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Abstract:- In this work vibration signals were obtained for ball  bearings with  and without DLC coating. The coating was carried out by triboadhesion, and only in the inner rolling surface of the bearing was coated. Here it was found that the amplitude of the vibration signal is modified  by the thin film DLC coating, and that this can be related to the stiffness of the system and finally to wear resistance of the ball bearings. 
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1. Introduction
Mechanical elements such as bearings experience metal to metal contact through their useful life, this contact causes adherence, abrasion and fatigue, i.e., wear [1]. A way of reducing  friction and wear in rolling bearings is through surface treatments, in particular by use of  coatings. The properties change on the rolling surface of the bearings, modifies their wear resistance, as well as their stiffness and ultimately, their vibration signal. The last one, an indispensable tool for the diagnostic of the bearing’s health.
In this work, are assessed the dynamic signals of  ball bearings with and without DLC coating. The vibration signal of the system shows that of the stiffness on the inner rolling surface of the bearing is modified  by the thin film DLC coating.
2. The Deposition Process
The coating was carried out by triboadhesion, and only in the inner rolling surface of the bearings was coated. An schematic diagram for the deposition process is shown in figure 1. This is composed by: 1) Rotating wheel system, 2) Force measurement system, 3) Feeding system and 4) Acquisition data system. The deposition process consists of passing the coating material through the wheel and the substrate to be coated. The wheel rotates at high velocity and exerts pressure on the substrate generating heat through friction. This technology takes advantage of the heat generate by friction, in order to deposit the feeding material particles that will provide the mechanical properties required by the machine elements.
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Figure 1. Deposition process:  1) Rotating wheel system: (a) high speed motor,  (b) velocity control, (c) mop; 2) Force measurement system: (d) ring type load cell, e) base; 3) Feeding system: (j) particles container, (k) pneumatic control system, (l) nozzle; 4) Acquisition data system: (f) amplifier, (g) volt-meter, (h) signal analyzer,  and (i) PC. 

3. Vibration Signal Analysis of Rolling Bearings.
The dynamic response of ball bearings with and without DLC coating was assessed. All bearings were subjected at the same load and velocity condition. The bearings evaluated are show in table 1. 

The vibration spectrum in the interval of 2000 Hz to 7000 Hz of the five type bearings described in table 1 are shown in figure 2. Here, it is shown a difference  in vibration amplitude between the commercial and coated bearings. Coated bearings showed a higher amplitude than those without coating. Here, the bearing labeled as DA shows higher frequency and amplitude behavior mainly between 5000 to 7000 Hz .
Table 1. Test number and description
	Test
	Description
	Label

	1
	Bearing with apparent damage in the rolling surface
	DA

	2
	Commercial Bearing, first set. 
	COMP1

	3
	Commercial bearing, second set.
	COMP2

	4
	Bearing with DLC coating, deposition time 10 seconds.
	RE10S

	5
	Bearing with DLC coating, deposition time  40 seconds.
	RE40S
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Figure 2. Vibration spectrum for the bearings classified in table 1. 
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Figure 3. Vibration spectrum of RE40S and COMP2.
The sibration spectrum from the vibration signal for bearings RE40S, COMP2 and RE10S, COMP1 are shown in figures 3 and 4. In these, it is shown that the dynamic response of the four bearings  is similar, except  in the amplitude of vibration, the highest amplitude of vibration belongs to the bearings RE40S.
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Fig. 4. Vibration spectrum for RE10S and COMP1 bearings.

The amplitude of vibration increase of the RE40S bearing, it may be attributed to the surface properties modification. It should be pointed out that the frequency lies within 3500 to 4500, where contact phenomena start to appear.  It may also be noted that the amplitude difference between coated and commercial bearings is lower for the RE10S. It was thought based on this results, that the higher the amount of DLC deposited, the higher is the amplitude increase. This is attributed to the stiffness increase caused by the DLC coating. It also shows that there is a limit of thickness coating for which there won’t be significant increase in the amplitude of vibration. 
The increment in amplitude can be related to wear resistance. Wear resistance test were carried out  for coated and no coated bearings. It was found that the higher the deposition time was achieved, the higher wear resistance was obtained. Here, wear resistance up to 307% were obtained as described in  [2].
4.Conclusions
The dynamic response of ball bearings with and without DLC coating was assessed. An increase of the amplitude of vibration for the bearings RE40S was detected. The increase of the amplitude of vibration in RE40S shown  that the properties of stiffnes and hardness of the rolling surface of the bearings are modified by the film DLC coating,  properties that might be related to the wear resistance. 
 It may also be stated that there is a limit for which there will be a significant change on the amplitude of vibration spectrum.
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