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Introducti on
The fi rst double clutch transmissions were de-
signed using relati vely conventi onal and control-
lable wet clutches and hydraulic systems. Using a 
permanently-operated transmission oil pump 
where the size and power consumpti on of the 
pump is defi ned by the maximum pressures and 
the cooling oil requirements of the clutches, leads 
to losses that aff ect the fuel consumpti on in the 
several percent range. Moreover, the effi  ciency of 
the actuati on system, in parti cular the feed 
through of the hydraulic pressures to the rotati ng 
pistons, is directly refl ected in the fuel consump-
ti on. The fi rst wet double clutches improved fuel 
consumpti on compared to the conventi onal 
6-speed automati c transmissions of the ti me. 
However, traditi onal wet double clutch technolo-
gy does not provide signifi cant advantages over 
new designs or improved conventi onal automati c 
transmissions. Newer developments, such as the 
VW DQ200 transmission [1], show that double 
clutch transmissions have the potenti al to beat 
manual transmissions fuel consumpti on perfor-
mance. The Getrag 6DCT250 [1] proves that effi  -
cient electromechanically actuated transmissions 
are already a reality.

The following discusses the further development 
of double-clutch transmissions based on this state 
of the art. This paper shows new transmission 
components for wet and dry double clutch trans-
missions and how these components can be com-
bined to form new and more effi  cient transmission 
systems.

The dry double 
clutch with direct 
actuati on
How can the current GETRAG 6DCT250 with elec-
tromechanical actuati on be further developed? 
Further reducti ons in the actuati on forces of the 
clutches and improved wear adjustment system 
accuracy increase the achievable torques or sim-
plify the mechanical system of the clutch actuati on 
system [2].

A trend towards the compact vehicle market with 
less than 200 Nm (Figure 2) can be clearly recog-
nized in connecti on with the discussion about cli-
mate change and the current economic status. 
While the predicti on for the average growth of the 
automobile market is around 20 %, the growth in 
compact vehicle segments is disproporti onally high 
at 40 %. Therefore compact vehicle segments will 
achieve a market share of 35 % [3].

For this reason, considerati on must be given 
whether it would be appropriate to scale down a 
dry double-clutch system suitable for over 300 Nm, 
or if more appropriate systems are available for 
compact vehicle applicati ons. In parti cular, the 
package as well as the costs plays a signifi cant role 
in compact vehicle segments. Shorter transmission 
housings, smaller diameters, and compact trans-
mission shaft  arrangements increase the packaging 
requirements placed on the double clutch and the 
actuati on system.

LuK has therefore researched “how much 
clutch” is required in this critical space and has 
further analyzed the structure of the double 
clutch.

Eliminati on of force rati o 
and wear adjustment
A high force ratio in the clutch reduces the ac-
tuation forces on the engagement bearings, 
however the package required due to the longer 
actuation travel and the lever spring motion is 
increased. A high force ratio is therefore elimi-
nated for low torques allowing a more compact 
package. The maximum engagement forces to 
the clutch are now determined by the engage-
ment bearing capability. It is therefore impor-
tant to consider realistic load and temperature 
ranges when designing these bearings. If, due to 
dynamics, the clutch torque tracks the engine 
torque, lower bearing forces are generated than 
when the clutch is fully engaged [4] [5]. Around 
170 Nm maximum engine torque is possible de-
pending on the design.

The wear adjustment system can be omitt ed, since 
the wear distance on the clutch linings is also no 

longer increased by the force rati o. This means that 
several components can be omitt ed in the double 
clutch, signifi cantly reducing required package 
space.

A design with four plates was selected in order to 
simplify the system. What remains is a clutch in 
which the forces introduced in the engagement 
bearings are directly transmitt ed to the clutch lin-
ings via a cup-shaped element. LuK therefore calls 
these clutch concepts directly-actuated clutches 
(Figure 3).

Bearing supports, off set 
compensati on and force 
compensati on
The following aspects must be considered when 
defi ning the bearing supports for the directly-actu-
ated double clutch:

 The unavoidable radial offset between the 
engine and transmission must be compen-
sated.

 The forces, torques and movements that occur 
in the clutch system interfaces may not lead to 
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complex interacti ons such as judder, torque 
modulati on or torque transfer noise.

 If possible, supporti ng high loads on the engine 
or transmission side should be avoided.

