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Hardness, simply defined, is a material’s ability to resist permanent deformation when acted upon by an external force. This feature aims to prove how well a material will withstand destruction when used for consumer and industrial products to determine durability and strength. In engineering terms, hardness measures the resistance to indentation,
scratching, or cutting.A material’s hardness is determined by its composition, how it was processed, and its molecular structure. For instance, ceramics, polymers, and different types of metals exhibit various hardness levels resulting from differences in their atomic arrangements.Types of Material HardnessMaterials hardness is generally categorized
into three main types: scratch, indentation, and rebound hardness. All three distinct hardness types have different applications and characteristics.Scratch HardnessThis is the measure of a material’s resistance to scratches. This is defined as a material’s ability to resist surface deformation. They are those narrow, continuous lines you find on the
surface of a material due to contact with a harder, sharper material.Scratch testing is mainly used on brittle materials like ceramics because they do not undergo the plastic deformation phase. As a result, they are highly sensitive to scratches.To best explain scratch hardness, picture instances when two materials brush against each other; the sharp,
more rigid one tends to leave lines on the surface of the lighter material.Indentation HardnessIndention hardness valuates resistance to deformation from a specific indenter under controlled conditions. It measures a material’s resistance to permanent deformation after continuous pressure.The indention hardness test reveals how well a material can
withstand a permanent change in shape when acted upon continually by an external force. Typically, the test is achieved by applying pressure to a material, and the indentation level gives insight into its mechanical properties. The lesser the indentation, the stronger the material is.Tests like Vickers, Brinell, and Rockwell are accepted methods for
ascertaining this hardness type. Industries like engineering, manufacturing, and construction depend on this hardness test to consider a material’s strength and durability.Rebound HardnessRebound hardness is a material’s elastic response and action when impacted by an external force. It is typically used to test metal strength as these material
types undergo stress and shock.During the test, the rebound height of a material is measured when a standardized object is dropped onto the material’s surface. A greater rebound height means a harder material, as it absorbs and ejects more energy than deforming.This testing method is alternatively called dynamic hardness, and it’s widely adopted
for material parts that require repeated exposure to vibrations. A good example is the design and manufacture of automobile parts, mechanical tools, and bridge columns.The Leeb rebound hardness tester is the general go-to device for performing the test because of its handiness and ease of use. The core benefits of rebound hardness tests are their
accurate evaluation of materials like metal to ensure prolonged performance and structural integrity.Measured Units of Material HardnessMost machinists frequently mix SI units of hardness with those of pressure. The Standard Internation (SI) unit used is N/mm?, also known as the Pascal unit, while the latter uses the SI unit (N/m?, or kg-m~*-s72).
Each of the previously stated hardness classes has a different measurement scale.The units of hardness are derived from each measurement method; therefore, they cannot be directly compared. Nonetheless, there is a conversion table that you can use to compare. We use “manage” since the comparison cannot be completely accurate, although it
gives a suitable indication.Leeb Hardness Value (HLD, HLS, HLE, etc.), Brinell Hardness Number (HB), Vickers Hardness Number (HV), and Rockwell Hardness Number (HRA, HRB, HRC, etc.) are the most often used units for hardness measurement. The table below compares several measurement units and their
conversions.BrinellRockwellRockwellVickersHBHRCHRBHV469501175054684911749745648116490445471154744304611545841945114448415441144384024311442438842113406Why is the Hardness of Materials Important?The hardness of the material is important because it influences the lifespan, durability, and performance of the products.
Below are some reasons why material hardness is important:Design ConsiderationsChoosing the right material hardness for your product is important to ensure compatibility with your application needs. Industries like automobiles, aeronautics, construction, and several others rely on material hardness values to ensure the safety of lives and property
when conceptualizing various designs.Wear ResistanceThe harder a material is, the more resistant it is to erosion or wear from friction, water, or oil. Materials that are resistant to scratching and abrasion enhance performance in high-stress environments.DurabilityHarder materials are often more durable, ensuring products can withstand wear and
tear over time. This helps to identify materials that can withstand certain environmental conditions and improve a product’s lifespan.Predicting PerformanceThe hardness of a material is essential in predicting how the material will perform in a specific environment and setting. With a known hardness value, you can determine how the material will
perform during an accelerated aging test. Regardless of the industry, the right material hardness will improve the efficiency and functionality of the end product.Improve EfficiencyRegarding bending and cutting, harder materials are more difficult to work with. With knowledge of the hardness of a material, you can select the right tools and
equipment needed during the production process. This is important in industries where precision is paramount in creating designs and structures.Different Material Hardness Test MethodsMaterial testing is a series of processes designed to measure properties like ductility, strength, reactivity, and hardness for plastics, metals, and ceramics when
exposed to different conditions. The collated results from these tests guide designers and product engineers on material compatibility.Different industries have various types of hardness tests, however, here are the standard methods.Brinell Hardness Number (BHN)As one of the earliest scale units for measuring hardness, the Brinell Hardness
Number is a globally used method for quantifying the hardness ability of metal alloys.The Brinell test uses a carbide ball or hard steel to press a specific diameter into the material’s surface using a standard load. The resulting indentation is then measured to obtain the BHN by dividing the applied load by the surface area of the indentation.The BHN
is mostly used for materials with even or very rough surfaces, like coarse-grained materials, castings, and forgings, primarily because it provides accurate readings when compared to other scale unit methods.Rockwell Scale (HRB, HRC)The Rockwell hardness test is a readily used method for quantifying material hardness, primarily because it is fast
to conduct and offers precise results.It is carried out by using both a minor and major load; the minor load is applied first, followed by the major load, then acted upon by an indenter. The difference in depth levels of penetration in both loaded materials is used to determine the hardness value.There are several types of Rockwell scales, however, the
only two popular variants used in measuring material hardness are the Rockwell B scale (HRB) and the Rockwell C scale (HRC). The HRB scale is employed when quantifying the hardness level of lighter metals like aluminum, and the HRC scale is used for heavier metals like steel.Vickers Hardness Number (VHN)Unlike the first two discussed
methods, the Vickers hardness test requires a diamond pyramid indenter. The indenter is applied to the material with a specific load, and the diameter of the indentation is used to obtain the VHN. To calculate the VHN, the applied load is divided by the indentation area.The advantage of this hardness testing method is its applicability to various
material types, from lighter to heavier materials, whether plastics or metals. The Vickers scale is popular among researchers and uses cases where precise hardness values are pertinent primarily because of the diamond indenter’s ability to quantify indentation accurately.Mohs Hardness ScaleNamed after Friedrich Mohs, a mineralogist from the 19th
century, the Mohs Hardness Scale differs from all other discussed scales because it is a qualitative test that studies the ability of a material to impact scratches on another.Friedrich Mohs devised a scale in 1812, starting from 1 and ending at 10, with mark 1 as the softest and mark 10 as the hardest. The scaling system establishes that diamonds are
the hardest material and also shows that materials on the scale with a greater number will impact scratches on those with a lower number.The Mohs scale is popular mostly among jewelers and geologists and is used primarily for testing gemstones and minerals to identify materials from scratch impact. This test method isn’t as accurate as the other
three; however, it remains the simplest field hardness test.Quick Chart for Material HardnessUsing a material hardness scale or chart is one of the easiest ways to determine the hardness of several common material kinds. This chart displays the hardness value for several materials with the aid of many measurement methods. For example, the values
for hardness of metals like aluminum and titanium are shown in the above chart using Brinell’s scale and further testing methods.Difference Between Hardness and HardenabilityHardness and hardenability are similar terms with varying meanings. The major difference between both terms is that hardness refers to the strength and ability of a
material to resist damage, whereas hardenability is the ability of a material to be hardened.Definition: Hardness measures a material’s resistance to indentation or scratching, whereas hardenability is a material’s ability to be hardened when exposed to heat and quenched rapidly.Nature: The nature of hardness is in its material strength and ability to
resist damage; however, hardenability is in a material’s ability to be hardened.Measurement: One way to measure hardness is through the depth of indenter penetration or the size of the impression left by the indenter. This differs from hardenability as it is only measured using a Jominy test.Method: For hardness, its method is on how hard the actual
steel is based on its resistance to penetration. The hardenability method is the potential the steel has to be hardened by thermal treatment. The hardness of steel is a measure of the steel’s ability to resist deformation, such as abrasion and indentation, when a load is applied to the material. In this article, we will look at hardness for externally
threaded screws, bolts, and studs made from alloy or carbon steel. Most fastener standards and specifications have two mechanical property requirements for hardness: core hardness and surface hardness. In general, fasteners made from carbon and alloy steel become stronger as they get harder. Specifically, as hardness increases, tensile strength
also increases. (You can get more info about Tensile Strength here). Because of this relationship between hardness and strength, hardness is a critical factor for fasteners. This is why many fastener standards require hardness to be verified before parts can be considered compliant. Core Hardness Rockwell Hardness Tester used for Core Hardness
and Surface Hardness Testing Let’s talk about core hardness first. Core hardness refers to the hardness of the material throughout the inside of the part. Core hardness testing is performed on a cross-section of the interior of the part. The part must be cut to expose the interior, so core hardness tests are destructive tests. Core hardness
measurements are a quick and comprehensive way to get an accurate hardness measurement throughout the diameter of the part. As an illustration, we will use an example part with a decent amount of material: an M16 x 1.50 Property Class (PC) 10.9 Hex Head Cap Screw. To perform the test, the lab technician first prepares the sample parts by
cutting a cross-section at a minimum distance of one diameter from the end of the part. The technician then places each sample in a Rockwell hardness tester. A specified load is applied to a diamond indenter, which penetrates the sample at mid-radius. The machine measures the indentation and calculates the hardness. The machine makes multiple
indentations on each sample to ensure consistent hardness throughout the part. Diamond Indenter used in Rockwell Core Hardness Testing for fasteners For a Property Class 10.9 part, we use measurements on the Rockwell C Scale (RC). The lab technician compares the results to specification limits to determine conformance. For our example, the
sample readings were 36-37 RC. The spec sets the limits at 32-39 RC. As you can see, the readings fell within the spec limits, and the parts conform. If you want to learn more about the testing procedure, we recommend ASTM E-18 and ISO 898-1. Core Hardness and Tensile Strength As stated above, for the materials we use, there is a good
correlation between core hardness and tensile strength. Because of this correlation, most standards base their core hardness requirements on the desired tensile strength of the parts. The standards tend to set the minimum core hardness at a value that will produce a tensile strength above the desired minimum tensile strength of the part. Likewise,
maximum core hardness is set at a value that will produce a tensile strength just below the maximum acceptable tensile strength of the parts. Why have an upper limit on the hardness of a part? Some steels can become brittle when a certain hardness is exceeded, so some standards limit the hardness to below the threshold where brittleness is a
concern. Surface Hardness and Carburization Cut-Off Bolt showing indent for Rockwell Surface Hardness Test Next, let’s take a look at surface hardness. During the heat treat process, a thin layer of carburized material can develop on the surface of the part. This carburized material is harder and more brittle than the material in the rest of the part.
Most specifications set a maximum surface hardness value to ensure that the surface is not brittle. Testing for surface hardness is quick and non-destructive. The lab technician performs the test on either the unthreaded shank or the head of the fastener. A sample part is placed on a Rockwell machine, and a small load is applied to the indenter. The
indenter penetrates the surface and makes small indentations on the surface of the part. The machine measures the depth of the indentations and calculates the hardness. As you can see from the picture, on our example M16 part, the indentations for a surface hardness test are much smaller than the indentations for a core hardness test. The
machine makes multiple indentations on each part. The machine measures the depth of the indentations and calculates the surface hardness. The lab technician compares the results of the test to the specification maximum and determines conformance. For our M16 example, we use measurements on the Rockwell 30N scale (R30N). Of all the
measurements taken, the highest hardness result was measured at 57 R30N. The specification maximum was 58.6 R30N. Therefore, the parts are in conformance to requirements. For more information on specific test requirements, see ASTM-E18 and ISO 898. Decarburization Surface hardness can also be affected by another condition that can occur
during the heat treatment process: decarburization. Decarburization can produce a thin soft surface layer that may reduce thread strength. Luckily, we have tests that can detect when decarburization is present. Some procurement specifications specifically require fasteners to be tested for decarburization. If you want to learn more about this
testing, we recommend ASTM F2328 Class 2 optical methods. This concludes our discussion on fastener hardness. Thanks for reading. For more information on fastener materials, check out our article on material hardenability. Here is a teaser: Hardness and hardenability are not the same things. Need a Special Fastener? Wilson-Garner produces
small-quantity specialty bolts, screws, and studs you can’t find anywhere else. Contact Us and see what we can do for you! RELATED: Need a specialty bolt, screw, or stud? Wilson-Garner can help. The Wayback Machine - //www?7.taosnet.com/ebear/metal/hardness.html This is from the 1924 edition of Machinery's Handbook, which I inherited from
my granduncle Carl Granberg, a tool & die maker who came to the US from Sweden. He worked for Studebaker for 40 years and never missed a day. (He was late once, about ten minutes -- the snow was pretty deep that day; nobody else even tried.) "Machinery", which I guess was a magazine, was published by The Industrial Press, New York; it was
subtitled "The Open Window to the Machinery Industry". The 1924 edition of Machinery's Handbook has 1592 pages. The copyright has expired. DISCLAIMER: DON'T WRITE FOR ADVICE ON THIS STUFF. I DON'T HAVE ANY. -- I just had the book and figured that some of the material in it would be useful to a far wider audience than would see it on
my bookshelf. Different Methods of Hardness Testing. -- There are four typical methods for testing the hardness of metals. These are the sclerometer method introduced by Turner in 1896; the scleroscope method recently invented by Shore; the indentation test adopted by Brinell about 1900; and the drill test introduced by Keep a few years earlier.
