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B
Ball bearings

friction at low temperature, 108, 108f
friction at room temperature, 108, 108f

Ball catering test, 42–43, 42–43f, 89, 89f
Ball on cylinder (BOCLE), 67–68, 68f
Ball-on-plane, 73–74f
Base oil, 2
Bearing friction tester, 107–108, 108f
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Biotribology, 1, 118

tests, 118
Block-on-ring test, 47–48, 48–49f, 56–57,

57f, 66, 106, 106f
solid lubricants, 68

Boundary lubrication, 3
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C
Capstan friction, 104–105, 105f
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Cavitation, 91–93

submerged water jet test, 92–93, 93f
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91–92, 92f
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Chemo-mechanical planarizing (CMP), 5
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testing, 78–79, 80f
Coefficient of friction, 1, 95, 101, 123
Computer simulations, 17, 17f
Contact geometry, 121f
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D
Diamond-like carbon (DLC), 123
DIN (Deutsches Institut fur Normang), 3
Droplet erosion, 3, 10, 11f
Droplet/impingement erosion, 90–91, 91f
Dropping point, 3
Dry film, 13
Dry-sand rubber wheel, 53–54, 55f
Dry solid film lubricants, 3

E
Elastohydrodynamic lubrication, 3, 14
Electrical contact tests, 74, 75f
Erosion, 1–2, 9–11

plastics, 59
testing, 86–94
types, 4f

Erosion/corrosion test, 2, 90, 90f
case history, 128, 128f

Erosion models, 19–21
Expert systems, 16–17

F
Fafnir test, 68–69, 69f
Falex pin and vee block test, 109
Falling sand, 53, 54f
Falling sand test, 86, 87f
Fatigue wear, 2
Film/paper abrasivity tester, 42f
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Finite element modeling (FEM), 17–18, 18f
Flash point, 3
Fluid friction, 12
Fluid vs. solid friction, 96–98, 96f
Footwear tests, 104
Four-ball friction test, 68, 109
Four-ball test, 67, 67f
Fourier transform infrared spectroscopy

(FTIF), 114t
Fretting, 2, 7, 7f
Fretting corrosion and wear, 2, 6

case history, 125–126, 126f
mechanism, 71–72, 72f

Fretting fatigue, 74
Fretting models, 21–22
Fretting tests, 71–77

types, 72–73f, 72–76
Friction, 3

databases, 98, 99t
factors that effect, 98–99, 99–100f
importance of, 96
types, 5f, 12–13, 95–111, 96–98, 96f

Friction data, reporting of, 103–104
Friction force, 2
Friction measurement, recording protocol,

102–103, 102f
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Friction testing, 12–13, 95–111, 96f

case history, 123, 123f
FZG RIG, 69, 69f

G
Galling, 2, 6, 7f, 45, 46f
Gas erosion, 10–11
Gas jet erosion test, 86–87, 88f
Gas lubrication, 14, 14f
Gears

fatigue tests, 84, 84f
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testing with FZG rig, 69, 69f, 84, 84f
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Gouging abrasion, 33, 34f
Grease lubrication, 14, 76

H
Hertzian contact pressure, 2
High-stress abrasion, 39–40, 39f
Hip implant couples, 75–76, 75f
Human joint deterioration, 8–9, 9f
Hydrodynamic lubrication, 3

I
Impact wear, 2, 7–8, 8f, 78–85

surface fatigue testing and, 82–83, 82–83f
tests, 85, 85f

Impingement, 2
Impingement erosion, 10, 11f
Indentation testing, 115, 115f
Insolubles, 3

K
Kinematic viscosity, 3
Kinetic coefficient of friction, 2

L
Laser ablation, 11
Liquid erosion, 20
Liquid lubricants, 13–14, 14f

Load-carrying capability tests, 68
Load-wear index, 3
Loop abrasion test, 54–55, 55f
Low-stress abrasion, 33–39, 34f

nonstandard tests, 38–39, 38f
Lubricants, 3

types, 5f, 13–14, 98f
Lubricated fretting test, 68–69, 69f
Lubricated wear testing, 62–70, 63f, 64t

case history, 127–128, 127f
Lubricating greases, 3, 63, 65t
Lubricating oils, 3, 62–63
Lubricity, 3

M
Magnetic tape abrasivity test, 42f
Mass spectroscopy (MS), 114t
Matching wear, 8, 9f
Material documentation, for a valid wear

test, 26
Micro, nano, and biotribotests, 112–119
Microtribology, 1
Miller slurry test, 59, 59f
Modeling and simulation, 16–23
Mohs hardness, 117t

N
NACE liquid erosion test, 90f
Nanotribology, 1
Nonabrasive wear, 5–6

case history, 124, 124f

O
Optical microscopy, 113, 114t
Orifice enlargement, 90
Oxidation, 3
Oxidative wear, 3, 6–7f, 49–50, 49f

P
Pavement/tire tests, 104
Petroleum, petroleum products, and

lubricants, terminology, 2–3
Pin and Vee block test, 68, 68f
Pin-on-disk, 45–46, 46–47f, 57, 67, 67f,

