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Abstract. Shaft vibration and bearing vibration are key indicators for measuring the dynamic 
characteristics of the rotor and support bearing system, which play crucial role in reflecting the 
operation performance of the equipment. However, collecting shaft vibration and bearing 
vibration signals simultaneously often encounters multiple challenges in practical applications, 
mainly due to limitations in measurement technology, interference from faults, and variability in 
operating environments. Conducting in-depth research to explore the interrelationship between 
shaft vibration and bearing vibration is of great significance, which not only could achieve data 
complementarity and enhance information integrity, but also provide more accurate references for 
fault analysis and status monitoring. Therefore, this study proposes a method to investigate the 
relationship between the two under support loose fault state based on integrating homologous 
information. The study first constructs a dynamic model under support loose fault condition. Then 
the homologous information is integrated using full vector spectrum technology, which could 
enhance the accuracy in reflecting the relationship between the shaft vibration and bearing 
vibration at different speeds. The simulation results reveal that by mastering this complementary 
relationship, the operating health status of equipment can be inferred based on the trend of some 
other key parameters even if in the absence of a certain measured signal, and corresponding 
maintenance and management measures can be formulated accordingly.  
Keywords: homologous information fusion, support loose fault, dynamic model, full vector 
spectrum. 

1. Introduction 

Slight looseness of rotor support will cause significant vibration for large rotating machinery 
or high-speed rotating machinery, which will affect the operating status of the whole equipment. 
Extensive researches have been conducted on rotor support loosening faults both domestically and 
internationally. An et al. [1] applied the variational mode decomposition method on diagnosing 
the base loosening fault of rotor system. Considering the differences in response of rotor systems 
under different looseness clearances, Jiang et al. [2-5] proposed a method for evaluating the base 
looseness state of rotor system based on nonlinear scales of dynamic behavior. Chen and Qu et al. 
[6-9] established a coupled fault dynamics model for rotor system imbalance, rubbing, and base 
loosening. Yang et al. [10] proposed a coupled fault model for unbalance, rubbing, and base 
loosening in geometrically nonlinear rotor systems. Li et al. [11] studied the nonlinear behavior 
of rotor system under the fault status of crack, abrasion, and support loosening. In summary, 
although fruitful achievements have been made in the mechanism of rotor support loosening 
faults, there is a lack of specific mapping relationship research on shaft vibration and bearing 
vibration information under the loose state of the support system. 

For large rotating machinery, two mutually perpendicular homologous vibration sensors are 
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often arranged at the same section to monitor the operating status of the rotor more 
comprehensively. However, all of the above studies are based on the analysis of single channel 
vibration characteristic information. Firstly, the single channel vibration characteristic cannot 
fully reflect the true operating state of the rotor. Secondly, traditional single channel analysis 
methods ignore the internal connection between the two channels. Thirdly, the same source 
information in the two different channels often has significant differences in frequency structure 
and vibration amplitude. As shown in Fig. 1, the signals of two monitoring channels on the same 
section of a rotor in misaligned state are shown. In addition to obvious 1X, the 𝑋-direction spectral 
characteristics also include 2X, 3X, etc., which complies with the characteristics of misaligned 
fault. But the 𝑌-direction spectral characteristics only have obvious 1X features, which are 
consistent with the characteristics of unbalanced fault. 

 
a) 𝑋-direction time-domain waveform 

 
b) 𝑌-direction time domain waveform 

 
c) 𝑋-direction frequency-domain waveform 

 
d) 𝑌-direction frequency-domain waveform 

 
e) Principle vibration vector 

 
f) Auxiliary vibration vector 

 
g) Vibration vector angle 

 
h) Vector phase 

Fig. 1. Case analysis of misalignment fault diagnosis based on full vector spectrum 

