Contents

1. Introduction
1.1 Terminology
1.2. Degree of freedom

1.3 Functional states of Simple PGS ...,
2. Basic relations
2.1 BasiC ratio s

2.2 Kinematic equation
2.2.1 Relative speeds
2.2.2 Willis formulae

2.3 Torque and power equilibrium

2.4 Number of independent equations and input parameters

2.5 Efficiency and losses
2.5.1 Lubrication losses
2.5.2 Tooth-friction losses
2.5.3 Losses in bearings

2.5.4 Losses in more stage transSMmMIisSioONS........ccccevvveveevvevinenen,

3. Simple planetary set
3.1 Graphical (Kutzbach method)
3.2 Analytical method

3.2.1 Calculation ofratio and KinematicS  ......cccoeevvvveveeerriiennns
3.2.2 Calculation of power 10SS oo

3.2.3 Power flow in mechanism with fixed axes

3.2.4 Torgues on external elements .........cccccecevievieevi v

3.3 Matrix method
3.3.1 Matrix of kinematics
3.3.2 Efficiency
3.3.3 Matrix oftorques
3.4 Assembly of PGS

3.4.1 Number ofteeth ofplanet ..o

3.4.2 Distribution of several planets in PGS
3.4.3 Adjacency of planets

4. United planetary sets et SO

4.1 Analytical method

4.1.1 Calculation oftorque and efficiency ..o

4.2 Matrix method

4.2.1 Matrix oftorque for United PGS ...

5. Nested planetary sets
5.1 Graphical (Kutzbach) method
5.2 Matrix method

5.3 Calculated examples of automotive gearboxes ........ccccecevivvinenn

5.3.1 Mercedes-Benz W5A 580

532 ZFG6HP 26

6. Powersplit transmissions
7. Differentials
7.1 Kinematics of differential

7.2 Torques on output shafts and total efficiency  ......ccccoevivevveieenne.
7.3 Forces acting on an axle with differential ...,
7.4 Behaviour of differential on adhesion limit ...

List of symbols
References

89

O© N w w

10
1
1
1
13
14
16
16
16
17
18
19
19
21
21
21
22

25
25
26
26
29
29
30
33
34
35
35

43

48
49
53
54
60

80
83

23

83



