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TOW BPEFED MANOEIWRING CONTRGL

This invention relates to improvernents in vehicle clutch operation, in particular i the low spead

maneeuvring phase.

It js well krown: that when manoenvring a vebicle at low speed the driver is normally
conceatyating on positioning the vehicle and the control of vehicle speed needs ta be simplified as
much s possible. This is particularly true in commereial vehicles where visibility may be
restricted, For vehicles with conventional chatches the driver wiil have to control ihe cluteh and

throttle pedal together.

When driving a wehivlc fitted with a torque converter transriission the eperation of the
fransmission is characterisad by the slip and tarque multiplication available from the torque
cotrverter section. The “feel™ of the transmission is recognisable by ani “urge to move” when the
vehicle is stationary. This urge to move is caused by the “stall torque™ of the torque converter at
engine idle speed. Under certain conditions the vehicle will “creep” or move slowly forward when
the driver takes his font ofF the brake pedal. Under ather conditions, such as those when the
vehicle 1§ pointing up a hill and & forward gear is selected, it can prevent the vehicle moving
backward and whex the vehicie is stationary and the driver moves his foot from the brake to the
acceleratoc pedal. This movement is not consistent and will vary depending on gradient and
vehicle weight. For cxample when the vehiole is facing up 4 gradient the slip may not be sutficient
1o move the vehicle but may just prevent it rolling backward. This creep can be useful for low
speed manoeuvring, the driver can aliow the vehicte ta slowly move backward aad forward

without pressing the fhrattle peds), achieving movement just with control of the brake.

An Automated Mechanical Transmission (AMT) controls the selection of gealr and may sontrol
the operation of the clutch. An AMT is normally connected ta a frictien chutch. Qften, the driver
Thas only two pedals in the cab, an secelerator or fhrottle contrel and a brake, Noonal cantral of
the clutok is provided by the Central Processing Unit (CPU) of the AMT, which does not present
the driver with an “urge to mave” feeling. When stationary there Is nothing to prevent a vehicle
fitted with an AMT rofling facwards ar backwards whep the

driver moves iis foot from the brzke pedal to the accelerator pedal. There is no “eroep” feel en s

cormmonty found in knove flly sutomstic tranemissions fitted with a torque capvertsr. To

CONFIRMATION COPY
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present a sensation more liks & known Iydraulic torgue convarter type of automatic transmission
to an AMT it is pussible to atiow the cluteh to slip slightly under zéro speed sonditions. This
replicates the effect of the torque converter and is more narmal for & driver because it more closely

resembles the offect teit with a torque converter type transmission.

Current implementations of automated clutch systems control engagement of the clutch depending
on primarily the driver demand measured at the accelerator pedal. The further the accelecator is
depressed the faster the clutch is engaged and the faster the vehicle accelerates. This system works
well for normal starting but for low speed manceuvring is not very satisfactory, because the
thretile is loo sensitive when the sccelerator is depressed fully. This means a method is required fo
netify the system that the driver is manocuvring and not requiring a nonmal start. In corrent
implementations this takes the form of a manoenvring mode switch or a restriction u: certain low

FEArs,

According 1o the present invention there is provided a velicular clutch systen instaflablo
between a printe maover and a multiple ratio change gear transenission system, the olutch
being changeabls from a disengaged io engaged posjtions, and betng capable of
transemitting torque front the prime mover 1o the transmission in rasponse to command
signais from a clutch operator, signal processing means receivuig: {) input signals from a
vehicle braking system indicative of the amount of hraking effort being demanded, and i)
signals indicative if whether the vehicle is in Iaunch or maneuvering modes, said signal
processing means providing output command signals te the clutch operator to command
the enpagement of said clwich in an inverse relationship to the amount of braking effort
being demanded when said vehicla is in launch or manoeuvering mode,

1t is found to be particularly advantagecus to allow 2 certain amount of cluich slip to accur to

enahle the vehicls to be moved slowly and so make i easier 10 confrol the vehicls when

undertaking precision manocewveing at slow speeds in confined spaces,

The invention will now be described i greater detasl with referenca to the accompanying

drawings in whicli:

Figure 1 shows a general arangement of & iransmission system fitled te 4 vehicle and operable

according to the present invention and

JP 2004-504567 A 2004.2.12
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Figure 2 shows a flow chart of the contzol system of the present invextion.

Figure 1 shows a transmission systerm 10 including an engine E having an output shaft 12
connected to a clutch C, which is in turn coanectable to an input shafl 16 of 2 change gear
fransmission 11. The transmission 11 has an eutput shal 20 connectsd to the drive wheels (ot

shawn) of the vehrcle.