Compared with the feature layer information fusion method or the decision layer information 
fusion method, the same source information fusion method based on data layer not only solves the 
above mentioned drawbacks of the single channel analysis method, but also preserves the fault 
features in the original information to the greatest extent. Bently corporation in the United States 
proposed the full spectrum analysis method based on bidirectional information fusion of rotors 
with the same cross-section [12]. Academician Qu Liangsheng from Xi’an Jiaotong University 
proposed the holographic spectrum method for information analysis of rotating machinery [13]. 
The vibration research institute of Zhengzhou University proposed the full vector spectrum 
technology for homologous information fusion of rotating machinery [14]. The full vector 
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spectrum technology inherits the idea of integrating full spectrum and holographic spectrum 
information, and improves the shortcomings of both. It has the advantages of simple numerical 
calculation, high resolution, comprehensive and intuitive reflection of information, feasibility of 
three-dimensional analysis, and good scalability [15]. Amounts of researches have been achieved 
based on full vector spectrum. The full vector spectrum was combined with empirical wavelet 
transform to improve the adaptability and accuracy of full vector spectrum, and the effectiveness 
of the proposed method was validated through two experimental cases [16]. A prediction model 
of vibration feature for equipment maintenance based on full vector spectrum was proposed, 
which provided a technical foundation for the fault prognostic research [17]. The traditional HHT 
was combined with full vector spectrum, and a new full vector HHT time domain marginal 
spectrum was proposed and used in fault diagnosis of crack of sliding bearing rotor system [18]. 
A fault diagnosis algorithm of rolling bearing based on full vector spectrum and frequency band 
entropy was proposed [19]. The traditional intelligent fault diagnosis system usually required a 
large amount of prior knowledge, and had the shortcomings of information loss caused by the 
incompleteness of single-channel signal. To solve these issues, a full-vector deep convolutional 
neural network diagnosis model for rolling bearing was proposed [20]. Here, taking the dual 
channel signals in Fig. 1 as example and after using the full vector spectrum technique to fuse 
them, the occurrence of the above misjudgment phenomenon is completely overcome, and the 
expressed feature information is more comprehensive and clear as following: the principle 
vibration vector spectrum is presented in Fig. 1(e), which reflects the characteristics of 
misalignment fault clearly such as typical 1X, 2X and 3X. Based on the auxiliary vector spectrum 
as shown in Fig. 1(f), it can be seen that there is a positive value at the power frequency, indicating 
that the rotor precesses in a positive direction at the power frequency, which further confirms the 
occuring of misalignment fault. The specific position of the rotor trajectory ellipse can be 
determined by the vibration vector angle as shown in Fig. 1(g), while the vector phase presented 
in Fig. 1(h) determines the initial phase of the rotor vortex. Therefore, the using of full vector 
spectrum technology not only provides clearer characteristic frequencies than traditional spectral 
analysis, but also reflects the vortex trajectory information of the rotor at various harmonic 
frequencies comprehensively and realistically, improving the reliability and accuracy of state 
monitoring and fault diagnosis greatly. The calculation process of the full vector spectrum 
technique is detailed in references [14-15], and it will not be repeated in the paper due to spatial 
limitations. Based on the above simulation analysis results, it can be seen that compared to the 
one sidedness of single channel information feature extraction method, which leads to inconsistent 
diagnostic conclusions, rotor fault feature extraction based on dual channel homologous 
information fusion technology can compensate for the shortcomings effectively. 

In all, based on the current lack of specific mapping relationships between shaft vibration and 
bearing vibration information under the loose state of rotor support systems, as well as the 
advantages of dual channel homologous information fusion technology in rotor fault feature 
extraction, this paper conducts research on the mapping relationship between shaft vibration and 
bearing vibration under the loose state of rotor support based on full vector spectrum technology. 
The specific innovations are as follows: 

1) A dynamic model of the rotor bearing foundation system under support loose state is 
established, which provides a model support for conducting related research.  

2) The relationship between shaft vibration and bearing vibration at different speeds using full 
vector spectrum technology is analyzed, and the similarities and differences in the fault 
characteristics expressed by shaft vibration signals and bearing vibration signals under loose 
support fault are revealed systematically. 

3) By mastering the revealed complementary relationship between shaft vibration and bearing 
vibration, the operating health status of equipment can be inferred based on the trend of some 
other key parameters even if in the absence of a certain measured signal, and corresponding 
maintenance and management measures can be formulated accordingly. 

