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ABSTRACT. Vickers microhardness indentations on steel cause deformations in o nly 
a small volume of the material. As a result, the values obtained greatly depend on 
the surface finish in the vicinity of the indentation. 

This study investigates the dependence of microhardness test results On the test 
loads and surface conditions of a BS 970 steel in three heat treatment conditions. 

Extensive measurements of the universally accepted roughness average were 
carried out on different ground and polished metallographic surfaces . Profile graphs 
were recorded and microhardness measurements carried out under loads of 10, 20, 
50 and 100 grams. At low loads, 109, the measured hardness increased with the 
degree of polish (e.g. with the decrease in roughness average) , whilst in hard steel , 
this effect persists upto 50g load. The shapes of indentations are affected by the 
directional characteristics of the grinding pallern . 

Surfaces used for Vickers microhardness indentations always require metallog­
raphic preparation prior to the microhardness testing. Such surface preparation , 
usually accomplished by mechanical abrading-grinding and polishing, although 
acceptable for the microhardness test is not completely smooth or scratch-free , 
Fig. (1). 

A satisfactory quantitative evaluation of the texture of such metallographic 
surfaces was obtained by recording profile graphs , Figs . (2), (3) , (4), (5) and (6) . 
These graphs record the vertical heights of surface irregularities and their 
horizontal spacings at different magnifications. Vv and Vn respectively . The 
average value of the height of irregularities was also measured as the depth of 
roughness Rt or the roughness average R a , in microns, where R t is generally 7 to 
14 times greater than Ra. [3, 8, 9, 10, 11] 

Typical values for medium carbon steel surfaces prepared through a standard 
sequence of grinding and polishing were R t = 1.5 to 10 urn, and Ra = 0.2 to 1.1 
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urn, Figs . (8), (9) and (10). These values of peak to valley heights were larger than 
the diagonal d of the indentations produced under small loads of 109, 20g, and 
50g, photos (1) and (2), and affect the indentation process by changing the 
micro-mechanics of metal flow during compression by the Vickers pyramid . 

This study investigates how the presence of protruding metal peaks and 
valleys on the surfaces to be tested affect the magnitude of the pressure on the 
indenter and the microhardness values. 

Indentation Theory 

The plastic zone and the flow fields , slip-line fields, beneath the diamond tip 
penetrating the surface of the metal , calculated [4,7,12] are shown in Figs. (11) , 
(12) and (13) which illustrate the situation where the surface peaks are compressed 
by the facets of the Vickers pyramid such that the apex 0 of the peak (total angle = 

2/3) is compressed. Let AA' be the contact between the flattened peak and the 
surface of the Vickers indenter at some moment during the indentation process. In 
an analysis similar to the method of solution for wedge indentation [7], the apex 
point 0 moves at 45° to the surface of indenter to point B. Point A is the extreme 
edge of the metal displaced inwards by the indenter , so AB is the line of contact 
with the indenter . While the apex of the indenter pyramid is still clear of the lowest 
point of the adjacent valley, V , point C lies on the surface of the original peak , and 
AC is a free surface. This requirement, together with the condition that the 
slip-line meets both the free surface and the indenter surface at 45° , defines the 
slip-line BDEC. It also determines the angular span '4' of the field ADE. The 
positions of the displaced surfaces can be solved when AB , AC and the sliplines in 
ABD and AEC are straight; while ADE is a field of radii and circular arcs. The 
magnitude of the angle DAE is determined from Fig. (12) as follows: 

OF OC cos (8 - /3) 


OF (OK + CK) cos (8-/3) 

Cos (8-/3)

OF (OH sin 8 + AB cos '4') . and,
sin (8-/3) 

GL = GA+AB+BL 


GL = (AB (1 +sin '4') + OH sin 8 also, OF = GL, therefore , OH sin 8 + AB cos '4' 

