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PREFACE. 

THIS book is intended as a brief manual for Engineer­

ing ·students, and treats chiefly of those portions of the 

subject of the Kinematics of ivlachines which are likely to 

be of assistance in the study of  the Dynamics of Machines 

and in work in Machine Design. 

The author wishes to thank his friends and colleagues, 

Dr. E. G. Coker and Mr. H. M. Jaquays, for' their kindly 

criticism and for their help in revis1on of the proof- sheets; 

Many earlier works have been consulted in the prepara­

tion of this volume ; vrherever possible they are named in 

the text or in foot-notes. Professors John H. Barr and 

C. \V. MacCord have courteously permitted the use of cer­

tain of their diagrams, and the author is indebted to 

The Ame-rican Stoker Company, The Brown and Sharpe 

Manufacturing Company, and The Link Belt Engineering 

Company for the use of figures and information. 

MONTREAL, November 1902. 

111 





CONTENTS. 

CHAPTER I. 

INTRODUCTORY CONSIDERATIONS. 

SSC. PAGS 

I. Study of Machines. . . . . . . . . . . . .. . . . . . . . . .. . . . . . • . . .. . ......... . . . . I 

2. Constrained Motion ... . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .  • . . . .  • • • • 3 
3. Pairs of Elements . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. • . .  • . . • • • • 3 
4. Links and Chains . . . . . . . . . . . . .. . . . . . . . . .. . .. . ... . . . . . . . . ... . . . .. . 6 

S· Motion and Position in a Plane ... . . . . . .. . . . . . . . . ... . . . . ... . . . . .... . 9 
6. Non.plane Motion. . . . . . . . . . . . . . ... . . . . . . . . .. . . . . . . . . . . . . . . • . . . . . . 17 
7. Freedom and Constraint. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 19 
8. Elements and Pairs in Rigid Links ............................. , •, . 2I 

9. Pairing of Non-rigid Links . . . .. . . . .. . . . . . . . .. . . . . . . . . . .. . . . . . . . . . . . 24 
10. Classification of Mechanisms................ . • • .. . . .. . . . . . . . • • • • • • . 25 

CHAPTER II. 

POSITION, VELOCITY, AND ACCELERATION. 

11. Velocity.. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 

12. Uniform Velocity.............. . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . ... . . 28 

13. Variable Velocity................................................. 29 
14. Uniform Acceleration.. . ... . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . .. 31 
15. Acceleration in General... . . . . . . . . . . . . . . . . . . • • .• . • • • • • • • • •• • • • • • . . 33 
16. Composition of Velocities and Accelerations ..••............•.... '.,,,. 35 
17. Resultant Acceleration . . . . . . .. . .... . .. . . . . . . . . . ... . • • •.• . • • • . • . . • . 37 
18. Diagrams of Displacement and Velocity.............................. 38 

19. Diagrams of Acceleration. . . . . . .. . . . . . . .. . . .. . . .• • • . . . . . . . . . . .. . • • . 44 
20. Diagrams on a Displacement Base. ..... . . . . . . . . . . . ... . . . . . . . . . . . . . . 49 

2I. Acceleration Diagrams on a Displacement Base. . . ... . . . . . . . . . . . . . . . . . SI 
22. Polar Diagrams of Displacement, Velocity, and Acceleration. . . . . . . . . . . 53 
23. Diagrams for Simple Harmonic �lotion. .... . . . . . . . . . . . . .. . . . .• • • . . . . 58 

24. Relative :Motion of Two Bodies Each having Simple Harmonic Motion... 63 
25. Composition of Simple Harmonic Motion not along Same Line.. . . . . ... . 67 

V 



VI CONTENTS. 

CHAPTER III. 

PLANE MECHANISMS CONTAINING ONLY TURNING PAIRS. 
sac. PAC■ 

26. Quadric Crank-cl1ains.. . . . . . . . . . . . . . . . .. . . . . . .... . . . . . . . . . . . . . . . . . 70 

27. Virtual Centres and Centrodes ..................................... 71 

28. A11gular Ve]ocities... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73 

29. I nversions of the Quadric Crank-chain .. . . . . . . . . . . . . . . . . . . • • . .. . . . . . 76 

30. Change Points and Dead Points... . . . . . . . . . . ... . • • . . . . • . •. . . . . • . . . . 81 

31. Special Forms of Quadric Crank-chain. • . • . . . . . . . . . . . . . . . . . . • • • • . • • • 83 

32. Straight-line Motions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 

33. Accurate Straight-line Motions. . . . . . . . . . . . . .• • • • • • • • • • • . • • • • • • . . . . • 90 

CHAPTER IV. 

