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Abstract. The paper presents a method to evaluate the reliability of deliveries with the application of Reliasoft Weibull++ software. The first stage in the proposed method 
was to collect data on outbound deliveries on a monthly basis and convert them into reliability data (life data). Next, by combining selected statistical tests and the maximum 
likelihood estimation method, the most accurate model of reliability of deliveries was obtained. Using the model which was generated, selected reliability indices were 
determined, such as: reliability of deliveries, unreliability of deliveries, failure rate of deliveries. Consequently, the number of future failed deliveries was forecast, taking into 
account the confidence bounds. The approach presented may be easily applied in companies in the logistics sector. The authors underlined that the reliability of deliveries 
is one of the key factors determining business competitiveness.  
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1 INTRODUCTION 

 
Assessment of the reliability of deliveries in logistic 

services is one of the most important issues that refer to the 
quality level of logistic systems. It plays a significant role 
in forecasting the number of returned deliveries. 

In general, reliability is the probability that a 
component or a system will perform the required function 
for a given period of time when used under pre-determined 
operating conditions [11]. Reliability plays an important 
role in logistics services, shaping many delivery-related 
parameters. These include, first and foremost: punctuality, 
completeness and accuracy of deliveries. The concept of 
reliability in logistics means that all work related to the 
delivery will be carried out without any interference. The 
goal of such actions is to keep the warranty returns as low 
as possible. This may be done thanks to the provision of 
adequate technical facilities as well as accurate preparation 
of documentation related to deliveries. The term reliability 
of deliveries also means informing the customer about the 
current delivery status and providing relevant information 
in the event of the impossibility of delivering the goods or 
providing the service within a predetermined period. [4, 9, 
10, 26]. 

Reliability involves almost all aspects related to the 
characteristics of deliveries, from cost management, 
customer satisfaction, proper management of resources, 
through the ability to sell products or services, to safety and 
product quality [17]. Reliability analysis as the one of the 
factors determining the customerꞌs satisfaction level was the 
topic of scientific research projects pursued by the many 
authors. For example, Meng Lian, Lin and Chen analysed 
inter alia: the Quick Response Systems, complete customer 
service, integration of system inventory, on-time delivery 
and service safety [12]. 

Nowadays, there is a need to increase the reliability of 
deliveries in the area of logistic services. New methods 
require to be developed or existing ones should be improved 
to assess reliability. Of particular importance is the 
schematic approach in which deliveries are presented as an 
organized set of elements related to the transportation 
process. The reliability analysis provides a schematic 
approach which plays a significant role in assessing the 
number of returns. It allows preventive measures to be taken 
in order to improve the efficiency of deliveries. 

Based on a detailed analysis of selected scientific 
papers, the authors consider the following research to be the 
right approach. 

 
2 LITERATURE REVIEW 

 
According to one of the concepts, the reliability of 

deliveries is understood to mean the ability of the system to 
carry out, in an undisturbed fashion, the process of 
delivering the required logistic resources (spare parts, crew, 
equipment, etc.) to the technical system. One definition of 
reliability of deliveries states that it is a feature that 
determines the degree of satisfaction of customer needs 
throughout the entire supply chain, whose functioning 
cannot be disturbed by the appearance of any failure. This 
is clearly related to achieving the requirements set by the 
customer, [2, 7]. 

Despite the existence of many definitions of reliability 
of supply in logistics, this concept has still not been fully 
explained to date. It is often equated with probabilistic and 
deterministic approaches. The deterministic feature 
includes the fulfilment or failure to fulfil the particular 
criteria, whereas the probabilistic approach uses 
mathematical models to describe random phenomena that 
affect supply disruptions. This is also associated with the 
concept of availability, which determines the share of these 
disturbances during the delivery process. It is important in 
mathematical modelling to determine the duration of the 
delivery and to determine the conditions for its 
implementation. This affects the maintainability of 
delivery. This is the property regarding the provision and 
maintenance of delivery conditions at the highest level. It 
includes both crews and services, which should be 
supported by additional external technical measures. [13, 
16, 20]. 