The remains of the paper are organized as following: section 2 is dedicated to the construction 
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details of rotor dynamics model under support loose condition. Section 3 presents the simulation 
analysis of the relationship between shaft vibration and bearing vibration based on the constructed 
dynamic model. Discussion is given in Section 4 and conclusion is obtained in section 5 at last. 

2. Construction of rotor dynamics model under loose support 

Fig. 2 illustrates the construction of a dynamic model under support loose fault condition. In 
this model, 𝑂 denotes the center of the disk with a mass of 2𝑚. The shaft's stiffness and damping 
coefficients are represented by 𝐾 and 𝐶, respectively. 𝑂ଵ indicates the center of the shaft neck, 
which has a simplified mass of 𝑚ଵ. The oil film forces acting on the journal center in the 𝑥 and 𝑦 
directions are 𝐹௫ and 𝐹௬. The center of bearing seat is at 𝑂ଶ, and its equivalent mass is 𝑚ଶ. The 
stator's stiffness coefficient is 𝐾௖. The horizontal and vertical directions between the bearing seat 
and the base have stiffness and damping, and the corresponding coefficients are represented by 𝐾௫, 𝐶௫ , and 𝐾௬, 𝐶௬, respectively. The right end is the end where the support system is loose, and 
its stiffness coefficient and damping coefficient in the horizontal direction are 𝐾௦௫ and 𝐶௦௫ 
respectively, and the stiffness coefficient and damping coefficient in the vertical direction are 𝐾௦௬ 
and 𝐶௦௬.  

 
Fig. 2. Dynamic model under support loose fault state 

Assuming the displacements of the center of the disk in horizontal (𝑋-direction) and vertical 
(𝑌-direction) directions are represented by 𝑥 and 𝑦 respectively. The displacements of the center 
of the non-loosened end journal in the 𝑋 and 𝑌 directions are 𝑥ଵ and 𝑦ଵ. The displacement of the 
center of the non-loosened end bearing seat in the 𝑋 and 𝑌 directions are 𝑥ଶ and 𝑦ଶ. The 
displacements of the center of the loosened end journal in the 𝑋 and 𝑌 directions are 𝑥ଷ and 𝑦ଷ. 
The displacement of the center of the loosened end bearing seat in the 𝑋 and 𝑌 directions are 𝑥ସ 
and 𝑦ସ. The eccentricity of the disc is 𝑒. The angular velocity of rotation is 𝜔. If Capone’s short 
bearing oil film force model is used to describe the dynamic oil film force, the dynamic model of 
the rubbing rotor system, i.e. the system’s motion differential equations, can be expressed as 
following: 

