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  ABSTRACT    

 

 International statistics have shown that the number of fire accidents resulting from 

electric equipment failures and non-functioning of protection systems is enormous. 

Overheating the coils of electrical motors leads to the possibility of the ignition of  the 

insulation of electric conductors causing the spread of fire, especially if the frames of these 

motors contribute more to the spread of fires to the neighboring regions. The most 

common systems causing the increase of overloading electric motors are the non-symmetry 

of the input tension to these motors. This gives rise to a negative sequence of currents 

overlaying a direct sequence of currents leading to an additional increase in heating the 

rotor, stators, to the wearing and charring of  the insulation of the motors, and finally to fire 

outbreak. In this research, we aim to estimate and calculate the probability of fire outbreak 

in electric equipment at industrial plants, checking the reliability embedded within the 

protection systems, so that the probability of fire occurrence resulting from induction 

motors is compatible with international standards and criteria. 

 

 

Keywords: fire, theory of probability, electric cables 

 

 
 
 
 

 

                                                 
 Professor, Department of Electrical Power Engineering,  Faculty of Mechanical and Electrical 

Engineering, Tishreen University, Lattakia, Syria 
 Engineer, Department of Electrical Power Engineering,  Faculty of Mechanical and Electrical 

Engineering, Tishreen University, Lattakia, Syria 



 سبر, مشقوقا                                                في المعامل والمنشآت الصناعية نمزجة وحساب احتمالية نشوب الحرائق
 

 941 

   8332( 5( العدد )03المجمد ) العموم الهندسيةمجمة جامعة تشرين لمبحوث والدراسات العممية  _  سمسمة 

Tishreen University Journal for Research and Scientific Studies - Engineering Sciences Series Vol.  (30) No. (5) 2008 

 

 نمزجة وحساب احتمالية نشوب الحرائق
 عامل والمنشآت الصناعيةفي الم

 
 الدكتور جورج اسبر

 هلا مشقوق                                                                                
 

 (88/18/2008ل لمنشر في ب  ق   . 8332/  9/  1تاريخ الإيداع )
 

 الممخّص  
 

 

لاااح احتماااال انهياااار عازلياااة الياااابوت اليهربائياااة, وبالتاااالي إن زيااااتة تسااااين وشاااائا التجهيااازات اليهربائياااة يااا ت  إ
اشااتعالها وانتشااار الحريااق وااصااة إها ياناات اياياال اااهط التجهياازات ملغاااة بغبقااات ماان اللبااار والمشاابعة بااالزيوت, فهااي 

 تساام أيثر في انتشار الحرائق إلح المناغق المجاورة.
لاتت اليهربائياة ااي عاتم تنااظر تاوتر الاتال إلاح ااهط اآلاتت, إن أيثر الأنظمة الشائعة المسببة لزياتة تحميال اآ

واها ي ت  إلح ظهاور تياارات التتاابا العيساي التاي تعلاات عراح تياارات التتاابا المباشار, وااها يقاوت إلاح  زيااتة إلاافية 
 في تساين وشائعها, وفي النهاية ااتراء عازليتها وتفحمها ونشوب الحريق.

تير وحساب احتمالية نشوب الحرائق في المنشآت الصناعية التي تستاتم التجهيزات نهتت في اها البحث إلح تق
اليهربائية, ومعرفة الوثوقية التي يجب أن تتمتا بها أنظمة الحماية ليي ييون احتماال حاتوث الحرياق النااتب بسابب ااهط 

 التجهيزات مغابقاً لرمواصفات القياسية المعيارية العالمية.
 

 الحرائق , نظرية الاتحتمالاتت , اليبوت اليهربائية. ة:الكممات المفتاحي

                                                 
  سورية. –اللاذقية  -ينجامعة تشر-كلية الهندسة الميكانيكية والكهربائية  -قسم هندسة الطاقة الكهربائية -أستاذ 
  سورية. –اللاذقية  -جامعة تشرين-كلية الهندسة الميكانيكية والكهربائية  -قسم هندسة الطاقة الكهربائية -مهندسة 
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 Introduction: 
 International statistics have shown that the number of fire accidents occurring as a 

result of the failures of electric devices and the breakdown of protection systems is very 

considerable. The rate of fire accident in thermo-stations has amounted to 52%, at 

transformation stations to 45%, and at hydraulic stations to 5% out of the total rate of fires 

that happened for reasons not relating to the electric current. However, fire accidents 

resulting from electric equipment failures are at the rate of 16%.[1]. 

