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A

Acoustic emission (AE), viil
arinding process monitoring, 50
RMS fluctuation, 51
sensor, viii
signals, 51
transducer used in applications, viii
AE, see Acoustic emission
AFM, see Atomic force microscopy
Al-series specimens, 202
Analysis of variance (ANOVA), 233
Anode effect, 52
ANOVA, see Analysis of variance
Atomic force microscopy {AFM), 98, 132, 157

B

Ball nose wheels, 43, 46
Bonding

malerials, 8

statuses, 217
Breakdown voltage, 139
Brittle-ductile transition, 68

C

Center-type grinding, 28
Ceramics
efficient shape-grinding for, 10
grinding force for, 9
honing materials, 77
Chemical vapor deposition (CVD), 132
Chip thickness model, 54
Corrosion

anodic polarization corrosion test system, 203

electrical, prevention of, 78
potential, 218, 219
rate 1est, 207
resistance
evaluation, 207
passive state, 221
stainless steels, 201
test conditions, 207
C-series specimens, 202
CVD, see Chemical vapor deposition

D

Desktop and micro-ELID grinding, 111-122
desktop fabrication systems, concept of,
112-113
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desktop fabrication systems, development of,
113-121
desktop lap grinding machine, 113
desktop microtool grinding machines,
116121
desktop multiaxes grinding/milling/
cutting machines, 115—-116
desktop surface grinding/slicing
machine, 113-114
desktop four-axis machine, 116
desktop machine concept design, 113
deskiop machine development, background
of, 111
desktop slicing for optical glass, 114
desktop three-axis machine, 115
ELID grinding examples, 1k7
ELID grinding setup, 116
examples of microtools ground by two
wheels, 121
extremely fine micretwol, §19
grinding machine with ELID unit, 119
grinding results of microtool. 119
machining examples by microtools. 120
microtool grinding principle, 118
micro-workshop, 112
miniaturization of devices, 111
mirror surface by cutting, 118
on-machine measuring capubility, 112
personal computers, 112
profile aceuracy, 11
rotary index uble, 116
tungsten carbide, 115
Diamond
abrasives. charging of, 149
like carben (DLC), 208, 209
Dissolved oxygen, 202, 226
DLC, see Diamond-like carbon
Ductile-mode grinding, vii

E

ED (ruing, se¢ Electrodischarge truing
EDX diffraction system, se¢ Energy-dispersive
x-ray diffraction system

Elecirode(s)

adjusted, 25, 106

aspheric grinding, 32

coolant low between, 14

copper, 29, 144

copper tungsten, 11
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desktop slicing machine. 114 FREEDOM grinding, 89-92
detail, 4 FREEDOM principle, 87. 88
double-sided grinding, 70 FREEDOM tool, 87-88

drive unit, 76 FREX-DO! Tool, 88

ELID polishing, 143 grinding condition to spherical, 90
experimental setup, 31. 52, 142 grinding conditions and surface
fixed, viii. 3 roughness, 90

four-axes ultraprecision machine tool. 96 grinding s1ate, 89

freedom grinding, 89 predressing of wheels, 89

gap between wheel and, 150, 230 problems of change in form, 87
microtool grinding, 118 spherical grinding sample, 91
nanoprecision surface finishing, 10 surface roughness to spherical, 91
negative, 38. 47, 53. 62 FREX-DO! Tool, 88

paraboloidal lens processing. 102 Fuji ELIDer, 148

positive. 47 Fundamentals, 3-24

rotary, 162

rotury grinding system. 27
selection, 4

surface modification reactions, 201

Electrodischarge (ED} truing, 11, 131
Electrolytic in-process dressing (ELID), vii

areas of use, 37

centerfess grinding, 30

cylindrical grinder, 28

description, 75

desktop machines mounted with, 111

electrical behavior, 7

electrodes. 25, 15

first proposed grinding, vii

grinding conditions, 106, 189

grinding machine for semiconducior wafer.
126

grinding method principle, 3. 4

grinding setup, 116

large optics produced by, 107-108

micrelens mold fabrication, 42

polishing, experimental setup, 142

semiconductors, ix, 124

semidry method, 38

single-side lap grinding, 61

solid immersion mirror, 95

system principle, 15

ultraprecision mirror surface machining
system with ELID, 104

ELID. se¢ Electrolytic in-process dressing
Energy-dispersive x-ray (EDX) diffraction