⎩⎪⎪
⎪⎪⎪
⎨⎪
⎪⎪⎪
⎪⎧𝑚𝑥ሷ + 𝐾ሺ2𝑥 − 𝑥ଵ − 𝑥ଷሻ2 + 𝐶ሺ2𝑥ሶ − 𝑥ሶଵ − 𝑥ሶଷሻ2 = 𝑚𝑒𝜔ଶ cos𝜔 𝑡,𝑚𝑦ሷ + 𝐾ሺ2𝑦 − 𝑦ଵ − 𝑦ଷሻ2 + 𝐶ሺ2𝑦ሶ − 𝑦ሶଵ − 𝑦ሶଷሻ2 = 𝑚𝑒𝜔ଶ sin𝜔 𝑡 −𝑚𝑔,𝑚ଵ𝑥ሷଵ + 𝐾ሺ𝑥ଵ − 𝑥ሻ + 𝐶ሺ𝑥ሶଵ − 𝑥ሶሻ = 𝐹௫ሺ𝑥ଵ − 𝑥ଶ,𝑦ଵ − 𝑦ଶ, 𝑥ሶଵ − 𝑥ሶଶ,𝑦ሶଵ − 𝑦ሶଶሻ,𝑚ଵ𝑦ሷଵ + 𝐾(𝑦ଵ − 𝑦) + 𝐶(𝑦ሶଵ − 𝑦ሶ) = 𝐹௬(𝑥ଵ − 𝑥ଶ,𝑦ଵ − 𝑦ଶ, 𝑥ሶଵ − 𝑥ሶଶ,𝑦ሶଵ − 𝑦ሶଶ) −𝑚ଵ𝑔,𝑚ଶ𝑥ሷଶ + 𝐾௫𝑥ଶ + 𝐶௫𝑥ሶଶ = −𝐹௫(𝑥ଵ − 𝑥ଶ,𝑦ଵ − 𝑦ଶ, 𝑥ሶଵ − 𝑥ሶଶ,𝑦ሶଵ − 𝑦ሶଶ),𝑚ଶ𝑦ሷଶ + 𝐾௬𝑦ଶ + 𝐶௬𝑦ሶଶ = −𝐹௬(𝑥ଵ − 𝑥ଶ,𝑦ଵ − 𝑦ଶ, 𝑥ሶଵ − 𝑥ሶଶ,𝑦ሶଵ − 𝑦ሶଶ) −𝑚ଶ𝑔,𝑚ଵ𝑥ሷଷ + 𝐾(𝑥ଷ − 𝑥) + 𝐶(𝑥ሶଷ − 𝑥ሶ) = 𝐹௦௫(𝑥ସ − 𝑥ସ,𝑦ଷ − 𝑦ସ, 𝑥ሶଷ − 𝑥ሶସ,𝑦ሶଷ − 𝑦ሶସ),𝑚ଵ𝑦ሷଷ + 𝐾(𝑦ଷ − 𝑦) + 𝐶(𝑦ሶଷ − 𝑦ሶ) = 𝐹௦௬(𝑥ଷ − 𝑥ସ,𝑦ଷ − 𝑦ସ, 𝑥ሶଷ − 𝑥ሶସ,𝑦ሶଷ − 𝑦ሶସ) −𝑚ଵ𝑔,𝑚ଶ𝑥ሷସ + 𝐾௦௫𝑥ସ + 𝐶௦௫𝑥ሶସ = −𝐹௦௫(𝑥ସ − 𝑥ସ,𝑦ଷ − 𝑦ସ, 𝑥ሶଷ − 𝑥ሶସ,𝑦ሶଷ − 𝑦ሶସ),𝑚ଶ𝑦ሷସ + 𝐾௦௬𝑦ସ + 𝐶௦௬𝑦ሶସ = −𝐹௦௬(𝑥ଷ − 𝑥ସ,𝑦ଷ − 𝑦ସ, 𝑥ሶଷ − 𝑥ሶସ,𝑦ሶଷ − 𝑦ሶସ) −𝑚ଶ𝑔.

 (1)
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Convert Eq. (1) to one single dimension, i.e. let 𝜏 = 𝜔𝑡, 𝑒 = ඥ𝑥ଶ + 𝑦ଶ, 𝜓 = ఋோ, 𝑓௫ = టమఓఠ௅ோ 𝐹௫, 𝑓௬ = టమఓఠ௅ோ 𝐹௬, 𝜀 = ௘ఋ = √𝑋ଶ + 𝑌ଶ, 𝑋 = ௫ఋ, 𝑋ሶ = ௫ሶఋఠ, 𝑌 = ௬ఋ, 𝑋ሷ = ௫ሷఋఠమ, 𝑌ሶ = ௬ሶఋఠ, 𝑀ଵ = ௠భఋఠటమఓ௅ோ ,  𝑌ሷ = ௬ሷఋఠమ, 𝑀ଶ = ௠మఋఠటమఓ௅ோ , 𝜂௜ = ௞೔௠೔ఠమ, 𝜉௜ = ௖೔௠೔ఠ, 𝐺 = ௚ఋఠమ. Among them𝛿is eccentricity, 𝑅 is the 
bearing radius, 𝜇 is the viscosity of lubricating oil, 𝐿 is the length of the bearing, 𝑔 is the 
gravitational acceleration. 𝐺 is the normalized gravitational load.  