The principles underlying each of the four methods are briefly described in the following: Turner's Sclerometer. -- In this form of test a weighted diamond point is drawn, once forward and once backward, over the smooth surface of the material to be tested. The hardness number is the weight in grams required to produce a standard scratch. The
scratch selected is one which is just visible to the naked eye as a dark line on a bright reflecting surface. It is also the scratch which can just be felt with the edge of a quill when the latter is drawn over the smooth surface at right angles to a series of such scratches produced by regularly increasing weights. Shore's Scleroscope. -- In this instrument, a
small cylinder of steel, with a hardened point, is allowed to fall upon the smooth surface of the metal to be tested, and the height of the rebound of the hammer is taken as the measure of hardness. The hammer weighs about 40 grains, the height of the rebound of hardened steel is in the neighborhood of 100 on the scale, or about 6-1/4 inches, while
the total fall is about 10 inches or 254 millimeters. Brinell's Test. -- In this method, a hardened steel ball is pressed into the smooth surface of the metal so as to make an indentation of a size such as can be conveniently measured under the microscope. The spherical area of the indentation being calculated and the pressure being known, the stress per
unit of area when the ball comes to rest is calculated, and the hardness number obtained. Within certain limits, the value obtained is independent of the size of the ball and of the amount of pressure. Keep's Test. -- In this form of apparatus a standard steel drill is caused to make a definite number of revolutions while it is pressed with standard force
against the specimen to be tested. The hardness is automatically recorded on a diagram on which a dead soft material gives a horizontal line, while a material as hard as the drill itself gives a vertical line, intermediate hardness being represented by the corresponding angle between 0 and 90 degrees. Hardness Scales Compared Metal Sclerometer
Scleroscope Brinell Method * Mohs's Scale for Minerals Lead 1.0 1.0 1.0 Talc -- 1 Gypsum -- 2 Calcite -- 3 Fluor Spar -- 4 Apatite -- 5 Orthoclase -- 6 Quartz -- 7 Topaz -- 8 Sapphire or Corundum -- 9 Diamond -- 10 Tin 2.5 3.0 2.5 Zinc 6.0 7.0 7.5 Copper, soft 8.0 8.0 ... Copper, hard ... 12.0 12.0 Softest Iron 15.0 ... 14.5 Mild steel 21.0 22.0 16 - 24 Soft
cast iron 21 - 24 24.0 24.0 Rail steel 24.0 27.0 26 - 35 Hard cast iron 36.0 40.0 35.0 Hard white iron 72.0 70.0 75.0 Hardened steel ... 95.0 93.0 *Actual numerals have been divided by 6 for purposes of comparison. Comparison between Testing Methods. -- Each form of test has its advantages and its limitations. The sclerometer is cheap, portable, and
easily applied, but it is not applicable to materials which do not possess a fairly smooth reflecting surface and the standard scratch is only definitely recognized after some experience. The Short test is simple, rapid and definite for materials for which it is suited, but results obtained vary somewhat with the size and thickness of the sample. As a
comparative measure of the hardness of material of the same quality and structure, however, it is quite accurate, but it is not reliable for comparing the hardness of two different metals. The Brinell test is especially useful for constructive materials. It is definite, and, with the new appliances recently brought out, easily applied. It cannot be applied,
however, to very brittle materials, such as glass, nor is it satisfactory for use on hardened high-carbon steel. Keep's test is especially suited for castings of all kinds, as it records not only the surface hardness, but also the hardness of the whole thickness, and gives indications of blow-holes, hard streaks and spongy places. Obviously, it cannot be
applied to materials too hard to be conveniently drilled by a hardened steel drill. The accompanying table gives values obtained on the same materials by the scleroscope, sclerometer, and the Brinell test, the figures being reduced to a common unit, assumed as 1 as a starting point; thus the actual Brinell numerals have been divided by 6, thereby
reducing the hardness values for purposes of comparison. 1st column: Diameter of Impression, mm. 2nd column: Hardness Numeral for 3000 kg pressure 3rd column: Hardness Numeral for 500 kg pressure Dia. Pressure Dia. Pressure Dia. Pressure Dia. Pressure Dia. Pressure in 3000 500 in 3000 500 in 3000 500 in 3000 500 in 3000 500 mm kg kg
mm kg kg mm kg kg mm kg kg mm kg kg ---- - --= === -=- o= oo o o e e e o - - 2,00 946 158 3.00 418 70 4.00 228 38.0 5.00 143 23.8 6.00 95 15.9 2.05 898 150 3.05 402 67 4.05 223 37.0 5.05 140 23.3 6.05 94 15.6 2.10 857 143 3.10 387 65 4.10 217 36.0 5.10 137 22.8 6.10 92 15.3 2.15817 136 3.15 375 63 4.15 212 35.0 5.15 134 22.3 6.15 90
15.1 2.20 782 130 3.20 364 61 4.20 207 34.5 5.20 131 21.8 6.20 89 14.8 2.25 744 124 3.25 351 59 4.25 202 33.6 5.25 128 21.5 6.25 87 14.5 2.30 713 119 3.30 340 57 4.30 196 32.6 5.30 126 21.0 6.30 86 14.3 2.35 683 114 3.35 332 55 4.35 192 32.0 5.35 124 20.6 6.35 84 14.0 2.40 652 109 3.40 321 54 4.40 187 31.2 5.40 121 20.1 6.40 82 13.8 2.45
627 105 3.45 311 52 4.45183 30.4 5.45 118 19.7 6.45 81 13.5 2.50 600 100 3.50 302 50 4.50 179 29.7 5.50 116 19.3 6.50 80 13.3 2.55 578 96 3.55 293 49 4.55 174 29.1 5.55 114 19.0 6.55 79 13.1 2.60 555 93 3.60 286 48 4.60 170 28.4 5.60 112 18.3 6.60 77 12.8 2.65 532 89 3.65 277 46 4.65 166 27.8 5.65 109 18.2 6.65 76 12.6 2.70 512 86 3.70
269454.70 163 27.2 5.70 107 17.8 6.70 74 12.4 2.75 495 83 3.75 262 44 4.75 159 26.5 5.75 105 17.5 6.75 73 12.2 2.80 477 80 3.80 255 43 4.80 156 25.9 5.80 103 17.2 6.80 71.511.9 2.85 460 77 3.85 248 41 4.85 153 25.4 5.85 101 16.9 6.85 70 11.7 2.90 444 74 3.90 241 40 4.90 149 24.9 5.90 99 16.6 6.90 69 11.5 2.95 430 73 3.95 235 39 4.95 146
24.4 5.95 97 16.2 6.95 68 11.3 Application of the Brinell Method. -- The Brinell method, as mentioned, consist in partly forcing a hardened steel ball into the sample to be tested so as to effect a slight spherical impression. The diameter of the impression is measured and the surface of the spherical cavity calculated. The pressure required in kilograms
for effecting the impression is divided by the area of the impression in square millimeters; the quotient is an expression of the hardness of the material tested, and is called the hardness numeral. The standard diameter of the ball is 10 millimeters (0.3937 inch) and the pressure, 3000 kilograms (6614 pounds) in the case of iron and steel, while in the
case of softer metals, a pressure of 500 kilograms (1102 pounds) is used. The diameter of the impression in the original instrument is measured by means of a microscope, after which the hardness numeral may be obtained without calculation directly from the table of "Hardness Numerals -- Brinell System". Instruments have been constructed later so
as to eliminate the need of the use of a microscope for measuring the diameter of the impression. Relation between Hardness of Materials and Ultimate Strength. -- A constant relationship exists between the hardness numeral as determined by the Brinell test and the ultimate strength of the material tested. The coefficients by which the hardness
numerals must be multiplied to obtain the ultimate strength in kilograms per square millimeter may be determined by tests, and are constant for each class and kind of material, but they differ slightly for different materials and for materials treated in a different manner. The following coefficients are given for different grades of steel: Steels, extra
soft K = 0.360 Steels, soft and semi-hard K = 0.355 Steels, semi-hard K = 0.353 Steels, hard K = 0.349 It will be seen that these coefficients differ by but a slight amount for steel of different composition, and, as a general rule, the factor 0.355 may be used for all grades of steel. Example: -- Assume that a hardness test of structural steel (semi-hard)
by the Brinell method gave an impression of 4.6 millimeters. The hardness numeral, from the table, would be 170, and the ultimate strength, 0.355 x 170 = 60 kilograms per square millimeter. Accuracy of Brinell Hardness Test. -- When commercial apparatus, as ordinarily used for making the Brinell test, is employed, and the test is carried out with
ordinary care and precaution, it is reliable within an error of five Brinell units above or below the actual hardness. In other words, if the hardness of two pieces of metal is tested, and the difference on the Brinell scale is more than ten hardness units, it is certain that there is an absolute difference in the hardness of the pieces tested. With regard to
the conditions under which the tests should be made, it may be stated that the pressure should be gradually applied for two minutes or more, and the pressure should be kept on the test piece for a period of at least five minutes. Relation between Hardness and Wear of Steel. -- There is no definite relation between hardness, as measured by the Brinell
hardness testing method, and wear. While, in general, a high Brinell hardness number may be expected to indicate a metal which will give better wear, there are so many exceptions that this test for indication wearing properties would be unreliable. As an example, Hadfield's manganese steel,which has a low Brinell hardness number, is one of the
best steels as far as wear is concerned. The relation of either Brinell tests of ordinary wear tests to wear in actual practice is a subject which requires further investigation. Wear tests should be made along different lines, according to the actual uses to which the metal is to be put. Hardness Scales Compared Scleroscope Hardness Scale * Name of
Metal Annealed Hammered Lead (cast) 2 - 5 3 - 7 Babbitt metal 4 - 9 Gold 5 8.5 Silver 6.5 20 - 30 Brass (cast) 7 - 35 Pure tin (cast) 8 Brass (drawn) 10 - 15 24 - 25 Bismuth (cast) 9 Platinum 10 17 Copper (cast) 6 14 - 20 Zinc (cast) 8 20 Iron, pure 18 25 - 30 Mild steel, 0.15 per cent carbon 22 30 - 45 Nickel anode (cast) 31 55 Iron, gray (cast) 30 - 45
Iron, gray (chilled) 50 - 90 Steel, tool, 1 per cent carbon 30 - 35 40 - 50 Steel, tool, 1.65 per cent carbon 35 - 40 Vanadium steel 35 - 45 Chrome - nickel steel 47 Chrome - nickel steel (hardened) 60 - 95 Steel, high - speed (hardened) 70 - 105 Steel, carbon tool (hardened) 70 - 105 * The figures given are subject to variation, owing to the differences in
composition of the metals tested. Next section in the book: Principles of Iron and Steel Manufacture. I don't have any immediate plans to put it up. Comments to: ebear@zianet.com (Eric Bear Albrecht) My home page Hardness testing is the procedure used to determine the hardness of a material. The results allow properties of the material such as
strength, wear-resistance and ductility to be empirically determined. This means the operator’s expertise and knowledge of the material are needed to determine these properties. Categorising these properties is of importance when considering the suitability of the material for its chosen application. What are the types of hardness testers? There are
7 main types of hardness tester: Rockwell Brinell Vickers Knoop Shore Webster Leeb In this article, we cover the seven main types of hardness testers in detail. Explaining the scales and techniques used by each to calculate the hardness of materials and their suitability for different materials. Hardness testers are complex in design but simple in
principle, operation and application. They measure the hardness of a material as its ability to resist permanent deformation from an applied force. Different types of hardness testers vary in how they do this, some equate the depth and shape of the indentation created in the material by a pre-determined force, applied to the surface for a set amount of
time. Others calculate the resistance the material offers to a spring-loaded force, or measure the velocity of a rebounded object propelled onto the surface. INNOVATEST W-500 FALCON 500 Micro/Macro Vickers Hardness Tester Several factors determine the hardness testing method that is most suitable for your use, including: Expected ‘Hardness’
of the material The Density of the material The Flatness of the material The Ductility/brittleness of the material The Smoothness of the material Below we look at the different types of hardness testers and their scales, describing how they work and their suitability for differing applications. Rockwell hardness testers are the most commonly used of all
the types of hardness testers. The Rockwell method offers a quick and accurate measure of hardness on almost all metals and some plastics (see Rockwell scales below). INNOVATEST FENIX 200 DCL Rockwell Bench Hardness Tester The wide range of scales used within the Rockwell method (30 in total!) makes it suitable for many applications.
However, despite its versatility, it does lack practicality when measuring smaller objects, for which other types of hardness testers are needed. Diagram of the Rockwell Hardness Testing Method Rockwell hardness method is a two-phase process involving the ‘Pre-load‘ phase and the ‘main load‘ phase. Initially, the pre-load force is applied. This small
force breaks the surface, slightly indenting the material to create a measurement baseline. The Main load force is then applied, creating the indention to be measured. The measurement starts from the baseline created by the pre-load. This two-phase process ensures highly accurate measurements, with the pre-load force negotiating any irregularities
in resistance created by the surface. The measure of hardness is shown immediately after permanently indenting the material. There are 30 scales used by the Rockwell method, allowing its use across a wide range of material types. Here are some of the most commonly used Rockwell scales: A scale measures Tungsten carbide B scale measures
Aluminium, brass, and soft steels C scale measures Harder steels >B100 H scale measures Aluminium, zinc and lead K scale measures Bearing alloy, tin, hard plastic materials A Rockwell scale reading looks like this: 80 HR30TW. The reading has 4 sections: Section 1. ‘80’ represents the hardness value Section 2. ‘HR’ = Hardness Rockwell Section
3. ’30’ is the main load of 30KGF (kilograms of force) Section 4. ‘TW’ is the ball indenter made of tungsten carbide The Rockwell system is universally accepted as the standard measurement in the steel manufacturing industry. It has also become a common standard in reporting test results. Originating from Sweden, the Brinell Hardness testing
method was invented in the 1900s by Dr Johan August Brinell. It is the oldest method still in use today in different types of hardness testers. It often used to measure the thickness of items with a coarse surface structure, such as castings and forgings, where it produces the most accurate readings. INNOVATEST Nexus 3300 Brinell Bench Hardness
Tester The Brinell hardness testers are known to be Macro. They are more suitable for measuring harder materials that require more force to penetrate the surface. Diagram of the Brinell Hardness Testing Method Brinell hardness test is an indentation hardness test. It uses a hard spherical ball (usually around 10mm in diameter). An applied force (a
typical test will use 3,000 kilograms) pushes the ball against the surface of the material for a set amount of time (between 10 - 30 seconds, known as the dwell time). The diameter of the resulting indentation in the surface is then measured at least twice on perpendicular angles. Unlike Rockwell, Brinell has a single scale that measures the
indentation created by the hardened steel ball, taking into account the amount of force applied across the dwell time. These factors will result in a single number called ‘hardness Brinell’, which represents the hardness. Brinell is used on a wide variety of materials. Here are some examples of materials and their expected Brinell readings. Softwood
(e.g., pine): 1.6 HB Hardwood: 2.6-7.0 HB Lead: 5.0HB Pure Aluminium: 15HB Copper: 35HB Hardened Aluminium: 75HB Mild steel: 120HB 18-8 (304) stainless steel annealed 200 HB Hardox wear plate 400-700 HB Hardened tool steel 600-900 Glass 1550 HB Rhenium diboride 4600 HB Developed as an alternative to Brinell, the Vickers method
was created by Smith and Sandland while working at Vickers Ltd in 1924. Vickers hardness testers are known as microhardness testers. They are types of hardness testers that have a wide-ranging scale, while low forces and a shallow indentation enable the measurement of soft metals and thin materials such as foil. They are also used to measure
small individual parts or small sections of larger samples. INNOVATEST W-500 FALCON 500 Micro/Macro Vickers Hardness Tester Diagram of the Vickers Hardness Testing Method The Vickers measure consists of applying a force (load) onto the test material through a diamond-shaped indenter. The distances between the horizontal and vertical
points of the resulting indentation are used to calculate the indentation size and determine the Vickers measurement. These horizontal and vertical distances must be within 5% of each other. Generally speaking, the smaller the indentation, the harder the material. As Brinell, Vickers has a single scale that measures the indentation created by the
hardened pyramid indenter. Both lengths of the diamond-shaped indentation are measured before the average is calculated to establish the hardness rating. Below, you will see the types of materials and their expected value. 316L stainless steel: 140HV30 347L stainless steel: 180HV30 Carbon steel: 55-120HV5 Iron: 30-80HV5 Martensite: 1000HV
Diamond: 10000HV In the 316L stainless steel (140HV30) reading, you will see it has 3 parts. The 140HV value represents the hardness value, whilst HV represents the measure being used, Hardness Vickers. The final number following HV represents the amount of force applied to the test load. The load is measured in KGF (kilograms of force),
30KGF. Vickers testers are suitable for testing a variety of materials. The indentation produced by the Vickers test is relatively small. This means it is extremely useful in testing the hardness of small items, sections of larger parts, and thin objects, such as foils. An alternative to Vickers, the Knoop hardness test is a microhardness test used
particularly for very brittle materials or thin sheets. The small size and shape of the indenter on these types of hardness testers allow this. The diamond shape is elongated, increasing the surface area of the indentation. This spreads the force out, and a less concentrated force area means the brittle materials are less likely to break under test. Thin
ceramics are an example of this. Diagram of the Knoop Hardness Testing Method The Knoop hardness test uses a rhombohedral-shaped diamond indenter. This is pressed into the polished surface of the test material (100g load) for a specified dwell time. The indentation created is more elongated than the square diamond produced by the Vickers
method. An advantage of the test is that only a small sample of material is required. It is also valid for a wide range of test forces. The main disadvantage is the difficulty of using a microscope to measure the indentation (with an accuracy of 0.5 micrometres) Knoop uses the Vickers scale for its measurements of the indentation created by the
hardened pyramid shape. It measures the length of both diagonals formed on the test surface, and the average calculates the hardness. However, even though it is similar, Knoop uses a slightly different calculation than Vickers. This hardness value is expressed HK for short. Below you will see some readings found in more brittle materials. Dentin: 68
HK Gold foil: 69 HK Tooth enamel: 343 HK Quartz: 820 HK Silicon carbide: 2480 HK Diamond: 7000 HK Although the Knoop method uses the Vickers scale, these types of hardness testers are more suited to measuring objects that are brittle such as ceramics, due to their elongated indenter. Shore hardness testers (shore durometers) are types of
hardness testers used for measuring the hardness of rubbers and plastics. There are generally two further subcategories of Shore hardness types that include Shore A and Shore D. TIME W-TH170 Portable Hardness Tester Diagram of the Shore Hardness Testing Method The Shore hardness instrument works by a spring-loaded steel rod with a
bevelled cone at the tip. The test sample is positioned straight under the bevelled cone. The hardness tester is then pressed against the material until the flat metal plate in the bottom is level with the elastomer sample. There are 12 shore scales, each designed to measure different types of material, depending on their intended use. The scales are A,
B, C, D, DO, E, M, O, 00, 000, O0O0-S, and R. Each scale results in a value between 0 and 100, with higher values indicating a harder material. Scale OO: Bicycle gel seat 15-30 Scale OO: Chewing gum 20 Scale OO: Sorbothane 30-70 Scale A: Rubber band 25 Scale A: Door seal 55 Scale A: Automotive tire tread 70 Scale A: Soft wheels of roller
skates and skateboard 78 Scale A: Hydraulic O-ring 70-90 Scale A: Pneumatic O-ring 65-75 Scale A: Hard wheels of roller skates and skateboard 98 Scale A: Ebonite rubber 100 Scale D: Solid truck tires 50 Scale D: Hard hat (typically HDPE) 75 Scale D: Cast urethane plastic 80 This means the least alterations / impact made from material then the
higher material hardness. Alternatively, lesser resistance to indentation and softer materials. The Webster hardness testing method originated in the United States. It is used in small hand-held devices, where force is applied from a spring-loaded handle. Webster testers are types of hardness testers that are easy and quick to use, with the hardness
result read directly from the indicator with a simple clamp. Innovatest WH-100 Webster Hardness Tester Used commonly for on-site quality inspections, it can test aluminium alloys, brass, copper and soft steel. Although, its primary use is measuring sheet material. The indenter is used to determine the hardness of the material. The depth of the
indenter is 0.01mm, which uses the Wechsler hardness unit (referenced as HW). The full range has only 20 graduations so a typical instrument is limited when testing metallic materials. The Leeb hardness testing method, also known as the Equotip method, was first invented by a swiss company in 1975. This method measures the velocity of rebound
when a carbide ball or diamond-tipped head is propelled onto a surface. W-5310 Leeb hardness tester with external probe Standardised in ASTM A956-17, Leeb hardness testers are suitable for testing larger workpieces, over 5KG. Suitable for use on most metallic materials, the sample must have a prepared, smooth finish for an accurate reading.
