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AC Drive, 242, 246–247, 251
AC Motors, 242–245, 247
Alternate 2-High looping train, 106
Alternative theories of contact friction, 72
Aluminium & its alloys rolling, 7, 122, 143, 

145–146, 161–167, 284–285, 287
Angle of bite, 33–34, 171, 255
Angle of contact, 34, 62, 71, 120
Arc of contact, 33, 35–36, 48, 52, 55, 

57–58, 61–62, 65, 67–74, 76, 80, 82, 
87, 93–94, 98–99, 154–155

Area of contact, 33–34, 69, 75–76, 82, 123, 
154

Automatic gauge control, 9, 144–145, 249, 
251, 277-280

Automatic gauge Control System, 29, 147, 
277-280

Auxiliary equipment, 17, 168, 246, 252–263
Average pressure of rolling, 83–84, 88
Axial adjustment of rolls, 204, 206, 214–

215, 283

Back tension, 36, 69, 90, 92–93, 101, 151, 
153

Bar, 1–3, 5–6, 18, 36–37, 117, 126–137
Bar & rod mill, 18-19, 126–129, 135, 174, 

176, 225, 243, 249
Batch rolling, 144, 146, 150
Beam rolling, 138, 140–142
Bearing dismounting, 191, 193–194
Bearing friction, 77, 102  
Bearing life, checking, 196
Bearing mounting, 194, 199
Bearing mounting & dismounting, 191, 

193–194, 199

Bearing power, 102
Bearing, selection of rolling, 195–197
Bearing type-antifriction, 186, 191–195
Bearing type-oil film enclosed, 189
Bearing type-open, 186–189, 198
Billet, 2–3, 18, 22, 98, 110–122, 126–127, 

130, 134, 136–137, 177, 205, 253
Billet mill, 25, 42, 111, 117–119, 121, 

173–174, 176
Bloom, 2–3, 20–21, 98
Blooming mill, 23, 98, 110–111, 113–116, 

119, 171–172, 191, 204, 206, 208–
211, 215, 273

Bloom rolling, 2, 111-116
Breakdown mill, 87, 144, 147
British Aluminium Co., 7
Broadside rolling, 122, 124
Bullhead, 113–114, 116–117
Butterfly pass, 142

Camber, 49–50, 123–125, 145, 150, 184, 
280–282, 286–287

Carpet analogy, 12
Catchment tray, coolant, 286, 288
Channel rolling, 1, 18, 142
Chequerboard mill layout, 109–110
Chock, back-up roll, 198, 200, 212–213, 

219
Chock dimensions, 198-200
Chock, work roll, 198–200, 213, 219, 281
Classification of Rolling Mills, 17–19
Closed passes, 40–41
Cluster mill, 24, 144, 168, 172, 201, 

220–223
Cockshut, James, 6
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Coefficent of friction, bearing, 102, 186, 
188–189

Coefficient of friction, 33–36, 55, 60, 78, 
89–92, 94–96, 102, 150, 153, 157, 
162, 186, 188–189

Coefficient of friction rolling, 34–35, 60, 
89–92

Coiler, 77, 101, 149–150, 242, 246, 263–270
Coiler, drum type, 263–266
Coiler, roll type, 264, 266–268
Cold rolled products, 4, 52, 146, 149
Cold rolling, 2–5, 15–17
Cold rolling mill, 19, 146–148, 150, 156, 

171, 189, 202, 205, 212, 220–221, 
239, 242, 250–252, 263–264, 287

Cold working, 14–16, 52, 148
Combination 4-Hil mill, 145
Combined gear box cum pinion stand, 232
Combined stress, 182
Compound field, 242–243
Compound field motor, 242–243
Contact angle, 33–34, 52, 70
Contact area, determination, 79–82
Contact shear stress, 60
Contact stresses, 54–60, 69, 72–75
Continuous cast strip, 143–146, 149
Continuous rolling, 7, 92
Continuous stand/mill, 77, 107–108
Coolant distribution in mill stand, 286–287
Coolant testing, 289–290
Cooling and lubrication:

cold rolling, 284–285
hot rolling, 284

Cooling bed, 128–129, 246–247, 249, 272, 
274, 277

Copper & its alloys, rolling, 143–145, 147
Coupling, flexible, 229–231
Coupling, gear, 230–231, 240, 273
Coupling, mill, 7, 229–232
Coupling, rigid, 229
Coupling, safety, 230
Coupling, selection, 231–232
Cowan, Christopher, 6
Cramp bar, 224–225
Crawshay, Richard, 6

