MTC                 (2) 

 

OC is operating cost; IC is inventory cost; SC is 

support cost; MC is manpower cost; MTC is 

maintenance cost. 

The nonrecurring cost, NRC, is expressed by: 

 

NRC =  Cp + Ci + Cq + Cr + Ct + Crm + Cs    (3) 

 

Cp is procurement cost; Ci is installation cost; Cq is 

qualification approval cost; Cr is research 

and development cost; Ct is training cost; Crm is 

reliability and maintainability improvement cost; Cs 

is support cost (Dhillon, 2009). 

Also, these cost equations can be found with some 

different notations as follows: 

LCC  = C1 + C2 + C3 + C4 + C5      (4) 

 

C1 is research and development cost; C2 is the cost of 

associated systems; C3 is investment cost; C4 is 

termination cost; C5 is operating and support cost. 

LCC = Ccp + Cdp + Cpp + Cop   (5) 

 

LCC is life cycle cost; Ccp is a cost associated with 

the conceptual phase; Cdp is cost associated with the 

definition phase; Cpp is cost associated with the 

procurement phase; Cop is cost associated with the 

operational phase (Dhillon, 2009). 

 

Also, there are different approaches pre-existing in 

the field for the purpose of cost calculation out of 

which some include Generative cost estimating, 

Parametric cost estimating and modeling approaches 

as discussed by Newnes et al., (2008).  Now, the 

approach or the model on which the research is based 

on can be called an amalgamation of the above 

discussed LCC Models. According to this, the whole 

LCC of the milling machine spindle is categorized 

into sub-parts or phases of life span. Then, different 

costs related to these phases are found individually 

along with their share of contribution in the LCC. 

These costs help to find the total LCC of the spindle 

and also, a generic function that can be used to 

predict the unknowns as well. 

 

IV. ANALYSIS 

 

The component selected is the spindle of the milling 

machine. Two samples were collected of following 

specifications: 

Sample 1: BT-50 (Stainless Steel) by Triquench 

India. 

Sample 2: BT-30A (Carbide Steel) by Triquench 

India. 

Upon analysis of the component, the various costs 

involved were found. These costs are put up in a 

tabular format which is displayed in Table 1. These 

costs are categorized on two bases namely, Type of 

Phase and Type of Cost. The costs can be one of the 

two: One-Time or Recurring. 

The various costs involved are given as follows: 

 

S. 

No. 
Name of Cost 

Phase 

Type 
Cost Type 

1. Design Initiation Design One Time 

2. Design Fabrication Design One Time 

3. R&D Design One Time 

4. Modeling Design One Time 

5. Model Analysis Design One Time 

6. Design Dispatch Mfg One Time 

7. Machining Mfg Recurring 

8. Production Mfg Recurring 

9. Inspection Mfg Recurring 

10. Inventory Control Mfg Recurring 

11. Storage Mfg Recurring 

12. Transportation Mfg Recurring 

13. Maintenance Op Recurring 

14. Repair Cost Op Recurring 

15. Diagnosis Op Recurring 

16. 
Spare Parts 

Inventory 
Op Recurring 

17. Demounting Disp Recurring 

18. Scrapping Disp Recurring 

19. Recycling Disp Recurring 

20. Dumping Disp Recurring 
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21. Waste Treatment Disp Recurring 

22. Transport Disp Recurring 

Table 1: Various costs comprising of LCC 

 

Now, these costs, as seen in Table 1 are identified and 

there theoretical, as well as practical values, are 

obtained and a comparison is made. Thereafter, 

optimisation techniques are implemented. The 

theoretical values of these costs are presented in 

Table 2 which shows the closest theoretical value of 

these costs collected via Weighted Average Method 

and Probability Distribution Method. 

Now, in order to create a comparison and to perform 

the regression/control analysis, the practical values of 

these costs are also recorded via Delphi Method and 

presented in a tabular format which is shown in Table 

3. These costs conform to the closest value of the 

operational factors. 

Now, these values are taken into account for 

comparison after plotting the values on graphs as 

coordinates. After the graphs are plotted, the 

regression/ control analysis is done on the graphs in 

order to find the most optimum values. 

 

The steps to perform regression/ control analysis 

along with the actual excerpt performed for the same 

(Figure 3), is given as follows: 

 Fabricate the smooth hand curves of the given 

graphical comparison. This is done in order to 

accumulate the local control points of the curve. 

 Draw the standard regression lines at θ=30°, 45°, 

60°. Here, θ is called the Regression Argument. 

For more optimized results and convenient 

calculations, we take the argument to be 45°. 

 Plot the points where the standard regression 

lines cut the smooth hand curve. Extend these to 

find the abscissa and ordinate. These points 

represent the optimum values. 

 Now, these points can also be used to find a 

general parametric equation that represents the 

trend of this particular LCC component. In order 

to do that, one or more components of LCC must 

be assumed to be free from fluctuations while 

varying the other. 

e.g., If, the R&D cost of a specific component is fixed 

then, a parametric equation signifying the trend of 

Manufacturing and Operation costs can be found. 

