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Abstract 

 

The purpose of this project is to investigate, define, implement and execute a Reliability 

Growth (RG) process of a product in an industrial environment. 

First step to be done is to investigate about the most used methods in Reliability Growth 

and how to carry them out in the most efficient way (from the economic and test time 

terms point of view). When this procedure is chosen, the design stage can start. This part 

of the project consists in writing down a standard work instruction (SWI) with all the 

necessary steps to develop a general RG test plan for any current or future product of the 

company. 

Once that standard work instruction is finished, it will be used to define a RG test plan for 

a particular product under development. All the objectives previously established in the 

SWI shall be accomplished taking into account the specific product characteristics and 

also the needs and limitations of the company. 

The following step is to give support to the R&D team in the set-up and initialization of the 

RG test program. This is a very long and exhaustive procedure which involves FW, 

mechanical and HW engineers to carry it out. Moreover, this is the most critical step as all 

the previous tasks of the above teams need to be finished before the RG can start.  

Finally, the last step is to supervise periodically the test and analyze the results obtained. 
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1. Introduction 

 

In general, when a new product is developed in an industrial environment, some 

deficiencies in the design, manufacturing or engineering may be present in its first 

prototypes. In order to assure the correct product performance for a given period of time 

under stated operation conditions established by the company, a rigorous testing 

program shall be carried through. This testing program is called Reliability Growth (RG), 

which is intended to identify and solve the maximum number of performance issues for 

the purpose of achieving a specified reliability goal. Choosing a certain growth model is 

usually based on how well it is supposed to provide profitable information to 

management. 

The aim of this project is, in a first instance, to choose, define and model the best way of 

developing a RG process. The second goal of the project is to plan and document the RG 

over a particular system which is currently under development. The third goal is to 

support the R&D team in the set-up and initialization of the RG test process. Finally, the 

last purpose of the project is to gather the needed data about the test under development 

so as to analyze the periodically obtained results. 

For the purpose of being more specific in the description of the parts in which the project 

is divided, its main tasks will be explained below: 

- Research, justify and check if the tools used by the company are the most suitable 

for this purpose. 

- Elaborate a standard work instruction in which the bases of the RG test to be used 

in any project will be stated. 

- Detail the characteristics of the RG test of a specific system currently under 

development. 

- Support the other team members in the set up and the initialization of the RG test. 

- Supervise periodically the RG test, acquire data and analyze the results obtained 

during these exercises. 

 

a) Work plan with tasks and milestones 

To make the development of these tasks easier, the Work Breakdown Structure 

(WBS) model has been used. WBS is based on decomposing the project into smaller 

subtasks dividing the efforts required to achieve partial objectives and making them 

more manageable. Thus, the project has been divided into different subtasks which 

have been incorporated into Work Packages (WP) that allow setting deadlines for 

their correspondent deliveries. In addition, these packages allow taking into account 

their lengths in the whole project. Once these packages have been defined, a 

planning by means of a Gantt chart has been established based on the WP 

mentioned before. Both planned WP and Gantt chart can be seen in Annex 1. In 

addition, these charts vary due to some setbacks and need to be modified. These 

files are named “follow-up WP and Gantt” and can also be seen in the same annex. 
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b) Main sections description 

As an introduction, the main sections of this thesis document will be briefly explained 

to provide a general overview of the points to be discussed. 

1.1. State of the art 

This chapter will start by introducing reliability. After that, some research about the 

best way to calculate the reliability of a product shall be made to check if the tools 

used by the company for this purpose are the most suitable. 

1.2. Methodology 

The main purpose of this chapter is to allow an engineer without any background 

in developing a reliability growth program to establish the base of how to proceed 

so as to carry out a statistical failure-free test, in which RG is based on. 

For achieving this goal there are some steps that shall be accomplished: 

a) By means of the previous information found, the best option for the RG test 

shall be extracted in order to assure a real growth in reliability.  

b) Elaborate a RG SWI (Standard Work Instruction) document to be used in any 

current or future project.  

c) Following the steps already defined in the standard model, characteristics that 

will be set to test the product reliability shall be detailed (number of systems 

under test, the testing length time, the test conditions, how to acquire data, 

the acceptation criteria, the procedure in case of failure, etc). 

1.3. Subsystem & system set-up and test initialization 

The main goal of this part of the project is to support the other members of the 

R&D team in the set up and execution of the RG test plan in accordance to the 

requirements stated in the previous steps. 

 
1.4. Data acquisition and analysis 

 
This part consists on checking periodically the correct test performance following 

the steps defined in the Methodology section and analyze the possible unexpected 

events. 

1.5. Conclusions 

This part consists on analyzing the work done versus the work established before 

starting the TFM, and reaches to a conclusion about the performance of the 

project. 

  



 

 10 

2. State of the art 

Reliability is a highly demanded practice in today’s market place. The need of robust and 

zero-failure products is increasing year after year. Achieving this objective requires 

tracking the reliability during the full development process of the product. Normally, the 

use of statistics is very present in the reliability process to detect failures in the shortest 

period of time possible. In this section, the reliability process in an industrial environment 

and the best way to achieve a certain level of confidence in a new-born product will be 

discussed. 

2.1. Reliability process 

 
A good way to fulfill the need of system reliability in an industrial environment is to 

execute a five-phased product development cycle called “stage gate” [1]. This process 

starts with the product conception, that is to say, with the customer’s expectations and 

requirements, and continues along the full design development process until its 

obsolescence. 

 
Fig.1 Reliability Growth process 

 
- Stage gate 1: Also called “idea phase”, this stage involves the first fundamental 

activity named DfR (Design for Reliability). Its main goal is to ensure the reliability in 

the design and also to assure the customer’s satisfaction. The first step to get that 

desired level of satisfaction is to understand the customer’s requirements. There are 

several tools used for this purpose. The more remarkable ones in this project are 

Failure Modes and Effects Analysis (FMEA) and Mean Time Between Failure 

(MTBF). FMEA document identifies and lists the customer requirements, defines the 

product functions and performance, the possible failures, their severity degree and its 

level of probability. This list allows the engineering team in charge of the project to 

make a trade-off between the design’s capability and the customer’s need. MTBF is 

a predictive modeling tool that estimates future product failures based on 

mathematical models which take into account several factors as the product’s 

components and their functions. Broadly speaking, it calculates the arithmetic mean 

of the products’ failures giving an approximate number of correct performance hours. 

This information allows the engineering team to compare the theoretical results 

obtained with the minimum performance hours specified by the customer in the 

product’s requirements.   
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- Stage gate 2: Also called “evaluation phase”. This stage involves the DART (Design 

Assessment Reliability Test) process which is supposed to increase product reliability 

a 65% by means of solving uncertainties around the design approach. One of the 

most used techniques for this purpose is TAAF (Test-Analyze-And-Fix) which 

includes tools that check and fix the incorrect product’s behaviors. The ones used in 

this company are QTR (Quality test Result) and FAA (First Article Approval).  For 

more information about these tools, refer to Annex 3. There are also other tests which 

accelerate the product’s aging factor in order to reduce into a short period of time the 

whole product’s life. HALT (High Accelerated Life Test) is an example of these kinds 

of tests, which increases parameters as temperature and humidity to accomplish its 

fast aging objectives. 

 

- Stage gate 3: Also called “Development phase”. In this stage DMT (Design Maturity 

Testing) is used, which ensures that all the requirements stated in stage #1 are 

accomplished. It is done by performing a statistical free-failure test which 

demonstrates that any issue would not happen in the useful life of the product. In this 

phase, the objective is to achieve 90% reliability. Although the reliability is gradually 

increased along all the stages, RG is performed in stage gate #3.  

 

- Stage gate 4: Also called “transition phase”. It intends to fix a proper screening to 

ensure that infant mortality failures come through to the customers the less possible. 
Defining this screening implies to use failure mechanisms that allow to detect weak 

products leading them to fail prematurely, without removing the ones that are in its 

useful life period. 

 

- Stage gate 5: Also called “production phase”. This stage tries to make sure the 

expected performance and reliability of the product during all its lifetime by means of 

a monitoring process. 

 

In this project will be assumed that the first stage has been previously successfully 

developed. Moreover, the last two stages are outside of the project scope because stage 

gate #4 is a process performed in factory and stage gate #5 is executed once the product 

strikes the market. So the main purpose of the project is to finish all the stage gate #2 

processes that are still under development and to analyze in detail and carry out the third 

stage, that is to say, the RG process. The next figure shows the reliability growth 

flowchart process diagram which encompasses the stages developed on the company, 

that is to say, from the stage gate #1 to the end of the stage gate #3. More detailed 

information about the processes that comprehend this flowchart can be seen in their 

correspondent sections. Dark blue processes are the ones developed entirely by the TFM 

author, lighter blue processes were made by the author and other members of the team 

and the grey processes were already done or made by other members of the company. 
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Fig.2. RG flowchart process 

 

Stage gate #3 processes are based on using statistics to establish a test guideline able 

to detect failures in shorter periods of time than without using RG, which is what it will 

be presented in the following section. 

 

2.2. Statistic functions used to predict data 

 

First step in using statistics to predict data is to find the mathematical function that 

allows modeling the product life expectancy. The product in question is an ETESS 

(Event triggered electronic security system), so it is necessary to know the life 

expectancy probability function shape of this product. It is defined as the period of time 

in which a product performs correctly without any critical failure. A failure can happen 

due to three types of events: early mortality failures, useful life failures and wear-out 

failures [2]. 

- Early mortality failures: Also called infant mortality period. It occurs during the first 

hours of life and is due to some weakness of the components that make up the 

system. It is mostly related to manufacturing, assembly or installation errors. 

 

- Useful life failures: Also called steady-state period. It represents the failures that 

happen at a constant and random rate. They are usually caused by overstress events. 

 

- Wear-out mortality failure: It occurs caused by the system’s decay. Due to the aging 

along the time, the product’s weakness increases and there is a moment where it is 

no longer able to withstand the stresses imposed upon it. 

By putting together these three failure rate functions we obtain the function known as 

“bathtub curve”. 
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Fig.3 Bathtub curve 

 

Once the electronic system’s life (or in other words, its failure rate) is known, the 

function that fits better to the bathtub curve can be chosen. The mostly used functions 

for this purpose are the Exponential, the Gaussian, the Log-normal and the Weibull, that 

will be introduced below [3]. 

- Exponential distribution: 

𝑓(𝑡) =  𝜆𝑒−𝜆𝑡 

Where  is the constant failure rate. This distribution is very commonly used for its 

simplicity since it is a one-parameter function. Its simplicity makes that model to fit 

better to represent systems with a constant failure rate. Nevertheless, this last 

characteristic is also the reason of being inappropriate for this purpose because a 

constant failure rate would require the assumption that the system has the same 

probability to fail along time and that would only be true in the “steady state period” 

but not in the other two parts. 

- Normal (Gaussian)   

𝑓(𝑡) =
1

𝜎√2𝜋
𝑒−

1

2
(

𝑡−𝜇

𝜎
)

2

 

Where  is the standard deviation of the times-to-failure and  the mean of the 

normal times-to-failure. It is a two-parameter general purpose distribution and 

commonly used for process monitoring and control charts (wear-out mortality 

failures). 

