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Introduction:
I am developing electric power split
transmissions for cars in general, but got
hooked on electric bicycles, when cycling
my spouse’s Yamaha XPC 26 through our
garden, including 30% grass slopes.
The mountain bikers in the area had real
problems keeping up with that old man on
the shopping bike.
The original NiCad battery gave up much
too early though.
So I built myself an electric racer using
NiMH batteries and a Currie Drive kit.
Now the road bikers also had a job to
keep up with me, but hill climbing ability
was limited.
This was then equipped with some
primitive equipment to measure the
battery and motor efficiencies and I was
astounded how low the overall efficiencies
actually were.
Plenty of room for improvement!

Still intrigued, I studied more modern electric bicycles and their motors, but even here I
found plenty to criticise.
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Present level of Technology:
The Giant Lafree has good performance
and a good battery life.
The bicycle is relatively light, but is still too
costly to penetrate markets worldwide.
Its Panasonic PM motor uses a brushless
design, but the rotor diameter and drive
pinion appear to be too small. Also it still
requires a separate crank torque sensor
and the whole drive unit is difficult to
service.
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The SRAM Hub with 2 motors simplifies the bicycle layout and is also suitable for folding
bicycles. However, the motors chosen are much too small and not very efficient. The
moulded plastic reduction gears do not help here.

It definitely would not be suitable for heavy duty applications as required for this postal
delivery bike for instance.
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Most present electric bicycles still require either derailleur or hub gear change units, which
add to their cost, are not always easy to use and are not suitable for Heavy Duties.

The Rohloff 14 speed hub gear is often used here, but the SRAM 5 speed hub inside their
electric drive hub is a more reasonable cost effective solution.
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Batteries:
Considerable
advances have
been made here,
with battery weights
being reduced by a
factor of 6.
Once the Lithium
Ion batteries
become
established, they
will be sufficiently
low in cost to
replace the other
battery types, until
even better
batteries are found.
Electric Motor
Design:
There is plenty of
scope for future
development work
here.
Virtually all the
motors used for
LEV’s are of the
Permanent Magnet
(PM) type.
Conventionally low
cost Ferrite
Magnets are
applied and the
motors are
equipped with
brushes and a
commutator, as
shown here on the
Yamaha drive
motor.
More modern
motors are
brushless, use
electronic commutation, improving efficiency, and very strong Neodymium, or Samarium
Cobalt Magnets, which considerably improve their torque capacity. The Panasonic and
Currie Drive motors shown earlier are such motors.
There are two further types of basic motors which could be used for LEV applications.
These are the Switched Reluctance (SR) and the Induction motor types. They do not
require any permanent magnets, but can not so easily be scaled down to the relatively low
power requirements of LEV’s.
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The main disadvantage of the basic PM motors is their very high drag torque when
switched off. For this reason all LEV drives, except for direct driven (non geared) hub
drives, use a freewheel, so there is no braking effect on the LEV, when the motor is
stopped or running too slow for a given vehicle speed.
This is the main reason why Regeneration of Electric Power when braking, is not generally
possible for LEV’s. Reversible freewheels could overcome this problem but add further
complications.
SR and Induction motors do not have this idle drag problem and on the very latest PM
motors the drag can be reduced considerably by effectively weakening the magnetic field
at high motor speeds, which also extends the speed range of these motors. Furthermore
PM motors with “Ironless-” or “Air gap Windings” have no idle drag either, but their torque is
generally too low, unless their diameters are considerably increased.
With some more development it is also possible to combine the advantages of the 3 main
motor types (PM, SR, and Induction) to result in so called “Hybrid” motors.
The development of Low Cost / High Torque Electric Motors, suitable for LEV’s is a main
priority at present.
Speed Reduction Gears
The development of gearing and transmissions to go with these motors is also very
important. Compared with other prime movers, electric motors in general have a low torque
output, but are
capable to run at very
high speeds. 10 000
RPM for instance is
quite common and
with a bicycle wheel
rotating at about 200
RPM, a 50 to 1
reduction ratio would
be ideal, but very
difficult to achieve.
The Yamaha Drive
reduces the speed of
the motor in 3 stages.
The first stage, most
interestingly, is a
roller bearing friction
drive as shown.
It increases the motor
torque by a factor of
5, which is the reason
why these bicycles
perform so well on hills, even when using an “old fashioned” Ferrite PM Motor with
Brushes.
Looking at LEV transmissions and speed reducers in general however, hardly any have
been optimised for operating efficiency.
Proper epicyclic or planetary gears are hardly ever used, as they are thought to be too
costly. However these could be very much smaller than multistage lay shaft gears and
create very little bearing loads, so that their mass produced cost could in fact be lower.
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Electric Drive Hub with a Single Concentric Electric Motor and a single Stage
Planetary Gear Train.
The following drawings show optimised Electric Drive Hubs with a max torque output of
approx 80 Nm. The left hand drawing shows a hub of a brushless PM motor and an outside
rotor. A freewheel is incorporated here.
For the right hand proposal it is assumed, that this motor with an air gap winding is fully
developed and produces no idle drag, so that the freewheel can be dispensed with and full
regenerative electric braking can be incorporated.
The weight of these hubs should be no more then say 2.5 kg and their diameter should be
optimised for minimum weight. It is feasible for instance, that a larger diameter could make
the hubs even lighter.
The basic ratio of the single stage planetary gear train could be approx 15 to 1, which can
only be achieved if stepped planets are being used.
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These electric hubs would generally be used on the front wheel of a conventional bicycle.
The drive to the rear wheel still requires the normal derailleur or hub gears, to add sufficient
manual power and traction for good performance.
International Patents are being registered for these designs.
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High Torque Electric Power split Wheel Hubs with 2 Motors and 3 branch
Differential:
Taking these proposals
somewhat further we can also
put the electric propulsion into
the rear hub and add the
manual power via the
conventional chain and
sprocket.
This is done on the SRAM
unit, but the gear ratio from
the 2 motors is not varied and
for the manual input we still
need the hub gear unit.
Here we can improve things
considerably, if we take the
Toyota Prius Power Split
Transmission for example.
For LEV use we can quite easily fit this transmission into a wheel hub and it could look like
this:
52

