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Abstract: By keep asking “what happened to the part that was 

connected between normal and fault?” The basic problem of 

fault diagnosis is put forward. Based on the parameter analysis, 

the most basic problem of fault diagnosis is pointed to the 

generalized stiffness looseness through the congenital 

underlying logic presupposition of the fault. The relationship 

between generalized looseness, part fault and system fault is 

analyzed by analytic method, which further proves that 

looseness fault is the most basic problem in fault 

diagnosis.Finally, the essential priority of looseness fault in fault 
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diagnosis is expounded.The essential priority of loosening fault 

in fault diagnosis explains the basic problem of fault diagnosis 

and provides a scientific basis for the systematic development of 

fault diagnosis. 
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1  Introduction 

 

We are living in an era of pursuing intelligence. The State 

Council put forward "made in china-2025" on May 8, 2015, 

which is a strategic document to deploy and 

comprehensively promote the implementation of 

manufacturing power, and is the action program for 

China's first decade of implementing the strategy of 

manufacturing power. The realization of "focus on the 

development of intelligent equipment and intelligent 

products, and promote the intelligent production process" 
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puts forward comprehensive and profound requirements 

for intelligent fault diagnosis. 

The traditional fault diagnosis is based on the fault 

mechanism, establishes the fault model as the carrier, and 

obtains the diagnosis conclusion by analyzing the data (the 

research of fault diagnosis in this paper inherits the fault 

mechanism of traditional fault diagnosis, and defines the 

fault in rotating machinery, and takes Jeffcott rotor as the 

basic model). However, the current popular intelligent 

diagnosis goes the other way. Starting with big data, it 

directly establishes the relationship between the 

characteristic signal and the fault model, thus leading to 

the intelligence, but this weakens the function of fault 

mechanism. So, whether based on the fault mechanism or 

turning around to face the data cloud, the fault diagnosis 

has not been able to solve the long-standing problem, that 

is, the typical fault mechanism - actual coupling fault - the 

detection of data between the three can not be perfect and 

scientific interpretation.This problem constitutes an 

obstacle to the development of traditional fault diagnosis 

theory, and is also the core problem hindering the 

development of current intelligent diagnosis. Although this 

is an important problem, it is not the primary problem of 

fault diagnosis. 

 

1.1  The Primary and Most Basic Problems of Fault 

Diagnosis 

 

Faults diagnosis is the diagnosis of fault , so fault naturally 

form as the starting point of fault diagnosis. According to 

the definition of fault in <Terminology for Equipment 

Management and Maintenance>: the equipment loses the 

specified function. From this point of view, fault is a 

relatively self-evident concept. Its feature is that there are 

differences in function, and its essence is difference. The 

existence of the fault is the existence of the device in the 

failure state, so the failure is also the existence state of the 

device. Suppose that through the implementation of fault 

diagnosis, the life of the equipment is infinite loop between 

fault and no fault, so that the life of the equipment has the 

meaning of cycle. In this way, the equipment life cycle can 

explain the fault in the periodic time coordinate. At this 

time, the periodic time coordinate provides a more 

transcendent vision beyond the study of "what is the fault", 

such as the more macroscopic inspection of the cycle and 

frequency of the fault. In this periodic time coordinate 

system, the following concepts can also be established: 

first, the fault state exists in the finite time period of the 

equipment's infinite life, and the fault is limited in the time 

domain; second, the fault state exists in the measurable 

vibration amplitude range, and the fault intensity domain is 

also limited; third, the fault exists in the effective range of 

fault diagnosis rules, according to the existing diagnosis 

rules, the ability to judge the fault is also limited. 

The system presented in this paper is shown in Figure 1.  

 

 

 

 

Figure 1 faults like a broken cable 

 

Because the fault is the state of the equipment, so the 

fault constitutes a part of the equipment life, and the fault 

exists in the periodic time coordinate system of the 

equipment cycle life. The life of equipment is like a 

connecting rope as shown in Figure 1. The part about to 

break in the middle is the fault state. At present, fault 

diagnosis is limited to this limited range. In addition to 

"what is the fault", we must also pay attention to the way 

to make the fault exist. Only when all the components 

connected with the fault have been thoroughly, can the link 

of the fault itself be thorough! 

The "self-evident thing", and only the "self-evident 

thing" -- the "secret judgment of common reason" should 

be and should always be the prominent subject of the 

analytical work (Kantian). Fault is a relatively common 

concept. It seems that everyone understands it, so it has its 

self-evident nature. The result of taking fault as the starting 

point is that fault diagnosis starts with "what is the fault". 
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However, as a fault diagnosis science, it is questionable to 

understand the fault as the starting point of self-evident. In 

fact, it is possible to ask the cause of the fault, that is, "why 

does a properly functioning device fail?" Or "what is the 

original cause of the fault from scratch?" Or ask during the 

life of the device: "what happened to the part connected 

between normal and faulty?" Because such questions 

precede the current starting point of fault diagnosis "what 

is the fault", so, "what happened to the part connected 

between normal and fault?" This question is the first of all 

to be asked, and it should be highlighted that it is not only 

the primary problem of fault occurrence, but also the 

primary problem of fault diagnosis. Because this primary 

problem is the common starting point of "what is the fault" 

in the next stage of fault diagnosis, it must become the 

initial condition for the development of fault. Therefore, 

this primary problem should also become the most basic 

problem of fault diagnosis. 