- Log-Normal Distribution 

𝑓(𝑡) =
1

𝜎√2𝜋
𝑒−

1

2
(

𝑡′−𝜇′

𝜎′
)

2
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Where t’= ln(t), ’=ln() and ’=ln().It is practically equal to normal distribution and it 

is a two-parameter distribution model as well. This distribution can model the three 

bathtub curve regions but suits better to model systems that fail due to fatigue, 

stress, corrosion and diffusion, that is to say, mechanical failures. 

- Weibull Distribution 

There are many Weibull distribution functions, depending on the number of 

parameters or if it is mixed with other functions. In this case, as an example, it is 

used the 3-parameter one. 

𝑓(𝑡) =
𝛽

𝜂
(

𝑡 − 𝛾

𝜂
)

𝛽−1

𝑒
−(

𝑡−𝛾

𝜂
)

𝛽

 

Where  is the shape parameter,  is the scale parameter and  the location 

parameter. This is one of the most used distributions to represent material strength 

and times-to-failure of electronic system’s components. It can represent any of the 

three bathtub regions depending on the  value. If <1 it models the early failures, if 

=1 it models the useful life failures and if >1 it models the wear-out failures. 

 

After this analysis, the Weibull function is chosen to model the electronics system failure 

rate because it is the function that gives the best approach to the type of data that will 

be analyzed. As mentioned before, there are several types of Weibull functions, so in 

this project the 7-parameter Binomial-Weibull model will be used, which will be 

explained more accurately in section 3 of this document. 

 

2.3. Statistics concepts 

 

RG is based on statistics. The main statistic concepts used in this project shall be 

defined in order to understand some concepts explained in the following sections. 

 

- The failure probability density function (PDF): It is used to specify the probability 

of a random variable falling within a particular range of values. In this case, it is the 

probability of failure at a specific instant of time. It is also called “time-to-failure” 

distribution function. An example of this function can be seen in previous section 2.2 

when discussing Weibull, exponential, normal or log-normal PDFs. 

 

- The cumulative distribution function (CDF): Probability that a system fails at a 

given time t. It can be also seen as the integral of the failure probability density 

function. 
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𝐹(𝑡) = ∫ 𝑓(𝑡)𝑑𝑡
𝑡

−∞

 

 

- The cumulative reliability function: Probability of a system to survive at a given 

time t. In other words, it is the number of systems that will be still operating at a time t 

over the total number of units on test. 

 

𝑅(𝑡) = 1 − 𝐹(𝑡) 

 

- The hazard function: This function defines the instantaneous failure rate for the 

systems that have survived to a time t. To be able to mathematically define this 

function it is needed to understand the conditional reliability function, which is defined 

as the likelihood of a system to operate at a given time t2 when it is currently running 

at a time t1. Applying the Bayes theorem, it can be found that: 

 

𝑅(𝑡2|𝑡1) =
𝑅(𝑡1|𝑡2)𝑅(𝑡2)

𝑅(𝑡1)
=

𝑅(𝑡2)

𝑅(𝑡1)
 

 

To calculate the likelihood of a system to fail before time t2 given that it has survived 

to time t1, the conditional failure function is used: 

 

𝐹(𝑡2|𝑡1) = 1 − 𝑅(𝑡2|𝑡1) = 1 −
𝑅(𝑡2)

𝑅(𝑡1)
=

𝐹(𝑡2) − 𝐹(𝑡1)

1 − 𝐹(𝑡1)
 

 

If in the function previously obtained t1= t and t2= t+δt is replaced, and divided it by δt 

it is converted in an instantaneous failure rate as a function of time, is to say, in the 

hazard function. When δt tends to 0, it can be seen that hazard function becomes:   

 

ℎ(𝑡) = lim
δt→0

𝐹(t + δt|𝑡)

δt
=

1

1 − 𝐹(𝑡)
( lim

δt→0

𝐹(t + δt) − 𝐹(𝑡)

δt
) = 

 

=
1

1 − 𝐹(𝑡)
(

𝑑

𝑑𝑡
𝐹(𝑡)) =

𝑓(𝑡)

𝑅(𝑡)
 

 

- The mean-time-to-failure (MTTF): MTTF is the expected time a system will be 

operating without failures. This kind of systems are non-repairable (i.e. electronics 

sent to space). MTBF is used instead of MTTF when the systems can be repaired. 

Results from this function are given in hours of performance. 

 

𝑀𝑇𝐵𝐹 =  ∫ 𝑡 𝑓(𝑡) 𝑑𝑡
∞

0

= ∫ 𝑅(𝑡) 𝑑𝑡
∞

0
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2.3.1. Statistics applied to this project 

 

Assuming that in this project the system’s failures follow a Weibull distribution the 

statistical functions can be particularized as follows: 

 

- The failure probability density function (PDF): 

 

𝑓(𝑡)𝑤𝑒𝑖𝑏𝑢𝑙𝑙 =
𝛽

𝜂𝛽
𝑡𝛽−1𝑒

−(
𝑡

𝜂
)

𝛽

 

 

- The cumulative distribution function (CDF): 

 

𝐹(𝑡) = 1 − 𝑒
−(

𝑡

𝜂
)

𝛽

 

 

- The cumulative reliability function: 

 

𝑅(𝑡) =  𝑒
−(

𝑡

𝜂
)

𝛽

 

 

- The hazard function: 

 

ℎ(𝑡) =
𝑓(𝑡)

𝑅(𝑡)
=

𝛽

𝜂𝛽 𝑡𝛽−1𝑒
−(

𝑡

𝜂
)

𝛽

𝑒
−(

𝑡

𝜂
)

𝛽
=  

𝛽

𝜂𝛽
𝑡𝛽−1 

 

- MTBF 

 

𝑀𝑇𝐵𝐹 =  ∫ 𝑅(𝑡)𝑑𝑡
∞

0

= ∫ 𝑒
−(

𝑡

𝜂
)

𝛽∞

0
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3. Methodology / RG development 

 
The main goal of this section is to accomplish two objectives:  

 

- First, a theoretical background is needed to carry out the RG test plan. All the steps 

that shall be followed to develop a zero-failure test will be explained in a detailed 

manner. By means of this information, a RG test plan SWI will be established. 

Although this project is mainly based on the theoretical and practical implementation 

of the stage gate #3, the product reliability begins in the stage gate #2 (Design and 

SS&S verification process), as has been already explained in section 2.1. During the 

stage gate #2 most of the subsystems’ corrections are made and so are most of the 

documents needed for the development of the RG test. So all the tests, documents 

and steps that remained under development or even not started shall be finished 

before starting the final RG test.  

 

- The second target of this section is to follow the steps of this previously elaborated 

document to work out the RG test plan of a product that is currently under 

development. In this case, the product under development is the ETESS (Event 

Triggered Electronic Security System) mentioned in the previous chapter. In order to 

make this second objective clearer, the ETESS needs to be explained more 

accurately.  

3.1. ETESS description 

 

The ETESS is an Event Triggered Electronic Security System which is composed by 18 

subsystems (12 of them developed in this company and the other 6 are inherited from a 

previous project), which work as individual modules and can be combined in different 

ways. These subsystems will be explained below: 

 

o A: Board used to allow the inter-connection between the systems’ PCBs in a large 

and middle-sized cabinet. 

o B: Board used to allow the inter-connection between the systems’ PCBs in a small 

cabinet. 

o C: Board with 8 ports that are able to work as inputs or outputs. 

o D: This board is divided into two parts. One is in charge of the 

activation/deactivation of the system outputs, and the other part is in charge of the 

input events detection of the system. 

o E: Board in charge of monitoring some functional buttons and to display the 

information processed by the system. 

o F: Board that is the main controller of the system. 

o G: Board in charge of all LEDs and keys control placed in the system, in other 

words, it is the user interface board.  

o H: Board in charge of power supplying the other boards from the main source or 

batteries. Also, it commutes between them in case of an energy supply fault. 

o I: Board in charge of the activation/deactivation of 12 possible outputs by means of 

relays placed as switches. This subsystem is used for small cabinets. 
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o J: Board in charge of the activation/deactivation of 24 possible outputs by means 

of relays placed as switches. This subsystem is used for large cabinets. 

o K: Board in charge of allowing the connection up to 16 external sensors and 

acquiring data to be processed.  

o Others: Boards developed by an external company: 

 O.1: Board that allows bridging between two types of communication 

protocols. 

 O.2: Board connected to one of the ends of redundant connections 

cabinets. 

 O.3: Board in charge of allowing the connection of O.6 boards in a 

circular net connection. 

 O.4: Board that supplies power to subsystem O.3. 

 O.5: Board in charge of allowing the connection of external sensors in 

a circular net connection and acquiring data to be processed. 

 O.6: Board externally connected in a circular net connection to board 

O.3.This subsystem works as an actuation board. 

 

These subsystems are connected between them forming what it is called a “complete 

system” which is a product to be sold in the market. Depending on the customer’s needs 

the system’s configuration will vary between small, medium and large cabinets (related to 

the amount of subsystems mounted on them) and also the subsystems that compose 

them: 

 

 

System Subsystems  included 

B1 A, A, C, D, E, E, F, G, H, H, J, K, O.1, O.2, O.5, O.5, O.6  

B2 A, F, G, H, O.1, O.2, O.3, O.4, O.5 

B3 A, F, G, H, O.1, O.2, O.3, O.4 

B7 B, D, F, G, H, O.1, O.5 

C1.1 A, E, E, F, G, H, J, O.1, O.2, O.6, O.6 

C1.2 A, E, E, F, G, H, O.1, O.2 , O.3, O.4, O.6 

C2.1 A, F, G, H, O.1, O.2, O.6  

C2.2 A, F, G, H, O.1, O.2, O.6 

C3 A, E, E, F, H, O.1, O.2  

C4 A, A, E, E, F, G, H, J, O.1, O.2, O.3, O.4, O.6 

Table 1. System composition 
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3.2. Previous data collection 

 

Before establishing the RG test plan, some ETESS data coming from stage gate #2 tests 

shall be collected (if they are already made, or in case some of them are not, the first task 

to execute should be finishing them) and checked. This needed data are tests made 

during DART process (stage gate #2), which assures a theoretical and functional basic 

performance. Note that this information is not useful in terms of developing the RG test 

plan, but it is in the whole reliability growth process of the product. Also, failing any of 

them would be a critical issue in the product’s development. In case of failing one or more 

of these tests, going back to the second stage and working deeper on the robustness of 

the systems would be necessary. Following the next flowchart, all the necessary data can 

be collected. Same flowchart procedure can be seen in Annex 2 in a bigger size.  

 

 
Fig.4. System and subsystem verification process 

 

The next figure shows the Design validation process that is part of the previous figure 

flowchart. This process contains the subsystems validation tests that need to be done to 

assure the correct performance of the subsystems in all possible performance situations 

and the time that they will be performing correctly. More detailed information about these 

tests and data collected will be given next.  
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Fig.5. Design verification flowchart process 

 

To sum up, after the data collection, it has to be checked that all the listed tests below 

have passed in order to start with RG final testing. 

 

a. PSA and subsystem’s MTBF 

Most systems developed in this company are modular, in other words, they 

constituted by a group of interconnected subsystems, and in our case, a 

subsystem is a PCB constituted by several interconnected electronic and 

mechanical components. To be able to analyze and estimate the failure rate of a 

whole system, an individual study for each subsystem is needed. PSA is a tool 

that takes as an input the different subsystem components characteristics, their 

electrical features, their working modes, etc. and provides two outputs: first one is 

the component stresses analysis and the second one is the pass or fail of the test. 

