
Clutch technology
What does the clutch actually do?

On the Vespa the driving force of the crankshaft is transferred to the gear 
via a wet-running clutch system. At the same time the clutch has several 
tasks: On the one hand – important for smooth gear changes – it separa-
tes the propulsive force (meaning the rotating crankshaft) from the gears 
so that when the clutch lever is pulled no more torque is transmitted to 
the rear wheel. On the other hand it is also possible to control the transfer 
of torque via the clutch when starting up. The driver uses the clutch on a 
progressive basis (=’release the clutch) and doses the power which is ac-
tually transferred to the rear wheel in terms of the degree to which they 
pull on the clutch lever. The rev difference between the friction plates 
times the torque is, in physical terms, work which is converted into fric-
tional heat. This is initially saved in the clutch and gradually distributed 
to its environment including the gear oil. The advantages of such a wet 
clutch compared with a dry clutch (e.g. Ducati) include the superior heat 
removal and the sound protection against external influences such as dirt 
and water.

For superior understanding we 
provide the external and internal 
diameter (Ø), for example Ø 
115mm, Øi 108mm. On friction  
plates and plain plates we state the 
internal diameter of the baskets. 
For example: Friction plates of 
PX200 Ø 108mm. 

Scheme of a small frame clutch
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Ø 115mm

Machined clutch cover and spacer 
for sufficient space when using 
bigger clutch baskets. 
 

Functionality

In the friction package, the friction plates are toothed on an alternating 
basis internally and externally. The internally toothed steel plates inter-
lock into the hub (also clutch gear wheel, internal basket), the externally 
toothed (steel plate with cover) into the basket. On wideframe Vespas 
the friction plates are internally toothed. The friction package is com-
pressed together to create a compact sandwich with one or several clutch 
springs. More pressure means more friction and therefore more torque. 
At full spring power the clutch has to transfer more torque than the ma-
ximum amount that the engine can make available, otherwise the clutch 
slips when it doesn‘t have to. If you pull the clutch lever the force of the 
springs on the friction package is eliminated. The friction plates can then 
move independently of each other and do not transfer power to the rear 
wheel any longer.

Clutch plates

The half-life of a clutch depends on two factors: Engine performance and 
use. If the clutch in an original scooter is not overused and the gear oil 
regularly changed it can last a very long time. Aggressively fast starts, old, 
unsuitable or insufficient oil, or highly tuned engines all quickly take a 
standard clutch to its limits. This is mostly evident when the friction plates 
overheat and the brown cork surfacing turns black. Cork plates that are 
burnt have a distinctive smell: they smell of engine damage! Whether 
and how you upgrade a clutch depends on the performance and rev level 
of the engine and how you want to put these to use. Most slightly tuned 
engines can also drive with a standard clutch as long as you use high qua-
lity individual components. A further upgrade is to use a kit with more 
friction plates. For smallframe clutches and the 6-/7/... spring clutches of 
the largeframes this means: A 4-plate setup or changing over to the ‚Cosa‘ 
clutch. The larger frictional surface and higher resilience of the clutch is, 
however bought at the expense of thinner plates, the thin steel flanks 
of which hammer into the frames of the clutch basket. This results in a 
poor dosability of the clutch as the plates no longer shift freely in the 
clutch basket. If an attempt is made to put more plates than intended in 
a cramped space another problem also frequently occurs: the remaining 
disengagement distance is too limited and the clutch can not completely 
separate if the lever is pulled. Alternatively, friction plates are now also 

available for the Vespa, the surfaces of which do not contain cork, but 
carbon and resin compounds instead. Compared with standard cork pla-
tes, these new plates are designed to withstand high temperatures and 
are therefore more suitable for high levels of stress (e.g. for use in motor 
racing). These modern plates also have specific grip levels and require 
partially tougher springs and special gear oil to be able to work on an 
optimum level. High-end clutches are now available for the Vespa with 
up to 6 friction plates and bigger clutch baskets. In this context new pro-
blems crop up, as the clutch cover has to be milled or distanced in order 
to create more space.

What goes where?

Scheme of a “Cosa” clutch
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Clutch springs

If the clutch ‚slides‘ in a tuned engine the first step is to install harder 
springs. In most cases this is very effective. On older models of clutch it may 
mean the clutch lever is more difficult to pull, however. Modern PIAGGIO 
clutches such as the ‚Cosa‘ clutch (LF) and the PK XL2 (SF) clutch are, in 
contrast very smooth-running due to their changed lever ratio and are also 
easy to pull with harder springs. On smallframe clutches it is possible to 
distinguish between the version with a central spring and the multi-spring 
version of the modern PK XL2 clutch. More springs distribute the force of 
the springs more equally to the surface of the friction plate and ensure 
superior transmission of power and a more gentle engaging. The thickness 
of the spring wire, the number of windings, the material used and the 
total length all influence the hardness of a clutch spring. We describe the 
hardness of clutch springs as being either ‚normal‘ or ‚hard‘, and in classifi-
cations such as ‚L‘ and ‚XL‘, etc.