Cross-country mill, 109, 119
Crown, 50, 123, 184, 284, 287
Crystal, 9–13, 15, 51
Cylindrical roller bearing, 192–194, 234

Dark mode rolling, 49, 150–151, 252, 280
DC drive, 242, 247, 249, 252
D.C. motors, 244–245
Decoil box, 271
Decoiler, 101, 242, 263–271
Definite chill rolls, 174–175
Diagonal pass, 42, 140–141
Diamond square sequence, 120–121, 132
Direct chilled (DC) cast slab, 143, 145
Dispersion, 285
Distribution header, 286
Double-duo stand, 21, 23, 206
Draught, 22, 24–25, 31, 33–36, 48–49, 51, 

112–113, 117, 119–120, 131, 133, 
135, 151, 159–160, 162, 205

Drum, expanding / collapsing, 264–266
Drum shear, 256–257
Dry friction, 60–65, 72–73

Edge drop control, 282–283
Edging pass, 113, 116, 139
Effective working diameter, 36–38
Effect of friction, 91–92
Effect of strain rate, 86–88, 93
Effect of temperature, 83–86
Effect of tension, 88, 92–93
Effect of width, 93
Effect of work hardening, 13, 86
Ekelund’s rolling force formula,93-94
Ekelund’s spread formula, 44–46
Elastic deformation, 9, 13, 46–49, 59
Elastic recovery, 47
Electro mechanical screw down, 28, 

208–212
Elongation, 27, 31–32, 42, 47, 112, 121, 

135, 148, 214, 234, 259
Elongation factor, 31
Emulsions, 284–285, 287–289
End thrust, 41
Equivalent rectangle, 43
Extrusion effect, 38
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Fatigue, effect of, 181
fc curve method, 153–158
Feeding table, 228
Filter, 288–290
Filter level, 290
Finishing pass, 109, 112, 119–120, 122–

124, 130–132, 136, 138–140, 142
Flat mills, 19
Flatness, 9, 146–147, 280
Flat products, 4–5, 25–26, 47, 50–51, 94, 

123, 146, 148, 151, 170, 172, 215, 
260

Flat rolling, 33
Flying shear, 7, 119, 126, 249, 256–258
Foil mill, 145–147, 196, 252, 282, 284
Ford and Bland method, 100, 152–154, 

159–161
Ford, Richard, 6
Ford’s value of lever arm coefficient, 99
Forged steel rolls, 177–178
Forming pass, 142
Forward slip, 35–37, 53–54, 56–57, 64–67, 

72–74, 76, 90, 97
Four-high stand, 8, 21, 203, 205
Friction, 32–36, 44, 53, 55–56, 58, 60–75, 

77–79, 84, 88–93, 95–96, 102, 150, 
153–154, 170, 186, 188–189, 221, 
225, 230, 232, 258, 283, 285, 290

Front tension, 39
Fume extraction, 285
Fume hood, 290

Gap control, 206, 279–280, 282
Gauge control, 9, 144–145, 147, 251–252, 

277–280
Gauge tolerance, 28, 144, 146, 221, 277, 

280, 282
Gear box, 101, 105, 169, 229–230, 232–236, 

265
Grain-deformation & growth, 4
Grain size, 3, 14–17
Gripping element, strip, 265
Grooved roll, 5, 27, 30, 36–40, 80–81, 93, 

170–172, 174, 197, 206
Group drive, 108, 272–273, 275

Guide bar, 204, 224–225
Guide, delivery, 226–227
Guide, non-twist, 225–226
Guide, roller, 131, 225, 227
Guides, 223–227
Guide table, 228
Guide, twist, 226-227

Hanbury, Major, 5
Hill’s spread formula, 46
Hitchcock’s formula, 48, 82, 100, 153, 

159–160, 164, 167
Hollow sections, 2
Horizontal roll stand, 20–23
Hot rolled products, 52, 149
Hot rolling, 1–3, 17, 20–23, 25, 34, 39, 42, 

47, 50–51, 62, 85, 87, 89–90, 92–97, 
105, 124, 145, 148–149, 170–171, 
178–179, 228, 246–250, 284