The engagement system integrated into the 
clutch cover can follow the axial and angular mo-
tions of the clutch without modulating the clamp 
load of the clutch. A double concentric slave cyl-
inder that has two concentrically arranged pis-
tons is used as the engagement system. The 
forces generated by hydraulic pressure are sup-
ported by the engagement bearings and by the 
clutch 1 and clutch 2 cover bearing. Since the 
flow of axial forces is closed through the clutch 
lining, axial support on the crankshaft, housing 
or one of the transmission input shafts is not 
necessary. This is providing a further advantage 
for integrating the double clutch into the trans-
mission.

Variants of the directly-
actuated double clutch
Figure 3 shows a variant of the directly-actuated 
double clutch with damped disks that is dimen-
sioned for most engines in the compact vehicle 
segment.

The double clutch is positioned by a flexplate 
on the crankshaft and supported by bearings on 
the transmission side in order to compensate 
the offset between engine and transmission. 
The entire assembly can adjust itself to the off-
set between the crankshaft and the transmis-
sion input shaft. The offset between the double 
clutch and the transmission input shafts is com-
pensated in both damping elements of the 
clutch disks.

Figure 4 shows the modified variant with a dual 
mass flywheel (DMF). Here, the double clutch is 

positioned above a non-rotating flexplate on the 
transmission side and supported by bearings on 
the crankshaft side. The system can compensate 
for the radial offset as well. The double clutch is 
driven by the preloaded spline between the dual 
mass flywheel and the double clutch. The variant 
with a DMF is beneficial especially for three and 
four cylinder engines with very high excitations.

Figure 5 shows a variant derived from Figure 3 
with an additional centrifugal pendulum for 
eliminating the engine excitations. Since the nat-
ural frequency of the dual mass flywheels in two 
and three cylinder engines moves towards high-
er speeds, isolation at lower speeds is not pos-
sible. Therefore a centrifugal pendulum on the 
primary side can be more effective with such en-
gines then a DMF [6].

Other variants, parti cularly other combinati ons of 
the above damping elements, are feasible. This 

means, for example, that a DMF could also be com-
bined with damped disks or with a centrifugal pen-
dulum.

Summary for dry double 
clutches
The development of the dry directly-actuated 
double clutch yields a clutch system that fulfi lls 
the requirements of compact vehicle segments in 
parti cular. Reduced to the most important com-
ponents, the system presents the opti mum in 
terms of package and costs. The clutch can be ac-
tuated both via a conventi onal hydraulic system 
or a power pack by means of the double concen-
tric slave cylinder. Effi  cient electromechanical ac-
tuati on can be used by means of a hydrostati c 
connecti on. 

The dry directly-actuated double clutch repre-
sents an additi onal core component now avail-
able to manufacturers of double-clutch transmis-
sions with no compromises in terms of fuel 
consumpti on.

Wet double 
clutches
Wet clutches, cooled with oil, are most suitable for 
passenger vehicle applicati ons with more than 
300 Nm of torque. More space is required within 
the transmission itself to realize the higher torques, 
which means that the available space for the clutch 
is smaller. Since suffi  cient thermal capaciti es can 
no longer be installed, oil cooling and an external 
actuator must be used. However, using a wet dou-
ble clutch can also be benefi cial with lower engine 
torques if the startup rati o or high vehicle weight 
lead to high clutch energy.

As menti oned, wet double-clutch transmissions 
are inferior to dry clutch transmissions in terms of 
fuel consumpti on in most cases. However, as with 
dry double clutches, the potenti al for improve-
ment of wet double clutch systems exists. A fuel 
consumpti on comparison to a dry electrome-
chanical double-clutch transmission can be very 
close, if the wet system is also consistently opti -
mized. The demand-controlled cooling pump in-
dependent to the clutch actuati on is criti cal for 
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improved consumpti on. Another key is the mini-
mizati on of losses in the actuati on system. Here in 
parti cular the feed through of the hydraulic pres-
sures to the rotati ng pistons must be opti mized. 
The hydraulic and fricti onal losses of the seals 
can amount to over 100 W, even in parti al load 
operati on.

Actuati ng the wet clutch via the engagement bear-
ings and double concentric slave cylinder means 
that these permanent losses are omitt ed.

Figures 7 and 8 show wet double clutches that are 
each acti vated by means of a double concentric 
slave cylinder via engagement bearings. The life of 
the bearings is not limited by the grease operati ng 
life as the bearings are lubricated with gearbox oil 
and can therefore be subjected to higher loads. 
Similar to the dry directly-actuated double clutch, 
supporti ng the engagement forces within the 
clutch by means of a bearing secured on the cover 
is advantageous. Aft er defi ning the most effi  cient 
boundary conditi ons, diff erent designs can be de-
veloped by varying the torsion damper and creat-
ing the best possible package.