This last output is obtained by comparing the stresses previously found with the 

maximum derating values established by BELLCORE/TELCORDIA normative [5]. 

MTBF computation can’t be started if these limits are not respected. In case of a 

fail in PSA, a redesign will be necessary until a pass is finally obtained. Otherwise, 

if the result is a pass, stresses found are used to compute the MTBF. This 

process is shown in next figure (figure extracted from Figure 5). The maximum 

derating factors table and an example on how to fill a PSA template can be seen 

in Annex 5. 
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Fig.6. Subsystem MTBF flowchart diagram 

 

When all the subsystem’s PSA are finished, the MTBF of each one of them can 

be calculated. The failure rate of the different components can be computed by 

using the PSA results (component’s stresses), in this case, by means of a SW 

(Software) called RELEX [6]. To make this computation, RELEX is based on 

BELLCORE/TELCORDIA normative. BELLCORE/TELCORDIA calculates the 

failure rate in steady state of a component under specific operation conditions as: 

 

 

𝜆𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 = ∏ 𝜋𝑖

𝑁

𝑖=0

      (3.1) 

 

 

Where N is the number of factors that intervene in the component life expectancy 

and πi are different stress factors, such as temperature, environment, power 

derating and others. Subsystem failure rate is the only data needed to compute 

the subsystem’s MTBF because it is the inverse of the subsystem failure rate 

function, as shown below. By using MTBF generic formula and solving it for a 

Weibull steady-state case (β=1), it is found that the result is a constant. 

 

𝑀𝑇𝐵𝐹 =  ∫ 𝑅(𝑡)𝑑𝑡
∞

0

= ∫ 𝑒
−(

𝑡

𝜂
)

1

𝑑𝑡 
∞

0

=  𝜂 =
1

𝜆
       (3.2) 

 

Then, by means of using the generic Weibull failure rate formula, and specifying 

for steady state case, it can be demonstrated that its result is the same constant 

but inverted. 

 

𝜆𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡(𝑡) =
β

𝜂β
𝑡β−1    (3.3) 

 

If β=1: 

𝜆𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡(𝑡) =
1

𝜂
 = 𝜆       (3.4) 



 

 22 

 

If formula 3.4 is substituted in 3.2, the MTBF can be seen as the reverse of the 

failure rate, or in other words, RELEX output value (subsystem failure rate) can be 

treated as the inverse of MTBF.  

 

𝑀𝑇𝐵𝐹 =
1

𝜆(𝑡)
=

1

𝜆
       (3.5) 

 

Finally, limits have to be established to pass or not the MTBF test depending on 

the number of subsystem components (according to BELLCORE/TELCORDIA). 

The higher the number of components the lower the limits. Next table shows the 

dependence between the amount of PCB components and its minimum expected 

performance hours before failure. 

 

 

Amount of components MTBF limit 

<400 300.000 h 

>400 200.000 h 

>1000 100.000 h 

Table 2. Amount of PCB components vs. MTBF expected limit 

 

Using all these theoretical information and the PSA’s output values, the MTBF of 

the ETESS can be calculated. The final MTBF result for the different subsystems 

is shown in the table below:  

 

 

Subsystem MTBF limit MTBF subsystem Result 

A 300.000 h 2.431.203 h PASS 

B 300.000 h 3.228.098 h PASS 

C 300.000 h 1.017.570 h PASS 

D 100.000 h 116.413 h PASS 

E 300.000 h 1.083.209 h PASS 

F 100.000 h 195.313 h PASS 

G 300.000 h 1.017.578 h PASS 

H 200.000 h 332.889 h PASS 

I 200.000 h 845.543 h PASS 

J 300.000 h 845.543 h PASS 

K 200.000 h 367.294 h PASS 
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a. System’s MTBF 

The ETESS is divided into eight system variants that can be mounted depending 

on the customer’s needs. Each one of the systems include a different set of 

subsystems or PCBs. To calculate a system’s MTBF formed by different 

subsystems, it shall be taken into account that: 

- The N subsystems are independent between them. 

- The N subsystems’ failure modes are independent between them. 

- From the reliability modeling point of view, the subsystems are configured in 

series, is to say, one subsystem failure causes the whole system failure. 

Supposing these considerations are true, the whole system reliability can be 

expressed as the product of reliabilities:  

 

𝑅𝑠𝑦𝑠𝑡𝑒𝑚 = 𝑅1𝑅2𝑅3 ··· 𝑅𝑁     (3.6) 

 

Through the mathematical development of the previous formula 3.6, the failure 

rate of a system can be demonstrated to be the addition of the N different 

subsystems failure rates:  

 

𝑒−𝜆𝑠𝑦𝑠𝑡𝑒𝑚𝑡 = 𝑒−𝜆1𝑡𝑒−𝜆2𝑡𝑒−𝜆3𝑡 ··· 𝑒−𝜆𝑁𝑡 = 𝑒−(𝜆1+𝜆2+𝜆3+⋯+𝜆𝑁)𝑡       (3.7) 

 

𝜆𝑠𝑦𝑠𝑡𝑒𝑚 = 𝜆1 + 𝜆2 + 𝜆3 + ⋯ + 𝜆𝑁 = ∑ 𝜆𝑖         (3.8)

𝑁

𝑖=1 

 

 

Therefore, a system’s MTBF for N subsystems in series can be expressed as the 

inverse of the sum of inverted MTBF subsystems: 

 

 

𝑀𝑇𝐵𝐹𝑠𝑦𝑠𝑡𝑒𝑚 =
1

𝜆𝑠𝑦𝑠𝑡𝑒𝑚
=

1

∑ 𝜆𝑖
𝑁
𝑖=1 

=
1

1

𝑀𝑇𝐵𝐹1
+

1

𝑀𝑇𝐵𝐹2
+

1

𝑀𝑇𝐵𝐹3
+ ⋯ +

1

𝑀𝑇𝐵𝐹𝑁

    (3.9) 

 

 

In case of the ETESS, when using the formula previously found 3.9, the next 

table is filled taking into account the data obtained from the ETESS’s PSA 

O.1 400.000 h 10.000.000 h PASS 

O.2 400.000 h 10.000.000 h PASS 

O.3 400.000 h 10.000.000 h PASS 

O.4 400.000 h 10.000.000 h PASS 

O.5 400.000 h 10.000.000 h PASS 

O.6 400.000 h 10.000.000 h PASS 

Table 3.Subsystem’s MTBF 
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analysis. The limit established to pass the MTBF system is the warranty time, that 

is to say 2-year performance without failures, (17.520 hours). As these results are 

higher than this value, the MTBF is considered a PASS. 

 

 

 

 

b. HALT  

HALT is an accelerated stress testing method used in a huge range of fields such 

as industrial, military, medical and so on. It should be made during stage gate #2, 

as explained in section 2.1 [4]. The reason for this is that in the second stage the 

possible changes are cheaper to make than in future stages. HALT can find 

design weaknesses by means of overstressing the system and thereby 

accelerating its lifetime. Due to that acceleration, HALT is faster and cheaper than 

any traditional testing technique. The way of overstressing the system can be 

done by several methods. The most common one is forcing the system to work at 

a high operation temperature and humidity. Depending on the testing time, the 

acceleration factor changes and also its temperature and humidity following the 

Temperature-Humidity-Bias (THB) Acceleration model: 

 

 

𝐴𝑇 = 𝑒
𝐸𝑎
𝐾𝐵

[
1

𝑇𝑢𝑠𝑒
−

1

𝑇𝑠𝑡𝑟𝑒𝑠𝑠
]
       (3.10) 

 

 

𝐴𝐻 = (
𝑅𝑠𝑡𝑟𝑒𝑠𝑠

𝑅𝑢𝑠𝑒
)

𝑚

              (3.11) 

 

 

𝐴𝑇𝐻 = 𝐴𝑇𝐴𝐻                        (3.12) 

System 
MTBF limit MTBF system Result 

B1 17.520 h 34.773 h PASS 

B2 17.520 h 99.820 h PASS 

B3 17.520 h 100.826 h PASS 

B7 17.520 h 54.925 h PASS 

C1.1 17.520 h 77.237 h PASS 

C1.2 17.520 h 84.285 h PASS 

C2.1 17.520 h 127.597h PASS 

C2.2 17.520 h 101.583 h PASS 

C3 17.520 h 94.502 h PASS 

C4 17.520 h 74.303 h PASS 

Table 4. Systems’ MTBF 
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ln(𝑡𝑓) = 𝐶 +
𝐸𝑎

𝐾𝐵𝑇
− 𝑚 𝑙𝑛(𝑅)         (3.13) 

 

Where: 

 

- AT is the temperature acceleration factor 

- AH is the humidity acceleration factor 

- ATH is the temperature-humidity acceleration factor 

- Rstress is the relative humidity of test 

- Ruse is the relative humidity of use 

- m is the humidity constant 

- Ea is the activation energy  

- Tuse is the nominal use temperature 

- Tstress is the stress temperature 

- C is a constant 

- tf is the time to fail 

 

Using the THB formulae on the ETESS case, it was found that to be able to 

simulate 10 years of performance, the accelerator factor was approximately 150. 

The test time is reduced to 21 days being exposed to that high/extreme 

environment features (80ºC and 96% humidity). After this time, the final ETESS 

state can be seen in the next figures.  

 

 

 

Fig.7. Close up of the electronic board 
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Fig.8. Close up of the metallic shield 

 

Fig.9. General view of a back box (inside) 

 

Fig.10. Close up of the plastic parts 
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In spite of the degradation caused by the high temperatures and humidity, the test 

was a success because the electronic parts of the system continued working after 

the test. However, metallic parts of the system were rusty as it can be seen in the 

previous pictures. In addition, plastic parts were found cracked and broken. 

 

This test is developed by Applus, an external company which certificates the 

HALT as a pass or a fail depending on the final state of the system after the test. 

However, this test is part of the RG process that any system shall go through to 

be sold into the market. For this reason, it has been added as an input of the 

project.  

 

 

c. FMEA 

FMEA is applied individually to all the PCBs that compose a system. This method 

is used to identify and understand all the possible failure modes, their root causes, 

their effects on the system or users and how to fix them in future hypothetical 

issues. Also, it associates the failure with a percentage of risk. This percentage 

allows the engineering team to find the best possible solutions by means of a 

trade-off between the design’s capability and the customer’s needs. 

An example on how to fill a FMEA document can be seen in Annex 4. 

 

d. MC 

The Marciano Chart is a tool used for comparing the final product design versus 

the existing product. It allows writing down the procedures carried out to go from 

the baseline, or original product, to the final product, that is to say, all the 

corrections, changes, problems found during design, etc.  

An example on how to fill a MC document can be seen in Annex 6. 

 

Note that FMEA and MC are outside the scope of this TFM. These documents have 

been done and delivered as inputs of the project by other members of the team. 

There is no reason to add them into this document because they do not add valuable 

information about the RG zero-failure test developed in this project and are not 

performed by the author. 