 Overheating the rotating motor coils leads to the probability of the collapse of the 

insulation of electric cables, causing as a result their inflammation and the spread of fire, 

especially if the frameworks of these motors are covered with dust layers saturated with 

oils which contribute more to the spread of fire accidents to the neighboring areas. 

 Most cases of fire accidents arise from overheating the rotating motor coils 

resulting from the slowdown rotation of the rotor or the phase break in the stator or 

deflection in the net voltage from the allowed values or because of asymmetry in the 

phases voltages.[2]. 

 The most common systems that cause overloading the electric equipment are the 

asymmetry of incoming voltage to this equipment. The values of the asymmetry factor 

could reach the breaking of the linear conductor in the feeding voltage of rate 28% which 

greatly exceeds the values permitted by the criterion of standard specifications. 

 Asymmetrical voltage leads to the appearance of adverse successive currents which 

are added to direct successive currents. This causes an additional increase in heating the 

coils of the rotor and stator, and finally the fast wearing of motor insulation. 

 

Aims and Importance of this Research: 
 The importance of this research stems from the calculation of the probability of fire 

occurrence and explosions at industrial plants. Consequently, we obtain early information 

to avoid danger. Therefore, the research aims may be summarized as follows: 

1- Predicting the probability of fire occurrence by investing in electric equipment at 

industrial plants. 

2- Putting a mathematical model for calculating the time of fire occurrence. 

3- Checking the reliability of the protection systems, so that the probability of fire 

occurrence resulting from the running of electric equipment must be compatible with the 

international criterion specifications: 

hour

1
1014.1

year

1
101H 106    

 

Method of Research and the Materials Used: 
 A mathematical model has been used to clarify the thermal and mechanical 

qualities of an electric motor working in circumstances involving asymmetry of voltages. 

Figure(1) illustrates the relations of phase currents C,B,A, of the motor coils with the 

asymmetry factor K2u. 

 Calculations were made by means of symmetrical components by using the 

equivalent circuit in the form of the letter T for the sake of direct and indirect 

successions[4]. 
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Figure (1)- relation of the phases currents C,B,A, of the electric motor 

with the asymmetry factor K2u% 

 
Figure (2)- relation of the increase of electric motor coils temperature 

for the sake of C,B,A, phases with asymmetry factor K2u% 

 
Figure (3)- curves of heating the electric motor coils 

for the sake of C,B,A, phases in the asymmetry factor K2u = 20% 

 

Figure (1) shows the current distribution in the phases of stator coils; 

)I  ,  I  ,  I( 1A1BC1  are distributed in an irregular way. This results from the deformations of 

tension symmetry. On increasing asymmetry considerably, then the distribution of currents 

on phases could rise twice or even more; this causes the increase of heating in  electric 
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Ma 

Mb 

Mc K2u,% 
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motor coils. The thermal status of electric motor has been calculated by means of 

differential equations which depend on thermo equivalent circuit[5]. 

Figure (2) illustrates the relation of increasing the motor coil temperature with the 

asymmetry factor. It is clear therefore that increasing temperature degree in the electric 

equipment coils in the asymmetry factor K2u = 20% reaches 510, 480, 285 centigrade of 

C,B,A phases. This is much greater than the permitted suggested values(1). The increase of 

electric equipment temperature affects the period of insulation services. From heat curves 

and in asymmetry factor mentioned in figure(3), and by using a mathematical method for 

calculating the period of insulating material service[6], we can obtain the time period of 

insulation material service at the most temperature exposed, being 5 A equaling 3.2 hours. 

