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Abstract:  

This study focuses on diagnosing and analyzing faults in centrifugal pumps at Al-Brega Oil Company using 

vibration monitoring techniques. It primarily identifies common issues such as misalignment, imbalance, and 

bearing failures, which can cause significant operational inefficiencies and expensive repairs. The research 

methodology employs overall velocity, shock pulse, and spectrum analysis via the VIBXpert device, 

demonstrating effectiveness in early fault detection before problems escalate. Results are compared against ISO 

standards to evaluate the condition and performance of the pumps. The findings highlight the importance of 

routine monitoring to minimize downtime and maintenance costs by detecting faults early. Moreover, the study 

offers valuable insights into enhancing maintenance strategies for more reliable and efficient operation of 

industrial pumping systems. 
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 الملخص 

طريق   -تستعرض هذه الدراسة تشخيص وتحليل الأعطال لمضخات الطرد المركزي المستخدمة في شركة البريقة للنفط  

تحديد    -المطار على  أساسي  بشكل  الدراسة  تركز  التشغيل.  من ظروف  الناتجة  الميكانيكية  الاهتزازات  مراقبة  من خلال 

إلى  أن تؤدي  المحامل، وهي مشكلات يمكن  التوازن، وفشل  المحاذاة، وعدم  المضخات مثل عدم  في  الشائعة  المشكلات 

المعتمدة في هذه الدراسة فعاليتها في اكتشاف هذه الأعطال   انخفاض كفاءة التشغيل وتكاليف صيانة مرتفعة. أظهرت المنهجية

في مراحلها المبكرة، قبل أن تتفاقم وتصبح أكثر صعوبة وتكلفة في الإصلاح. تم إجراء عمليات القياس، بما في ذلك سرعة  

جهاز   باستخدام  الطيف  وتحليل  الصدمة،  نبض  العامة،  لحالة   VIBXpertالاهتزاز  شامل  بتقييم  التقنيات  هذه  . سمحت 

لتقييم أداء المضخات وملاءمتها لأفضل الممارسات الصناعية. تؤكد   ISOالمضخات، ومن تم تمت مقارنة النتائج مع معايير  

النتائج على أهمية إجراء فحوصات روتينية للمضخات، مشيرة إلى أن المراقبة المنتظمة يمكن أن تقلل بشكل كبير من فترات  

دم الدراسة رؤى قيمة لتحسين التوقف وتكاليف الصيانة من خلال اكتشاف الأعطال في مراحلها المبكرة. علاوة على ذلك، تق

 استراتيجيات الصيانة لأنظمة المضخات الصناعية، مما يضمن تشغيلاا أكثر كفاءة وموثوقية على المدى الطويل. 
 

 تحليل الطيف. ،تشخيص الأعطال ، مراقبة الاهتزازات ،مضخة الطرد المركزي الكلمات المفتاحية:

Introduction 

Condition monitoring refers to the process of continuously assessing the health and performance of machinery 

and equipment in real-time, often using various sensors and diagnostic tools. Condition monitoring and fault 

diagnosis utilizing advanced science and technology serve as effective methods for predicting potential faults and 

minimizing the costs associated with machine malfunctions. This approach, known as mechanical equipment fault 

diagnosis technology, has emerged over the past three decades [1, 2]. 
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Centrifugal pumps are widely used in industrial production, particularly in the oil industry [3,4]. During the 

operation of centrifugal pumps, failures such as bearing wear and impeller imbalance often occur due to factors 

such as equipment deterioration and environmental conditions. These failures are frequently accompanied by an 

increase in local temperature and pump vibration [5]. By monitoring physical parameters such as vibration and 

temperature, the operating condition of the equipment can be assessed, the health status of the centrifugal pump 

can be analyzed, and fault diagnosis and prediction for malfunctioning equipment can be performed. This 

facilitates predictive maintenance [6,7], ensuring the safety of both equipment and personnel [8]. In the industry, 

the widely used method for vibration monitoring is the measurement of acceleration on the bearings [9, 10]. This 

technique is mostly applied because of its simple and straightforward utilization. The bearing is an important 

component of the centrifugal pump, which is responsible for supporting the rotor. Bearing failures can occur due 

to many factors, such as inadequate lubrication, overload, and other causes. These failures lead to issues such as 

pitting, peeling, wear, and other forms of damage to the rolling bearing components, resulting in bearing wear, 

vibration, and impact [11,12,13]. As wear progresses and worsens, it is often accompanied by an increase in 

temperature. This can be monitored and assessed using the overall vibration value, vibration at narrow-band 

frequencies, and the kurtosis index, which reflects the impact characteristics [14]. 

The aim of this paper is to monitor and diagnose faults in centrifugal pumps at Al-Brega Oil Company. This will 

help identify underlying problems and enable the implementation of maintenance procedures to ensure that the 

pumps operate under optimal performance conditions. 