 

1.2  The Significance of Studying the Most Basic 

Problem of Fault Diagnosis 

 

"What happened to the part connected between normal and 

faulty?" This most basic problem of fault diagnosis 

(hereinafter referred to as the most basic problem) can 

enable us to trace back and find out the prior guidance of 

this core issue about "what is the fault?" ;             

Because the fault does not appear out of thin air, it has its 

prior guidance, so the most basic problem can specify or  

clarify the initial deployment mode to the fault;                      

Because the most basic problem can specify or clarify the 

initial deployment mode of the fault, and then all kinds of 

fault forms take the initial expansion mode of the fault as 

the initial condition, so the most basic problem includes 

the essential correlation of various fault forms;         

Because the most basic problem contains the essential 

correlation of various fault forms, the most basic problem 

constructs the unfolding mode to reach all kinds of faults.  

 

2 The Congenital Underlying Logic 
Presupposition of Fault 

 

As a complete unit system, it is usually completed by 

design, part processing and assembly.Tolerance fit is 

required from the beginning of design and its essence is 

accuracy.The two links to ensure accuracy are part 

processing and machine assembly.The improvement of 

machining and assembly accuracy technology has a long 

history. Here is a brief description of the current height 

achieved. 

Virtual Reality (VR) which has been actively studied in 

recent years is a new technology that combines computer 

display technology with simulation technology. It has three 

main characteristics, namely Immersion, Interactive and 

Imagination, and can also be described by three "I". As 

shown in Figure2 [1]. 

Immersion

Interaction Imagination

3I

 

Figure 2 The  three "I" of virtual reality technology   

 

The architecture of virtual reality system transmits 

information through interactive devices and systems, reacts 

within the system and feedback to users, forming a 

complete feedback loop system [2].Voelcker and Hunt [3], 

who first introduced entity modeling technology to virtual 

machining simulation, used three-dimensional modeling 

technology to automatically verify NC code correctness in 

the system.CL Ming et al. simulates material cutting by 

Boolean operation of tool scanning body and workpiece 

model, and can perform effective tolerance checking 

[4].Van Hook has developed a simulation system based on 

Z-Buffer method, which simplifies cutting process 

simulation to one-dimensional Boolean operation and 

improves the real-time performance of simulation [5].RS 

Lee et al. studied the cutting simulation of five-axis 

machine tool based on multi-threaded adaptive octree, 

analyzed the advantages of multi-threaded based on GPU 

and how to improve the calculation speed [6].TS Mujber et 

al. simulated the whole product manufacturing 

process.Immersion process simulation through virtual 

reality [7].TM Wasfy and others build the training system 

of three-dimensional CNC milling machine by using 

virtual reality technology, which can display the prediction 
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of milling process and cutting force in three-dimensional 

animation [8].MA Abida et al. applied virtual machining 

simulation to lean production of production line [9].I 

Zagrski and others combined Siemens control system [10] 

by constructing virtual CNC milling machine machining 

center.The research on processing simulation platform in 

domestic colleges and universities goes further. Li 

Guoliang realizes human-machine interaction interface 

through MFC and OpenGL (Open Graphics Library) for 

virtual CNC lathe processing. Through double buffering 

technology of OpenGL, the real-time performance of the 

system is improved and the simulation animation is more 

consistent [11].Wu Jing studied the geometric modeling 

method in the process of CNC turning. By converting the 

three-dimensional model into two-dimensional polygon 

model, he improved the simulation speed and used the 

"cutting polygon" to obtain the back-cutting tool amount 

during machining [12].Chen Jiating combines OpenGL and 

UG, constructs tool model by parameter method, puts 

forward a new algorithm to build tool scanning volume, 

and realizes machining simulation of CNC milling [13].  

Assembly, as the last guarantee link of precision control in 

product development process, usually takes up 45% of the 

average workload in actual production process 

[14].Moreover, the assembly process incorporates the 

errors of the machining process under the requirement of 

tolerance matching to realize the design idea.Since 2017, 

the research of digital twin in virtual reality, as the most 

representative new technology of improving assembly 

accuracy, has shown explosive growth.GRIEVE et al. [15] 

proposed that the essence of digital twinning is to embed 

digital information into the physical system itself and to 

link information to the physical system throughout the life 

cycle of the system, which can alleviate unpredictable 

situations in complex systems.SOEDERBERG et al. [16] 

discussed how to use digital twin method to guarantee 

physical geometric dimensions of products in real time 

from design, pre-production process to production 

process.MORRIS, etc. [17] From the perspective of 

product development ecosystem, it is divided into three 

dimensions: product design, production manufacturing and 

business, through the organic combination of three types of 

digital twins.In the construction of twin model, finite 

element model, exchange data model between 

heterogeneous systems [18], architecture reference model 

[19] and product development precision virtual model [20], 

multi-physical field model [21] and full-parameter virtual 

model [22] which are suitable for accurate reproducing of 

product physical and performance characteristics have 

been applied in the modeling using digital twin method and 

how future models will advance in the field of digital 

twin.One step of application exploration.ZhuangCunbo et 

al. [23] reviewed the background of digital twin, 

elaborated its technical connotation, and provided the 

implementation ways of digital twin in product design, 

manufacturing and service stages.According to the basic 

data acquisition layer to the top application layer, Liu 

Datong [24] proposed several key technologies in the 

digital twin, such as multi-domain and multi-scale fusion 

modeling, status evaluation of data drive and physical 

model integration, data acquisition and transmission, life 

cycle data management, VR presentation and 

high-performance calculation.Liu Chenhua and others [25] 

proposed to simulate the assembly field and assembly 

process in real time from the point of view of process, 

accuracy and physical attributes, which provides an 

effective way to realize the scientific assembly and 

assembly quality prediction of structural parts and cable 

pipes.In order to simulate and verify the actual assembly 

results before the actual installation, Kong Qingchao [26] 

proposed a method of combining theoretical CAD model 

with high-density measurement data, which can effectively 

handle the assembly problems of large-scale aerospace 

structures.In the field of Aeronautics manufacturing, Yu 

Yong et al. [27] studied the product configuration 

management method based on digital twin model and the 

ontology representation of product digital twin model 

containing product configuration information.Control of 

assembly accuracy is manifested in that during the 

automatic assembly process, BAKKER, etc. [28] analyzed 

the flexible factors of parts, and modeled the assembly 

deviation by using the deviation flow method (SoVA), 

completed the simulation of assembly process and 

guaranteed the dimensional quality.WANG et al. [29] 

