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Automatic Gearbox — VT1F

Fig. 1: Gearbox and selector mechanism

|. General description VT1F

1. Introduction

The stepless shifting pattern of the transmissimviges a very comfortable drive, as well as
having full vehicle performance, available at ainyet
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The advantages of using an automatic transmisgitnsotype are:

- Low engine revolutions at constant speeds.

- Improved emission control/fuel consumption.
- Low noise, vibration and harshness levels.

- Smooth acceleration.

- Flexible driving on mountain roads.

Fig. 2: CVT box

Fig. 3: Bell Housing
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2. Conventional Automatic Transmission vs. Continuosly Variable Transmission.

In the figure below the variograms of a hand sHifte normal automatic transmission and the
CVT are compared with each other. With the conwerati automatic transmission, maximum
6 ratio’s (gears) are available, but mostly evess.l&Vhen the transmission upshifts, it has to
follow the bold or dotted lines of the first imadepending of the amount of throttle. With the
CVT, the whole range of ratios between the Low #mel Overdrive lines is available for
shifting as shown in the second image.

The shift point of both transmissions is relatedht® amount of throttle. As more throttle is
applied, the transmission upshifts at a higher rgspeed. With the conventional
transmission it is clear that the engine speedslbaigk when shifting to a higher gear. This is
not the case with the CVT. The CVT will upshiftaatonstant engine speed, by moving the
pulleys as explained in the next part. Howeveeratitive shifting strategies are also possible.

This can help to create a quicker acceptance byG¥wdrivers.

Variogram 4-step Automatic Transmission
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Fig. 4: Variogram 4 step automatic transmission and CVT Transmission.
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3. Basic Principles of Continuously Variable Transrission

1 Input from the engine
2 Output to the wheels
1 @ 3 Drive pulley at minimum
diameter (Low)

4 Driven pulley at maximum
diameter (Low)

L

p—
Fig. 5: Pulleysin low position

—

1 Input from the engine

2 Output to the wheels

3 Drive pulley at maximum
diameter (overdrive)

4 Driven pulley at minimum
diameter (overdrive)

<

Fig. 6: Pulley positions in high ratio (overdrive)

Unlike conventional planetary automatic transmissithat provide a limited number of gear
ratios, usually four, five or six, the CVT, as iftame suggests, continuously varies the gear
ratio. A low gear (low ratio) makes it easier tdl@uay from a rest position, the drive pulley
diameter being relatively small, while the drivenlgy diameter is large by comparison. The
drive belt is used to transmit power and torque. a&seleration takes place it becomes
possible to select a higher ratio by increasingdiaeneter of the drive pulley while, at the
same time, decreasing the diameter of the drivdieyuThis degree of change can be
controlled to ensure that the most suitable ratiorovided.

The CVT uses a primary pulley and a secondary ypuBeth pulleys have one fixed half and
one mobile half, controlled by hydraulic pressuree position of the drive belt on the pulleys
will determine the ratio. If the mobile half of tipailley is close to its opposite half then the
drive belt is forced to travel around the outecwumference. When the pulley is open wide
then this circumference is reduced. The primary sedondary pulley mobile halves are
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diagonally opposed so when the drive belt diametereduced on the primary pulley, it
increases on the secondary pulley.

To pull away, a low ratio is required. To providest the primary pulley is open, allowing the
drive belt to sit down into the pulley and forciitgto run around the outer of the closed
secondary pulley. As vehicle speed increases, lzehigear ratio is required. To do this, the
primary pulley gradually moves towards its fixed rtpar, increasing the pulley

circumference. At the same time the secondary ypule forced apart reducing pulley

diameter, therefore creating a higher gear ratin. o&erdrive ratio is obtained when the
primary pulley is fully closed and the secondariigyis fully open. The secondary pulley is
now forced to rotate approximately two and a hatketfor every turn of the primary pulley.

