CONTENTS

-
Chapter 1

Shafts, Keys and Couplings 1-158

1.1 Transmission ShaftS ........ccciiiiiiiiiiiee e 2

1.2 Design Based on Strength .........ccccoeeeieiiiiiiiiiiiniiieeeeeee 2

1.3 Design Based on Torsional Rigidity ..........ccccvevevieiiiiieeeenennnn. 4

1.4 ASME Code of Design of Shafts .........ccccooiiiiiiiiiiiiiies 5

1.5 Solved EXamMPIES ....ccoooeeiiiiiie e 7

1.6 Design Based on Lateral Rigidity or Deflection .................. 75

1.7 Castigliano's Theorem for Determining Deflection.............. 76

1.8  Solved EXAMPIES ......coviiiiiiiiiiiiee e 77

L0 K BY S it 89

1.10 Design of Square and Rectangular Keys ...........ccccceeeennns 94

1.11  Solved EXamPIES .....coovveeeeeeeeeeei e 97

1.12 Design of Kennedy Key .........cooiiiiiiiiiiiiiiiiiiieeiiiiieeeeeee 108

1.13  Solved EXamPIe .....cooooiiiiii e 109

1.14  Design Of SPlINES ...ccooviiiiiiiiiiiiiiieie e 110

1.15 Solved EXamMPIES .....cccooeiiii it 112




1.16
1.17
1.18
1.19
1.20

Chapter 2
Power Screws

21
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
111
1.12
2.13
2.14
2.15
2.16
2.17

COUPIINGS oo 115

Muff Coupling or Sleeve Coupling .........ccccceeeiiiiiiiieneennns 116
Clamp CoupliNg ...vvveeieeeiiiiieeeeeeeeeee e 126
Flange Coupling ........cooiuuiiiiieiiiiiiiieeee i 131
Pin Bush Coupling.......cooovieieiiiiveeeeee 142
KEYPOINTS ...ttt 152
EXEICISES ? .oveiiiieiiiiiieiee ettt 153
Problems .. ... 154

159 - 244
INErOUCTION . 160
Forms of Threads..........ueeeevviiiiiiiiiei e 160
Multiple Start Threads ........ccvvvvveeeeeiiiiiicccceeee, 164
Hand of Threads ...........euvviiiiiiiiiiiie e 164
Force Analysis of Square Threads ...............ccocccciivinnnnns 165
Over-Hauling and Self-Locking SCrews ...........ccccceeevueee. 167
Efficiency of Screw Threads.................oeeeeccivviiivieeeee, 168
Analysis in case of V-Threads .........ccccoocvivieieiiiiiiieenennns 170
Collar FrICON ...cvvieiiiiiiiee e 171
Coefficient of Friction in Power SCrews ..............cccceeuneee 172
Solved EXamMPIES ...t 173
Stresses iN POWEN SCrEWS ........vevveiiiiiiiiiiiiiiaeeaeeeeeeeeeeeenn 181
Solved EXamples ........oeeviviiiiiiiiiie e 183
SCrEW JACK ...ooiiiiiiiee et 215
Solved EXamples ........oeevviiiiiiiiiiie e 216
Differential and Compound SCrews ...........cccceevveeiiivineeeen. 234
Solved EXamples .......ocvevviiiiiiiiiiie e 235
KEYPOINTS ...ttt 239
EXEICISES ? .eveiiiieiiiiiiiiie ettt 240