Based on elastic deformation theory and finite element 

simulation, aiming at minimizing strain energy generated 

by assembly deformation, analyzed displacement changes 

of key feature points and established assembly deformation 

prediction model by non-linear analysis.LI et al. [30] 

integrated form error factors and mechanical balance 

equation, established error transfer model based on basic 

deformation mode (error field) by natural mode analysis 

and dynamic substructure method, and revealed the 

influence rule of manufacturing error on product shape 

error.WANG et al. [31] established assembly clearance 

calculation model based on rough/precise registration 

analysis of measurement, adjusted attitude evaluation of 

wing panel, and precisely controlled mating 

clearance.Wang Hao et al. [32] built a comprehensive 

evaluation index system of the optimum matching position 
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in the docking assembly of large components from two 

perspectives of manufacturing and coordination accuracy, 

which improved the coordination quality.Zhu Yongguo et 

al. [33] established an explicit functional relationship 

between positioner manufacturing error and body position 

and attitude error by using differential transformation, and 

used indirect adjustment method and weighted least square 

method to couple calculation of multi-positioner dynamic 

error and its compensation quantity, thus ensuring the 

accuracy of docking coordination.In the actual processing 

and assembly process, although a large number of digital 

detection equipment is used, the precise control and 

adjustment of geometry is realized. 

However, because it was still a simulation, there was still a 

difference between the actual and the theoretical values of 

the products, which made the process simulation results 

based on the theoretical model not consistent with the 

actual situation on the spot. 

Machining accuracy and assembly accuracy will have a 

direct impact on the stability of equipment, but the 

research on the long-term effect of accuracy on equipment 

after putting into operation needs to be strengthened.That 

is, the original relationship between accuracy and failure 

generation and development has not been clarified since 

the equipment was put into service.Because the original 

relationship has not been clarified, the scientific stipulation 

between fault diagnosis theory and equipment accuracy is 

incomplete, which skips the most basic problem of fault 

diagnosis put forward by us and objectively covers up the 

origin of equipment failure.The origin of equipment failure 

is that the equipment itself exists at the same time of 

equipment forming due to the simulation difference of 

equipment accuracy, so it can be regarded as congenital. 

The two axioms supporting the above practices and 

conclusions also determine the congenital origin of 

equipment failure. 

 

2.1  Axiom 1: Unavailability of Absolute Accuracy 

 

Absolute precision is precision without any 

deviation.Because the most basic figure that exists in a 

rotating machine is a circle, for example, circle is now 

inevitably used in all calculations involving circles, and is 

an infinite non-circular decimal number.Therefore, the 

method of limit is used in calculating the circumference 

and area of a circle. Limit means the uniqueness of infinite 

proximity, and the uniqueness of infinite proximity also 

means the unavailability of absolute precision in real life. 

Therefore, it is impossible to obtain an absolute precision 

circle in real life, only a biased approximate circle can be 

processed.In the same way, the actual processed rotors are 

of limited precision.            

One of the congenital components of the most basic 

problems is that because of the unavailability of absolute 

precision, all manufactured parts of the rotor have 

deviations, which inevitably result in the original defects of 

the rotor. 

 

2.2  Axiom 2: Generalized Uncertainty Principle 

 

One of the implications of the general uncertainty principle 

is that people cannot measure the scale of objects and other 

physical parameters on an infinitely accurate scale.Thus, 

the absolute true accuracy of any dimension after assembly 

does not exist in real life, only its deviating approximation 

exists.        

The second congenital component of the most basic 

problem: due to the generalized uncertainty principle, all 

assemblies have deviations in accuracy, which inevitably 

results in the original defects of equipment connection.       

 For both reasons, human beings cannot manufacture 

and measure equipment with absolute accuracy.Then, the 

difference between true size and absolute accuracy of 

equipment constitutes the innate factor of equipment defect. 

This difference is expressed as tolerance fit on the drawing 

and the assembly result of actual equipment is shown as 

deviation.The congenital constituent factors of the most 

basic problems are embodied in the design, manufacture 

and assembly of equipment in reality. There must be 

congenital difference in accuracy in design, manufacture 

and assembly. This difference objectively forms the 

congenital defects of equipment. These congenital defects 

are aggregated in the finished equipment to form the initial 

defects of equipment.they are the true source of the initial 

vibration of the equipment.The difference between 

absolute and actual accuracy is the innate logic preset of 

the most basic problem in fault diagnosis, and the initial 

vibration of equipment is the externalized form of innate 

logic preset of the most basic problem in fault diagnosis. 
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3  Based on the Parametric Analysis, the 
Most Basic Problem Points to the Generalized  
Looseness 

 

This paper takes the most common Jeffcott rotor model as 

the research object of fault origin, because Jeffcott rotor 

model can abstract all the contents of personalized 

differences of different equipment, and also can abstract all 

contents of personalized design of rotor actual components, 

which makes the research conclusion more universal.            