4. Shift Positions

Possible shift positions for the VT1F aRark, Reverse,Neutral, Drive and SportManual
position (other shifter lay outs are also possifleourse, for instance with an L position).

In the Drive position, the car will move forwards in stardl€VT mode. The engine speed
will be limited to approximately 4500 rpm unlesskidown is used by fully depressing the
throttle pedal when the engine speed will rise gpraximately 5500 rpm. Of course other
calibrations are also possible.

In the ManualSport position, the car will move forwards in CVTasp mode. The engine
speed will be limited to approximately 5000 rpmasd kick down is used by fully depressing
the throttle pedal when the engine speed will tis@pproximately 5500 rpm. Again, other
calibrations are also possible.

1. llluminated gear position
2. Gear selector lever

0

\\‘“@

Fig. 7: VT1F gear lever & M+ /-

In Sport position the transmission will be tuned iniiedlent way than irDrive mode. The
transmission will upshift at a higher engine spgedyiding more sportive driving. The Sport
driving calibration is designed to be more respemgp driver command, but will be less
refined than the D position.
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If the gear shift lever is moved into the ‘Plus’ ‘dtinus’ position fromManualSport, the
system will change intManual mode. The transmission then works with érfore) “gear”
ratios. The system will select a gear appropri@atead and driving conditions. To change up
a gear, the driver must move the gear lever toRhes’ position. To change down, the driver
must move the gear lever to the ‘Minus’ position.

If the CVT software decides that a shift might cawamage to the transmission, such as
attempting to shift to 1st gear at 100 km/h, thargehange will be prevented. If the driver
does not shift up, the next gear will be automdticselected when the engine revolutions
reach approximately 6000 rpm. Equally, if the drig®wes not shift down when reducing
vehicle speed, the system performs the down-chamgematically thus ensuring the
transmission is in the appropriate gear.

5. Functionality in Park and Neutral

The engine can only be started\Neutral orPark, as with any automatic transmission.

A spring and cone operated pawl mechanically ldbkssecondary pulley when the selector
lever is moved to th@ark position. If the lever is set in the Park positwhen the vehicle
has a higher speed, the pawl will rattle withougagingPark. It will not engage until the
vehicle speed drops below approximately 5 km/h.

i

1. Parking pawl
2. Secondary pulley

Fig. 8: Parking lock
6. Normal Operation

The operation of the transmission, during drividggs no comparison with that of a
conventional automatic transmission. All kinds whihgs are possible. A possible tuning is
that if the accelerator pedal is depressed shattpdyengine rpm will rise considerably more
than in relation to the speed of the vehicle. Thisctionality is normal for a CVT but may

surprise drivers not familiar with this type of neamission. Other tunings / variograms are
also possible, for example tunings that are cldsethat of a conventional automatic
transmission.
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7. Transmission Communication
The VT1F has electronic components to control &&r gatios, the clamping force on the belt
and the clutch pressure. The location of the coraptmthat form the steptronic transmission
vary depending upon vehicle installation.
There are different options for the position ofcélenic components in the transmission. For
example, the control methods associated with thesmission can be run as part of the
software in the ECU. The CVT software in the ECUeiees inputs from the main sensors of
this system, communicates with the gearbox interfagit (GIU) to control the transmission,
accepts driver inputs and provides informationhi® driver via the instrument cluster. With
this example the software is located in the ECUJenthe drivers are in the Gearbox Interface
Unit (GIU). It is also possible to put both thetsaire and the drivers in a TCU.
8. Related Car Components

8.1 Centre Console LEDs
The configuration of which controle LEDs are toused depends on customer.

8.2 Instrument Cluster Display

The same is valid for this part. The Instrument s@u Display is also defined by the
customer.

8.3 Selector Lever Mechanics

Park, Reverse, Neutral and Drive Switches

The configuration of the selector lever is custorseecific. A shift lock (as in the picture
below) must be integrated in the mechanism, toigeoan idiot start protection.