 

3.3. Test design 

 

This section is related to the stage gate #3, or the RG test design stage. Its main goal is 

to elaborate an accurate DMT test plan to demonstrate that the design fills the customer’s 

needs, that is to say, to assure that any product of the company, which will be placed at 

the market, is a non-failure product. To achieve this target, a zero-failure test is 

necessary to be carried out, and due to that, a SWI document has to be developed in a 

general way and, after that, establish another document for a specific product, in this 
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case, the ETESS. The next figure shows the procedure established in order to develop 

these two objectives. Nevertheless, the SWI and the RG test plan for the ETESS will be 

explained together to facilitate the comprehension of the procedures and to avoid 

repeating the same sections twice. 

 

 
Fig.11. RG test planning procedure 

 

 

After the research done in the previous section 2.2 of the most used functions to model 

electronic systems, it has been found out that Weibull function fits better for this purpose. 

For this reason, CRQ- k/N model has been used and will be explained in a more detailed 

manner next.  

 

A common practice in this company is to establish a target of: 

 

“90% reliability during the first year of performance with a confidence of 90% 

under prescribed conditions”. 

 

The statistic model used, in which is based the CRQ-k/N test, is the 7-parameter 

Binomial-Weibull model. It is expressed as follows: 

 

∑ BIN[i: F(T1), N] = 1 − c

k

i=0

 

  

Where these seven parameters are:  

 

- N: Number of systems to be tested at the same time. 

- T1: Duration of the test needed to ensure a concrete reliability for each of the N 

samples.  

- Rm: Mission reliability that is intended to obtain in one mission equivalent.  

- k: Number of failures allowed during the test.  

- c: Level of trust that can rely on the reliability obtained. 

- β: It establishes the part of the Weibull function used to determine these upper values 

depending of the beta’s value.  

- Tm: Duration of the test to obtain the required reliability. 

 

Other parameters of interest are: 
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- F(T1): Unreliability at the test time. In Weibull case it can be expressed as: 

 

F(T1) = 1 − Rm
θ β

 

 

- θ: Test duration ratio. It can be expressed as: 

 

θ =
T1

Tm
 

 

In order to use the previous formula to extract the test parameters, some test 

conditions shall be established: 

 

- The calendar mission time is 1 year. 

- The system works 24h/day 

- Maximum allowed test duration is 9 months 

- It is assumed that the test is carried out to check the correct behavior of the 

systems during its constant failure rate life. 

- Desired reliability @1 m.e. ≥ 90% 

- Desired confidence @1 m.e. ≥ 90% 

 

Using these data, CRQ-k/N formula parameters can be found: 

 

- Beta factor: As said before it is assumed the constant failure rate of the 

components. Consequently, it is fixed to 1: 

 

𝜷 = 𝟏 

 

- Test duration: First, it is needed to know what a mission equivalent unity means in 

this test. The systems can’t be overstressed by increasing the number of 

hours/day or cycles/day since the systems work 24h/day. In this case, the stress 

is measured in “time-in-service” so the stress accumulation in a test day can’t be 

higher than 1. Knowing that the mission equivalent time will be measured in 

hours:  

 

 

𝟏 𝐦. 𝐞. =
𝟑𝟔𝟓 𝐝𝐚𝐲

𝐲𝐞𝐚𝐫
·

𝟐𝟒 𝐡

𝐝𝐚𝐲
= 𝟖𝟕𝟔𝟎 𝒉 

 

 

The longer the testing time, the higher the reliability of the systems, so the 

maximum time allowed will be used. The maximum test duration is set to 9 

months as maximum. Then:  
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𝐓𝐞𝐬𝐭 𝐝𝐮𝐫𝐚𝐭𝐢𝐨𝐧 =  
𝐭𝐞𝐬𝐭𝐢𝐧𝐠 𝐡𝐨𝐮𝐫𝐬 

𝟏 𝐦.𝐞.
=  

𝟔𝟓𝟕𝟎 𝐡

𝟖𝟕𝟔𝟎 𝐡
=  𝟎. 𝟕𝟓 𝐦. 𝐞. ′𝐬  

 

 

- Failures allowed: The lower the number of allowed failures the shorter the test 

time to achieve the required reliability as it can be seen in the next picture. For 

this reason the number of failures will be set to the minimum, so:  

 

𝒌 = 𝟎 

 

 

 
Fig.12. CRQ-k/N test duration vs. the number of failures allowed 

 

 

Using these inputs, a graphical representation of the mission reliability versus the 

number of systems on test is performed in order to obtain the maximum level of 

reliability without exceeding the test budget. The point where reliability starts to 

increase slower when increasing the number of systems is at 90% approximately (the 

desired target). If it is fixed to 90%, the number of systems on test obtained is 30, 

which is a reasonable number, in budget terms (when confidence is set to 90%).  
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Fig.13. Reliability achieved vs. number of systems-on-test 

 

 

Then, the test plan entry parameters are the ones from the first table and the results 

are the ones of the table below (Fig.14): 

 

 
Fig.14.Final RG test plan results 

 

To sum up, if 30 systems are tested (supposing a correct beta assumption) and there 

are no failures during the process, it can be assured with a 90.6% confidence that 

there is a 90.27% of reliability that the systems will reach 1 year without failures. 
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3.4. Execution planning 

 
Apart from the amount of systems to be tested and the test time needed to obtain the 

desired reliability target, some other features of the test shall be defined as well. 

 

a. Runtime modes 

Runtime modes shall be established in accordance to the FW team, which is in 

charge of the software running in the systems-on-test. This FW has to simulate the 

basic behavior of the system, or in other words, to check periodically the idle state of 

the system and also to be able to detect the different events that can occur during the 

environment supervision. 

 

In case of ETESS, a good practice is to establish two runtime modes or tests: 

 

- Primary test: this test will be performed on a daily basis in order to check the 

correct performance of the systems, that is to say, to assure there have not been 

unexpected (not forced) events. This test has to be carried out following the steps 

described later in data collection mode section. There will be a row in the same 

document for each daily check. 

 

- Secondary test: this test is a weekly test carried out in order to check the correct 

performance of the systems in case of an undesired event (which will be 

manually forced by a member of the team) for all the different possible situations 

for what the system was designed for. The possible events and the steps to be 

followed in order to perform the test are explained in Annex 7. 

 
The following sequence will be performed by the test operator: 

 

Test Period Description Task  

Primary test  Daily   Verify system idle 

status 

Register faults and 

unexpected behaviors from 

the systems-on-test. 

Secondary 

test 

Once a week Verify the detection 

of external events 

manually forced 

Test manually the  systems’ 

input/outputs and register 

the  unexpected events 

listed above 

Table 5. Run time test for reliability mission demonstration 

 

b. Peripherals connected  

The devices connected to the systems are sensors/actuators of different kind which 

are constantly sensing the data from the environment and sending it to the 

microprocessor to be treated (in case of the sensors). Nevertheless, in electrical 

terms, all these devices are equivalent to place resistors of a particular value at the 

input/output ports. Therefore, there is no need of placing all the different sensors to 

make the test since they are out of the test scope. So, it will be only necessary to 
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connect one device of each type to check their correct performance when doing the 

secondary test and the rest will be resistors.  

 

In case of ETESS, it has been taken into account that the addition of that external 

peripherals current consumption shall not make the system current increase notably 

(constraint of “Backup energy” section) in order to allow for an autonomy as long as 

possible in case of a lack of supply (the connected resistances and peripherals 

consumption is nearly negligible). The following table shows the ports of the 

subsystems that shall be connected to a peripheral or equivalent: 

 

Board Detector Equivalent resistance 

C Output 1&6 10 kΩ EOL 

Inputs [2:5] 1,8 kΩ EOL 

D Output 1 10 kΩ EOL 

Output 3 10 kΩ EOL 

Input 1 3.9 kΩ EOL 

Input 2 3.9 kΩ EOL 

Input 3 10 kΩ EOL 

Analog input 1 Manual and automatic detector 

K Inputs [1:14] 3.9 kΩ EOL 

Input 15 10 kΩ EOL 

Input 16 3.9 kΩ EOL 

J Output  Relay output 

H Input 1 10 kΩ EOL 

Input 2 10 kΩ EOL 

Table 6. Peripherals needed to perform the test and their electrical equivalent 

 

c. System configurations 

Assuming that there is not only one type of system configurations but different ones 

depending on the costumer’s need, the test shall include all of them to ensure the 

correct performance of the different set-ups.   

 

In case of ETESS, to validate all the possible configurations, the test will be executed 

by using all the systems explained on the introduction of this section. These systems 
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are divided into three types: alpha and beta and gamma. Alpha systems are used as 

actuator systems, that is to say, to activate and deactivate external peripherals if 

needed. On the other hand, beta systems are used to detect external incorrect 

situations and send the needed information to alpha systems so as to actuate in 

consequence. Connections between systems are multipoint, except B3 and C3 that 

connect remote terminals, in which case a double loop connection has been 

stipulated. Gamma system is a mix system between alpha and beta, and the only 

system that uses this configuration is B1.  

 

 

 
Fig.15. Alpha and gamma configuration 

 

 

 

 
Fig.16. Beta configuration 

 

 

In a commercial setup each of these systems would be placed in a single cabinet. 

But due to the space constrains, both of these configurations will be placed in one 

single 19 inch rack (10 systems per rack) to reduce the total space used to 

perform the tests. Three racks will be used for this purpose since the number of 

systems-on-test has been decided to be 30. The racks are configured as it can be 

seen in Fig.17. In each system, there is an additional A or B subsystem connected 

perpendicular to the rest of the subsystems in order to interconnect them. In case 

of B1 system, there are 2 A’s subsystems due to the amount of subsystems 

connected on it. 
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Fig.17. Rack configuration 

 

d. Backup energy  

A study has to be developed to avoid possible backup problems with the supply in 

case of a power incidence. As a common practice, a battery configuration has to be 

settled in order to supply power to the systems on test for 48h (Worst Case) in case 

there is a lack of supply of the main source. 

 

In case of ETESS, a study has been developed based on the amount of current 

needed to supply backup energy to every one of the systems on test. As known, 

every system has its own pair of 12V batteries in series giving a total supply of 24V 

since the systems need to be supplied by this amount of voltage.  
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Next table shows the individual current consumption of all the subsystems used on 
the RG test. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Using this data and substituting it into the racks configuration picture it can be found 

the amount of current that consumes each one of the systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Subsystem Current consumption 

A 10 mA 

B 10 mA 

C 60 mA 

D 150 mA 

E 13 mA 

F 65 mA 

G 50 mA 

H 70 mA 

I 30 mA 

J 30 mA 

K 45 mA 

O.1 30 mA 

O.2 30 mA 

O.3 25 mA 

O.4 120 mA 

O.5 60 mA 

O.6 85 mA 

Table 7. Subsystems current consumption 
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Fig.18. Current of a single rack 

  

Afterwards, the amount of autonomy hours can be calculated and decided which of 

the available capacities is the most suitable for supplying the systems-on-test in case 

of a failure in the main power supply. Next table shows the autonomy hours for each 

system when using the different battery capacities. 
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System Total current (mA) 

Battery capacity and autonomy hours 

38 Ah 24Ah 17Ah 7Ah 

B1 921 mA 41 h 26 h 18 h 8 h 

B2 520 mA 73 h 46 h 33 h 13 h 

B3 346 mA 110 h 69 h 49 h 20 h 

B7 500 mA 76 h 48 h 34 h 14 h 

C1.1 546 mA 70 h 44 h 31 h 13 h 

C1.2 576 mA 66 h 42 h 30 h 12 h 

C2.1 405 mA 94 h 59 h 42 h 17 h 

C2.2 405 mA 94 h 59 h 42 h 17 h 

C3 346 mA 110 h 69 h 49 h 20 h 

C4 646 mA 59 h 37 h 26 h 11 h 

Table 8. Systems autonomy hours for different battery capacities 

 

After that study, some decisions have been taken: 

 

- 38 Ah batteries have been discarded because they provide much more backup 

time than the required (in most cases) and this turns into a drawback in battery 

weight and cost.  