Figure 7 shows a conventi onal dry DMF located be-
fore the clutch unit. Since a wet clutch has a low 
inerti a in comparison to a dry clutch, additi onal 
masses must be installed in order to achieve a 
comparable isolati on.

Figure 8, on the other hand, shows a system 
where the torsion damper and a centrifugal pen-

dulum-type damper have been integrated into 
the oil chamber. Here, the centrifugal pendulum 
generates the isolation effect of a large second-
ary mass with considerably less weight. Together 
with an arc spring damper yields better isolation 
than compared to a DMF. The improved integra-
tion of wet clutch and damper results in reduced 
demand on axial package requirements in some 
cases. The oil lubrication required by the torsion 
damping elements is also beneficial in terms of 
wear and function.

As in current automatic transmissions and CVT’s, 
abraded clutch lining and metal particles from 
worn interfaces remain in the cooling oil circuit 
and transmission. This must be considered when 
designing a hydraulic system optimized in terms 
of leakage and oil operating life. However, arc 

spring dampers have considerably lower wear in 
the oil chamber compared with competitors’ 
concepts. Furthermore, an actuator indepen-
dent of the cooling oil circuit, such as an electro-
mechanical system or a power pack, is even 
more effective.

Summary for wet double 
clutches
Actuating the wet clutch via a double concentric 
slave cylinder with engagement bearings results 
in a significant advantage in terms of efficiency, 
namely by eliminating the feed through of the 
hydraulic pressures to the rotating pistons. Wet 
clutches can be actuated by a conventional 
transmission hydraulic system and a power pack 
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Secondary inertiaDry damper (DMF)
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by means of the double concentric slave cylin-
der. Efficient electromechanical actuation can 
also be used by means of a hydrostatic connec-
tion.

The directly-actuated wet double clutch and the 
relevant damping elements represent a further 
core component now available to manufacturers 
of double-clutch transmissions with no compro-
mises in terms of fuel consumpti on.

Smarter with local 
control units
In the case of double-clutch transmissions, the fail-
ure mode (which must be defi ned as a safe mode) 
is acti vated through a total electronic failure. The 
failure results in zero actuati on pressure and both 
clutches open. However, this is not opti mal in all 
respects; especially in comparison to conventi onal 
automati c transmissions which can be operated in 
“limp home programs” in the case of a total failure 
of the electronic system.

The two independent sub-transmissions in a dou-
ble-clutch transmission form an excellent basis for 
an eff ecti ve limp home functi on. Thereby the sys-
tem availability is improved even when compo-
nents are only parti ally available. Modern double-
clutch transmissions are already using such 
possibiliti es to a certain extent today; however the 
functi on of the central electronic or hydraulic 
transmission control units remains criti cal. If the 
central control unit fails, the system enters the safe 
mode “clutch open” and the vehicle remains sta-
ti onary.

In order to achieve comparable behavior for the 
6DCT250 (actuated using EC-motors), a self-
opening function was included in the require-
ments of the clutch actuator system [1]. This re-
quirement alone has far-reaching consequences 
on the design of the clutch and actuator system. 
For the clutches, enough return force must be 
supplied at any time such that the actuator can 
be forced into the initial position within a de-
fined time. When designing the clutch, the coun-
terforce must be taken into account as an offset 
to the actuating force. The counterforce is there-
fore lost respective to clamp load for the clutch 
linings. 

To reduce the lost force, the actuator must of-
fer the lowest possible mechanical and electri-
cal resistance. This places high requirements in 
terms of mechanical efficiency on the opera-
tion of the spindle screw drive and, in parallel, 
the peak torques incurred through impacting 
the actuator end stop must be minimized. Such 
requirements lead to a mechanical design with 
stronger bearings or by using a torque fuse to 
allow the spindel screw to slip when an impact 
occurs. Accordingly, the requirement for self-
opening is a high hurdle for electromechanical 
clutch systems that must be met with the rele-
vant additional design.

Extensive considerati on was given to this “safe 
mode” in order to increase the vehicle availability, 
and to reduce the special requirements placed on 
the clutch and the clutch actuator. 

Non self-opening clutch 
systems
The current state of the art defi nes that a single 
faulty clutch in the drivetrain can be controlled by 
the driver, regardless of clutch fail-safe operati on: 
open, stati onary, or closed. In manual transmis-
sions and in automated manual transmissions, this 
is accepted as safe in the fi eld today [7].