That is, tension at the motor entrances, (e.g. at about 20% and the failure of the protection 

system at work, then after 3.2 hours), will be a collapse in the motor coil insulation or any 

rotating electric device. The work of such a system will continue until the coils char and 

insulation begins to inflame. Given this, the temperature of the electric device frame will 

rise to a degree allowing the dust layer saturated with inflammable materials on the frames 

of those electric devices to inflame. This will lead to the spread of fire to the neighborhood 

if the surrounding circumstances permit this to happen. As a result, by investing in the 

electric equipment, fire could break out when the following accidental events conform in 

time and place: Increase the temperature of electric equipment frames, for example, (when 

one of the feeding phases breaks one of the electric equipment), in addition to the failure in 

operating protection cutouts, and the presence of flammable materials on the frames of 

equipment. 

 The probability of fire occurrence Q(t) resulting from the presence of electric 

equipment during the period (t) equals the probability P8(t) and after entering all the 

elements used in the system, which are: 

- Protection of the electric device. 

- Flammable materials present in case of their allowing fire occurrence being 

observed at the time (t): 

 The break of one phase 

 Failure of the protection system 

 Presence of flammable materials on the device frame. 

P8(t) probability may be calculated by using the system of differential equations:[7] 















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
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7162538

732142337

632141236

532131225

72614331134

73513321123

63522321112

41312113211

















             (1) 

The system of equations (1) is solved by the presence of primary conditions as 

follows: 

,   0)0(P)0(P)0(P)0(P)0(P)0(P)0(P,1)0(P 87654321   which are 

calculated from the applied hypotheses which show at the beginning of the time period that 
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no failure leading to the conductor break (phase) could be observed; protection of electric 

devices being in a healthy position. The frames of this equipment being clean, i.e. without 

any flammable materials on them. 

By solving the system of differential linear equations according to reference[6,7], we 

obtain: 

)Atexp()0(P)t(P    ,                                         (2) 

Where: ,...)0,1()t(P   line ray containing the primary conditions 

              



1ii )t(P)t(P  ray – line 

).(1

),(1

),(1

),(1

),(1

),(1

),(1

3217

3216

3215

3214

3213

3212

3211















                                   (3) 

Average time may be calculated until the emergence of the first fire from the equation 

system[5]: 

,   

1)(

1)(

1)(

1)(

1)(

1)(

1)(

73212433

63214123

53213122

7261432113

7351332112

6352232111

4332211321
















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









              (4) 

In the case, when 01.0
i

i 


  , 3.1i   then from the equation system (4), we find 1  

the average time until the first fire. If all the system elements at the beginning of the first 

time period are present in the safety case, then: 

.   1.3i  ,   
d

1
  ,   

d

1

,   
)(

i

i

i

i

321321

321
1








                        (5) 

Where: 11 d,d  represent the average of the time period between the emergent 

breaking of one of the feeding phases of the electric equipment and the continuation 

average of the work system, 

22 d,d  represent the average of time part (separation) between failure of protection 

means at work and the continuation average of the presence of protection means in the 

failure position, 
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33 d,d  represent the average of time part (separation) between the emergence of heat 

on the materials suspending on the frames of electricequipment and the continuation 

average of the presence of hot materials (dust) on their frames. 

In the applied practical cases, we always commit ourselves to the following 

proportions: 

,   dd  and  dd 1312   

Here we may rewrite relation (5) as follows: 

,   
321

32
1




                                            (6) 

If we give a value to the time break between two examinations of the atmosphere 

pollution test inside the factory   and the time break between two examinations of the 

protection systems 2 , then 3  and 2 may be found from (7): 

 
,   

)exp(1
1

1

jj

j

j

j






                               (7) 

On completing the following two conditions and from relation (6), we find: 

,
2

2

2

2

2


                                             (8) 

.
2

3

2

3

3


                                             (9) 

When we compensate for relations (8) and (9) by relation (6), we could obtain: 

.
4

2

3

2

2

2

3

2

21

1


                                     (10) 

The probability of fire occurrence in factories, where there is electric equipment 

during the time (t) equals the probability of protection system presence in defense position 

(waiting); the calculation of probability )t(P8  may be found by the system of differential 

equations (1), where: 

).t(P)t(Q 8                                            (11) 

Applied example – we have the following primary given quantities: 

h   7340d1  - the average of time break between the emergence of the phase break in the 

net which feeds electric equipment, 

h   106.5d 5
1

 - average time required for the protection system on the break of one of 

the feeding net phases of those electric equipment, 

h   15400d2  - average of time breaks between the failure of the work of protection 

systems, 

h   21602  - time break between maintenance of protection systems, 

h   520d3  - average time break between the emergence of dust saturated with flammable 

materials on the frames of electricequipment, 

h   1803  - time break between observations of the presence of flammable 

materials on the frames of electric equipment. 
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We calculate the probability of fire occurrence through: h   8760t   of electric 

equipment invested in an industrial plant and comparing the results with the specifications 

of international standards estimated at 
6

0 101)8760(Q   and the European 

specifications equaling 
6

0 101.1)8760(Q  . 