   Rotor is the core basic component of rotating 

machinery. Generally speaking, the rotor is always 

composed of elastic shaft and disk, impeller, gear and other 

inertial elements assembled on the shaft, and the bearing 

plays the role of supporting the rotor and restricting the 

movement of the rotor. For the rotor, when the deformation 

of various inertial elements such as impeller and disk can 

be ignored, the motion law of each point on the center line 

of the shaft actually reflects the general characteristics of 

the shaft motion. The simplest model of bearing rotor 

system is shaft disc system, namely Jeffcott rotor system. 

Compared with the mass of disk, the mass of shaft can be 

ignored, and both ends of shaft are supported by two 

sliding bearings.This kind of model can generally be 

described by the following mathematical models is shown 

in Figure 3 :                    

                       

 

Figure 3  Jeffcott rotor mathematical model 
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Further clarification and specification of the research 

boundary of Jeffcott rotor:             

(1) It is a closed system without external force; for a 

conservatively closed rotating machine, which can be 

simulated by Jeffcott rotors in normal operation, the cause 

of failure should be the result of some spontaneous change 

within the system, and therefore is independent from 

outside the system.             

(2) The self-balancing system of force; since it is the 

self-balancing system of force, the cause of system failure 

can be further attributed to the effect of changes in internal 

parameters of the system model. Therefore, the analysis of 

the origin of fault must be started with the basic Jeffcott 

rotor model.             

(3) Represents the ideal initial state of the trouble-free 

rotor system, and also specifies the undifferentiated state of 

the normal operation of rotating machinery.This model can 

be used not only as the standard operating state of Jeffcott 

rotors without fault, but also as the initial operating state 

before fault occurs, and it also provides the basic 

conditions for future fault occurrence. 

Parameter analysis of Jeffcott rotor mathematical 

model in conservative system: ( M ) mass constant of disk; 

( F ( )
c

t ) initial load of congenitally defect aggregation is 

considered constant because it will not change itself; 

damping ( c ) is a dependent variable and will not change 

actively. The rest is the stiffness term ( k ), so the fault 

should be related to the stiffness change of the rotor 

system.   

 

Table 1 influence analysis of Jeffcott rotor model parameters 
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According to the investigation of Jeffcott's rotor model, 

as shown in Table 1, the most important reason for the 

failure is the self variation of stiffness term ( k ). There are 

two possibilities of stiffness increasing and decreasing. The 

possibility of active stiffness increasing is very small, and 

the decreasing stiffness means loosening. 

According to the above analysis results of Jeffcott rotor 

model parameters, it is shown that the most reasonable 

interpretation of the most basic problem is the stiffness 

reduction. The next step needs to be studied is how to turn 

the analysis conclusion of the reduced stiffness from the 

research theory to the real fault result, that is, the 

externalization of the most basic problem. 

Here, the decrease of Jeffcott's rotor stiffness is only the 

performance of the system's characteristics in theory, and 

has not formed an objective research object, which belongs 

to the generalized loosening. This generalized looseness 

can be externalized in Jeffcott rotor model by two ways: 

Part stiffness loosening and system stiffness loosening. The 

stiffness of the system is determined by the stiffness of the 

sliding element. 

The research work of scholars at home and abroad on 

the loosening problem of rotating machinery is mainly 

divided into two categories: "model free experimental 

verification method" and "modeling numerical solution 

nonlinear dynamic characteristics".The basic idea of model 

free test method [34-36] is to simulate the rotor looseness 

fault through the experimental platform, and take targeted 

methods to extract fault features. Most scholars usually use 

the method of loose and rub impact fault mechanism 

modeling and numerical solution analysis. Based on the 

method of piecewise stiffness assumption [37-40], it is 

considered that the stiffness and damping of rotor system 

will show nonlinear jump change in different vibration 

displacement stages when loosening and rubbing occur. On 

the assumption of continuous stiffness, some scholars have 

established a simple continuous loosening model [41-42], 

and proposed that the change of the total stiffness of the 

system under the condition of looseness depends on the 

joint action of its own slow-varying characteristics and 

looseness phenomenon. Based on the assumption of 

nonlinear excitation force of bearing, such as Gardner M. 

et al. [43], the weak nonlinear motion of long bearing and 

short bearing is analyzed by multi-scale method. Adams 

M.L. and ab. Mahfouz [44] studied a rotor system 

supported by cylindrical bearings and tilting pad bearings. 

Zhang Wei and Zhu Jun [45] discussed the stability margin 

of sliding bearing by using Lyapunov function. Zhang 

Zhengsong and Mu Huaping [46] proposed a Hopf 

bifurcation analysis method for the characteristics of whirl 

limit cycles of oil film instability. Huang Wenzhen [47] 

carried out an experimental study on the stability of a rotor 

system with multi span sliding bearings. Chen Yushu [48] 

adopted the short bearing assumption and included the 

turbulence effect. Zhao j.y.f [49] studied the unbalance 

response of rotor system supported by oil film damper. Liu 

Xiandong and C. villa, J. - J. SinoU *, F. thouverez. [50-51] 

established a dynamic model for Hertz nonlinear contact 

theory of rolling bearing. Chen Guo [52] established a 

rolling bearing model by considering the bearing clearance, 

the nonlinear Hertz contact force between the bearing ball 

and the raceway, and the VC (varying compliance) 

vibration caused by the change of bearing stiffness. Based 

on the selection of single degree of freedom (SDOF) and 

multi degree of freedom (MDOF) models, the original 

loose model such as muszynskaand Goldman [53-54] is a 

single disk Jeffcott rotor model with one end loose, in 

which the stiffness is piecewise linear. Zhang Jing et al [55] 

established a nonlinear differential equation of motion for a 

rotor bearing system with looseness of supports at both 

ends. Ma Hui et al. [56] studied the dynamic characteristics 

of single bearing and double bearing looseness respectively. 