Then, the Eq. (1) could be rewritten as following after normalization: 

⎩⎪⎪
⎪⎪⎪
⎪⎪⎪
⎪⎪⎨
⎪⎪⎪
⎪⎪⎪
⎪⎪⎪
⎪⎧𝑋ሷ = −𝜂(2𝑋 − 𝑋ଵ − 𝑋ଷ)2 − 𝜉൫2𝑋ሶ − 𝑋ሶଵ − 𝑋ሶଷ൯2 + 𝜀 cos 𝜏 ,𝑌ሷ = −𝜂(2𝑌 − 𝑌ଵ − 𝑌ଷ)2 − 𝜉൫2𝑌ሶ − 𝑌ሶଵ − 𝑌ሶଷ൯2 + 𝜀 sin 𝜏 − 𝐺,𝑋ሷଵ = −𝜂ଵ(𝑋ଵ − 𝑋) − 𝜉ଵ൫𝑋ሶଵ − 𝑋ሶ ൯ + 𝑓௫𝑀ଵ ,𝑌ሷଵ = −𝜂ଵ(𝑌ଵ − 𝑌) − 𝜉ଵ൫𝑌ሶଵ − 𝑌ሶ ൯ + 𝑓௬𝑀ଵ − 𝐺,𝑋ሷଶ = −𝜂௫𝑋ଶ − 𝜉௫𝑋ሶଶ − 𝑓௫𝑀ଶ ,𝑌ሷଶ = −𝜂௬𝑌ଶ − 𝜉௬𝑌ሶଶ − 𝑓௬𝑀ଶ − 𝐺,𝑋ሷଷ = −𝜂ଵ(𝑋ଷ − 𝑋) − 𝜉ଵ൫𝑋ሶଷ − 𝑋ሶ ൯ − 𝑓௦௫𝑀ଶ ,𝑌ሷଷ = −𝜂ଵ(𝑌ଷ − 𝑌) − 𝜉ଵ൫𝑌ሶଷ − 𝑌ሶ ൯ − 𝑓௦௬𝑀ଶ − 𝐺,𝑋ሷସ = −𝜂௦௫𝑋ସ − 𝜉௦௫𝑋ሶସ − 𝑓௦௫𝑀ଶ ,𝑌ሷସ = −𝜂௦௬𝑌ସ − 𝜉௦௬𝑌ሶସ − 𝑓௦௬𝑀ଶ − 𝐺.

 (2)

Due to the actual looseness fault of the support system, the looseness end has relatively small 
changes in the horizontal support stiffness and damping, mainly manifested in the vertical stiffness 
and damping changes. Therefore, assuming the stiffness and damping remain constant in the 
horizontal direction, only the changes in stiffness and damping in the vertical direction are 
considered. Due to the segmented changes in support stiffness and damping with the variation of 
clearance, the expressions for stiffness coefficient and damping coefficient in the vertical direction 
can be obtained as follows: 

𝐶௦ = ቐ𝐶௦௬,    (𝑦ସ > 𝛿ଵ),0,       (0 ≤ 𝑦ସ ≤ 𝛿ଵ),𝐶௬,     (𝑦ସ < 0),  (3)

𝐾௦ = ቐ𝐾௦௬,    (𝑦ସ > 𝛿ଵ),0,        (0 ≤ 𝑦ସ ≤ 𝛿ଵ),𝐾௬,     (𝑦ସ < 0),  (4)

where 𝛿ଵ is the clearance between the shaft vibration seat and the foundation. 
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3. Simulation analysis of the relationship between shaft vibration and bearing vibration 
under support loose fault 

Simulate and analyze the rotor bearing system using Runge Kutta method between speeds of 
600 r/min and 3000 r/min, and set the parameters as follows: 𝑚 = 30 kg, 𝑚ଵ = 3.8 kg, 𝑚ଶ = 60 kg, 𝐿 = 14 mm, 𝑑 = 48 mm, 𝛿 = 012 mm, 𝐾 = 2.6×107 N/m, 𝐾௦௫ = 2.4×109 N/m, 𝐾௦௬ = 6.5×107 N/m, 𝐾௫ = 3.0×109 N/m, 𝐾௬ = 2.7×109 N/m, 𝐶 = 950 N s/m, 𝐶௦௫ = 560 N s/m, 𝐶௦௬ = 360 N s/m,  𝐶௫ = 460 N s/m, 𝐶௬ = 500 N s/m, 𝜇 = 0.018 Pas, 𝑔 = 9.811 N/kg. 