Diagram of the Leeb Hardness Testing Method You will find the Leeb method in both Handheld (portable) and Bench (fixed) hardness testers. After taking a reading, the Leeb device will return a value of the rebound velocity, a unit of measure known as HL (hardness Leeb). This value will be read as the hardness rating which is a standard across all
Leeb devices. Leeb calculates the energy loss from an impact, which is equivalent to the measure of that energy loss due to deformation. The impact body rebounds faster from harder samples than the softer ones, resulting in a larger value. It is important to note that some of these types of hardness testers will automatically convert the unit from HL
to one of the more common scales. In this article, we covered the 7 essential types of hardness testers. The most important thing to consider is the scale of hardness most suited to your material. For example,- If you are using harder materials, such as metals then Rockwell hardness testers are used- Brinell is best for coarse surface structure, such as
castings and forgings.- Vickers can measure small individual parts or small sections of larger samples.- Knoob testers spread the force and can be used on more brittle materials, such as thin ceramics.- For plastics or rubbers, Shore hardness may be a good choice: Webster testers are used to measure sheet material- Leeb hardness testers are good for
not permanently damaging the surface of what you’re measuring. However you must have a smooth solid surface with sufficient mass and thickness to prevent reverberation of the sample With over 70 years of experience, Wilson-Garner is your trusted global supplier of American-made, limited-run fasteners. We can manufacture the custom bolts,
screws, and studs you need for your project. Contact Us We specialize in the limited-run production of cold-formed, externally-threaded fasteners made from carbon or alloy steel. Our production process ensures you get exactly the per spec fastener you need, the first time. Placebolts Self-locking bolts available in any size and in any quantity. Special
Fasteners Limited-run quantities of non-standard fasteners are our specialty. Military Products Custom bolts, screws, and studs for military service part applications. Screws Limited-run quantities of custom screws, made right the first time. Studs Custom carbon or alloy steel studs manufactured in small quantities. Wheel Studs The strength and
durability you need from cold-formed wheel studs. Whether you're looking for a manufacturer-specific or per-blueprint product, Wilson-Garner supplies test bolts, nuts, and washers for torque-tension and bearing surface testing of locknuts, coatings, and adhesive patches. All products are American-made, certified, and completely traceable by lot, and
can be manufactured to meet testing specifications of top brands like Ford, General Motors, John Deere, Chrysler, and more. Learn More Wilson-Garner Company specializes in limited-run quantities of hard-to-find parts for a range of industries, including: Automotive Proudly serving the automotive industry for 70 years and counting. Oil & Gas Per
spec fasteners that stand up to rugged oil & gas environments. Military Serving direct-to-military and military suppliers with QSLM approved parts. Heavy Machinery The durable, custom fasteners you need for your heavy machinery applications. For over 50 years, Wilson-Garner has featured American-made bolts, screws, and studs, all manufactured
at our plant in Harrison Township, Michigan. Because we make our custom fasteners ourselves, we are confident in their quality — and our customers are too. Learn More Have questions about custom fasteners, the manufacturing process, or industry-specific solutions? Get answers. If you've ever spent time looking at different screw and bolt
heads,... In the fastener world, you’ll often hear terms like proof load, yield... When it comes to screws, bolts, and other threaded fasteners, precision and... Measure of a material's resistance to localized plastic deformation Not to be confused with Hardiness. "Softness" redirects here. For other uses, see Soft (disambiguation) and Hard
(disambiguation). In materials science, hardness (antonym: softness) is a measure of the resistance to localized plastic deformation, such as an indentation (over an area) or a scratch (linear), induced mechanically either by pressing or abrasion. In general, different materials differ in their hardness; for example hard metals such as titanium and
beryllium are harder than soft metals such as sodium and metallic tin, or wood and common plastics. Macroscopic hardness is generally characterized by strong intermolecular bonds, but the behavior of solid materials under force is complex; therefore, hardness can be measured in different ways, such as scratch hardness, indentation hardness, and
rebound hardness. Hardness is dependent on ductility, elastic stiffness, plasticity, strain, strength, toughness, viscoelasticity, and viscosity. Common examples of hard matter are ceramics, concrete, certain metals, and superhard materials, which can be contrasted with soft matter. A Vickers hardness tester There are three main types of hardness
measurements: scratch, indentation, and rebound. Within each of these classes of measurement there are individual measurement scales. For practical reasons conversion tables are used to convert between one scale and another. Main article: Scratch hardness Scratch hardness is the measure of how resistant a sample is to fracture or permanent
plastic deformation due to friction from a sharp object.[1] The principle is that an object made of a harder material will scratch an object made of a softer material. When testing coatings, scratch hardness refers to the force necessary to cut through the film to the substrate. The most common test is Mohs scale, which is used in mineralogy. One tool
to make this measurement is the sclerometer. Another tool used to make these tests is the pocket hardness tester. This tool consists of a scale arm with graduated markings attached to a four-wheeled carriage. A scratch tool with a sharp rim is mounted at a predetermined angle to the testing surface. In order to use it a weight of known mass is added
to the scale arm at one of the graduated markings, the tool is then drawn across the test surface. The use of the weight and markings allows a known pressure to be applied without the need for complicated machinery.[2] Main article: Indentation hardness Indentation hardness measures the resistance of a sample to material deformation due to a
constant compression load from a sharp object. Tests for indentation hardness are primarily used in engineering and metallurgy. The tests work on the basic premise of measuring the critical dimensions of an indentation left by a specifically dimensioned and loaded indenter. Common indentation hardness scales are Rockwell, Vickers, Shore, and
Brinell, amongst others. Rebound hardness, also known as dynamic hardness, measures the height of the "bounce" of a diamond-tipped hammer dropped from a fixed height onto a material. This type of hardness is related to elasticity. The device used to take this measurement is known as a scleroscope.[3] Two scales that measures rebound hardness
are the Leeb rebound hardness test and Bennett hardness scale. Ultrasonic Contact Impedance (UCI) method determines hardness by measuring the frequency of an oscillating rod. The rod consists of a metal shaft with vibrating element and a pyramid-shaped diamond mounted on one end.[4] Main article: Hardening (metallurgy) There are five
hardening processes: Hall-Petch strengthening, work hardening, solid solution strengthening, precipitation hardening, and martensitic transformation. Diagram of a stress-strain curve, showing the relationship between stress (force applied per unit area) and strain or deformation of a ductile metal In solid mechanics, solids generally have three
responses to force, depending on the amount of force and the type of material: They exhibit elasticity—the ability to temporarily change shape, but return to the original shape when the pressure is removed. "Hardness" in the elastic range—a small temporary change in shape for a given force—is known as stiffness in the case of a given object, or a
high elastic modulus in the case of a material. They exhibit plasticity—the ability to permanently change shape in response to the force, but remain in one piece. The yield strength is the point at which elastic deformation gives way to plastic deformation. Deformation in the plastic range is non-linear, and is described by the stress-strain curve. This
response produces the observed properties of scratch and indentation hardness, as described and measured in materials science. Some materials exhibit both elasticity and viscosity when undergoing plastic deformation; this is called viscoelasticity. They fracture—split into two or more pieces. Strength is a measure of the extent of a material's elastic
range, or elastic and plastic ranges together. This is quantified as compressive strength, shear strength, tensile strength depending on the direction of the forces involved. Ultimate strength is an engineering measure of the maximum load a part of a specific material and geometry can withstand. Brittleness, in technical usage, is the tendency of a
material to fracture with very little or no detectable plastic deformation beforehand. Thus in technical terms, a material can be both brittle and strong. In everyday usage "brittleness" usually refers to the tendency to fracture under a small amount of force, which exhibits both brittleness and a lack of strength (in the technical sense). For perfectly
brittle materials, yield strength and ultimate strength are the same, because they do not experience detectable plastic deformation. The opposite of brittleness is ductility. The toughness of a material is the maximum amount of energy it can absorb before fracturing, which is different from the amount of force that can be applied. Toughness tends to
be small for brittle materials, because elastic and plastic deformations allow materials to absorb large amounts of energy. Hardness increases with decreasing particle size. This is known as the Hall-Petch relationship. However, below a critical grain-size, hardness decreases with decreasing grain size. This is known as the inverse Hall-Petch effect.
Hardness of a material to deformation is dependent on its microdurability or small-scale shear modulus in any direction, not to any rigidity or stiffness properties such as its bulk modulus or Young's modulus. Stiffness is often confused for hardness.[5][6] Some materials are stiffer than diamond (e.g. osmium) but are not harder, and are prone to
spalling and flaking in squamose or acicular habits. A representation of the crystal lattice showing the planes of atoms The key to understanding the mechanism behind hardness is understanding the metallic microstructure, or the structure and arrangement of the atoms at the atomic level. In fact, most important metallic properties critical to the
manufacturing of today’s goods are determined by the microstructure of a material.[7] At the atomic level, the atoms in a metal are arranged in an orderly three-dimensional array called a crystal lattice. In reality, however, a given specimen of a metal likely never contains a consistent single crystal lattice. A given sample of metal will contain many
grains, with each grain having a fairly consistent array pattern. At an even smaller scale, each grain contains irregularities. There are two types of irregularities at the grain level of the microstructure that are responsible for the hardness of the material. These irregularities are point defects and line defects. A point defect is an irregularity located at
a single lattice site inside of the overall three-dimensional lattice of the grain. There are three main point defects. If there is an atom missing from the array, a vacancy defect is formed. If there is a different type of atom at the lattice site that should normally be occupied by a metal atom, a substitutional defect is formed. If there exists an atom in a
site where there should normally not be, an interstitial defect is formed. This is possible because space exists between atoms in a crystal lattice. While point defects are irregularities at a single site in the crystal lattice, line defects are irregularities on a plane of atoms. Dislocations are a type of line defect involving the misalignment of these planes. In
the case of an edge dislocation, a half plane of atoms is wedged between two planes of atoms. In the case of a screw dislocation two planes of atoms are offset with a helical array running between them.[8] In glasses, hardness seems to depend linearly on the number of topological constraints acting between the atoms of the network.[9] Hence, the
rigidity theory has allowed predicting hardness values with respect to composition. Planes of atoms split by an edge dislocation Dislocations provide a mechanism for planes of atoms to slip and thus a method for plastic or permanent deformation.[7] Planes of atoms can flip from one side of the dislocation to the other effectively allowing the
dislocation to traverse through the material and the material to deform permanently. The movement allowed by these dislocations causes a decrease in the material's hardness. The way to inhibit the movement of planes of atoms, and thus make them harder, involves the interaction of dislocations with each other and interstitial atoms. When a
dislocation intersects with a second dislocation, it can no longer traverse through the crystal lattice. The intersection of dislocations creates an anchor point and does not allow the planes of atoms to continue to slip over one another[10] A dislocation can also be anchored by the interaction with interstitial atoms. If a dislocation comes in contact with
two or more interstitial atoms, the slip of the planes will again be disrupted. The interstitial atoms create anchor points, or pinning points, in the same manner as intersecting dislocations. By varying the presence of interstitial atoms and the density of dislocations, a particular metal's hardness can be controlled. Although seemingly counter-intuitive,
as the density of dislocations increases, there are more intersections created and consequently more anchor points. Similarly, as more interstitial atoms are added, more pinning points that impede the movements of dislocations are formed. As a result, the more anchor points added, the harder the material will become. Careful note should be taken of
the relationship between a hardness number and the stress-strain curve exhibited by the material. The latter, which is conventionally obtained via tensile testing, captures the full plasticity response of the material (which is in most cases a metal). It is in fact a dependence of the (true) von Mises plastic strain on the (true) von Mises stress, but this is
readily obtained from a nominal stress - nominal strain curve (in the pre-necking regime), which is the immediate outcome of a tensile test. This relationship can be used to describe how the material will respond to almost any loading situation, often by using the Finite Element Method (FEM). This applies to the outcome of an indentation test (with a
given size and shape of indenter, and a given applied load). However, while a hardness number thus depends on the stress-strain relationship, inferring the latter from the former is far from simple and is not attempted in any rigorous way during conventional hardness testing. (In fact, the Indentation Plastometry technique, which involves iterative
FEM modelling of an indentation test, does allow a stress-strain curve to be obtained via indentation, but this is outside the scope of conventional hardness testing.) A hardness number is just a semi-quantitative indicator of the resistance to plastic deformation. Although hardness is defined in a similar way for most types of test - usually as the load
divided by the contact area - the numbers obtained for a particular material are different for different types of test, and even for the same test with different applied loads. Attempts are sometimes made[11][12][13][14][15] to identify simple analytical expressions that allow features of the stress-strain curve, particularly the yield stress and Ultimate
Tensile Stress (UTS), to be obtained from a particular type of hardness number. However, these are all based on empirical correlations, often specific to particular types of alloy: even with such a limitation, the values obtained are often quite unreliable. The underlying problem is that metals with a range of combinations of yield stress and work
hardening characteristics can exhibit the same hardness number. The use of hardness numbers for any quantitative purpose should, at best, be approached with considerable caution. Related properties Hot hardness Hardness comparison Hardness of ceramics Toughness Other strengthening mechanisms Grain boundary strengthening Precipitation
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testing." Mechanical testing and evaluation, ASM Online Vol. 8. Look up hardness in Wiktionary, the free dictionary. An introduction to materials hardness Guidelines to hardness testing Archived 2021-02-25 at the Wayback Machine Testing the Hardness of Metals Retrieved from " Hardness tests are used to check how well a material can resist
indentation, scratching, or wear. There are several types of hardness tests, and each one uses a different method to measure how hard a material is. These tests help in selecting materials for tools, machines, and parts that must resist damage. The most common types of hardness tests are Brinell, Rockwell, Vickers, Mohs, and Knoop tests. Each test
uses a different indenter shape and load. The choice of test depends on the material type, its thickness, and the accuracy needed. These tests are very important in mechanical engineering and quality control. Detailed Explanation: Hardness is the property of a material that shows how well it can resist indentation, scratching, or deformation.
Hardness testing is a common method used in mechanical engineering to measure the strength and wear resistance of materials. Different methods are used based on the type of material and how precise the results need to be. Each test works by pressing a hard object (called an indenter) into the surface of the test material and measuring the size or
depth of the indentation. Let’s understand the major types of hardness tests in detail. Brinell Hardness Test (BHN) This test uses a steel or tungsten carbide ball as an indenter. A large load is applied for a fixed time. After removing the load, the diameter of the indentation left on the material is measured. The Brinell test is mostly used for soft to
medium-hard metals like cast iron, aluminum, and copper alloys. It is not suitable for very hard or thin materials. Advantages: Simple to perform Good for rough and uneven surfaces Limitations: Leaves a large mark Not accurate for small parts Rockwell Hardness Test (HR) This is a very popular and fast test. It uses either a steel ball or a diamond
cone (called Brale) as an indenter. The machine directly gives the hardness value based on the depth of penetration. There are different Rockwell scales (like A, B, C) for different materials. Rockwell C scale (HRC) is commonly used for hard steels, while Rockwell B (HRB) is used for softer materials. Advantages: Quick results Easy to operate Small
indentation Limitations: Not very accurate for thin or soft materials Needs smooth and clean surfaces Vickers Hardness Test (VHN or HV) Uses a diamond pyramid-shaped indenter. The test can be used for very thin materials and coatings. After applying the load, the size of the square-shaped indentation is measured under a microscope. Advantages:
Very accurate and precise Works well for small or thin parts Can be used for a wide range of materials Limitations: Needs a microscope to measure Takes more time compared to Rockwell This is a simple scratch test used mainly for minerals. Materials are ranked on a scale of 1 to 10 based on their ability to scratch one another. For example, talc has
a hardness of 1, and diamond has a hardness of 10. Advantages: Very simple and easy No special tools needed Limitations: Not precise Only gives relative hardness Uses a very small diamond-shaped indenter. It is mostly used for very thin materials, coatings, and micro-parts. The shape of the indentation is measured using a microscope. Advantages:
Good for thin films and small components Useful for precise laboratory work Limitations: Needs microscope and careful measurement Not used for large parts How to Choose the Right Hardness Test The choice of test depends on: Material type (metal, plastic, mineral) Thickness of the sample Size of the part Required accuracy Surface condition For
example: Use Brinell for rough and heavy parts. Use Rockwell for quick testing of metals. Use Vickers or Knoop for small, thin, or delicate parts. Use Mohs for checking minerals or gemstones. Conclusion Hardness tests are important tools in mechanical engineering to check how strong and wear-resistant a material is. There are different types of
tests like Brinell, Rockwell, Vickers, Mohs, and Knoop. Each test has its own method, tools, and uses. Choosing the right test helps engineers and manufacturers ensure that the material selected will perform well under real-life conditions. Hardness testing also helps in quality control, material comparison, and safety assurance in product design.
Hardness, strength, and toughness are important properties expected in metals and other materials. One or more of these properties will determine their suitability for a specific application.Stress is the measure of the force that is acting on an object. Stress in a material can be distinguished by the direction in which forces act relative to the material,
which could be compressive, tensile, or shear. A strain of a material is a measure of the degree to which it has deformed relative to its original dimensions.Well, in this reading, we’ll explore what hardness, toughness, and strength of a material are. We’ll also explore the differences between the material properties.Let’s get started!Learn about
material creep with this guide!What is Hardness?In general terms, hardness is the ability of a material to withstand friction. It’s well-known and uses abrasion resistance. The hardness of a material is a measure of its ability to resist localized deformation.This deformation in most cases is brought about by abrasion (friction forces) or indentation
(constant lateral mechanical forces).A diamond has a unique characteristic of hardness, and it’s known as the hardest substance on earth and incredibly difficult to scratch. In an industrial world or infrastructure, it is rare to use it in important applications that require hardness.However, diamond-tipped drill bits are incredibly common and available
in various sizes, including the ones for handheld drills used for drilling in metals and solid rock.On a subatomic level, hardness is determined by the strength of intermolecular bonds. Although there are also a couple of things that come into play. However, the hardness of a material is not responsible for resisting the application of a large amount of
force.Let’s take, for instance, despite the hardness of a diamond, it can easily be shattered with a sledgehammer. This is where we can differentiate hardness from toughness.You should also learn about residual stress with this guide!What is Toughness?Toughness is the ability to measure the amount of force a material can absorb without fracturing.