Luo Yuegang et al. [57] established a nonlinear dynamic 

model of a three bearing supported double span elastic 

rotor bearing system with support looseness fault, and 

analyzed the difference between coupling fault 

characteristics and single fault characteristics [58-59]. Lu 

Yanjun et al. [60] established the mechanical model and 

finite element model of the double disk cantilever vertical 

rotor bearing system with loose rubbing coupling fault.           

Liu Yang et al. [61] established a three support loose rub 

impact coupling fault double disk rotor bearing system 

model by using the finite element method. Based on 

numerical integration method and analytical approximate 

solution, such as Chu Fulei et al. [38], Li Zhenping et al. 

[62], Li Hongkun et al. [63], Yang Yongfeng et al. [64], Liu 

Mathematical 

model 

influence 

parameter 

parameter 

change 

result 

F ( )

c c

c c

Mx cx

kx t

+

+ =

&& &
 

M  constant     No effect 

c  constant   No effect 

F ( )
c

t  

constant   No effect 

k  
decreasing amplitude 

increases 
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Changli et al. [65], Liu Xiandong et al. [51], Chen Guo 

[66], MAH, Zhao x, Teng y, et al. [67], Xiong et al. [68] 

were solved by numerical methods such as Runge Kutta 

method, Newmark-β-method, shooting method, 

progressive method and incremental harmonic balance 

method. 

Although many experts and scholars have done a lot of 

in-depth research on the looseness fault in history, the 

common problem in the research is that the looseness is 

only regarded as the same position as other faults, and the 

looseness fault has not been recognized from the direction 

of the most basic problem of fault diagnosis. 

 

 

4  Parts Failure Induced by Generalized 
Looseness 

 

The core part of Jeffcott rotor is sliding bearing, which is 

also the vulnerable part of rotor. The basic fault forms of 

sliding bearing are oil whirl and oil film oscillation. The 

common point of the two faults is oil film. The fault 

mechanism is directly related to the dynamic 

characteristics of oil film. Although the fault is named after 

the oil film, we can still follow the law of the most basic 

question: what is the cause of the oil film fault? 

The dynamic characteristics of oil film bearing are 

shown in Fig4. The stiffness coefficient of oil film spring is 

defined as the oil film force increment caused by unit 

displacement. Four stiffness coefficients can be obtained 

by decomposing the force and displacement in x and y 

directions 
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The damping coefficient of oil film damper is defined as 

the increment of oil film force caused by unit speed, which 

can be decomposed into four damping coefficients in x 

direction and y direction. 
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Figure 4  dynamic characteristic coefficient of oil film bearing 
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are the main stiffness coefficient and main damping 

coefficient. They reflect the supporting effect of oil film 

on the journal numerically, the larger the value is, the 

easier the journal will return to its original position after 

disturbance 

s x
xy

F
K

y
=

V

V 、

y

yx

F
K

x
=

V

V 、

s x
xy

F
C

y
=

V

&V 、

y

yx

F
C

x
=

V

&V  

are called cross stiffness coefficient and cross damping 

coefficient.   

  According to the congenital underlying logic 

presupposition of the most basic problem, there are 

inherent defects in the design, manufacture and assembly 
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of the equipment, which will inevitably cause the 

difference of the clearance between the journal and the 

bearing along the circumferential direction. The 

difference of clearance between journal and bearing along 

the circumference leads to the difference of cross stiffness 

coefficient and cross damping coefficient, which is 

equivalent to the existence of looseness in mechanism, 

and belongs to the generalized stiffness loosening of parts. 

Now,
s

xyK and
s

xyC  are used to represent the relatively 

small group of cross stiffness coefficients and cross 

damping coefficients. In this paper, the special calibrated  

s

xyK and
s

xyC are used to represent the existence of 

generalized looseness of part stiffness.The positive and 

negative of cross term and numerical value will mainly 

affect the stability of bearing operation,The larger the 

cross stiffness coefficient is, the more unstable the bearing 

operation is; although the cross damping coefficient is 

opposite to the cross stiffness coefficient, its value is 

generally very small and does not play a major role.            

The oil film of the bearing is anisotropic. When the 

journal passes through the disturbance caused by the 

generalized looseness of the part stiffness (the clearance is 

relatively large), the change of the oil film force generally 

has a nonlinear relationship with the disturbance. 

However, in the case of small disturbance, the relationship 

between the oil film force and the axial movement 

displacement( xV yV ) and the motion speed ( x&V

y&V )can be regarded as a linear relationship. 

