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THE ANALYSIS OF DETERIORATIONS GENERATED WITHIN
GEAR BOXES BY WEAR, DEFORMATION, STRESS AND SHOCKS
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Abstract: One of the most important parts of a motor vehicle is the gear box. The gear box must provide high dynamic characteristics and also low consumption of fuel. The gear box has to prove resistance, durability and efficiency in every day use.  The reliability of the gear box influences the global reliability of the motor vehicle. The paper presents the various categories of deteriorations which appear while the gear box is in use: defects due to wear; defects due to deformation; defects due to stress and defects due to shocks.
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1. Introduction
While the gear box is in use there is a relative speed between its different elements and there are also normal and tangential forces.

The multitude of parameters that mutual interact at the coupling contact zone within the gear box determines the appearance of rubbing and wear processes. The rubbing process is injurious to gearing toothed wheels, as well as to bearings and to tightness zones. The rubbing process and its principal effect, the wear, determine the deterioration of the elements that a have a relative movement.

2. The classification of deteriorations 

The deteriorations due to wear have various reasons [1]:

a) the constructive solutions; the inadequate selection of raw materials and lubricants; the inadequate selection of the coupling macro and micro geometrical form.

b) the technological processes; the fabrication process; the setting of the elements; the adjustment of the rubbing coupling elements;    
c) the running conditions; deviation from running conditions, including speed range and load; the quality of outdoor conditions (temperature, abrasive particles, etc.);
d) the quality of maintenance; delays in changing the lubricant.
The table below presents the classification of defects generated by wear processes (in respect of German Standard TGL 26096/01):

Table 1: The classification of deteriorations generated by wear processes

	No.
	According to deterioration type
	According to stress
	According to percentage and effect
	According to evolution
	According to deterioration rate (λ)

	1.
	Total deterioration
	Deterioration caused by:
- admissible stress;

- inadmissible stress.
	Critical deterioration
	Bound deterioration
	Aleatory deterioration (λ=constant)

	2.
	Partial deterioration
	Derived deterioration
	Inadmissible stress (e.g. from the economical or technical point of view) 
	Deterioration non-statistical compliant 
	Systematical deterioration

	3.
	-
	Independent deterioration
	-
	Derived deterioration
	Early deterioration
λ(t2)<λ(t1) for t2< t1

	4.
	-
	-
	-
	Statistical compliant deterioration 
	Late deterioration

λ(t2)>λ(t1) for t2>t1



Because the forming process of the wear particle is very complex and it depends on many factors, the appearance of an elementary deterioration source is aleatory.
The negative effects of the wear are: the reduction of running efficiency; the increase of fuel consumption; the increase of noise and vibration levels; the changing of transmission ratio and finally the irretrievable deterioration of the principal components of the gear box.
There are certain cases when, for economic reasons, a gear box or one of its components is considered inadequate, which is similar to a case of functional deterioration, also from the technical point of view the wear limit is not reached.

To value the functioning limit of the gear box it is also used the economical criteria. The economical criterion is based on the relationship between wear and cost, which is expressed by: efficiency reduction; increased consumption of lubricant especially due to losses through tightness.      

The safety criterion is also used to value the functioning limit of the gear box, because the gear box functioning influences the security of people.

The thickness limit value of the wear layer is an important parameter used for calculating the durability of the rubbing coupling, because it influences the running of the gear box, taking into consideration the vibration and the noise levels, the maximum stretch, etc.

The table below presents the limit functioning cases of the various components of the gear box, including the types of deteriorations and the criteria used to value the running capacity of the gear box components.
Table 2: The limit functioning cases of the gear box components

	No.
	Deterioration type
	Criteria used to value the running capacity

	1.
	Efficiency reduction
	Efficiency

	2.
	Increase of noise and vibrations
	Stability in case of vibrations

	3.
	Plastic deformation
	Resistance in case of static stress 

	4.
	Fissures, tearing due to tiredness
	Resistance in case of tiredness and temperature

	5.
	Destroy due to shocks
	Resistance in case of shocks

	6.
	Destroy of tightness
	Tightness

	7.
	Crush due to thermic deformations
	Uniformity of movement

	8.
	Wear
	Resistance in case of abrasive wear

	9.
	Seizing up 
	Resistance in case of adhesive wear


   
According to Kugheli and Sor the deteriorations can be classified using the criteria listed in the table below:

Table 3: The classification of deteriorations according to Kugheli and Sor
	No.
	Deterioration
	Criteria 

	1.
	Appeared in normal or abnormal conditions
	Appearance conditions

	2.
	Under destroy conditions
Free of destroy conditions
	Appearance causes

	3.
	Total
Partial 
	Possibility of future use

	4.
	All of a sudden
Step by step
	Type of change regarding the gear box parameters

	5.
	Visible
Hidden
	Way of tracking

	6.
	Dependent
Independent
	Deteriorations dependency degree

	7.
	Dangerous/Safe 
Important/Unimportant
	Consequences

	8.
	By changing the broken component
By cleaning
	Way to eliminate deteriorations

	9.
	Simple
Complex
	Intervention complexity to eliminate deteriorations

	10.
	Unique
Systematic
	Frequency of deteriorations appearance

	11.
	Unpredictable
Predictable depending on time or working parameter
	Predictability

	12.
	Design/Execution/Running
	Source

	13.
	Removable 
Non removable
	Possibility of deterioration elimination


3. Deteriorations causes
The synthesis of the principal deterioration causes and forms which lead to the appearance of wear particles is presented in the figure below.
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Figure 1: Principal deterioration causes and forms

If the running conditions of the same rubbing coupling lead to a “family” of curves, then the thickness hu of the worn layer or the tolerance j between the elements are time dependent (figure 2).

Regarding this matter, from the reliability point of view there can be analysed two different cases:

a) the repartition density of the deteriorations  f(hu) or f(hj) a given period of time;

b) the repartition density of the deteriorations  f(t) until a certain admissible level of wear (hulim or hjlim) is reached.
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Figure 2: Time dependence of worn layer
The hatched surface shown in figure 2a represents the existence probability of some rubbing coupling which will reach the limit wear level and will function for a period of time longer than t1. The hatched surface shown in figure 2c represents the existence probability of some rubbing coupling which will function for a period of time equal to t1 and will not reach the limit wear level. The wear curves drawn in figure 2b can be brought to a linear trend using adequate mathematical methods and then the durability and the reliability of the gear box parts can be calculated.

The torsional and flexional elastic deformations of the shafts influence the proper functioning of the bearings. In the same time, the deformations of the bearings influence the proper functioning of the elements set on it (e.g. cogged wheels). Generally, the deformations determine dynamic loads, vibrations and non linear distribution of load on the active surfaces (e.g. gearings, roller bearings, etc.) which transmit the force flow.

The thermic deformations can generate changes of pressure distribution concerning the contacts of the relative moving coupling. Therefore it can appear pressure values which exceed the leaking limit of materials and lead to plastic deformation. 

If the deformation effect is combined with the wear effect, we can conclude that the safe functioning of the gear box for a given period of a time (imposed durability) is little depending on the initial dimensional precision.


From the physical point of view the deformation process starts with roughness and continues with undulations, form deviations. Finally the whole piece is affected. 

The deteriorations caused by shocks are due to the mixed combination of load effect and speed discontinuity. The statistical characteristics of shocks are found within transmission behavior and they mainly influence those parts which are not protected by proper safety devices.
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