system, 217

Fatigne

properties, 206
strength, 200

Free dominant machining. see Free-form grinding
Free-form grinding, 87-91

curve grinding sampte, 91
experimental system, 8%

bonding materials, 8
change in stock removal in wheel diameter
with truing time, 14
components, 4-5
coolant flow between electrodes, 14
copper tungsten, 11
developed principle, 3
cffects. 5-7
efficient grinding with ELID. 9-10
efficient shape-grinding for ceramics, 10
electrical behavior of, 7, 18, 19
electrode, 3
electrodischarge truing, 11
ELID grinding technique, construction
of. 4
experimental setup system, 16
experimental system, 17
fitted regression model, 20
fluids (bond oxidation kinetics), 14—23
discussion, 18-23
electrical hehavior, [5-17
experimental results, 15-17
experimental system, 14-15
oxide layer thickness, 17
grinding force for ceramics, 9
grinding with superfine abrasives, 10
ground surface quality. 5
hydroxides, 7
ion transportation. 18
machine setup with electrodischarge
truer, 12
mathematical model, wheel topography. 11
mechanism, 7-9
metal-bond sample, 17
microplasma truing device, 12
mirror surface quality grinding, 6
nanoprecision surface finishing. 10
nonlinear regression model, 23
power supply. 5. 14
principle of ELID system, 15
principle of microplasma discharge
truing, 12
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relationships between grain size and surtace
roughness, 6, |1

response surface gap, 21

tesponse surface voltage, 22

schematic of EL.I-grinding, 4

sharply trued grinding wheel edge, 13

stahility of grinding force, 6

theory math model, 23

thickness change velocity of flow, 20

truing for ELID grinding, 10-14

wheel surface after grinding with ELID, 9

wheel surface electroconductivity, 7

GD-0ES, see Glow discharge optical emission

SpeCtroscopy

Glow discharge optical emission spectroscopy

{(GD-0OES), 203

Grinding applications, 123-235

adhesivengss to thin films, 208

AFM image, 132

AFM principle, 157

Al-series specimens, 202

aluminum binding energy, 204

aluminum fluoride, 208

analysis of abrasive elements, 203

analysis of oxygen element, 203

analyzers used in study, 203

anodic oxidation reaction, 218

anticorrosion film, 200

basic ELID rotary grinding machine with
cup-type wheel, 125

basic grinding test conditions and results,
128

cell number, 222

change of oxygen atom concentration
by difference in additional
potential, 214

charging of diamond abrasives, 149

chemical stability of surface, 218

chemicai vapor deposition, 132

comparison of compressive residual stress,
205

comparison of corrosion polential, 219

comparison of microcutting mark of
generated surface, 191

comparison of optical roughness map of
generated surface, 195

comparison of polarization resistance, 220

comparison of surface roughness obtained
using ELID polishing and
conveniional

concentrations of dissolved oxygen, 202

concept of surface and interface functional
modification, 200

corrosion rate test, 207

COrrosion resistance
evaluation, 207
passive state, 221

crystallographic planes, 139

C-series specimens, 202

cutting condition, |80

cyclic polarization curves, 220

deflection measurement result, 179

desktop cylindrical grinding machine, 176

detected elements prodtle in depth direction
unalyzed by using XPS, 226

diamond abrasives, 124

diamond-like carbon, 208

dissolved oxygen, 226

EDX patterns of surface, 212

effect of applicd pressure on continuity of
removal rate, 3]

