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INDEX

A
Abrasion resistance, ADI 4-19
Adhesive bonding 8-11
ADI 4-8, 11, 13
ADI - Fatigue Coefficient 4-18
ADI see Austempered Ductile Iron
ALLOY DUCTILE IRONS - Section V
see Ductile Ni-Resist Irons
see Silicon-molybdenum Ductile Irons
Aluminum
effect on creep, rupture strengths 3-23
effect on oxidation resistance 3-25
Aluminum coating
effect on corrosion fatigue 3-35
Annealing, 7-3, 5
effect on hardness 3-19, 21
effect on matrix, microstructure 3-19, 21
effect on tensile properties 3-19, 21
sub-critical 3-45, 53, 7-3, 5
effect on toughness properties 3-45, 53
As-cast Ductile Iron 2-13
advantages 7-1
hardness 3-19
pearlite content 3-19
tensile properties 3-19
ASTM A536 grades
tensile & hardness properties 3-9
vs Quality Index 3-9
ASTM specifications 12-0-5
AUSFERRITE 4-5
AUSTEMPERED DUCTILE IRON - Section IV
abrasion resistance 4-19
effect on strain induced
transformation to martensite 4-5
vs steels 4-15
applications 4-37-41
ASTM A897 specification 4-7, 12-5
austempering temperature 4-31
dimensional changes 4-23
effect on fatigue properties 4-15
effect on mechanical properties 4-1, 31
austenite
effect on toughness 4-5
effect of austempering temperature 4-5, 31
effect of abrasion 4-19
retained/enriched/stabilized 4-5
austenitizing temperature 4-23
Charpy impact properties 4-13, 4-9
crankshafts, fatigue properties 3-37
effect of fillet rolling 3-37
effect of composition 4-27, 29
fatigue properties
crankshafts 3-37, 4-41
effect of shot peening 4-35, 9-1
effect of surface deformation 4-35, 9-1, 3
effect of surface rolling 3-37, 4-35, 9-3
endurance ratio 4-15

notch sensitivity ratio 4-15
of gears 4-11
vs steels 4-16, 17
fracture toughness 4-7
effect of heat treatment 4-7
effect of manganese 4-27, 26
hardenability 4-5
heat treatment 4-29, 31, 33
machinability 4-21
mechanical properties 4-1, 3, 5
modulus of elasticity 4-6
production control 4-25
strain induced transformation
to martensite 4-5, 19
Austenite 2-5
Austenitic Ductile Iron
see Ductile Ni-Resist Irons
Austenitizing 7-3, 5, 7
effect of composition 7-3, 5
effect of microstructure 7-3, 5

B

Bainite 7-7, 2-7, 2-13, 5-1

Bainitic Ductile Iron (Fig. 7.6 Hardness & H.T.)
BRAZING - Section VIII

C
Carbide 2-5
Carbide content
effect on DEM 3-17
effect on machinability 3-17, 6-3
effect on shrinkage/porosity 3-17
effect on tensile properties 3-17
Carbon Equivalent
effect on graphite flotation 3-17
Cast iron 2-3
Casting design 10-1, 3
Charpy impact properties
Ductile Ni-Resist Irons 5-11
effect of composition 3-43, 45
effect of heat treatment 3-45
effect of loading rate 3-41
effect of microstructure 3-43, 47
effect of notch 3-41
Charpy impact test 3-41
deficiencies of 3-49
Coatings see Section IX
effect on corrosion fatigue 3-35
Coining 6-5
Compressive properties vs hardness 3-55
Controlled shakeout 7-3
Conversions to Ductile Iron 10-1
Conversions units 12-11
Copper
effect on hardenability 4-26, 27, 29
effect on impact properties 3-45
effect on mechanical properties 3-19, 21
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Corrosion Resistance 3-65, 5-13
Cost reduction through design 10-1, 11-3
Crankshaft fatigue properties 3-37
ADI, effect of fillet rolling 3-37
Creep strength
effect of aluminum 3-23
effect of molybdenum 3-23, 5-5
effect of silicon 3-23, 5-3
high-Si, Si-Mo Ductile Irons 5-3, 5
unalloyed Ductile Iron 3-23
Critical temperature 7-3
effect of silicon 5-1
effect on heat treatment 7-3
Cyclic properties 10-6