Solution- by using the primary given quantities of the example, we find 321 ,,   

and 321 ,,  : 

1/h   106.3

e1520180

1

1/h   109.6

e1154002160

1

1/h   17857
6.5

10

2

520

180
 

3

3

15400

2160
 

2

5

1













































 

                          

1/h   1092.1
520

1

1/h   1049.6
15400

1

1/h   1036.1
6.5

1

3
3

5
2

4
1










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We compensate the information mentioned above in the equation system (1), and by 

using the computer and the performed program, we obtain: 
3

02 1042.4)8760(Q)8760(P  , we compare the obtained result with the criterion 

value which is: 
6

0 101)8760(Q  , we find that the securing from fire is not achieved in 

the industrial plant which invests electric equipment. We find that there is danger of fire 

outbreak. Therefore, maintenance measures must be taken seriously. 

 

 

Conclusions and Recommendations: 
1- By means of this method we can calculate the probability of fire occurrence 

resulting from the work of electric equipment at industrial plants, and we can also predict 

the times of their occurrence. This, in turn, allows us to take the required measures to avoid 

danger. A computer program has also been used to perform calculations. 

2- The presented mathematical method allows evaluating the electricl equipment 

performance at industrial plants. 

3- The program achieving the mathematical model greatly facilitates obtaining results. 

The former presented method allows us to evaluate the performance of electric 

equipment at the industrial plants. 



 Tishreen University Journal. Eng. Sciences Series   8115( 2( العتت )01العروم الهنتسية المجرت ) مجرة جامعة تشرين 
 

 944 

References: 
 

[1]- KASHLOKIN, B.I., MESHALKIN E.A., Tushenia Pojarov v electro-ustanovokakh, 

M.: Energoatomizdat, 2000, 112. 

 

[2]- KOROHODCKI V.H., KUJEKOV C.L., PAPIRNO L.B.,- Releinaya Zashita 

Electradvigatecei Napriajeniem vieshe 1 kv, M.: Energoatomizdata, 2002, 284. 

 

[3]- KUZNETSOV, V.H; NIKOLAENKO V.H., Matimaticheckie modeli i analiz 

nepolnophznikh Rejimov Linya Electro peredach, Tekhicheckaya Elektrodinamica, 

1999, №4. 

 

[4]- FYOUDAROV, M.M.; DENNEK V.F., MIKHAILOV V.E. MALEEV A.M., - 

Osnovi Postroenia Sistem kontrolya Rackhoda Resurca izodyatsonnikh naterialov 

obnotok Electricheskikh Moshin. Havkovi pratsi Donetskova Aerjavnovo 

Tekhnichnovo universitetu, Donetsk, 2002, 57-60. 

 

[5]- SHEVCHENKO, O.A.; - Ovzrivakh pelivozdushnoi smesi Elivatorov ot tokov 

korotkovo zamikania //Materiali Nauchno, prakticheckoi konverensei "Donbacc, Nauka 

i Tekhnika". Donetsk, 2002: 390-397. 

 

[6]- TIKHONOV, V.I.; CMIRNOVA, - Markovskie protsesi. – M.: covetskoe Radio, 

1999 340. 

 

[7]- KOVALOV, A.P.; - O prablemakh otsenki Bezopasnosti Elektrotekhnicheskikh 

obiektov. – Elektrichestro, 1998, №8. 

 

[8]- NOWKOVI PRATSI "Don HTY" Electrotekhnika i energetica, 2007, 

 vipusk-7 88-95 C. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 



 سبر, مشقوقا                                                في المعامل والمنشآت الصناعية نمزجة وحساب احتمالية نشوب الحرائق
 

 945 

 
 
 
 
 
 
 
 
 
 


