TRANSMISSION CONTROL MODULE (TCM)

Automatic Transmission

3. Transmission Control Module (TCM)

The TCM receives various sensor signals and determines the running conditions of the vehicle. It
then sends control signals to each solenoid according to the preset gearshift characteristic data,
lock-up operation data, and transfer clutch torque data (duty ratios) / multi-plate clutch (LSD)
torque data (duty ratios).

A: CONTROL SYSTEM
1. MPT MODELS

Control item Input signal

Shift control Ordinary shift control Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Engine speed

Inhibitor switch

ABS-in-operation control ABS signal

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Brake switch

Hydraulic oil temperature control ATF temperature sensor

Reverse inhibiting control Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Inhibitor switch

Shift pattern (Base/Power) select control Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Inhibitor switch

Grade control Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Brake switch

Inhibitor switch

Engine speed

Intake manifold pressure

Lock-up control Ordinary lock-up control Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Engine speed

Inhibitor switch

Smooth control Throttle position sensor

Hydraulic oil temperature control ATF temperature sensor
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Control item

Input signal

Oil pressure control

Ordinary pressure control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Engine speed

Inhibitor switch

ATF temperature sensor

Shifting control

Throttle position sensor

Rear vehicle speed sensor

Front vehicle speed sensor

Engine speed

Torque converter turbine speed sensor
Inhibitor switch

ATF temperature sensor

Starting control

Engine speed
ATF temperature sensor
Inhibitor switch

Learning control

Shift solenoid A

Shift solenoid B

Rear vehicle speed sensor

Front vehicle speed sensor

Throttle position sensor

Torque converter turbine speed sensor
ATF temperature sensor

AWD transfer clutch control

Ordinary transfer control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Inhibitor switch

ATF temperature sensor
FWD switch

1 range control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Inhibitor switch

Slip detection control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor

Steering control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor

ABS-in-operation control

ABS signal

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Brake switch
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2. VTD MODELS

Control item

Input signal

Shift control

Ordinary shift control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Engine speed

Inhibitor switch

ABS-in-operation control

ABS signal

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Brake switch

Hydraulic oil temperature control

ATF temperature sensor

Reverse inhibiting control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Inhibitor switch

Shift pattern (Base/Power) select control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Inhibitor switch

Grade control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Brake switch

Inhibitor switch

Engine speed

Intake manifold pressure

Lock-up control

Ordinary lock-up control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Engine speed

Inhibitor switch

Smooth control

Throttle position sensor

Hydraulic oil temperature control

ATF temperature sensor

Oil pressure control

Ordinary pressure control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Engine speed

Inhibitor switch

ATF temperature sensor

Shifting control

Throttle position sensor

Rear vehicle speed sensor

Front vehicle speed sensor

Engine speed

Torque converter turbine speed sensor
Inhibitor switch

ATF temperature sensor

Starting control

Engine speed
ATF temperature sensor
Inhibitor switch

Learning control

Shift solenoid A

Shift solenoid B

Rear vehicle speed sensor

Front vehicle speed sensor

Throttle position sensor

Torque converter turbine speed sensor
ATF temperature sensor
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Control item

Input signal

AWD multi-plate clutch (LSD)
control

Ordinary transfer control

Throttle position sensor

Rear vehicle speed sensor
Front vehicle speed sensor
Inhibitor switch

ATF temperature sensor
Steering angle sensor
Yaw-rate and lateral G sensor

1 range control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Inhibitor switch

Slip detection control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor

Steering control

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor

ABS-in-operation control

ABS signal

Throttle position sensor
Rear vehicle speed sensor
Front vehicle speed sensor
Brake switch

Base brake operating control

Throttle position sensor
Front vehicle speed sensor
Brake switch

TCS-in-operation control

TCS signal (VDC communication signal)
Throttle position sensor

Rear vehicle speed sensor

Front vehicle speed sensor

VDC-in-operation control

VDC signal (VDC communication signal)
Rear vehicle speed sensor
Front vehicle speed sensor
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B: SYSTEM DIAGRAM
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C: SHIFT CONTROL

The TCM performs gear shifting control according to driving conditions by using the shift point
characteristic data stored in its memory. Appropriate solenoids are operated at the proper timing
corresponding to the shift pattern, throttle position, and vehicle speed for smooth shifting.

NOTE:
When the ATF temperature is below approximately 10°C (50°F), the gear cannot be shifted to the
4th speed.