50
42

26

20 34 30

44
38

36

46

2
48
40
6

48

8

10
6
4

14

16

28

18

12
4

19

22

24

32

29

Fig 1
International Patents are being registered for these designs.

Patent drawing
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Using the motor and gear technology as described for the front wheel hub, we end up with
a relatively simple and very cost effective electric drive hub for virtually all applications,
which contains 2 concentric electric motors and 2 planetary gear trains. The 2 motors also
need to function as generators. The Hub then becomes a very efficient CVT when only
manual power is being applied. Electric Regenerative Braking up to its max rated torque
will also be possible.
I will demonstrate its function on a spreadsheet. This also shows that its application can be
extended to Electric Hybrid Scooters, Rickshaws and Motorcycles.
Looking at PAS type LEV’s only, we can list the Advantages of the proposed Power Split
Hub as follows:
1) Proposed Hub functions as Drive Hub and as stepless Automatic Transmission
2) The manual input Crank Torque and speed is sensed by the motor-generators
and no additional sensors are required
3) The unit adjusts the output torque automatically, either by speed demand control
or pedal pressure or both
4) The unit does not require any additional gears, but a derailleur gear change can
be added, to increase its performance even further, for mountain bicycles for
instance
5) The unit can be added to any manually powered 2 wheel or 3 wheel vehicle,
without changing its basic layout. Even a direct (chainless) manual input is
possible, as the gear ratios can be adjusted within the planetary gear trains.
6) Once fully developed and mass produced, the resulting LEV’s, using the unit, will
be less costly, perform better, will be lighter, easier to use and more efficient
than comparitave LEV’s presently available.
Summary:
There is a rapidly rising market requirement for light weight and efficient High Torque
Drives for Electric Bicycles, Electric/Hybrid Motor Cycles, Scooters and Three Wheeled
Vehicles (Rickshaws) worldwide. The proposed 3 Branch Differential Electric Power Split
Wheel Hub provides a relatively low cost solution here, but some investment is required, to
develop appropriate Electric Motors and their Torque Control Systems.
General Demonstration
Power Split Transmissions:
With the help of a model of a
Single Regime 4 Branch
Differential Power Split
Transmission.
The model demonstrates the
stepless ratio change between
input and output.
3 and 4 Branch Power Split
Transmissions can be applied
to all types of vehicles.
Frank Moeller on 26.02.2005
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