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The Modulated Clutch Concept

Michel Piret, Twin Disc SA, Nivelles, Belgium

SYNOPSIS: This paper describes the functioning of a controllable slip clutch. It outlines the use of modulated
clutches in tugs for docking and berthing operations as well as in fire-fighting operations.

INTRODUCTION
Today, it is noticeable that there is a reduction in the number
of tugs needed for ship docking and ship assistance in ports.
Much of this is due to the fact that modern container ships
and passenger vessels are well equipped with thrusters and
they usually need only one tug to assist them.

The trend in tugboat building is smaller vessels with high
power engines. Also, the number of crew on board will be
decreasing. It is therefore very important for the crew to have
full control of the tug.

USER EXPECTATION
To achieve high levels of tug handling these vessels must be
equipped with state-of-the-art technology that provides safety,
good bollard pull, speed, quick reaction time and
maneuverability.

PROPULSION TYPES
To face these challenges, the tug industry has been, and still
is, innovative. It has consistently put forward equipment,
machinery, propulsion and maneuvering solutions in order to
produce tugs that will suit the needs of modern ship handling.

There are several tug propulsion configurations:

a) The conventional propulsion line:
Engine, a forward /reverse gearbox, a conventional propeller
with or without nozzle and rudder.

In this configuration, a marine transmission can be provided
with a specific system that allows the control of the propeller
speed below engine idle by means of a slipping clutch. The
slipping of the clutch is usually limited in time and in speed.

b) The azimuth thruster or steerable thruster
With this propulsion type, the thrust can be applied in any
direction achieving good manoeuvrability.

A modulated (or slipping) clutch can be installed between
engine and thruster to improve the manoeuvrability by giving
stepless control of the propeller speed. In addition, steerable
thrusters can be provided with a controllable pitch propeller.

c) Cycloidal propulsion
As with steerable thrusters, this system allows thrust of any
magnitude to be generated in any direction, quickly, precisely

and in a continuously variable manner. It combines propulsion
and steering in a single unit. Usually, a variable fill fluid
coupling is installed between the engine and the propulsion
system to control propulsion speed below engine idle.

As the reader might deduce, in most cases, there is a
device between engine and the propulsion system to
disconnect the propulsion from the engine and/or to control
the propeller speed below engine idle. This is mainly due to
the fact that the increase in tug performance, thrust, bollard
pull and speed, requires more powerful installations, more
powerful propulsion systems.

With these more powerful propulsion systems, even while
the engine is running at idle speed, the propulsion system
provides an undesirable thrust that will affect the tug control
and will make the tug even more difficult to control at low
speed.

There are possibilities to annul these thrusts by setting the
propeller thrust direction but the ideal solution is to control the
propeller speed below engine idle and in such a way to
control the thrust from zero to engine idling speed.

FIRE-FIGHTING REQUIREMENT
Another important point is to equip these tugs with the
adequate fire-fighting capacity when required.

Fire Fighting Class:
Classes Class1 Class 2 Class3
Capacity 2400 m3/h 7200 m3/h 9600 m3/h
Numb. of pumps 1 or 2 2 2

FiFi 1 Class is the most common notation for tugs. For this
class, 2400m3/h is required and a head of +/- 120m is usually
recommended. This means that the pumps will absorb 300 to
400 kW.

The FiFi pumps can be driven by a dedicated diesel engine
but the better way is to drive these pumps at the front end of
the main engines trough a speed increasing gearbox (if
necessary) and a clutch.

During fire fighting operations, the vessel will normally need
some power for manoeuvring and positioning. As the engine
speed is usually set high during this operation for driving the
fire pump, a device controlling the propeller speed while the
engine is running at high speed is required.
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This can be achieved with a controllable pitch propeller or
with a variable fill fluid coupling or with a modulated clutch.

THE MODULATED CLUTCH SOLUTION
Twin Disc has accumulated nearly half a century of
experience in the design and production of marine gear
transmissions. One of the most successful developments is
the Marine Control Drive or MCD, which is a variable speed
drive available in a range of sizes with power capacity from
150 to 3000kW (200 to 4000hp) at 1,800 rev/min.

The MCD has proven its worth, particularly in tug
applications, but also in special vessels requiring dynamic
positioning, patrol vessels, stand by vessels and dredgers.

The system provides distinct operational advantages for
any vessel requiring accurate positioning or a high degree of
slow speed manoeuvrability while the main engine powers
another action. It is generally used in conjunction with
azimuth thruster systems (Z-drives).

The MCD has reached its present high level of
development through continual research since the modulated
clutch concept was first launched by Twin Disc over 30 years
ago.

The basic torque transmission components of the MCD are
similar to those of a multi-disc clutch. A stack of friction discs
compressed to a greater or less degree is mounted
alternately on the driving and driven shafts.