106–107, 107f
Plastic/elastomer wear, 51–61

erosion, 59
nonstandard tests, 60
polymer wear and erosion, 52f
specific wear rate, 58
tribological idiosyncrasies of plastics, 52t
wear mechanisms, 52f

Plastic sliding, 18f
Plastic-to-ceramic/cermet, 58
Plastic-to-metal, 56–57, 57f
Plastic-to-plastic, 57
Polishing, 3, 5, 6f

case history, 126–127f
Polishing abrasion, 40–41, 40–41f
Pour point, 3
Procedure B reciprocating ball-on-plane

and lube test, 110
Product abrasivity, 41–42, 41t
Profilometry, 113
Propeller tests, 89, 89f
PV limit, 58–59, 58–59f
PV product, 2

R
Rails, tracks, and wheels, surface fatigue

testing, 81, 81f
Raman spectroscopy (Raman), 114t
Reciprocating ball-on-plane, 46–47, 47f
Reciprocating block-on-plane, 107, 107f
Reciprocating lubricated friction and wear

(SRV machine), 109, 110f
Reciprocating test, 66
Reporting wear losses, for a valid wear test,

29–30
Role of time and distance, for a valid wear

test, 28
Rolling, 2
Rolling element bearings, fatigue testing,

79–81, 80f
Rolling element tests, 69–70, 69–70f, 83–84,

83–84f
Rolling friction, 12, 96–98, 96f, 107–108,

107f
Rolling surface fatigue tests, 84–85, 84–85f
Rolling wear, 2, 7, 8f, 78–85, 86f
Rubber abrasion, 55–56, 56f
Run-in, 2

S
Scanning electron microscopy (SEM), 114t,

115–116, 115f
Scanning probe microscopy (SPM), 114t,

116–117, 116–117f
Scanning tunneling microscopy (STM), 114t
Scoring, 2
Scratches, 3
Scratching abrasion, 4, 6f
Scratch testing, 55–56f, 117–118, 118f

Mohs hardness, 117t
Scuff, scuffing, 3
Scuffing/scoring, 48–49, 49f
Secondary ion mass spectroscopy (SIMS),

114t
Sliding friction, 12
Sliding friction tests, 100–102, 100–102f
Sliding wear, plastics/elastomers, 56–58
Slip, 3
Slurry abrasivity, case history, 124–125,

125f
Slurry erosion, 3, 9, 9f, 20
Slurry erosion tests, 87–90, 88f
Slurry pot test, 89–90, 90f
Soap, 3
Solid film, 13, 13f
Solid film lubricants, 63–66
Solid-on-solid friction, 96–98, 96f, 104
Solid-on-solid with fluid friction, 96–98, 96f,

109, 109f
Solid-on-solid with third body friction,

96–98, 96f, 105–106, 105f
Solid particle erosion, 3, 9–10, 10f, 19–20
Solid particle erosion tests, 86–87, 87f

case history, 126–127, 127f
Solid particle impingement erosion, 2
Spalling, 7, 8f
Spark erosion, 11, 12f
Spin-down friction testing, 108, 108f
SRV, 3
Static coefficient of friction, 2
Static friction/blocking, 12–13
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Statistical significance, for a valid wear test,
26–27, 28f

Stick-slip, 2, 101
Stiction, 2, 101
Surface analysis tools, 112–114, 113–114f,

113–114t
Surface condition, for a valid wear test,

27–28
Surface fatigue models, 22
Surface fatigue testing, 78–85

coatings and surface treatments, 78–79,
80f

gears, 81–82, 82f
impact wear and, 82–83, 82–83f
rails, tracks, and wheels, 81, 81f
rolling, 84–85, 84–85f
rolling element bearings, 79–81, 80f

Synthetic, 3

T
Taber abraser, 53, 54t, 55f
Test confidence, 120
Test data plotted with error bars, 122f
Test environment, for a valid wear 

test, 28
Testing, alternatives to, 16–23
Test specimens, 122t
Thickener, 3

Thin film, 13
Three-body abrasive wear, 2
Thrust washer test rig, 105f
Topographic measures, 113t
Traction, 2
Traction coefficient, 2
Transmission electron microscopy 

(TEM), 114t
Tribology, 1, 2
Tribometer, 1
Tribosystem, 1
Tribotesting, 1, 129t
Two-body abrasive wear, 2

U
Ultra high molecular weight polyethylene

(UHMWPE), 124

V
Viscosity, 3
Viscosity index, 3

W
Wear

categories of, 4, 4f
different types, 1–15
identification of mode, 3–4
terminology, 1

Wear and friction measurements, for a
valid wear test, 28–29, 29f

Wear coefficient, 2
Wear map, 2
Wear models, 19
Wear modes, 24f
Wear rate, 2
Wear test selection, 24–32, 121–123

confidence and correlation with service,
120–129

correlation case histories, 
122–128

define the system, 25–26
elements of a valid test, 26–30
features of some common 

tests, 32t
objective, 24–25f
reporting the data, 25–26, 26–27f
wear/friction test checklist, 31t

Wet sand/rubber wheel test, 88, 89f

X
X-ray diffraction (XRD), 114t
X-ray photoelectron spectroscopy (XPS),

114t

Y
Yarn wear test, 42f
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