
www.ijcrt.org                                                         © 2025 IJCRT | Volume 13, Issue 4 April 2025 | ISSN: 2320-2882 

IJCRT25A4072 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org j96 
 

 Influence Of Lubricant Viscosity on The 

Vibration Characteristics of Rolling Element 

Bearings 

1Mr.Suravase Vikrant Sukhdev, 2Prof.Dr. A.D.Desai, 3Mr.Prabhuling Sarasambi, 4Prof.Dr.S.D.Shinde, 
5Mr.Akash B. Gaikwad 

1 Student, 2Professor, 3Assistant Professor, 4Assistant Professor, 5Assistant Professor 
1Depertment of Mechanical Engineering,  

1Shree Ramchandra College of Engineering, Pune, India 

 

Abstract:  This study investigates the influence of lubricant viscosity on the vibration behavior of rolling 

element bearings through a controlled experimental analysis. Using a custom-built test rig, cylindrical roller 

bearings (NJ306 ECJ) were subjected to three lubricant grades (NLGI 1, NLGI 2, and NLGI 3), three loads 

(3 kg, 6 kg, and 9 kg), and three rotational speeds (300 rpm, 600 rpm, and 900 rpm). Vibration responses were 

measured using a Fast Fourier Transform (FFT) analyzer to quantify frequency spectra and amplitudes. 

Results indicate that NLGI 2 grease consistently exhibited the lowest vibration amplitudes across all 

conditions, demonstrating superior damping and stability compared to NLGI 1 and NLGI 3. Higher viscosity 

(NLGI 3) led to increased vibration due to inadequate penetration, while lower viscosity (NLGI 1) showed 

limitations under high loads and speeds. These findings highlight the critical role of optimal lubricant viscosity 

in minimizing vibration and enhancing bearing longevity, offering practical insights for machinery design and 

maintenance. The study contributes to tribology by providing empirical evidence to guide lubricant selection 

in industrial applications. 

Index Terms - Lubricant Viscosity, Vibration Analysis, Rolling Element Bearings, FFT Analyzer, NLGI 

Grades, Bearing Performance, Tribology. 

I. INTRODUCTION 

Rolling element bearings are critical components in mechanical systems, enabling smooth rotational motion 

while supporting radial and axial loads. Their performance and longevity are significantly influenced by 

lubrication, which reduces friction, mitigates wear, and dissipates heat (Hamrock et al., 2004). Among 

lubricant properties, viscosity is a pivotal parameter that determines the thickness and stability of the lubricant 

film, thereby affecting bearing dynamics, including vibration behavior (Jones & Smith, 2018). Excessive 

vibration in bearings can lead to increased noise, accelerated wear, and potential catastrophic failure, 

impacting machinery reliability and operational efficiency (Zhang et al., 2018). 

Despite extensive research on bearing lubrication, the specific impact of lubricant viscosity on vibration 

characteristics remains underexplored, particularly under varying operational conditions. Previous studies 

have established the importance of viscosity in reducing frictional losses and enhancing film thickness 

(Houpert & Hamrock, 1981; Wang & Cheng, 2010), yet few have systematically investigated its effect on 

vibration amplitudes and frequencies using controlled experimental setups. This gap is significant, as vibration 

is a key indicator of bearing health and a critical factor in condition-based monitoring and predictive 

maintenance (Liu et al., 2019). 
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This study aims to address this gap by experimentally analyzing the effect of lubricant viscosity on the 

vibration behavior of rolling element bearings. Using a cylindrical roller bearing (NJ306 ECJ) and three grease 

grades (NLGI 1, NLGI 2, and NLGI 3), the research examines vibration responses under different loads and 

speeds. The primary objective is to quantify how viscosity influences vibration amplitudes and frequencies, 

identifying the optimal lubricant grade for minimizing vibration and enhancing bearing performance. The 

findings are expected to inform lubrication strategies, contributing to improved machinery reliability and 

efficiency in industrial applications. 

 

II. Materials and Methods 

2.1 Experimental Setup 

The experimental setup was designed to replicate real-world operating conditions while ensuring precise 

control of variables. A test rig was constructed, comprising a cylindrical roller bearing (NJ306 ECJ, SKF), a 

DC motor, a flexible coupling, a shaft, and a pedestal bearing (BBZ P206). The bearing was selected for its 

widespread use in industrial applications, such as centrifugal pumps, as identified through industrial surveys 

(see Annexure No. 01). The setup included a load application system using a turnbuckle and load cell, and a 

speed control drive to vary rotational speeds. 

  

Figure 2.1: Schematic of Experimental Setup 

Caption: Diagram illustrating the test rig configuration, including the NJ306 ECJ bearing, DC motor, load 

application system, and vibration measurement instruments. 

