
The Hardness Test 
What is Hardness? 

Hardness is the property of a material that enables it to resist plastic deformation, usually by 
penetration. However, the term hardness may also refer to resistance to bending, scratching, 
abrasion or cutting. 

Why	Use	a	Hardness	Test?	

 Easy to perform 
 Quick ‐ 1 to 30 seconds 
 Relatively inexpensive 
 Non‐destructive 
 Finished parts can be tested ‐ but not ruined 
 Virtually any size and shape can be tested 
 Practical QC device ‐ incoming, outgoing 

The most common uses for hardness tests is to verify the heat treatment of a part and to 
determine if a material has the properties necessary for its intended use. Establishing a 
correlation between the hardness result and the desired material property allows this, making 
hardness tests very useful in industrial and R&D applications. 

Hardness	Scales	
There are five major hardness scales: 

 Rockwell - HR 
 Brinell - HB 
 Vickers - HV 
 Knoop - HK 
 Shore - HS 

Each of these scales involves the use of a specifically shaped diamond, carbide or hardened steel 
indenter pressed into the material with a known force using a defined test procedure. The 
hardness values are determined by measuring either the depth of indenter penetration or the size 
of the resultant indent. All of the scales are arranged so that the hardness values determined 
increase as the material gets harder. The hardness values are reported using the proper symbol, 
HR, HV, HK, etc. indicating the test scale performed. 

 

 



Rockwell Hardness Test 

The Rockwell hardness test method consists of indenting the test material with a diamond cone 
or hardened steel ball indenter. The indenter is forced into the test material under a preliminary 
minor load F0 (Fig. 1A) usually 10 kgf. When equilibrium has been reached, an indicating 
device, which follows the movements of the indenter and so responds to changes in depth of 
penetration of the indenter is set to a datum position. While the preliminary minor load is still 
applied an additional major load is applied with resulting increase in penetration (Fig. 1B). When 
equilibrium has again been reach, the additional major load is removed but the preliminary minor 
load is still maintained. Removal of the additional major load allows a partial recovery, so 
reducing the depth of penetration (Fig. 1C). The permanent increase in depth of penetration, 
resulting from the application and removal of the additional major load is used to calculate the 
Rockwell hardness number. 

HR = E - e  
 
 
F0 = preliminary minor load in kgf 
F1 = additional major load in kgf 
F = total load in kgf 
e = permanent increase in depth of penetration due to major load F1 measured in units of 0.002 
mm 
E = a constant depending on form of indenter: 100 units for diamond indenter, 130 units for steel 
ball indenter 
HR = Rockwell hardness number 
D = diameter of steel ball 

 
Fig. 1.Rockwell Principle 

 

 

 



Rockwell Hardness Scales 

Scale Indenter 
Minor Load

F0 
kgf 

Major Load
F1 
kgf 

Total Load
F 

kgf 

Value of 
E 

A Diamond cone 10 50 60 100 

B 1/16" steel ball 10 90 100 130 

C Diamond cone 10 140 150 100 

D Diamond cone 10 90 100 100 

E 1/8" steel ball 10 90 100 130 

F 1/16" steel ball 10 50 60 130 

G 1/16" steel ball 10 140 150 130 

H 1/8" steel ball 10 50 60 130 

K 1/8" steel ball 10 140 150 130 

L 1/4" steel ball 10 50 60 130 

M 1/4" steel ball 10 90 100 130 

P 1/4" steel ball 10 140 150 130 

R 1/2" steel ball 10 50 60 130 

S 1/2" steel ball 10 90 100 130 

V 1/2" steel ball 10 140 150 130 

 