- 7Ah batteries are also discarded because of the reduced amount of time 

supplying the systems.  

- After considering a trade-off between weight, cost and autonomy hours, 24Ah 

batteries have been chosen in order to be closer to the established target.  

 

To sum up, 24 Ah batteries are the most suitable ones despite some systems do not 

reach the 48h of autonomy. Nevertheless, as this time specification is a worst case 

scenario, the number of hours without power will never be that long. Taking into 

account a trade-off between cost, weigh and capacity (Ah), 24Ah batteries capacity 

has been chosen although some systems won’t be supplied during the desired 48h in 

case of an electrical failure. 

 

e. Temperature 

Temperature is a crucial factor in this kind of test since a small variation makes the 

acceleration test factor change and, consequently, the testing time as well. For that 

reason, it is a good practice to carry out the test assuring the temperature conditions 

will remain constant at ambient temperature if possible (nominal 25ºC). Otherwise, 

tracking the temperature would be a good solution in order to check that the variation 

is not very noticeable. 

 

In case of ETESS, the temperature of the test area should remain constant to 

approximately 25ºC. However, the company does not have a temperature chamber 

large enough to store 30 systems, so there won’t be a rigorous constant ambient 
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temperature during the entire test. Also, as the systems will be placed inside a rack, 

the racks of the bottom will be at a different temperature than the ones placed at the 

top part (due to self-heating and the accumulation of higher temperatures at the top of 

closed spaces). Due to that reason, there will be two temperature sensors at the top 

and the bottom of the racks to know the maximum and minimum temperature the 

racks are exposed to. Furthermore, this will allow the engineers to distinguish 

between a failure caused by a high temperature variation or another kind of issues.   

 

f. Failures detection and correction  

In furtherance of the product’s improvement, the failures found during the free-failure 

test shall be analyzed, corrected (if possible) and eventually validated according to 

the next steps [7]: 

 

1) Root-cause Failure Analysis: This step consists on identifying and analyzing the 

causes and consequences of these failures. Once found, the failures shall be 

classified in two types: 

 

o Type A: Corrective action can be taken to improve the (sub) system. 

o Type B: No corrective action can be taken because it is not cost-effective. 

 

2) Corrective action: It consists on identifying the best possible way of fixing type A 

failures found in the previous step and to take actions in type B failures. 

 

o Type A: There are two possible solutions for these failures: 

 Improved: the system failure has been solved satisfactorily. The system 

may be removed from the test only if the level of improvement is high 

enough to make the mission time change considerably. 

 Progressing: the failure modes are being evaluated but there is not a 

solution yet. The system may be included as a failure in the last analysis 

if there is not a final action to be taken in order to solve the problem. 

o Type B: there are two possible actions to be taken for these failures: 

 Eliminated: It has been impossible to fix the failures found. The system 

may be removed from the test.  

 No action: Nothing has been done with respect to the failures found. The 

system may be included as a failure in the analysis. 

 

3) Validation: If the result of the test is zero failures, the analysis can be finished as a 

success. Nevertheless, if there have been one or more non-repairable failures the 

test is a fail. In case the failures are repairable and, more important, if time and 

money allows it, the design should be totally tested again once the failures are 

repaired to prove the zero-failure confidence target. This procedure can be seen 

in Annex 2, data analysis block. 
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The following figure shows the “Failures detection and correction” flowchart 

procedure described above. 

 
Fig.19. Failures detection and correction flowchart 

 

g. Data collection mode 

A data acquisition interval shall be established in accordance to the FW team, which 

is in charge of the software that is running in the systems on test. That interval time 

has to be set taking into account the running time mode established in section a, that 

is to say, the total testing time, the quantity of data needed to analyze and how often 

the events will happen (primary and secondary). The data acquisition shall be 

automatically recorded (if possible) and manually written in the data collection 

template, which is established by the company. The proper way of filling this 

document can be seen in the next figure and table. 
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Fig.20. Data collection template 
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This template shall be filled according to the next table. 

 
Step Description Operation to be performed 

1 
Fill “Device on test” data Fill “Device on test” data. 

2 Fill needed data Fill the “Test Operator”, “Weeks of test” 
and “Date” blank spaces. 

3 Check if there is more than 

one failure or non-expected 

event during the week. 

In case of primary test check the stat is 

in idle and no events have been 

reported. In case of secondary test, 

carry out the procedure established in 

“Secondary test table”. After that, write 

YES/NO depending on the number of 

reported events. 

4 Failure record Write the ID of the System under Test 
that has filed or has generated and 
unexpected event. 

Write the time from the beginning of the 
test to the event happened. 

Write a brief description in the 
comments. 

5 Failure status Write the failure status according to 
“Failures detection and correction” 
section. 

6 Save data Save the data in PDF format. 
Table 9. Steps to be followed to fill the data collection template 

 

In case of the ETESS, data shall be collected in accordance with the primary and 

secondary tests. There is a daily data acquisition of the general systems-on-test 

status. Additionally, there is a weekly acquisition for the secondary test, which collects 

the data coming from the detected manually forced events. The data for both tests 

shall be collected manually and processed by a team member.  The results shall be 

written in the data collection document mentioned before. 

 

h. Roles and responsibilities 

Roles and individual responsibilities shall be established by the manager of the 

project. Every task needed to be carried out shall be matched to its responsible staff 

member. It is a good practice to group the project members in blocks according to the 

type of work to be performed and under the responsibility of each manager team. 

 

Role Responsibility  Description 

Test manager   

- Test team member   

HW manager   
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- HW team member   

FW manager   

- FW team member   

Mechanical manager   

- Mech. Team member   

Table 10. Member of the team and RG test responsibilities template 

  

In case of the ETESS, as the roles and individual responsibilities shall be established 

by the manager of the project but do not add relevant information about the RG test 

plan, a table with the members of the team in charge of the different parts of the test 

won’t be added but it will be done in the internal company’s document.  
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4. Subsystems & systems setup and test initialization 

 
After establishing a RG test plan or the ETESS, the setup of the test according to this 
document is necessary in order to be able to start it. First all the subsystems shall be 
ready individually and once it is achieved, the next step is grouping them into systems 
and check that they are working correctly. Afterwards the test could be started. 

 

- Subsystem: 

In order to begin the RG execution, all the subsystems that will be part of it shall be 

tested and validated before the test starts. 

 

o QTR: one of the subsystems on test (H) was not finished talking in terms of design, 

so QTR was needed to be performed for the last “H” PCB version. The QTR, as 

explained in the Annex 3 is a more exhaustive test than FAA. Each one of the tests 

listed in the table from below contains several tests in order to check all the 

possible performance cases. 

 

Test name Result 

Power supply tests PASS 

System current tests  PASS 

CPU tests  PASS 

CAN bus tests PASS 

LED  tests PASS 

Relay tests PASS 

Digital inputs tests PASS 

NTC tests PASS 

LSS tests PASS 

Battery charger tests PASS 

Earth fault tests PASS 

Mains voltages tests PASS 

Power management tests  PASS 

Transitions tests PASS 

Endurance tests PASS 

Batteries tests PASS 

Miscellaneous  tests PASS 

Table 11. QTR tests performed on H subsystem 

 

o FAA: There are 98 subsystems per rack (around 300 subsystems in total) to be 

tested before being mounted in the racks. These subsystems need to be validated 

by performing the FAA test. This is a less exhaustive task compared to QTR, so the 

number of test is lower. Nevertheless, the main tests are checked. This task was 

done by 3 members of the HW team (including the author of the thesis).  For more 

information about FAA procedure and tests, please see Annex 3. 
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These sets of tests are performed on the boards to ensure that the manufacturing 

process was made according to the engineering documentation which was released 

to the factory. Due to the manufacturing process is not perfect at the beginning; 

failures in the FAA are very common. FAA is used as feedback to be delivered to 

the factory in order to improve the manufacturing procedures. After that test, the 

failed subsystems shall be repaired until they pass all the FAA tests. So, at the end, 

all the subsystems status are a PASS. Note that systems classified as Others (O 

systems) doesn’t pass the FAA test in the company but outside. 

 

o Failed subsystems repairment: Subsystems that failed during the FAA were repaired 

and re-tested again. Once reconditioned, they were used in the RG test. Some of 

the failures found and corrected were: 

 

 Bad soldered components  

 Broken components due to transport 

 Missing components  

 Short circuit in the power supply  

 Oscillator doesn’t operate 

 No communication with the microcontroller 

 

o Subsystem FW record: Subsystems that have passed the FAA test are the ones 

which will be used for the RG test. Last FW version needs to be recorded in each 

one of them. 

 

Subsystem Status 

A PASS 

B PASS 

C FAIL 

D FAIL 

E PASS 

F PASS 

G PASS 

H FAIL 

I PASS 

J PASS 

K FAIL 

O.1 - 

O.2 - 

O.3 - 

O.4 - 

O.5 - 

O.6 - 

Table 12. FAA subsystems results resume 
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- System: 

After the subsystems’ validation, the racks shall be mounted and tested. 

  

o Racks assembly: the assembly of the racks (according to the RG test plan 

previously developed) has been carried through by other members of the company. 

Due to some constrains on the priority of other projects carried out in parallel on the 

company, the 3 racks that were previously expected to be mounted couldn’t be 

finally mounted in spite all the subsystems that depended on the author’s thesis and 

their colleagues were ready. Instead of 3 racks, one rack was mounted partially, 

concretely 3 systems of the rack (B1, B3 and B7) to be able to start the tests and 

assure the correct establishment of the RG test plan. 

 

o Racks start-up and test: racks shall be initialized and checked if all the subsystems 

are working as required. Also, previous to the initialization of the test, the 

connections need to be checked and corrected if something is wrong. In this case, 

one system of the rack was not working properly. In system B1 was found that the 

subsystem A, which interconnects the rest of the subsystems, was damaged caused 

by a wrong manipulation of the HW. The solution was to change this subsystem by a 

new one.  

 

o Temperature sensor placement: sensors shall be placed at the bottom and the top 

of the rack in the center of both top subsystems. This temperature shall be tracked 

by using a data logger.  

 

o Rack configuration: Once the racks are ready, the configuration of the acquisition 

procedure and commands shall be established in order to make easier the data 

acquisition work. This is done by using a software tool called “Tera Term”, which 

allows the configuration of the systems as desired.  
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5. Data acquisition and analysis 

 

In order to be able to acquire data, the subsystems had to be analyzed in a first instance. 

Results from these tests can be seen in the previous chapter. All this data is also part of 

the validation chapter because it is part of the stage gate #2, where the reliability 

increases a 65%. After the validation of the subsystems, a partial rack has been 

mounted, concretely B1, B3 and B7 systems in order to check the correct performance of 

the tests established in the section 3. The results of these tests can be seen in the next 

tables.  

