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Abstract 
This article presents an approach for increasing the maintenance technician’s reliability by 

considering the human fault rate as utility function’s maximization problem in the technician’s 

training process. Adequately trained technicians are capable to perform a maintenance and manage 

the reliability of their assigned assets within the complex aircraft systems. In general, a degradation 

of aircraft reliability, due to maintenance tecnician’s competency, typically leads to significant, 

undesirable safety and economic consequences. In this article, an optimal control theory is applied on 

the purpose of finding of a fault rate reduction series in the training process which leads to highest 

technician’s reliability in the maintenance process of the complex aircraft systems. 

 

 

Introduction 
 

Aircrafts equipment and systems are becoming more complex, as well as 

the associated cost is significantly increasing due to loss of operation in case of 

failure. In aviation domain, four aspects are considered – reliability, 

maintainability, availability and safety (RAMS). From theoretical background 

point of view and practical observations, the reliability level is decreasing by 

accumulating the time in the field. Therefore, it is very important to keep an 

aircraft reliability above a critical (lower) level to not compromising the aviation 

safety. Aviation safety is a domain which is being threated by many agents [1]. 

One should note that, on one hand, errors related to maintenance can be more 

difficult to detect and, on other hand, they have the potential to affect the safe 

operation of aircraft for some time period. Technical/maintenance failure emerged 

as the leading cause of airline accidents and fatalities [2]. Improperly trained 

maintenance technicians is one of the contributing factors to aircraft accidents [4]. 

Some authors describe about US National Transport Safety Board (NTSB) reports 

related to deficient maintenance of 50% – 7 out of 14 airline accidents [2]. Another 

analysis on the accidents in the period 1990–2006, done by EASA, shows the 

major cause was maintenance [5]. International Air Transport Association (IATA) 
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safety report stated on average about 10% were maintenance events which led to 

aircraft accidents (2009–2013) [6]. For the same time period, maintenance 

operations together with training systems were highlighted to be a latent cause for 

27 out of 338 non-fatal accidents [6]. Another study shows that maintenance 

factors (6%) take the third rank [7]. IATA (2003–2008) stated that incorrectly 

performed maintenance was a primary cause for 30% (on average) of the registered 

worldwide accidents with aircrafts [8]. Another study from Boeing shows that 20% 

of the accidents contained maintenance or inspection action [3]. In United 

Kingdom, Civil Aviation Authority (CAA) has reported that 10% of recorded 

events are maintenance related. For 10 years period (1996–2006): 51.1% were 

assigned to incorrect maintenance actions, 26.2% to ineffective maintenance 

control and 20.7% to incomplete maintenance [9]. Some other studies focused on 

fatality of maintenance related accidents. For the time period between 1999 and 

2008, 26.7% of all fatal accidents were maintenance related [4]. 

Maintenance errors do not only cause safety issues but also have 

significant economic impact and they are very costly to the industry. Maintenance 

errors may cause, for example, aircraft unavailability, in-flight shut downs, 

maintenance rework, maintenance equipment damage and injury to maintenance 

personnel. Some estimations show a cost of USD 500 000 (per engine in-flight 

shutdown) [1]. 

The growing demand for maintenance personnel will require highly 

qualified technicians. For example, the need for Europe region will be 

approximately 130 000 new technicians who should be available to maintain the 

new aircrafts during the next 20 years [1]. 

One can conclude that the human’s reliability is a very important part of 

aircraft/aerospace systems reliability and safety, for example, see [10–17]. 

However, many studies in that area do not consider utility function and dynamic 

optimization in their modelling. The main goal of the proposed study is to find an 

approach how to increase the technician’s reliability by considering the fault rate as 

utility function’s maximization problem in the technician’s training process. 

 
Theoretical Background 
 

Suppose a maintenance technician’s full working capability restoration 

after a dedicated technical training where the probability of fault-free operating for 

a given time t is defined by the following expression [19]:  
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By analogy to the reliability theory, the term under the first exponent is associated 

with the technician’s reliability [19]:  
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In (2) the first term
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is called an exhausted reliability for a time 

t under conditions ε [19]. The second term 
 


0

dl),l(),(

is called a restored 

reliability which is obtained in the technician’s training process for a time τ under 

conditions ξ. The technician’s reliability can be then expressed in the following 

simplified way [19]:  
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After reviewing (3), one can make a conclusion that the technician’s 

reliability 
),(0 qR

is decreasing when the exhausted reliability q is higher, 

and
),(0 qR

is increasing when the restored reliability γ is higher.  