1. Gear selector lever

2. Gear selector lever detent
3. Shift lock

4. Gear change selector rod

Fig. 9: VT1F selector lever mechanism
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8.4 Torsional damper

The engine is connected to the input shaft in thesmission, via a torsional damper, instead
of the torque converter used by more convention@raatic transmissions.

This torsional damper is not a part of the transiois

1. Drive plate gearbox side
2. Engine side

Fig. 10: Torsional damper

9. Towing of the Vehicle

The VTI1F transmission must not be towed. This isabee there is no oil pressure in the
primary pulley unless the engine is running and bl would therefore occur. Recovery
must be conducted with the front wheels lifted clefahe ground (suspended tow).

With a manual transmission it still is possiblestart the car by pushing or towing. This is not
possible with the CVT because there will be nopodssure (as the engine and the pump are
not running) meaning that both clutches are disgadaand that there is no connection
between the engine and wheels.

10.Drain & Refill

A refill of the transmission oil is necessary evéB/000 km.
For this purpose, the gearbox is equipped withilgrain plug and a top filler plug.
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lI.  Transmission Layout
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Fig. 11: VT1F transmission Layout
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The VT1F consists of a number of elements thatbeadivided into three groups, depending
upon their function.

Group One — Mechanical Torque Flow
Elements providing the mechanical torque flow tiglothe transmission.
Group Two — Control system

These elements relate to the control system. Msites enables the transmission to transmit
power and to vary the ratio in a proper way, acicgytb load conditions and driver demand.

Group Three — External Connections

A number of elements have external connections wht transmission. Some of these
elements are either inside the gearbox, or immelgiabnnected to it. Others can be part of
the system, but can be located elsewhere on theleeh

1. Group One - Mechanical Torque Flow
1.1 Planetary Gear Set

The planetary gear set enables the transmissi@notade a drive torque in two directions,
forward and reverse. Engine torque always entergrinsmission through the input shaft of
the planet carrier. This carrier can be directlyreected to the sun-wheel by closing the
forward multi-plate clutches. When it does, thecgplic gear set rotates as one unit, and
engine torque is transmitted directly to the prignpulley. The planet gears do not transmit
any torque, therefore no mechanical loss will ogouthe planetary gear set and the primary
pulley will rotate in the same direction as theiaegThis is the forward drive mode.

> N ;\

Fig. 12: Planet gears

In reverse mode, the annulus of the planetary ggtais held stationary by closing the reverse
multi-plate clutches. Three pairs of planet geaescaiven by the planet carrier, forcing the
sun-wheel to rotate in the opposite direction.
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1. Planet gears

2. Input shaft
1 3. Sun gear

4. Annular gear

Fig. 13: Planet gears

There is a small multiplication of torque beingisenitted since the ratio of the epicyclic gear
setis 1:1.1, in order to compensate for frictidnakes within the planetary gear set itself.

1.2 Multiplate clutches.

There are two Multiplate wet clutch packs; one farvand one reverse. Each pack has three
friction plates providing six friction surfaces. §nydraulic pressure controls the clutches to
allow the vehicle to move away smoothly by evempttie opening. By controlling the belt
slip it also allows the vehicle to be held statignafter the drive gear is engaged. Oil from the
oil cooler is directed to the clutch plates to mmvoverheating of the friction surfaces.