Typical Application of Rockwell Hardness Scales 

HRA . . . . Cemented carbides, thin steel and shallow case hardened steel 
HRB . . . . Copper alloys, soft steels, aluminium alloys, malleable irons, etc. 
HRC . . . . Steel, hard cast irons, case hardened steel and other materials harder than 100 HRB 
HRD . . . . Thin steel and medium case hardened steel and pearlitic malleable iron 
HRE . . . . Cast iron, aluminium and magnesium alloys, bearing metals 
HRF . . . . Annealed copper alloys, thin soft sheet metals 
HRG . . . . Phosphor bronze, beryllium copper, malleable irons HRH . . . . Aluminium, zinc, lead 
HRK . . . . } 
HRL . . . . } 
HRM . . . .} . . . . Soft bearing metals, plastics and other very soft materials 
HRP . . . . } 
HRR . . . . } 
HRS . . . . } 
HRV . . . . } 



 
Advantages of the Rockwell hardness method include the direct Rockwell hardness number 
readout and rapid testing time. Disadvantages include many arbitrary non-related scales and 
possible effects from the specimen support anvil (try putting a cigarette paper under a test block 
and take note of the effect on the hardness reading! Vickers and Brinell methods don't suffer 
from this effect). 

 

 

The Brinell Hardness Test 
The Brinell hardness test method consists of indenting the test material with a 10 mm diameter 
hardened steel or carbide ball subjected to a load of 3000 kg. For softer materials the load can be 
reduced to 1500 kg or 500 kg to avoid excessive indentation. The full load is normally applied 
for 10 to 15 seconds in the case of iron and steel and for at least 30 seconds in the case of other 
metals. The diameter of the indentation left in the test material is measured with a low powered 
microscope. The Brinell harness number is calculated by dividing the load applied by the surface 
area of the indentation. 

 
 

Fig. 2. The Brinell Hardness Test 

 
The diameter of the impression is the average of two readings at right angles and the use of a 
Brinell hardness number table can simplify the determination of the Brinell hardness. A well 
structured Brinell hardness number reveals the test conditions, and looks like this, "75 HB 
10/500/30" which means that a Brinell Hardness of 75 was obtained using a 10mm diameter 
hardened steel with a 500 kilogram load applied for a period of 30 seconds. On tests of extremely 
hard metals a tungsten carbide ball is substituted for the steel ball. Compared to the other 
hardness test methods, the Brinell ball makes the deepest and widest indentation, so the test 
averages the hardness over a wider amount of material, which will more accurately account for 
multiple grain structures and any irregularities in the uniformity of the material. This method is 



the best for achieving the bulk or macro-hardness of a material, particularly those materials with 
heterogeneous structures. 

Vickers Hardness Test 
The Vickers hardness test method consists of indenting the test material with a diamond indenter, 
in the form of a right pyramid with a square base and an angle of 136 degrees between opposite 
faces subjected to a load of 1 to 100 kgf. The full load is normally applied for 10 to 15 seconds. 
The two diagonals of the indentation left in the surface of the material after removal of the load 
are measured using a microscope and their average calculated. The area of the sloping surface of 
the indentation is calculated. The Vickers hardness is the quotient obtained by dividing the kgf 
load by the square mm area of indentation. 

 



 
 

Fig. 3. The Vickers Hardness Test 
 
F= Load in kgf 
d = Arithmetic mean of the two diagonals, d1 and d2 in mm 
 
 
HV = Vickers hardness 

 
 
 
When the mean diagonal of the indentation has been determined the Vickers hardness may be 
calculated from the formula, but is more convenient to use conversion tables. The Vickers 
hardness should be reported like 800 HV/10, which means a Vickers hardness of 800, was 
obtained using a 10 kgf force. Several different loading settings give practically identical 
hardness numbers on uniform material, which is much better than the arbitrary changing of scale 
with the other hardness testing methods. The advantages of the Vickers hardness test are that 
extremely accurate readings can be taken, and just one type of indenter is used for all types of 
metals and surface treatments. Although thoroughly adaptable and very precise for testing the 
softest and hardest of materials, under varying loads, the Vickers machine is a floor standing unit 
that is more expensive than the Brinell or Rockwell machines. 

Hardness Conversion Table 
Table 1. Approximate Hardness Equivalents Covering Range of  

Rockwell C and Rockwell B Scales 
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Fig. 4.  Tensile properties of ductile iron versus hardness  