Problems ... ..o 241




Chapter 3

Threaded Joints 245 - 340
3.1  Threaded JOINtS .....ccvvviiiieiiiiiiie e 246
3.2 Basic Types of Screw Fastenings .........cccccoeecvvieeeeinninnnn. 247
3.3 Types of Cap and Set SCrews .........cccoeeeeevemvieiiieiiiieeeeeenn. 253
3.4  Types of Nut Locking Arrangements ............ccccccccvvvvvnnnnns 255
3.5 Bolts of Uniform Strength ...........ccccoviiiiiiiiiii e 257
3.6 Solved EXamples ..........cccoiiiiiiiiiiiiii e 258
3.7 1SO Metric Screw Threads ........ccccevvvvieeeeiiiiiiieee e 259
3.8  Boltsunder TENSION .......oooeviiiiieiieeiieiiiei e 261
3.9 Design of Cylinder BoItS ...........oeevieiiiiiiiiiieiiiiece e 263
3.10 Solved EXamPIeS ......ccovvvveeeieeeieeieec e 268
3.11 Eccentrically Loaded Joints when Load is Parallel
t0 the BOIt AXIS .ooeiiiiiiiiieeeeee e 274
3.12 Eccentrically Loaded Joints when Load is Perpendicular
t0 the BOIt AXIS .oeeiiieiiiiiieeeeeeeeeee e 277
3.13  Solved EXAMPIES ......coviiiiiiiiiiieeeiiiiie e 279
3.14  Eccentrically Loaded Bolts in Shear ...........cccccvvvvvveeeennnn. 308
3.15  Solved EXAMPIES ......coviiiiiiiiiiieee e 310
3.16 Torque Requirement for Bolt Tightening ............ccoccvvveeeen. 324
3.17  Solved EXamPIles .......covevviivieeeieiiee e 325
3.18 Design of Coupler or Turn buckle ............cccvveeieiiniiinnnnen. 327
3.19 Dimensions of Standard Fasteners ............ccccccvvvveeeeeennnen. 332
[N} 01011 1 £ 334
EXEICISES 2 ittt 334
Problems ... ..o 335
Chapter 4
Welded Joints 341 - 400
4.1  Welding ProCESS .....cooiiiiiiiieiiiiiiiieee et 342
4.2 Advantages and Disadvantages of Welded Joints............. 343

4.3 Types of Welded JOINtS ........cccuvveiieiiiiiiiiiieeeeece e 343




4.4  Welding SYmbOoIS .........ccuviiiiiiiiiiiiiiiieieeeeee e, 344
4.5 Stresses in Butt Welds ... 349
4.6 Stressesin Fillet Welds ..........ccoovveiiiiieiiiieec e 350
4.7 Axially Loaded Unsymmetrical Welded Joints .................. 355
4.8 SoIVed EXAMPIES .......cvvviiiiiiiiiieiiieieeeeeee e 356
4.9 Eccentrically Loaded Welded JOINtS ..........ccoovvieieeinninnnn. 360
410 Solved EXamples ........ccevveiviiiiiiiiiiii e 362
4.11 Welded Joints Subjected to Torsional Moments ............... 382
412 Solved EXamples ........ccovvviiiiiiiiieiiii e 383
4.13 Welded Joints Subjected to Combined Loading ............... 385
414  Solved EXamples ........ccevvviviiiiiiiiiii e 386
KEYPOINTS ...ttt 395
EXEICISES ? oooiiiiie ittt 395
Problems .. ... 396
Chapter 5
Design of Flywheel 401 - 484
5.1 FIYWNEEI ..ooiiiiiicie e 402
5.2  Flywheel Torque ANalysis.........ccccceiiiiiiiiieiiniiecee e 403
5.3 Types of FlyWheels ........ooevvviiiiiiiiiieee 406
5.4  Stress Analysis in a Flywheel Rim Neglecting the
Effect of SPOKES ...vvviiiiieiiiiiieiieeeeee 407
5.5 Solved EXamples ... 408
5.6  Stress Analysis in the Rim of the Flywheel having Spokes
(Approximate Analysis - Lanza Equation) ..............cccueee.... 438
5.7 Stressesin Flywheel Arms .........cccccoi i, 441
5.8 Construction and Standard Dimensions of Flywheels ...... 442
5.9 Solved EXamples .......ccevvviiiiiiiiiiii e 446
5.10 Stress Analysis in Solid Flywheels ..........ccccooviiiiiiinen. 471
5.11 Solved EXamples ........oevvviiiiiiiiiiieii e 472
KEYPOINTS ...ttt 482
EXEICISES ? ooiiiiiie ittt 482

Problems.... ..o 483




Chapter 6

Mechanical Springs 485 - 544
6.1  TYPeS Of SPriNGS ..cooviiiiiieeeeiiiiee e 486
6.2  Spring Materials ..........coevveiveeeeeeeiieie e 486
6.3 Helical Spring Ends and Terminology ...........ccccoeveeennnnnee. 490
6.4 Helical Springs - Stress and Deflection ............ccccevveeeee.n. 493
6.5 Springsin Series and Parallel ...........ccccccciiviiiinnn 496
6.6 Solved EXamples ........ccccvvviiieeeeii e 498
6.7  CONCENLIIC SPIINGS ...vvveeeeeeiiiiiie et 518
6.8 Solved EXamples ........ccevvvvvieieeeiii e 519
6.9 Helical TOrsion SPrings .........ccceeeveriniiiieeieeiniieeee e 531

