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Abstract

This paper presents the analysis oftopological
structure of multi-speed transmission hubs for
bicycles. Three existing transmission hubs with
8-speed, 11-speed and 12-speed are introduced.
The topological structure of each gear mechanism,
which is the main body of a transmission hub, is
analyzed. The degrees-of-freedom (DOF) of the
transmission hub is calculated by the Kutzbach’s
equation. The related clutching sequence table for
each transmission hub is also listed.
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1. A Sturmey-Archer 8-Speed
Transmission Hub
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Fig. 1 Sturmey-Archer 8-speed transmission hub

Figs. 1(a) and 1(b) show the cross section and
sketch diagram of the Sturmey-Archer 8-speed
transmission hub [1], respectively. It is a gear
mechanism consists of 11 links, 6 gear pairs and
10 turning pairs. According to the Kutzbach’s
criterion, the degrees-of-freedom (DOF) of this
gear mechanism is: DOF = 3(N-1)-2J;-1), =
3(11-1)-2*10-1*6 = 4. Because it is a 4-DOF
mechanism, four constraints are required for
precise controlling this mechanism. Except for an
input constraint, three additional constraints
should be provided, which can be achieved by
controlling the engagement of mechanical
clutches within the gear mechanism. As can be
seen in the clutching sequence table shown in Fig.
1(c), three mechanical clutches are activated at
each gear stage.

2. A Shimano 11-Speed Transmission
Hub

Figs. 2(a) and 2(b) show the cross section and
sketch diagram of the Shimano 11-speed trans-
mission hub [2], respectively. It consists of three
sets of compound planetary geartrains, which is a
12-link gear mechanism with 7 gear pairs and 11
turning pairs. According to the Kutzbach’s crite-
rion, the DOF of this gear mechanism is: DOF =
3(N-1)-2J;-1J, = 3(12-1)-2*11-1*¥7 = 4. For this
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transmission hub, 8 mechanical clutches are in-
stalled for controlling the power-flow path at each
gear stage. Fig. 2(c) depicts the clutching se-
quence table of this transmission hub.
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(c) Clutching sequence table

Fig. 2 Shimano 11-speed transmission hub

3. A Sachs 12-Speed Transmission
Hub

Figs. 3(a) and 3(b) show the cross-section
and sketch diagram of the Sachs 12-speed
transmission hub [3], respectively. It consists of
two sets of compound planetary gear trains as
transmission units and one basic planetary gear
train as a differential unit. This is a 14-link gear
mechanism with 9 gear pairs and 13 turning
pairs. According to the Kutzbach’s criterion, the
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DOF of this gear mechanism is: DOF =
3(N-1)-2];-1J; = 3(14-1)-2*13-1*9 = 4. For this
transmission hub, 8 mechanical clutches are
installed for controlling the power-flow paths of
the two sets of transmission units. Fig. 3(c)
shows the clutching sequence table of this
transmission hub.
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(b) Sketch diagram
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(c) Clutching sequence table

Fig. 3 Sachs 12-speed transmission hub

4. Conclusions

Based on the above analysis, we can con-
clude that the main body of a multi-speed
transmission hub used for bicycles is usually a
complex planetary gear train for providing with
several forward gears. Mechanical clutches,
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especially for one-way clutches, are employed
on coaxial links, ie., the sun gears, carriers and
ring gears, for correctly guiding the power-flow
path at each gear stage. The number of activated
clutches at each gear stage is related to the DOF
of'the planetary gear mechanism.
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