Devices used 

The VIBXpert II, shown in Figure 1, is a portable vibration analyzer used to measure and analyze vibrations in 

machinery and equipment in industrial settings. It is designed to identify potential faults or defects in the machine 

and provide recommendations for maintenance and repair. The device is equipped with advanced features, such 

as a high-resolution color display, multiple measurement channels, and various analysis functions, to enable 

accurate and efficient monitoring of equipment. 

The VIBXpert II is typically connected to the equipment being monitored via a sensor. The device then measures 

and records vibration data, which can be analyzed using various analysis functions and parameters. The device 

also includes a high-resolution color display that allows operators to monitor vibration patterns in real-time and 

provides immediate feedback on any changes or irregularities. 

In addition to its hardware components, VIBXpert II also uses software to perform various analysis functions and 

generate reports. The device comes with the OMNITREND software suite, which allows operators to manage and 

analyze vibration data collected from the device. The software includes various modules, such as the balancing 

module, the spectrum module, and the time signal module, that enable operators to perform a detailed analysis of 

vibration data and generate comprehensive reports. 

 

Figure (1): Overview of the VIBXpert II device. 

Case study 

This investigation was carried out on centrifugal pumps at Al-Brega Company (Figure 2). The study focused on 

two main pumps from the production line, namely pump 101-A and pump 206-A centrifugal pumps.  
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Figure (2): Foundation of a Centrifugal Pump at Al-Brega Company. 

 

Measurement sensors were connected to the pumps (Figure 3), and through the application of specific 

measurement procedures using the VIBXpert device, the pump conditions were diagnosed to identify any faults 

that could potentially affect their performance during operation. 

 

 
Figure (3): Sensor located in the horizontal direction. 

 

Once the results are obtained in a correct format, the comparison with ISO standards is conducted to identify, 

detect, and address any issues with the pumps under inspection (101-A and 206-A). Tables 1 and 2 show the 

results of the overall velocity measurements of the motor tested on pump 101-A and pump 206-A respectively. 

When compared to the vibration limits outlined in Table 3 (ISO 10816-3), it is obvious that the readings for axial 

vibration at the drive end of the motor are very close to the recommended values, which could potentially lead to 

undesirable issues in the future. Note that NDE refers to the Non-Drive End and DE refers to the Drive End. 

Table (1): motor over all velocity for pump 101-A. 

Overall velocity (mm/s) 
Motor 

NDE DE 

Horizontal 1.44 2.7 

Vertical 1.43 1.35 

axial 0.49 4.33 

 

Table (2): motor over all velocity for pump 206-A. 

Overall velocity (mm/s) 
Motor 

NDE DE 

Horizontal 1.64 2.1 

Vertical 2.07 2.72 

axial 0.68 4.11 
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Table (3): ISO 10816-3. 

Iso vibration monitoring standard (mm/s) Pre-warning Warning Alarm 

motor 1.4 2.8 4.5 
 

Tables 4 and 5 show the results of the overall velocity measurements of the pump 101-A. and pump 206-A 

respectively. Compared to the allowable values in Table 6, the results indicated that no problems were found, 

although some warnings were observed, regarding the overall velocity of both pumps 101-A and 206-A. 

 

Table (4): Pump 101-A. Over all velocity 

Overall velocity(mm/s) 
Pump 101-A 

NDE DE 

Horizontal 1.43 2.61 

Vertical 2.71 3.53 

axial 1.53 1.31 

 

Table (5): Pump 206-A. Over all velocity 

Overall velocity(mm/s) 
Pump 206-A 

NDE DE 

Horizontal 1.52 3.41 

Vertical 1.37 1.51 

axial 1.19 0.92 

 

Table (6): ISO 10816-3. 

Iso vibration monitoring standard (mm/s) Pre-warning Warning Alarm 

pump 2.3 4.5 7.1 

 

After the warning was detected, a detailed examination of the shock pulse readings was carried out to further 

investigate the source of the fault, with the readings obtained from the bearings, as shown in Table 7 and Table 8. 

Table (7): Shock Pulse measurement of pump 101-A. 

Shock pulse (db) 
Motor Pump 

NDE DE DE NDE 

Horizontal 
Carpet 7 10 32 21 

Max 17 20 35 18 

Vertical 
Carpet 4 8 28 24 

Max 14 20 40 19 

Axial 
Carpet -5 16 32 22 

Max 1 26 30 18 

 

Table (8): Shock Pulse measurement of pump 101-A. 

Shock pulse (db) 
Motor Pump 

NDE DE DE NDE 

Horizontal 
Carpet 10 -6 12 7 

Max 16 -1 14 17 

Vertical 
Carpet -5 -5 10 1 

Max 4 0 20 9 

Axial 
Carpet -6 -6 6 3 

Max -2 0 16 17 

 

Table (9): PRÜFTECHNIK bearing standard. 