Let’s consider in our case study the following problem – the restored reliability 

term
 


0

dl),l(),(

where the technician’s fault rate υ to be considered as utility 

function which needs to be maximized on the purpose of obtaining as high as 

possible technician’s reliability in the training process. An optimal control theory 

(dynamic optimization) will be further applied to solve this problem.  

Nowadays, the applied mathematical modeling (e.g. applied optimization) is 

widely used in many research areas – for example, see [18, 20]. 

First, suppose an optimal control task defined over the following frame with 

periods: 0, 1, 2, ...T  [18]. The general consideration is that the state variable tx  is 

measured at the beginning of each period t and the control variable tu  is applied 

during this period t . Fig. 1 shows this problem statement: 

 

 
 

Fig. 1. Discrete time optimal control problem 

 

with some functions which are continuously differentiable: 
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The modeling of the problem stated above can be done in the following 

way [20]: 
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where: the above expression (4) is a subject to the following constraints: 
 

(5)          1,...,1,0,,,1   Tttuxfxxx ttttt  

0x – given          

( , ) , 0,1,..., 1t tg u t b t T    

 

However, in the real practice, due to some feasibility reasons, it is 

impossible to have records in continuous time. Therefore, having a daily 

information, the time series of fault rate control can be expressed as [20]: 
 

(6)         0 1 2, , ,...., Tu u u u u       
  

Next, supposing the total time period in our case study T=10 days (i.e. the 

scheduled techncian’s training period is 10 days), the objective function in our 

optimization problem can be expressed by [20]: 
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where: ( )tC u – cash flow for t-th day; 

           1/(1 )r   – discounting factor; 

           r – the interest rate. 

 

From a financial theoretical background point of view, (7) can be 

considered as net present value (NPV) and in many practical tasks can be modeled 

with a power function [20]: 
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To maximize the objective function (8), the qualified trainer/instructor can 

decide to apply the time series of fault rate control in (6) with a constraint shown 

on equation (9) [20]: 
 

(9)        1t t tx x u             

To proceed further with the task, a numerical solution to a problem related 

to dynamic optimization requires two endpoint conditions. Suppose the 

technician’s initial fault rate is 2.5 [1/day] and the trainer/instructor has planned to 

deliver the training for time period of 10 days. Then in this case study are assumed: 

the initial condition 0x = 2.5 [1/day] and final one 10 0Tx x  .  

 
Results and discussion 
 

The task described above is solved by using Microsoft Excel® software 

where expressions (1) – (9) are introduced in a spreadsheet format. In Table 1 are 

shown the inputs together with the equations listed in the theoretical chapter: 

 

    Table 1. Inputs for our case study 

 
 

As a starting point, the inputs in our study: (see (8), note: 0< <1) and 

the interest rate r are assumed to be 0.8 and 8% respectively. The cell B3 in Table 1 

is dedicated on computing the discounting factor in (7). The equation (9) is 

implemented in column C which represents the time series of the technician’s fault 
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rate. At the beginning of each day, the fault rate is equal to the fault rate of the 

beginning of previous day minus the reduced fault rate in previous day (see (9)).   

The initial fault rate is 0x  = 2.5 [1/day] which is shown in cell C6. Applying 

“Solver” algorithm introduced by Microsoft Excel® which requires initial guess 

values of the optimal time series of fault rate. And at 1st iteration, suppose that the 

fault rate is controlled uniformly each day, for example, with 0.25 [1/day] (cells 

B6:B15 in Table 1). In the column D in spreadsheet is shown the DCF(t) which 

stands for discounted cash flow gained during day t, i.e.
t

tu


. The cell D18 shows 

the net present value denoted by (8).  

The NPV given by (8) depends on the initial fault rate 0x  and on the fault 

rate control u , i.e. 0( , )V x u
=2.39  if 0x =2.5 and uniform fault rate series of 0.25 

[1/day]. One may conclude in that case the uniform fault rate series is not optimal 

when the future cash flows are subject to discounting factor. Applying the 

optimization algorithm in that case, the optimal fault rate series u  can be found 

which maximizes the NPV in (8). The non-negative constraints on control and state 

variable can be seen in the “Solver’s dialog box (see Table 1). 

The results are now shown in Table 2. Then the optimal fault rate reduction 

series is: 0.82 [1/day] in day t = 0; 0.56 [1/day] in day t = 1; 0.38 [1/day] in day t = 

2; etc. In that case of the optimal fault rate series is applied, and then the global 

objective function (cell D18) increases from 2.39 up to 2.60. It is interesting to 

highlight that the optimal fault rate series is with a slope that is declining due to the 

fact that the discounting factor accelerates the technician’s fault rate reduction.  

