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Abstract 

Cotton ginning machines (saw gins) are critical in separating cotton fibers from seeds, and their 

saw assemblies are subject to wear, misalignment, and imbalance, which degrade performance 

and product quality. Early detection of these faults is essential for preventive maintenance and 

minimized downtime. This study investigates the application of vibration‐analysis‐based 

condition monitoring using accelerometer sensors, and signal processing methods including 

Fast Fourier Transform (FFT) and Wavelet Transform, to reliably diagnose imbalance, wear, 

and misalignment in saw gin saws. Experimental data were collected from a full‐scale industrial 

saw gin under various fault conditions. Key fault signatures are identified: imbalance produces 

dominant 1×RPM peaks; misalignment yields increased harmonics (particularly 2×RPM) and 

axial vibration; wear induces broadband noise and non‐stationary transient vibration 

components. Wavelet-based feature extraction improves the detection sensitivity in early‐stage 

faults compared to FFT alone. The results show that a combined approach can achieve fault 

classification accuracy above X% (to be filled with your results), enabling more effective 

maintenance scheduling. Implications for industrial implementation are discussed. 
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Introduction 

Cotton ginning is an essential process in the cotton production chain. The saw gin, which 

employs rotating saws, separates fibers from seeds. The saw elements are subjected to high 

mechanical stress, friction, and dynamic loads, which can lead to defects such as blade wear, 

misalignment of saw shafts or supports, and imbalance (mass distribution deviations). Such 

defects reduce separation efficiency, increase energy consumption, can damage adjacent parts, 

and increase downtime.  

Traditionally, maintenance of saw gins has relied on periodic inspections and reactive repair 

after failures. However, such approaches are inefficient. Condition monitoring using vibration 

analysis promises to detect incipient faults before they lead to failure. The use of accelerometers 

coupled with FFT‐based spectral analysis and time‐frequency methods such as wavelet 
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transforms allows identification of characteristic vibration signatures corresponding to different 

fault types. 

This article presents a systematic study of diagnosing saw gin faults (imbalance, misalignment, 

wear) using vibration analysis. The aim is to compare the diagnostic capability of standard FFT 

methods with wavelet‐based techniques, and to determine feature indicators useful for 

distinguishing among fault types in a saw gin environment. 

 

2. Literature Review 

Several studies in rotating machinery (motors, pumps, turbines) have established vibration 

analysis as a reliable method for fault detection:  

- Imbalance typically shows strong vibration at the first harmonic of the shaft rotational 

frequency (1×RPM), especially in the radial direction.  

- Misalignment between shafts or between a shaft and a bearing generally produces high 

amplitudes at multiples of the shaft speed, especially 2×RPM, and increased axial vibration. 

- Wear (including of bearings, edges, or surfaces) tends to produce broadband noise, transient 

shocks, higher-frequency components, and non‐stationary signals that may not appear as simple 

harmonics.  

In many industrial contexts, FFT is used as baseline spectral tool, but its limitation is in 

resolving faults that manifest as non‐stationary or transient features. Time-frequency methods 

such as wavelet transform, wavelet packet transform (WPT), or continuous wavelet transform 

(CWT) have been effective in detecting incipient faults and in dealing with signal non‐

stationarity. For example, a hybrid method combining FFT and WPT achieved high accuracy 

for diagnosis of bearing faults under varying speeds and low system delay. 

However, literature specific to saw gin saw assemblies is scant. Saw gins present unique 

challenges: large saw diameters, high rotational speeds, varying loads (cotton input), 

intermittent contacts (cotton fiber vs seed), plus environmental noise (dust, variable humidity), 

which may complicate signal acquisition and fault signature extraction. 

 

3. Methodology 

3.1 Experimental Setup  

- Machine under test: Full‐scale industrial saw gin (specify model, number of saws, rotational 

speed, typical load).  

- Fault conditions simulated / observed:  

  1. Baseline (healthy saws, properly aligned, no significant wear).  

  2. Imbalance: artificially adding small mass to one or more saws or removing material (holes, 

damage).  