The increment of oil film force in x and y directions 

as follows: 

y yy yx yy yx

s s

x xx xy xx xy

F K y K x C y C x

F K x K y C x C y

= + + +

= + + +

& &V V V V V

& &V V V V V
(5) 

In the form of matrix: 

   x

y

F x x
K C

F y y

     
= +     

    

V &V V

V &V V
        (6)     

In the formula, the stiffness coefficient matrix 

 
s

xx xy

yx yy

K K
K

K K

 
=  
  

   

the damping coefficient matrix 

 
s

xx xy

yx yy

C C
C

C C

 
=  
    

As shown in Fig 5, it is assumed that point O of the 

journal center deviates from the original static equilibrium 

position to point O , and the asymmetry between point 

O and point o is due to the difference of cross 

stiffness mentioned above. The main exciting force of 

vibration caused by oil film instability is the oil film force 

qF  perpendicular to the displacement o  and along the 

rotation direction. Due to the action of 
qF , the speed of 

o  increases, thus the radial diameter OO  increases, 

so the journal motion becomes unstable. 

o

o 

y
F

x
F

r
F

a
F

q
F

x

y

y

x

o



 

Fig 5  whirling track of axis        

The results show that the vortex track of the shaft 

center is an ellipse, and the periodic vibration of the 

composite ellipse track is as follows: 

( )
0

0

sin

sin

x x t

y y t


 

=
 = +

V

V
                 

(7) 



The Proposal and Research on the Most Basic Problem of Fault Diagnosis 

 

·11· 

xV yV are amplitudes in x and y directions 

  is the whirl angle frequency 

  is the phase different of the trajectory in x and y 

directions

 
When the shaft center moves along the track, the cross 

stiffness
yxK and 

xyK  cause forces 
yFV  and x

FV
respectively, then the work done by the oil film force 

qF  

in a whirling period on the shaft center is proved by the 

energy method that the velocity of 
qF  increases and the 

radial diameter o  increases due to the action of OO , 

so the journal motion is unstable. 

( )
2 2

0 0

t t

x y x y
W F x F y F x F y dt

 

 
= =

= − + = − +  & &V V V V V V V V
 

(8)  

 Where the negative sign indicates that the positive 

direction of increment 
yFV  and x

FV  is opposite to the 

direction of displacement xV  and yV . 

Substituting formula (6) (7), the integral is as follows: 

( )
( ) ( )

0 0

2 2

0 0 0 0

sin

cos

s

yx xy

s

xx yy xy yx

W x y K K

C x C y x y C C

 

  

= − −

+ − +

                                          （9） 

The first term represents the work done by the effect of 

the cross stiffness, and the oil film cross stiffness under 

small disturbance ( ) 0s

yx xyK K− f , so the work done 

by this term in each whirling period is directly 

proportional to the elliptic area 0 0 sinx y   of the 

track; in the formula, the second term represents the work 

done by the main resistance force, because 
xx yyC C、  

are always positive, so the work done by the main 

resistance force is negative, that is, absorbing the energy 

of vortex and playing a stabilizing role, and the third term 

represents the work done by the cross damping force. 

The stability of rotor system depends on the value of W, 

that is to say, whether the system is loose or not. When 

s

xyK is smaller, ( )0 0

s

yx xyx y K K −  is larger, that is 

to say, the system energy increases continuously and the 

whirl of journal in oil film becomes larger and larger. 

To sum up, the basic failure forms of Jeffcott rotor 

journal bearing are oil whirl and oil film oscillation. 

Although the fault phenomenon is manifested by the 

dynamic characteristics of oil film, its mechanism is due 

to the difference of cross stiffness coefficient and cross 

damping coefficient of the system. In essence, the 

fundamental cause of oil whirl is the generalized stiffness 

loosening of parts, and oil film whirl is the accompanying 

phenomenon of looseness.          

Therefore, we can think further: we usually classify 

faults by parts and components, such as bearing faults, 

and classify faults by phenomena, such as oil whirl and 

oil film oscillation. This naming and classification can 

only represent the location and phenomenon of the fault, 

but not the essential cause of the fault. 

 

 

5 The Congenital Underlying Logic 
Presupposition Induces Generalized 
Looseness of Systems 

 

The stiffness of the equipment system generally depends 

on the connection stiffness of the equipment components. 

The fault is caused by the deviation of design, manufacture 

and installation. The congenital underlying logic 

presupposition of fault is aggregated by various specific 

connection methods, such as screw connection, pin, key, 

spline connection, rivet connection, interference 

connection, expansion connection, polygon connection, 

bonding, welding, etc. Screw connection is the most basic 

and commonly used connection mode of equipment 

components. Therefore, the conclusion of screw 

connection stiffness change under periodic vibration load 

is of universal significance to the understanding of the 

stiffness variation law of equipment system. 

Since the 1940s, domestic and foreign scholars have 

carried out a lot of research work on the problem of thread 

loosening. In the early studies, it was believed that periodic 

longitudinal vibration [69-71] caused friction ratcheting 

behavior of internal threaded teeth in the radial direction, 

which led to the decrease of pretension force.In 1969, the 

German Engineer JUNKER [72] designed a transverse 

vibration testing device, and the results showed that the 
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threaded connections had serious pre-tightening force 

decay behavior under the condition of transverse 

vibration.Since then, many researchers have established a 

variety of theoretical models [73-78] to reveal the thread 

loosening mechanism under lateral vibration 

conditions.Some scholars have carried out some research 

work on the mechanism of thread loosening by using 

experimental observation and finite element simulation. 

PAl et al. [79-80] proposed for the first time that the local 

slip accumulation of contact interface is the main reason 

for the loosening of rotation and the decrease of 

pre-tightening force between internal and external 

threads.IZUMI et al. [81] confirmed that local slip 

accumulation can indeed lead to loosening of rotation and 

reduction of pretension force.In another paper, IZUMI et al. 

[82] introduced the concept of micro-slip and redefined 

and classified the slip behavior of contact interface, 

pointing out that rotational loosening begins with 

micro-slip or complete slip of contact interface.In order to 

quantitatively describe the cumulative process of local slip, 

DINGER et al. [83] defined a dimensionless parameter that 

represents the ratio of the slip area of the contact interface 

to the total area, which was also adopted by other scholars 

[84].Plastic deformation of materials is also an important 

reason for the decline of thread pre-tightening force. 