A material like metal, plastic, or wood can undergo a certain amount of force before it fractures, which means when the material will completely fail. With this, the material can undergo elastic deformation, or deformation that allows it to return to its original form without fracturing. In a situation where a material deforms before fracturing, it means
it’s ductile. This is to say a ductile material can also be considered as tough.In addition, the toughness of a material can be determined by its ductility and strength. A good example of toughness is metals and foams being equal in terms of toughness. The materials are extremely different in behavior in terms of stress and strain, but they have similar
yield points.Metals can only withstand a very small amount of deformation before they fracture and might require a huge amount of force before they deform. On the other hand, foams will deform with a normal amount of compression force but will only fail at the same amount of force as metals.Rubber is unique in terms of toughness, as it has
enough strength to withstand a good amount of force before it deforms, and it does not suddenly fail upon deformation. Rubbers have both strength and ductility, which makes them a unique, tough material. Now, let’s get to understand the term strength.Learn about What is Flexural Modulus? its FormulaWhat is Strength?Strength is the amount of
force a material can contain to resist deformation. This is to say, the higher the force required to change the shape of a material, the stronger the material. Among the above-listed properties of materials like metals, wood, rubbers, etc.Strength is probably the most complex. It can also be said to be the measure of the amount of force an object can
withstand before it undergoes plastic deformation. It can also undergo a deformation that is non-reversible, which is also known as unrecoverable strain.That is, a material that has undergone plastic deformation will no longer return to its original form even after the stress is removed. For instance, steel is difficult to pull apart, which means it has
high strength. But it’s not strong at all as it can quickly deform into all sorts of shapes with very little force.The difference between strength and toughness is that toughness measures the force needed for a material to completely fail. Whereas strength is only the amount of force a material requires to reach plastic deformation.In some situations, like
a very brittle material such as ceramic, strength and toughness play an important role as they practically overlap.However, there are different types of material strength, which brought about the types of stress a material can experience. So, a material can have a unique value of compressive strength and tensile strength.This depends on the
material’s ability to withstand compressive stress or tensile stress. Furthermore, all materials have their own shear strength, which measures the ability to withstand shear stress before undergoing a sliding failure.LLearn about The 23 Different Types of Metals and Their Uses with this detailed guide!Stress and Strain Stress is the measure of the force
that is acting on an object. Stresses are distinguished by the direction in which forces act relative to the material, which could either be compressive, tensile, or shear. Compressive stress is stress that acts in longitudinal directions to compress the object.While tensile stress is the exact opposite, acting to expand the object. Torsional stress is different
as it’s the result of forces acting in opposite directions that serve to twist or provide torsional loading.On the other hand, the strain of a material is a measure of the degree to which it has deformed relative to its original dimensions. For instance, when a material undergoing stress from any direction is bound to respond to the stress by either



deforming or outright failing.Engineers and scientists were able to predict the reaction of materials when subjected to forces at different levels. This has also allowed the classification of materials based on their material properties, which may include brittleness, ductility, elasticity, hardness, toughness, and strength.Learn about plastic with this
detailed guide!The difference between Hardness, Toughness, and StrengthThe difference between hardness, toughness, and strength is explained above, but in brief, we can quickly say hardness is the ability of a material to resist friction, while toughness is the ability to measure the amount of force a material can absorb without fracturing.Finally,
strength is the amount of force a material can contain to resist deformation. Here is a table showing the key differences between hardness, toughness, and strength:PropertyHardnessToughnessStrengthDefinitionResistance of a material to deformation, particularly permanent deformation, scratching, cutting, or abrasion.Ability of a material to absorb
energy and plastically deform without fracturing.Maximum stress a material can withstand while being stretched or pulled before breaking.MeasurementMeasured by indentation hardness tests (e.g., Mohs, Rockwell, Vickers, Brinell scales).Measured by the amount of energy absorbed before failure (e.g., Charpy or Izod impact tests).Measured by
stress-strain tests, yielding ultimate tensile strength or compressive strength values.IndicationIndicates how resistant the material is to surface deformation.Indicates how well the material can absorb energy and deform plastically.Indicates the maximum load-bearing capacity of the material.Importancelmportant for wear resistance applications (e.g.,
cutting tools, abrasion-resistant surfaces).Important for impact resistance and energy absorption applications (e.g., crash components, protective gear).Important for load-bearing applications (e.g., structural components, bridges, buildings).ExamplesDiamonds (very hard, high resistance to scratching), hardened steel.Rubber (high toughness, able to
absorb significant energy), metals like titanium and stainless steel.Steel (high tensile strength, used in construction), carbon fiber composites.Behavior Under StressHard materials resist deformation but can be brittle and crack under high stress.Tough materials absorb energy and deform before breaking, offering resistance to fracture.Strong
materials withstand high stress and load without failing, often until a point of fracture.Typical Testing MethodsHardness tests (Rockwell, Vickers, Mohs scale).Impact tests (Charpy, Izod).Tensile tests, compressive tests.ApplicationsCutting tools, wear-resistant coatings, armor plating.Automotive parts, aerospace components, safety
equipment.Bridges, buildings, load-bearing components, cables.L.earn about tensile test with this detailed guideConclusionToughness, hardness, and strength are fundamental mechanical properties that determine how materials respond to various forces. While they may seem similar, each describes a unique behavior:Toughness reflects a material’s
ability to absorb energy and deform without breaking.Hardness measures resistance to surface indentation or abrasion.Strength defines how much load or stress a material can withstand before failure.Understanding the difference between these properties is essential for material selection, engineering design, and failure analysis in manufacturing
and construction.You should also learn about powder metallurgy with this detailed guide!FAQs on Toughness, Hardness, and StrengthWhat is toughness in a material?Toughness is the ability of a material to absorb energy and plastically deform without fracturing. It represents a balance between strength and ductility. What is hardness in materials?
Hardness is a measure of how resistant a material is to scratching, denting, or surface wear. It is often tested using Mohs, Brinell, Rockwell, or Vickers scales.What is strength of materials?Strength is the material’s ability to resist deformation or failure under an applied force. It includes:Tensile strength (resistance to being pulled apart)Compressive
strength (resistance to being squashed)Shear strength (resistance to sliding forces)Can a material be hard but not tough?Yes. For example, glass is hard (resists scratches) but not tough (breaks easily on impact).Which materials are known for high toughness?Mild steelRubberCertain compositesTitanium alloysWhy is it important to distinguish
between these properties?Different applications require different properties:Hardness for cutting toolsToughness for impact resistanceStrength for load-bearing structuresHow are these properties tested?Toughness: Charpy or Izod impact testsHardness: Rockwell, Brinell, or Vickers testsStrength: Universal testing machine (UTM) for stress-strain
analysis The hardness of a material is its quality to withstand localized deformation. This mechanical property is important when suitable material is needed for a specific environment where material wear can occur.In practice, the wrong material in your project can lead to a disastrous effect, especially for larger projects. This is because hard
materials have a higher chance of resisting indentations while soft materials suffer indentations. Hence, it is important to evaluate the hardness of the material you intend to use for your project before embarking on production. To understand material hardness, its measurement, and the comparison of different units, we have curated the most
comprehensive article on material hardness.Read on to learn more about material hardness.What is Material Hardness?Material’s hardness is the measure of its resistance to localized permanent deformation. In other words, permanent hardness is known as plastic deformation. This means that the material can withstand external force without
indentation, penetration, and deformation.For the benefit of understanding, an elastic deformation means that a material can only change its shape when a force is applied. On the other hand, a resulting plastic deformation means the material fails to return to its original form.Types of Material HardnessSince all materials used in CNC machining
behaves differently under different condition, machinist categorizes hardness into three types. The value of the hardness of all materials falls under these three types. They include:Scratch HardnessIndentation HardnessDynamic or Rebound HardnessvV Scratch HardnessThis involves the ability of a material to withstand scratches on the surface when
exposed to external forces. Scratches are continuous narrow indentations on the material’s surface due to contact with harder or sensitive materials.A Scratch test is used for brittle material to confirm if the material in question possesses scratch hardness. Your material choice depends on its use. If its usage is in an environment where more rigid
materials will brush through the surface on one another, then a harder material should be considered. The use of soft scratch hardness material may be disastrous on a long-term basis. The long-term effect of this is that the material loses its smooth surface, which may affect the overall functionality of the machine. To avoid this, a scratch hardness is
performed to test if the selected materials can withstand frictions in the environment of use.v Indentation HardnessIndentation hardness is a type of hardness that refers to the resistance of materials to permanent deformation when you subject them to a continuous load. It involves indenting the test material with a continuous load until it forms an
impression. To perform this type of test, you can use both the microscopic and macroscopic scales based on the use and nature of the material.In practice, when machinist refers to hardness, they talk about indentation hardness. The measurement of a material’s indentation value helps understand the amount of load it can carry before it deforms.v
Dynamic or Rebound HardnessDynamic or rebound hardness is more elastic hardness other than plastic hardness. In the contest of elastic hardness, a material does not deform permanently. What happens is that they lose shape when you apply external force. Once you remove the external pressure you applied, the material gains its original form.
This is different from the case of plastic deformation, in which material cant regain its original shape.Here, machinists make use of an indenter to test material for rebound hardness. This is because it is the material to absorb the energy on impact while returning it to the indenter. So, the material’s hardness is then compared with that of the hardness
of the indenter. A way to do this is by dropping a diamond-tipped hammer on the material to measure your material’s rebound or dynamic hardness. Note that the material’s rebound hardness is high if the hammer returns closer to the original dropping height. On the other hand, if the hammer does not return closer to the dropping height, the
material’s rebound hardness is low.Different Forms of Hardness UnitsThis section of this article will help you eliminate the confusion in the measurement of hardness. It involves the use of different measurements with their SI units. Other types of hardness explained in the previous section have a different scale of measuring hardness. While the SI
units are derived from different measurement techniques, they are not suitable for direct comparison.Hence, the method of measurement of scratch, rebound, and indentation hardness varies. For example, Brinell, Knoop, Meyer, Rockwell, and Leeb’s hardness values are different for material. While these units are derived from other measurement
techniques, they are not suitable for direct comparison. However, there is a conversion table that you can use for comparison between different means of measurements.There are varieties of units for the measurement of hardness; they include:Rockwell HardnessBrinell Hardness TestVickers Hardness TestScleroscope TestMohs Hardness TestKnoop
Hardness TestCase Depth Hardness TestMeasuring Material Hardnessv Rockwell Hardness TestRockwell Hardness test features over 30 different scales to choose from: hence you can select any suitable one for your material. The most commonly used scale for this type of test is “B” and “C.”The test involves the application of a minor load before the
application of the testing load. The essence of the nominal load is to fix the indenter into test samples to eliminate all forms of irregularities on the material’s surface. This will help to achieve a more accurate result during the test process.Next is the application of the major load to create an impression on the material. The impression is then
measured to determine the hardness. This is done by calculating the hardness value via the increased indent dimension using the formula below:Where,N is the scale factor based on the scale usedd is permanent indentation depth in comparison to minor load (mm)s is the scale factor based on the scale usedv Brinell Hardness TestThis test is one of
the most widely accepted hardness tests used by a machinist. Here a ball of 10mm is used as an indenter to make an impression on the material to help calculate its Brinell hardness value. The ball is held in place for a few seconds, usually 30 seconds, while a force is applied. The force you will apply depends on the test material.In practice, the
standard load of 3000kg is used and can be reduced to 500 kilograms for softer materials. For harder materials, tungsten carbide can be used to prevent the distortion of the ball. In such a case, the hardness unit HB will be converted to HBW to notify the use of tungsten.Once the indenter is removed, the dent is observed with a low-power
microscope. Then the size is calculated by measuring at right angles. It is calculated as follows:Where,F is force, ND is the diameter of the indenter, (mm)d is the indentation diameter, mmv Vickers Hardness TestVickers test is another way of measuring material hardness. It is suitable for softer materials that require fewer loads. It is most accurate
for soft materials.To do this, place the part onto the machine while the microscope is used to find the suitable height. The correct place is determined using the images. The diamond indenter is made in the form of a four-sided pyramid. The machine reaches the predefined force value after touching the part. While it stays at the same load for a
certain time, the measuring of the indentation takes place. It is calculated as follows:Where,F is Force, Nd is indentation diagonal, mmv Scleroscope TestThis is a device used to measure the dynamic or rebound hardness of a material. The device features a hollow vertical glass tube connected to a stand. A diamond is dropped onto the material
through this tube while the bounce of the hammer is recorded. The bounce for a soft metal is lower as a portion of the impact energy is exhausted in creating a dent in the material. The hardness is measured with the shore unit as the glass tube has a gradient to measure the bounce height.v Mohs Hardness TestThis is a test for the scratch hardness
of a material. To do this, a numerical value is given to the material based on the test result. This test uses ten reference materials featuring varying hardness in the form of a scale. The softest material used is Talc with a value of 1, while the hardest material is diamond with 10. Please note that the Moh’s scale lacks accuracy, and it gives a rough
estimate of hardness.v Knoop Hardness TestThis test is otherwise known as the microhardness test method used for thin sections or small parts. This test specifies a range of light loads using a diamond indenter. This indenter is used to make an indentation that can be measured and converted to a hardness value. It is applicable in testing a wide
variety of materials as long as they are carefully prepared.v Case Depth Hardness TestCase depth means the thickness of the hardened layer on a specimen. Also, case hardening help to improve both the fatigue strength and wear resistance of material under thermal or dynamic stresses. Hence, a case depth test involves performing a range of
hardness impressions from the edge of the test material towards the center. The distance from the surface straight to the hardness limit is calculated from the harness progression plotted on a graph.Consideration For Hardness TestFor an effective hardness test, the following should be considered:Test loadHard material may require a test load of
3,000 kg, while soft materials will only need a test load of 500kgf. The higher the load used, the higher the accuracy of the testRange of HardnessThis factor dictates the test material of the indenter. For example, if you are working on a Hardness material of over 650 HB/30, a diamond indenter is needed. For an object with a value less than this, steel
or hard metal indenter is effective.Level of AccuracyThis depends on the surface to be tested. Consider factors such as texture, cleanliness, roughness, and many more of the surface material. The adaptability of the deviceThe size and shape of the test material should be considered when selecting a hardness tester.ConclusionAcross varieties of
industries, including aerospace, auto manufacturing, construction, oil, and gas, to name but a few, testing the hardness of the material is very important. This is to ensure the material to be used will not critically fail down the line over time. Hence, a proper material hardness test is of utmost importance to determine the most suitable material for
your project. Based on our experience, we offer varieties of hardness tests to help achieve your long-term goal. Request a quote today - we a just a step away! Hardness is the resistance with which a material opposes the penetration of another (harder) body or simply says the resistance to deformation (scratching, indentation, and cutting for
example) applied in a local area. Hardness cannot be calculated directly. It is derived from primary measured variables (e.g. testing force, penetration depth, area of impression. Hardness based on its type is both non-destructive testing and destructive testing. Hardness testing such as Vicker & Rockwell hardness requires the test surface to be
prepared by fine polishing to measure the accurate indentation size & hence the material need to be destroyed- So, one can consider it Destructive Testing. A portable hardness tester (Brinell hardness) can be performed on the actual job with minimal surface preparation can be considered as a Non-Destructive Testing type of hardness. Hardness
testing is a quantitative test method. In metallurgical science, the hardness value of a material is directly related to the type of microstructure. Ferrite is softer while martensitic is a hard microstructure. In industries and laboratories, myriad types of hardness testing are performed to meet different sectors, code & standards, and experiments
demands. The main types of hardness tests are given in the below picture. What is Mohs Hardness Test? Mohs hardness was first invented by Friedrich Mohs (German mineralogist). Mohs Hardness is more like a comparative hardness test where the material is compared for indentation against a known material or hardness value. 10 minerals are
ranked on the Mohs scale from low hardness to high hardness from 1 to 10 as shown in the below picture. Mohs hardness is not suitable for engineering fields as the hardness of engineering materials is quite high. Hardness measurement in Mohs hardness test is done in macro, micro, or nano-scale hardness levels using Mohs Hardness tester. Unit of
Mohs hardness is the number 1 to 10 as it is a qualitative test only. What is Brinell Hardness Test? In Brinell Hardness Test, an indenter, a ball made of carbide metal (formerly hardened steel) with diameter D, is pressed in the test object surface and the diameter ‘d’ of the indentation is measured followed the test object force removal. Brinell
hardness HB (according to standard HBW) is proportional to the quotient of the testing force and the surface of the indentation. The Brinell Hardness test has a limitation of the application to a maximum Brinell hardness of 650 HBW. The unit of Brinell hardness ins HB. The Brinell hardness tester is used for testing various materials using different
test loads and indentor ball diameters. See also Scanning Electron Microscope (SEM)In America, the Brinell test using a 100 mm diameter indentor with a load of 3000 Kg is used for hardness testing on steel & iron casting while the aluminum load used is 1500 Kg. Soft materials such as copper and its alloys- Brass & bronze are tested using a 5 -10
millimeters diameter indentor with a 500 Kg load. The Brinell tests are reported as “75 HB 5/1000/20” which means a Brinell Hardness of 75 was achieved using a 5 millimeters diameter ball with a 1000 kg load applied for 20 seconds. What is Rockwell Hardness Test? In the Rockwell Hardness test, The indenter - a diamond cone with a rounded tip
or a steel sphere - is pressed into the test piece in two stages. A minor load of 10 kg at first is applied to make starting indentation and to prevent errors due to surface roughness. After that dial is set to Zero and main load is applied to make the indentation. Next, main load is removed & indentation measurement is taken. Note- first load is still not
removed at this stage. The remaining penetration depth tb of this indenter is determined under certain conditions. Rockwell hardness is derived from the penetration depth tb. Hardness after ROCKWELL is reverse proportional to the penetration depth. Low penetration depths mean high levels of hardening, while high penetration depths are
characteristic of soft materials. The test principle of the Rockwell hardness test is shown in the below figure. The Unit of Rockwell hardness is HRC. The indentor in Rockwell Hardness is either a steel ball or a spherical diamond-tipped cone having an angle of 120° & 0.2 millimeters tip radius, known as Brale. Rockwell Testing uses Rockwell Scale for
hardness such as A, B & C. B Scale means the indentor used is a Ball while in Scale A & C diamond indentor is used. If you see a hardness value reported as 60 HRB, it’s, means the material has a Rockwell hardness of 60 on the B scale, similarly, 60 HRC means the material has a Rockwell hardness of 60 on the C scale. Different Rockwell Hardness
Testing scales are given in the below picture. Scale A is used for very hard materials such as cemented carbides, case hardened material, B & C scale for steel, copper, aluminum, etc, while Scale K to V is for soft materials. What is Vicker Hardness Test? The Vickers test runs by pressing a small diamond pyramid of known geometry into a sample with
a known load (generally grams or kilograms force, yes those actually have a use) and then measuring the resultant indent to determine its depth. See also ASTM B117 Salt Spray TestThis depth and force can be plugged into a Vickers hardness equation to determine the hardness of the material. In hardness testing, the smaller the indentation, the
harder the surface of a material as shown in the below diagram. Here, sample A has a small indentation compared to samples B & C. So, sample A is the hardest & sample C is the softest material. What is Rockwell Superficial Hardness Test? This hardness test type is used for thin sheet materials or components prone to bend or wrap due to normal
hardness testing conditions. Rockwell Superficial Hardness Tester uses a regular Rockwell indentor but under reduced test load. The value of the first load (minor) is 3 KG and the second stage load is 15 or 45 Kg based on the type of indentor. In the Rockwell Superficial Hardness Test letter ‘T’ is added to the hardness value where T means thin
material testing. For example- a hardness value of 25 HR20T means the superficial hardness is 25, a test load of 15 kgs & a steel ball indentor was used. What is wet chemical analysis of metals? What is Vickers and Knoop Microhardness Tests? Both Vickers and Knopp Microhardness tests are used for hardness testing of thin materials, thin-film
coatings hardness on the case hardened material surfaces. Both the tests use a diamond pyramid-shaped indentor & these shape is the only differentiating factors among these two tests. A square diamond pyramid indentor is used in the Vickers microhardness test while the Knoop hardness test uses a rhombic-shape (diagonal ratio 7.114:1) pyramid
indenter. Vicker hardness indentor has a sharp tip and should not be used for brittle materials otherwise they can result in brittle fracture due to concentrated load. Knopp Hardness indentation is shallower than Vicker. The below picture shows the indentor type for Knoop, Vicker, Brinell, and Rockwell hardness test. The test load is applied in the
range of 10 grams to 1 kilogram which is quite lower than the load values applied in the Vicker Macro Hardness test (48 KG). See also Weld Testing Methods & Welding Test Types (with PDF)Microhardness testing is carried out at higher magnification (up to 1000X) compared to macro hardness testing as the size of indentation is much smaller
compared to the former one. The advance micro hardness testers do not anymore require reading hardness values from the chart. The indentation dimensions measurements are carried out on the machine and locked using a switch and the machine gives the direct reading for the corresponding hardness value. The units for Vicker hardness is HV and
for Knoop Hardness in HK. For example- you may see a Knoop microhardness value as 3000HK25, which means 3000 Knoop Hardness at 25 grams load. What is Scleroscope and Rebound Hardness Tests? The Scleroscope test works by releasing a diamond tip hammer from a fixed height on the test surface through a glass tube under its own weight.