cftect of cutting speed on Ra, 152

effect of depth of cut on Ra, 232

effect of ELID on continuity of removal
rute, 131

effect of feed rate on Ra, 232

etfect of treing time on surface roughness,
152

effect of wheel speed on Ru, 232

electrical resistivity of wheel
developed, 154

clectrode used for ELID polishing, 142

clectrodischarge truing. 151

ELID grinding conditions, 189

ELID grinding conditions of fused silica
glass, 197

ELID grinding for large-scale Si wafer, 127

ELID grinding machine with straight-type
wheel, 127

ELID ground Si wafer, 126

cnergy-dispersive x-ray diffraction system,
217

estimated response surface, 234, 235

evaluation of biccompatibility, 226

evaluation of mechanical properties. 2035

example of obtained mirror-surface finish,
131, 136

experimental conditions, 147, 169, 202, 224

experimental setup for ELID pelishing, 142

experimental system specification, 230

external view of grinding machine employed
for microtool machining, 168

external view of workpiece after #1200
grinding, 141

factors improving biocompatibilily, 228

favigue properties, 206

tutigue strength, 200

figure map of surface, 192

finished surface microphotographs, 224

fixture for ELID polishing, 144

form accuracy, 190
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form map of surface before and after MRF.
193
F-test, 161. 162
Fuji ELIDer, 148
generation of oxide layer on ELID ground
surface, 213
glow discharge optical emission
spectroscopy. 203
grain size. 151
ground Co-Cr alloy for artificial joint, 225
hardness of top surface layer. 205
hexagonal microtool, 182
hydroxide ion, 226
image of grinding wheel surface after stable
grinding process. 125
installed image analysis profilometer, 177
insulator, 145
lactate dehydrogenase. 222, 223
large-scale ultraprecision ELID rotary
grinding machine, 129
macro-observations, 207
material removal and current, 155
material removal and ELID. 157
material removal rate. 162
material removal and voltage, 156
measured results of corner-edge radius. 174
measurement picture of deflection, 176
mechanical properties of surface, 221
metatlic biomaterials, surface modification,
211-218
surface medification on Co-Cr alloy.
223-228
surface medification on titanium alloy,
211222
metal-resinoid hybrid bonded diamond
wheel, 129, 132
microlens meold grinding. 163
microphotographs ot ground surfaces and
edges, 169
micropin processing conditions, 171
microtocl{s), 164181
deflection of, 179
examples of microtools fabricated by
ELEID grinding. 181
fabrication by ELID grinding. 168-172
generation with high-quality surfaces,
172175
grinding result, 169
new desktop microtool machining
system, development of, 175-181
rupture strength evaluation system, 174
shape accuracy. 177
surface roughness, 173
Model F-value, 233
molds, 162-164
mounting of parts, 150
MRF conditions, 199

Index

MRF conditions of BK glass, 187
MRF conditions of SiC plane, 188
MRF removal function on BK7 after 2
seconds, 186
Nano hardness tester, 221
nanvindentation testing, 203
next-generation semiconductors, 138
number of adherent cells, 228
on-machine measurement picture, 178
optical roughness map of surface after
taking spots, 188
optical roughness map of surface before and
after MRF, 194, 196
optics finishing integrating ELID grinding
and MRF, 181-200
finishing characteristics, 187-198
form accuracy of ELID and MRF,
189193
microsurface roughness of ELID and
MREF, 193-198
removal rate of BK7 glass, 186
removal rate of different materials by
MREF, 186-187
removal rate of SiC. 186-187
removal rate of silicon mirror, 187
overviews of produced microtools. 182-183
pin-on-disc tester. 206
plasma discharge truing of wheel, 162
polishing and grinding of magnetic heads,
142162
cutting speed, 151
ELID parameters, 150-155
ELID polishing results, 155-160
experimental setup, 142-150
grain size or mesh number of wheel, 150
grinding force. 151-154
results and discussions, [55-162
statistical analysis, 160-162
truing time, 151
wheel material, 154-155
wheel resistivity, 154
polygenal microtools, 172
power devices, 138
breakdown voltage, 139
performance of, 138
power conversion efficiency, 138
practically used ELID grinding machine for
S1 wafer, 127
P-series procedure, 202, 203
relation between grain size and surface
roughness, 133
relation between working time and surface
roughness, 137
relationship between surface roughness and
rupture strength, 175
residual stress measurements, 205
results of colored surface observation, 216
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results of milling and punching test, 184
results of nanoindentation test, 205, 221, 225
results of scratch tests, 209
results of sliding friction test, 206, 221
results of wetability tests, 209
roughness patterns, 165, 166
rupture strength 1esting, 175
sapphire (experimental approach), 229-235
chip thickness model, 230-231
experimental setup, 229-230
results and discussion, 231-235
schematic showing position of fixture, 146
semiconductors, 124142
efficient and smooth grinding
characteristics of monocrystalline
4H-SiC wafer, 138-142
ELID grinding systems of silicon wafers,
124-128
ELID lapping of CVD-SiC, 132-138

