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THE BURN INTENSITY OF THE GROUND SURFACE

Ciglar, D. ; Motika, R. & Udiljak, T.

ABSTRACT: The increase of grinding productivity can results in incorrect grinding and the consequence is the  occurrence of grinding defects on the ground surface.  The work investigate the grinding burn intensity, the change of surface layer hardness and the layer depth of variable workpiece hardness, on increasing of grinding productivity. Experiment was done for different workpeace materials and for different grinding wheel topography. The results have shown that the increase in grinding productivity results in an increase of burn intensity, reduction of the surface lightness interval value, and an increase in the change of surface layer hardness and the layer depth of variable workpiece hardness.
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1. INTRODUCTION 

The extremely small scale of chips produced, characteristic that failure of one cutting edge does not affect the process and self-sharpening of grinding wheel, are key advantages of grinding process which can ensure the future of further application of that technology. Besides that, it is necessary to increases  the grinding productivity maximaly, so the process will become more effective and economic. 

The increase of grinding productivity can lead to surface burning and occurse of the other grinding defects in the subsurface layer (Shaw & Vyas, 1994). In rough grindings there is a less demanding requirement regarding the quality of the ground surface and little burn of the workpiece surface is allowed, since the resulting thermally damaged layer can be removed by finish grinding, if necessary. So, the little burn intensity will determine the critical conditions of grinding, i.e. the point where the incorrect grinding starts, if there is indication that there is significant dependence between the burn intensity of the ground surface and other grinding defects (change in surface layer hardness of the ground surface and the depth of the layer of variable hardness).
2. BURN INTENSITY

One of the first defects in grinding that occurs on the workpiece ground surface is burn or change of surface colour. According to (Kubaschewski & Hopkins, 1962), (Rowe et al., 1995), change of colour of the surface during the grinding process is due to the oxidation of the surface because of the high grinding temperature, i.e. consequences of higher grinding temperature are stronger burn intensity, thicker oxide layer and darker colour of surface.

 Burn intensity of the ground surface is determined by colour of the treated surface, that is by quantification of a surface lightness after the grinding (Ciglar, 1999). That quantification was done by Image Analysis System LECO 2001, which has a possibility to photograph the surface of the workpiece material using the black and white camera, and to analyse its lightness according to standardised 8 bit BMP format where the values of grey scale are estimated from 0 to 256 depending on the lightness of the photographed area. Value 0 represents black colour and value 256 white colour of analysed surface. The system generates a histogram presentation of grey scale values for the analysed surface, upon  which is possible to define the boundary values, and that values  determine surface lightness interval. So, the surface lightness interval will determine the burn intensity of the ground surface.

3.  EXPERIMENTAL CONDITIONS 


The experiments were done by applying straight peripheral down cut grinding process without cooling, and the research has been carried out on a four different workpiece materials: Č3840, Č6980, Č4150, Č 4770. Test-samples are heat-treated (hardened and then tempered) according to the manufacturer’s reference. The workpieces were ground with the grinding wheel PA 120/1EF14/5V40, the workpiece surface speed was 0.0685 m/s and grinding wheel peripheral speed was 40m/s. Dressing of the grinding wheel cutting surface has been done with the single point diamond of 2Ch, radius 0.2 mm,  in three passes with constant depth of diamond penetration of 0.03mm. The diamond cutting feed is 0.1mm/revolution in the first and  0.6 mm/revolution in the second experiment. These dressing conditions give the topography of the grinding wheel cutting surface, described by the number of static cutting edges which amount is Ns=3.59mm-2, and  Ns=2.57 mm-2 in the second experiment.

The change of grinding productivity, expressed by reduced material removal rate value, was achieved by changing the value of the grinding depth. By grinding of selected material specimens, each one separately, under the mentioned conditions and adequate grinding productivity, the surface of the material specimens was obtained as presented in Figure 1. In Figure 1 (a-d), the material specimens are arranged top downwards in the following order: Č3840, Č6980, Č4150 and Č4770, and the following values of reduced material removal rate were obtained: Qbr=0.685 mm3/smm, Qbr=3.425 mm3/smm, Qbr=6.85 mm3/smm and Qbr=12.33 mm3/smm.

[image: image1.wmf]0

20

40

60

80

100

120

140

160

180

3,425

6,85

12,33

Reducirani učin brušenja, mm  /s mm

Donja granica

intervala svjetloće, pix

0

10

20

30

40

50

60

70

80

90

100

Promjena tvrdoće, %


         a)
                  b)
            c)
                         d)

Figure 1. Surfaces of the ground material specimens.
The burn intensity of the material specimens from Figure 1 (a-d), was quantified with the lightness interval of the ground surfaces by Image Analysis System LECO 2001. For the first experiment surface lightness interval values are presented in Table 1.