= AB(1 + sin '4') tan (8-/3) + OH sin 8 tan (8-/3) and OH sin 8 [l-tan (8-13)] = 


AB [tan (8-/3) + tan (8-/3) sin '4' - cos '4'] .....1 


In this equation as the metal peak angle 2/3 decreases, the angle '4' decreases, 
and eventually becomes zero when tan (8-/3) = 1, i.e. when /3 = 23° . 
Furthermore , negleting work-hardening, the pressure on the surface of the 
indentor P.L , is givfn [15] as; P.L = 2K (1 +'4'). When /3 = 23° , '4' = 0, the pressure 
P.L reduces to PI = 2K = the compressive yield stress . 
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In practice the metal peak angle 213 can be determined from the correspond­
ing peaks on"the profile graphs Figs. (5),(6) and (7) according to the equation, [3] 
tan 

13 = ~~ tan 0:. It is noticed that for rough metal surfaces Fig. 5, the peaks 

have spikey appearances i.e. 20: approaching zero. This corresponds to small peak 
angles 213 on the metal surface. While the peaks of the smoother surface in Fig. (6) 
are less spikey corresponding to an increase in the value of the angle 213 with a 
decrease in the roughness average value . This indicates that the mean pressure P .1. 

on the indenter surface increases with a decrease in the roughness average value. 

With further penetration of the indenter , the compression of the protruding 
metal peak in Fig. (12) is continued . Point A on the displaced surface moves 
towards the vertex P of the indenter and point C moves downwards to V, Fig. (13), 
and the means pressure on the surface of the indenter becomes, 

P.l. = 2K (1 + 1fJ) = 2K (1+ ~ -8) 

This value of the pressure is approximately only 63% of the pressure required 
to indent a smooth flat surface [15] Fig. (14) . At the end of the indentation process 
in Fig. (13). 

Jt
1fJ=--8 .... . II

2 

A'N = ~ = half the diagonal of the resulting indentation and the following 

equations are obtained from Fig. (13); 

AB + 2 OH sin 8 = -2?8 ..... III 
SIn 

(AB+OH) tan 8 - R t (tan 8-tan 13) .... . IV 

Substituting equation II, III and IV into equation I, 

2sin8 = _1_ [ 1+cos8-sin8 tan(8-13) 1 1 

d R t 2sin8-2 cos8-tan(8-13)-1 sin8-cos8 tan 13 .......... V 


Also the Vickers microhardness MH is given by the equation, [1, 5, 14J 

MH = 2si~8 . P ..... VI 
d 

taking R t = lORa, and 28 = 136° = apex angle of Vickers pyramid, equations V 
and VI give; 
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MH = [ 1.4825 - tan (9-13) ]2 PR-2 ..... VII0.5788 - 5.5 tan (8-13)' a 

If 13 is a function of Ra, for a certain constant load P, equation VII becomes, 

MH = CR;2 ..... VIII 

where C = constant taking logarithms on both sides, equation VIII becomes 

log. MH = log. C - 2 log. Ra ..... IX 

Experimental Work 

Disc-shaped specimens, 30 mm-diameter, 20 mm-high, were machined from 
bars of steel BS 970. All specimens were soaked at 880°C; some of these 
specimens were quenched in oil; (designated steel OQ); a second group were 
air-cooled; (designated steel N) and a third group were left to cool in furnace; 
(designated steel A). These heat-treatment sequences were used to achieve a 
reasonable range of hardness. The specimens were then prepared to different 
stages in order to produce metallographic surfaces of varying roughness. [6, 13]. 

The roughness average, Ra, values of the surfaces of the specimens were 
measured using a Talysurf 10, with 0.8 mm-meter-cut-off. Due to the directional 
characteristics of the grinding pattern, measurements of the roughness average 
were made both across and along the direction of scratches (Lay), Fig. (1),(3) and 
(4). 

Microhardness identations were made on each specimen under loads of 10, 
20, 50 and 100 grams (photographs (1) and (2) show the shape of these 
identations) . The average diagonals of identations were measured on a filar 
micrometer. The corresponding microhardness values were obtained from tables 
calculated according to equation VI. 