The hammer rebound after strike and rebound height is measured on a graduated scale. The scale is divided into 100 parts based on the rebound resulting from high carbon steel. The hardness number is a direct measurement from the hammer rebound in the tube. Simple, harder the test specimen material, higher the rebound hardness number.
What is Durometer Hardness Test? A Durometer is used for hardness measurement on elastic materials such as rubber, soft plastics- vinyl, the polyolefin, and fluoro-polymer. The device uses a calibrated spring to apply defined force to an indenter foot which can be either cone shape or sphere shape. The depth of indentation is measured by an
indicating arrangement. In the market different types of Durometers are available. The most common model A is used for soft materials and Model D is used for hard materials. What is Barcol Hardness Test? Barcol hardness test is used for softer materials such as composite materials, thermosetting resins, and plastic to check the condition of their
curing. The test relies on the indentation depth made by the indentor and then compares it to a reference sample or material. The test sample is placed under the Barcol indentor and pressure is applied until the dial on the gauge touches its maximum reading. Barcol hardness test is a qualitative test only. What is Crack tip opening displacement
(CTOD) Testing 3. The Brinell methodThe Brinell method involves ball penetrators of different diameters (always in mm, in contrast to the Rockwell dimensions in inch), which are pressed with a certain load onto a smooth and even surface for a certain amount of time (10 to 15 seconds).The emerging indentation, which has the shape of a spherical
cup, is measured with optical devices (microscope or projector).Figure 4 - hardness testing according to BrinellThe Brinell hardness (HBW) is determined by the relation between the applied testing load and the surface of the spherical cup. This is the formula:where F is the test load in N, D is the diameter of the ball penetrator in mm and d is the
diameter of the indentation in mm.In practice, tables are used that give the Brinell hardness values subject to the test load, ball diameter and the diameter of the indentation.Usually, the Brinell method uses the following standardised ball penetrators:The standard test loads are: 10 mm29420 5 mm7335 10 mm14710 5 mm2452 10 mm9807 5
mm1226 10 mm4903 5 mm612,9 10 mm2452 5 mm?245,2 10 mm980,7 2,5 mm1839 1 mm294,2 2,5 mm612,9 1 mm98,07 2,5 mm306,5 1 mm49,03 2,5 mm153,2 1 mm24,52 2,5 mm61,29 1 mm9,807Table 5 - Brinell abbreviations, ball diameter and test loads (see ISO 6506-1)The following points have to be considered for the Brinell method: The
standard (EN ISO 6506-1) requires the diameter of the indentation to be between 0.24 and 0.6 of the diameter of the ball penetrator.In order to meet this requirement there has to be a certain degree of loading. If a small ball penetrator is pressed on a soft material with a high load, the indentation will be to deep, of course. Then again, if a larger ball
penetrator is pressed on a hard material with a small load, the indentation might be smaller than 0.24 of the ball diameter. It is thus, almost illegible and not admissible.For the Brinellmethod there is a basic formula to determine the degree of loading: 1.02 F/D? between test load (N) and diameter (mm) of the ball penetrator squared. The harder the
material, the higher must the degree of loading be. Table 6 - degree of loading *) The degree 15 is only standardised for HBW10/1500, all the other degrees of loading can be used for all testsThe degree of loading 1.02F/D? is important because there are different results depending on which degree of loading was used. For example: a Brinell
hardness value determined with a 10 mm ball and 9,807N (degree of loading 10) for a material is different from the hardness value determined with a 10 mm ball and 4,903N (degree of loading 5). However, if the same material is measured with a 2.5 mm ball and a total test load of 612,9N (degree of loading 10) the resulting hardness value is the
same as in the first measurement because the degree of loading is the same (provided that the material is homogeneous and has no layers of different hardnesses). Hardness is a material’s quality to withstand localised deformation. It may be especially important when looking for a suitable material for an environment that includes little particles that
can induce material wear. Soft materials suffer indentations while hard ones resist to any change in shape. Hardness should be viewed in context with other material properties like strength, elasticity, etc. For example, many hard materials tend to be brittle, limiting their use-cases. In this article, we will take a closer look at what material hardness
is, how it is measured and how to compare the different units. What Is Material Hardness? Hardness is the measure of a material’s resistance to localised permanent deformation. Permanent deformation is also called plastic deformation. While elastic deformation means that a material changes its shape only during the application of force, a resulting
plastic deformation means that the material will not return to its original shape. Some materials are naturally hard. For example, tungsten is an incredibly hard metal that finds use as an alloying element in tool steels. This makes sure that this group of steels can resist wear even at high temperatures during cutting operations. Cemented carbide,
which finds much use in milling cutters, also often includes tungsten. These replaceable cutting tool bits lengthen the lifetime of cutting tools considerably. On the other hand, some materials, including metals, are soft to the point that renders them useless for many applications. Pure gold is so soft that scratching or bending it does not need much
effort. Therefore, adding other metals like silver, copper and aluminium is essential to improve its hardness. With some materials, heat treatment is a possibility to induce greater surface hardness while maintaining the other qualities of the metal in its core. Machine shafts often undergo this process to guarantee a longer lifespan. An engineer must
also consider the ratio of hardness when creating a product design concept. For example, in a bearing and shaft fit, the bearing has to be softer because they are easier to replace. With constant movement, one part has to wear and the choice is up to the engineer. Types of Hardness Materials behave differently under different types of loading. For
example, a metal that can take a huge one-time impact extremely well may not act the same during continuous loading. Hardness testing must be carried out for each case so that a well-informed choice can be made for the application. The three types of hardness are scratch, rebound, and indentation hardness. Measuring each type of hardness
requires a different set of tools. Also, the same material will have different hardness values for each of the above-mentioned types. Indentation Hardness This hardness type refers to the resistance to permanent deformation when subjecting a material to a continuous load. Indentation hardness is what engineers and metallurgists usually refer to when
they talk about hardness. Measuring its value is of primary interest as continuous loading is the most common form of loading metals are subjected to. Scratch Hardness This type of hardness refers to a material’s ability to resist scratches on the surface. Scratches are narrow continuous indentations in the upper layer due to contact with a sharp,
harder material. Scratch testing is also commonly used for brittle materials such as ceramics as they do not undergo significant plastic deformation. It is important to consider scratch hardness as some material applications are highly sensitive to scoring. Consider the case of an engine cylinder liner as an example. Scratching or scoring can take place
due to various reasons. The liner’s surface comes in contact with a variety of metals such as piston rings, and foreign particles in fuel or lubrication oil. Sometimes improper seating of liner can contribute to it. The abrasive particles can cause scratches that ultimately degrade the engine’s performance and cost more in maintenance, spare parts, and
fuel consumption in the long run. At the design stage, the right metal selection considers the hardness of the materials it will come into contact with. The hardness of the liner must be greater than the materials it will interact with. This helps to avert many possible issues. Rebound or Dynamic Hardness Rebound hardness has more to do with elastic
hardness than plastic hardness. The material absorbs the energy on impact and returns it to the indenter. An indenter is a reference material used for hardness testing. Dynamic hardness is usually measured by dropping a diamond-tipped hammer on the test piece and recording the hammer’s bounce after it strikes the surface. The closer the height
to the original dropping height, the higher the value for rebound hardness. Scale Your Manufacturing from Prototyping to Series Personal account manager Quality assurance Payment terms for companies On-time delivery by Fractory Get a quote Different Hardness Units The SI unit of hardness is N/mm?. The unit Pascal is thus used for hardness as
well but hardness must not be confused with pressure. The different types of hardness discussed above have different scales of measurement. For scratch, indentation, and rebound hardness, the measurement methods vary (e.g. Brinell, Rockwell, Knoop, Leeb, and Meyer). As the units are derived from these measurement methods, they are not
suitable for direct comparison. However, you can always use a conversion table for comparing the Rockwell (B & C), Vickers and Brinell values. Tables like these are not 100% accurate but give a good indication. Brinell Hardness Rockwell Rockwell Vickers N/mm? HB HRC HRB HV 469 50 117 505 468 49 117 497 456 48 116 490 1569 44547 115
474 1520 430 46 115 458 1471 419 45 114 448 1447 41544 114 438 1422 402 43 114 424 1390 38842 113 406 1363 37541 112 393 1314 37340 111 388 1265 360 39 111 376 1236 348 38 110 361 1187 341 37 109 351 1157 331 36 109 342 1118 322 35 108 332 1089 314 34 108 320 1049 308 33 107 311 1035 300 32 107 303 1020 290 31 106
292990 277 30 105 285971 271 29 104 277 941 264 28 103 271 892 262 27 103 262 880 255 26 102 258 870 250 25 101 255 853 245 24 100 252 838 240 23 100 247 824 233 22 99 241 794 229 21 98 235 775 223 20 97 227 755 216 19 96 222 716 212 18 95 218 706 208 17 95 210 696 203 16 94 201 680 199 1593 199 667 191 14 92 197 657 190
1392186 648 186 1291 184 637 1831190183 617 180 1089 180 608 175988 178 685 1707 87 175559 167 6 86 172 555 166 5 86 168 549 163 4 85 162 539 160 3 84 160 535 156 2 83 158 530 154 1 82 152 515 149 81 149 500 In all of these scales, a hard material will have a higher hardness number. The commonly used units for hardness
measurement are: Brinell Hardness Number (HB) Vickers hardness number (HV) Rockwell hardness number (HRA, HRB, HRC, etc) Leeb hardness value (HLD, HLS, HLE, etc) Measuring Hardness The various types of hardness are measured using different testing methods. A commonality among all methods is the use of an indenter to create the
indentation on the test piece surface area. The indentation provides a tangible representation of the hardness of materials and it is easy to measure and replicate. Harder materials will have shallow indentations and softer materials will have deeper indentations. Brinell Hardness Test The Brinell test was one of the first widely accepted hardness tests
for indentation hardness measurement. In the Brinell test, a steel ball of 10 mm diameter is used as an indenter to create an impression on the test piece to calculate its Brinell hardness number. The ball is held in place for a predetermined time, usually for around 30 seconds, and a force is applied to the ball. This force will vary depending on the test
metal being measured. The standard load is 3000 kg, but it may be reduced to 500 kg for softer metals. For harder metals, a tungsten carbide ball may be used to prevent distortion of the ball. The hardness unit HB (or HBN) will be changed to HBW in the case of tungsten to notify its use (Tungsten=Wolfram in German/Swedish). On removal of the
indenter, the dent is observed with a low-power microscope and the size is calculated by taking the average of the measurements at right angles. On completion of the Brinell test, the hardness number is calculated as follows: , where F - force, N D - indenter diameter, mm d - indentation diameter, mm Rockwell Hardness Test Rockwell hardness test
is the most commonly used method for indentation hardness measurements. The value of Rockwell hardness is accompanied by the scale used. Depending on the material being tested, an appropriate scale must be selected. This hardness scale gives information on the type of indenter-load combination used. There are a total of 30 scales available to
choose from. This is what makes Rockwell a yardstick test to measure the hardness of a wide array of materials. Even ceramic and composite material hardness measurements are possible. The most commonly used scales are “B” and ”"C”. In the Rockwell hardness test, prior to applying the testing load, a small minor load is applied to seat the
indenter into the test piece and remove the effect of any surface irregularities. This provides better accuracy. Then similar to the Brinell test, the indenter is used to create an impression on the material by applying the testing load also known as a major load. The impression is then measured for determining the hardness. A dial gauge is used to
record the deformation. The net increase in dent dimension (between the application of minor and major load) is considered for calculating the hardness value. Specifying the speed of loading is necessary. In soft metals, varying speeds of load application can produce an appreciable difference in the final value. It is important to carefully monitor that
the rate of loading is according to the standard. The formula for Rockwell hardness is: , where N - scale factor depending on the scale used s - scale factor depending on the scale used d - depth of permanent indentation compared to minor load, mm Vickers Hardness Test The third way for measuring material hardness is using the Vickers test. This is
especially suitable for softer materials that do not need high loads. With soft materials, the Vickers method provides better accuracy. Also, calculating the hardness value is easier, as Vickers uses the same diamond indenter for all materials. Thus, tweaking the formula is not necessary. Another important feature is the use of a magnifier, making it
possible to test areas with a specific microstructure. First, the tester has to place the part onto the machine and use the microscope to find the suitable height. Then, using the images, the correct place is determined. The diamond indenter is in the shape of a four-sided pyramid. After touching the part, the machine soon reaches the pre-determined
force value. It stays at the same load for a certain time. Then, the measuring of the indentation takes place. Calculating the Vickers hardness value uses the following formula: , where F - force, N d - indentation diagonal, mm Mohs Hardness Test German mineralogist Mohs first devised the Mohs hardness test to measure the scratch hardness of
materials. In this test, the material is scratched with a reference material that has a defined hardness. A numerical hardness value is assigned to the test material based on the results of the test. Mohs hardness test uses 10 reference materials of varying hardness as the scale for the test. The softest material used is talc (value=1) and the hardest
material is diamond (value=10). Given that the references used for the Mohs scale do not have a graded increase, the Mohs scale lacks accuracy and is only a rough measure of hardness. Today, modern scratch tests are carried out using Rockwell diamond indenters by scratching the test piece for a specific length pressed by selected load value.