- Primary test 

Primary test has been performed during 3 days (as it is a daily test). The results are the 

followings: 

 

Table 13. Primary test results day 1 

 

 

Table 14. Primary test results day 2 

 

 

Table 15. Primary test results day 3 

 

 

 

 

Step # Description Expected Result 

Step 1 Check idle state for 
System B1 

No errors, failures, status change or 
unexpected events have been detected.  

PASS 

Step 2 Check idle state for 
System B3 

No errors, failures, status change or 
unexpected events have been detected.  

PASS 

Step 3 Check idle state for 
System B7 

No errors, failures, status change or 
unexpected events have been detected.  

PASS 

Step # Description Expected Result 

Step 1 Check idle state for 
System B1 

No errors, failures, status change or 
unexpected events have been detected.  

PASS 

Step 2 Check idle state for 
System B3 

No errors, failures, status change or 
unexpected events have been detected.  

PASS 

Step 3 Check idle state for 
System B7 

No errors, failures, status change or 
unexpected events have been detected.  

PASS 

Step # Description Expected Result 

Step 1 Check idle state for 
System B1 

No errors, failures, status change or 
unexpected events have been detected.  

PASS 

Step 2 Check idle state for 
System B3 

No errors, failures, status change or 
unexpected events have been detected.  

PASS 

Step 3 Check idle state for 
System B7 

No errors, failures, status change or 
unexpected events have been detected.  

PASS 
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- Secondary Tests 

These tests have been performed once as it is a 1-time week test. The results are the 

followings: 

 

#1: Indication test  
 
Step # Description Expected Result 

Step 1 Press G subsystem 
“lightbulb switch” from 
system B7. 

All LEDs will be turned on PASS 

Check that there are two kind of buzzers 
ringing (there will be a message on the 
LCD announcing each buzzer tone): 
   - 1st continuous ringing with a    
      message in the LCD  
   - 2nd intermittent ringing with a  
     different  message  in the LCD 

PASS 

The LCD will switch to white and black. 
Check there are no damaged pixels on it. 

PASS 

Step 2 Check that the system 
has returned to its 
original status. 

Check the system is in idle status. 
PASS 

Step 3 Press G subsystem 
“lightbulb switch” from 
system B1. 

All LEDs will be turned on PASS 

Check that there are two kind of buzzers 
ringing (there will be a message on the 
LCD announcing each buzzer tone): 
   - 1st continuous ringing with a    
      message in the LCD  
   - 2nd intermittent ringing with a  
     different  message  in the LCD 

PASS 

The LCD will switch to white and black. 
Check there are no damaged pixels on it. 

PASS 

Step 4 Check that the system 
has returned to its 
original status. 

Check the system is in idle status. 
PASS 

Step 5 Press G subsystem 
“lightbulb switch” from 
system B3. 

All LEDs will be turned on PASS 

Check that there are two kind of buzzers 
ringing (there will be a message on the 
LCD announcing each buzzer tone): 
   - 1st continuous ringing with a    
      message in the LCD  
   - 2nd intermittent ringing with a  
     different  message  in the LCD 

PASS 

The LCD will switch to white and black. 
Check there are no damaged pixels on it. 

PASS 

Step 6 Check that the system 
has returned to its 
original status. 

Check the system is in idle status. 
PASS 

Table 16. Indication test result week 1 
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#2: Event detection and actuation (EDA) test 
 

 
 

Step # Description Expected Result 

Step 1 Locate system B1   

Step 2 Switch on one of the 
subsystem D SW_Det 
in order to force an 
input event. 
(resistance value 
change) 

Check that the alarm sounds in a 
continuous way.  

PASS 

Check that the “fire” LED is lit in G board. PASS 

Check that a message appears in the 
LCD of system B1 

PASS 

Check that the relay output led from 
subsystem D and J are lit. 

PASS 

Check that a message has appeared in 
the LCD of the subsystem B3. 

PASS 

Step 3 Press subsystem G 
reset button to restore 
the initial conditions 

Check that the system has turned into idle 
state. PASS 

Step 4 Switch on the SW_Det 
from subsystem K in 
order to force an input 
event (resistance value 
change). 

Check that the alarm sounds in a 
continuous way.  

PASS 

Check that the “fire” LED is lit in G board. PASS 
Check that a message appears in the 
LCD of system B1 

PASS 

Check that the relay output led from 
subsystem J and D are lit. 

PASS 

Check that a message has appeared in 
the LCD of the subsystem B3. 

PASS 

Step 5 Press subsystem G 
reset button to restore 
the initial conditions 

Check that the system has turned into idle 
state. PASS 

Step 6 Press subsystem G #0 
button in order force 
an activation in 
subsystem D. 

Check that the outputs LEDs from 
subsystem D are lit. 

PASS 

Step 7 Press subsystem G 
reset button to restore 
the initial conditions 

Check that the system has turned into idle 
state. PASS 

Step 8 Press subsystem G  
#1 button in order 
force an activation in 
subsystem C. 

Check that the outputs LEDs from 
subsystem C are lit. 

PASS 

Step 9 Press subsystem G 
reset button to restore 
the initial conditions 

Check that the system has turned into idle 
state. PASS 

Step 10 Press from subsystem 
G the #2 button in 
order force an 
activation in 
subsystem J. 

Check that the LEDs from both 
subsystems J are lit. 

PASS 

Step 11 Press subsystem G 
reset button to restore 
the initial conditions 

Check that the system has turned into idle 
state. PASS 

Table 17. Event detection and actuation test result week 1 
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#3: Failure detection test  
 
Step # Description Expected Result 

Step 1 Locate system B1   

Step 2 Switch off one SW_F 
from subsystem D in 
order to force a failure 
event (open circuit) 

Check that the alarm sounds in an 
intermittent way. 

PASS 

Check that there is a failure message in 
the system B1 and B3 LCD 

PASS 

Step 3 Press subsystem G 
reset button to restore 
the initial conditions 

Check that the system has turned into idle 
state. PASS 

Step 4 Switch off one of the 
16 SW_F from 
subsystem J in order 
to force a failure event 
(open circuit). 

Check that the alarm sounds in an 
intermittent way. 

PASS 

Check that there is a failure message in 
the system B1 and B3 LCD PASS 

Step 5 Press from subsystem 
G the reset button to 
restore the initial 
conditions 

Check that the system has turned into idle 
state. 

PASS 

Step 6 Switch off one of the 3 
SW_F from subsystem 
C in order to force a 
failure event. (open 
circuit) 

Check that the alarm sounds in an 
intermittent way. 

PASS 

Check that there is a failure message in 
the system B1 and B3 LCD PASS 

Step 7 Press from subsystem 
G the reset button to 
restore the initial 
conditions 

Check that the system has turned into idle 
state. 

PASS 

Table 18. Failure detection test result week 1 

 

After the data acquisition the analysis shall be done. Nevertheless, no errors have been 

found during these tests. This was something expected because finding a failure during 

the first days after the test begin is not very common.  

Data will continue being collected and analyzed by the TFM author according to the 

established RG test plan document until the presentation date. After that day, data will 

continue being acquired by other HW team members until the 9-month test end. Failures 

shall be analyzed and placed in one of the groups specified in section 3.f. In case of 0-

failures detection, the test would finish as a PASS. In case there are repairable failures 

and, more important, if time and money allow it, the design should be totally tested again 

once the failures are repaired to prove the zero-failure reliability target (or at least tested 

in part). If there are non-repairable failures, test will be a FAIL and some corrective 

actions shall be taken in the design process.   



 

 51 

6. Conclusions and future development 

 

Before starting this project, the company had a lack of knowledge in the reliability growth 

process. They had the tools to be carried out but they didn’t know the best procedure to 

use them. So, their needs were, first, to investigate about the RG background, the 

possible ways to carry it out and to know if the tools provided by the enterprise are the 

most suitable ones for this purpose. The second need was to establish a standard work 

instruction document with all the necessary steps to be done in order to assure certain 

reliability of a product. After that, the third need was to establish a RG test plan for a 

determined product. Finally the setup, initialization, data acquisition and analysis were 

needed. The first three needs have been fulfilled satisfactorily. On the other hand, the 

setup and the initialization have been also done but not the whole process of data 

acquisition and analysis due to some delays in the project caused by other projects in 

parallel developed in the company. That means that it has not been possible to start a 3-

full racks test before the TFM deadline but a partial rack test. This partial rack test was 

performed during one week and it was marked as successful.  

 

In conclusion, all the company needs have been successfully filled with the necessary 

documentation. However, due to some delays in the mounting stages and validation, the 

test has been done partially.   

 

As a future work, the racks shall be finished and the full rack test shall be made until the 

end of the 9 months’ test period. During this time, data shall be analyzed and the possible 

failures arranged acting following the steps established in the RG test plan.  
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Appendices 

 

ANNEX 1. WP and Gantt diagram 

- Initial WP and Gantt diagram 

Resources: M.B. WP ref: WP#1 

Major constituent: Reliability research Sheet 1 of 9 

Short description: 
Look for reliability in industrial environment 
information. Compare the data found with the 
methods used in the company for this purpose 
and choose the most suitable method. 

Planned start date:01/02/2017 
Planned end date:21/02/2017 

Start event:01/02/2017 
End event: - 

 Deliverables: - Dates: - 

 

Resources: M.B. WP ref: WP#2 

Major constituent: Standard Work Document Sheet 2 of 9 

Short description: 
Establish the bases to develop a RG test plan and 
use it to plan the test for one company’s product. 
 

Planned start date:22/02/2017 
Planned end date:15/03/2017 

Start event: - 
End event: - 

 
Internal task T1: Elaborate a RG standard 
document. 
 

Deliverables: 
RG Standard 
Work Document 

Dates: 
15/03/2017 

 

Resources: M.B. WP ref: WP#3 

Major constituent: RG test plan Sheet 3 of 9 

Short description: 
Use the previous “RG Standard Work Document” 
to elaborate a specific RG test plan for a current 
product under development. 

Planned start date:16/02/2017 
Planned end date:12/04/2017 

Start event: - 
End event: - 

 
Internal task T2: Develop a RG test plan for a 
specific product (ETESS). 
 

Deliverables: 
RG test plan for 
ETESS  

Dates: 
12/04/2017 

 

Resources: HW team & M.B. WP ref: WP#4 

Major constituent: Subsystem validation Sheet 4 of 9 

Short description: 
Validation of subsystems coming from the factory 
to get them ready for RG test.  

Planned start date:07/03/2017 
Planned end date:10/04/2017 

Start event: - 
End event: - 
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Internal task T1: Subsystems validation and start-
up 
 

Deliverables: 
Validated 
subsystems 

Dates: 
10/04/2017 

 

Resources: HW team & M.B. WP ref: WP#5 

Major constituent: System validation Sheet 5 of 9 

Short description: 
Validation of complete systems.  

Planned start date:11/04/2017 
Planned end date: 20/04/2017 

Start event: - 
End event: - 

 
Internal task T1: Subsystems validation and start-
up 
 

Deliverables: 
Validated 
subsystems 

Dates: 
20/04/2017 

 

Resources: MCH team. WP ref: WP#6 

Major constituent: Mechanical parts validation Sheet 6 of 9 

Short description: 
Validation of mechanical structure. This WP is 
made by Mechanical Team but it is part of the RG 
project.  

