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Abstract  
The paper gives investigation on using a modified (constant percentage width band)  
coherence function for the gearbox condition monitoring. Using the modified coherence 
function leads to the development of the coherence method of gear condition. It is presumed 
that vibration signal generated by gearbox consists of determined component at mesh 
frequency and its harmonics imbedded in wide band noise. With increasing of gear condition 
change the amplitudes of mesh components and its harmonics increase. The diagnostic 
precision of gear condition assessment increases with number of components used for 
diagnostic evaluation.  
At the beginning of gear assessment, there are taken for 11 pairs of gears and for which 
condition is evaluated using a vibration signal. Signals are received from four points on a 
gearbox housing. From  four points one can get six sets of independent coherence values for 
each six meshing components and its harmonics. Six vibration components are taken which in 
this case are 900, 1800 and so on to 5400Hz. For six measurements for each frequency 
component a mean value were counted. For the each pair of gears six components of 
coherence function gives condition of each pair. The components are treated as components 
of a vector in a six dimension space.  
 
1.Mathematical background for coherence method  
 
Theoretical considerations and research on the use of the coherence function in gear meshing 
diagnostics are presented in [1]. The condition of gear meshing is assessed on the basis of the 
reception of a signal from several points on the gear’s walls Fig.1.  

 

 
Fig. 1 Test stand for testing condition of gear wheels. 



The coherence function’s constant 6% percentage narrowband components are determined for 
characteristic frequencies. In the considered case 900Hz, 1800Hz, to 5400Hz. It is assumed 
that the signals received from several points on the gear’s wall consist of broadband 
incoherent noise and coherent components generated in the bands with characteristic 
frequencies. 

The principle of diagnostic inference says: by measuring signals the difference 
between them can be determined as differentiating process z(t). Thus signals s1(t) and s2(t) 
received from two points on the wall of a machine consist of a correlated (coherent) part of 
the processes, which are denoted by y1(t), y2(t) and differentiating part z(t). Signals s1(t) and 
s2(t) can be written as: 
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The spectra of signals (1) are described by the following formulas (signals y1(t), y2(t) 

are assumed to be correlated): 
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By putting formula (2) into the squared coherence function formula one get: 
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Relations (4) show how values  can change with the condition of gear 
meshing. The share of the process which differentiates the two processes received from the 
gear’s wall is the larger, the better the condition of the machine. And vice versa, for condition 
regarded to be poor, the differentiation process’s share is the smaller, the poorer the 
machine’s condition. Condition parameters range from 0 to 1.  

)(2
21 fssγ

2. Investigation on gear condition 
Illustrative coherence spectrum components after [1] are shown in Fig.2. 
                                    a)                                        b) 

  
Fig.2 Mean squared coherence function components with its 95 % dispersion limits for two 
pairs of gears a) pair with modified flanks b) pair with pitted flanks, 1 to 6 coherence 
component for 900 to 5400Hz 
  
The components denoted 1 to 6 correspond to the gear meshing harmonic frequencies from 
900 to 5400Hz. The picture shown in Fig.3 was obtained by considering the coherence 



components as the components of a vector and determining its length by formula (6), (7) and 
angle ϕ relative to the vector whose length was shortest marked as W.                   

 
 

Fig.3 Vectors of gear condition with modified, unmodified and pitted gears: W, 1, 2 (class 6 
PS) – modified gears, 3, 4, 5 – unmodified gears (class 8, PS), 6, 7, 8 – unmodified gears 
(class 7, PS), 9 – unmodified gears (class 6, PS) , PS - Polish Standard similar to ISO, 10- 
developed pitted pair of gears;  PS- Polish Standards equivalent  to EU standards 
 
Gear are manufactured according to PS/ISO standard. The highest precision class is first class 
mark as 1 class. The classes range from 1 to 14.  
To determine the angle and the length of the vectors the following formulas are used: 
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The influence of design factors on the length and angle of the signal vector is given in Fig.3. 
The term of design factors is understand as it is given in [2]. Design factors of gears are 
described as follow: W, 1, 2 (class 6 PS) – modified gears, 3, 4, 5 – unmodified gears (class 8, 
PS), 6, 7, 8 – unmodified gears (class 7, PS), 9 – unmodified gears (class 6, PS) , PS - Polish 
Standard similar to ISO/EU, 10 - developed pitted gear.  The picture of teeth developed 
damage to gear wheels caused by pitting is shown in Fig.4. In the case of gear wheels 
damaged by pitting, angle ϕ =33°. Angle ϕ for in proper modified gears 1, 2 is about 10° and 
for unmodified in different class of precision from about 17 to 25o. In [2] there is considered 
influence of different factors which have influence on vibration signals and which are divided 
into four group namely: design, production technology, operation, change of condition. Fig.3 
gives very good illustration of influence such design factors as a gear modification and gear 
precision. There is also given the influence of change of condition caused by the developed 
gear pitting, presented in Fig.4, vector 10.   