Hot saw, 138, 258–259
Hot short, 144
Hot working, 16
Housing design, 202–205
Housing, mill, 20, 28, 46–47, 169, 197, 199, 

201–205, 207–208, 219, 228, 277
Housing types, 201
Hydraulic automatic gauge control, 29, 

145, 277–280
Hydraulic mounting of bearings, 195
Hydraulic screw-down mill, 28

Impeded delivery, 36
Inclined roll stand, 20, 26–27
Indefinite chill rolls, 175–176
Individual drive, 108, 272
Ingot, 2–3, 7, 18, 21, 23, 25–26, 31, 110–

117, 126–127, 177, 204, 247
Inter anneal, 7, 52, 143, 149, 151
Intermediate mills, 18, 170, 177

Knifing pass, 139–140

Lauth mill, 21, 23, 78, 124
Laying reels, 129, 269–270
Layout of stands, 105
Leader pass, 132, 135

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-07609-9 - Principles and Applications of Metal Rolling 
Siddhartha Ray
Index
More information

http://www.cambridge.org/9781107076099
http://www.cambridge.org
http://www.cambridge.org


Index  295

Length of arc of contact, 52, 55, 68, 74, 
93, 154

Length to length rolling, 122
Length to width rolling, 122
Lengthwise rolling, 2, 122
Leonardo da Vinci, 5
Leveling machine, 259–263
Lever arm, 98–101, 155
Lever arm coefficient, 99
Lifting table, 272, 274
Light gauge strip mill, 146
Linear elastic solid, 10
Load & torque calculation in cold rolling, 

152–159
Loopers, 228–229
Looping train, 106, 109
Lowey Robertson’s Engg. co, 8
Lukens, Dr. Charles, 6

Mae-West block, 200, 212
Magnetic separator, 288
Mandrel, expanding, 265–266
Manipulators, 224, 274, 276–277
Manipulators, bobbin type, 276
Mechanical working, 14
Mill Electrics, 241–252
Mill Electrics and Controls, 244–252 
Mill stretch, 23, 47, 220, 277–279
Mill train, 105
Modulus of rigidity, 11, 185
Mono block, 127
Motor Control, scheme, 244–252
Multi roll stand, 24

Nadai’s analysis of specific pressure, 73
Neutral point, 35–37, 52, 78, 90
Nisshin Steel Corporation, 8
Non-ferrous metals and alloys, rolling, 1, 

89, 143–146, 264
Nozzles, 284, 286–287

Off line Filter, 289
Oil skimmer, 288
Open box passes, 113, 119
Open passes, 40–41
Open square sequence, 119–121, 132

Open train, 105, 118, 124, 126, 130, 217
Oval-round sequence, 42–43, 127, 132, 

134, 136–137
Oval-slug sequence, 135–136
Oval-square series/sequence, 42–43, 120–

121, 127, 130, 132, 134–136
Overdraught, 39, 78, 226
Overfilling of roll gap, 112

Pack rolling, 6, 150–151
Pass, 1, 3–8, 22–23
Pass design-bar and rod mill, 127–137
Pass reduction, 51, 67–68, 82, 140–141, 

152, 154–156, 160
Pass schedule, 50–52, 104
Pass schedule-billet mill, 117–119
Pass schedule-blooming mill, 110, 113–

116
Pass schedule-cold rolling, 151–159
Pass schedule-slabbing mill, 116–117
Pass sequencing, 51, 104, 114–115, 119–

121, 130, 138–142
Payne, John, 5
Pay-off double cone type, 271
Pay-off drum type, 270–271
Pay-off unit, 263
Pennoch, Isaac, 6
Pinch roll, 228, 246, 255, 267–268
Pinion stand, 105–106, 169, 221, 229, 232, 

236-237
Pitch line, 38–40, 140
Planetary mill, 24–25
Plastic deformation, 2, 9–13, 15, 47, 56, 

59, 85
Plate, 1–4, 6, 19–20, 22–23
Plate rolling, 6, 23, 95, 122–125, 184
Pouring reel, 128–129, 270
Power calculation, 101–102
Power, rolling, 36, 97–98, 101, 150, 152, 

157, 283, 290
Pre-stressed mill stand, 28
Primary mills, 117, 170, 187, 191, 202–203, 