Large
5
2 Solenoid 1 Solenoid 2
o
g st ON ON
E 2nd OFF ON
’_
3rd OFF OFF
4th ON OFF
i
Smal High
Vehicle speed
G3H0752

e The TCM activates both solenoids 1 and 2 in response to throttle and vehicle speed signals.

e Shift valves move in response to operation of the solenoids, supplying or interrupting the line
pressure to each clutch.

e A shift to each gear takes place according to ON-OFF operation of both the solenoids as indi-
cated in the table above.

Shift clutches
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D: LOCK-UP CONTROL

e The TCM has pre-programmed lock-up clutch engagement and disengagement conditions for
each gear and shift pattern. In addition, it specifies engagement of the clutch whenever the 4th
gear is selected in the D range. The engagement and disengagement conditions are defined in
terms of the throttle valve position and vehicle speed.

e The TCM controls the operation of the lock-up clutch by means of the duty solenoid which in
turn controls the lock-up control valve as described below:

1. NON-LOCK-UP OPERATION

The duty solenoid allows the pilot pressure (supplied from the pilot valve) to be applied to the “dis-
engaging” end of the lock-up control valve spool. The lock-up control valve then opens the clutch
disengaging circuit port to allow the lock-up operating pressure (torque converter clutch regular
pressure) to build up in the circuit. On the other hand, the valve opens the clutch engaging circuit’'s
port and allows the fluid in the circuit to flow to the ATF cooler, thus lowering the pressure in the
circuit. As a result, the lock-up clutch is disengaged due to difference in pressure between both
circuits.

This operation is performed for all the speed gears except the 4th gear of the D range.

2. LOCK-UP OPERATION

The duty solenoid allows the pilot pressure to be applied to the “engaging” end of the lock-up con-
trol valve spool. The lock-up control valve then opens the clutch engaging circuit’s port that com-
municates to the torque converter’s impeller chamber, allowing high pressure fluid to flow to the
lock-up clutch. The clutch then engages.

e The TCM controls the current to the duty solenoid by gradually changing the duty ratio. As a
result, the lock-up control valve also moves gradually, so the clutch engagement pressure increas-
es smoothly. This causes the lock-up clutch to become initially in a half-engaged state and then in
a fully engaged state, thus preventing shock during engagement.

This operation is performed for all the speed gears and always when the 4th gear is selected in
the D range.
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E: LINE-PRESSURE CONTROL

e The oil pump delivery pressure (line pressure) is regulated to a constant pressure by the pilot
valve. This pressure is used as the pilot pressure for controlling spool valves.

e The pilot pressure applied to the pressure modifier valve is modulated by the line pressure duty
solenoid into the pressure modifier pressure.

e The pressure modifier valve is an auxiliary valve for the pressure regulator valve, and it creates
a signal pressure (pressure modifier pressure). The pressure modifier pressure is used to regulate
the line pressure to a level optimum for a particular driving condition.

e This pressure modifier pressure is applied to the pressure regulator valve which controls the oil
pump delivery pressure.

e The pressure modifier pressure from the pressure modifier valve is cushioned by the pressure
modifier accumulator to remove pulsation of the pressure.

(3) .

(12)

B3HO0937A

(1) Relief valve (7) Filter (13) Pressure regulator valve
(2) Pilot valve (8) Accumulator (14) Oil pump

(8) Line pressure (9) Pressure modifier valve (15) ON

(4) Pilot pressure (10) To ATF cooler circuit (16) OFF

(5) Filter (11) Accumulator

(6) Line pressure duty solenoid (12) From R range pressure circuit
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F: LINE-PRESSURE CONTROL DURING SHIFTING

The line pressure which engages shift clutches to create 1st to 4th speeds is controlled by the
TCM to meet varying operating conditions.

During gear shifting, the TCM decreases the line pressure to a level that matches the selected
gear in order to minimize shifting shock loads.
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B3H0996B

During gear shifting, the TCM controls the line pressure as follows:

e The TCM receives signals such as throttle position signal and accelerator pedal speed signal.
Based on these input signals, it issues a control signal to the line pressure duty solenoid.

e The pressure from the line pressure duty solenoid (line pressure duty pressure) is converted by
the pressure modifier valve into a modifier pressure, and the modifier pressure is applied to the
pressure regulator valve.

e The pressure regulator valve adjusts the oil-pump-generated line pressure according to the
modifier pressure to make the line pressure matched to the driving condition.
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G: SHIFT PATTERN SELECTION CONTROL

The TCM changes its gear shift control pattern automatically between the Base pattern suitable
for ordinary economy driving and the Power pattern suitable for climbing uphill or rapid accelera-
tion.

