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Abrasion, of reference scratches, 211 
Abrasion testing, 227 
Adhesion, of polymer films, 272 
Alumina, 37, 87 

abrasive, 234 
Aluminum, 76, 85 
Aluminum alloys 

AI-Si-Cu, 218 
powder, 245, 254 

Aluminum bronze (see Copper al- 
loys, Cu-AI) 

Anistropy, 17, 123, 147, 168 
Artifacts 

from chemical polishing, 21 
from mechanical polishing, 20, 

155 
Aspect ratio, of Knoop impressions, 

223 
ASTM standards 

B 578-80:188 
D 1474-68(1979): 286 
D 3363-74(1980): 286 
E 92-82:245 
E 388-84:188 

B 

Bergsman apparatus, 230 
Boron implantation, creep with, 

graph, 67 
Boussinesq field, 144 
Brass (see Copper alloys) 
Brittle materials, 26, 143 
Brittleness, quantification of, 40 

Carbide fracture, during scratching, 
223, 235, 238 

Cast iron, 236 
Ceramics, 26, 143 

toughness of, 36 
Characteristic distance, and indenta- 

tion creep, 52 
Characteristic time, and indentation 

creep, 52, 68 
Chromium 

coating, 259 
graph, 262, 266 

Coating (see Thin film; Thin coat- 
ing) 

Compaction, 28 
Contamination, effects on indenta- 

tion, 162 
Copper, 58, 187, 211,247 
Copper alloys 

aluminum bronze, 177, 222 
brass, 7 
Cu-A1, 177,216, 218 

Crack patterns, 27, 30, 42 
dislocation arrangements, 110 
in Mg0, 113 

Cracks 
delayed pop-in of, 31 
energy dissipation by 116 
initiation of, 31, 188 
lateral, 30, 34 
propagation of, 31 
radial, 27, 30, 34 

pop-in of, 35 
Creep, accelerated, 68 
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D 

Data scatter (see Error) 
Debonding {see Adhesion) 
Deformation 

elastic, 9, 11, 21, 73, 80, 131, 136, 
151 

plastic, 9, 11, 21, 57, 80, 124, 135, 
142, 151, 179 

depth of, 61 
graph, 75 

plastic-polymer films, 275 
plastic zone, 28 

Depth of penetration, measurement 
of, 20 

Depth to thickness ratio, in coatings, 
258 

Diagonal length, measurement of, 
19,23 

Dislocation etch pits, 22 
in MgO, 120 

Dislocations, 109 
effect on plasticity, 162 
pileups in MgO, diagram 113 

Doping effects, in semiconductors, 
149 

E 

Elastic-plastic behavior, 10, 33, 134, 
136 

Elastic-plastic boundary, 11 
Elastic recovery, 36, 82, 105, 108, 

150, 153, 156 
load displacement, 36, 54 
parallel to surface, 17, 21 
parameter, 54, 56 

Elastic relaxation factor, 98 
Elastoplastic coefficient, 82 
Electrodeposit, for mounting pow­

ders, 247, 252 
Electroforming, 186 
Electronic packaging, polymer films 

in, 273 

Error 
comparing operators, table, 193 
hardness testers, table, 192 
in diagonal measurement, 255 
sources of, 149, 188 
variation in standards, 189 

Error ellipsoid, 170 
Expanding cavity (compression) 

model, 10, 15, 23, 28, 50, 
106, 136, 138, 144 

Fracture mechanics, 27, 34 
Fracture toughness, by indentation, 

36 
Friction 

during scratching, 241 
of indenter, 7, 11, 92, 143, 156 

G 

Geometric similarity, principle of, 5, 
15, 16, 131, 142 

Germanium, anistropy in, graph, 
169 

Glass, 26, 143 
fused silica, 28 
proton-irradiated, 43 
soda lime, 28, 32, 36, 42 
toughness, graph, 39 

Gold, 58, 94 
film on glass, 49 
hardness versus depth, graph, 100 

H 

Hafnium nitride, 200 
Hardness 

calculation for films, 260 
definition of, 5, 129 
depth criterion, 48 
effect of grain size on, 167 
in situ tensile tests and, 175 
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load dependence of, 179 
meaning of, 15, 48 
models, 6, 130 
mounting materials, table, 249 
pencil, 286 
pencil to Knoop, table, 288 
rebound,151 
semiconductors, 149 
shear modulus, graph, 148 
size effect on, 18, 95 
"standard diagonal," 170 
to modulus ratio, 33, 36, 56, 106 
variation below wear surface, 221 

Hardness scales, relationship be­
tween, 15, 197 

Heat treatments, 183 

ISE (see Indentation size effect) 
Impact, of indenter, 189 
Indentation 

effects of microstructure on, 163 
imaging in SEM, TEM, 92 
Knoop, 37, 120 
measurement of, graph, 200 
of polymer films, 272 
rim, 262, 269 
Vickers, 8, 29, 111 

Indentation creep, 142 
accelerated, 64 
in platinum films, 62 

Indentation size effect (ISE), 160 
effect of layers on, 164 
index, defined, 162 