When applied to double-clutch transmissions, 
if one of both clutches can be opened quickly 
enough during a failure, the transmission be-
haves like a manual or automated manual 
transmission (ASG) and can be controlled by 
the driver. Therefore if both clutches can be 
controlled independently of each other, the 
self-opening behavior during failures can be 
omitted entirely. Nevertheless, a sufficiently 
quick clutch failure detection and reaction time 
must be ensured.

The local control unit (LCU)
The objecti ve was to defi ne an independent intel-
ligent electronic system for each clutch without 
generati ng disadvantages such as additi onal pack-
age requirements or costs.

The printed circuit board, required currently for 
detecti ng EC-Motor positi on, is replaced by a new 
control unit. A 16-bit microcontroller is managing 
the communicati on with the superordinate control 

system via the CAN-bus, the recording of input sig-
nals and contains soft ware functi ons related to the 
actuator. 

The sensor system consists of the rotating shaft 
measurement system and a temperature sen-
sor. Additional sensors can be added if re-
quired. The control unit circuit board is com-
pleted by EC-Motor commutation, EMC-Filters 
and a monitoring controller. Finding suitable 
components and arrangements that matched 
the temperature and vibration conditions in the 
transmission environment and fitting them into 
the available space was particularly challenging 
in the project.

As mentioned, it is 
useful to make the 
clutch actuation sys-
tem separate from 
the central transmis-
sion control unit. That 
the local control units 
each have their own 
independent power 
supply is also impor-
tant. The additional 
design required for 
the control units is 
compensated by sim-
ple connectors and 
smaller wiring har-
nesses. If the motors 
for transmission ac-
tuation are also 
equipped with local 
control units, the 
conventional trans-

mission control unit can even be omitted en-
tirely. The coordinating software is then inte-
grated into an existing control unit such as the 
engine control unit, thereby leading to cost sav-
ings over previous systems with central control 
units. The utilization of local control units also 
facilitates new system architecture variants. 
Figure 10 shows some of these variants.

Summary for local control 
units
The developed local control unit provides a tech-
nology that breaks new ground in terms of sys-
tem architecture. The system can be further en-
hanced when combined with an 
electromechanical transmission actuation sys-
tem, such as the LuK Active Interlock actuator 
[7] [8]. Non self-opening clutches and even self-
closing clutches are then also permitted in the 
system design. Through the improved system ar-
chitecture, the clutch and actuation mechanism 
can be greatly simplified.

Electromechanical gear and clutch actuati on have 
an average power consumpti on of approximately 
20 W, which is hardly relevant for fuel consumpti on 
and represents the current benchmark. The new 
local control units signifi cantly reduce the power 
consumpti on even further.
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The LCU in clutch and transmission actuation 
represents a new component now available to 
manufacturers of double-clutch transmissions 
with no compromises in terms of fuel consump-
tion, safety and vehicle availability.

The hydrostati c 
clutch actuator 
(HCA)
Semi-hydraulic activation of the clutch using a 
hydrostatic section has been the state of the art 
in manual transmissions for many years. The 
clutch pedal activates a master cylinder that 
pushes down on an oil column that, in turn, 
moves the slave cylinder on the clutch thereby 
actuating the clutch. The clutch pedal has al-
ready been replaced by an electromechanical 
actuator system, which performs an automated 

clutch actuation function in several volume pro-
duction projects (electronic clutch management 
– ECM). LuK has successfully and reliably imple-
mented, and continues to implement this tech-
nology in several ECM and ASG applications [4] 
[7]. The new system architecture design options 
mentioned above enable this proven technology 
to be implemented in double-clutch transmis-
sions.

HCA design
The first prerequisite for this system is a double 
clutch with slave cylinders such as the directly-
actuated dry and wet double clutches men-
tioned above. When designing the actuator sys-
tem, the realization and location of the 
extremely high ratio from the clutch lining clamp 
load to the electric motor torque is of great im-
portance. If the ratio is implemented in the 
clutch (lever spring), for example, the force level 
in the section to the actuator is reduced, but the 
stroke is increased. When a variant is selected, 

checks must be made how the force levels and 
required stroke travels at different points affect-
ing the system (Figure 11). 

The piston surfaces in the slave cylinder can be 
defined out of the maximum permitted pressure 
and the maximum permitted forces on the en-
gagement bearings. A compromise must often 
be found here due to the lack of space. The elec-
tric motor characteristics (maximum speed, 
maximum torque and positioning accuracy) are 
defining the total ratio to be realized. In princi-
ple, two ratios are already available for imple-
menting this total ratio. The first is the ratio of 
the hydrostatic section that is defined by the re-
lationship of the piston surfaces from slave to 
master cylinder. The second is the transmission 
ratio that converts the rotary motion of the mo-
tor shaft into a linear stroke motion. No addi-
tional ratio should be provided due to costs and 
efficiency. Calculations show that a compact ac-
tuator can only be produced with a large trans-
mission ratio in the spindle drive of maximum 
1 mm per revolution and a moderate hydrostatic 
ratio less than 3.0. Therefore new approaches in 
the spindle drive are necessary. The details of 
the design can only be defined through an itera-
tive simulation process.

