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Fig. 1 Skeleton diagram of the new 9AT
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Fig. 2 Shift elements of the new 9AT

Target gear changes, but the next 6-5 downshift
cannot be initiated because the previous 7-6
downshift has not concluded yet.
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Fig. 3 Single transition shift patterns

Waveforms after improvement
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In a 7-6-5 downshift, the vehicle speed
for initiating the engine speed change in
the 6-5 downshift is the predicted speed.
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Fig. 4 Downshift during vehicle deceleration
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Engine torque is

assist in raising turbine speed

Turbine speed ="

Engine torque increase

Engine torque /

Released clutch torque is controlled so

that driving force dos
than that before the

driving force with excellent response.

Accelerator pedal inputs® Fast and gentle pedal depression patterns

Accelerator pedal position
— Fast depression
Rate of change in
accelerator pedal position
Target gear
Number of transit gears to reach
the target gear is increased to
Current gear achieve fine-tuned driving force
(transit gears) that traces the driver’s demanded
driving force.
Number of transit gears to 6
reach the target gear is reduced 5
for a quick transition to the 4
driver’s demanded driving force.

Time

Accelerator pedal inputs® Curved and arch-shaped pedal depression patterns

Curved depression pattern \

Accelerator pedal position

Because of the large rate of change in the
pedal position in the first half, the number

‘ Arch-shaped depression pattern ‘

of transit gears to reach the target gear is
reduced for a quick transition to the

Rate of change in
accelerator pedal position

Target gear

Current gear
(transit gears)

N
~

driver’s d ded driving force. B

of the small rate of change in the pedal
position in the second half, the number of
transit gears to the target gear is increased
to achieve fine-tuned driving force that
traces the driver’s demanded driving force.

Because of the small rate of change in the
pedal position in the first half, the number
of transit gears to the target gear is
increased to achieve fine-tuned driving
force that traces the driver's demanded
driving force.

Because of the large rate of change in the
pedal position in the second half, the
number of transit gears to reach the target
gear is reduced for a quick transition to the
driver’s demanded driving force.

— .

Time

Fig. 6 Accelerator pedal inputs and transit gears

increased to

Engine torque reduction No engine

\

es not become smaller Reducing engine torque

shift, thus providing

torque control

With engine
torque control

provides linear driving force

Engine torque is increased to
assist in raising turbine speed

/
Turbine speed

Engine torque increase

Engine torque reduction

S

Engine torque

No engine
torque control

With engine
torque control

Reducing engine torque

provides linear driving force

Released clutch torque is increased at every

Driving force \i Driving force L repeated shift to provide linear driving force.
0 0
Non- During Non- During | Non- During Non-
shifting shifting shifting shifting shifting shifting shifting

> Time

Fig. 7 Provision of smooth driving force with excellent response
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Fig. 8 Provision of smooth, fine-tuned driving force
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