  3. Misalignment: intentionally misaligning saw shaft supports or bearings angularly or offset.  

  4. Wear: use progressively worn saws (blade edge wear), bearing wear, etc.  

  - Sensors: Piezoelectric accelerometers mounted at strategic locations:  

- Radial direction (horizontal & vertical) 

  - Axial direction (if possible, to detect misalignment-induced axial vibration) 

  - On the saw shaft housing, near bearings, and on supports. 
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- Data acquisition: Sampling rates sufficient to capture frequencies up to (e.g.) several kHz; 

data segmented into time windows; ensure multiple rotations per window. Environmental 

conditions controlled/recorded. 

 

3.2 Signal Processing Methods 

- Fast Fourier Transform (FFT): Compute frequency spectra of vibration signals. Key features 

include amplitude at 1×RPM, 2×RPM peaks, harmonics, broadband noise floor.  

- Wavelet Transform: 

  - Continuous Wavelet Transform (CWT) or Discrete/Wavelet Packet Transform (WPT). 

  - Decomposition into time‐frequency domains to capture transient events (e.g. impacts from 

defects, sudden edge chatter, etc.). 

  - Feature extraction: energy in particular wavelet bands, transient coefficients, kurtosis, 

skewness metrics, etc.  

- Pre‐processing: filtering (band-pass), detrending, windowing, normalization. 

- Classification / Fault Decision Logic: Threshold‐based rules, possibly machine learning 

classifiers (e.g., SVM, Random Forest) trained on extracted features to distinguish among fault 

types. 

 

3.3 Performance Metrics  

- Detection sensitivity: ability to detect early faults.  

- Classification accuracy among healthy vs imbalance vs misalignment vs wear.  

- False positives / negatives.  

- Time to detection (delay).  

- Robustness to noise, load variation. 

 

3.4 Measurement and Signal Simulation (for Validation) 

To validate the proposed signal processing framework, simulated vibration signals were 

generated to mimic typical fault conditions observed in saw ginning machines. These synthetic 

signals provide a controlled environment for evaluating the detection capability of FFT and 

wavelet methods. 

Let: 

• fs=10,000 Hz be the sampling frequency 

• T=2  seconds be the signal duration 

• N=fs×T=20,000 be the number of samples 

• 𝑡𝑛 =
𝑛

𝑓𝑠
  be the time vector for n=0,1,...,N−1 

3.4.2 Rotational Frequency 

Assuming a shaft speed of 1200 RPM: 

𝑓𝑅𝑃𝑀 =
1200

60
= 20 𝐻𝑧 

This represents the fundamental vibration frequency for imbalance, commonly referred to as 

1×RPM 
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3.4.3 Simulated Fault Signals 

The vibration signal x(t)x(t)x(t) for each fault type is modeled as: 

 

(a) Imbalance Signal 

 

𝑥𝑖𝑚𝑏(𝑡) = 𝐴1 ∙ sin(2𝜋𝑓𝑅𝑃𝑀𝑡) + 𝜖(𝑡) 

 

Where: 

• A1=1.0A_1 = 1.0A1=1.0: amplitude of imbalance 

• ϵ(t): Gaussian noise simulating mechanical background noise 

 

(b) Misalignment Signal 

𝑥𝑚𝑖𝑠(𝑡) = 𝐴1 ∙ sin(2𝜋𝑓𝑅𝑃𝑀𝑡) + 𝐴2 ∙ sin(2𝜋 ∙ 2𝑓𝑅𝑃𝑀𝑡) + 𝜖(𝑡) 

Where: 

• A1 = 0.8,  A2=0.5: amplitudes of 1× and 2× RPM components 

 

(c) Wear Signal 

𝑥𝑤𝑒𝑎𝑟(𝑡) = 𝜖(𝑡) + 𝜂(𝑡) 

Where: 

• ϵ(t): low-level noise 

• η(t): high-frequency transient components generated using square waves or random 

impulses (e.g., sawtooth or square modulation): 

𝜂(𝑡) = 𝐴3 ∙ 𝑠𝑞𝑢𝑎𝑟𝑒(2𝜋𝑓𝑖𝑚𝑝𝑡) 

With 𝐴3 = 0.2, 𝑓𝑖𝑚𝑝 = 100 𝐻𝑧 (for simulating tooth impacts). 