The syster is controiled by a CPUI 30, which preferably is 2 single signal processing unit, but
alternatively could be a plurality of distributed processing uaits. In such circumstances the
processing units may be lecated on the transmission, in the vehicle cab, on the engine, on the
chassis or any combination of these. The transmission will nornally have a nunber of riodes m
which it can operate, including manual and auiomatic. There may he additional functions to

enabla the shift points to be adjusted to suif the prevailing conditions.

The engine power demanded by a driver is signaled by THL 22, whose output signal is sent 1o the
engine E along link 23 and also to the CPU 30. The driver will also be provided with & gear ratio
selector Jever 34, usable to select a transmission ratia or 1o override the sclection made by the CPU
if the transmission i$ i automatic mode. Operation of the clutch C is controlled by the CPU,
whose conirol signals are sent to a chuteh operator 27. Cperation of the transmission will be by
known mieans not forming a part of this invention. The gaar ratio selector lever 34 operates a set
of gorttacts in uail 36 to provide an ouiput signal to the CPU 30, The selector lever 34 is used by
the driver ta select a gear ratio or o averride the ratio selected by the transmission. Additional
inputs to the CPU are from sensaes ES, IS and OF witieh measure engine spead, trapsnission
inputs shaft speed and transmission output shaft speed respectively. Quiput shaft speed can be

used to determine vehicle speed in knows manner.

The CPU will recedve inputs of signals of ES, IS and S from the appropriate sensors. The
trapsinission controiler 29 will also supply information abowt the currently engaged gear ratio
(GR).

The CPU 30 will receive inputs from ES, OF and a measure of the brake effort being demandad
BE. The valug of BE may be supplied as a percentage of total brake effort available and read

JP 2004-504567 A 2004.2.12



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

vy

2

[

0

(13) JP 2004-504567 A 2004.2.12

WO 0T0T2 PCTITRO1D1321

from the CAN bus data system if siech 2 system is fitted to the vehicle, or it could be determined

from 2 brake position sensor.

Operation of the manasuvre mode can be implemented in 2 number of ways. Tn one method the
driver can be provided with a switch on the vehicle fascia or on the gear selector mechanism, The
switch can be tumed fo indicats 2 mavoeuvring mode is desired and enable The various control

units ta react appropratzly.

An alternative method of implementation is to autematicaily enable the manoeuvring mode only

when reverse or 1% or 2™ gears arc engaged.

Lirge Torque in this specification is the amount of Lorque required to make the vehicle feel as if it
is ready to move off from rest. I is an smpirically determined figure that will depend on the
weight and type of vehicle. [t can be qualitatively deseribed as the ameunt of torque needed to
pravide the driver with the sensation that at least any slack in the drive-fine has been partialiy

taken up and the clutch engagement process has started and so the vehicle is ready to move off.

The value of Urge Torque will e higher than enging idle torque, whose net value will be zero at
engine idle speed. It will therefore be necessary to increase the epgine output to provide the Urge

Targue.

To control the engine torgue at low speeds if is normally necessary to take control of the engine
from the engine idle speed cantraller or fimction incorporated in the engine ECU. By lifting the
engine speed say 50rpm abave idle the transmission CPU takes control of the operation of both

clutch and throttie and se is able to adjust engine torque fo meet the pre-determined requirements.

Figre 2 shows a flow chart which staris with assumption the velicle is in manouvre mode. The
©PU then senses Engine Speed ES, Output shaft speed 08, and the lovel of brake effort demanded
BE. Ifengine speed is ot idle the CPL then commands the engine to supply the Urge Torgue, UT.
The transrrission output shaft speed O, can be used to provide an indication of the vehicle spesd
and if it i less than & pre-determined value, the routing continuies. [ the test datermines the

vehicle is moving, t then exits the routine.
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Assuming the routine continues, the next step is to determine if the vehicle speed is less than a pre-
detzrmined amount. I the vehicle speed 1s found 1o be above a predetermined reference value, of
say about 16 kph (10mph) then the velricle is not considered to be in manoeuvre mode. Preferably
if the vehicle moving the upper speed limit (OS< REF) speed should be 5-10kph.. Above those

speeds the system should seck to sngage (he clutch fully and move into a different mode.