The variation curves of the principle vibration vector of the shaft vibration signal and the 
bearing vibration signal with respect to the rotational speed are shown in Fig. 3(a) and (b) 
respectively. As for the power frequency (1X), the principle vibration vectors of the shaft vibration 
signal and the bearing vibration signal both increase with the increasing of the speed, and the trend 
of their changes is also basically the same: the principle vibration vectors of the two kinds of 
signals are approximately linearly related to the speed. For the 2X, the principle vibration vector 
of the shaft vibration signal increases slowly with the increasing of speed, while the principle 
vibration vector of the bearing vibration signal changes approximately linearly with the increasing 
of speed until reaching 1800 r/min. There is a noticeable abrupt change between 1800 r/min and 
2200 r/min, and the principle vibration vector increases with the increasing of speed above 
2200 r/min. For the 3X, the trend of the principle vibration vector of the shaft vibration signal with 
respect to speed is similar to that of its 2X principle vibration vector, while the trend of the 
principle vibration vector of the bearing vibration signal is similar to that of its 2X principle 
vibration vector. Therefore, for the loosening fault of support system, the principle vibration 
vectors of the shaft vibration signal and the bearing vibration signal have a similar trend with the 
changing of speed. However, the principle vibration vector of the bearing vibration signal at 2X 
and 3X has a more obvious trend with the changing of speed, that is, the fault characteristics 
expressed by the bearing vibration signal are much clearer. 

 
a) Principal vibration vector of shaft signal 

 
b) Principal vibration vector of bearing signal 

Fig. 3. Principle vibration vectors of shaft and bearing signals with respect to varying speed 

Fig. 4(a) and (b) show the variation curves of the auxiliary vibration vectors of the shaft 
vibration signal and the bearing signal with respect to the rotational speed. As for the power 
frequency (1X), the auxiliary vibration vector of the shaft vibration signal increases approximately 
linearly with the increasing of speed. Besides, its value is positive, indicating that the rotor’ 
precession direction is positive. However, the bearing vibration signal exhibits certain 
fluctuations, but the coaxial vibration signal can also reflect the precession direction of the rotor 
accurately. For the 2X, the values of the auxiliary vibration vectors for shaft vibration and bearing 
vibration are approximately 0 below 1500 r/min, indicating that the positive and negative 
precession components are equivalent. Although the values of both are positive above 1500 r/min, 
their changing trends differ significantly. For the 3X, the values of the shaft vibration signal is 
relatively small, while the values of the bearing vibration signal exhibits significant fluctuations 
with the increasing of speed above 2000 r/min, which is significantly different from the shaft 
vibration signal. 

Fig. 5(a) and (b) show the variation curves of the vibration vector ratio between the two kinds 
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of signals with respect to the rotational speed. As for the power frequency (1X), the vibration 
vector ratio of shaft vibration signal increases slowly with the increasing of speed, and it 
approximately changes linearly above 1800 r/min. However, the vibration vector ratio of bearing 
vibration signal generally decreases with the increasing of speed, which has a significant abrupt 
change phenomenon. Besides, the vibration vector ratio of shaft vibration signal is greater than 
that of bearing vibration signal above 900 r/min. For the 2X, the variation trend of the shaft 
vibration signal is similar to its power frequency, while the vibration vector ratio of the bearing 
vibration signal increases slowly with the increasing of speed. For the 3X, the values of shaft 
vibration signal is approximately 0 below 1200 r/min, and increases with the increasing of speed 
above 1200 r/min. The sudden change phenomenon of the bearing vibration signal is more obvious 
with the increasing of speed. 

 
a) Auxiliary vibration vector of shaft signal 

 
b) Auxiliary vibration vector of bearing signal 

Fig. 4. Auxiliary vibration vectors of shaft and bearing signals with respect to varying speed 

 
a) Vibration vector ratio of shaft signal  

 
b) Vibration vector ratio of bearing signal 

Fig. 5. Vibration vector ratio of shaft and bearing signals with respect to varying speed 

 
a) Vibration vector angle of the shaft vibration 

 
b) Vibration vector angle of the bearing vibration 

Fig. 6. Vibration vector angel of shaft and bearing signals with respect to varying speed 

