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The main reason of applying the vibration method is increase the accuracy and 

reliability of vibration measurement that caused by damage and leading to failure of 
combustion engines. The diagnostic researches using vibrations allows to determine the 
technical state of combustion engine. 
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The technical state of objects, machine, and vehicles can be described as a set of the 

all parameters values that define the given object in a given moment of time t.  

The time sequences of these states could be considered as the time of existence of the 

device. The use of technical diagnostic methods makes possible the qualification of current 

technical states of studied objects, machines and vehicles [5, 6].  

Formulation of the problem 

Diagnostic researches that use vibration to determine the technical state of combustion 

engines  are  very  difficult  to  apply  and  only  a  few  proposed  methods  could  have  wider  

technical use in diagnostics. This paper contains application of SVD methods focused to the 

identification of the technical state of combustion engines. The SVD method is the 

appropriate tool for analysing a mapping from one vector space into another vector space, 

possibly with a different dimension [2, 3]. 

Objects and methods of investigation 

The object of research was a combustion engine №. 138C.2.048 with 1.4 l swept 

capacity, power 55 kW / 75 KM, generally applied to Fiat. It is possible to introduce 

generated vibration signals as well as the research of its adjustment influence on the 

combustion engine vibration signals change [2-4].  

The necessity of estimating the technical state is conditioned by the possibility of 

making decisions connected with object exploitation and the procedure methods to diagnose 

the technical state. 
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The present development of technical equipment and software creates new 

possibilities for diagnosing systems and monitoring technical condition of more folded 

mechanical constructions[5, 6]. 

Results and discussion 

Мodel of diagnostics signal generation 

 The research object was a combustion engine situated in the investigative laboratory of 

combustion  engines  in  UTP Bydgoszcz.  Based  on  this  engine,  a  model  of  diagnostic  signal  

generation was created during the investigations [2-6]. The proposed model of combustion 

engine diagnostic signal generation is shown on Figure 1.  

 
Fig.1. Combustion engine diagnostics signal generation model [4] 
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The  received  signals  in  any  point  of  engine  body  are  the  sum  of  the  answer  at  all  

elementary events un (t, Θ), outputs in individual partial dynamic arrangements with the pulse 

function of input hn(t, Θ). These influences after passing by proper dynamic arrangements are 

summed up on the engine body, on chosen points was measured by the vibration transducers.  

As a result of conducted measurements output signals was used to estimation. By  

n(t, Θ) was marked accidental influence stepping out from presence of dynamic micro effects 

such as friction [2-6]. 

Based on the Matlab environment the application diagnostics software «DM» was used for 

vibroacoustics signal analysis, serving to the processing and analysis of the investigative data.  

This software enables the obtainment of symptoms from vibration signals and then it 

makes it possible to describe the technical state of the machine in matrix observation. A 

model of a machine in good state and another model of the same machine after certain period 

of usage gives an inference base about the state of the object and vibration predominant 

sources that allows machine modernization in the next step. 

Singular value decomposition  

The SVD method is the one of the newest diagnostic methods. It is the appropriate tool 

for analysing a mapping from one vector space into another vector space, possibly with a 

different dimension [1, 6, 7]. The SVD method was included in the diagnostics software 

«DM», the general programming structure of the Multivariable Diagnosis application 

developed by the Research Group on Industrial Maintenance (GEMI), Mechanical 

Engineering Department, Engineering School, EAFIT University and used for result 

validation.  

The SVD method algorithm is shown in Figure 2. 

Figure 3 displays the main window of the SVD module that was used for analysis.  

Percentage of damage in the object status description obtained in the «DM» software 

is shown in Figure 4. The red line marks a value of 50% failure of the principal failure. 

The program allows to present graphical interpretations: 

-  analysis of the principal failure – Figure 5; 

-  reliability analysis – Figure 6. 

Figure 5 contains two graphs: the first is a graphic interpretation of a generalized state 

of the object with the specified limit, which is determined based on the configuration 

parameters. 
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Fig.2. Singular Value Decomposition algorithm [1, 6, 7] 

 
Fig.3. SVD module window 
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Fig. 4. Graphical interpretation of failuresin object 

 
Fig. 5. Graphical interpretation analysis of the principal failure 

 
Fig. 6. Graphical interpretation reliability analysis 



ТЕХНОЛОГІЇ ТА ДИЗАЙН   
               № 2 (7)  2013 р. 

Машини та обладнання легкої та 
текстильної промисловості 

 

© Київський національний університет технологій та дизайну, 2013                                                           6 
 

The generalized state of the object is presented using the main damage to its technical state. 

The second graph relates the analysis of discretion are as by presenting: 

- limit; 

- probability of success evaluation for a good state; 

- probability of unnecessary repairs allowed; 

- probability of undetected fault state; 

- probability of success in the evaluation of the damage. 

Figure 6 shows the graphical interpretation of the reliability and damage assessment: 

speed development risk and its main damage, and speed development of global risk for all 

damages. 