6.10 Solved EXamPIes .......ccoevveiiieeeieeie e 533
6.11  Multi-leaf SPriNgS .......evveeieiiiiiiiee e 536
6.12 Energy Stored in SPrings .........ccooeveeeieeeccciiiieeeeeee 537
6.13  ShOtPEENING ...cooiiiiiiiiee it 540
[N} 1011 1 541
EXEICISES 2 ittt 541
ProbIEMS ..o 542

/,

Chapter 4

Belt and Rope Drives 545 - 642
7.1 BEIDIVES ..o 546
7.2 Flat Belt - Construction and Materials ...........cccccceeevinnee. 547
7.3  V-belt - Construction and Materials ............ccccvvvvriereeeeneen. 548
7.4  Comparison of Flat Belts and V-belts ............cccccvvvvveeenen. 549
7.5 Law of Belting and Types of Belt Drives ...........ccccceevunee. 549
7.6  Geometric Relation for an Open Belt Drive ..........cc.ccc...... 554
7.7 Geometric Relation for a Crossed Belt Drive.................... 556
7.8 Force Analysis of Flat Belts ................ooooeeeciiiiiiiieeee, 558




DATA

Appendix

7.9
7.10
7.11
7.12
7.13
7.14
7.15
7.16
7.17
7.18
7.19
7.20
7.21
7.22
7.23
7.24
7.25
7.26
7.27
7.28
7.29

Al.

Virtual Coefficient of Friction in V-belts ..............ccoeeeeerenen. 560

Conditions for Maximum Power Transmission.................. 561
Relation Between semi-angle of Wrap and Tension Ratio 563
Stress Distribution in Flat BeltS...........cccccon. 565
Concept of SlipINbelts .......uvvvieeeeeiiiiiiii s 566
Solved EXAMPIE .......oeiiiiiiiiiiiiee e 569
Phenomenon of Creepin Belts ............ccooecciiiiniiiiieenen, 570
Solved EXAMPIES ......coviiiiiiiiiiieiiiiieeee e 570
Flat Belt Selection from Manufacturer's Catalog............... 598
Solved EXAMPIES ......coviiiiiiiiiiiieiiiiieiee e 601
V-belt Selection from Manufacturer's Catalog .................. 605
Solved EXAMPIE .......ooiiiiiiiiiiiie e 611
Belt tensioning DeVICES ..........c.oooveiiiiiiiiiceeeee e 613
Solved EXAMPIES ......coviiiiiiiiiiiieiiiieeee e 615
Construction and Applications of Timing Belts.................. 621
ROPE DIVES ...ttt 622
Construction and Lay of Wire ROPES...........cccceeeeeveeiiennnn. 622
Stresses in Wire ROPES .....ooevviiiiei e 623
Solved EXamples ........ceevviviiiiiiiiie e 627
Rope Drum Construction and Design ...........c.ccoocvveeeeeennns 632
Solved EXample .......ovvvveiiiiiiiiiiie e 634
KEYPOINTS ...ttt 636
EXEICISES ? .eveiiiieiiiiiieeee ettt 637
Problems ... ..o 638

Materials and Their Properties ..........ccccccviiiiiieeeiiiiiiieeeene i
Table Al1-1 : Physical Constants of Typical Materials ........... ii
Table A1-2 : Properties of Cast Iron ..........ccccovvveeeieiiiinnnenn. iii

Table A1-3 : Properties and Applications of Typical Steels ...iii
Table A1-4 : Properties of Stainless and

Heat ResSiStant SteelS........cvvveveeiiiiiiiiee e iv
Table A1-5 : Properties of General Use Cast Steels............. Vi
Table A1-6 : Properties of High Tensile Cast Steels ............ Vi




A

T0

L

Table A1-7 : Properties and Typical Uses of

Aluminium Wrought AllOYS ........cuvviiieiiiiieeee e Vi
Table A1-8 : Properties and Typical Uses of

Aluminium Cast AllOYS .......oooeiiiiiiiiieiiee e vii
Table A1-9 : Typical Copper Alloys and their Applications. . viii
Table A1-10 : Physical Properties of Brass ...........cccccuueeee. viii

Alphabetical Index iX - Xii