In the Power pattern, the downshift point and upshift point are set higher than those of the Base
pattern.

Selector lever position Changeover from Base to Power pattern
D and 3 ranges Performed automatically according to accelerator pedal depression speed.
“D” range (Base pattern) “D” range (Power pattern)
Large | Large
|
|
1
D
D
£ %
Q Q
2 o
@ o
= B
o =
£ £
|_
Small [ . Small - -
Low Vehicle speed High Low Vehicle speed High
H3H1231A
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1. BASE TO POWER PATTERN CHANGEOVER

Select lever D and 3 ranges

Accelerator depression speed Greater than each set value

The TCM has16 matrix cells corresponding different throttle opening and vehicle speeds, as
shown below. Each cell is given a specific accelerator depression speed at which a Base to Power
pattern changeover should occur.

When the accelerator depression speed exceeds the value given for any of the cells, the TCM se-
lects the Power pattern.

Changeover to Power

is more likely
Large
T 5
CB)
o o
z 9
8 J——
o % e
() D o
= (0]
5 £o
Small
Low < Vehicle speed — High G3HO0248A

2. POWER TO BASE PATTERN CHANGEOVER

A Power to Base pattern changeover occurs depending on the vehicle speed and the throttle
opening as shown below. The time lag before the changeover varies also depending on the vehicle
speed. The maximum time lag is set to 3 seconds.

Large

T Power pattern

Throttle
opening

Smlall %////%% '
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H: GRADE CONTROL

While the vehicle is driving up a hill, the gear is fixed to the 3rd to avoid repeated gear shift be-
tween the 3rd and 4th gears.

When the vehicle is descending a steep slope at a speed of approximately 50 miles/hour, a 4th to
3rd downshift occurs automatically when the brake pedal is depressed.

This gearshift control is cancelled when the accelerator pedal is depressed.

The TCM performs these controls based mainly on the throttle opening, engine speed and vehicle
speed.

WITHOUT GRADE CONTROL |

D4 _ D4 -«—» D3 _ D4 -
WITH GRADE CONTROL

D4 | D3 _ D4 _ D3 | pa

I

BRAKE PEDAL RE-ACCELERATION
ON
B3H1751A

“D” range (Base pattern)

Throttle ! |
opening

Throttle
opening

’
1
1
I
I
I
1
1
1

0 Vehicle speed 0 Vehicle speed

B3H1755A

AT-31



TRANSMISSION CONTROL MODULE (TCM)

Automatic Transmission

I: LEARNING CONTROL

The TCM has a learning control function with which it can adapt gear shift timing optimally to the
current vehicle conditions by updating correction factors in the memory.

For this reason, gear shift shock may become larger after the power supply is interrupted (discon-
nection of battery, flat battery, etc.) or immediately after the ATF is replaced.

Larger gear shift shock after power supply interruption occurs because the correction data is reset
to those for the new vehicle condition.

The TCM starts learning function again as soon as the power supply is restored. After driving for
a while, therefore, the transmission will become able to make gear shifts at the optimum timing.
Larger shift shock immediately after ATF change is caused by change in friction characteristics of
the transmission internal parts. Also in this case, the transmission recovers shockless gear shifting
after driving for a while.
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J: REVERSE INHIBITION CONTROL

This control prevents the transmission from shifting into the reverse gear when the select lever is
accidentally placed in the R position, thus protecting the components such as reverse clutch from
being damaged.

If the selector lever is moved to the R position during driving at a speed faster than the predeter-
mined speed, the low clutch timing solenoid is energized. Then, the pilot pressure is supplied to
the reverse inhibitor valve. This causes the reverse inhibitor valve to move downward, closing the
low & reverse brake port.

In this condition, the low & reverse brake does not engage since the ATF flowing from the manual
valve is blocked by the reverse inhibitor valve.

As a result, the transmission is put into the neutral state, and the shifting into the reverse gear is
inhibited.