In order to demonstrate the high importance of 
reliability of deliveries in terms of competitiveness of 
logistics services, a survey was conducted. Quantitative 
research was carried out in accordance with literature 
recommendations. A specially prepared questionnaire was 
sent to both service providers and recipients. The results of 
the survey were to give a picture of the difference in the 
perception of goals by these two groups. The survey 
concerned 46 enterprises that provided their services in the 
area of refrigerated transport and 269 recipient enterprises. 
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Two-phase studies were performed in 2010 and 2012. The 
vast majority of service providers (70%) as well as a 
significant part of recipients (40%) unanimously 
recognized reliability as an important key determining the 
competitiveness of a company. [14, 18]. 

The presented preliminary results testify to the 
importance of reliability of deliveries for the company's 
competitiveness. Therefore, it seems reasonable to develop 
methods to determine the amount of warranty returns. As a 
result, it will be possible to develop preventive strategies for 
companies that will improve their efficiency. Commonly 
used methods for forecasting and returning unfit goods and 
services are based on historical data from internal enterprise 
databases. [8]. 

In recent years, there has been a noticeable increase in 
the importance of quality of supply, which consists of 
reliability and security. This is evidenced by the topics 
discussed as part of the publication [3, 19]. Researchers 
propose new methods for analysing warranty returns. A 
good example is the automotive industry, where there is a 
problem of providing the required number of spare parts in 
response to customer complaints. Often in the analyses 
related to warranty returns the problem of costs is raised.  

In selected works, historical data and data resulting 
from the specificity of the analysis object are used. For 
motor vehicles, their age, use and maintenance data may be 
taken into account. The proposed methods usually have a 
number of advantages, but they are also not without 
restrictions. Most often, these limitations are complicated 
mathematical equations that are difficult to use in practice. 
Classic reliability analyses are proposed, which are often 
supported by the use of specialized computer tools [1, 23]. 

Some papers deal with the problem of warranty 
analysis when incomplete returns data are only available. 
The example is the work [5], in which the authors used a 
two-dimensional model, and also developed a diagnostic 
tool for obtaining information on irregularities in deliveries 
and changes in the function of failure rate function [5]. On 
the other hand, Tsoukalas & Agrafiotis Agrafiotis took into 
account the age and use of a non-renewable object in his 
work. The impact of replacement costs for failed 
components was also analysed. [21]. Huang et. all 
developed a two-dimensional warranty policy for a 
repairable product, taking into account the productꞌs 
lifetime and usage. The proposed model uses Weibull 
distribution to model the breakdown process [6]. In turn, the 
authors of paper [22] proposed a new approach to reliability 
improvement by reducing the costs of warranty claims 
servicing. To show the applicability of the proposed 
solution, a numerical example was used. 

Fig. 1 presents the results of research regarding the 
importance of reliability deliveries as one of the most 
important factors determining the level of competitiveness 
of a company operating in the field of refrigerated transport. 
In the opinion of about 70% of the representatives of service 
providers and over 40% of the representatives of customers, 
the reliability of deliveries is in the particular importance 
for determining the level of the companyꞌs competitiveness 
[2]. 

Sometimes, the sales process becomes uncertain due to 
its intermittence. Hence, it is difficult to predict the 
warranty demand. To solve this inconvenience, the authors 
developed a forecasting technique to estimate the warranty 

demands for time-varying sales processes [25]. The 
uncertainty existing in the process of optimization of the 
warranty policies was also the topic of paper [24]. The 
authors discussed the issue concerned with the optimization 
of warranty policies. They applied a real-world example to 
underline the application of the novel method. 
 

 
Figure 1 Importance of the reliability of deliveries 

 
3 METHODOLOGY 

 
This chapter includes a case study of a reliability 

assessment of outbound deliveries. We assume that a 
company delivers its products to customers. Failures occur 
in normal operation of the products, and a warranty claim 
may appear. The company records the information about 
the volume of sales and returns. 

The first stage in the proposed method is to collect data 
on outbound deliveries, on a monthly basis, and convert 
them into reliability data (life data). In order to check the 
period in which failed outbound deliveries were returned, 
the Nevada Chart format from ReliaSoft Weibull++ 
software was used (Fig. 2). 