It  also  shows  the  histogram  of  the  principal  failure  with:  limits,  probability  of  not  

exceeding the limit value, probability of exceeding the limit value, type of distribution 

together with the values of distribution parameters. 

The next stage of analysis is the graphical interpretation of the correlation symptoms 

with the selected failure as shown in Figure 7. The analysis of correlation symptoms with the 

selected failure allows to rank the symptoms due to the correlation coefficient value as shown 

in Figure 7. 

 
Fig. 7. Graphical interpretation correlation of symptoms with the selected failure 

 

Figure 8 shows a graphic interpretation of the generalized object state with the 

specified limit and permissible value for the selected fault. 
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Fig. 8. Graphical interpretation analysis of the selected failure 

The generalized state of the object is presented by a selected damage in relation to 

states of the object. Figure8 shows the histogram of the selected fault value with: 

- limits; 

- probability of not exceeding the limit value; 

- probability of exceeding the limit value; 

- type of distribution together with the values of distribution parameters. 

The results of research  

With the object of research in the laboratory, 33 states were simulated with the damages 

to the spark plug and injectors on the individual cylinders of the engine and the combination 

of these damages.  

Figure 9 shows the failure to the spark plug electrodes modeled by removing the side 

electrode and the injector damage modeled by the release the signal cable. 

Fig. 9. Failure of removing the spark plug side electrode 
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During the experimental research uniform conditions in the engine are needed in order 

to guarantee the success of the analytical process.  The research was performed under the 

following conditions: 

- 830 r.p.m was executed measurements for the rotational speed of the engine; 

- for neutral gear - temperature of the trunk of the engine  carried out 71 degrees;  

- the dynamic state of the engine is described 30 measuring files; 

- the investigations were executed using two measuring channels for the fulfillment of 

the state of Fourier transformation. 

The measuring track consisted of (Figure. 10): 

- two acceleration sensors ICP Model: 352C68; 

- two leads series 002; 

- data acquisition module VIBDAQ +. 

 

 

 

Fig. 10. Block diagram of the measuring system 

The research allowed obtaining vibration signals in time response function from 

selected points on the engine for the simulated research object states. 

The  results  obtained  were  analyzed  in  the  software  «SIBI».  SIBI  program  was  

developed  in  the  University  of  Technology  and  Life  Sciences  in  Bydgoszcz,  Faculty  of  

Mechanical Engineering, Department of  vehicles and diagnostics, and was used to 

validate the results of research [7]. 

The analysis in SIBI program allowed generating eight own measures and eight 

mutual measures. This measures were analyzed by using the SVD method for assessing 

the diagnostic usefulness  of the generate down and mutual measures. 

Conducted researches on combustion engines depend on the delimitation of 

vibroacoustics measures of the engine and comparing them with measures appointed for 

damaged engines (eg. damaged spark plug, injector) to accomplish the assessment through 

operational vibroacoustic methods of how the received results influence the technical state 

of an engine.  
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The observation matrixes have eight own symptoms ( avex –Average, ARMS – Root 

Mean Square. PMAX – Pick max., σj –  Standard deviation, K – Shape factor, C –  Crest  

factor, I - Impulse factor,  xxR – Autocorrelation coefficient) and have eight mutual 

symptoms  ( )( 1fg –value of coherence for a first characteristic frequency 12,63 [Hz], 

)( 2fg – value of coherence for a second characteristic frequency 23,27 [Hz], )( 3fg – value 

of coherence for a third characteristic frequency 46,96 [Hz],  )( fDg  –  value  of  the  area  

under course of the coherence function for the range from the first to the third 

characteristic frequencies, )( fRxy D – value of the area under course of the crosscorrelation 

function for the range from the first to the third characteristic frequencies, )( fFFTx D – 

value of the area under the course of signal spectrum from the first point between the first 

and the third characteristic frequencies, )( fFFTy D – value to the area under the course of 

signal spectrum from the second point between the first and the third characteristic 

frequencies )( fH xy D – value of the area under course of the transmittance function for the 

range from the first to the third characteristic frequencies [2, 3]. 

The final observation matrixes of engine performance given in describe 8 own 

symptom and in the ones in describe 8 mutual symptoms. 

For the purposes of analysis the technical states were classified into 3 groups: 

- First group – damage spark plug 

- Second group  – damage the injector 

- Third  group –  damage the injector and spark plug. 