Scleroscope Test A scleroscope is a device used to measure the rebound or dynamic hardness of materials. The setup consists of a hollow vertical glass tube connected to a stand. Through this tube, a diamond hammer is dropped onto the test piece and the bounce of the hammer is recorded. The diamond hammer is dropped from a fixed height under
its own weight. On coming in contact with the test piece, the hammer bounces back. This bounce will be higher for materials with higher hardness. The bounce will be lower for a soft metal as a portion of the impact energy will be exhausted, creating a dent on the test surface. The glass tube has gradients to measure the height of the bounce.
Rebound hardness is measured in shore units. The hardness of materials is defined as the resistance of a specific material to localized plastic deformation or indentation. The term may also be used to describe the resistance of the material to scratching, abrasion or cutting. With respect to metals, hardness is most commonly used to assess its ability
to resist permanent deformation due to concentrated applied loads. The greater the hardness of the metal, the greater its ability to retain its shape in the presence of external forces. The hardness of metals is largely dependent on other parameters such as stiffness, strength, strain, ductility and yield strength. Knowing the hardness of a metal is
extremely useful as it assists in the selection of appropriate materials for specific applications. Prior knowledge of the degree of hardness of a metal helps to assess how easily the metal can be machined or how it will behave in operation. (For more on how proper material selection can prevent corrosion, read How to Control Corrosion by Improving
Design.) Hardness Testing Methods Unlike other well-defined material properties, there is no standard scale for measuring hardness. Materials are tested using various methods, with each test expressing hardness using its own arbitrarily defined scale. In this article we shall explore five of the most common test methods for measuring the hardness
of a material, how they differ and in which situations they are most suitable. Brinell Hardness Test The Brinell hardness test entails measuring the diameter of indentation caused by a constant concentrated force applied by a steel or carbide spherical indenter on a test specimen. The steel ball indenter is first placed in contact with the material before
a constant force is applied and maintained for a 10 to 15 second duration, known as the dwell time. After the dwell time is completed, the spherical indenter is removed, leaving a round-shaped indent on the sample. The Brinell hardness is calculated using the following formula: Brinell Hardness, HB = Applied test force in kilogram-force (kgf) +
Surface area of indentation (mm?2) This hardness test method makes the widest and deepest indentation of the 5 test methods mentioned in this article, allowing the test to be conducted over a larger surface area of the specimen. This provides test averages of hardness over a wider surface area of material, which has the advantage of taking into
account surface and grain irregularities on the metal. However, the Brinell hardness test is slower than other test methods and leaves a large permanent impression on the test specimen. The Brinell test is described in ASTM E10 - 18 (Standard Test Method for Brinell Hardness of Metallic Materials). Rockwell Hardness Test The Rockwell hardness
test evaluates the hardness of a material by measuring the permanent depth of indentation due to an applied concentrated load. The higher the number on the Rockwell hardness scale, the harder the material. The test is conducted by applying a minor force of 10 Kg using a diamond cone or a steel ball indenter on the surface of the material. The
depth of indentation from this preliminary load is recorded and used as a reference point. A specified major load is then applied for a specified dwell time, further indenting the test specimen. The difference between the reference position and the depth of indentation due to the major load is calculated and recorded as the permanent depth of
indentation. Figure 1. An operator performing a Rockwell hardness test. (Source: Arkansas Department of Transportation.) The Rockwell hardness is calculated using the following formula: Rockwell Hardness, HRC = [0.2 - permanent depth of indentation (mm)] x 500 The Rockwell hardness test was developed to be less destructive and cheaper than
the Brinell test. Measuring hardness using differential depths helps to eliminate errors due to surface imperfections. In addition, the hardness value can be read with no additional optical equipment, making it one of the most common hardness testing methods. The Rockwell test is described in ASTM E18 - 20 (Standard Test Methods for Rockwell
Hardness of Metallic Materials). Vickers Hardness Test The Vickers hardness test involves the use a 4-sided square-based pyramid indenter, with a precisely defined constant force on the test specimen to evaluate the surface area of the indentation. The specimen is first lifted until it comes into contact with the indenter. The test force is then applied
by the indenter to the test specimen, slowly increasing until it reaches its specified value. This force is then held for the appropriate dwell time and the surface area of the diamond or square shaped indentation is calculated. The Vickers hardness of the material is then found using the following formula: Vickers Hardness, HV = Applied test force in
kilogram-force (kgf) + Surface area of indentation (mm2) or, HK = 1.854 x (F/D2) By making use of a diamond-shaped indenter as opposed to a sphere (such as in the Brinell and Rockwell hardness tests), the Vickers hardness test can be done using less force and can achieve a higher level of accuracy. By magnifying the surface of the test metal, the
test can be used to target microstructural compositions such as martensite or bainite. Because the Vickers hardness test requires the use of optical and measuring equipment and material preparation, the cost tends to be higher than others hardness tests and can also take a longer time to complete compared to the Rockwell test. The Vickers and
Knoop tests are described in ASTM E92 - 17 (Standard Test Methods for Vickers Hardness and Knoop Hardness of Metallic Materials). Figure 2. Video of an operator performing a Vickers hardness test. Knoop Hardness Test The Knoop hardness test is very similar to the Vickers hardness test in that a diamond/pyramid shaped indenter is applied to
the test material for a specific dwell time. However, the Knoop indenter is an elongated diamond, thus allowing it to test brittle materials and thin layers without cracking. The Knoop indenter has a major diagonal that is approximately three times longer than the Vickers diagonal and penetrates the material at about half the depth of the Vickers test,
making it better suited for testing brittle materials such as ceramics. The Knoop hardness test creates a rhombohedral indentation, with one diagonal being seven times longer than the other. The Knoop hardness is calculated by the following formula: Knoop Hardness, HK = Applied test force in kilogram-force (kgf) + Surface area of indentation
(mm?2) or, HK = 14.229 x (F/D2) Mohs Hardness Test The Mohs hardness test, unlike the previously mentioned tests, doesn't involve the application of a force via an indenter. This test measures the relative hardness of a material by defining how well it resists scratching by other substances. Developed by German geologist and mineralogist, Friedrich
Mohs, the hardness of a material is determined by observing whether its surface can be scratched by another material of known hardness. Numerical values are assigned to this property by ranking minerals along a hardness scale (the Mohs scale) that is comprised of 10 minerals. The higher the number on the scale, the harder the mineral is. For
example, if a substance of unknown hardness is scratched by orthoclase but not apatite, then its Mohs hardness is between 5 and 6. Increments of hardness on the Mohs hardness scale are very arbitrary and not linear or proportional. It is for this reason that this test is mostly used to determine only the relative hardness of minerals and not used on
other materials such as metals. The Mohs test is described in ASTM C1895 - 20 (Standard Test Method for Determination of Mohs Scratch Hardness). Figure 3. Comparison between Mohs and Knoop hardness scales. (Source: Eurico Zimbres, CC BY-SA 2.5, via Wikimedia Commons) What We've Learned There's no universal measurement, scale or
unit for defining the hardness of materials. Several tests exist (some described here and others included in the article 3 Essential Types of Material Destructive Tests), each defining hardness with their own unique arbitrary scale. Knowing the advantages and disadvantages of each test is key to determining which method is the most appropriate for
the material to be tested. Share This Article Download the Testbook APP & Get Pass Pro Max FREE for 7 Days10,000+ Study NotesRealtime Doubt Support71000+ Mock TestsRankers Test Series+ more benefitsDownload App Now Share — copy and redistribute the material in any medium or format for any purpose, even commercially. Adapt —
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how you use the material. K, L, M, P, R, S, VBearing metals and other very soft or thin materials, including plastics. 3.2. Brinell Hardness Test Brinell hardness is determined by forcing a hard steel or carbide sphere of a specified diameter under a specified load into the surface of a material and measuring the diameter of the indentation left after the
test.The Brinell hardness number, or simply the Brinell number, is obtained by dividing the load used, in kilograms, by the actual surface area of the indentation, in square millimeters.The result is a pressure measurement, but the units are rarely stated [5]. The Brinell hardness test [6] uses a desk top machine to press a 10mm diameter, hardened
steel ball into the surface of the test specimen. The machine applies a load of 500 kilograms for soft metals such as copper, brass and thin stock. A 1500 kilogram load is used for aluminum castings, and a 3000 kilogram load is used for materials such as iron and steel. The load is usually applied for 10 to 15 seconds. After the impression is made, a
measurement of the diameter of the resulting round impression is taken. It is measured to plus or minus .05mm using a low-magnification portable microscope. The hardness is calculated by dividing the load by the area of the curved surface of the indention, (the area of a hemispherical surface is arrived at by multiplying the square of the diameter by
3.14159 and then dividing by 2). To make it easier, a calibrated chart is provided, so with the diameter of the indentation the corresponding hardness number can be referenced. 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. Among the three hardness tests discussed, 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 alloy. The Brinell hardness test was one of the most widely used hardness tests during World War II [7]. For measuring armour plate hardness the test is usually conducted by pressing a tungsten carbide sphere 10mm in diameter into the
test surface for 10 seconds with a load of 3,000kg, then measuring the diameter of the resulting depression. The BHN is calculated according to the following formula: where BHN = the Brinell hardness number F = the imposed load in kg D = the diameter of the spherical indenter in mm  Di = diameter of the resulting indenter impression in
mm Several BHN tests are usually carried out over an area of armour plate. On a typical plate each test would result in a slightly different number. This is due not only to minor variations in quality of the armour plate (even homogenous armour is not absolutely uniform) but also because the test relies on careful measurement of the diameter of the
depression. Small errors in this measurement will lead to small variations in BHN values. As a result, BHN is usually quoted as a range of values (e.g. 210 to 245, or 210-245) rather than as a single value. The BHN of face hardened armour uses a back slash ?\? to separate the value of the face hardened surface from the value of the rear face. For
example, a BHN of 555\353-382 indicates the surface has a hardness of 555 and the rear face has a hardness of 353 to 382. The Brinell Hardness Test described above is called ?HB 10/3000 WC? and was the type of test used by the Germans in World War II. Other types of hardness tests use different materials for the sphere and/or different loads.
Softer materials deform at high BHN which is why tungsten carbide (a very hard material) is used to measure armour plate. Even so, as the BHN goes above 650 the tungsten carbide ball begins to flatten out and the BHN values indicate a greater difference in hardness than there actually is, while above 739 the ball flattens out so badly that it cannot
be used. When there are widely different values for quoted BHN then the cause may be use of a Poldi Hardness Tester instead of the Brinell Hardness Test. The Poldi Hardness Tester is less accurate but could be used in the field. The Poldi Hardness Test has the advantage that the testing unit is portable, so measurements can be carried out in the
field, e.g., on captured enemy vehicles after a battle. The Poldi portable unit relies on a hammer blow impression in a standardized sample. This test is much less accurate than the Brinell Hardness Test. ASTM E-10 is a standard test for determining the Brinell hardness of metallic materials. The load applied in this test is usually 3,000, 1,500, or 500
kgf, so that the diameter of the indentation is in the range 2.5 to 6.0 mm. The load is applied steadily without a jerk. The full test load is applied for 10 to 15 seconds. Two diameters of impression at right angles are measured, and the mean diameter is used as a basis for calculating the Brinell hardness number (BHN), which is done using the
conversion table given in the standard [8]. 3.3. Vickers Hardness Test It is the standard method for measuring the hardness of metals, particularly those with extremely hard surfaces: the surface is subjected to a standard pressure for a standard length of time by means of a pyramid-shaped diamond. The diagonal of the resulting indention is
measured under a microscope and the Vickers Hardness value read from a conversion table [9] Vickers hardness is a measure of the hardness of a material, calculated from the size of an impression produced under load by a pyramid-shaped diamond indenter. Devised in the 1920s by engineers at Vickers, Ltd., in the United Kingdom, the diamond
pyramid hardness test, as it also became known, permitted the establishment of a continuous scale of comparable numbers that accurately reflected the wide range of hardnesses found in steels. The indenter employed in the Vickers test is a square-based pyramid whose opposite sides meet at the apex at an angle of 1364€. The diamond is pressed
into the surface of the material at loads ranging up to approximately 120 kilograms-force, and the size of the impression (usually no more than 0.5 mm) is measured with the aid of a calibrated microscope. The Vickers number (HV) is calculated using the following formula: HV = 1.854(F/D2), with F being the applied load (measured in kilograms-force)
and D2 the area of the indentation (measured in square millimetres). The applied load is usually specified when HV is cited. The Vickers test is reliable for measuring the hardness of metals, and also used on ceramic materials. The Vickers testing method [10] is similar to the Brinell test. Rather than using the Brinell's steel ball type indenter, and have
to calculate the hemispherical area of impression, the Vickers machine uses a penetrator that is square in shape, but tipped on one corner so it has the appearance of a playing card "diamond". The Vickers indenter is a 136 degrees square-based diamond cone, the diamond material of the indenter has an advantage over other indenters because it
does not deform over time and use. The impression left by the Vickers penetrator is a dark square on a light background. The Vickers impression is more easily "read" for area size than the circular impression of the Brinell method. Like the Brinell test, the Vickers number is determined by dividing the load by the surface area of the indentation (H =
P/A). The load varies from 1 to 120 kilograms. To perform the Vickers test, the specimen is placed on an anvil that has a screw threaded base. The anvil is turned raising it by the screw threads until it is close to the point of the indenter. With start lever activated, the load is slowly applied to the indenter. The load is released and the anvil with the
specimen is lowered. The operation of applying and removing the load is controlled automatically. Several loadings give practically identical hardness numbers on uniform material, which is much better than the arbitrary changing of scale with the other hardness machines. A filar microscope is swung over the specimen to measure the square
indentation to a tolerance of plus or minus 1/1000 of a millimeter. Measurements taken across the diagonals to determine the area, are averaged. The correct Vickers designation is the number followed "HV" (Hardness Vickers). 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 rather more expensive than the Brinell or Rockwell machines [11]. Figure 3 3.4. Knoop hardness The relative
microhardness of a material is determined by the Knoop indentation test. In this test, a pyramid-shaped diamond indenter with apical angles of 1309 and 172€30? (called a Knoop indenter) is pressed against a material. Making a thombohedral impression with one diagonal seven times longer than the other. The hardness of the material is
determined by the depth to which the Knoop indenter penetrates [12]. This test method was devised in 1939 by F. Knoop and colleagues at the National Bureau of Standards in the United States. By using lower indentation pressures than the Vickers hardness test, which had been designed for measuring metals, the Knoop test allowed the hardness
testing of brittle materials such as glass and ceramics. The diamond indenter employed in the Knoop test is in the shape of an elongated four-sided pyramid, with the angle between two of the opposite faces being approximately 1709 and the angle between the other two being 130€. Pressed into the material under loads that are often less than one
kilogram-force, the indenter leaves a four-sided impression about 0.01 to 0.1 mm in size. The length of the impression is approximately seven times the width, and the depth is 1/30 the length. Given such dimensions, the area of the impression under load can be calculated after measuring only the length of the longest side with the aid of a calibrated
microscope. The final Knoop hardness (HK) is derived from the following formula: HK = 14.229(F/D2), with F being the applied load (measured in kilograms-force) and D2 the area of the indentation (measured in square millimetres). Knoop hardness numbers are often cited in conjunction with specific load values. ASTM D-1474 deals with standard
test methods for indentation hardness of organic coatings. In this test, Knoop hardness determinations are made at 23 € 249 C and 50 € 5% relative humidity. The specimens are equilibrated under these conditions for at least 24 hours. They are then rigidly attached to the movable stage so that the surface to be measured is normal to the direction of
the indentation. The apparatus is preset to apply a 25 g load. The time the indentor is in contact with the specimen should be 18 € 0.5 seconds. The length of the long diagonal of the impression is measured with the filar micrometer eyepiece. The procedure is repeated until at least five impressions have been made at widely spaced locations. The
Knoop hardness number is then calculated by where 0.0025 is the load applied in kg to the indentor, 1is the length of the long diagonal of the indentation in mm, and Cp is the indentor constant, equal to 7.028 x 10-2. ASTM D-785 is the standard test for determining the Rockwell hardness of plastics and electrical insulating materials. A minor load of
10 kg, which is built into the machine, is first applied without shock. Within 10 seconds after applying the minor load and immediately after set position if obtained, the major load is applied on the specimen. The major load is removed 15 seconds after its application. The Rockwell hardness is read off the scale on the machine. Care should be taken in
choosing the proper scale, as Rockwell hardness values are reported as a letter, indicating the scale, and a number, indicating the reading [13]. Figure 4 3.5. Shore The shore scleroscope measures hardness in terms of the elasticity of the material. A diamond-tipped hammer in a graduated glass tube is allowed to fall from a known height on the
specimen to be tested, and the hardness number depends on the height to which the hammer rebounds; the harder the material, the higher the rebound [14]. Shore hardness [15] is a measure of the resistance of material to indentation by 3 spring-loaded indenter. The higher the number, the greater the resistance. The hardness testing of plastics is
most commonly measured by the Shore (Durometer) test or Rockwell hardness test. Both methods measure the resistance of the plastic toward indentation. Both scales provide an empirical hardness value that doesn't correlate to other properties or fundamental characteristics. Shore Hardness, using either the Shore A or Shore D scale, is the
preferred method for rubbers/elastomers and is also commonly used for 'softer' plastics such as polyolefins, fluoropolymers, and vinyls. The Shore A scale is used for 'softer' rubbers while the Shore D scale is used for 'harder' ones. The shore A Hardness is the relative hardness of elastic materials such as rubber or soft plastics can be determined with
an instrument called a Shore A durometer. If the indenter completely penetrates the sample, a reading of 0 is obtained, and if no penetration occurs, a reading of 100 results. The reading is dimensionless. The Shore hardness is measured with an apparatus known as a Durometer and consequently is also known as 'Durometer hardness'. The hardness
value is determined by the penetration of the Durometer indenter foot into the sample. Because of the resilience of rubbers and plastics, the hardness reading my change over time - so the indentation time is sometimes reported along with the hardness number. The ASTM test number is ASTM D2240 while the analogous ISO test method is ISO 868.