D
Damping capacity 3-55
Ductile Iron vs Gray Iron and Steel 3-57
effect of carbon content & matrix 3-59
effect of nodularity 3-57
DEM see Dynamic Elastic Modulus
Density 3-59
DESIGNING WITH DUCTILE IRON - Section X
conversions to Ductile Iron 10-1
for casting soundness 10-3
freedom of design 10-1
in manufacturability 10-1
in product quality 10-1
to optimize component performance 10-3
Design stresses
effect of temperature 3-25
Diffusion bonding 8-9, 11
Dimensional accuracy reduces costs 11-3
Ductile-brittle transition
effect of Cu, Ni, P 3-45
Ductile Ni-Resist Irons
applications 5-9
Charpy impact properties 5-11
corrosion resistance 5-13
electrical resistivity 5-15
erosion resistance 5-15
heat treatment 5-17
machinability 5-17
magnetic properties 5-15
mechanical properties 5-9, 11
high temperature 5-13
low temperature 5-11
oxidation resistance 5-13
specifications 5-9, 12-1, 3, 5, 7
thermal expansion 5-15
thermal fatigue resistance 5-13
wear resistance 5-13
Dynamic Elastic Modulus 3-3
effect of carbides 3-17
effect of graphite volume 3-15
effect of nodularity 3-11
vs tensile properties 3-5
Dynamic Tear test 3-53
of ferritic/pearlitic Ductile Iron 3-53
specimen 3-40
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E
Elastic Behaviour 3-3
see Modulus of Elasticity
Electrical resistivity 3-61, 5-15
Elongation 3-5
as-cast, effect of matrix 3-19
as-cast, effect of Cu, Sn 3-19
effect of heat treatment 3-19
vs hardness 3-11
role in Quality Index 3-7
Embrittlement 3-25
effect of environment 3-25
due to galvanizing 3-53
effect of matrix 3-25
effect of composition 3-53
due to tempering 3-53
Endurance limit see Fatigue limit
Endurance ratio 3-27, 29
effect of matrix 3-29

F
Fatigue limit 3-27, 29
Fatigue strength 3-27
effect of coatings 3-35
effect of environment 3-33
effect of filtration 3-33
effect of inclusions 3-31
effect of matrix 3-33
effect of nodule shape, size 3-29, 31
effect of shot peening 3-35
effect of surface rolling 3-37
effect of surface defects 3-31, 33
effect of surface treatments 3-37
how to optimize 3-37
vs microhardness 3-33
Fatigue strength reduction factor 3-31
see Notch sensitivity ratio
Ferrite 2-5
Ferritic Ductile Iron 2-11
see also high Si, Si-Mo Ductile Iron
Charpy impact properties 3-41, 43, 45, 47
vs steel 3-49
Modified Charpy properties 3-49, 51
vs steel 3-51
low temperature tensile properties 3-21
high temperature tensile properties 3-23, 5-3
for low temperature toughness 3-43
creep, stress rupture properties 3-23, 5-3, 5
thermal fatigue properties 3-39, 5-5
Ferritizing see Annealing
Fillet rolling of crankshafts
effect on fatigue strength 3-37
Filters, gating system
effect on fatigue strength 3-33
Flame hardening
effect on wear resistance 3-65
Fracture testing 3-41, 43
Fracture toughness 3-49, 51, 4-7 (fig 4.2)



G
Galling resistance 3-63, 5-13
Galvanizing
embrittlement 3-53
Gears
ADI 4-11, 35, 39
induction hardened pearlitic 3-33
Graphite 2-5
flotation 3-17
shape - see Nodularity
volume, effect on DEM 3-15
Gray Iron 2-7
Growth, high temperature
Ductile vs Gray Iron 3-21-25
effect of composition 3-25
effect of matrix 3-25

H
Hardenability 4-29, 7-7
effect of composition 4-27, 7-7
Hardness 3-9, 11
effect of Cu, Sn 3-19, 21
effect of pearlite content 3-19
vs ASTM A536 grades 3-9
vs compressive properties 3-55
vs tensile properties 3-11
HEAT TREATMENT - Section VII
controlled shakeout 7-3
Ductile Ni-Resist Irons 5-17
high Si, Si-Mo Ductile Iron 5-7
effect of critical temperature 7-3
effect on Charpy impact properties 3-45

I

Inclusions, effect on fatigue strength 3-31

L

Low temperature
mechanical properties 3-21
toughness 3-43, 5-11

M
MACHINABILITY - Section VI
Ductile Ni-Resist Irons 5-17
effect of microstructure 6-1, 3
effect on manufacturability 6-5, 7
surface finish 6-5
Manufacturability
advantages of Ductile Iron 6-5, 7
high Si, Si-Mo Ductile Iron 5-7
Magnetic properties 3-61, 5-15
Malleable iron 2-7
Manganese
effect on hardenability 4-20, 7-7
harmful effects 3-45, 4-20, 21, 7-9
Martensitic Ductile Iron 2-13
Microhardness 3-11
vs tensile properties 3-11
vs fatigue strength 3-33

Microstructure
effect on Charpy impact properties 3-43
Modulus of Elasticity
Ductile Iron, Steel 3-3
ADI4-6,7
other materials 4-6
Modulus of Rigidity 3-55
Molybdenum 5-5, 13
effect on creep, rupture properties 3-23, 5-5
effect on hardenability 4-26, 29, 7-9
in high-silicon iron 5-5