 

 
Figure 2 Application of Weibull++ software to assess the reliability of deliveries 

 
Next, based on the methodology of warranty analysis 

(subsection 3.2), these data were transformed into life data 
(Fig. 3). Then, a classical reliability analysis was conducted 
to consist in the fitting a mathematical model to the 
empirical data and estimating its parameters. We thus 
obtained the reliability characteristics showing the change 
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in the probability of occurrence of returns and could predict 
the amount of returns over a specific period of time.  

 

 
Figure 3 Analytical method which was chosen  

 
Reliability of deliveries is understood as the meeting of 

the following criteria: timeliness, completeness and 
faultlessness of deliveries. Failure to meet one of these 
criteria will result in a complaint to the supplier who bears 
the consequences thereof. 

It is worth mentioning that the object of our analysis 
was not the logistic company. We focused on the supply 
system. 

 
3.1  Data for Analysis 

 
In order to analyse the reliability of deliveries we used 

a set of data containing the information about the deliveries 
placed on the market (Tab. 1).  

The chart includes the failed deliveries as a result of the 
failure to meet the specific criteria presented in the previous 
section, as well as the deliveries that were successfully 
realised. Therefore, a given number of returns (F) and 
suspensions (S) is related to a certain in-service quantity. 
This information may be converted into the simple time to 
failure set and used for a further reliability analysis by the 
use of the popular techniques [27]. 

The company recorded the following data set about 
deliveries: 

 
Table 1 Deliveries to be provided 

In-service quantity Month 
130 1 
142 2 
112 3 
125 4 
120 5 
105 6 
123 7 
118 8 
135 9 
125 10 
102 11 
110 12 

 
Tab. 2 contains failed deliveries recorded month-by-

month.  
 
 
 
 
 

Table 2 Failed deliveries recorded month-by-month 
Month of 
delivery 

Month of failed delivery recorded 
1 2 3 4 5 6 7 8 9 10 11 12 

1  1 2 1 2 1 2 2 1 2 1 1 
2   1 1 1 2 1 1 2 1 2 1 
3    3 2 1 2 2 2 1 2 2 
4     2 3 2 1 1 1 2 2 
5      3 3 2 1 2 3 1 
6       1 3 2 1 1 1 
7        2 3 3 2 2 
8         3 3 2 1 
9          3 3 3 
10           2 3 
11            2 
12             

 
3.2  Calculations 

 
The calculations were made with the use of ReliaSoft 

Weibull++ software which has a dedicated tool to support 
the analysis of reliability of deliveries. 

Let us consider successful and failed deliveries for the 
first month of supply. In the first month, 130 deliveries were 
provided to the customer but 16 failed deliveries appeared 
as the total of failed deliveries from the first to the eleventh 
months. It means that 114 deliveries can continue to be 
provided after five months (S11,1 = 16). The total number of 
failed deliveries at the end of month five of supply is the 
total of failed deliveries in the first month (F1 = F1, 1 + F2, 1 