Severity level and alarm 

status(db) 

Carpet Max 

Warning Alarm warning alarm 

10 15 25 35 
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Compared to Table 9, the readings indicated damage to the bearing at the driving end of pump 101-A.  

Additionally, the readings from pump 206-A showed signs of friction caused by insufficient lubrication in the 

bearing. Therefore, the use of spectrum analysis is crucial for accurately identifying and detecting the problem. 

The comparison process with the spectrum standard was initiated, and the following figure 4 displays the spectrum 

for pump 101-A (DEH), while figure 5 shows the spectrum for pump 101-A (DEA). 

 
Figure (4): DEH spectrum of pump 101-A. 

 
Figure (5): DEA spectrum of pump 101-A. 

Compared to the Mobius Institute standard shown in Figs. 6 and 7, the bearing issue is classified as bearing stage 

5. This is due to its alignment with the peaks in the results spectrum, appearing as a decreasing wave that starts 

with the first peak (1x) and the 2x peak, disappearing at the 3x peak. The peak between 3x and10 x indicates the 

harmonics, especially when sidebands are present, revealing visible wear on the bearing. Therefore, replacing the 

bearing is the recommended solution to address the issue. In addition, angular misalignment creates a bending 

moment on each shaft, leading to strong vibrations at 1X and some vibrations at 2X in the axial direction at both 

bearings. The results indicated that the angular misalignment is relatively small when compared to the ISO 

standard. 

 
Figure (6): Mobius institute standard for bearing stage five. 
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Figure (7): Mobius institute standard (Angular misalignment). 

Similarly, the comparison process with the spectrum standard for pump 206-A was initiated, and figure 8 displays 

the spectrum for pump 206-A (DEV), while figure 9 shows the spectrum for pump 206-A (DEA). 

 
Figure (8): DEV motor spectrum of pump 206-A.  

 
Figure (9): DEA motor spectrum of pump 206-A.  

In comparison to Figure 10, parallel misalignment creates both shear and bending moments at the coupled end of 

each shaft. This causes higher vibration levels at 1X and 2X in the radial directions (vertical and horizo7ntal) on 

the bearings on both sides of the coupling. The axial vibration levels at 1X and 2X are generally low in the case 

of pure parallel misalignment. 

 



231 | African Journal of Advanced Pure and Applied Sciences (AJAPAS)   

 

 

Figure (10): Mobius institute standard (Parallel misalignment). 

After completing the analysis, the recommendations were given to the maintenance team to carry out the necessary 

maintenance to address the identified issues. Once the maintenance team completed their tasks, diagnostic 

procedures for pump 206 were repeated, and the results obtained in Tables 10 and 11 showed that the pump 

problem was resolved. 

Table (10): Overall velocity of pump 206-A. 

Overall velocity(mm/s) 
Motor Pump 

NDE DE NDE DE 

Horizontal 2.39 2.25 1.4 0.8 

Vertical 0.75 0.71 0.57 0.69 

axial 0.34 0.92 0.42 0.46 

 

Table (11): Shock Pulse measurement of pump 206-A. 

Shock pulse (db) 
Motor Pump 

NDE DE DE NDE 

Horizontal 
Carpet 2 4 2 2 

Max 16 14 13 14 

Vertical 
Carpet 2 2 0 2 

Max 19 5 10 12 

Axial 
Carpet -2 8 0 9 

Max 5 18 12 22 

 

Conclusions 

The inspection and fault diagnosis of centrifugal pumps at Al-Brega Oil Company – Airport Road (pumps 101A 

and 206A) were conducted by analyzing data from the VibXpert device and comparing the results with ISO 10816 

standards. For pump 101A, a warning was observed regarding overall velocity, accompanied by high vibration 

readings in the axial direction of the motor section, suggesting potential bearing issues. Shock pulse inspection 

revealed friction and damage in the bearings caused by lack of lubrication. Spectrum analysis identified the 

bearing problem as stage 5, leading to the decision to replace the bearing. Angular misalignment was found to be 

within acceptable limits. For pump 206A, a similar warning regarding overall velocity was detected. High 

vibration readings in the motor section and friction due to lack of lubrication were observed. Spectrum analysis 

identified parallel misalignment, resulting in high vibration at 1X and 2X in the radial direction and low axial 

levels. The shock pulse measurement confirmed a lack of lubrication in both the motor and pump bearings. In 

summary, the diagnosis revealed bearing-related issues, such as friction and damage due to insufficient 

lubrication, as well as misalignment problems. These issues were corrected and follow-up measurements 

confirmed that the pumps were operating in compliance with ISO standards. The study emphasized the importance 

of routine vibration monitoring to detect early signs of wear and misalignment, ensuring optimal performance of 

the pumps. 
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