Indenters 
abrasive particles, shaped, 230 
Berkovitch, 151 
conical, 51, 72, 74, 106, 131 
effects of shape of, table, 280 
for scratch testing, 212 
Knoop, 151, 223 

diagonal ratio, 37 
needles for, 273 

sharpness of, 105 
triangular, 96 
Vickers, 12, 30, 32, 50, 74, 151 

Indium antimonide, ISE in, graph, 
169 

Ion implantation, 66, 69, 91 

Layer effects {see Thin coatings) 
Lithium fluoride, 94, 103 

hardness versus depth, graph, 101 
Load 

effects on hardness, 275 
low load effects, 58, 62, 90, 101, 

152, 162, 254, 259 
time behavior, 189 
time dependence of, 274 

Load displacement, 33, 77, 83, 91, 
155, 157 

curve for nickel, graph, 99 
elastic recovery and, 54 
function, 36 
instrumentation for, 59, 75 
test procedure, 69, 74, 94 
with indentation creep, 49, 63 

Loading, incremental, 149, 155 

M 

Magnesium fluoride, 37 
Magnesium oxide, 110, 166 

dislocations in, diagram, 113 
etch pits in, 120 
X-ray topographs, 117 

Meyer hardness, definition of, 150 
Meyer's law, modified, 93, 102 
Microhardness standards, 186 

comparison of, table, 194 
Microindentation, definition of, 5 
Mounting materials, for powder 

hardness tests, 248, 255 
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N 

Nickel, 65, 94, 103, 187 
electropolished, 96 
hardness versus depth of, graph, 

100 
load displacement in, graph, 99 

Nickel film 
creep in, graph, 63 
load displacement of, 55 
thickness effects, graph, 66 

Nickel powder, 245 
hardness of, 250 

Niobium, indentation size effect, 167 

Paint films, 286 
Knoop and pencil hardness, 289 

Peierls stress, 169 
Pencil hardness, 286 
Phase transformations, pressure-in­

duced, 28, 149 
Pileup (see Surface uplift) 
Plasticity indexes, 61, 69 
Platinum films, indentation creep ef­

fects on, 62 
Polymer films 

adhesion of, 272 
load displacement in, graph, 281 

Polymers, viscoelasticity of, 132 
Powder metal particles 

hardness of, 243 
inhomogeneities in, 255 

Projected area hardness, 91, 129, 
224 

Quartz, scratching with, 233 

R 

Rake angle, 229 
RDX (Cyclotrimethylenetrinitra-

mine), 109 

Residual stress, 180, 183 
about indentation, 31 
calculation of, 41 

Rigid plastic behavior, 6, 132 
Rocks, 143 
Run-in, friction behavior during, 96, 

218 

Scanning electron microscope (SEM) 
29, 59, 91, 96, 112, 196 

Scratch hardness 
friction force and, 59 
indentation creep and, 50 

Scratch tests 
and abrasive wear, 227 
fixed depth, 239 
fixed load versus fixed depth, 228 
in the SEM, 236 
lubrication of tester, 212 
wear measurement in, 211 

Semiconductors, hardness of, 149 
Shape 

irregular indenters, 230 
of indentation, 16, 25, 37 
of indenter, 156 

Shear faults, 28 
Silicon, 94, 104 

brittleness, 40 
hardness versus depth, 101 
load displacement, graph, 99 

Silicon nitride, 37 
Silver, 58 
Size effects (see also Indentation size 

effect), 56 
Slip line field, 6, 7, 132 
Sodium chloride, 168 
Sodium fluoride, 168 
Spacing 

between indentations, 17 
from edge of specimen, 18 

Steel 
dual-phase, 217 
elastic recovery in, 37 
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Spring, 177 
stainless, powder, 245 

table, 253 
Type 304 stainless, 177 
Type 1075, 236 
Type 52100, 73, 76, 85 
work-hardened, 8 

Strain distribution, below indenter, 
13 

Strain hardening, 180 
Strain rate, 50 

indentation creep and, 52 
nickel films, graph, 63 

Stress intensity factor, 34 
residual contact, 34, 43 

Surface uplift, 14, 16, 83, 95, 152 

Temperature, effects on ISE, graph, 
169 

Thin coating, 91, 164, 196 
soft film effects, 49 

Thin film, 257 
compression of, 274, 282 
contribution from substrate, 259 
model for hardness, 260, 275 

Tilt, of specimen surface, 17 
Titanium nitrite, 200 

coating, 259 
graph, 265 

Transmission electron microscope, 
91, 104, 155 

Tresca criterion, 132 
Tribology, applications to, 209, 227, 

270 

Vibration, in hardness measure­
ment, 94, 156 

Volume, of indentation, 14, 144 
Von Mises criterion, 132 

W 

Wear 
abrasive, 227 
measurement of, 210 
related to hardness, 213 
transferred layers, 224 
use of reference scratch width, 212 

Work, during indentation, 85 
Work hardening, 8, 50, 74,102,124, 

134, 141, 145, 154, 156 
maximum amount of, table 223 
Mott model of, 167 
of Cu-Al due to wear, 221 

X-ray topography, of MgO, graph, 
177 

Yield stress, 136 
derived, 58 
estimation of, 146 
variation with depth, 48 

Young's modulus, 32, 62, 84 

Zinc oxide, 37 
Zinc sulfide, 36 
Zirconia, 37 