 

 Table 2. Optimal solution for fault rate reduction 
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Let’s now perform some sensitivity analysis, i.e. to highlight the influence 

of the interest rate over the optimal solution- going back to Table 1 to change the 

interest rate (cell B2), and then again running “Solver” algorithm. Table 3 shows 

the new optimal solution.  

By choosing an increased interest rate- this accelerates faster fault rate 

reduction: 0.96 [1/day] for day t = 0; 0.59 [1/day] in day t = 1; then smaller 

reduction with respect to the modified interest rate (0.1). The new optimal fault rate 

series is with higher slope since the future cash flows are discounted with higher 

value. The NPV increases up to 2.52 with the new optimal series. In this case, the 

higher discounting value is impacting the DCF value which is 2.52, even with 

optimal values.  

 

  Table 3. Case with modified interest rate 

 

 
We need to highlight that significant factors impacting the optimal fault rate 

control are the discounting factor which induces that the fault rate has to be 

reduced faster. However, this effect is suppressed by the decreasing returns of the 

daily cash flow. 

Reviewing now Table 4 which is showing the optimal fault rate series for 

the case when the input is modified: from 0.8 to 0.85 and the “Solver” algorithm 

is started again- here the new optimal fault rate series is even steeper: 1 [1/day] for 

day t = 0; 0.6 [1/day] for day t = 1; 0.36 [1/day] for day t = 2; etc. It should be 

noted that approximately 80% from the (initial) fault rate is expected to be reduced 

over the first 4 days of the technician’s training.  
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  Table 4. Case with modified “alpha” parameter 

 

 
Let’s consider a numerical example of a restored reliability computation- 

see second term
 


0

dl),l(),(

of (3). Consider the results summarized in Tables 1 

and 2: uniform series of fault rate reduction vs optimal fault rate reduction series- 

the fault rate vs training day is plotted in Fig. 2: 

 

 
 

Fig. 2. Fault rate reduction vs training days 
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The restored reliability (exp(-υt), where: υ-fault rate[1/day] at day t) of 

uniform vs optimal fault rate series is plotted in Fig. 3. One can conclude that in 

case of optimal fault rate reduction series the restored reliability has a steeper slope 

(i.e. increasing faster) than the case with uniform fault rate reduction series: 

 

 

Fig. 3. Restored reliability vs training days 

 
Conclusion  

 

In this section, I would like to summarize some of the most important 

outcomes obtained by the proposed research study which are: 

Maximized technician’s utility function (8) requires an optimal fault rate control 

series u  during the considered technician’s training period.  

The increasing in the technician’s restored reliability shows steeper slope 

for the case of optimal fault rate reduction series compared to uniform fault rate 

reduction series (Fig. 3). For example, 63% of restored reliability in case of an 

optimal fault rate reduction series is obtained at about t = 4 days while in case of an 

uniform fault rate reduction series this value is obtained at about t = 8 days. 

The influence of the interest rate over the optimal solution has been 

analyzed via performing a sensitivity study. Faster fault rate reduction can be 

accelerated by increasing the interest rate (Table 4): approximately 80% from the 

(initial) fault rate is expected to be reduced during the first 4 days of the 

technician’s training. 

The proposed study suggests an overlapping between today’s very 

important and modern subjects like financial modeling, applied optimization and 

human reliability. 
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ПОДХОД ЗА ПОВИШАВАНЕ НА НАДЕЖДНОСТТА НА ЧОВЕКА  

ПРИ ТРЕНИРОВЪЧНИЯ ПРОЦЕС НА ТЕХНИЦИТЕ 

ЕКСПЛОАТИРАЩИ АВИАЦИОННА ТЕХНИКА 

 
Ангел Танев

 

 
Резюме 

Статията представя подход за повишаване на надеждността на тех-

ника по експлоатация на авиационна техника, като разглежда интензивността 

на грешките на човека като проблем на оптимизация на функция на полез-

ност в процеса на обучение на техника. Адекватно обучените техници са в 

състояние да извършват поддръжка и да управляват надеждността на въз-

ложените им активи. Като цяло, влошаването на надеждността на авиацион-

ната техника поради некомпетентността на техника за техническо обслуж-

ване обикновено води до значителни, нежелани последици свързани с безо-

пасността и икономически загуби. В тази статия е приложена оптимална 

теория за управление с цел намиране на серия на редуциране на грешките в 

процеса на обучение, което води до най-висока надеждност на техника при 

експлоатация на сложните авиационни системи. 