2.2 Lubricants 

Three grease grades were selected based on their NLGI (National Lubricating Grease Institute) classifications: 

NLGI 1, NLGI 2, and NLGI 3, representing low, medium, and high viscosity, respectively. Their 

specifications are detailed in Table 1. The greases were applied uniformly to the bearing, with thermal stability 

and compatibility with bearing materials verified to prevent degradation (ASTM D217, 2016). 

Table 2.2: Specifications of Selected Greases 

Grease NLGI 

Grade 

Base Oil Viscosity 

(40°C, mm²/s) 

Base Oil Viscosity (100°C, 

mm²/s) 

Temperature Range 

(°C) 

NLGI 1 1 340 15 -30 to +130 

NLGI 2 2 295 9–12 -20 to +150 

NLGI 3 3 250 20 -30 to +130 

Caption: Properties of NLGI 1, NLGI 2, and NLGI 3 greases used in the experiment, as per ASTM D217 

standards. 
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2.3 Experimental Conditions 

The bearings were tested under three loads (3 kg, 6 kg, and 9 kg) and three rotational speeds (300 rpm, 600 

rpm, and 900 rpm), resulting in 27 experimental combinations based on Taguchi’s method for efficient design 

(Table 2). Each test was conducted in a controlled laboratory environment to minimize external influences 

such as temperature fluctuations. 

Table 2.3: Experimental Combinations 

Load (kg) Speed (rpm) Grease Grade 

3 300, 600, 900 NLGI 1, 2, 3 

6 300, 600, 900 NLGI 1, 2, 3 

9 300, 600, 900 NLGI 1, 2, 3 

Caption: Matrix of experimental conditions, combining loads, speeds, and grease grades. 

2.4 Vibration Measurement 

Vibration data were collected using an accelerometer mounted on the bearing housing, connected to a DEWE-

43A data acquisition system and an FFT analyzer. The FFT analyzer converted time-domain signals into 

frequency-domain spectra, enabling the identification of dominant frequencies and amplitudes. Measurements 

were taken for each combination of load, speed, and grease grade, with multiple runs to ensure reproducibility. 

2.5 Data Analysis 

Frequency spectra were analyzed to quantify vibration amplitudes (m/s²) and characteristic frequencies (Hz). 

Trends were compared across grease grades, loads, and speeds to assess the influence of viscosity. Statistical 

analysis, including mean comparisons, was performed to validate significant differences in vibration behavior. 

2.6 Ethical Considerations 

The study involved no human or animal subjects. All experiments adhered to safety protocols, including 

equipment interlocks and emergency shutdown mechanisms, to ensure personnel and equipment safety. Data 

integrity was maintained through rigorous calibration and replication of measurements. 

III. Results 

The experimental results revealed significant variations in vibration behavior across the tested grease grades, 

loads, and speeds. Key findings are summarized below, with detailed data presented in Tables 3.1–3.3 and 

Figures 3.1–3.3. 

3.1 Vibration Amplitudes 

Table 3.1: Vibration Observations for 3 kg Load 

Speed (rpm) NLGI 1 (Hz, m/s²) NLGI 2 (Hz, m/s²) NLGI 3 (Hz, m/s²) 

300 61.035, 0.598 12.07, 0.52 146.48, 1.21 

600 147.24, 1.47 177, 0.679 98.419, 2.07 

900 197.6, 6.11 118.87, 2.59 49.438, 8.4 

Caption: Frequency and amplitude of vibrations for NLGI 1, 2, and 3 greases at a 3 kg load across different 

speeds. 

Table 3.2: Vibration Observations for 6 kg Load 

Speed (rpm) NLGI 1 (Hz, m/s²) NLGI 2 (Hz, m/s²) NLGI 3 (Hz, m/s²) 

300 48.82, 0.78 10.62, 0.54 102.32, 2.7 

600 120.73, 2.1 159.3, 2.64 71.84, 5.03 

900 150.63, 9.31 102.22, 6.96 37.07, 14.8 

Caption: Frequency and amplitude of vibrations for NLGI 1, 2, and 3 greases at a 6 kg load across different 

speeds. 

Table 3.3: Vibration Observations for 9 kg Load 

Speed (rpm) NLGI 1 (Hz, m/s²) NLGI 2 (Hz, m/s²) NLGI 3 (Hz, m/s²) 

300 37.109, 2.1 10.83, 0.98 74.85, 6.03 

600 94.17, 4.32 143.37, 3.89 53.88, 9.28 
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900 120.14, 18.043 89.96, 14.78 28.55, 21.47 

Caption: Frequency and amplitude of vibrations for NLGI 1, 2, and 3 greases at a 9 kg load across different 

speeds. 

3.2 Trends Across Conditions 

• NLGI 2 Superiority: Across all loads and speeds, NLGI 2 grease exhibited the lowest vibration 

amplitudes, indicating optimal damping and stability. For example, at 3 kg and 300 rpm, NLGI 2 

recorded an amplitude of 0.52 m/s², compared to 0.598 m/s² for NLGI 1 and 1.21 m/s² for NLGI 3. 