N
Nickel
effect on hardenability 4-26, 29, 7-7
effect on thermal expansion 5-15
effect on toughness 3-45
Nodularity
effect of composition on 3-13
effect on Charpy impact properties 3-47
effect on DEM 3-11
effect on fatigue strength 3-29, 31
effect on notch sensitivity ratio 3-31
effect on tensile properties 3-13
Nodule count
effect on carbide formation 3-15
effect on Charpy impact properties 3-47
effect on matrix 3-15
Normalizing 7-5
effect on Charpy impact properties 3-45
effect on hardness 3-19, 21, 7-5
effect on tensile properties 3-19, 21, 7-5 -
Notch sensitivity ratio 3-29, 31
effect of nodularity on 3-31

0
ORDERING CASTINGS - Section XI
Benefits of quality 11-1, 3
Buying on “competitive” pricing 11-3
Buying on value analysis 11-3
Customer-supplier partnership 11-1, 3
Quality management in purchasing 11-3, 5
Supplier selection 11-1
Oxidation resistance 3-25

Ductile Ni-Resist Irons 5-13

Ductile vs Gray Iron 3-25

effect of aluminum 3-25

effect of silicon 5-1, 3

high Si, Si-Mo Ductile Irons 5-1, 3, 5

P
Pearlite 2-5
Pearlite content
effect on mechanical properties 3-19
in as-cast Ductile Iron
effect of Cu, Sn on 3-19
Pearlitic Ductile Iron 2-13
Pearlitic-ferritic Ductile Iron 2-13
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Phosphorus hot-dipped coatings 9-3

embrittlement 3-45, 53 shot-peening 3-35, 4-35, 9-1
effect on Quality Index 3-7 surface rolling 4-25, 9-3
Poisson’s Ratio 3-3 thermal hardening 3-37, 7-13, 9-1
Proof stress see Yield strength
Properties effect of section size (fig. 11.2) T
TTT diagrams 7-9
Q Temper embrittlement 3-53
Quality Index 3-7, 9 Tempering 7-11
Quenching effect on mechanical properties 7-11
effect of variables on hardness 7-7 Tensile properties
media 7-9 as-cast Ductile Iron 3-19
Quenching and Tempering effect of carbide content 3-17
effect on Charpy impact properties 3-45 effect of Cu, Sn 3-19, 21
effect on mechanical properties 7-11 effect of environment 3-25
effect of heat treatment 3-19, 21
R effect of microstructure 3-11-21
Residual stresses 7-13 effect of nodule count 3-13, 15
Retained austenite 4-5 effect of nodularity 3-11, 13
defined by Quality Index 3-7, 9
S effect of temperature 3-21
SAE J434C 12-6 vs microhardness 3-11
Section sensitivity 11-4 Tensile strength 3-5
Shake out 7-13 role in Quality Index 3-7, 9
Shot peening 9-1 vs ASTM A536 grades 3-9
ADI 4-35 vs hardness 3-11
effect on fatigue strength 3-35 Thermal conductivity 3-61, 5-15
Silicon content Thermal expansion 3-59, 5-15
effect on Charpy impact properties 3-45 Thermal fatigue 3-39, 5-5, 13
effect on creep, stress rupture properties 3-23, 5-3 Tin
effect on critical temperature 5-1 effect on mechanical properties 3-19
effect on embrittlement 3-53 Torsional properties 3-55
effect on mechanical properties 5-3
effect on oxidation resistance 5-3 W
Si-Mo Ductile Iron Wear resistance 3-63, 65
applications 5-5 Ductile Ni-Resist Irons 5-13
creep, stress-rupture properties 5-5 effect of flame hardening 3-65
growth, oxidation resistance 3-39, 5-1, 3 effect of microstructure 3-63
machinability 5-7 vs surface hardness 3-65
production requirements 5-7 Weight/unit of strength 4-3
thermal fatigue properties 3-39, 5-5 Weldability 8-1
Specific heat 3-61 WELDING - Section VIII
SPECIFICATIONS - Section XII consumables 8-3, 5
Standards organizations 12-13 flux cored arc 8-3
Stress relief 7-13, 15 mechanical properties 8-3, 5
Stress-strain curve for ductile metals 3-2 gas fusion 8-5
Stress rupture properties joint design 8-7
effect of aluminum 3-23 pre- and postheating 8-7
effect of molybdenum 3-23, 5-5 shielded metal arc 8-3
effect of silicon 3-23, 5-3, 5 short arc MIG 8-3
Ductile Ni-Resist 5-13 mechanical properties 8-3
high-8i, Si-Mo Ductile Irons 5-3, 5
unalloyed ferritic Ductile Iron 3-23 Y
unalloyed pearlitic Ductile Iron 3-23 Yield strength 3-5
Surface hardening, 7-13, 9-1, 3 see Tensile properties
SURFACE TREATMENT - Section IX
electroplated coatings 9-3 Z
diffusion coatings 9-3 Zinc coating
fusion coatings 9-3 effect on corrosion fatigue 3-35
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