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Abstract: Based on statistical data processing of the measured tensile strength values of resin bonded wheels with SiC and brown alumina oxide, the article presents findings about the impact of ageing to mechanical and functional properties within a framed time period.

Key-Words: Mechanical characteristics, tensile strength, ageing, statistical method, resin bonded wheels

1   Introduction

The quality of grinding and cutting properties of resin bonded wheels (1(, (2( tends to alter over time. Presumably, the process of alteration (ageing) probably continues for three months from the production day on. Alterations of the tensile strength of serially manufactured resin bonded wheels are defined with regard to the limited time frame and the diagrams force – strain are drawn (3(, (4(, (5(.

For the purpose of determining the reliability of the results, the Weibull statistical method was used and the module was calculated for measuring the quality of resin bonded wheels.

2   Tensile strength

The measurements of tensile strength values were performed according to (6(, (7(, (8( with one-piece axle load within three different time frames in series of 14 and 8 samples labelled as follows:

-   samples I (14 measurements),

-   samples II (8 measurements),

-   samples III (8 measurements),

clamp movement speed being 5mm/min and initial spine position being -34,764 mm. Labelling of the samples, dimensions, tensile force, and tensile strength the samples I are shown in Table 1. On the basis of measured tensile strength values of the samples, the diagrams force – strain for samples I-3, II-1, and III-5 are drawn in Figures 1, 2, and 3. 

Table 1: Dimensions, maximum tensile forces, and tensile strength of the samples I.

	Sample I.
	Width (mm)
	Thickness (mm)
	Surface (mm2)
	Force
	Tensile  strength

	Label
	a1
	a2
	a3
	b1
	b2
	b3
	A=ai.bi
	F (kN)
	( (MPa)

	1
	37,76
	37,96
	37,65
	3,09
	3,15
	3,13
	116,34
	3,23
	27,76

	2
	37,75
	37,95
	37,61
	3,09
	3,14
	3,12
	116,21
	3,17
	27,28

	3
	37,62
	37,84
	37,81
	3,08
	3,12
	3,06
	115,87
	3,17
	27,36

	4
	37,60
	37,48
	37,49
	3,13
	3,11
	3,07
	115,06
	3,20
	27,81

	5
	37,72
	37,80
	37,66
	3,13
	3,15
	3,09
	116,37
	3,22
	27,67

	6
	37,80
	37,69
	37,81
	3,06
	3,06
	3,02
	115,33
	3,24
	28,09

	7
	37,80
	37,72
	37,53
	3,09
	3,07
	3,09
	115,96
	2,87
	24,75

	8
	37,80
	37,64
	37,64
	3,00
	3,15
	3,12
	112,92
	2,92
	25,86

	9
	37,57
	37,62
	37,46
	3,06
	3,08
	3,09
	115,75
	3,03
	26,18

	10
	37,55
	37,49
	37,49
	3,16
	3,16
	3,13
	117,34
	3,09
	26,33

	11
	37,69
	37,51
	37,47
	3,15
	3,15
	3,12
	116,91
	3,11
	26,60

	12
	37,64
	37,78
	37,79
	3,22
	3,22
	3,14
	118,19
	2,85
	24,11

	13
	37,77
	37,84
	38,06
	3,11
	3,14
	3,15
	117,46
	3,09
	26,31

	14
	37,69
	37,72
	37,60
	3,15
	3,17
	3,18
	119,57
	2,92
	24,42
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Figure 1: Diagram force – strain for the sample I-3

[image: image9.wmf] 

 

1

 

10

 

100

 

1

 

10

 

100

 

Tensile strength (MPa)

 

Existence probability Ps (%)

 

experiment

 

m=22,35

 

Figure 2: Diagram force – strain for the sample II-1

Figure 3: Diagram force – strain for the sample III-5

The diagram curves are consisting of sections that represent (3(, (4(, (5(: 

· the range of elastic deformation, the first linear section of the curve,

· the range of plastic deformation, the second section of the curve. The maximum force is measured at the end of the section and tensile strength is determined.

· The range of plastic deformation of the fibreglass net to its fracture point, the third section of the curve. Tensile strength of the fracture is subject to the number of fibres and their disorientation considering the direction of the tensile force.

3   Statistical method

Due to the inhomogeneous structure of the composite material, substantial differences in mechanical properties of the samples can occur. Thus, the outcomes of the measurements have to be assessed using the Weibull statistical method which is based on the weakest-link theory.

3.1   Weibull distribution function

Weibull distribution function Ps(l) presents the probability that a chain with length l, subject to strength (, does not contain a link that would fail. Ps(l() describes the same probability for the chain with length l(. Probability of existence of a chain with the length l + l(, subject to the same strength (, is the following: 

Ps(l+l() = Ps(l) ( Ps(l()



(1)

In accordance with the existence probability of the volume V, x-times larger than volume Vo it stands:

Ps(V) = Ps(Vo)x




(2)

or

Ps(V) = exp (x ( lnPs(Vo)(


(3)

The risk of fracture R can be determined according to Weibull:

R = - x ( lnPs(Vo)



(4)

For the volume dV the risk of fracture is:

dR = f(() dV




(5)

Because the lnPs(Vo) depends only on strength, it stands:
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(6)

Existence probability of a body with the volume V, that does not fail and is subjected to a strength (, is determined with the association:
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(7)

When drawing a Weibull diagram, we have to calculate double logarithm of (7) to obtain:
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(8)
(u, (o and m represent constant strength values. (u represents the lower strength, at which the fracture probability equals zero. For the convenience of calculating it is reasonable to seek for the lower limit (u > 0 Pa under which no sample undergoes a fracture. The characteristic strength (o represents the weight parameter of Weibull distribution, a distortion of the total distribution of the Weibull curve alongside the x-axis respectively, regarding the “gravity point” of the measured strength values. The curve’s slope represents the Weibull module value m or the strength variation degree (the larger the m, the smaller the sample strength variations).