JIANG et al. [85-87] proposed a thread pre-tightening 

force decline curve. At the initial stage of vibration, local 

plastic deformation and strain ratcheting effect appeared 

near the root of the thread teeth, which led to the gradual 

decline of thread pre-tightening force with the increase of 

vibration cycle, and with the increase of vibration cycle, 

rotational loosening began to appear.Pre-tightening force 

decreases rapidly.Thereafter, Hou Shiyuan and Liao 

Ridong [88] further analyzed the influence of various 

factors, such as load direction, pretension force, amplitude 

and friction factor, on the evolution of plastic deformation 

of materials and the decline of pretension force.Yu Zetong, 

Liu Jianhua, Zhang Chaoqian and others completed the 

loosening test of bolted joint structure under axial 

alternating load [89].Gong Hao, Liu Chenhua, Ding 

Xiaoyu and others [90] verified the correctness of the 

decay curve of pretension force by transverse vibration test.            

The above research explores thread loosening from both 

experimental and model aspects. The following authors 

discuss the inevitability of thread loosening from the 

congenital underlying logic preset conditions of the most 

basic problems and in combination with the loosening 

principle of thread connection. 

 

5.1  The Congenital Underlying Logic Presupposition 

in Jeffcott Rotor 

 

The congenital underlying logic presupposition of fault , 

static deviation, will be shown as dynamic deflection 

during the operation of rotating machinery. All typical 

faults in Jeffcott rotor are shown by dynamic deflection. It 

can also be said that dynamic deflection is shown by 

various fault forms. These motion deflections constitute the 

initial form of fault and are the theoretical root of basic 

vibration: F ( )
c c c c

Mx cx kx t+ + =&& & . F ( )
c

t  is 

composed of two periodic vibrations: initial system 

unbalance + initial system misalignment. 

(1) Initial system unbalance as shown in Fig6 (including 

initial shaft bending and shaft crack),The initial 

motion model becomes 

.. .
2

1 1 1 m coscM x c x kx x t + + =

 

Figure 6  system unbalance diagram  

(2)  Initial system misalignment as shown in Fig7, the 

initial motion model becomes 

.. .

2 2 2 sin 2
4

Ke
M x c x kx t+ + =   

  

Figure 7  system misalignment diagram 
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(3) Initial load of Jeffcott rotor: 

2m cos + sin 2
4

c c c

c

Mx cx kx

Ke
x t t  

+ + =&& &

    

（10）
  

The change of stiffness coefficient under the action 

of periodic vibration load 2m cos + sin 2
4

c

Ke
x t t    

is mainly investigated. 

5.2  The Necessary and Sufficient Conditions of 

Thread Connection Looseness 

 

The screw connection determines the stiffness of the 

equipment system, and the bolt loosening failure is the 

most common failure form of the screw connection, and 

the bolt loosening failure has an inevitable relationship 

with the congenital underlying logic presupposition of 

fault. 

The loosening principle of thread connection: there is a 

certain gap between the thread teeth in the thread 

connection. Under the action of periodic vibration and 

impact, the vibration of different frequencies will be 

generated between the nut and the bolt rod, which will 

cause the friction coefficient f of the screw pair to drop 

sharply, and the friction torque between the thread pair and 

the nut bearing surface will disappear instantaneously, and 

the thread pair can not meet the self-locking condition, 

which makes the screw pair between the two screw pairs. 

The relative sliding will cause the nut to rotate, and it will 

become loose after repeated for many times. 

5.2.1  Necessary Condition For the Looseness  

Obviously, due to the existence of unbalance and 

misalignment, the rotor operates at least under the 

long-term action of two inevitable alternating loads, a and 

B, which are the necessary conditions for the looseness of 

all screw connections in the rotor system. 

5.2.2  Sufficient Condition For the Looseness 

When tightening or loosening the bolt, it is necessary to 

overcome the friction torque between the thread pairs and 

the friction torque between the end face of the bolt or nut 

and the bearing surface of the connected part,as shown in 

Fig8.and Fig9. 

 

Fig 8  rib axial force schematic diagram 

 

  Fig 9  rib radial stress schematic diagram 

The calculation model of screw connection tightening 

torque is shown in formula 11 

( )
( )

1 2 1

3 3 2 2

2 0 0 0 0

    = 2 tan    

 

v
T T T T F d

T fF D d D d

 = + −

= − −
     （11） 

Where: 1T 一 friction torque between thread pairs when 

tightening bolts; 2T —friction moment between bolt and 

bearing surface of connected parts;Thread rising angle

2arctan dp  = ; v thread friction angle

 cosarctan fv = ; F 一 axial clamping force of bolt 

(kn); d—nominal diameter of bolt(mm); p—pitch(mm);

2a — thread pitch diameter(mm);  — lateral angle of 

thread； J —friction coefficient of thread end face; 0D —

outer diameter of annular contact surface between bolt and 

connected part(mm); 0d — inner diameter of contact 

surface(mm). 

According to the self-locking condition, the threaded 

connector is tightened with torque t, as long as the 

loosening torque acting on the nut or bolt head is not more 

than 0.8t, the looseness will not occur. But in fact, even if 

the nut does not rotate and loosen, the preload will also 
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decrease; even if the nut is not affected by the loosening 

torque, the nut may also be loosened and rotated. 