+ F3, 1 + F4, 1, + F5, 1 + F6, 1 + F7, 1 + F8, 1 + F9, 1 + F10, 1 + F11, 

1  = 1 + 1 + 3 + 2 + 3 + 1 + 2 + 3 + 3 + 2 + 2 = 23). Following 
the above scheme, the data on failed deliveries may be 
converted into life data with failures and suspensions [26]. 
Failures at 1 month: F1 = 23 
Suspensions at 1 month: S11 = S11, 1 = 114 
Failures at 2 months: F2 = F1, 2 + F2, 2 + F3, 2 + F4, 2 + F5, 2 + 
F6, 2 + F7, 2 + F8, 2 + F9, 2 + F10, 2 = 2 + 1 + 2 + 3 + 3 + 3 + 3 + 
3 + 3 + 3 = 26 
Suspensions at 2 months: S10 = S10, 2 = 142 ‒ 13 = 129 
Failures at 3 months: F3 = F1, 3 + F2, 3 + F3, 3 + F4, 3 + F5, 3 + 
F6, 3 + F7, 3 + F8, 3 + F9, 3 = 1 + 1 + 1 + 2 + 2 + 2 + 3 + 2 + 3 
= 17 
Suspensions at 3 months: S9 = S9, 3 = 112 – 17 = 95 
Failures at 4 months: F4 = F1, 4 + F2, 4 + F3, 4 + F4, 4 + F5, 4 + 
F6, 4 + F7, 4 + F8, 4 = 2 + 2 + 2 + 1 + 1 + 1 + 2 + 1= 12 
Suspensions at 4 months: S8 = S8, 4 = 125 ‒ 14 = 111 
Failures at 5 months: F5 = F1, 5 + F2, 5 + F3, 5 + F4, 5 + F5, 5 + 
F6, 5 + F7, 5 = 1 + 1 + 2 + 1 + 2 + 1 + 2 = 10 
Suspensions at 5 months: S7 = S7, 5 = 120 ‒ 15 = 105 
Failures at 6 months: F6 = F1, 6 + F2, 6 + F3, 6 + F4, 6 + F5, 6 + 
F6, 6 = 2 + 1 + 2 + 1 + 3 + 1 = 10 
Suspensions at 6 months: S6 = S6, 6 = 105 ‒ 9 = 96 
Failures at 7 months: F7 = F1, 7 + F2, 7 + F3, 7 + F4, 7 + F5, 7 = 
2 + 2 + 1 + 2 + 1 = 8 
Suspensions at 7 months: S7 = S5, 7 = 123 ‒ 12 = 111 
Failures at 8 months: F8 = F1, 8 + F2, 8 + F3, 8 + F4, 8 = 1 + 1 + 
2 + 2 = 6 
Suspensions at 8 months: S8 = S4, 8 = 118 ‒ 9 = 109  
Failures at 9 months: F9 = F1, 9 + F2, 9 + F3, 9 = 2 + 2 + 2 = 6 
Suspensions at 9 months: S9 = S3, 9 = 135 ‒ 9 = 126 
Failures at 10 months: F10 = F1, 10 + F2, 10 = 1 + 1 = 2 
Suspensions at 10 months: S10 = S2, 10 = 125 ‒ 5 = 120 
Failures at 11 months: F11 = F1, 11 = 1 = 2 
Suspensions at 11 months: S11 = S1, 11 = 102 ‒ 2 = 100 
Failures at 12 months: F10 = F1, 12 = 0 
Suspensions at 12 months: S12 = S0, 12 = 110 ‒ 0 = 110  
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The life data obtained from failed deliveries are shown 
in Tab. 3. 
  

Table 3 Times-to-failure 
Number in state State, F or S State end time / month 

110 S 0 
23 F 1 

100 S 1 
26 F 2 

120 S 2 
17 F 3 

126 S 3 
12 F 4 

109 S 4 
10 F 5 

111 S 5 
10 F 6 
96 S 6 
8 F 7 

105 S 7 
6 F 8 

111 S 8 
6 F 9 
95 S 9 
2 F 10 

129 S 10 
1 F 11 

114 S 11 

 
4 RESULTS AND DISCUSSION 

 
Based on the time to failure table, the next step is to 

conduct a goodness-of-fit analysis in order to obtain the 
most accurate model of reliability of deliveries. During the 
statistical tests (Chi Square, Kolmogorov-Smirnov) 
methodology, we selected the 3-parameter Weibull 
distribution as the most accurate model. The probability 
density function of 3-parameter Weibull distribution is 
given as follows: 
 

 
1

exp ,  0
t t

f t dla t
 

  
  


    

     
   

    (1) 

 
where: β - shape parameter, η - scale parameter, γ - location 
parameter. 

Then, using the Maximum Likelihood Estimation the 
parameters of 3P Weibull distribution were estimated to be: 
β = 0.718544; η = 142.473013 month, γ = 0.505000. 
Goodness-of-fit of the 3P Weibull model is shown in Fig. 
4. Using the obtained parameters, the selected reliability 
characteristics may be drawn, such as: reliability of 
delivery, unreliability of delivery, failure rate of delivery 
(Figs. 5 to 7, the blue lines). The two-sided confidence 
bounds (Figs. 4 to 7, the red lines) are taken into account at 
the level of 0.95, [15]. 

In order to calculate the confidence bounds for the 
characteristics of Weibull distribution we use Fisher Matrix 
based on the inversed Fisher information matrix. The 
bounds could be calculated with the use of the given 
equation: 

 

   Var ,  0aCB E G z G dla t          (2) 

 
where: E(G) - is the estimated mean value of the parameter 
G, Var(G) - is the variance of the parameter G, a = 1 – CL, 

where CL is the confidence level, za - is a standard normal 
statistic. 
 