ELID tapping of monocrystulline silicon,

129-132
setup for electrically conductive brush, 147
silicon wafers, 124
Si-series specimens, 202
§-N diagram, 206
specifications of ELID grinding machine for
semiconductor wafer, 126
stability of grinding performance on ELID
single-side lap grinding, 136
staged micropin, 171
stainless stecls, surface modification,
201211
anulysis of mirror-finished surfaces,
203-205
proposed madification technique and
experimental procedures, 201-202
surface functionality evaluation, 205-211
subsurface damage, 124, 126
supporting rollers and springs. 144
surface modification, 200-228
layer, 214
metallic biomaterials, 211-218
stainless steels, 201-211
surface potentrals showing with contact
angle, 210
surface profile obtained by varying current,
158
surface quality differences, 164, 166
surface roughness, 125, 203
surface roughness after #1200 grinding, 141
surface rovghness before grinding, 140
surface reughness and current, 158
surface roughness of finished Co-Cr alloy,
223
surface roughness obtained by varying
current, 159
surface reughness of plate after facing, 149
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target size and size accuracy, 178

TEM observation of oxide layer, 212

titanium and oxygen profile, 218

tool and workpiece setup on compact
desktop-type four-axis grinding
machine, 224

transmission electron microscopy, 218

tribological properties, 206

t-test, 161, 162

uniform truing, 162

vacuum chuck table, 124

variation of grinding force with MRR in
conventional grinding, 152

variation of grinding force with MRR in
ELID, 153

variation of MRR in MRB and CIFB
wheels, 154

view of ground mold sample, 167

wettability evaluation, 209

wheel surface after truing, 163

XPS anatysis, 209

XPS depth profile of carbon, 215

XPS results for analysis of nitrogen, 227

x-ray photoelectron spectroscopy, 203

Grinding methods, 37-60

acoustic emission monitoring, 50-38
effect of depth of cut on surface finish
and AE signals, 55-58
effect of clectrolytic dressing current on
AFE signals, 55
effect of electrolytic dressing current on
surface finish, 34--55
experimental setup, 51-52
predressing and oxide luyer thickness,
52-54
results and discussion, 52-58
after electrolytic dressing, 40
anode effect, 52
average surface roughness, 54
ball-nose wheels, 43, 46
cast-iron bonded grinding wheel, 53
chip thickness model, 54
copper electrode, 51
developed machine for microtool
machining, 39
ductile-tnode grinding, 57
electroconductive grinding liquid, 39
electrodeless ELID, 43-46
electrolytic dressing current, 33, 54, 55
ELID I1 method, 42
ELID 111 method, 43, 44
ELID 1V grinding system, 47
experimental conditions, 40, 48
experimental system, 44
grinding scenc, 48
grinding wheel topography, 51
interval dressing, 43
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interval ELID, 42-43

ion-shot ELID, 4749

lapping machine

grinding conditions by, 44
view of. 45

lens glass mold, 49

microlens mold fabrication, 42

minirmum quantity lubrication, 37

mist ELID, 37-41

nozzle ELID method, 47

oxide layer thickness. 53

piezeelectric type transducer, 51

plasma discharge truing system, 39

preamplifier, 51

relation between electrolysis film thickness
and mist supply, 41

relation between electrolysis film thickness
and whetstone rotation speed. 41

sapphire, 50

semidry ELID method. 38

surface roughness. 46

TRIDER-X grinding machine, 47

vellow-brown oxide layer formed on
cast-iron bonded wheel surface, 53

Grinding types, fundamental. 25-33, see also

Lap grinding

aspheric grinding, 32

centerless grinding. 29. 30

center-type grinding, 28

curve generator grinding, 29-31

cylindrical grinder, 28, 29

ELID clectrodes, 25

experimental setup, 31

in-feed grinding systems, 25, 28

in-process dressing, 29

imernal grinding, 28-29

rotary grinding system, 27

surface grinding, 25, 26

Ground surface quality, 5

H

Hard disk drive (HDD), 93
HDD. see Hard disk drive
HICARION, 70
Honing, 75-85
application o automoebile parts. 78-84
application to hard and brittle material,
71-78
cost reduction effects. 83
clectrical corrosion, prevention of, 78
electrodes, 75
cnergy-saving effects. 82
engine block. 78
honing conditions, 77
honing machine. 80
honing wheel surface, 84