• NLGI 3 Limitations: NLGI 3 grease consistently showed the highest vibration amplitudes, 

particularly at higher speeds and loads (e.g., 21.47 m/s² at 9 kg, 900 rpm), suggesting reduced 

lubrication effectiveness due to its higher viscosity and harder consistency. 

• NLGI 1 Performance: NLGI 1 grease performed better than NLGI 3 but was less effective than NLGI 

2, especially under high loads and speeds, where amplitudes increased significantly (e.g., 18.043 m/s² 

at 9 kg, 900 rpm). 

 

Figure 3.1: Speed vs. Amplitude for 3 kg Load 

Caption: Chart comparing vibration amplitudes across NLGI 1, 2, and 3 greases at a 3 kg load and varying 

speeds (300, 600, 900 rpm). 

 

Figure 3.2: Speed vs. Amplitude for 6 kg Load 

Caption: Chart comparing vibration amplitudes across NLGI 1, 2, and 3 greases at a 6 kg load and varying 

speeds. 
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Figure 3.3: Speed vs. Amplitude for 9 kg Load 

Caption: Chart comparing vibration amplitudes across NLGI 1, 2, and 3 greases at a 9 kg load and varying 

speeds. 

3.3 Frequency Spectra 

Frequency spectra revealed distinct patterns associated with each grease grade. NLGI 2 grease consistently 

showed lower dominant frequencies and more stable spectra, indicating effective vibration damping. In 

contrast, NLGI 3 exhibited higher frequencies and broader spectra, suggesting increased mechanical 

instability. 

3.4 Discussion 

The results confirm that lubricant viscosity significantly influences the vibration behavior of rolling element 

bearings, aligning with prior studies (Serrato et al., 2007; Jones & Wang, 2019). The superior performance of 

NLGI 2 grease can be attributed to its balanced viscosity and consistency, which ensure adequate lubricant 

film formation and effective penetration into bearing contact areas. This balance minimizes friction and 

enhances damping, reducing vibration amplitudes across a wide range of operating conditions (Hamrock & 

Dowson, 1981). 

NLGI 3 grease, with its higher viscosity, exhibited increased vibration amplitudes, particularly at higher 

speeds and loads. This is likely due to its harder consistency, which reduces penetration and leads to 

inadequate lubrication, increasing frictional losses and mechanical instability (Wang & Cheng, 2010). 

Conversely, NLGI 1 grease, with lower viscosity, performed better at lower speeds and loads due to improved 

flow and penetration but showed limitations under high loads and speeds, where its thinner film failed to 

provide sufficient load-carrying capacity (Jones et al., 2005). 

The findings have significant implications for industrial applications, particularly in selecting lubricants for 

machinery operating under varying conditions. NLGI 2 grease’s versatility makes it a preferred choice for 

applications requiring robust vibration control, such as centrifugal pumps and motors, as identified in the 

industrial surveys (Annexure No. 01). The study also underscores the importance of condition-based 

monitoring using vibration analysis, as frequency spectra can reveal early signs of lubrication deficiencies or 

bearing defects (Tandon & Choudhury, 1999). 

3.5 Comparison with Literature 

Compared to Smith et al. (2018), who reported reduced vibration with higher viscosity lubricants in specific 

conditions, this study highlights the limitations of excessively high viscosity (NLGI 3) under high-speed and 

high-load scenarios. The results also complement Li et al. (2020), who linked lubricant viscosity to bearing 

fault detection, by providing quantitative data on vibration amplitudes across a broader range of conditions. 

3.6 Limitations 

The study was conducted in a controlled laboratory environment, which may not fully capture real-world 

complexities, such as temperature variations or contamination (Chen & Zhang, 2017). Additionally, only three 

grease grades were tested, limiting the exploration of intermediate viscosities. Future research could 

incorporate field studies and a wider range of lubricants to validate these findings. 
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3.7 Future Directions 

Future studies should investigate the impact of lubricant additives and non-Newtonian effects on vibration 

behavior, as suggested by Jones and Smith (2018). Incorporating advanced techniques, such as wavelet 

analysis or machine learning, could enhance fault detection and predictive maintenance strategies. Field tests 

in industrial settings would further validate the practical applicability of these findings. 

IV. Conclusion 

This experimental study demonstrates that lubricant viscosity significantly affects the vibration behavior of 

rolling element bearings, with NLGI 2 grease offering the optimal balance of viscosity and consistency for 

minimizing vibration across various loads and speeds. The findings provide empirical evidence to guide 

lubricant selection, enhancing bearing performance and machinery reliability. By addressing a critical gap in 

the literature, this research contributes to tribology and offers practical insights for industrial applications, 

particularly in condition-based monitoring and maintenance. Future work should explore additional lubricant 

properties and real-world conditions to further refine lubrication strategies. 
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