 
Figure 4 3P Weibull Probability Plot 

 
Taking into account the period of 20 months, the 

significant changes in the function of the reliability of 
delivery function as well as in the probability of 
unsuccessful delivery function may be noticed (Fig. 5 and 
Fig. 6, respectively). It seems obvious that the longer the 
logistics service period, the greater the likelihood of 
warranty returns. Fig. 7 shows the frequency of returns over 
the time of sales. Confidence intervals are a measure of 
calculation errors resulting from the limited accuracy of the 
model used and the amount of data used in the analysis. The 
possibility of making the errors is greater the greater the 
period in which deliveries were made. 

 

 
Figure 5 Reliability of deliveries vs. period of time plot 

 

 
Figure 6 Unreliability of deliveries vs. period of time plot 
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Figure 7 Failure rate of deliveries vs. period of time plot 

 
The benefit of using an approach based on 

mathematical modelling of warranty returns is the ability to 
forecast future returns. In this analysis, a forecast has been 
made for the next six months. Fig. 8 shows a growing trend 
in expected returns. The upper and lower limits of the 
confidence interval are marked with red lines. 

The following conclusions can be drawn from the 
calculation results obtained: among the average number of 
expected returns in month 13, 1 delivery was realised in 
each of 1-8 months, 2 deliveries were realised in each of 9-
12 months. Therefore, the average number of possible 
returns in month 13 is expected to be 16. What is more, 
according to the assumed confidence bounds, there is a 
probability of 0.95 that the actual return figure will be 
within the range of 14 to 17 (lower and upper band). By 
proceeding as described, one can analyse the rest of the Tab. 
4.  

 

 
Figure 8 Expected number of failed deliveries plot 

 
Tab. 4 includes the exact values of returns in the 

selected period.  
 

Table 4 Forecast numbers of failed deliveries in selected months 
F 
 

D 

13 14 15 16 17 18 

L M U L M U L M U L M U L M U L M U 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
2 1 1 2 1 1 2 1 1 2 1 1 2 1 1 1 1 1 1 
3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
7 1 1 2 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 
8 1 1 2 1 1 2 1 1 2 1 1 1 1 1 1 1 1 1 
9 2 2 2 1 2 2 1 2 2 1 1 2 1 1 2 1 1 2 

10 2 2 2 2 2 2 1 2 2 1 1 2 1 1 2 1 1 2 
11 2 2 2 1 2 2 1 1 2 1 1 1 1 1 1 1 1 1 
12 0 2 0 2 2 3 2 2 2 1 2 2 1 1 2 1 1 2 

Total 14 16 17 14 16 20 13 15 18 12 13 16 12 12 15 12 12 15 

D - deliveries, F - failed deliveries, M - mean figure, L - lower band, U - 
upper band  

The presented method of performing the analysis on the 
example used allows to estimate the number of warranty 
returns in the following months. This may be one of the first 
steps on the way to developing some preventive activities 
to improve reliability of deliveries. The applied method can 
be used to determine the link between returns and a specific 
part of delivery.  

 
5 CONCLUSIONS 

 
In the following paper the authors discuss the 

importance of reliability of deliveries as a very important 
link in the entire supply chain, affecting factors such as the 
efficiency and competitiveness of enterprises. Conducting 
research as part of this work was preceded by a thorough 
analysis of the results of surveys concerning both service 
providers and recipients. The basis for making a warranty 
return forecast is historical data, the credibility of which 
affects the accuracy of the results. The advantage of the 
approach used is the ability to adapt to other applications 
related to the occurrence of undesirable events. The 
scientific approach presented in the following paper also 
has some limitations. One of them is the inability to take 
into account the reasons for the appearance of warranty 
returns in individual periods. In addition, in the case of an 
extensive data set over a long period of time, the use of this 
method can be time consuming or may require the use of 
dedicated software, which involves additional costs for the 
company. In the scope of future work, the authors see the 
need to extend the warranty analysis method and introduce 
a classification of potential reasons for warranty returns in 
order to carry out a detailed analysis and planning of rapid 
preventive actions. 
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