The following illustrations shows the graphical interpretation of own symptoms 

revealed through the analysis research results with the SVD method (failures in the 

engine, the histogram of values  the principal failure, the correlation between of individual 

symptoms of root damage). 
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For the first group of states: 

 

 
Fig. 11. Graphical interpretation of the failures in objects for the 

first group of states 
 

 
Fig. 12. Graphical interpretation histogram value of the main failure for the first 

group of states 
 

 
Fig. 13. Graphical interpretation of the correlation of symptoms with the main 

failure for the first group of states 
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For the second group of states: 

 

 
Fig. 14. Graphical interpretation the failures in objects for the second group of 

states 

 
Fig. 15. Graphical interpretation  histogram value of main failure for the second 

group of states 

 
Fig. 16. Graphical interpretation of the correlation of own symptoms with the 

main failure for the second group of states 
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For the third group of states: 

 
         Fig. 17. Graphical interpretation the failures in object for the third group of states 

 
Fig. 18. Graphical interpretation  histogram value of main failure for the third 

group of states 
 

 
Fig. 19. Graphical interpretation correlation of own symptoms with the main 

failure for the third group of states 
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The  result  of  the  analysis  with  SVD  method  obtained  five  own  and  five  mutual  

symptoms  that  best  describe  the  states  of  the  internal  combustion  engine.  The  summary  of  

selected symptoms are presented in Tablе.1. 

Table 1.  

Results of SVD method with five own and mutual symptoms that best 
describe the states of the internal combustion engine 

GROUP 
STATE 

OWN SYMPTOMS 

First group PMAX ARMS σj avex  I 

Second group avex  ARMS σj PMAX K 

Third group I C K ARMS PMAX 

GROUP 
STATE 

MUTUAL SYMPTOMS 

First group )( fRxy D  )( 1fg  )( fDg  )( fFFTx D  )( 2fg  

Second group )( fFFTx D  )( fDg  )( fRxy D  )( 3fg  )( 2fg  

Third group )( 3fg  )( 1fg  )( 2fg  )( fFFTx D  )( fRxy D  

The analysis indicates the need to assess the technical state of using mutual symptoms. 

The SVD method indicated that mutual symptoms have greater stability to describe the 

technical state of the engine. Own symptoms play an advisory role, based on which it is not 

possible to make a clear description of mutual symptoms. 

The next step of the quantitative and qualitative analysis description of participation 

symptoms in the assessment of technical state is modeling engine cause – effect relationships 

using multiple regression [7]. 

Modeling makes it possible to identify the relationship between symptoms. SVD 

method allows  the selection symptoms for modeling because it is multidimensionality. 

Сonclusion 

In modern technical systems, taking into account technological progress and the great 

opportunities available for acquisition and signal processing makes it possible to obtain a lot 

of information from the signals recorded in different parts of the machine.  

This information must be processed and interpreted in most cases by staff to determine 

the status of the machine. In the practice of diagnostic investigations, the utilization of 

vibrations allows describing the dynamic condition of the machine by set of estimators from 

various vibration symptoms.  
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Received symptoms in the vibroacoustics signal experiment unambiguously show the 

different technical state of the combustion engine. 

The diagnosis of complex systems based on a multidimensional analysis, gives the 

opportunity to evaluate the relationship between symptoms whose values have changed as a 

result of damage. 

SVD methods marked the most important symptoms for describing the technical state 

of engines- the best symptoms are: ( )( 1fg – value of coherence for a first characteristic 

frequency 12,63 [Hz], )( 2fg – value of coherence for a second characteristic frequency  

23,27 [Hz], )( 3fg – value of coherence for a third characteristic frequency 46,96 [Hz],  

)( fDg – value of the area under course of the coherence function for the range from the first to 

the third characteristic frequencies) 

Among the possible techniques that use the relationship between symptoms is the SVD 

method. 

SVD method can be used to eliminate symptoms that do not provide important 

information about the state of the machine that is being tested. 

This method allows to generate a new set of independent symptoms that may be useful 

for the diagnosis of technical systems. This is why  the SVD method is useful in many 

applications,  such  as  statistics,  control  theory,  compression,  processing  a  lot  of  information  

and evaluation of technical state of complex objects. 

This paper is a part of investigative project WND-POIG.01.03.01-00-212/09. 
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Т. Калачинські, М. Лукашевич  
Багатокритеріальний аналіз та оцінка технічного стану двигунів 

внутрішнього згорання на основі SVD методу 
Головною передумовою застосування методу вібродіагностики є підвищення 

точності та надійності вимірювання вібрацій, які спричинені виникненням 
пошкоджень та призводять до відмови роботи двигунів внутрішнього згорання. 
Діагностичні дослідження з використанням вібрації дозволяють визначити технічний 
стан двигунів внутрішнього згорання. 

Ключові слова: аналіз та оцінка технічного стану, SVD метод, двигун 
внутрішнього згорання 

 
 
 
 
 
 
 
Т. Калачински, М. Лукашевич  
Многокритериальный анализ и оценка технического состояния двигателей 

внутреннего сгорания на основе SVD метода 
Главная причина применения метода вибродиагностики связана с повышением 

точности и надёжности измерений вибраций, вызванных причинами повреждений и 
приходящих к отказу роботы двигателей внутреннего сгорания. Диагностические 
исследования с использованием вибрации позволяют определить техническое 
состояние двигателей внутреннего сгорания. 

Ключевые слова: анализ и оценка технического состояния, SVD метод, 
двигатель внутреннего сгорания 