205, 271, 273, 276
Projected arc of contact, 33, 35, 99, 155
Purnell, John, 5
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Rail and structural mill, 137–138
Rail rolling, 138–139
Recirculation of roll coolant, 287–289
Recrystallization, 14–17
Recrystallization anneal, 16
Recrystallization temperature, 1–4, 14–17, 

149–150
Reduction, 31–36
Repeaters, 106, 128–129, 223, 227
Revere Copper and Brass Co., 7
Reverse rolling, 2
Rod, 126–137
Rod coilers/reels, 263–271
Roll adjustment, 205–216, 223
Roll arrangement, 20–29, 125, 221
Roll balance, 205, 207, 208, 210–213, 219, 

281
Roll balancing-counterweight, 210
Roll balancing-hydraulic, 210
Roll balancing-spring, 210–211
Roll bending, 49–50, 123–124, 148, 170, 

179, 184, 186, 191, 196, 220, 266, 
281

Roll camber, 49–50, 123, 125, 281
Roll change device, 169, 217–220
Roll changing, 7, 201, 205, 217–218, 228, 

240, 286
Roll coolant requirements, 290
Roll coolants, 9, 145, 150, 282–290
Roll coolant systems, 9, 150, 285–290
Roller strip guide, 228
Roller table, 85, 129, 206, 224, 246–247, 

249, 258, 271–275
Roller table design, 271–275
Roll fixing, 214–216
Roll flattening, 46–49, 82–83, 92, 100, 154, 

160, 162, 164, 172, 282
Roll gap, 1, 34–37, 46–49, 112, 123, 130, 

133, 149–150, 197, 202, 206–208, 
213, 218, 237, 277, 279–282, 284

Rolling friction, 34–35, 285
Rolling line, 38–39, 290
Rolling load, 23, 34, 36, 46, 48, 50–51, 

55, 75, 77, 82–83, 97, 102, 123, 

143–144, 151–152, 154–158, 179, 
181–182, 184, 195–197, 213, 222, 
280

Rolling load curve,13, 23, 153
Rolling load formulae-Ekelund’s, 93–94
Rolling load formulae-Energy method, 

97–98
Rolling load formulae-Geleji’s, 94–96
Rolling load formulae-Sim’s, 97
Rolling mill rolls, 27, 150, 169–186
Rolling mill stand, 1, 20, 168, 242
Rolling pass, 4, 50–51, 108, 110, 142, 149, 

247
Rolling plant, 1, 3, 6–7, 104, 116, 191
Rolling practices, 85, 104–167
Rolling Process, 1–29
Roll-iron, steel, cast, forged, duplex, 

174–178
Roll load cylinder, 28–29, 220, 278–280
Roll lubrication, 283
Roll lubrication and cooling system, 

283–290
Roll materials, 44, 48–49, 89–92, 173–178
Roll neck bearings, 75, 101–102, 173, 

186–197, 217
Roll neck diameter, 173, 181–182, 191–192, 

196
Roll separating force, 4, 34, 46–47, 49–51, 

75, 78–79, 98, 101–102, 123, 149–
150, 179, 186, 196, 202, 277–279, 
283

Roll shape, 123
Rolls, hard, 170, 172
Rolls, semi-hard, 170
Rolls, soft, 170
Roll size, 171-173
Roll strength, 178–184
Rolls, very hard, 171–172, 175
Roll wear, 283
Roll wiper, 287
Rotary hydraulic cylinder, 265
Rotary shears, 125, 253, 255–256

Safety devices, mill, 213–214
Saws, 252–259, 272
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Scovill Manufacturing Co., 7
Screw down mechanism, 6, 20, 28, 49, 75, 

113, 142, 150–151, 159, 168–169, 
197, 207–210, 212–213, 277

Section rolling, 27, 31, 42–44, 81, 98
Sections,2–3, 20–21, 23, 30, 76, 80, 98, 

105, 107, 109, 137–142
Selection mills, 172
Semi-continuous mill, 108–109, 125–126, 

130
Sendzimir Mill, 8, 147–148, 171, 221–223
Series field, 242
Shape control system, 145, 223, 251, 277, 

280–283, 287
Shear-electric, 253
Shear-hydraulic, 254
Shear modulus, Shear yield stress, 10–11, 

56, 59
Shears, 252–259
Shears-downcutting, 253–254
Shears–inclined blade, 125, 253, 255
Shears-upcutting, 253–254
Shunt field, 242–243
Siebel’s theory of constant specific friction, 