The results obtained from this test are a useful measure of relative resistance to indentation of various grades of polymers. However, the Shore Durometer hardness test does not serve well as a predictor of other properties such as strength or resistance to scratches, abrasion, or wear, and should not be used alone for product design specifications.
Figure 5. Shore A vs. Shore D Figure 6. Shore D vs. Rockwell M [16] Figure 7. Hardness comparison scale of some materials [17] Others 3.6.1. Mohs Hardness: Mohs hardness is defined by how well a substance will resist scratching by another substance [18]. It is rough measure of the resistance of a smooth surface to scratching or abrasion,
expressed in terms of a scale devised (1812) by the German mineralogist Friedrich Mohs. The Mohs hardness [19] of a mineral is determined by observing whether its surface is scratched by a substance of known or defined hardness. To give numerical values to this physical property, minerals are ranked along the Mohs scale, which is composed of
10 minerals that have been given arbitrary hardness values. The minerals contained in the scale are shown in the Table; also shown are other materials that approximate the hardness of some of the minerals. As is indicated by the ranking in the scale, if a mineral is scratched by orthoclase but not by apatite, its Mohs hardness is between 5 and 6. In
the determination procedure it is necessary to be certain that a scratch is actually made and not just a "chalk" mark that will rub off. If the species being tested is fine-grained, friable, or pulverulent, the test may only loosen grains without testing individual mineral surfaces; thus certain textures or aggregate forms may hinder or prevent a true
hardness determination. For this reason the Mohs test, while greatly facilitating the identification of minerals in the field, is not suitable for accurately gauging the hardness of industrial materials such as steel or ceramics. (For these materials a more precise measure is to be found in the Vickers hardness or Knoop hardness;) Another disadvantage of
the Mohs scale is that it is not linear; that is, each increment of one in the scale does not indicate a proportional increase in hardness. For instance, the progression from calcite to fluorite (from 3 to 4 on the Mohs scale) reflects an increase in hardness of approximately 25 percent; the progression from corundum to diamond, on the other hand (9 to 10
on the Mohs scale), reflects a hardness increase of more than 300 percent. 3.6.2. Barcol Hardness Barcol hardness is a method that a hardness value obtained by measuring the resistance to penetration of a sharp steel point under a spring load. The instrument, called the Barcol impressor, gives a direct reading on a 0 to 100 scale. The hardness value
is often used as a measure of the degree of cure of a plastic. ASTM D2583 Barcol Hardness test method is used to determine the hardness of both reinforced and non-reinforced rigid plastics. The specimen is placed under the indentor of the Barcol hardness tester and a uniform pressure is applied to the specimen until the dial indication reaches a
maximum. The depth of the penetration is converted into absolute Barcol numbers. Barcol hardness values are also used to determine degree of cure of resin. Resin is considered cured when it has a hardness value greater than or equal to 90% of the surface hardness value. 4. HARDNESS OF ELECTRONIC PACKAGING MATERIALS: Material
Rockwell Brinell Knoop Vickers Shore Mohs Copper Film 153.3 KP Kovar (53Fe + 29 Ni + 17 Co) 68.0 RW (B) 120 NEMA FR-4 Glass Fiber/Epoxy Composite 110.0 RW Aluminum Film 0.587 VR  Diamond Film 65 GPa 72.8 VR (29 - 118 Gpa) Tungsten Film 19.885 VR  Alumina, Al(2)O(3) 19.81 VR 9 Aluminum
Nitride 12.20 VR  Silicon Nitride 17.46 VR  Die attach Table. Hardness values of common packaging materials KP: Knoop Hardness; RW : Rockwell Hardness; VR : Vickers Hardness, b: glass or mineral filled, c: casting/liquid resins 5. COMPARISION OF HARDNESS MEASUREMENTS Figure 8. Comparison of hardness scales Figure 9. The
summary table for different hardness testing methods [26] 6. HARDNESS MEASUREMENT EQUIPMENTS Figure 10. A portable and fast hardness gauge, for testing Aluminum, mild steel, brass and copper with thickness range of 0.025 to 1/4 inch. It is used for identifying heat-treated from non-heat-treated parts, provides correlation between a
bench mounted hardness tester and the production line, for segregating materials in stock, for differentiating between soft or work-hardened material, for identifying parts made from improper or substandard alloys, checking for proper heat-treatment response, useful in conjunction with stationary laboratory hardness testers. Figure 11-12. For
hardness determination of plastics and elastomers according to A, D, B, C, DO, O and OO scales. Used in the hardness determination on all natural and synthetic rubber products, acrylic glass, acetates, casting resin, polyester, themoplastics, PVC, neoprenes and etc Figure 13-14. The digital durometer HPE, serves for the hardness determination of
rubber, elastomers, and plastics within the durometer ranges A, D, B, O, OO, C, and DO. Figure 15. Brinell Hardness Tester Figure 16. Rockwell test consists of checking the resistance of a sample, to be penetrated by a hard metal ball or by a conical shaped diamond, under the pressure of a load. This test proceeds in two steps. At first the
penetration start point (zero) under a minor or preliminary load is determined, and the second step happens under a major load. The latent deformation measured after releasing the major load, is a direct measure of the Rockwell hardness, which is given on the scale of the dial gauge. Figure 17. With digital display for Rockwell A, B, C and superficial
hardness testing. Figure 18. Digital Low Load Tester for Vickers, Brinell, and Knoop Load range HV 0.1 - HV 30 Figure 19. Analog hardness tester for Vickers, Knoop, Brinell and Scoring With Micro and Macro load attachments Figure 20. The Nano Tester supports indentation, scratching and impact. Figure 21. Equipment for hardness determination
of Plastics, Elastomers, O-Rings, Seals, Gaskets, Rubber Rollers. Figure 22 Hardness units conversion table [27] 7. RELATION OF HARDNESS TO OTHER MATERIAL PROPERTIES Hardness covers several properties: resistance to deformation, resistance to friction and abrasion. The well known correlation links hardness with tensile strength, while
resistance to deformation is dependent on modulus of elasticity. The frictional resistance may be divided in two equally important parts: the chemical affinity of materials in contact, and the hardness itself. So it is easy to understand that surface treatments modify frictional coefficients and behaviour of the parts in contact. The abrasion resistance is
partially related to hardness (between 2 metallic parts in frictional contact, the less hard one will be the more rapidly worn), but experiments carried out at Centre de Recherches PECHINEY in Voreppe (CRV), with TABER test show that the correlation resistance against wear/ hardness presents some inversions [28] A correlation may be established
between hardness and some other material property such as tensile strength. Then the other property (such as strength) may be estimated based on hardness test results, which are much simpler to obtain. This correlation depends upon specific test data and cannot be extrapolated to include other materials not tested. The yield strength in tension is
about 1/3 of the hardness [29]. To find the ball park figure for the yield strength convert the hardness number to MPa (or psi ) and divide by 3. For example take the Vickers number, which has the dimension kg/mm?2, and multiply by 10 to (approximately) convert it to /mm?2 (=MPa) then divide by three. For example: HV 300 corresponds to a Sigma-y
of approximately 1000 MPa. An approximate relationship between the hardness and the tensile strength (of steel) is, Where HB is the Brinnell Hardness of the material, as measured with a standard indenter and a 3000 kgf load. Figure 23. Harfdness & Tensile Strength [30] Wear is generally affected by several factors, among them materials
selection, friction, surface load, sliding distance, surface hardness, surface finish, and lubrication. Controlling these factors can contribute to a successful application by helping to prevent wear and premature product failure. Wear can be defined as both material loss and deformation at contact surfaces. Wear results in particle generation and surface
degradation Properties are high wear resistance; high strength , hardness and fracture toughness; low porosity; high creep and corrosion resistance; The hardness of a metal limits the ease with which it can be machined, since toughness decreases as hardness increases Toughness is a combination of high strength and medium ductility. It is the
ability of a material or metal to resist fracture, plus the ability to resist failure after the damage has begun. A tough metal, such as cold chisel, is one that can withstand considerable stress, slowly or suddenly applied, and which will deform before failure. Toughness is the ability of a material to resist the start of permanent distortion plus the ability to
resist shock or absorb energy [31]. 8. REFERENCES [1] Ref: [2] Ref: [3] Ref. t [4] Ref. CALCE [5] Ref. CALCE [6] Ref. [7] Ref.: [8] Ref. CALCE [9] Ref.: [10] Ref.: 5716,2124+1,00.html [11]Ref.: [12] Ref. CALCE [13] Ref. CALCE [14] Ref. 5716,40048+1,00.html [15] Ref. hardness [16] Ref. for Fig. 5 and Fig. 6: [17] Ref. [18] Ref. [19] Ref.



5716,54534+1+53205,00.html [20]Ref. companies provide different hardness values for their different type of die attach products. [21]Ref. companies provide different hardness values for their different type of die attach products) [22]Ref. (companies provide different hardness values for their different type of die attach products) [23]Ref. [24]Ref.
[25]Ref. a: Ref. By Pecht Handbook of Electronic Package Design, 1991 [26] Ref. [27] Ref. [28] Ref. [29] Ref. [30] Ref. [31] Ref. Copyright © 2001 by CALCE and the University of Maryland, All Rights Reserved Reading Time: 6 minutes In many industries, hardness testing is a crucial step that manufacturers use to guarantee the dependability and
longevity of their products. It entails figuring out a material’s resistance to deformation, which can provide important details about its mechanical characteristics. We will examine numerous forms of hardness testing, the machines used, the guiding concepts, diverse approaches, and pertinent standards. Hardness testing is a vital method in materials
science and engineering to evaluate the mechanical properties of materials, especially their resistance to deformation, wear, and abrasion. It involves measuring the material’s ability to withstand indentation, scratching, or other forms of deformation. Here’s an exploration of hardness testing, covering its types, machines, principles, methods, and
more: A method of measuring a material’s hardness, or its capacity to withstand persistent deformation in the face of an applied force, is called hardness testing. In sectors like manufacturing, aircraft, automotive, and metallurgy, where material endurance is crucial, this feature is crucial. 1. Rockwell Hardness TestingThe Rockwell hardness testing
method utilizes a specific type of machine known as a “Rockwell hardness testing machine.” This technique measures hardness using an indenter and a minor load, followed by a major load. The difference in indentation depths before and after applying the major load determines the material’s hardness. It is a quick and commonly used method in
quality control processes. Measures the depth of penetration of an indenter into the material under a specific load. Provides results in Rockwell hardness numbers (HRB, HRC, etc.). Commonly used for metals and alloys. 2. Brinell Hardness TestingBrinell hardness testing employs a “Brinell hardness testing machine” and a spherical indenter to
measure hardness. A known load is applied, and the resulting impression’s diameter is measured. This method is suitable for materials with coarse surfaces or irregular shapes and is widely used in the testing of metals. Utilizes a spherical indenter to create an indentation in the material. Measures the diameter of the indentation to determine
hardness. Commonly used for softer materials, such as non-ferrous metals and polymers. 3. Vickers Hardness TestingVickers hardness testing utilizes a “Vickers hardness testing machine” and a diamond-shaped indenter to measure hardness. This method involves applying a load and measuring the indentation’s diagonal lengths. It is ideal for testing
brittle materials, ceramics, and thin sections. Employs a diamond-shaped indenter to create a square-shaped indentation. Measures the size of the indentation to calculate hardness. Suitable for a wide range of materials, including ceramics and hard metals. The fundamental principle behind hardness testing is to measure a material’s resistance to
deformation when subjected to an applied force. Each type of hardness testing method employs specific techniques to assess this resistance, resulting in different hardness scales and values. In general, the principle involves applying a known load to an indenter and measuring the resulting indentation or impression on the material’s surface. Static
Hardness Testing: Static hardness testing involves applying a constant load to the material and measuring the indentation depth. This method is commonly used for Rockwell and Brinell hardness testing. Dynamic Hardness Testing: Dynamic hardness testing, such as the Vickers method, involves applying a dynamic or oscillating load to the material.
The hardness is determined by measuring the indentation’s depth or other parameters affected by the dynamic load. There are various hardness testing methods available, each suited to specific materials and applications: Rockwell Hardness Brinell Hardness Vickers Hardness Shore Hardness Knoop Hardness Leeb Hardness Mohs Hardness The
American Society for Testing and Materials (ASTM) has established standards for Vickers hardness testing to ensure consistency and accuracy in hardness measurements. ASTM E384/E384M is the standard practice for Vickers hardness testing, detailing the procedures, equipment, and calibration requirements for this method. Hardness testing is a
crucial quality control procedure across various industries, helping manufacturers ensure the durability and reliability of their materials. By understanding the different types of hardness testing, the machines involved, the principles governing the process, and the various methods available, professionals can make informed decisions about material
selection and quality assurance. Adhering to ASTM standards further enhances the accuracy and reliability of hardness testing results, making it an indispensable tool in materials science and engineering. Incorporating hardness testing equipment and the appropriate method into your manufacturing processes can significantly improve the quality
and performance of your products, ultimately leading to increased customer satisfaction and business success. Duramin-3000 Single Task Brinell Tester————- Duramin-650 Semi-Automatic and Fully Automatic Universal Hardness TesterDuramin-600 Semi-Automatic Universal TesterDuramin-100 Fully Automatic Micro/Macro/Universal
TesterDuramin-40 Semi-Automatic and Fully Automatic Micro/Macro TesterDuramin-4 Manual Micro and Micro/Macro Hardness TesterDuramin-150 Entry-Level Rockwell TesterDuramin-160 High-End Rockwell TesterDuramin-170 High Capacity Rockwell Tester What is the significance of hardness testing in materials science and engineering?
Hardness testing is essential because it provides insights into a material’s mechanical properties, helping manufacturers ensure the quality, durability, and reliability of their products. What is the significance of hardness testing in materials science and engineering? Hardness testing is essential because it provides insights into a material’s
mechanical properties, helping manufacturers ensure the quality, durability, and reliability of their products. What are the main types of hardness testing methods, and how do they differ? The primary types of hardness testing methods include Rockwell, Brinell, and Vickers hardness testing. They differ in terms of indenter shape, load application, and
measurement technique. Which industries commonly use Rockwell hardness testing? Rockwell hardness testing is widely used in industries such as automotive, aerospace, and manufacturing, where a broad range of materials needs to be tested. When is Brinell hardness testing preferred over other methods? Brinell hardness testing is particularly
suitable for materials with rough surfaces or coarse grains, where accurate testing with other methods may be challenging. What materials are best suited for Vickers hardness testing? Vickers hardness testing is versatile and can be used for a wide range of materials, including metals, ceramics, and some polymers. Can hardness testing be used to
determine a material’s strength? Hardness testing provides information about a material’s resistance to deformation but doesn’t directly measure its strength. However, there is a correlation between hardness and strength in many cases. How are the results of hardness testing interpreted and reported? Hardness values are reported on various
scales (e.g., HRC for Rockwell, HB for Brinell, HV for Vickers) and are typically accompanied by the applied load and the indenter type used. Are there portable hardness testing devices available for on-site testing? Yes, portable hardness testing devices, such as Leeb hardness testers, are available for conducting hardness tests in the field or on-site.
What safety precautions should be taken when performing hardness testing? Safety measures include wearing appropriate personal protective equipment (PPE), following equipment operating procedures, and ensuring that the testing area is clear of potential hazards. How can I ensure that my hardness testing equipment complies with industry
standards, such as ASTM? To ensure compliance with standards like ASTM, it’s essential to regularly calibrate and maintain your hardness testing equipment according to the manufacturer’s guidelines and industry best practices. Additionally, using certified reference materials can help verify the accuracy of your equipment. Share — copy and
redistribute the material in any medium or format for any purpose, even commercially. Adapt — remix, transform, and build upon the material for any purpose, even commercially. The licensor cannot revoke these freedoms as long as you follow the license terms. Attribution — You must give appropriate credit , provide a link to the license, and
indicate if changes were made . You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use. ShareAlike — If you remix, transform, or build upon the material, you must distribute your contributions under the same license as the original. No additional restrictions — You may not apply legal terms or
technological measures that legally restrict others from doing anything the license permits. You do not have to comply with the license for elements of the material in the public domain or where your use is permitted by an applicable exception or limitation . No warranties are given. The license may not give you all of the permissions necessary for
your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you use the material. ResourcesMaterialsAll About Hardness Testing and How It WorksHardness is a material’s ability to resist deformation at its surface. A measurement is taken of the resulting indentation and converted to a hardness value relative
to the hardness scale of the particular test. Many different standardized hardness tests exist, with each having an area of applicability to different types of materials, such as metals, ceramics, or rubbers. Measuring hardness has a number of benefits in comparing materials and providing quality control in manufacturing and hardening processes. This
article will discuss hardness testing, its definition, how it works, its types, and benefits.An Overview of Hardness Testing and How it WorksHardness testing measures a material’s resistance to permanent deformation at its surface, by pressing a harder material into it. It is used in a number of industries for material comparison and selection, as well
as quality control of a manufacturing or hardening process. A specifically manufactured indenter, with chosen dimensions, is used to press into the material being tested, with a prescribed force. The pressing time is also important in the hardness test. Hardness is not a fundamental physical property of a material, but rather a measured characteristic.
