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Abstract: In this paper is about of the Hays-Kendall theoretical model of testing the microhardness of 

the composites materials of NiP/SiC type. We used an indenter to establish the microhardness of the 

composite and different types of loads. The microhardness can be interpreted using a theoretical model 

Hays-Kendall and the Kick model.  
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1. INTRODUCTION 

Experimental data for determining the Vickers microhardness can be interpreted using a 

theoretical model (Hays-Kendall) [1] which tries to bring the addictive effect of load 

microhardness (DSM) by penetration Kick law admitting that the hardness measured must be 

independent of the applied load indenter [2]. The basic idea for the determination of intrinsic 

microhardness of a coating is to use only the component of the pressing total force F of the 

indenter which respects the Kick law (F2 = ad
2
, the force is dependent on the diagonal square 

footprint), law which implies that the microhardness is constant for a given substance. 

 

2. EXPERIMENTAL DATA 

Hardness is defined as H =
A

F  [2] and from the tests with a Vickers penetrator tip angle 

pyramid 136
0
 is:  

 

  Hv= 

2

136
sin

0
2d

F  = 1854,4 
2d

F
= a

2d

F
                             (1) 

and: 

                                       F = 
'a

Hv
d

2
            (2)  

Where HV is an index - the index of microhardness measurement obtained with a load F in 

grams and measuring the diameter d in μm.  

If it is assumed that the hardness is constant for a given material then there is a new constant: 

 

                                        K = 
'

1

a
Hv                                                               (3)  

and the relation (1) becomes:         
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                               F = Kd
2
            (4)  

 

 This relationship is just the law of Kick. Unfortunately, the effect of invalidating DSM 

Kick's law if applied loads are small, so in this case the hardness is load dependent. According to 

Hays-Kendall model, Kick's law is valid in any task if one considers the actual force producing 

plastic deformation (denoted F2) is less than the nominal force applied by an amount W. 

 So Kick's law (4) is amended by inserting a loose term quadratic correlation relationship 

between primary quantities F and d
2
 measured microhardness penetration testing: 

                               F = W+ K                                                          (5) 
where W is the yield strength of the material or the force required to initiate plastic deformation 

in the material. Then, according to the Hays-Kendall model, the force F2 is expressed by the 

relation: 

                                                F2=F–W=Kd
2 
                                                (6) 

 
 In the case where W and K are constants, it is clear that the representation F = f (d

2
) is a 

straight line. Since the free term (W) is a component of the applied force F do not contribute to 

plastic deformation remains the only force F2 = F-W to produce plastic deformation to achieve 

footprint. Since it is not known value of F2 it is used F = f (d
2
). In this representation it is seen 

that the experimental data are arranged in a straight line unless allowed free time ie F = W + K d
2
 

(5), where K is the slope and W is the intercept. 

 According to equation (6) by substituting the value of F2 in the law of Kick: 

                                             Hv= 1854,4
2d

F
                                                (7)  

 

with                                                F2   =  Kd
2                                                                                                    

                  (8)
 

 

                         Hv=1854,4·
2

2

d

Kd
=1854,4·K.                                          (9) 

 The value of K obtained experimentally slope multiplied by 1854.4 represents the 

hardness of the material; the value of the hardness results from all experimental measurements, 

provided that the representation of F = f (d
2
), the F = W + Kd

2
, showing a straight line whose 

slope K, calculated by the method of least squares is affected by standard error of estimate as 

small.  

 Right that requires Hays-Kendall model is characterized by a minimum of the sum of 

squared deviations from the right for all points on the graph. As a measure of the dispersion of 

observed values of y around the straight line obtained by the least squares method, enter the 

quantity called the standard error of estimate Sy and defined as the square root of the arithmetic 

average of the squared deviations from a mean value not but predicted values obtained right of 

least squares method: 
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                                             Sy = 
n

yy c  2)(                                                  (10) 

 

 In this case defines the real correlation coefficient, r: 

                                 r = 2)(1
y

yS


                                                     (11)  

where: ( 2)
y

yS



 is the coefficient of alienation. 

The maximum value of r is 1, and corresponds to Sy = 0, that is:  

 

                                       2)(  yy  = 0                                                                   (12)  

 

and there is observed when all the points are located on the right obtained by the method of least 

squares.  

The square of the correlation coefficient r is also called real-correlation and is designated as r2.  

Experimental results conducted on composite Ni-P/SiC and their correlation with Hays-Kendall 

model were obtained from measurements of microhardness by applying tasks 15g, 25g, 50g, 

100g, 200g, 300g, 500g, and the indentation diagonal was taken the arithmetic mean of five 

measurements (fig. 1-2). 

 

 
Fig. 1: The curve given by Hays-Kendall model for submitting Ni-P/SiC  

(5g / l H3PO3, 40g / l SiC) [3] 
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Fig. 2: The curve given by Hays-Kendall model for submitting Ni-P/SiC  

(10g / l H3PO3, 40g / l SiC) [3]
 

 

CONCLUSIONS  
 Experimental data for determination of microhardness were interpreted using the 

theoretical model (Hays-Kendall) which aims to bring the addictive effect of load microhardness 

(DSM) Kick penetration law admitting that the hardness measured must be independent of load 

applied indenter.  

 By applying this model it was possible to obtain only one measurement value of hardness 

with different penetration forces. The excellent correlation coefficient r
2
 of the experimental data 

processed in the model demonstrates the good applicability of Hays-Kendall model.
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