Design
The low spindle pitch is implemented by means 
of a planetary roller spindle that has previously 
been used in aerospace and industrial applica-
tions [9] [10]. A cost-effective solution suitable 

for automobiles is being developed in conjunc-
tion with INA, while the components are mostly 
manufactured by forming methods. It was pos-
sible to arrange the large piston surface of the 
master cylinder radially around the spindle, 
minimizing section length. The piston is de-
signed as a traction piston in order to efficiently 
transfer the high axial forces from the housing 
to the spindle bearing support. A so-called re-
set position is provided when the clutch is 
open. In this position, the pressure line is con-
nected with the reservoir such that changes in 
fluid volume caused by temperature can be 
compensated. The spindle is driven by an 
EC-Motor in the actuator with the local control 
unit described.

Sensor system concept
The angular position of the rotor must be sensed 
such that motor commutation can occur. The 
field of the magnet located on the spindle is 
evaluated by an angular position sensor located 
on the circuit board. The mechanical setting be-
tween the stator and sensor position is therefore 
omitted, providing a more accurate and cost ef-
fective solution. An integrated temperature sen-
sor helps to protect the output stages.

At maximum motor current, the HCA can gener-
ate high forces far above normal operating levels 
due to the large ratio. To prevent all components 
from over-design, a sensor system concept was 
defined that ensures the safe function of the ac-
tuator system with a relatively low amount of ef-
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fort. A pressure sensor serves as overload pro-
tection for the hydrostatic section and the 
clutch. The signal can also be used to reliably 
measure the clutch characteristic curve, even if 
no gear has been selected. The variability of the 
hydrostatic section, due to the thermal expan-
sion of the fluid, for example, can be detected 
and accounted for by the software. An absolute 
position sensor is provided in the actuator for 
measuring the piston position.

Using the local control unit mentioned above 
and locating all sensors near to the circuit board 
yields a cost effective system through minimized 
wiring and connectors.

Summary for HCA
The new HCA is a further high-performance 
component for automated clutch activation. Due 
to the comprehensive optional equipment, the 
HCA can be adapted for various applications. 
Furthermore, it is possible to scale the compo-
nents for the selected design. Along with dou-
ble-clutch transmission applications, the system 
can be used as a single actuator for clutch-by-
wire applications or for the operating of hybrid 
clutches. The local control units provide a simple 
interface to the vehicle and to other systems. 
Numerous possibilities can be implemented if 
the actuators are arranged in the engine com-
partment. Two actuators can be integrated in a 
single housing and can also be connected to sin-
gle or common reservoir. The actuator system 
has been designed in such a way as to facilitate 
locations to the transmission, engine or chassis. 
Thereby all prerequisites for a wide variety of 
applications in clutch actuation have been ful-
filled.

Overview of 
components
Two new double clutch types, a local control unit 
and a new actuati on system have been presented 
in this paper.

When reduced to its most important components, 
the directly-actuated dry double clutch represents 
the opti mum with respect to package and costs, 

and is parti cularly suitable for low engine torques 
in the smaller vehicle classes.

Actuating the double wet clutch using a double 
CSC with engagement bearings results in a sig-
nificant advantage in terms of efficiency, namely 
by eliminating the feed through of the hydraulic 
pressures to the rotating pistons. Thereby wet 
double clutches can also be combined with more 
efficient actuation systems.

Using the local control units the clutch systems 
must not be self-opening anymore. Through the 
improved system architecture, the clutch and 
actuation mechanism can be greatly simplified. 
As well systems with the electromotive lever 
actuators could be improved due to this tech-
nology.

As a second efficient clutch actuation a new hy-
drostatic clutch actuator was presented. 
Equipped with local control units and optional 
sensor systems, various double and single 
clutches can be automated, for example, for hy-
bridization.

This new components are generati ng, in conjunc-
ti on with the further development of well-known 
components, a high modularity (Figure 13). This is 
enabling transmission manufacturers to fi nd cus-
tomized soluti ons for individual applicati ons. All 
presented new soluti ons have one common trait: 
no compromises are made in terms of fuel con-
sumpti on.
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