Index

inconsistencies in roughness values, 80

mas- mevnction, 79, 81, 82, 83

method iliustration, 76

principle, 75

properties of typical ceramic materials used
in ELID honing

results, 78

samples finished, 79

scanning efectron microscope image, 83

setup, 76-77

specifications of base machine for ELID
honiag machine, 76

specifications of ELID honing experiment
system, 76

surface roughness. 80

tool life, 82

Hydroxide
formation, 7
ion, 226

In-process dressing, 14, 29, see also Electrolytic
in-process dressing

Input-laser beam, 95

Insulator, 145

lon transportation, 18

L

Lactate dehydrogenase (LDH), 222, 223
Lap grinding, 61-73
brittle-ductile transition, 68
chemical-sclution-type grinding fluid. 62
close-up view of ELID single-side lap
grinding. 62
difference in ground surface roughness and
removal rate, 64
double-side lap grinding, 69-72
ELID double-side lap grinding system,
70
features of HICARION, 70
grinding characteristics, 71
schematic illustration, 70
effects of ELID on continvity of removal
rate of tungsten carbide, 63
example of obtained mirror surface finish,
72
HICARION, 70
metallic-bonded wheels, 69
monoecrystalline silicon, 61, 65, 66
noncomplex grinding, 69
relation between time and stock
removat, 71
schematic illustration of ELID single-side
lap grinding. 62
simultaneous grinding, 66
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single-sided lap grinding, 61-69
effects of ELID on single-side lap
grinding, 62-64
ELID single-side lap grinding system,
61-62
grinding characteristics of
monaocrystalline silicon and tungsten
carbide, 64-65
simuitaneous grinding of different
materials, 66—68
surface roughness profiles, 6%
surface roughness profiles by #4000
wheel, 63
surface roughness profiles of tungsten
carbide, 71
lungsten carbide, 61, 65, 66
view ol resultant mirror surface, 67
Lapping muchine
grinding conditions by, 44
view of, 45
LDH, see Lactate dehydrogenase
Lens glass mold, 49

M

Magneto-rheological finishing (MRF),
ix, 185
Magneto-rheological finishing (MRF), optics
tinishing integrating ELID grinding,
181-200
finishing characteristics, 187-198
form accuracy of ELID and MRF,
189-193
microsurface roughness of ELID and MRF,
193-198
MRF conditions, 199
removal rale of BK7 glass, 186
removal rate of different materials by MRF,
186-187
removal rate of SiC, 186—187
removal rate of silicon mirror, 187
Metal-resinoid hybrid bonded diamond
(MRB-D) wheel, 129, 132
Micro-ELID grinding, see Desktop and
micro-ELID grinding
Microplusma discharge truing, 12
Microtools, 164181
deflection ol 179
examples of microtools fabricated by ELID
grinding, 181
external view of developed machine, 39
extremely fine, 119
fabrication by ELID grinding, 168-172
generatien with high-guality surfaces.
172-175
grinding principle, 118, 120
grinding result, 119, 169
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hexagonal, 182
machining examples, 120
new desktop microtool machining system,
development of, 116, §75-181
polygonal, 172
rupture strength evaluation system, 174
shape accuracy, 177
surface roughness, 173
Micro-workshop, 112
Minimum quantity lubrication (MQL}, 37
Model
chip thickness, 54
fitted regression, 20
theory math, 23
wheel topography. 11
MQL, see Minimum quantity lubrication
MRB-D wheel, see Metal-resineid hybrid
bonded diamond wheel
MREF, see Magneto-rheological finishing

N

Nano hardness tester (NHT), 221

Nanoindentation test, 205, 221, 225

Nanoprecision grinding, see Ultraprecision and
nanoprecision grinding

NHT, see Nano hardness tester

Nozzle ELID method, 47

0

OAM recording technologies, see Optically
assisted magnetic recording
technologies

Online process control, viii

Optical glass, desktop slicing for, i14

Optically assisted magnetic {OAM) recording
technologies, 95

Oxide

aluminum, 185

anodic oxidation reaction, 202

bonding statuses, 217

cerium, 185, 187

chromium, 225

copper grinding wheels, 3

film component, 217

layer
breakage, 58
corrosion resistance and, 222
generating process, 14
growih, 208
performance, influcnce on, 231
TEM observation, 212
thickness, 17
wedr, 8

titanium alloy, 214

zirconinm, 79
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P

Piczoelectric crystal. viii
Plasma discharge truing, 162
Power devices
breakdown voltage, 139
performance of. 138
power conversion efficiency, 138
P-series procedure, 202, 203

