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A new methodology for the velocity ratio analysis of epicyclic-type transmission mechanism is
presented. The well established graph theory is used to represent the system and then to detect the
fundamental geared entities (FGEs). The identification of FGEs leads to automated construction
of the kinematic nomographs in a systematic manner. Using nomographs the kinematic
characteristics associated with various FGEs are investigated. Then, it is shown that the overall
velocity ratio of an epicyclic gear mechanism (EGM) can be expressed in terms of the gear ratios
of its gear pairs. From a single nomograph one can visualize the angular velocities of all the links
of an EGM. The main advantage of kinematic nomographs is its simplicity. Also, algebraic
expressions for all of the velocity ratios of an FGE or/and an EGM can be easily obtained by
observation without the need to solve equations repeatedly and without specifying the exact size
of each gear. In addition, it provides a better insight of the effects of the FGEs and their gear sizes
on the overall velocity ratio of an EGM. This is very helpful in the identification of a clutching

sequence during the design phase of an epicyclic -type transmission mechanism.

1. INTRODUCTION

Most automatic transmission mechanisms employ
epicyclic gear trains (EGTs) to achieve a set of desired
speed ratios. Typically, the central axis of an EGT is
supported by bearings housed in the casing of an
automatic transmission. The EGT and the casing form
a fractionated mechanism called an EGM. Figure 1
shows an EGM employing the Simpson gear train as
the multi-speed reduction unit.

In an EGM, the velocity ratio is defined as the ratio
of the input shaft velocity to the output shaft velocity.
Various velocity ratios are obtained by using clutches
to connect various links to the input power source and
to the casing of a transmission gearbox, respectively.
Typically, a rotating clutch is used for connecting two
rotating links and a band clutch is used to fix a link to
the casing. In Figure 1 rotating and band clutches are
denoted by C and B, respectively. Also it is always
possible to achieve a direct drive by locking all the
links in the EGT together such that they rotate as a
single link.

The velocity ratios selected for a transmission are
tailored for wvehicle performance. Typically, they
include a first gear for starting, a second and a third
gear for passing, and a fourth gear for fuel economy at
road speeds. A table depicting a set of speed ratios and
their clutching conditions is called a clutching
sequence. Table 1 shows the clutching sequence of the
transmission shown in Figure 1, where an X7 indicates
that the corresponding clutch is activated on the ith
link for that gear. For example, when the mechanism
is in the first gear, the rotating clutch C1 and the band
clutch B1 are activated. Hence, link 4 is connected to
the input power and link 1 is fixed to the casing.

Table 1. Clutching sequence of the mechanism shown in Figure 1

Activated clutches

Range C1 C2 B1 B2
First X4 X1

Second X4 X3
Third X4 X3

Reverse X3 X1
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