 

Let the R&D cost be, Ds. And, the Mfg cost is taken 

to be a total of two or more components say, M1, M2 

and so on. 

So, the cumulative Mfg cost will be: 

M= aM1+bM2+cM3+..........              (6) 

So, with the help of the slope-intercept form, i.e., 

y = mx+c 

where c is a constant. 

We get, y = Mx + Ds       (7) 

Or,  y = (aM1+bM2+cM3+.....)x + Ds (8)        

Where a, b, c and Ds are constants. 

Eqn (8) thus obtained can be used to signify the 

general trend of a specific LCC component. This 

equation can also be extended further to find a 

parametric equation for overall LCC. 

 

 
Table 2: Theoretical Values of LCC components 

 

This regression analysis is shown in Figure 3 which 

demonstrates the calculation of the optimum values 

of the specific LCC components for the 

Manufacturing Phase of both samples. 
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Now, as shown in Figure 3, three standard regression 

lines are drawn at different regression arguments. 

The points at which these regression lines intersect 

the smooth curve, give the values of optimum costs of 

the LCC component, in this case; the manufacturing 

Phase. 

 

 
Table 3: Practical Values of LCC components 

 

These points are: 

Sample 1: 

Ay1=21,814 (Optimum Machining Cost) 

By1=13,765 (Optimum Transport Cost) 

Cy1=7,591 (Optimum Inventory Cost) 

Overall Optimum LCC = 43,170 (Mfg Phase) 

Normal (Unoptimised) LCC = 53,453 (Mfg Phase) 

 

Figure 3: Actual Excerpt of the Regression/ Control Analysis 

 

Sample 2: 

Ay2=25,876 (Optimum Machining Cost) 

By2=15,082 (Optimum Transport Cost) 

Cy2=7,591 (Optimum Inventory Cost) 

Overall Optimum LCC = 48,549 (Mfg Phase) 

Normal (Unoptimised) LCC = 60,001 (Mfg Phase) 

 

Similarly, the Optimum LCC component values can 

be determined for other phases too along with their 

parametric equations. Inclusion of systematic 

identification of maintenance-related losses, 

developing guidelines for achieving enhanced 

manufacturing system performance and setting up 

targets is the characteristic of the existing study 

regime (Ahuja & Khamba, 2007). 

 

V. RESULT 

 

As far as the objectives of the research are concerned, 

the results obtained were quite plausible and free 

from any major deviation. These results are discussed 

as follows: 

 The LCC components of the milling 

machine spindle at every stage of the life 

cycle are studied, analyzed and determined. 

These costs; theoretical and practical, are 

used to provide a graphical comparison just 

to ensure the limitation of errors. 

 With the help of optimization techniques, 

the optimum values of LCC components as 

well as overall LCC, are found. The 

Regression/ Control Analysis helps in 

finding the most suitable pinpoints over the 

entire spatial representation of the costs. 

 General parametric equations are formed to 

signify the trend of various LCC 

components. These parametric equations 

once formed, can be used to find a large 
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number of values under different conditions 

by simple interpolation. 

Apart from this, the results also show a positive 

correlation with the existing hypotheses regarding the 

LCC components. 

 

VI. CONCLUSION 

 

The paper has presented a detailed life cycle cost 

analysis of typical milling machine spindle. The 

results thus obtained are compared with theoretical 

life cycle costs of few similar systems reported in the 

literature. From this comparison, it can be concluded 

that: 

 

 The initial cost of the milling machine spindle is 

the only fraction of the total life cycle cost. 

 The manufacturing cost of the spindle dominates 

the life cycle costs especially in case of heavy 

usage milling machines. 

 As found from the Regression/ Control analysis, 

the manufacturing, as well as operation costs, 

appear to have a more contributing share in the 

overall LCC of the spindle, as compared to that 

of Disposal and Design Phase. 

 The design phase costs are, moreover constant 

over a single batch of spindles that constitute a 

specific type and make. 

 There seems to be no sense of performing 

optimization on Design costs as they are the one-

time costs and show no major fluctuation. 

 There exists a general trend that is signified by a 

parametric equation formed by assuming some 

costs to be constant and this equation can be used 

to determine other parameters as well. 

 

The LCC components can be calculated with good 

accuracy. However, estimates of maintenance and 

repair costs require precise records of failure data of 

components/systems. This mainly includes observed 

MTBF and failure rate for each component, labor 

hours and skill level required to perform repair and 

maintenance, elapsed time for repair and 

maintenance, administrative and logistic delays, 

frequency of preventive maintenance and cost of 

repair, etc. 

 

NOMENCLATURE 

 

MTBF - Mean Time Between Failures 

MTTR - Mean Time To Repair 

MTTF - Mean Time To Failure 

ƛ1 - Failure Rate Per Hour 

ƛ2 - Failure Rate Per Year 

Tmp - Mean Preventive Maintenance Time 

MLha - Annual Mean Maintenance Labor Hour 

RC - Recurring Cost 

NRC - Non-Recurring Cost 

OOLCC - Overall Optimum Life Cycle Cost 

LCCA - Life Cycle Cost Analysis/ Accounting 
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