2 ‘ 1. Forward clutch pack

AN / //
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P - r 2. Reverse clutch pack
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Fig. 14: Planetary gear set showing clutch plates
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1.3Pulley and Steel Belt

The main design feature of the CVT is a pair oékt¥ " shaped pulleys connected by a steel
drive belt. The distance between centres of thegmy and secondary pulley is 155 mm. Each
pulley consists of one fixed half and one axiallgesable half, both having 11 degree sloping
sides. The proven 24 mm wide "Van Doorne" push thpee belt is used to transfer torque
between the pulleys (applications for higher torgakies can make use of a 30 mm drive
belt). The belt is lubricated and cooled by anjetilfrom a nozzle. Both moving halves are
situated diagonally opposite to each other in otdereduce misalignment of the drive belt
during shifting. Each moving half is connected tdadraulic cylinder/piston. Hydraulic

pressure is controlled by the control system, desdrin the section titled ‘Hydraulic

system’. Ball splines prevent the moving halvesnifrootating relatively to their fixed

partners.
o' 4
1

il

Fig. 15: Sedl Drive belt

Torque transmitted by the planetary gear set amtstty onto the primary pulley, as the sun-
wheel is splined to it. The steel drive belt trartsrthe power from the primary pulley to the
secondary pulley and the power from the secondalgypis then transmitted to the pinion
shaft.

Torque and speed of the secondary pulley are deted1by the position of the drive belt.

The sizes of the two pulleys are designed to pewidange of ratios from 2.416:1 to 0.443:1
resulting in a ratio spread of 5.45. The high ovigelratio is particularly advantageous in
respect to fuel consumption.

The steel drive belt has approximately 450 segmamdisis held together by 24 steel bands,
12 on each side. All the segments are of the shitkrniess.

1. Steel bands
2. Steel segments

Fig. 16: Drive belt
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1.4Pinion Shaft

The pinion shaft creates a two-set helical geangton between the secondary pulley and the
differential. In this way, the rotational directiasf the drive shafts will be correct. The
reduction between the secondary pulley and theediinafts can be made large enough to give
good vehicle performance. The pinion shaft is sugooby two conical bearings, one in the
clutch housing and one in a separate bearing stippor

1. Primary shaft drive gear

2. Differential crown wheel

3. Pinion drive gear

4. Transfer gear pinion shaft
5. Secondary shaft drive gear

Fig. 17: Crown wheel & pinion
1.5Differential

Drive torque on the crown wheel is transmitted e tvehicle wheels via a bevel gear
differential, just as in a manual transmission. Thewn wheel is bolted to the differential

case with 8 bolts. The drive shafts are fittedhe differential with conventional CV joints

and seals. Conical bearings are used to suppodiffieeential.

1. Differential bearing

2. Differential casing

3. Differential cross shatft
4. Differential planet gears
5. Differential crown wheel

Fig. 18: Differential assembly
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1.6 Mechanical Operation

1.6.1 Selector lever in the park or neutral position

In this condition motion is not transferred to tkeels as both clutches for reverse (2) and
forward gears (4) are disengaged.

- The transmission input shaft (1) turns at the sspe=d as the engine.

- The reverse gear clutch (2) is disengaged.

- The forward gear clutch (4) is disengaged.

- The planetary gears (3) idle around the sun gear.

- As the sun gear does not move, neither does theapyipulley (5), the secondary pulley
(7) and, subsequently, the vehicle.

. Input shatft

. Reverse gear clutches
. Planetary gears

. Forward gear clutches
. Primary pulley

. Steel drive belt

. Secondary pulley

~NOoO oIk, WNE

Fig. 19: Pulleys & gear train
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1.6.2 Selector lever in the drive position

Under this condition, the forward motion is trameéel to the wheels as the forward clutch (4)
is engaged.

- The transmission input shaft (1) turns at the sspeed as the engine.

- The reverse clutch (2) is disengaged.

- The forward clutch (4) is engaged.

- The planetary gears (3), the sun gear and the annaog gear of the epicyclic train rotate
together.

- The primary pulley (5) turns at the same speeti@gmngine in the forward gear direction.

- The secondary pulley (7) turns in the forward g#iegction at a speed that depends upon
the belt ratio for that operating condition.