Planned start date:17/03/2017 
Planned end date:27/03/2017 

Start event: - 
End event: - 

 
 

Deliverables: 
Mechanical parts 
validated 

Dates: 
27/03/2017 

 

Resources: MCH team. WP ref: WP#7 

Major constituent: Mechanical parts assembly Sheet 7 of 9 

Short description: 
Mechanical parts assembly. This WP is made by 
Mechanical Team but it is part of the RG project. 

Planned start date:28/03/2017 
Planned end date:14/04/2017 

Start event: - 
End event: - 

 
 

Deliverables: 
Racks structure 
ready 

Dates: 
10/04/2017 

 

Resources: HW team  WP ref: WP#8 

Major constituent: Rack assembly and setup Sheet 8 of 9 

Short description: 
Mounting the systems in the racks and establish 
the set-up as stated in the RG test plan document. 

Planned start date:24/04/2017 
Planned end date:05/05/2017 

Start event: - 
End event: - 
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Deliverables: 
Racks ready to 
start RG test 

Dates: 
05/05/2017 

 

Resources: HW team & M.B. WP ref: WP#9 

Major constituent: RG test data collection & 
analysis 

Sheet 9 of 9 

Short description: 
Periodically collection of data coming from the RG 
test and analysis.  

Planned start date:09/05/2017 
Planned end date:08/02/2018 

Start event: - 
End event: - 

 
 

Deliverables: 
TFM project  
 
RG test results 

Dates: 
30/06/2017 
 
08/02/2018 

Initial Gantt: 
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- Follow-up WP and Gantt diagram 

During the project process, some setbacks have occurred. These drawbacks have 

made the “Planned Gant Diagram” to vary. The following actions have been performed 

to adequate the Gantt with the project timings: 

o Subsystem J was delivered with an assembly error.  These subsystems were sent 

to an external company to be reworked. This inconvenient caused a delay of 12 

days. 

o That need of a rework made a WP to show up: WP#6 Subsystems rework. 

o Due to the amount of subsystems to be mounted, there was a delay of one week in 

the racks assembly. 

o Previous delays made the RG test start approximately one month after its 

scheduled start. 

 

The next WPs have been modified and the next pictures show the final Gantt Diagram 

after all the required changes:   
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Resources: M.B. WP ref: WP#1 

Major constituent: Reliability research Sheet 1 of 11 

Short description: 
Look for reliability in industrial environment 
information. Compare the data found with the 
methods used in the company for this purpose 
and choose the most suitable method. 

Planned start date:01/02/2017 
Planned end date:21/02/2017 

Start event:01/02/2017 
End event: 21/02/2017 

 Deliverables: - Dates: - 

 

Resources: M.B. WP ref: WP#2 

Major constituent: Standard Work Document Sheet 2 of 11 

Short description: 
Establish the bases to develop a RG test plan and 
use it to plan the test for one company’s product. 
 

Planned start date:22/02/2017 
Planned end date:15/03/2017 

Start event: 22/02/2017 
End event: 15/03/2017 

 
Internal task T1: Elaborate a RG standard 
document. 
 

Deliverables: 
RG Standard 
Work Document 

Dates: 
15/03/2017 

 

Resources: M.B. WP ref: WP#3 

Major constituent: RG test plan Sheet 3 of 11 

Short description: 
Use the previous “RG Standard Work Document” 
to elaborate a specific RG test plan for a current 
product under development. 

Planned start date:16/03/2017 
Planned end date:12/04/2017 

Start event: 16/02/2017 
End event: 12/04/2017 

 
Internal task T2: Develop a RG test plan for a 
specific product (ETESS). 
 

Deliverables: 
RG test plan for 
ETESS  

Dates: 
12/04/2017 

 

Resources: HW team & M.B. WP ref: WP#4 

Major constituent: Subsystem validation Sheet 4 of 11 

Short description: 
Validation of subsystems coming from the factory 
to get them ready for RG test. Subsystems’ 
failures found. Rework needed. Once reworked, 
validation started again. 

Planned start date:07/03/2017 
Planned end date:10/04/2017 

Start event: 07/03/2017 
End event: 08/03/2017 

 
Internal task T1: Subsystems validation and start-
up 
 

Deliverables: 
Validated 
subsystems 

Dates:  
- 
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Resources: others WP ref: WP#5 

Major constituent: Subsystem rework Sheet 5 of 11 

Short description: 
Rework of failing subsystems.  

Planned start date:09/03/2017 
Planned end date: 22/03/2017 

Start event: 09/03/2017 
End event: 22/03/2017 

 
 

Deliverables: 
Reworked 
subsystems 

Dates: 
22/03/2017 

 

Resources: HW team & M.B. WP ref: WP#6 

Major constituent: Subsystem second validation Sheet 6 of 11 

Short description: 
Validation of subsystems.  

Planned start date:23/03/2017 
Planned end date: 26/04/2017 

Start event: 23/04/2017 
End event: 26/04/2017 

 
Internal task T1: Subsystems validation and start-
up 
 

Deliverables: 
Validated 
subsystems 

Dates: 
26/04/2017 

 

Resources: HW team  WP ref: WP#7 

Major constituent: System validation Sheet 7 of 11 

Short description: 
Validation of complete systems.  

Planned start date:27/04/2017 
Planned end date: 08/05/2017 

Start event: 27/04/2017 
End event: 08/05/2017 

 
Internal task T1: Subsystems validation and start-
up 
 

Deliverables: 
Validated 
systems 

Dates: 
08/05/2017 

 

 

Resources: MCH team. WP ref: WP#8 

Major constituent: Mechanical parts validation Sheet 8 of 11 

Short description: 
Validation of mechanical structure. This WP is 
made by Mechanical Team but it is part of the RG 
project.  

Planned start date:17/03/2017 
Planned end date:27/03/2017 

Start event: 17/03/2017 
End event: 27/03/2017 

 
 

Deliverables: 
Mechanical parts 
validated 

Dates: 
27/03/2017 
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Resources: MCH team. WP ref: WP#9 

Major constituent: Mechanical parts assembly Sheet 9 of 11 

Short description: 
Mechanical parts assembly. This WP is made by 
Mechanical Team but it is part of the RG project. 

Planned start date:28/03/2017 
Planned end date:14/04/2017 

Start event: 28/03/2017 
End event: 14/04/2017 

 
 

Deliverables: 
Racks structure 
ready 

Dates: 
14/04/2017 

 

Resources: HW team  WP ref: WP#10 

Major constituent: Rack assembly and setup Sheet 10 of 11 

Short description: 
Mounting the systems in the racks and establish 
the set-up as stated in the RG test plan document. 

Planned start date:10/05/2017 
Planned end date:20/06/2017 

Start event: 10/05/2017 
End event: 20/06/2017 

 
 

Deliverables: 
Racks ready to 
start RG test 

Dates: 
30/05/2017 

 

Resources: HW team & M.B. WP ref: WP#9 

Major constituent: RG test data collection & 
analysis 

Sheet 11 of 11 

Short description: 
Periodically collection of data coming from the RG 
test and analysis.  

Planned start date:22/06/2017 
Planned end date:26/03/2018 

Start event: 01/07/2017 
End event: - 

 
 

Deliverables: 
TFM project  
 
RG test results 

Dates: 
30/06/2017 
 
30/03/2018 
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ANNEX 2. RG processes flowchart diagram 

 

 

 
Fig.21. SS&S validation flowchart  
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Fig.22. Design verification flowchart process 
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Fig.23. Subsystem validation flowchart and RG planning  
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Fig.24. Data analysis flowchart 
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ANNEX 3. QTR and FAA examples 

 

- QTR 

The purpose of a QTR (Quality Test Report) is to describe and carry out the minimum 

amount of tests required to qualify the HW design of an electronic board. The 

functional and electrical tests are used to evaluate the performance as a single 

subsystem, that is to say, without operating as a subsystem with other boards. The 

table below shows an example of that kind of tests, concretely the ones related to the 

power supply. The rest of the subsystems shall be tested following the same 

procedure as in this example in order to cover the most possible parts of the 

subsystem. 

 

 
Table 19. QTR power supply test for subsystem H 

 

- FAA 

FAA (First Article Approval) is a document which allocates a group of tests that are 

individually performed to all the boards that compose the different subsystems coming 

from the factory. These sets of tests are performed on the boards to ensure that the 

manufacturing process was made according to the engineering documentation which 

was released to the factory. The results of these tests and all the deviations are 

registered in this document. 
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First table shows the different tests made on the PCBs, such as BOM (Bill of 

Materials) verification, assembly verification, FW version verification and functional 

test. There are some of them that do not apply to the ETESS as packaging or serial 

number verification, tests that will be performed in a subsequent point of the process. 

 

 
Table 20. FAA test list for subsystem H 

 

Second table shows the different tests that compose the functional test block and 

their result. 

 

 
Table 21. FAA functional tests for subsystem H 
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ANNEX 4. FMEA example 

This figure explains the way of filling the FMEA document for two different cases as an 

example: the power supply converter and the power supply unit of a board (subsystem). 

 

 
Table 22. FMEA example 
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ANNEX 5. Derating factors and PSA  

The next table shows the maximum derating factors that are established by the company 

to pass the Part Stress Analysis (PSA) for the different types of components and 

electrical/ environmental characteristics. These derating values have been extracted from 

“Derating and end-of-life parameter drifts - EEE components” published by the European 

Space Agency for the members of ECSS in 2004 [8]. 

 

 
Table 23. Derating factors for different electronic components 

 

 

The following figure shows how to fill a PSA document for some of the different 

components of a subsystem (i.e. transistors, resistances and capacitors). 
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Table 24. PSA example for different electronic components 
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ANNEX 6. Marciano Chart example 

The table below shows how to fill a MC document and the two possible results: board #1 

shows a successful corrective action and board #2 shows a failure in the corrective 

action. 

 

 
Table 25. MC example 
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ANNEX 7. Secondary test procedure 

Steps to be followed in order to carry out the secondary test have been divided in 3 tables 

depending on the kind of test to be performed: indication test, event detection and 

actuation test and failures detection test: 

 

#1: Indication test  
 
Step # Description Expected 

Step 1 Press G subsystem “lightbulb switch” from 
system B7. 

1) All LEDs will be turned on. 
2) Check that there are two kind of 
buzzers ringing (there will be a 
message on the LCD announcing 
each buzzer tone): 
   - 1st continuous ringing with a    
      message in the LCD  
   - 2nd intermittent ringing with a  
     different  message  in the LCD 
3) The LCD will switch to white and 
black. Check there are no damaged 
pixels on it. 

Step 2 Check that the system has returned to its 
original status. 

Check the system is in idle status. 

Step 3 Press G subsystem “lightbulb switch” from 
system C1.1. 

1) All LEDs will be turned on. 
2) Check that there are two kind of 
buzzers ringing (there will be a 
message on the LCD announcing 
each buzzer tone): 
   - 1st continuous ringing with a    
      message in the LCD  
   - 2nd intermittent ringing with a  
     different  message  in the LCD 
3) The LCD will switch to white and 
black. Check there are no damaged 
pixels on it. 

Step 4 Check that the system has returned to its 
original status. 

Check the system is in idle status. 

Step 5 Press G subsystem “lightbulb switch” from 
system C3. 