 

Fig.4 Condition of meshing of gear damaged by developed pitting, vector 10 

From Fig.3 one may inferred that the condition of gear is described by two parameters; the 
length of a vector and angle ϕ. From Fig.3 may be also inferred that with increased class of 
gear manufacture; compare vectors marked 9 (6 class) with vectors 6, 7, 8 (7 class) and 3, 4, 5 
(8 class) the length of the vector also increases together with an angle ϕ. So the length of the 
vector is  more directly connected with an inter tooth force but angle ϕ with the component 
composition as it is given in Fig.2 and with the shape of the time interconnected gear impulse. 

  
3. Principle component analysis against vector analysis  
     
The critical point in the gear condition assessment is number of components, which are used 
for gear evaluation. For evaluation of number of components influencing to the gear 
assessment Principle Component Analysis (PCA) is taken [3] and results are given in Fig.5.  
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Fig.5 Result of PCA of feature independence  
 
PCA (Fig.5) shows the influence of each six (1 to 6) components. One can interpreted these 
components that if it is taken only one component only 55% of information is revealed, if five 
components 98% of information is revealed. It seams that if one compare the Fig.5 to Fig.3 
one can infer that Fig.5 is not comprehensive to show influence of number of components to 
ability of gear condition recognition. To shows how number of components influence to the 
gear condition it is suggested another way. This way is presented in Fig.6. It shows better how 
number of components influence an ability to recognise the differences in gear condition. It is 
the procedure of subtracting the number of components as giving in Fig.6. 
 
 
 
 
 
  



a)                                                                         b) 

 
c)                                                                             d) 

 
e)                                                                            f) 

 
Fig.6 Change of vector configuration by subtraction of components a) all 6 components, b) 
one component subtracted, left 5 components c) two components subtracted, left 4 
components d) three components subtracted, left 3 components e)  four components 
subtracted, left 2 components f) five components subtracted, left 1 component 
 
As one can see from Fig.5 that if five components is considered there is about 2% drop of 
information. But what this 2% means it is seen in Fig.6 b). One my see that similar  
information is obtained when comparing Fig.6 a) to b). That means that the vectors for 
modified gears are in similar position, gear marked 9 made in 6 class of standard is also in 
similar position. Clusters for gears made in 7 and 8 class of precision also have similar 
position. But when subtracting two components and as it is given Fig.5 there is a drop about 
of 7% in information. Comparing Fig.6a) to c) one can see there have been lost to much 
information to make proper recognition for gear different conditions. Well only can be 



recognised the pair of developed pitted gears numbered as 10. As can be seen from Fig.6 d) 
and e) when subtracting 3 and 4 components also only the developed pitting can be 
recognised. It has been concluded that it is not enough to study gearbox condition using PCA 
for number of component choice. Far deeper interpretation of the results can be obtained 
when using the proposed coherence method and components subtraction.  
 
4 Gear pitting investigations 
 
Having developed the presented reliable coherence method for gear assessment, investigations 
on a pitting development has been under taken. The is many investigations on a pitting 
development for example [4], [5], [6] where the different aspects on the gear pitting are 
described.  Going back to the vector presentation the results of investigations on pitting has 
been presented in Fig.7. 
 

 
Fig.7 Vectors of gear condition (second set of results), the description in the text  
 
Vectors marked as 1 and 2 describe two pairs of gear not effected by pitting chosen from the 
group of gears made in the same precision class (7) like pairs of gear which after some time of 
working are effected by pitting. These two pairs of gears may be considered as reference gear 
condition and may be compared with gears 6, 7, 8 for which vectors describing its condition 
in Fig.3. Vectors presented in Fig.7 and marked from 3 to 9 are effected by pitting and 
pictures of pitting is given in Fig.8. As a reference vector for developed pitting is given vector 
10 in both figures Fig.3 and Fig.7 presenting the vectors of gear condition. As it is shown in 
Fig.7 pitting may give different position of the vectors. The Fig.7 shows how the process of 
condition change is complicated and interpretation of this process is possible when one refer 
to the results given in Fig.3. Visualisation of pitting development is given in Fig.8. The vector 
3 shows by its length that gear cooperation after pitting has been improved and it is equivalent 
to passing from precision class change from 7 to 6. The vector 6 shows that the cooperation 
for the gears has slightly changed and the change is equivalent to passing from precision class 
change from 7 to 8. Vectors 4, 5, 7 show that the pitting caused the increasing of  vector 
length so it is equivalent to bad gear cooperation equivalent developed pitting. Vectors 8 and 
9 show cooperation of gears equivalent bad modification and made with no good precision.           

 

  
                       pictures equivalent to vector 9    and  vector 4             
 



 

  
                          pictures equivalent to vector 7  and  vector 5                 

 
                           pictures equivalent to vector 3 and  vector 6                       

 
                                   picture equivalent to vector 8 
Fig.8 Pitting visualisation with number of condition vector  
 
5 Conclusions 
 
The investigations presenting in this paper shows possibility of precision assessment of gear 
condition using modified coherence function.  
On the base of coherence function a diagnostic method has been developed and which has 
been used for the assessment of gear modification quality, gear precision assessment, pitting 
development assessment. 
The proposed method for pitting assessment gives better interpretation of gear condition than 
pitting visualisation.  
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