. Input shaft

. Reverse gear clutches
. Planetary gears

. Forward gear clutches
. Primary pulley

. Steel drive belt

. Secondary pulley

. Secondary pulley

. Input shatft

O©CO~NO UL, WNBE

Fig. 20: Pulleys & gear train
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1.6.3 Selector lever in the reverse position

Under this condition, the reverse clutch (2) isagefl and makes the annular ring gear (9)
lock to the transmission case. The planetary géréorce the sun gear (10), the primary
pulley (5) and the secondary pulley (7) to turrthe opposite direction to the transmission
input shaft (1). Therefore reverse gear is nowcsete

- The transmission input shaft (1) turns at the sspe=d as the engine.

- The reverse clutch (2) is engaged.

- The forward clutch (4) is disengaged.

- The annular gear (9) is linked with the transmisstase by means of the reverse clutch
(2).

- The planetary gears (3), which are driven direbthythe transmission input shaft (1), turn
around the annular gear (9). Therefore they fdneesun gear (10), the pulley (5) and the
secondary pulley (7) to turn in the reverse gegeation.

. Input shaft

. Reverse gear clutches
. Planetary gears

. Forward gear clutches
. Primary Pulley

. Steel drive belt

. Secondary pulley

. Secondary pulley

. Annular gear

0. Sun gear

P OO~NOUTAWNPE

Fig.21: Pulleys & gear train
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2. Group Two - Control System
The functions of the control system are:

1. To match the clamping force on the steel drive tagision with engine torque, preventing
belt slip.

To control the operation of the forward and revelséches during driving and take off.
To provide the optimum transmission ratio for all/ohg conditions.

Provide the necessary lubrication and coolingrothie gearbox.

Provide the required oil supply for the pitot sysse

LN

2.1 0il Pump

The pump within the transmission is an external geanp. The engine drives it via a shaft
through the hollow primary pulley shaft. The punigaf is splined to the planet carrier,
which always run at engine speed. The dischargéaimais about 10 ceper revolution.
System pressure can reach 40 to 50 bar dependimpuoitorque.

| “ 1

1. Oil pump drive shaft
2. Oil pump assembly

Fig. 22 Oil pump complete

The oil pressure is used both for controlling tlaEmsmission hydraulically, and for lubrication
purposes.

1. Oil pump inlet
2. Oil pump oil seals

Fig. 23 Oil pump inlet
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2.2Valves

The CVT is controlled by a number of valves thagpand to mechanical, electrical and
hydraulic inputs. Basically, the control systendesigned to control the ratio, the clamping
force and the clutches in the following four ways:

1. Flow to and from the primary pulley is controllesl tommand the correct transmission
ratio for all driving conditions. In this range amary valve and a linear actuator is used.

2. Pressure is supplied to the secondary pulley tarenthat there is always adequate
clamping force onto the belt for all load condisorA solenoid valve influences the
secondary pressure control valve, optimising thesgure and hence the clamping force.
Optimisation of this pressure improves fuel constiomp The working valves in this area
are the secondary valve, the exhaust secondarg,vahd a PWM solenoid secondary
valve.

3. Selection of the correct clutch (forward or reverdengagement of forward or reverse
gear via the selector mechanism operates the maalva@ directing oil to the appropriate
clutch. For this functions there is a manual valwd a reverse inhibitor valve.

4. Control of the operation needed for take off: Aeswlid valve acting on the clutch valve
controls the clutch application pressure to ensmeoth clutch engagement and drive
away at all throttle openings. Here a clutch valae,exhaust valve clutch pressure, a
constant pressure valve, the supply valve and WibIRolenoid clutch valve are used.

There also is a cooler flow valve that controlsaiidlow through the cooler.
2.3 Pitot system

The engine speed and the drive mode are used fdrotlong the clutch engagement. The
speed dependent signals are provided by two ‘pstggtems. Each consists of a pitot chamber
and a pitot pipe. The pipe is stationary, while thamber, which is filled with oil, is rotating
at the speed to be measured.