Q

Quasiplastic cutting, vii

R

RMS. see Root mean square
Root mean square (RMS). 185
acoustic emission, 50, 51. 55
BK?7 glass sphere, 193
CVD-Si1C, 194
surface microroughness. 185. 193
surface roughness, 102
Rotary grinding system, 27
Rotary index table, 116
Rupture strength evalvation system, 174

5

Sapphire
applications, 50
ELID grinding of. 31
grinding of (experimental approach}, 229
chip thickness model, 230-231
experimental setup. 229-230
results and discussion, 231-235
machining of, 50
Scanning electron microscope (SEM) image.
83,133
Semiconductors, 124-142
conductive wheels, 43
cfficient and smooth grinding characteristics
of monocrystalline 4H-51C wafer,
138-142
ELID grinding systems of silicon wafers,
124-128
ELID iapping of CVD-S$IC, 132-138
ELID lapping of monocrystatline silicon,
129-132
grinding machines specifications, 126
industry, ELID in, ix
materials microfabrications for. 112
microtools, 164
next-generation, 138
power conversion, 138
SEM image, see Scanning electron microscope
image

Index

SIL, see Solid immersion lens

SIM, see Solid immersion mirror
Si-series specimens, 202

Sliding friction test. 206, 221

Solid immersion lens (SIL). 95

Solid immersien mirror (SIM), 95, 97

T

TEM, see Transmission electron microscopy

Theory. nonlinear regression, 23

Transducer, piezoelectric. viii, 51

Transient elastic wave (lattice of crystalline
materials), release of, viii

Transmission clectron microscopy (TEM).
212,218

Tribological properties, 206

TRIDER-X grinding machine, 47

u

Ultrahard materials, vii
Ultraprecision and nanoprecision grinding, 95-109

atomic force microscopy, 98

cast iron—cobalt hybrid wheels, 106

condense result. 100

construction four-axes ultraprecision
machine tool. 96

double hydrostatic guideway, 104

ELLID grinding conditions, 106

experimental conditions, 98, 102

form error of grinding wheel, 103

four-axis ultraprecision machine, 101

ground profile, 102

hard disk drive, 95

hemiparaboloidal SIM. 97

input-laser beam, 95

large optics produced by ELID, 107-108

targe-scale ultraprecision and nanoprecision
grinding. 103-108

on-machine metrelogy profile probe. 102

optically assisted magnetic recording
technologies, 95

paraboloidal lens processing, 102

paraboloidat surface, 95

power supply, 106

profile accuracy, 97

SIM after processing, 99

single-point diamond cutting, 96

solid immersicn lens. 95, 96

soltd immersion mirror, 95, 96

specifications of developed grinding
system, 105

specifications of four-axes ultrahigh
precision machine tool, 101

specifications of ultraprecision machine
tool. 97
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state of paraboloidal lens processing, 102

step respense of Z-axis movement. 104

straightness of workpiece, 107

surface roughness, 99, 103

tool path, 98

ultraprecision grinding of glass-ceramic
mirror, 100-102

ultraprecision grinding of solid immersion
mirror, 95-100

ultraprecision mirror surface machining
system with ELID, 104

ultraprecision pneumatic spindle, 97

Z-axis movement, 103

Zerodur glass-ceramic material, 100, 101

v

Vacuum chuck 1uble, 124

w

Wettability evaluation. 209
Wheel(s)
ball-nose, 45, 46
cup-type, 125
electrical resistivity, 154
material, 154155
metallic-bonded wheels, 69

X
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metal-resinoid hybrid bended dinmond,
129, 132

plasma discharge truing of wheel, 162

predressing of, 89

surface after grinding with ELID, 9

surface after truing, 163

surface electroconductivity, 7

topography, L1

XPS, see X-ray photoelectron spectroscopy
X-ray photoelectron spectroscopy (XPS), 203

z

Co-Cr alloy surface examination, 225

depth profile of carbon, 213

detected elements profile in depth direction
analyzed, 226

results for analysis of aluminum, 204

results for analysis of nitrogen, 227

results for analysis of titanium and oxygen in
the 90 V series, 213

resuits of measuring elemental Fe, Cr, and
0, 208

Z-axis movement. 103
Zerodur glass-ceramic material, 100, 101