SLIDER-CRANK CHAINS. 

34. Slider-crank Chains... • . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . • . 97 

35. Velocity and Acceleration of Cross-head in Direct-acting Engine........ 99 
36. Graphic Methods for Cross-head Velocity and Acceleration. . . . . . . . . . • • • 103 

37. Angular Velocity and Acceleration of Connecting-rod .........•.•••.... 110 

38. Angular Velocity of Cylinder in Oscillating Engine .. . . . . . . . . . . . . . . • .. 112 

39. Whitworth Quick-return Motion . . • • • . . • . .•• . . . • . . . . . . . . . . • • . . . . . . . I 18 

40. Pendulum Pump.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 

41. Crossed Slider-crank Chains. . . • . . ... • .. . . . . . . . • . . • • . . . . . . . . . . . . . . . 122 

42. Double Slider-crank Chain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 

43. Elliptic Trammels. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 

44,. Oldham•s Coupling ................................................ 127 

45. Crossed-slide Chains.. . . . . . . . ..........................•.........13 I 

46. Straight-line Motions Derived from Slider-crank Chains. . . . . . . . . • • . . • . • 136 

47. Chain Containing Sliding Pairs Only.... .. . . . . . . . . . . . . .. . . . . . . . . . . . . 138 

CHAPTER V. 

DETERMINATION OF VELOCITY AND ACCELERATION IN PLANE MECHANISMS. 

48. Velocity and Acceleration Determined from Virtual Centres. . .. . . . . . ... 141 

49. l\fethod by Using Point-paths.. . . .. . . . . . . . . • • •.. . . . .. . . . . .. . . . . . . . . . 143 
50. Polar Diagrams of Velocities for Simple Plane Mechanisms . . . . .. . .. . . . 146 
5 1. Indirect Method in More Complex Cases. . . . . . .. . . . . . . . . . . . . . . .. . . . . . I5 2 

52. Polar Acceleration Diagrams for Plane Mechanisms ................... 155 

53. Example of Polar Velocity and Acceleration Diagrams ...••..........•• 16o 

CHAPTER VJ. 

ALTERATION OF MECHANISMS. CLOSURE. 

54. Expansion of Elements . . . . . . . . . . . . . . . . . . . . . . . • . • . ... . .. • . • • . •. . . . . 164 

55. Ai.;gmentation of Chains........................................... 166 



.. 
CONTENTS. Vil 

sac. PAGa 

56. Reduction of Chains... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168 
S7. Reduction by Use of Centrodes. . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • • • • • • I70 

S8. Closure of Incomplete Pairs . . . . • •. . . . . . . . . . . . . . . . . . . . . . • • • . . .. . . . • • 171 

59. Closure of Incomplete Chains. . .'. •. . . . . . . . . . .. . . • • • • . . . . . . . • . . . . . . . 172 

CIIAPTER VII. 

CONSTRAINT AND VELOCITY RATIO IN HIGHER PAIRING INVOLVING PLANE 

MOTION. 

6o. Restraint of Bodies having Plane Motion..... . . . . . . • . . . . . . • • •• . . . .. . . 177 

61. Closed Higher Pairs having Plane Motion. . .. . . . . . . .. . . . . . . . .. . . . . . . . .  183 

62. Form of Elements for a Given Motion ...•...•.•..... . .•••••••••••••..•.. 186 
63. Condition for Uniform Velocity Ratio. . . . . . . . . . . . . • . •• • •. . • . • • •• .• . • . 188 
64. Wheel-gearing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190 
65. Spur-wheels . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193 
66. lnYolute Teeth.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195 
67. Cycloidal Teeth.. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 197 

CHAPTER VIII. 

WHEEL-TRAINS AND MECHANISMS CONTAINING THEM. CAMS. 

68. Simple and Compound \Vheel-trains ......... ·.........••...••....•••.••..• 201 

69. Epicyclic Gearing . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205 

70. Mechanisms containing Wheel-trains. . . . . . . . . . . . . . . . . . . . . • . . . • • • . . . . 209 

71. Cam.trains.......... .............. . ..... . .. .. ........ .. . .  . . . . .. . . .  . . . .  213 
72. Rotating Cams .............. ....... ............ . . ....... .. ......... . . . ... 215 

73• Sliding and Cylindrical Cams. •• • . •.•. . • • . . . . • . . • . • . . . . . . • •• •• • . . . . 219 

74. Velocity Ratio in Cam-trains. . • . . . . . . . . . . • . . . . • • . •. . . . . . . •• . •. . . . . . 222 

CHAPTER IX. 