1. Pitot tube
2. Oil pump
3. Pitot tube
4. Pitot chamber

Fig. 28: Pitot tube ghosted inside cover
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A hydraulic pressure, proportional to speed, isecletd at one end of the pipe, which is
dipped in the rotating oil ring inside the pitotachber. These pressures act on the primary,
secondary and clutch valves inside the control, umfiuencing transmission operation.

2.4 Sensing shoe

The sensing shoe is a mechanism that measure®sit®p of the pulleys. The sensing shoe
acts via a rocker onto the secondary valve spritigivthe hydraulic control unit, controlling
the clamping force. The clamping force can be desmd when the transmission up-shifts, as
the drive belt will run on a bigger radius arouin@ tprimary pulley. With the drive belt
running in an overdrive situation, a lower secogdaressure will still create enough
clamping force to transmit the torque.

e LL L LLLLELL b

L (T L

1. Sensing shoe
2. Pulley

Fig. 29: Sensing shoe in box

I 1. Sensing shoe shaft
2. Sensing shoe
3. Sensing shoe
locking bolt
position

Fig. 30: Photo sensing shoe
2.50il Temperature Sensor
The oil temperature sensor is a two wire sensoti@tatated in the valve block area.
The sensor continuously monitors the temperaturtefil. Should the oil temperature rise

above preset parameters, the ECU will reduce theuatrof slip within the clutch to reduce
the oil temperature.
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3. Group Three - External Connections

Each element of group three will now be described.

3.1 Park/Neutral Switch

The selector cam activates the park/neutral switdhich prevents the car from starting in
reverse, drive or sport, and switches on the revights when in reverse. The switch also

sends its position to the CVT Software in the EQBt tuses this switch in conjunction with
the gear selector switch to establish the correeind) mode.

Fig. 31: Park/Neutral switch

1. Park/Neutral switch
plunger
2. Selector cam

Fig. 32: Switch & selector mechanism

When the selector lever is in the park or neutoaigoon and the ignition is switched on, the
CVT software in the ECU will energise a shift loglenoid on the selector lever in the car.
This locks the lever in the park or neutral positibhe selector lever cannot be moved from
the park or neutral position until the footbrakajgplied.
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3.20il Cooler Locations

There are two oil cooler pipe connections on tlatfrof the transmission casing. An oil
cooler is fitted alongside the radiator to maintdie transmission oil temperature between
80°C and 120°C.

1. Oil cooler pipe inlet
2. Oil cooler pipe outlet

Fig. 33: Oil cooler pipe position
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3.3Transmission Secondary Speed Sensor

The VTL1F transmission has a dedicated secondamdspensor located in the differential
housing. The sensor is located at the crown whidak sensor is a Hall effect sensor and
produces a pulse train of 81 pulses per rotatiome Eensor allows for more precise
calculation of transmission output speed that exlus the control strategy systems.

Fig. 34 Secondary speed sensor in gearbox

1. Speed sensor
2. Speed sensor oil seal

Fig. 35: Secondary speed sensor
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3.4 Selector Shaft

Selection of the required driving mode, through $bkector lever inside the vehicle, activates
a selector shaft within the transmission. A push/Aype cable connects the lever in the car
and the shaft on the gearbox.

= V

1. Retaining clip

2. Protection cover
3. Gear change rod
4. Gear change lever

1. Selector shaft

Fig. 37: Gear selector rod in box
3.5Connector

The connector consists of 16 pins and is locatethéntransmission casing. The harness
connection is via a circular connector.
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lll. Strategies

1. Behaviour in Specific Situations

The behaviour of a vehicle, fitted with CVT, wilbw be discussed in the following specific
situations:

1.1 Idle While Drive is Selected

When the engine is started and drive selected witdepressing the throttle pedal primary
pitot pressure will be very low. There is no pripnaressure and the belt is positioned on its
lowest primary radius. The clutch valve determittes creep behaviour of the car with the
engine running at idle. The cooler valve sendstiidest oil to the drive clutch.