It can however provide some valuable information about the strength and durability of a material, depending on the application it is intended for.Hardness testing works by pressing a standardized, hard instrument into the material that is being tested. The instrument, called an indenter, is pressed into the sample for a standardized length of time (a
number of seconds), and with a specific load (force) behind it. When the indenter is pressed into the material, it deforms the surface of the material by a measurable amount. This deformation is then measured, and the measurement is used to assign a hardness value to the material according to the test’s specific scale.Hardness Testing
MaterialsHardness testing can be applied to various types of materials, some of which are listed below:Metals and alloys.Ceramics.Elastomers.Polymers and plastics.Films.Rocks and minerals.Importance of Hardness TestingHardness testing is important for a number of different reasons. The hardness of a material can be a critical parameter in its
application. This can be the case for metal components used in cutting and grinding or on the opposite extreme, for rubbers used for shock absorption. It is important to be able to measure and compare the hardness of materials objectively. Having an objective, standardized hardness value for a material is important to allow quality control during
manufacturing. Each unit would need to be within an acceptable range of the specified hardness. Furthermore, these objective hardness values allow for the comparison of different materials and are therefore important for material selection to match the needs of an application.Benefits of Hardness TestingHardness testing provides a valuable
measure of a material characteristic with a number of benefits, including:An automated hardness testing machine allows hardness to be measured relatively simply.To provide meaningful hardness readings for a wide variety of materials, from soft to hard.For some applications, the hardness of a material is the key characteristic that is valuable to
know. This can be measured directly, rather than inferred by a physical property.Challenges of Hardness TestingHardness testing does have some limitations and challenges that can affect the accuracy and repeatability of hardness results, some of which are listed below:It is necessary to have properly prepared the surface of the sample to be
measured, usually by grinding and polishing. The surface condition has a significant influence on the hardness reading, so improper surface preparation can give inaccurate or spurious readings.Most hardness tests are designed for flat surfaces, so curved surfaces do present a challenge. There are some correction factors that need to be applied to
compensate for an indentation on a curved surface.The size of the indentation can be difficult to ascertain objectively, particularly when manually reading the size of micro impressions through an eyepiece. This is mainly an issue with older machines. The latest models have cameras and software packages to automatically focus correctly, and display
the edge of the impression clearly on a connected computer screen.If the prescribed minimum distances between indentations are not followed according to the testing standards, the results of the hardness test will be affected. This is also true of an indentation too close to the edge of a sample.Types of Hardness Test MethodsThere are a number of
different hardness test methods, each suited to a certain scale of measurement, or type of material. Therefore, different methods should be selected according to the substance being tested. The most common hardness tests are explained below:Rockwell: Developed to give a quick reading, mainly for metallic samples. The depth of the deformation
made by the indenter is measured, and a deeper indentation is assigned a lower number, indicating a softer material. Two broad types of tests are used: the Rockwell superficial hardness and the Rockwell regular hardness tests.Brinell: A spherical indenter is used, and the diameter of the resulting indentation is measured to give the hardness value.
It is generally used for testing larger samples, or samples that are not perfectly homogenous since it causes a larger indentation that is less sensitive to local variations in material hardness.Vickers: Uses a diamond pyramid to make a square indentation on the surface of the material being tested. The diagonal of the indentation is measured optically
and is converted to the hardness value. The Vickers hardness test can be applied for micro-testing.Knoop: Specifically used to test thin or brittle materials, as it gives a meaningful reading with a shallow indentation. It uses an elongated pyramid to make the impression, with the measurement of the long diagonal used to calculate the Knoop hardness.
It is used for micro-hardness testing.Mohs: A scale from 1 to 10 that provides an indication of the relative hardness of minerals based on how easily they can be scratched. A mineral’s hardness is measured by attempting to scratch it with materials of known Mohs hardness and ranking it accordingly.Shore: Is used for softer materials such as
elastomers and plastics. A spring-loaded indenter (called a durometer) is pressed into the material sample, and the depth of penetration is converted to a hardness value.Rockwell hardness test, a type of hardness testThe hardness testing load is the load (“force”) that is applied to the indenter when pressing into the material being tested. The depth or
size of the deformation made by the indenter will depend directly on the load that was used to press it in. This load is applied by a machine, a hardness testing device. The automatic machine will apply a load according to the parameters given by the operator.The load that is applied will depend on the size of the sample and the type of material being
tested. Harder materials like metals will need higher loads in order to make an easily measurable depression. Softer materials like thermoplastics will need lower loads to produce an appropriately-sized indentation.Loads of Different Hardness Test MethodsEach hardness testing method has a range of loads that are applicable to the use of the test.
Some tests, like the Vickers hardness test, can be used on a macro scale as well as a micro scale. The loads required are listed in Table 1 below:Table 1: Different Hardness Test Methods and Their Corresponding LoadsMethodLoad RangeStandardl gf-1 kgf 1 gf-120 kgf 10 gf-100 kgfASTM E384 ASTM E384 ISO 6507A hardness test uses a limited
compressive force to apply a small deformation to the surface of a material, in order to assign a relative value for the material’s hardness. However, a ductility test uses a destructive tensile force to measure the amount of plastic deformation that a material can withstand before breaking.Both types of tests apply a load to cause plastic deformation in
a material. However, the direction of the load is different (compressive vs. tensile) and the extent of the load is different (limited to surface indentation vs. complete yield).Hardness Testing StandardsThere are various standards available for the different hardness testing methods. Generally, the internationally accepted standards for hardness testing
are those issued by ASTM (American Society for Testing Materials) and ISO (International Organization for Standardization). The two standards are very similar for each corresponding type of hardness test but have small differences between them for details such as the minimum thickness of the sample. The common ASTM and ISO standards for the
four most popular hardness tests in metallic materials are listed below:ASTM E10: This standard covers Brinell hardness testing in metallic samples.ASTM E18: This standard includes the various ways that Rockwell hardness can be measured by standard methods, specifically for metallic materials. ASTM E384: This standard is for hardness testing on
a micro-scale, and therefore includes the Vickers and Knoop hardness tests.ISO 6506: This standard mirrors ASTM E10, as it contains the standard method for measuring the Brinell hardness of metals.ISO 6507: This standard contains the details for the Vickers hardness test in metallic materials.ISO 6508: This standard is very similar to ASTM E18,
as it deals with the Rockwell hardness tests, both superficial and regular, for metallic samples.ISO 4545: This standard covers Knoop hardness testing for metals.Xometry provides a wide range of manufacturing capabilities including CNC machining, 3D printing, injection molding, laser cutting, and sheet metal fabrication. Get your instant
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articles by Dean McClements Measure of a material's resistance to localized plastic deformation Not to be confused with Hardiness. "Softness" redirects here. For other uses, see Soft (disambiguation) and Hard (disambiguation). In materials science, hardness (antonym: softness) is a measure of the resistance to localized plastic deformation, such as
an indentation (over an area) or a scratch (linear), induced mechanically either by pressing or abrasion. In general, different materials differ in their hardness; for example hard metals such as titanium and beryllium are harder than soft metals such as sodium and metallic tin, or wood and common plastics. Macroscopic hardness is generally
characterized by strong intermolecular bonds, but the behavior of solid materials under force is complex; therefore, hardness can be measured in different ways, such as scratch hardness, indentation hardness, and rebound hardness. Hardness is dependent on ductility, elastic stiffness, plasticity, strain, strength, toughness, viscoelasticity, and
viscosity. Common examples of hard matter are ceramics, concrete, certain metals, and superhard materials, which can be contrasted with soft matter. A Vickers hardness tester There are three main types of hardness measurements: scratch, indentation, and rebound. Within each of these classes of measurement there are individual measurement
scales. For practical reasons conversion tables are used to convert between one scale and another. Main article: Scratch hardness Scratch hardness is the measure of how resistant a sample is to fracture or permanent plastic deformation due to friction from a sharp object.[1] The principle is that an object made of a harder material will scratch an
object made of a softer material. When testing coatings, scratch hardness refers to the force necessary to cut through the film to the substrate. The most common test is Mohs scale, which is used in mineralogy. One tool to make this measurement is the sclerometer. Another tool used to make these tests is the pocket hardness tester. This tool consists
of a scale arm with graduated markings attached to a four-wheeled carriage. A scratch tool with a sharp rim is mounted at a predetermined angle to the testing surface. In order to use it a weight of known mass is added to the scale arm at one of the graduated markings, the tool is then drawn across the test surface. The use of the weight and
markings allows a known pressure to be applied without the need for complicated machinery.[2] Main article: Indentation hardness Indentation hardness measures the resistance of a sample to material deformation due to a constant compression load from a sharp object. Tests for indentation hardness are primarily used in engineering and
metallurgy. The tests work on the basic premise of measuring the critical dimensions of an indentation left by a specifically dimensioned and loaded indenter. Common indentation hardness scales are Rockwell, Vickers, Shore, and Brinell, amongst others. Rebound hardness, also known as dynamic hardness, measures the height of the "bounce" of a
diamond-tipped hammer dropped from a fixed height onto a material. This type of hardness is related to elasticity. The device used to take this measurement is known as a scleroscope.[3] Two scales that measures rebound hardness are the Leeb rebound hardness test and Bennett hardness scale. Ultrasonic Contact Impedance (UCI) method
determines hardness by measuring the frequency of an oscillating rod. The rod consists of a metal shaft with vibrating element and a pyramid-shaped diamond mounted on one end.[4] Main article: Hardening (metallurgy) There are five hardening processes: Hall-Petch strengthening, work hardening, solid solution strengthening, precipitation
hardening, and martensitic transformation. Diagram of a stress-strain curve, showing the relationship between stress (force applied per unit area) and strain or deformation of a ductile metal In solid mechanics, solids generally have three responses to force, depending on the amount of force and the type of material: They exhibit elasticity—the ability
to temporarily change shape, but return to the original shape when the pressure is removed. "Hardness" in the elastic range—a small temporary change in shape for a given force—is known as stiffness in the case of a given object, or a high elastic modulus in the case of a material. They exhibit plasticity—the ability to permanently change shape in
response to the force, but remain in one piece. The yield strength is the point at which elastic deformation gives way to plastic deformation. Deformation in the plastic range is non-linear, and is described by the stress-strain curve. This response produces the observed properties of scratch and indentation hardness, as described and measured in
materials science. Some materials exhibit both elasticity and viscosity when undergoing plastic deformation; this is called viscoelasticity. They fracture—split into two or more pieces. Strength is a measure of the extent of a material's elastic range, or elastic and plastic ranges together. This is quantified as compressive strength, shear strength, tensile
strength depending on the direction of the forces involved. Ultimate strength is an engineering measure of the maximum load a part of a specific material and geometry can withstand. Brittleness, in technical usage, is the tendency of a material to fracture with very little or no detectable plastic deformation beforehand. Thus in technical terms, a
material can be both brittle and strong. In everyday usage "brittleness" usually refers to the tendency to fracture under a small amount of force, which exhibits both brittleness and a lack of strength (in the technical sense). For perfectly brittle materials, yield strength and ultimate strength are the same, because they do not experience detectable
plastic deformation. The opposite of brittleness is ductility. The toughness of a material is the maximum amount of energy it can absorb before fracturing, which is different from the amount of force that can be applied. Toughness tends to be small for brittle materials, because elastic and plastic deformations allow materials to absorb large amounts
of energy. Hardness increases with decreasing particle size. This is known as the Hall-Petch relationship. However, below a critical grain-size, hardness decreases with decreasing grain size. This is known as the inverse Hall-Petch effect. Hardness of a material to deformation is dependent on its microdurability or small-scale shear modulus in any
direction, not to any rigidity or stiffness properties such as its bulk modulus or Young's modulus. Stiffness is often confused for hardness.[5][6] Some materials are stiffer than diamond (e.g. osmium) but are not harder, and are prone to spalling and flaking in squamose or acicular habits. A representation of the crystal lattice showing the planes of
atoms The key to understanding the mechanism behind hardness is understanding the metallic microstructure, or the structure and arrangement of the atoms at the atomic level. In fact, most important metallic properties critical to the manufacturing of today’s goods are determined by the microstructure of a material.[7] At the atomic level, the
atoms in a metal are arranged in an orderly three-dimensional array called a crystal lattice. In reality, however, a given specimen of a metal likely never contains a consistent single crystal lattice. A given sample of metal will contain many grains, with each grain having a fairly consistent array pattern. At an even smaller scale, each grain contains
irregularities. There are two types of irregularities at the grain level of the microstructure that are responsible for the hardness of the material. These irregularities are point defects and line defects. A point defect is an irregularity located at a single lattice site inside of the overall three-dimensional lattice of the grain. There are three main point
defects. If there is an atom missing from the array, a vacancy defect is formed. If there is a different type of atom at the lattice site that should normally be occupied by a metal atom, a substitutional defect is formed. If there exists an atom in a site where there should normally not be, an interstitial defect is formed. This is possible because space
exists between atoms in a crystal lattice. While point defects are irregularities at a single site in the crystal lattice, line defects are irregularities on a plane of atoms. Dislocations are a type of line defect involving the misalignment of these planes. In the case of an edge dislocation, a half plane of atoms is wedged between two planes of atoms. In the
case of a screw dislocation two planes of atoms are offset with a helical array running between them.[8] In glasses, hardness seems to depend linearly on the number of topological constraints acting between the atoms of the network.[9] Hence, the rigidity theory has allowed predicting hardness values with respect to composition. Planes of atoms
split by an edge dislocation Dislocations provide a mechanism for planes of atoms to slip and thus a method for plastic or permanent deformation.[7] Planes of atoms can flip from one side of the dislocation to the other effectively allowing the dislocation to traverse through the material and the material to deform permanently. The movement allowed
by these dislocations causes a decrease in the material's hardness. The way to inhibit the movement of planes of atoms, and thus make them harder, involves the interaction of dislocations with each other and interstitial atoms. When a dislocation intersects with a second dislocation, it can no longer traverse through the crystal lattice. The intersection
of dislocations creates an anchor point and does not allow the planes of atoms to continue to slip over one another[10] A dislocation can also be anchored by the interaction with interstitial atoms. If a dislocation comes in contact with two or more interstitial atoms, the slip of the planes will again be disrupted. The interstitial atoms create anchor
points, or pinning points, in the same manner as intersecting dislocations. By varying the presence of interstitial atoms and the density of dislocations, a particular metal's hardness can be controlled. Although seemingly counter-intuitive, as the density of dislocations increases, there are more intersections created and consequently more anchor
points. Similarly, as more interstitial atoms are added, more pinning points that impede the movements of dislocations are formed. As a result, the more anchor points added, the harder the material will become. Careful note should be taken of the relationship between a hardness number and the stress-strain curve exhibited by the material. The
latter, which is conventionally obtained via tensile testing, captures the full plasticity response of the material (which is in most cases a metal). It is in fact a dependence of the (true) von Mises plastic strain on the (true) von Mises stress, but this is readily obtained from a nominal stress - nominal strain curve (in the pre-necking regime), which is the
immediate outcome of a tensile test. This relationship can be used to describe how the material will respond to almost any loading situation, often by using the Finite Element Method (FEM). This applies to the outcome of an indentation test (with a given size and shape of indenter, and a given applied load). However, while a hardness number thus
depends on the stress-strain relationship, inferring the latter from the former is far from simple and is not attempted in any rigorous way during conventional hardness testing. (In fact, the Indentation Plastometry technique, which involves iterative FEM modelling of an indentation test, does allow a stress-strain curve to be obtained via indentation,
but this is outside the scope of conventional hardness testing.) A hardness number is just a semi-quantitative indicator of the resistance to plastic deformation. Although hardness is defined in a similar way for most types of test - usually as the load divided by the contact area - the numbers obtained for a particular material are different for different
types of test, and even for the same test with different applied loads. Attempts are sometimes made[11][12][13][14][15] to identify simple analytical expressions that allow features of the stress-strain curve, particularly the yield stress and Ultimate Tensile Stress (UTS), to be obtained from a particular type of hardness number. However, these are all
based on empirical correlations, often specific to particular types of alloy: even with such a limitation, the values obtained are often quite unreliable. The underlying problem is that metals with a range of combinations of yield stress and work hardening characteristics can exhibit the same hardness number. The use of hardness numbers for any
quantitative purpose should, at best, be approached with considerable caution. Related properties Hot hardness Hardness comparison Hardness of ceramics Toughness Other strengthening mechanisms Grain boundary strengthening Precipitation hardening Solid solution strengthening Work hardening Hardness scales, tools and tests Leeb rebound
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