1) All LEDs will be turned on. 
2) Check that there are two kind of 
buzzers ringing (there will be a 
message on the LCD announcing 
each buzzer tone): 
   - 1st continuous ringing with a    
      message in the LCD  
   - 2nd intermittent ringing with a  
     different  message  in the LCD 
3) The LCD will switch to white and 
black. Check there are no damaged 
pixels on it. 

Step 6 Check that the system has returned to its 
original status. 

Check the system is in idle status. 



 

 73 

Step 7 Press G subsystem “lightbulb switch” from 
system C4. 

1) All LEDs will be turned on. 
2) Check that there are two kind of 
buzzers ringing (there will be a 
message on the LCD announcing 
each buzzer tone): 
   - 1st continuous ringing with a    
      message in the LCD  
   - 2nd intermittent ringing with a  
     different  message  in the LCD 
3) The LCD will switch to white and 
black. Check there are no damaged 
pixels on it. 

Step 8 Check that the system has returned to its 
original status. 

Check the system is in idle status. 

Step 9 Press G subsystem “lightbulb switch” from 
system C1.2. 

1) All LEDs will be turned on. 
2) Check that there are two kind of 
buzzers ringing (there will be a 
message on the LCD announcing 
each buzzer tone): 
   - 1st continuous ringing with a    
      message in the LCD  
   - 2nd intermittent ringing with a  
     different  message  in the LCD 
3) The LCD will switch to white and 
black. Check there are no damaged 
pixels on it. 

Step 10 Check that the system has returned to its 
original status. 

Check the system is in idle status. 

Step 11 Press G subsystem “lightbulb switch” from 
system C2.1. 

1) All LEDs will be turned on. 
2) Check that there are two kind of 
buzzers ringing (there will be a 
message on the LCD announcing 
each buzzer tone): 
   - 1st continuous ringing with a    
      message in the LCD  
   - 2nd intermittent ringing with a  
     different  message  in the LCD 
3) The LCD will switch to white and 
black. Check there are no damaged 
pixels on it. 

Step 12 Check that the system has returned to its 
original status. 

Check the system is in idle status. 

Step 13 Press G subsystem “lightbulb switch” from 
system C2.2. 

1) All LEDs will be turned on. 
2) Check that there are two kind of 
buzzers ringing (there will be a 
message on the LCD announcing 
each buzzer tone): 
   - 1st continuous ringing with a    
      message in the LCD  
   - 2nd intermittent ringing with a  
     different  message  in the LCD 
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3) The LCD will switch to white and 
black. Check there are no damaged 
pixels on it. 

Step 14 Check that the system has returned to its 
original status. 

Check the system is in idle status. 

Step 15 Press G subsystem “lightbulb switch” from 
system B1. 

1) All LEDs will be turned on. 
2) Check that there are two kind of 
buzzers ringing (there will be a 
message on the LCD announcing 
each buzzer tone): 
   - 1st continuous ringing with a    
      message in the LCD  
   - 2nd intermittent ringing with a  
     different  message  in the LCD 
3) The LCD will switch to white and 
black. Check there are no damaged 
pixels on it. 

Step 16 Check that the system has returned to its 
original status. 

Check the system is in idle status. 

Step 18 Press G subsystem “lightbulb switch” from 
system B2. 

1) All LEDs will be turned on. 
2) Check that there are two kind of 
buzzers ringing (there will be a 
message on the LCD announcing 
each buzzer tone): 
   - 1st continuous ringing with a    
      message in the LCD  
   - 2nd intermittent ringing with a  
     different  message  in the LCD 
3) The LCD will switch to white and 
black. Check there are no damaged 
pixels on it. 

Step 19 Check that the system has returned to its 
original status. 

Check the system is in idle status. 

Step 20 Press G subsystem “lightbulb switch” from 
system B3. 

1) All LEDs will be turned on. 
2) Check that there are two kind of 
buzzers ringing (there will be a 
message on the LCD announcing 
each buzzer tone): 
   - 1st continuous ringing with a    
      message in the LCD  
   - 2nd intermittent ringing with a  
     different  message  in the LCD 
3) The LCD will switch to white and 
black. Check there are no damaged 
pixels on it. 

Step 21 Check that the system has returned to its 
original status. 

Check the system is in idle status. 

Table 26. Indication test 
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#2: Event detection and actuation 
 

Step # Description Expected 

Step 1 Locate system C2.1.   

Step 2 Switch off one of the SW_Det from 
subsystem D in order to force an input 
event. 

-Check that the alarm sounds in a 
continuous way.  
-Check that the “fire” LED is lit in G 
board. 
-Cheek that a message appears in 
the LCD of system C2.1. 
-Check that the relay output led 
from subsystem D is lit. 
-Check that a message has 
appeared in the LCD of the 
subsystem C3. 

Step 3 Press subsystem G reset button to restore 
the initial conditions 

Check that the system has turned 
back into idle state. 

Step 4 Press subsystem G #0 button in order to 
force an activation in subsystem D. 

Check that the LEDs from the 
subsystem D and J output pins are 
lit. 

Step 5 Press subsystem G reset button to restore 
the initial conditions 

Check that the system has turned 
back into idle state. 

Step 6 Locate system C1.1.  

Step 7 Press subsystem G #0 button in order to 
force an activation in subsystem J. 

Check that the LEDs from the 
subsystem D and J output pins are 
lit. 

Step 8 Press from subsystem G the reset button to 
restore the initial conditions 

Check that the system has turned 
back into idle state. 

Step 9 Locate system C4  

Step 10 Press subsystem G #0 and #1 button (one 
after the other)  in order to force an 
activation in both subsystems J. 

Check that the LEDs from both 
subsystems J output pins are lit. 

Step 11 Press the subsystem G reset button to 
restore the initial conditions 

Check that the system has turned 
into idle state. 

Step 12 Locate system B1  

Step 13 Switch off one of the subsystem D SW_Det 
in order to force an input event. 

-Check that the alarm sounds in a 
continuous way.  
-Check that the “fire” LED is lit in G 
board. 
-Check that a message appears in 
the LCD of system B1 
-Check that the relay output led 
from subsystem D is lit. 
-Check that a message has 
appeared in the LCD of the 
subsystem B3. 

Step 14 Press subsystem G reset button to restore 
the initial conditions 

Check that the system has turned 
into idle state. 

Step 15 Switch off the SW_Det from subsystem K 
in order to force an input event. 

-Check that the alarm sounds in a 
continuous way.  
-Check that the “fire” LED is lit in G 
board. 
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#3: Failure detection  
 
Step # Description Expected 

Step 1 Locate system C2.1.   

Step 2 Switch off one of the SW_F from 
subsystem D in order to force a failure 
event. 

-Check that the alarm sounds in an 
intermittent way. 
-Check that there is a failure 
message in the system C2.1. LCD 

Step 3 Press subsystem G reset button to restore 
the initial conditions 

Check that the system has turned 
into idle state. 

Step 4 Locate system C1.1.  

Step 5 Switch off one of the 14 SW_F from 
subsystem J in order to force a failure 
event (open circuit). 

-Check that the alarm sounds in an 
intermittent way. 
-Check that there is a failure 
message in the system C1.1. LCD  

Step 6 Press from subsystem G the reset button 
to restore the initial conditions 

Check that the system has turned 
into idle state. 

Step 7 Locate system C4  

Step 8 Switch off one of the 14 SW_F from 
subsystem J in order to force a failure 
event. 

-Check that the alarm sounds in an 
intermittent way. 
-Check that there is a failure 
message in the system C4 LCD. 

Step 9 Press subsystem G reset button to restore 
the initial conditions 

Check that the system has turned 
into idle state. 

Step 10 Switch off one of the 14 SW_F from the 
other subsystem J in order to force a 
failure event. 

-Check that the alarm sounds in an 
intermittent way. 
-Check that there is a failure 
message in the system C4 LCD 

Step 11 Press from subsystem G the reset button 
to restore the initial conditions 

Check that the system has turned 
into idle state. 

Step 12 Locate system B1  

-Cheek that a message appears in 
the LCD of system B1. 
-Check that a message has 
appeared in the LCD of the 
subsystem B3. 

Step 16 Press subsystem G reset button to restore 
the initial conditions 

Check that the system has turned 
into idle state. 

Step 17 Press subsystem G #0 button in order force 
an activation in subsystem D. 

Check that the outputs LEDs from 
subsystem D are lit. 

Step 18 Press subsystem G reset button to restore 
the initial conditions 

Check that the system has turned 
into idle state. 

Step 19 Press subsystem G  #1 button in order 
force an activation in subsystem C. 

Check that the outputs LEDs from 
subsystem C are lit. 

Step 20 Press subsystem G reset button to restore 
the initial conditions 

Check that the system has turned 
into idle state. 

Step 21 Press from subsystem G the #2 button in 
order force an activation in subsystem J. 

Check that the LEDs from both 
subsystems J are lit. 

Step 22 Press subsystem G reset button to restore 
the initial conditions 

Check that the system has turned 
into idle state. 

Table 27. Event detection and actuation test 
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Step 13 Switch off one SW_F from subsystem D in 
order to force a failure event. 

-Check that the alarm sounds in an 
intermittent way. 
-Check that there is a failure 
message in the system B1. LCD 

Step 14 Press subsystem G reset button to restore 
the initial conditions 

Check that the system has turned 
into idle state. 

Step 15 Switch off one of the 24 SW_F from 
subsystem K in order to force a failure 
event. 

-Check that the alarm sounds in an 
intermittent way. 
-Check that there is a failure 
message in the system B1 and B3 
LCD  

Step 16 Press from subsystem G the reset button 
to restore the initial conditions 

Check that the system has turned 
into idle state. 

Step 17 Switch off one of the 16 SW_F from 
subsystem J in order to force a failure 
event. 

-Check that the alarm sounds in an 
intermittent way. 
-Check that there is a failure 
message in the system B1and B3 
LCD  

Step 18 Press from subsystem G the reset button 
to restore the initial conditions 

Check that the system has turned 
into idle state. 

Step 19 Switch off one of the 3 SW_F from 
subsystem C in order to force a failure 
event. 

-Check that the alarm sounds in an 
intermittent way. 
-Check that there is a failure 
message in the system B1and B3 
LCD  

Step 20 Press from subsystem G the reset button 
to restore the initial conditions 

Check that the system has turned 
into idle state. 

Table 28. Failure detection test 
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Glossary 

 

TERMS DEFINITION 

ARG Accelerated Reliability Growth 

BOM Bill Of Material 

CDF Cumulative Distribution Function 

CRQ-k/N Component Reliability Qualification test of k failures over N samples 

DART Design Assessment Reliability Test 

DfR Design for Reliability 

DMT Design Maturity Testing 

ECSS European Cooperation for Space Standardization 

ETESS Event Triggered Electronic Security System 

FAA First Article Approval 

FMEA Failure Modes and Effects Analysis 

FW Firmware 

HALT Highly Accelerated Life Test 

HW Hardware 

MC Marciano Chart 

MCH Mechanics 

MTBF Mean Time Between Failure 

MTTF Mean Time To Failure 

PDF Probability Density Function 

PSA Part Stress Analysis 

QTR Quality Test Results 

RG Reliability Growth 

R&D Research and Development 

SW Switch 

SWI Standard Work Instruction 

TAAF Test Analyze And Fix 

TFM Treball Fi de Màster 

THB Temperature-Humidity-Bias 

WP Work Package 

 