RATCHET MECHANISMS AND ESCAPEMENTS. 

7S· Ratchet .. gearing. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227 

76. Running Ratchets. . . . . . . . . . . . . . . . . . . . . . ..... . . . . . . . . . . . . . . . . . . . 228 

77. Stationary, Checking, and Releasing Ratchets. . . • • • . . . . . . . . . .. . • • . . . . 230 
78. Escapements .. .. . . . .. .. . .... ..... . . . . . . . . ..... ... . .. . ....... . .. . . .  237 

CHAPTER X. 

MECHANISMS INVOLVING NON-RIGID LINKS. 

79- Non-rigid Links. . . .. . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . • . . . . . . . . • • .. . . 244 
8o. Velocity Ratio in Belt-gearing. Length of Belts ....•••••••••••....•••• 244 
81 Belt-gearing for Variable Velocity Ratio . •••. . ... .. .. ••• . ••••... ...•••• 246 
82. Velocity Ratio in Chain and Rope-gearing . . . ....••.. •.. •..•..... ••... . ..... 25 I 

83. Belt- and Rope-gearing between Non-parallel Axes . . . . . ............ .  • • 254 



Vlll CONTENTS. 

sac. PAGB 

84- Springs ... . . . .... � . . . . . . . . . . . .. . . . . .. . . . • • . . . • . . . • . . . . . . . . . . .. . . 256 

85. Fluid Links and Pressure Pairs ......•••........•.....••.• • .••• • • • ••• 259 

86. Chamber Crank.trains .................• . • • •.• . • •• •••.•..•..••••••.• 261 

· 87. Chamber \Vheel-trains . . . . . . . . . . . . . . . .•......•.• • • ••••.•• .•••••. 264 

88. Ratchet-trains containing Kon-rigid Links. . • .. .. . . • • • .. . ... . . . . . . . . 268 

89. Pressure Escapements containing Fluid Links .• • • . . • • • . • • • . . .. . .. . . . 273 

CHAPTER XL 

CHAINS l:-.Y0Lv1:,;c ScRE\\' MOTION. 

go. Formation of Scre,v Surfaces. . . . . ... . . . . . . . ... • . • • .. • . • • • • • • • . • . . . 276 

9 1. Screw Mechanisms Involving Lower Pairing of Rigid Links • .• ..•...... 278 

92. Screw l\Iechanisms containing Fluid Links.. . . . . . . . . . . . . .. . . .. . . . . . . 282 

93. Screw.wheels and \Vorm-gearing.......... . .. . . . . . . . . . . . . . . . . . . . . . . 285 

94. Forms of Teeth in Screw-gearing and \Vor1n-gearing .............•.•. 293 

95. Hyperboloidal \Vheels... . . . . . . .• . . . . . .. . . . . . . . .•• •. . . • .. • . . . . . . . 298 

CHAPTER XII. 

SPHERIC l\.foTION. 

96. Spheric Motion in General..• . • • • . . . . . . . . • • • • • • . • •• . . . .• • • .• . • • • . • 304 
97. Spheric Mechanisms having Lower Pairing; the Conic Quadric Crank-chain 3o8 
98. Spheric Mechanisms having Higher Pairing; Bevel Gear ............. 3 17 
99. Roller Bearings Involving Spheric !\:lotion... . . . . • . . . . . . . . . . . . . . . . . . . 331 

100. Ball-l>earings.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . 334 

CHAPTER XIII. 

KINEMATIC CLASSIFICATION OF MECHANISMS. 

101. Historical Sketch ... . . . . ...... . . . . . . . . • ... . . . . . . . .. .. ...... . . .. . .  346 
102. Classification of Willis; Babbage's :Kotation • .••....••.........•..••.. 349 

103. Classification and Notation of Reuleaux ..• • .. • • • • • . • • • • . . • • • • . . . . . . 351 

104. Classification of Hearson • . • . . . •• • • • • • • • • • • • • • • • • • • • • . • • . . . . . . . . . . 354 

105. Remarks on Classification ............................. . . ..... . . .. . .  356 