72
Siebel’s spread formula, 44
Simple rolling, 2, 30–31, 75–78, 98
Six-high stand, 21, 24
Size effect, 12
Skimmer, 288
Slab, 2, 6, 8, 18, 25, 98, 110–122, 125–126, 

142–147, 247, 253
Slabbing mill, 25, 111, 116–117, 178, 208, 

218, 247, 276
Slab rolling, 116
Slip, 11–12, 35–37, 53–56, 59–76, 89, 97, 

160, 162, 243–244, 249, 271
Slip ring motor, 243–244, 249
Slip with constant coefficient of friction, 

60–71
Slitters, 255
Sobolevsky’s theory of sticking zone, 74
Specific pressure-effect of friction, 92
Specific pressure-effect of reduction, 65, 89

Specific pressure-effect of roll diameter, 68, 
75, 77, 110–111

Specific pressure-effect of strip tension, 
69, 92

Specific roll pressure, 56
Spherical roller bearing, 191–192, 194, 237
Spheroidal graphite rolls, 176
Spindle balancing, 239, 241
Spindle & coupling, 1, 105, 169, 173, 

229–230, 232, 237–240
Spray nozzles, 286–287
Spray system, 286–287
Spread, 32–33, 42
Spread formulae, 43–46
Spread in section rolling, 42–46
Squabbing pass, 139
Stabilized dispersion, 285
Stack rolling, 149
Stepped train, 107
Sticking zone, 74
Straightening machine, 125, 259–263
Straightening machine-roller, 260–262
Straightening machine-rotating, 263
Straightening machine-stretch, 262–263
Straightening press, 259–260, 262
Strain hardening, 2–3, 12–14, 58, 96, 100
Strain rate, 58, 79, 83–84, 86–88, 93, 96
Strand pass, 127, 132–134
Stress concentration, 180
Stress (kp, kg) curves, 153, 159
Stresses in rolling, 52–75
Stress magnification factor, 180-181
Stretcher leveler, 259, 262
Strip mill, 7–8, 20, 22, 28, 78, 87, 98, 146–

147, 154, 175–178, 196, 202, 212, 
228–229, 242, 247–252, 263–264, 
274, 277, 282–284, 288

Strip wiper, 228
Surface milling, 143, 145

Tandem cold strip mill, 8, 147, 283
Tandem mill, 6, 8, 107, 247
Tank, clean, 289
Tank, dirty, 288–289
Tank, pre-mix, 289
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Taper roller bearing, 192–194, 196
Temperature, rolling, 16, 85, 95–96, 119
Thermal camber, 50, 124, 145, 150, 281–

282, 286–287
Three-high stand, 21
Thyristor, 244–245
Thyristor Converter, 245, 247, 249–250, 

252
Tilt control, 280, 282
Tilting table, 23, 124, 128–129, 272, 

274–275
Tongue and groove pass, 40–41, 140–141
Torque control, 242, 249–252
Torque control scheme, 246
Torque, rolling, 23, 90, 98–100, 152, 157, 

161, 163, 182, 247
Torque-speed Characteristics, 241–242
Torsional stress, 181, 183
Total torque, 77, 99, 155, 161, 163–164
Townsend and Naugle, 7
Transverse rolling, 2
Tresca’s criterion, 59
Tselikov’s analysis of specific pressure, 

66–67
Tube rolling mills, 19
Turning mechanism, 276–277

Twelve-high stand, 21
Twenty-high stand, 22
Two-high stand, 8, 20, 22
Types of passes, 42, 119, 138, 140, 142
Types of rolls, 169–171

Underdraught, 39, 78
Underwood, L. R., 102
Universal spindles, 229–230, 238–241, 275
Universal stand, 25, 138, 206
Unwinders, 149, 263
Upcoilers, 266–267, 271

Vertical rolls stand, 20, 25–26
Viscous friction at contact zone, 72–73
Von Mises’ criterion, 59–60
VVVF drive, 242, 245, 247

Warm rolling, 1
Wear plate, 203–205
Whitehead, L. D., 7
Winders, 148–149, 151, 249, 251–252, 263
Wobbler coupling, 238
Work hardening, 13, 16, 51, 69, 79, 83–84, 

86, 250

Yield criteria, 56, 59

Zig-zag layout, 109
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