An oil film flows continuously between the discs.
Consequently, the torque is transmitted through a hydro
viscous media and without wear, as the discs are not in
contact during the slipping phase.

When lock-up is achieved, the input and the output speeds
are synchronized, thus efficiency is maximum (99 per cent).
This advantage is important since other types of hydraulic
couplings cannot achieve full synchronization, leading to
lower performances.

The MCD is designated “LD” or “HD”.
LD is used when modulation (slipping) is required only up
to engine idle speed.
HD is used when modulation is required above engine idle
speed.

There are three functioning modes:

Normal mode 
It consists of two phases:

Phase 1: Engine is running at idle speed. The first 30
degrees of joystick displacement is used for MCD output
(propeller) speed control. When the controller detects equality
between MCD Input & output speed, authorization is given for
engine speed increase. At this point, controller switches
automatically to Phase 2.
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Phase 2: Engine speed can be increased while MCD is
fully engaged. The control oil pressure that maintains the
clutch fully engaged is proportional to the engine speed and
increases accordingly.

Fire fighting mode (or work mode)

This mode is available for HD unit configuration only. In this
case, the engine is set at maximum speed to drive the fire-
fighting pump (or other equipments) and the joystick controls
the MCD output speed up to an adjustable limit, in order to
split the engine power between propeller and fire pump.

Emergency mode
Should modulation not be required for any reason or in case
of major problem affecting the electronic controller or in the
event of a blackout, the operator can switch to emergency
mode to lock the clutch.

By doing so, the MCD will be fully engaged in order to bring
the vessel back to the harbour in safe conditions. Should a
hydraulic failure occur, the MCD can be mechanically
engaged and use as a “come home” feature.

CONCLUSION
Manoeuvrability is a daily challenge for tugs operators,
especially with the new tug concept and the number of crew
on board.

The MCD provides a solution that helps to control speed
and thrust in a simple manner, it saves space in the engine
room and uses simple and efficient technology that is
installed in the engine room for easy servicing.

DISCUSSION – DAY ONE, PAPER No. 6

Jeff Weber, Mermaid Marine Australia Ltd
How does it work when you have a Z-drive leg, how do you
integrate the controls of the clutch with the actual azimuthing
thruster controls? 

Michel Piret
Usually, there is a second potentiometer including in the
joystick, which is used only for the MCD control, or the
electronics from the azimuth thruster can send a signal,
which can be a 0-5 volt, as a set point or the MCD output
speed control.

Jeff Weber
Do you have a relationship with the thruster developers or
manufacturers to have an integrated system with your clutch?

Michel Piret
No, we can work with any thruster manufacturer. We are
thinking about perhaps integrating the control into a complete
package, but it’s not done up to now.

Barry Griffin, BA Griffin Associates, Inc.
How do you size the heat exchanger?

Michel Piret
The heat exchanger – it depends on the different mode of
functioning. We have the LD configuration and the HD
configuration. So the heat dissipates to the clutch because
we have a slipping. So, power is a torque and speed. On this
graph, you can see the RPM, you see the kilowatt or the
Newton metre in torque. The dotted red line is the power in
kilowatts; the blue line is the torque. So to calculate the heat,
which is dissipating to the clutch, we have to take into
account the blue line, which is the torque absorbed by the

propeller, and the slip speed. If you multiply those two curves,
it’s pure mathematics. It’s a square law multiplied by a
straight line, you will find that you will have heat dissipation
which is a maximum of 15 per cent of the power that is
transmitted by the clutch when it is fully engaged. So if we
have an HD configuration, we will size the cooler on 15 per
cent of the maximum power, transmitted when the clutch is
fully engaged. But usually, in the normal mode, or in the LD
mode, we have to take into account the torque, which is
transmitted at idle speed only, and there you can see that the
torque is far lower and the slip speed is down to the idle
speed. In that case, in LD configuration, we have around 20-
30 per cent of power to dissipate.

Joop van der Heijden, Wartsila Propulsion Netherlands
A question – when you are controlling the speed of the output
shaft, are you measuring the speed of the output shaft or it is
just giving a certain pressure on the plates? What I mean is,
if the oil temperature rises, will it influence the RPM, the
output shaft, or are you really controlling this RPM?

Michel Piret
We control the RPM through the electronic control, in fact. So
we have a feedback, which is the output speed, the RPM
output speed, and there is a PID controller. You have the set
point, you have a feedback which is the speed, and we send
a signal on a proportional server valve, and this server valve
releases the pressure on the piston. The piston will press
more or less the plates together, so you change the thickness
of the oil film, but we have to be careful to maintain this oil at
a constant temperature, so that the co-efficient of friction
between the plates and the oil is as stable as possible to
avoid instability and that kind of thing.