Fig. 6(a) and (b) show the variation curves of the vibration vector angle of the two kinds of 
signals with respect to the rotational speed. As for the power frequency (1X), the vibration vector 
angle of shaft signal changes slowly within the range of 33.5° to 38.9° with the increasing of 
speed, while there is a significant abrupt value change in the bearing vibration signal. For the 2X, 
the vibration vector angle of shaft vibration decreases slowly with the increasing of rotational 
speed, and it approximately changes linearly. The vibration vector angle of bearing vibration 
signal approximately changes linearly above 700 r/min, and varies between 90.2° and 94.4°. For 
the 3X, the vibration vector angle of shaft vibration signal varies approximately linearly between 
600 r/min and 1200 r/min, 1300 r/min and 2500 r/min, while there is a sudden change phenomenon 
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at other speeds. The bearing vibration signal varies approximately linearly between 700 r/min and 
1900 r/min. 

4. Discussion 

At the speed of 𝑛 = 1500 r/min, the full vector spectrum technique is used to discuss the fault 
characteristics of shaft vibration and bearing vibration under the support system loosening fault 
condition, as well as the similarities and differences in the fault characteristics expressed by the 
two kinds of signals. 

From the spectrum of the shaft vibration signal presented in Fig. 7, it can be seen that both the 
principle and auxiliary vibration vectors of the shaft vibration signal are dominated by power 
frequency components, with a slight appearance at the second harmonic, but the amplitude is very 
small, indicating that the expressed fault characteristics are not very clear. From Fig. 8, it can be 
seen that fractional harmonics such as half harmonic and quarter harmonic, as well as higher 
harmonics such as two-thirds harmonic and second harmonic, are clearly expressed in the 
principle vibration vector spectrum, while the precession direction of the rotor at each harmonic 
frequency can be determined through the auxiliary vibration vector. 

 
a) Principal vibration vector  

of shaft signal under 1500 r/min 

 
b) Auxiliary vibration vector  

of shaft signal under 1500 r/min 
Fig. 7. Full vector spectrum analysis results of shaft signal under 1500r/min 

 
a) Principal vibration vector  

of bearing signal under 1500 r/min 

 
b) Auxiliary vibration vector  

of bearing signal under 1500 r/min 
Fig. 8. Full vector spectrum analysis results of bearing signal under 1500 r/min 

Through comparative analysis, it can be seen that although the shaft vibration signal also 
exhibits certain fault characteristics such as second harmonic and other high-order harmonics, the 
fault characteristics of the bearing vibration signal are more obvious compared to others, 
especially when the full vector spectrum technology is used to fuse the dual channel information, 
the fused fault characteristics expressed are more comprehensive and clear. 

5. Conclusions 

This article proposes a simulation study on the relationship between shaft vibration and bearing 
vibration under support loose fault condition based on homologous information fusion. More 
accurate references can be provided for fault analysis and status monitoring by studying the 
relationship between them. The following conclusion could be obtained through systematic study: 

1) As for the two kinds of signals, the fault characteristics expressed by the full vector spectrum 
are more real and reliable than single channel analysis results. 

2) Under the loose fault of the support system, the principle vibration vectors of the shaft 
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vibration signal and the bearing vibration signal have similar trends with the change of speed.  
3) The fault characteristics of the bearing vibration signal are more obvious than those of the 

shaft vibration signal. 
Although this study has achieved certain results, the established rotor system model is based 

on a rigid support system. However, the actual rotor bearing foundation system often has flexible 
supports due to its own structure and operational needs. Therefore, further research is needed on 
the relationship between shaft vibration and bearing vibration under different support properties. 

In addition, there are many types of faults that occur in the rotor bearing foundation system, 
such as rotor misalignment, oil film oscillation, rotor cracks, etc. However, this article only 
analyzes and studies the common loosening fault occuring in the support system, which is 
obviously insufficient. Therefore, further in-depth research is needed on the relationship between 
shaft vibration and bearing vibration of the rotor bearing foundation system under other types of 
faults. 
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