	Qbr  ,  mm3/smm
	MATERIAL

	0.685
	3.425
	6.85
	12.33
	

	SURFACE LIGHTNESS INTERVAL
	

	195 – 215
	170 – 195
	60 – 95
	55 – 90
	Č3840

	155 – 180
	135 – 160
	40 – 60
	20 – 40
	Č6980

	185 – 205
	120 – 145
	55 – 75
	20 – 40
	Č4150

	180 – 200
	150 – 185
	65 – 85
	35 – 65
	Č4770


Table 1.  Surface lightness interval values of the ground

               material specimens.


Figure 2 presents the surfaces of the different material specimens ground in the second experiment, and  the value of the reduced material removal rate is Qbr= 3.425 mm3/ smm (Figure 2a) , Qbr=6.85 mm3/smm (Figure 2b), Qbr=13.7 mm3/smm (Figure 2c) and  Qbr=17.125 mm3/smm (Figure 2d). Quantified values of the surface lightness interval of the ground surfaces of material specimens in second experiment, ( Figure 2 a-d) , are presented in Table 2.
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Figure 2. Surfaces of the ground material specimens.
	Qbr  ,  mm3/smm
	MATERIAL

	3.425
	6.85
	13.7
	17.125
	

	SURFACE LIGHTNESS INTERVAL
	

	195 – 225
	165 – 195
	145 – 180
	45 – 85
	Č3840

	180 – 215
	160 – 185
	140 – 165
	50 – 95
	Č6980

	180 – 210
	140 – 170
	140 – 170
	60 – 110
	Č4150

	200 – 230
	145 – 170
	135 – 165
	60 – 120
	Č4770


Table 2.  Surface lightness interval values of the ground

               material specimens.


In order to state which specimens surface, presented in Figure 1a-d and Figure 2a-d, shows the correctly and which the incorrectly ground material specimens, the change in surface layer hardness of the ground surface and the depth of the layer of variable hardness i.e. the HAZ depth were studied. 

The Vickers hardness test measurement did not show change in the surface layer hardness on any of the material specimens in grinding with Qbr=0.685 mm3/smm. In grinding with Qbr=3.425 mm3/s mm measurements show, in all material specimens, negligible change in surface layer hardness (less than 2.9%), and the depth of the layer of variable hardness less than 0.03mm. In grinding with Qbr=6.85 mm3/smm (Figure 1c), the change in hardness and depth of variable hardness layer are not negligible, and in grinding with maximum value of reduced material removal rate of Qbr=12.33 mm3/smm, situation is the worst, because the change of the surface layer hardness and the depth of the variable hardness layer changed significantly in all the material specimens. The conclusion is that the surface of the ground specimens in Figure 1c and 1d represents an incorrect grinding process.

In the second grinding experiment, Figure 2a-d, the Vickers hardness test measurement did not show any essential change in the surface layer hardness on any of the material specimens in grinding with Qbr=3.425mm3/smm and  Qbr=6.85mm3/smm. The quality of the grinding surface in grinding process with value Qbr=13.7mm3/smm is  satisfactory, because there is a small  change in the surface layer hardness (less than 3.5%), and the depth of the layer of variable hardness is also small approximately 0.04mm, while the grinding depth is 0.2mm. In grinding with maximum value of reduced material removal rate of Qbr=17.125 mm3/smm, the change of the surface layer hardness and the depth of the variable hardness layer changed significantly in all the material specimens. So, the conclusion is that in these second grinding experiment, only Figure 2d represents an incorrect grinding process.

4. CONCLUSION

The results of experiments lead to the conclusion that the grinding process with low value of reduced material removal rate (low productivity), causes little surface burn of all material specimens, and high values of surface lightness interval. By substantial increase in the productivity of the grinding process, all the material specimens show greater burn, have darker surface and substantially lower lightness interval values. It may be concluded that the surface lightness interval matches well the burn intensity of the ground surface, since non-burned workpieces have greater value of the surface lightness interval, whereas lower value of the surface lightness interval describes a more burned ground surface of the material specimen. 

General conclusion is that by increasing of reduced material removal rate values in grinding, all samples have greater burn intensity and smaller surface lightness interval values, and substantial change in the hardness of the surface layer and large depth of the variable hardness layer. So, the surface lightness interval values, i.e. the burn intensity of the ground surface, can determine the correctness of the grinding process.
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