The reason is that the quality of bolts, nuts and connected 

parts is different, so the natural frequencies of bolts, nuts 

and connected parts are different. When the system is 

under the action of vibration load, and the bolts and nuts 

and the connected parts vibrate with their natural 

frequencies, there must be periodic gap amplification and 

reduction between the joint surfaces and thread teeth of the 

screw connection. When the clearance is large, just as 

stated in the loosening principle: the friction coefficient of 

the screw pair decreases sharply, and the friction moment 

at the bearing surface of the screw pair and the nut will 

disappear instantaneously. The thread pair cannot meet the 

self-locking condition, so that the relative sliding occurs 

between the thread pairs, resulting in the nut rotation. After 

repeated for many times, the nut will become loose. This is 

a sufficient condition for loosening. 

Under the action of two kinds of alternating loads, 

unbalance and misalignment, the screw connection which 

determines the stiffness of rotor system has the necessary 

and sufficient conditions for looseness. The long-term 

effect will have a decisive impact on the two main 

parameters of the system stiffness and damping, mainly the 

reduction of the stiffness. Therefore, the congenital 

underlying logic presupposition of fault is the externalized 

form of the generalized stiffness looseness and the induced 

term of the generalized stiffness loosening. 

In summary, the defects of congenital underlying logic 

preset are joined and tightened in the form of initial 

imbalance and initial misalignment in the assembled 

equipment as a whole, and the nature of the defects is to 

develop deterioration, which is not a defect if it cannot be 

expressed.The initial defect constitutes the necessary and 

sufficient conditions for the loosening of the connected 

parts, and externalizes the loosening, thus realizing the 

self-development of the defect.For a closed system, the 

self-development of defects is anti-aggregation, that is, the 

reverse side of the link tightening is anti-link tightening, 

and the result of anti-link tightening must be loosening. 

 

6  Experimental Verification 

 

6.1  Experimental Purpose 

       

Verify that loosening will first occur under alternating load 

conditions of original imbalance and original 

misalignment.   

     

6.2  Instrument Composition 

           

Single-rotor vibration test stand, CSI2130 data collector. 

 

6.3  Principle of Experiment 

 

Under the action of unbalanced and misaligned inherent 

constituent factors of fault tme  cos2
and

42sin tKe   two alternating loads, the threaded 

connection constituting the support rigidity of the rotor 

bearing simultaneously has the necessary and sufficient 

conditions for loosening. After loosening of the rotor 

system occurs, the system rigidity decreases. Due to the 

coordination relationship between the parts, the free 

increase of the amplitude is limited, and the continuous 

increase of the amplitude will lead to the occurrence of 

rubbing. 

 

6.4  Experimental steps 

 

(1)  Add 3_5 g studs to the adjacent threaded holes in the 

rotor to form the original unbalance.  

(2) The motor shaft and rotor shaft are not aligned strictly, 

so there is initial misalignment in the system.         

(3) Two vibration acceleration sensors are applied to the 

horizontal and vertical directions of the bearing seat 

respectively and the signals are collected once every 

1-5 minutes.            

(4) Maximum analytical frequency of acquisition 

parameters is 300Hz with resolution of 6400 lines.             

(5) Reduce the pre-tightening of bolts evenly to speed up 

the experiment. 
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Figure 10  Horizontal waterfall map 

 

 

Figure 11  Vertical waterfall map 

 

 

(6) Experimental conclusion: With the increase of time,as 

shown in Fig10 and Fig11，the amplitude of the rotor 

has an obvious tendency to increase.It is verified that 

the rotor of the test bench is loosened under the action 

of long-time alternating load.This is the most direct 

proof of the analysis results of Jeffcott rotor model 

parameters. The experiment proves that the minimum 

generalized stiffness is the most reasonable 

interpretation of the basic problem, and also realizes 

the externalization of this basic problem. 

 

 

7  Conclusions－The Essential Priority of 
Loose Fault in Fault Diagnosis 

 

(1) In the research object which takes Jeffcott rotor as the 

basic problem of fault diagnosis, the defects of 

individual parts are mainly represented by the initial 

unbalance, and the system assembly defects among 

parts are mainly represented by the initial 

misalignment, which together constitute the 

congenital underlying logic presupposition of fault. 

This congenital underlying logic presupposition is 

cleared as the base of the formation and development 

of acquired fault.Cut it out. 

(2) This explicit congenital underlying logic 

presupposition interprets the most basic problem of 

fault diagnosis through generalized loosening, and 

provides a basic, if not unique, path to individual 

faults of parts and system faults of equipment. This 

basic path becomes the initial deployment way to 

specify or clarify the path to acquired faults. 

(3) Looseness precedes other failures and becomes the 

prior guidance for other acquired failure forms.All 

kinds of fault forms developed from the day after 

tomorrow should be based on looseness as the initial 

condition. Therefore, loosening includes the essential 

correlation of all kinds of faults named by location 

and phenomenon, and builds a way to expand all 

kinds of fault forms. 

The development of fault diagnosis science system 

needs to continuously clarify and supplement some 

necessary scientific principles. The establishment of loose 

fault as an essential priority in fault diagnosis can clear 

out the thread of fault development.            

Moreover, the Coriolis acceleration derived from the 

loosening motion itself will have a profound influence on 

the non-linear law of coupling fault, and the change of 

natural frequency of loosening fault and the generated 

harmonic will have a profound influence on the 

occurrence of resonance  This aspect is fully discussed 

in my another paper, "A Rotor Looseness－Rub-Impact－

Resonance Fault Mechanism Modeling".  
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Appendix 

Appendix and supplement both mean material added at 
the end of a book. An appendix gives useful additional 
information, but even without it the rest of the book is 
complete: In the appendix are forty detailed charts. A 
supplement, bound in the book or published separately, is 
given for comparison, as an enhancement, to provide 
corrections, to present later information, and the like: A 
yearly supplement is issue.
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