Results and Discussions 

Figs . (8), (9) and (10) show the roughness average and the depth of roughness 
as a function of particle size of the abrading papers. Figs. (15), (16) and (17) are 
logarithmic plots of the average microhardness MVy against the roughness average 
Ra', for the three groups of steels A, Nand OQ. These plots show reasonable 
agreement with equation IX. The microhardness values measured under the very 
low load 10 grams increased with decreasing roughness average. Other microhard­
ness values measured under higher loads of 50 and 100 grams show little or no 
variation with the change in roughness average values except in steel OQ. 
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The value of the constant in equation IX can evaluated from the logarithmic 
plots when Ra = 1.0 and 10glO Ra = O. The approximate range of values for these 
constants are; C = 270 - 300 for steel A, C = 380 - 420 for steel Nand C = 520 ­
600 for steel OQ. The values vary considerably with the hardness of the steels. 
This may be due to two situations; firstly , most of the peak spacings recorded in 
the profile graphs are larger than the biggest indentations in the micrographs. 
(Although it is always possible that a second population of closely spaced peaks 
and valleys was present but missed by the stylus) . Such a situation reduces the 
probability of peaks being compressed by the surfaces of the vickers indenter. 
Secondly, the compression of the protruding peaks may not continue to the extent 
shown in Fig. (13) when the steel is hard. In such situation the angular span is low, 

'IjJ < (~ - 8), and the result is a higher value of the constant C. 

Conclusions 

1. 	 Steels prepared for microhardness tests show surface irregularities of varying 
depths. 

2. 	 The micro-mechanics of deformation of these irregularities during indentation 
differ according to the hardness of the steel. 

3. 	 Microhardness measurements made under the very low load of 10 grams, are 
g.reatly influenced by surface roughness. These effects are considerable in the 
soft annealed steel A. This is because the penetration depth, P , of the indenter 
is very shallow. Fig. (18) , a plot of P against Ra, shows that the hardness 
measurement is consistent when the surface is effectively flat i.e. Ra < P . 
Therefore, when using very low loads, it is recommended that surfaces should 
be polished to a specified smoothness, e.g. the roughness average must not 
exceed the depth of identation, Ra ::t> 0.83 urn. 

4 . 	 On surfaces prepared by routine grinding and polishing, more reliable 
microhardness values are obtained when indentations are made under loads 
higher than 50 grams. 

5 . 	 The directional characteristic of the grinding patterns affects the shape of the 
indentation, values of Ra is much lower along the lay than across it, therefore, 
the diamond indentations seem to be extended at right angles to the lay, 
photograph (2) . 
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xx measured across the lay. 
YY measured along the lay. 

Fig. I. Metallographic surface with scratch-lines produced 
by mechanical abrading . 
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Fig. 3. Profile graph of a ground surface, annealed specimen, measured across the lay centre-line at 30. 
R. = 0.85I-1m, Vv = 10,OOOX, Vh = lOOX 
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Fig. 4. Profile graph of the same specimen above; but measured along the lay, centre·line at 30. 
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The corresponding peak 
Peak on profile graph 

on the surface 

Fig. 7. 	Relationship between peak angles on the profile graph 

and the metal surface. 
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Fig. 11. Symmetrical surface irregularities (peaks, 0, valleys V) to be compressed 
by Vicker's diamond indenter. 

OK sin(6-~)=OL = OHsin6 

Ck sin:6-~)=CG=AB cos'l' 

AG = AC sin'l'=ABsin'l' 

BL = OL = OH sin 6 

ACVP' is void 

12. Sli-field and deformation in a metal peak compressed 
by Vicker's diamond indenter. 
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eM = R,; A ' N = d/2 

P J. = 2k(1 +'IjJ) ; 'IjJ = 'IjJ/2-e 

v 
Fig. 13. SIi-line field and deformation of a metal peak 0 compressed 

by Vicker's diamond indenter. 

B 

'IjJ = e 
P J. = 2k(1 +'IjJ) 

Fig. 14. Sli-line field and deformation of a flat surface indented 
by Vicker's diamond indenter , no bulging. 
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Photo 1. Microhardness indentations on a polished surface of steel N. 
Magnification lOOOx 

Photo 2. Microhardness indentations on a polished surface of stee l OQ. 
Magnification lOOOx 
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