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Alignment, specimen 22 
Analysis data 52 

thermal and mechanical cycling 185 
Antigalling 91 
Atmosphere, protective 133 
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Backlash elimination 89 
Baldwin-Lima-Hamilton Corp. strain 

gages 153 
Barber Coleman controllers 96 
Bending, fatigue tests 149 

operation 156 
Biaxial stress 186 

ratio 150 
Break detection 96 
Brush, Mark 280 recorder 47 

C 
Calibration 136 

computer 123 
controls 141 
extensometer 42, 136 
load cell 167 (fig.), 172 
strain sensor 113 

Clip gage 6, 21, 41 
slipping 22 

Collins transducer 95 
Command signals 82 
Console 33 

control 80, 105, 136 
Control, axial strain 92 

closed-loop 81 
computer 122 
cyclic bending 156 
heating system 138 
strain (specimen) 136 
temperature 80, 103, 173 
thermal 79 

Crack 
initiation 32, 80, 94, 97 

detection 69, 79 
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elevated temperature 98 
measurement 79 

morphology 53 
observation 80 
propagation 32, 80 

Cryogenic testing 85 
Cryostat 85 
Cycle changes (mechanical properties) 

9 
for failure 144 

Cyclic, bending tests 150 
creep testing 85 
frequencies 19 
plasticity 97 
strain hardening exponent 7 
thermal-mechanical 185 

Cyclic strain hardening curves 11, 52 
cyclic strain softening curves 11, 52 
cyclic stress-strain curves 9, 11, 12, 

13, 53 
methods determining 12 

Cyclically hardening 7, 158 
softening, 7, 158 

D 
Data, analysis (interpretation), re- 

duction, and presentation 22, 52, 
144, 160 

Data-Trak 12 
measurements 28 
output 157 
recording 47, 60, 124 
(Also see Measurements) 

Data-Trak (MTS Systems Corp.) 12, 
33, 44, 51, 174, 176 

Daytronic 60 
(Model No. 300 CL-60) 55 

Definition, of engineering stress-strain 
properties 6, 24 

of failure 49, 116, 142, 156, 185 
of thermal fatigue 164 
of true stress-strain properties 7, 24 

Dewar Flask 55 
Dial indicator(s) 75 
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Die set, advantages and disadvantages 
73 

Dislocation structures 61 
studies 64 

E 
Elastic component 14 

strain amplitude 17 
strainqife curve t7 

Electrohydraulic (closed loop) 103 
Electropolishing, specimen 61 
Engineering (and true) stress-strain, 

definitions 24 
Environment(s), atmosphere (protec- 

tion) 133 
extensometers 95 
saltwater 156 

Extensometer 21, 112, 135, 178 
attaching 75 
calibration 42 
clip gage, slipping of 22, 42 
diametral 111 
drift 42 
environment testing 95 
high temperature 94 
low temperature 55, 58 
optical 33, 42 
resolution 43 
ridge 93, 94 
strain gage type 56 
support 75 

Extensometry 41, 53, 92 

F 
Facility, arrangement 141 
Failure, definition 49, 116, 142, 156, 

185 
determination 49, 61 

Fatigue, bending 150 
crack indication (hysteresis loop) 

21 
crack initiation 69 
cumulative 85 
cyclic bending (flexural) 150 
ductility coefficient 11 
ductility exponents 15 
ductility properties 14, 15 
failure 116, 142 
flexural 149 
flexural (comparison direct) 161 

problems, low cycle fatigue 87 
property relationships 10 
strength coefficient 16 
strength exponent 16 
strength properties 14, 16 
thermal 87, 163 
thermal, definition 164 
transition life, definition 22 

Fixtures, loading 108 
(Also see Grips) 

Flexure fatigue testing 149 
comparison to direct stress 161 
operation 156 
specimen 150 

Fracture surfaces 61 
Frequency 105 

(Also see Test Speed and Test Fre. 
quency) 

G 

Generator, high frequency 103 
induction 118 

Grain diameter 93 
Grip(s) 70, 89 

alignment 134 
design 133 
liquid metal 22 
water-cooled 110, 169 
(Also see Fixtures) 

Gripping 168 
assembly, 172 
(mounting), 110 
(Also see Woods Metal Joint) 

t t  

Heater, element 79, 96 
internal 78 

Heating 116 
elements 79 
induction 109, 116, 138, 173 
resistance 173 

Heating system 138 
Hourglass specimen 107, 131 
Hydraulic control 84 

system, 84, 153 
Hydraulic supply 113 

ram 30, 33 
Hydrogen (liquid) 85 
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Hysteresis loop(s) 21, 46, 47, 49, 51, 
60, 83, 89, 116, 139, 140, 155, 
164, 167, 178, 180 

crack indication 49 
fatigue crack indication 21 

I 
Incremental step test 12, 51 
Induction coil 109 

heating 118 
Infrared, temperature measurement 

175 
Installation, specimen 91 
Instron Corp. (testing) 29, 53, 142, 

176 
clip gage 41 
load cell 134 
recorder 60 
strain gage 135 

L 
Leeds and Northrup controls 174 
Lehigh University, specimen 150 
Leitz Metallux ND microscope 32 
Limited life (fatigue definition) 130 
Liquid metal grip 22 