3.1.1 Existence probability of the distribution function Ps 

Let us assume that all resin bonded wheel samples have to sustain exactly the same strength as the tensile strength obtained at the testing. The probability of existing of the distribution function is defined for every level of tensile strength using the equation:
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(9)

where:

i 
- is the numeral of a sample

N 
- is the number of samples

Using the outcomes of logarithm calculation of measured strength values and related existence probability, Weibull diagram can be drawn (Figures 4, 5, and 6) where ln ln (1/Ps) corresponds with the y-axis, and ln ( corresponds with the x-axis.

3.1.2  Weibull "m" module 

The Weibull m module is defined by comparing a double logarithm equation (3.8) with the explicit straight line equation:

y = b + m( x




(10)

where
m =  tan (….is the angle of a straight line

We get:

y = ln ln [image: image5.wmf])
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(11)

b = ln V;
x = ln ((-(u) – ln (o
where:
(u = 0


(o = (aver (average tensile strength measured)
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Weibull m module is defined by the equation:
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(12)

The discrepancy between the angle of the Weibull diagram curve and the experimental tensile strength measurement values for samples I, II, and III are shown in diagrams in Figures 4, 5, and 6.

Based on measurements, the Weibull module values are the following:

-   m = 22,35 for sample series I

-   m = 43,59 for sample series II, and

-   m = 37,20 for sample series III.
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Figure 4: Weibull statistical distribution diagram for the samples I.

Figure 5: Weibull statistical distribution diagram for the samples II.
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Figure 6: Weibull statistical distribution diagram for the samples III.

The Weibull module value is high, thus providing an assurance of high quality resin bonded wheels with no significant failure in their composite structure. Regarding the weakest-link theory, Weibull module values are being compared using the same number of measurements.

4   Result analysis and resolutions

Based on the tensile strength of resin bonded wheels measurement results and based on the Weibull module definition the following conclusions can be drawn:

· Sample series II tensile strength value (average value  ( = 22,795 MPa ), and III (average value ( = 23,425 MPa) do not vary significantly over time, thus an assertion can be made that ageing process is taking much faster course than expected. We assume that mechanical properties of resin bonded wheels (average value for samples I being ( = 26,47 MPa) deteriorate for approximately 10% (from the measurement day onwards) during a two to three week period of time at the most and remain unchanged after that time.

· Diagrams force – strain tend to vary among themselves as a result of samples sliding within the clamps, this being a consequence of material hardness discrepancy between the samples and the clamps. The diagram format does not have any significant impact on measurement results considering that maximum force needed for abrasive mixture segregation from the fibreglass net remains generally invariable. 
· Simultaneous measurements of the resin bonded wheels mechanical properties along with the measurements of their functional properties are advisable, consequently establishing a linkage between the two.
· Given that mechanical properties of the resin bonded wheels alter over time, it is assumed that functional quality analysis results performed immediately after manufacturing may vary from those taken after the lapse of a certain time.
· Considering previous findings we propose performing measurements of resin bonded wheels mechanical properties in time sequence of few days. The purpose of the measurements is to establish the course of alterations of mechanical and functional properties over time, and to determine the standard examination timeframe.
· On the basis of statistical data processing of the results of tensile strength experimental measurements, conclusions of high quality resin bonded wheels with no substantial defects in their composite structure can be drawn. 

· The maximum fracture force of composite material has no significant experimental value since it represents the fracture force of the fibres. Therefore the maximum value depends on the number of the fibreglass net fibres and their disorientation with regard to the tensile force direction. In the third section of the curve force – strain in Figures 1, 2, and 3, the abrasive mixture segregation from the fibreglass net develops in curve’s oscillation range, and the last part of the curve represents the straining force of the fibreglass net fibres of the sample until the fracture.

5   Conclusion

Determining the resin bonded wheels mechanical properties according to particular time sequences the intention was to establish the impact of ageing to their mechanical and functional properties. Based on the results, conclusion can be made that the ageing process is taking a much faster course than expected. It is advisable to execute the mechanical properties measurements of the wheels successively after the manufacturing in several few-day intervals and to determine the change of functional properties simultaneously.

The time progression diagram of the mechanical and the functional properties needs to be made in order to determine the date and the time for the measurements. The survey needs to be broadened with determination of the flexible and torsion strengths of the complete resin bond grinding wheels.

The high values of the Weibull module indicate that the overall concept of the survey was designed accurately and provides a solid ground for subsequent reliable and repeatable measurements.
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