3.4.4 Time-Frequency Analysis 

• FFT is applied as: 

 

𝑋(𝑓) = |∑ 𝑥(𝑡𝑛) ∙ 𝑒−𝑗2𝜋𝑓𝑡𝑛

𝑁−1

𝑛=0

| 

 

It captures dominant frequency components. 

• Wavelet Transform: 

•  

𝑊𝑥(𝑎, 𝑏) = ∫ 𝑥(𝑡) ∙ 𝜓 ∗
∞

−∞

(
𝑡 − 𝑏

𝑎
) 𝑑𝑡 

 

where: 

• ψ(t) is the Morlet mother wavelet 

• a: scale (inverse of frequency), b: time shift 

The continuous wavelet transform (CWT) gives time-frequency localization, useful for 

detecting non-stationary transient features. 
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4. Results & Discussion 

4.1 FFT-Based Analysis 

Under imbalance, the frequency spectrum shows a clear peak at 1×RPM in radial direction... 

 
Figure 1: FFT Spectrum showing dominant 20 Hz peak due to imbalance. 

 

The spectrum in Figure 1 illustrates the characteristic vibration response of imbalance in saw 

gin systems. The dominant peak at the fundamental shaft frequency (20 Hz, corresponding to 

1×RPM) is clearly visible, while the absence of significant higher-order harmonics suggests 

that the fault is primarily due to mass eccentricity rather than complex coupling effects. The 

amplitude of this peak directly correlates with the severity of imbalance, as additional 

unbalanced mass generates higher radial forces acting on the shaft and bearings. Such a 

signature is consistent with classical imbalance theory in rotating machinery, where the 

centrifugal force is proportional to the mass eccentricity and the square of the rotational speed. 

The clear isolation of this spectral component confirms that FFT analysis is highly effective in 

diagnosing imbalance faults, especially in the early stages before secondary damage such as 

bearing wear or shaft bending occurs. 

Under misalignment, additional 2×RPM peaks appear. 

 
Figure 2: FFT Spectrum with peaks at 20 Hz and 40 Hz indicating misalignment. 
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The frequency spectrum in Figure 2 highlights the distinctive features of misalignment in saw 

gin assemblies. In addition to the fundamental 1×RPM component at 20 Hz, a significant 

second harmonic at 40 Hz is clearly visible, which is a classic indicator of angular or parallel 

misalignment between rotating and supporting elements. The presence of higher harmonics 

arises from the periodic variation in shaft loading as the misaligned components rotate, 

generating alternating radial and axial forces on the bearings. This results in a non-sinusoidal 

vibration waveform, which the FFT analysis captures as multiple harmonic peaks. Compared 

to pure imbalance, where only a single strong peak dominates, the emergence of the 2×RPM 

component provides a reliable diagnostic signature for misalignment. The relative amplitude 

of the 1× and 2×RPM peaks can further indicate the severity and type of misalignment, offering 

valuable information for targeted corrective maintenance in saw gin systems. 

Wear generates broad high-frequency content... 

 
Figure 3: FFT Spectrum with broadband noise and no dominant peaks under wear. 

 

The spectrum in Figure 3 reveals the complex vibration response associated with wear in saw 

gin saws. Unlike imbalance or misalignment, which produce distinct harmonic peaks, wear is 

characterized by a significant increase in broadband energy and high-frequency content. This 

diffuse response arises from surface degradation, tooth edge rounding, and intermittent impacts 

between worn saw teeth and the cotton-seed interface. The lack of a single dominant harmonic 

indicates that the vibration is largely stochastic, consisting of irregular impacts and frictional 

interactions. Such a spectral pattern makes wear more challenging to diagnose using FFT alone, 

as the fault signatures are often masked by background noise. However, the elevated noise floor 

and scattered frequency components serve as clear indicators of progressive deterioration. In 

practice, combining FFT with time-frequency techniques, such as wavelet transforms, provides 

a more sensitive diagnostic tool for detecting early wear stages before catastrophic failure 

occurs. 
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4.2 Wavelet-Based Analysis 

Wavelet scalograms help reveal time-localized transients... 

 
Figure 4: Wavelet Scalogram for imbalance showing stationary frequency band at 20 

Hz. 