1.2 Take Off/Pulling Away

The position of the throttle pedal determines atctvlspeed the transmission will up-shift.
This is also dependent on which drive mode is sete(Drive, Sport or Manual). Pushing the
throttle pedal down will result in the following taans:

- As the engine speed increases so does the engp@massure and the clutch pressure.

- If the clutch pressure becomes too high it willdalento the exhaust valve clutch pressure.
The bleeding of the clutch pressure is set sottteafull engine torque can be transmitted
at any time. Via the forward clutch, the primarylew starts accelerating and the primary
pitot pressure rises. It is this pressure that gmes/reverse gear from being accidentally
selected. At a specific speed the primary pressses and the primary pulley halves are
pushed towards each other increasing the primatysaof the belt. As the belt is of a
constant length the secondary pulley halves mud¢rvaccordingly.

- The transmission will up-shift at a constant engipeed until overdrive is reached. This
strategy is only used to show the possibilitiea d&VT. Other strategies with an engine
speed that rises with the vehicle speed are alseile. Under constant conditions the
speed of the vehicle will stabilise. If the loadsh increase, for example driving uphill,
and the driver does not change the position ofthinettle pedal, then the transmission
automatically downshifts. The gradient makes theosdary speed drop. The primary
speed wants to stay constant and the primary valyelates the primary pressure in such
a way that the engine speed does not change. fikysrimary pulley halves will widen
and the primary radius of the belt will decreaske Becondary belt radius will increase
because of the fixed belt length. The transmisk@s downshifted, and the engine speed
stays the same but vehicle speed has dropped.

1.3 Light Throttle Acceleration in Drive or Sport

The driver is at a fixed point in overdrive. Assagpithe primary belt radius would be at a
maximum, the secondary at a minimum. Light accét@maby using the throttle pedal, will
activate the ratio control motor acting upon thiengry valve causing the primary pressure to
drop. The transmission will downshift slightly, whiwill result in higher pitot pressure and
balance within the primary valve restored. The gmaission up-shifts at the new constant
engine rpm.
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1.4 Kick-Down in Drive or Sport

Fully depressing the throttle pedal will move thiemary valve and the primary pressure will
rapidly drop. The transmission shifts down as &passible. The sensor shoe on the primary
pulley creates a high spring force onto the secgndalve; therefore, the secondary pressure
is kept at a sufficient high level to avoid belpsIThe balance in the primary valve can only
be restored with a higher engine speed.

1.5 Emergency Stop

During design care has to be taken so that thechegltafter an emergency stop, can take off
again immediately. During an emergency stop sibmathe transmission has to downshift
very quickly. The chamber on the secondary pullesstnbe filled very quickly to push the
secondary pulley halves towards each other anthtopcthe belt. The most critical situation
IS an emergency stop from a minimum engine speled.réquired pump flow increases with
the amount of braking.

The speed of the engine can only be held consthenwhe transmission has the time to
downshift. This can cause some problems when bgatima slippery surface, for example,
on ice, as the wheels will lock very fast. The gtémg force and the locked clutches make the
engine speed decrease very fast, to a speed ah whecclutche disengages, bringing the
pulleys to a standstill. In the primary valve thienary pressure is bleeding as there is no pitot
pressure. Due to secondary pressure, the transmigsivn-shifts, although the shift time will
be greater as the pulleys are standing still. €hables the transmission to be in a low ratio
when the vehicle comes to a halt.

1.6 Reverse Running

With the manual valve in reverse, the clutch pressuill be sent to the reverse clutch via the
reverse inhibitor valve. Once the vehicle is rugnin reverse, the clutch will stay under
pressure because the primary pitot tube openiimgagposite direction to the oil flow within
the pitot chamber, and therefore can sense noyseeskhis keeps the reverse inhibitor valve
in balance in the open position. Consequently tiragry pressure will be bleeding and the
transmission will stay in a low ratio.