(Also see Woods Metal) 
Load, holding 96 

measurement 110 
measuring gage 155 

Load cell 30, 55, 110, 155 
calibration 167 (fig.), 172 
Instron 55, 134 
Strainsert 32 

Loading fixtures 108 
frame 29, 72, 103, 109 

alignment 72 
rods 70 

Low cycle fatigue, definition 27 
philosophy 27, 129 
test speed 153 
(Also see Frequency) 

Low temperature tests 55 
Lubricants, high temperature 90 

M 
Measurement(s) 153 

crack initiation 79 
load 74 
observations 73 

strain 77 
temperature 78 
test conditions 83 

Mechanical, components (of strain) 
185 

extension (specimen) 177 
hysteresis loop 10 
variables 29 

Metallographic techniques 
(associated with low cycle fatigue) 
61 

Microscope (for crack detection) 79 
Modes of operation 84, 118 
Monotonic strain hardening exponent 

7 
stress-strain properties 6 
tension test 7, 13, 51 

Moog servovalve 31 
Moseley (Hewlett-Packard Corp.) 2D 

recorder 155 
Mounting plates 110 
MTS Corp. (Materials test system) 19, 

21, 29, 33, 95 
extensometer calibrator 40 
(Also see Data-Trak) 

Multiple step test(s) 11 

O 
Objectives, low cycle fatigue testing 88 
Operating procedure 123 
Operation(s) 84, 139, 142, 156 

(Also see Test Start-up) 
Operation modes 84, 118 
Optical pyrometer 173, 175 
Optron optical extensometer 33 
Oscilloscope 22, 83 

Tektronix 47 

P 
Plastic component of strain 14 
Plastic strain amplitudes 16 

range 52, 60 
Power supply 139 

transformer 173 
Presentation, data 52 
Program, synchronization (thermal 

and extension) 176 
Program(mer) 105 

parameters 101 
selection 43, 60 
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Proving ring 75 
Pyrometer 173, 175 

R 
Recording data 47, 60 

equipment 103, 116 
Reduction data 52 
Results, interpretation 97 

S 
Schaevitz, linear variable differential 

transformer 58 
Servovalve, (Moog No. B-102) 31 
Shutoff (-down) 114 

automatic 84, 116, 125, 140, 156 
device 49 

Slip band(s) 32 
damage 61 

Slip band topography 28 
Specimen(s) 3, 33, 56, 106, 150, 168 

alignment 22 
bend 150 
buckling 34, 132 
coding 70 
cooling 91 
decreasing 133 
design(s) 4, 34, 68, 131 
electropolishing 37 
finish 3, 36, 108, 132 
flexure (bending) 150 

stress concentration, K t 150 
gripping 70, 89, 168 
heating 108, 116 
heating effects 22 
hourglass 107, 131 
installation 91 
measurement 4, 37, 56 
mounting 37 
preparation 132 
shape 3, 34, 130 
size 3 
storage 5 
threads 3, 35 

Spectrum straining 13 
Speed, flexure test 153 
Strain 

amplitude (set) 13, 18 
test 18 

axial (control) 123, 124 

control 95, 102, 118, 124 
accuracy l l  3 

control (low cycle fatigue testing) 
13 

conversion (diametral to axial) 77, 
119 

cycle 38 
diametral 124, 136 
elastic 17 
gage 56, 153 
hardening exponent 7 
holding 96 

-life curves (plot) 14, 17, 18, 23 
measurement 110, 178, 180 

(high temperature) 75 
measuring gage 155 
mechanical (components of) 185 

(cycling analysis) 185 
plastic 124 
range, diametral 77, 136 

plastic 98 
total 98 

sensor 112 
true (definition) 24 

Strainsert load cell 32 
Stress amplitude (flexure) 158 

true tensile (definition) 24 
Stress control 21 
Stress-strain engineering properties 6 

true properties 7 
Structural variables 29 

T 

Tektronix Model No. RM56.4 oscillo- 
scope 47 

Temperature control 96, 103, 118, 173 
gradient (distribution) 117 
low (liquid nitrogen) 53 
measurement 78, 173 
program 173 

Test(ing) 5 
conditions (measurement) 83 
control 49 
cryogenic (low temperature) 55 
cyclic creep 85 
equipment 102 
frequency 22, 46, 73, 105 
incremental step 12 
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method 166 
approach 101, 102 
parameters 101 
procedures 19, 102 

multiple step 11 
objectives 88 
philosophy 129 
sequence (summary) 20 
speed 153 
start-up 49, 60 
tension versus compression 127 
test systems (machines) 29, 54, 139, 

153 
(Also see Operations) 

Thermal components 172 
control 79 
cycling (analysis) 185 
fatigue 163 
fatigue (definition) 164 
length (specification) 175 
sequence summary 20 

Thermocouple(s) 80, 96, 117, 174 
manufacture 175 
specimen attachment 78, 96, 117, 

133, 175 
time constant 175 

Thermoelastic effect 96 
Total strain-life curve 17 
Transducers, Inc. load cell 155 

U 
Ultrasonic, crystal attachment 72 

detection, fatigue crack 69, 80 
sensor 69 

V 
Varian recorder 47 

W 
Wave form, saw-tooth 95 
Wiedmann-Baldwin 96 
Woods metal joint (grip) 22, 37, 56 

advantages 40 
pot 55 