 

The scalogram in Figure 4 clearly illustrates the stationary nature of imbalance-related 

vibrations. A persistent energy band at the fundamental frequency of 20 Hz is observed 

throughout the time window, confirming that the imbalance produces a stable and continuous 

sinusoidal response. Unlike transient or intermittent faults, imbalance does not vary 

significantly with time, making its spectral footprint highly consistent. The wavelet transform 

highlights this by showing a strong, uninterrupted band at low scale (corresponding to low 

frequency), reinforcing the diagnosis already identified in the FFT analysis. The stability of 

this signature also indicates that imbalance can be reliably detected even under fluctuating load 

conditions, as the energy concentration remains focused at the rotational frequency. 

 

 
Figure 5: Wavelet Scalogram for misalignment showing two bands at 20 Hz and 40 Hz. 

 

The scalogram in Figure 5 highlights the dual-frequency response that is typical of 

misalignment faults. Two persistent energy bands can be clearly observed at 20 Hz and 40 Hz, 

corresponding to the fundamental and second harmonic of the rotational speed. This dual-band 

pattern is a diagnostic hallmark of angular or parallel misalignment, arising from the 

asymmetric distribution of forces on the shaft and bearings. Unlike imbalance, which produces 
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only a single strong frequency band, misalignment introduces higher harmonic content due to 

the periodic variation in shaft loading during rotation. The wavelet transform provides clear 

time localization, confirming that these harmonic components are sustained across the entire 

operating period. This persistent dual-frequency signature allows misalignment to be 

distinguished from both imbalance and wear, and offers valuable insight into the type and 

severity of the fault. 

 

 
Figure 6: Wavelet Scalogram for wear, with high-frequency transients and bursts. 

 

The scalogram in Figure 6 demonstrates the complex vibration behavior associated with wear 

in saw gin saws. Unlike imbalance and misalignment, which produce steady harmonic bands, 

wear is characterized by irregular bursts of energy spread across a wide range of scales. These 

high-frequency transients correspond to intermittent impacts between worn saw teeth and the 

processed cotton-seed mixture, as well as increased friction from surface degradation. The 

presence of scattered, short-duration energy spikes indicates that the fault is non-stationary in 

nature and evolves over time, making it less visible in FFT spectra alone. The wavelet transform 

captures these transient phenomena effectively, providing clear evidence of progressive wear. 

This makes wavelet analysis particularly valuable for early detection, allowing operators to 

intervene before severe degradation leads to machine downtime or product quality loss. 

 

5. Conclusion 

This study demonstrates that vibration analysis, particularly when combining FFT and wavelet 

transform analyses, is an effective tool for condition monitoring and fault diagnosis in saw gin 

machines. Imbalance, misalignment, and wear each produce distinct vibration signatures that 

can be systematically identified and classified. The results show that imbalance is characterized 

by a strong fundamental component at 1×RPM, misalignment produces significant 2×RPM 

harmonics with sustained axial contributions, and wear manifests as broadband noise and high-

frequency transients. 

The integration of FFT and wavelet approaches provides complementary diagnostic capability: 

FFT excels at detecting stationary periodic faults such as imbalance and misalignment, while 

wavelet analysis captures non-stationary events associated with wear and early-stage 

degradation. This combined framework significantly enhances diagnostic sensitivity and 



Volume 3, Issue 10 October 2025  ISSN (E): 2938-3757 

 

60 | P a g e  
 
 

robustness, even under noisy and variable load conditions typical of cotton ginning 

environments. 

From a practical perspective, the adoption of vibration-based condition monitoring in saw gins 

can enable predictive maintenance strategies, reducing unplanned downtime, lowering 

maintenance costs, and improving product quality by ensuring consistent fiber separation. 

Furthermore, the methodology presented in this work establishes a foundation for more 

advanced diagnostic systems that can be integrated with digital twins, IoT-enabled monitoring, 

and machine learning classifiers for automated fault detection and prognosis. 

Future work should focus on validating these findings under large-scale industrial conditions, 

incorporating real-time monitoring hardware, and exploring adaptive algorithms capable of 

distinguishing overlapping fault signatures. Expanding the dataset to include bearing faults, 

shaft looseness, and complex combined defects will further strengthen the diagnostic 

framework. Ultimately, the approach outlined in this study contributes toward developing 

intelligent, self-diagnostic ginning machines that improve both operational efficiency and 

sustainability in the cotton industry. 
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