Clutch basket

The clutch basket is subjected to extremely high levels of stress. On tuned 
engines, due to the high number of revs, clutch baskets are prone to wear 
out or bend. A wide range of help is now available on the market, however. 
Baskets with rings effectively prevent the clutch from ‚opening‘. Reinforced 
or nitrided baskets are hardened again and are therefore more resistant. 
High-end baskets are CNC milled to an exceptional precision, weight-redu-
ced, and have forged internal parts with reinforced rivets and space for up 
to 16 springs.

A question of oil?

With standard cork friction plates complying with the PIAGGIO guidelines 
is recommended in addition to filling up with the corresponding amount 
of SAE30. The required quantity of oil must in all cases be measured out 
in advance and you should not rely on the filling screw. This is especially 
important if the angle of the engine changes because of a different chassis 
or the scooter is not standing fully upright. In the world of scooter racing, 
many drivers who drive with carbon / sinter friction plates in their clutches 
use SAE80 gear oil. (Important: Engine and gear oil are graded different-
ly!). These drivers also put 25-50% more oil in the clutch. The upper limit is 
set by the ventilation screw on the clutch cover. If oil leaks from this during 
the trip then the fill level is too high. In the instructions manual for the 
new Vespa PX ‚98/2011, SAE80 gear oil is also approved for use, but this 
is primarily because the classic SAE 30 oil is hard to come by nowadays. 
To avoid clutch problems from occurring because of the additives in the 
modern SAE80 oil, as before, we recommend our SAE30 gear oil (PART NO 
140500) for everyday use.

Clutch gear cog and primary transmission

The primary transmission of a largeframe Vespa can be changed by using 
a corresponding kit. Many of these primary transmissions are not helical-
toothed but straight-toothed. They consist of a large primary wheel riveted 
to the auxiliary shaft and a matching small gear cog which is attached to 
the clutch. Three types of these primary transmissions are available for the 
largeframe Vespa in order to match up with the different types of clutch (6 
spring, 7 spring, 8 spring / Cosa). When making your purchase it is therefore 
important to make sure that a primary transmission is chosen that matches 
the clutch. A more simple and cheap alternative to this is to exchange the 
helical-toothed clutch gear cog with a different PIAGGIO original gear cog 
with the same diameter but a different number of teeth. The standard 
clutch gear cog on the T5 (20 teeth) can, for instance, be replaced with the 
gear cog on the subsequent PX150 (21 teeth) and always fits on the original 
primary gear cog (68 teeth) of the T5 input shaft. This extends the transmis-
sion by approx. 5% which can be put to good use with a 172cc Malossi cy-
linder. The primary transmission on the smallframe models is not so easy to 
change as a primary transmission kit normally consists of a gear cog for the 
crankshaft and a new clutch basket complete with a fixed-riveted gear cog. 
To install this, it is necessary for the engine to be completely opened. If you 
decide on a straight-toothed primary transmission it is possible to change 
it without having to dismantle the engine every time, however. DRT, for 
instance offers a wide range of straight toothed gear cogs which are com-
patible with each other for the primary transmission on the smallframe.

Additional upgrades - high tech clutches

On the smallframes the development is now more advanced, and more and 
more completely newly designed clutches with more plates, more springs 
and a range of different surfaces (from motorbikes or other models of 
scooter) are now on offer. In terms of racing engines which reliably deliver 
over 30 hp, the only limit appears to be the size of the buyer‘s wallet.

d   = Pitch circle diameter 
dk  = Outside diameter 
df   = Root diameter 
hk  = Head height of tooth 
hf   = Dedendum of the tooth 
p   = Distance from centre of tooth to centre of tooth 

A pair of interlocking gear cogs: The configuration of the toothing can 
be straight, axially parallel or helical (helical-toothed). The size of the 
toothing is determined as the module. The counter cog has to have the 
same module of toothing. The module m is an important toothing measu-
rement for gear cogs and is defined as the quotient from the pitch circle 
diameter d (in mm) and the number of teeth N, and/or from the pitch p 
and the circle-diameter ratio π:

This is also the reason why it is not possible to install a 23 tooth clutch 
gear wheel in an original PX125 primary - the module does not fit. DRT 
has addressed this problem and now offers a 23Z clutch gear wheel with 
a MATCHING module for a more straightforward extension to the trans-
mission ratio (part no 17473500).

Clutch basket SIP Race 
CNC milled, nitride, 16 springs

Requirements of gear oil: Lubrication, shear stability of the 
lubricant, reliable protection against wear and tear for gear 
components and seals including trips over short distances during 
the winter, anti-foam behaviour, temperature control, corrosion 
protection, load-bearing capacity, prevention of pitting, dispersing 
properties, insensitivity to seals, insensitivity to metals, miscibility 
with other lubricants, cooling of the clutch.

Ralf, Sip answers:

Why do you have 

to use special gear 

oil for a Vespa?
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