If the vefiicle speed is less than the pre-determined reference sped & modified vaiug of Urge
Torque Is then calculated, modified 1 response to the amount of Brake Effort BE demanded. The
amount of Urge Torque required is: ‘ ‘

UTheon = UT%-BE%

The engine is then commanded io provide the moditad level of Tirge Torque as sxplamed above
The clutch operater is then sommanded to engage $0 a3 to transmit torque in an inverse

relationship to the amount of brake effort dernanded,

By measuring the braking effort, the clutch can be cortrolled to vary the amount and torque
transmitted & he wheels and hence the slip. With the brake completely disengaged the ameuat of
slip can be caleutated to allow the vehicle to move forward at 2 Jow speed of say 5-10kph
depending upon such as factors vehicle gearing, gear ratio selected, vehicle weight, engine idle
speed, #te.  As the brake effort demanded increases the amount of torgue transmitied is decreased
until the vehicle 1s stationary and the braice applied sufficiently 1o prevent the velicle rolling. At
that stage the clutch will be completely disenpaged so there will be no slipping of the clutch, This

controlled slip makes easier manoeuvring and better velicle control possible.

The leve! of Urge Tormue transmuitted by the clutch is an inverse relationship to the amoual of
brake effort demanded. Thus the harder the brake pedal is poshed, the less the amount of torque 15
transmitted by the clotch to the drive wheels.

From a stopped position, if a low gear ratio is selectsd and the driver iz prassing firmly on the
brake pedal, demanding say 100% braks effort, no movement of the vehicle will occor. 4s the
brake pedal 15 released the eluteh will stagt to enter 2 tlipping engagement. The inverse
relationship hetween brake effort demanded and cluich engagement will result in the clutch
stipping and transmitting torque to the drive wheels. As the amount of urge forque fransmitted

increases, a point will be reached af which the friction forees in the drive-line, which includes

JP 2004-504567 A 2004.2.12
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friction arising from the hrakes duc to applied pressurs witl be less than the modified Urge Torque

and so the vehicls will move off

Cnee the brake pedal is fully released the clutch torque transmitted will becorne the mazinum
urpe topque, but it is not normaily sufficient for synchronous engagement. Synchronous (non-

slipping) engagement will normaily only oceur on a downhill start.

By modifying the amount of torque transmitted by the clutch in response to the level of brake

effort demanded it is possible to reduce the clutch wear and so proleng 1ts life.

It: referring 10 a friction chtch it should be wndersteod that the tenn friction cloteh could mean a
single or multiple plate wet dry clutch. (In a wet clulch oil is circulated around the region of the
friction plates.)

[n general it will be appropriate to limit the spesds ta 2 low targst speed level, say about 5-10 kph
but they could be as high as 16 kph (approx 10mply). Tt may also be desirable to have differsnt

miaximum speeds forward and reverse.
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CLAIMS:
5 1. Avehicular clutch svstem iostallable betwaen a prime mover and a multiple ratio

change gear iransinission system, the clutch being changeable from 2 disengaged
to engaged positions, and being capable of transnntting torque from the prime
mover to the transnsssion in responss to command signals from a chutch operator,
signal processing means raceiviog:
10 1) input signals from a vehicle braking systen: indicative of the amount of
braking effort being dentanded, and
i) signals indicative if whether the vehicle is in Jaunch or maneuverizg
modes,
said signal processing means providing output command signals 1o the clutch
15 operator to command the engagement of said clutch in an inverse relationship to
the 2mount of braking effort betny derpanded when said vehicle is m

manoeuvering mode.

20 7. Aclutch system according to Claim 1 in which the maneuvering mode is oniy

available in any one of the lowest three forward gear ratios and reverse gears.in

3. A cluteh system aceording to any of cleims 1 or 2 m which the manewrvering mode
is selected by a dedicated selector means.
25
4 A chtch system according to any preceding claim which the niaxdimum, vehicle

speed in maneuvering modes is 16kph.

JP 2004-504567 A 2004.2.12
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5. Amethod of eperating 2 vehicle clutch systent nstailad in a vehicle betwesn a
prime mover and a trassnission system, the clutch bemng engageable to transmat
torque from the prime mover to ihe transmission systeny, means for recetving a
signal indicative of the amount of braking effort being demanded, means for
recetving signals indicative of whether the vehicls is in maneuvering or launch
miedes, signal processing means recsiving as puts said braking effort signals and
vehticle maneuvering or launch mode signals and processing said inputs to provide
an output signal 1o a cluteh operator to command engagement of said clutch in
Inverse relationslup to the amount of braking effort demandsd provided the

velucle speed is less thatt a predefermined riaximum.

JP 2004-504567 A 2004.2.12
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