1.7 Fault Mode

If the software detects an error within the systandefault strategy will be engaged. These
conditions are communicated to the driver via #adtfindication in the instrument cluster.

Depending on the severity of the fault, the drivell experience different default driving
modes.

If the system is still able to control the transsios ratio, the standard limp-home is used to
default the gearbox so that the shift up speeckéslf This will protect the transmission under

all driving conditions. Under most driving condity the astute driver will notice that the

engine speed is hanging around 3000 rpm at modtseeds.
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The most serious fault will cause the transmissiope stuck in a single gear ratio. If stuck in
the lowest gear, the driver will see the engineedpguickly increase to 6000 rpm and stay
there. The maximum possible vehicle speed is appetely 50 km/h. If stuck in the highest
gear, the driver will experience very sluggish d@ion and engine speeds hanging around
2000 to 2250 rpm at vehicle speeds of up to 80 km/h

The software can instruct the instrument clustedigplay an error code, or the Engine MIL
depending on legislative requirements.

There are certain faults that the software will default the transmission into its limp home
position.

These are:

1. Gear lever + switch failure.
2. Gear lever - failure.

3. Shift interlock system fault.
4. Centre Console LED fault.

Limp home position is not necessary for these fadibecause the control of the gearbox is
not compromised,; it is only necessary to warn ttined

The ECU / TCU will not operate the sequential gehanges in manual mode if these
switches are faulty.

2. CVT Software

The CVT software is incorporated into the CVT saiter either in the ECU or the TCU. The
software does not control the transmission raticeatiy but does provide all of the
intelligence relating to the required position bétratio control motor. It also provides the
intelligence for how fast it should be operated.

The ECU or the TCU controls the transmission in ohéhe following modes. Again, extra
modes (economy, comfort, winter, ...) could be inéégd too:

1. Drive mode (normal CVT driving).
2. Sport CVT mode ot ow CVT mode.
3. Manual mode.

4. Fault mode.

5. Reverse mode

In the CVT modes, the control system operates liividg a target engine speed based on
current vehicle speed and driver demand. In mamaale, the system derives a target engine
speed based on the vehicle speed and the cur@ntag®. Having obtained an engine speed
target, the system calculates the appropriate catirol motor position and instructs the GIU
or the drivers in the TCU to deliver this position.

The ECU / TCU also needs to control the speed efdltio control motor in order to protect
the transmission from damage due to drive belpae.
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The software in the ECU / TCU also knows the maximmorque that the belt can transfer
across all possible ratio ranges. It is extremeipartant that the belt does not slip on the
pulleys, as this would cause excessive wear.

3. Transmission Reset and Reference

The CVT software in the ECU / TCU controls the piosi of the ratio motor. It does this by
sending the exact position (in steps) it wishesGliid / driver to set the stepper motor. The
software then monitors the engine speed to endwae the engine speed has altered in
accordance with the expectations. If the enginedmes not follow the expectations it is
assumed that the GIU / driver has lost its positeference of the stepper motor. When this
loss of position happens the software orders a.rége GIU / driver then resets it's internal
position counter to that of the ECU / TCU. The EAQWQU will also stop any learning for that
ignition cycle.

The ECU completes a reference every time the mniis switched ‘off’ or ‘on’. These two
references are different because of the need theétansmission in the appropriate position.
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IvV. Adaptation Procedures

Due to manufacturing tolerances in the transmissaod since the VT1F system is subject to
many strict legislative requirements, it is ess@nt put the control system through a learning
procedure, before the transmission can be condrefiiectively.

On the completion of the adaptation, the lifetintda@ation strategy will commence; fine
tuning the response of the control system for thesimission attached to a particular vehicle.
If either the ECU / TCU, GIU / driver or transmigsiis changed during the service life of the
vehicle, the adaptation strategies must be resethwn turn will reset the lifetime strategy so
it starts learning from the new base point.