B3H1844A

(1) Line pressure (6) Manual valve (P range) (11) Low & reverse brake (Release)
(2) Pilot pressure (7) Drain (12) Low clutch

(3) 1st reducing valve (8) Shift valve B (13) 2-4 brake

(4) Shift valve A (9) Low clutch timing solenoid (14) Reverse clutch

(5) ON (10) Reverse inhibitor valve (15) High clutch
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K: AWD TRANSFER CLUTCH CONTROL (MPT MODELS)

Control item

Type of control

Gear position

Remarks

Normal control

Slip control

same level as in the 1 range immediately
after a slip is detected.

1st thru 4th and reverse

2
‘o
&
o
©
(]
S
Regulates transfer clutch pressure in re- 5
Basic control sponse to throttle position and vehicle 1st thru 4th and reverse ©
speed. ]
k7
C
g } ;
Fo 50 100
Duty ratio (%)
B3H0314
Increases transfer clutch pressure above _
1 range control basic control pressure Tst
Increases transfer clutch pressure to the Release:

When running faster than the set vehi-
cle speed with fully closed throttle

Turning control

Decreases transfer clutch pressure upon
detection of a turn.

1st thru 4th and reverse

ABS control

Regulates to the specified transfer clutch
pressure quickly when the ABS signal is
input.

1st thru 4th and reverse

P and N range con-

Regulates to the specified transfer clutch

trol pressure quickly when shifted tothe PorN | P and N -
range.

i Sensor —! i_ TCM i !_ A;t;or_ _|
i Battery voltage Jl—i—> | | !
1

| Input Output ' | Transf |
| Throttle position sensor '—!—» i(E%L:rjfi?ce > ?égverter icr;:glr;fi?ce i i - Sg?g:oz |
1
| - o i
, | ATF temperature sensor | C— |- —

1
! Rear vehicle speed sensor I |
| (rear wheel rpm) | | i
i Front vehicle speed sensor ! i | ¥

(front wheel rpm)
i ! | CPU i Transfer
! | Inhibitor switch | nput C————> y clutch
| ! | ir]terface emory !
i FWD switch J—f—», ofrout |
. | T |
| Brake switch i !
i ! ! Constant I
. I
i ABS signal _!_|_> voltage source !
O T i
NF0466
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L: AWD CENTER DIFFERENTIAL CONTROL (VTD MODELS)
1. CONTROL DESCRIPTION

The TCM controls the engagement of the center differential’s multi-plate clutch (LSD) using maps
that are pre-programmed based on the throttle opening and engine speed. It selects a map ac-
cording to driving conditions and use it as the control basis.

2. ORDINARY CONTROL

The torque input to the multi-plate clutch is calculated according to various factors such as intake
manifold pressure, torque converter turbine speed and selected speed gear. Based on the calcu-
lation result, the basic coupling force of the clutch is determined.

The basic coupling force thus obtained is then corrected according to the road slipperiness (which
is determined based on steering angle, yaw rate, lateral G signals from the VDC control module)
and the feedback correction factor which is used for making the actual yaw rate agree with the yaw-
rate estimated from the steering angle sensor signals.

3. START CONTROL

When the vehicle speed is 0 km/h (0 MPH), the TCM makes control to generate differential action
limiting torque that is proportional to the throttle angle.

This enables the vehicle to start smoothly without swerving even on a slippery road.
4. TURNING CONTROL

The TCM makes a correction such that the input torque to the multi-plate clutch is reduced as the
steering angle increases.

This function is performed to improves turning performance at certain vehicle speed range.
5. SLIP CONTROL

When front or rear wheels start slipping with the vehicle running slower than the predetermined
speed, the TCM makes control to increase the differential action limiting torque.

This function maintains traction and improves driving stability.

Slip control

Z

Control Ordinary control

in turns

Front wheel slip

Start control

Il ! | | 1 1 |
7/ T T T T T T

Low «—  Vehicle speed —— High

Front and rear wheel speed ratio

Rear wheel slip

AL

Slip control W

B3H1652B
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6. ABS CONTROL

When the TCM receives an ABS operation signal from the ABS unit, it adjusts the differential ac-
tion limiting torque to the predetermined level and selects the 3rd gear in which the one-way clutch
is freewheeling.

This function improves ABS control.
7. BASE BRAKE CONTROL

When the brake switch is ON and the throttle valve is fully closed, the TCM makes control to de-
crease the differential action limiting torque. The ABS control has priority over this control.

This function improves stability during braking.
8. 1 RANGE CONTROL

When the 1 range is selected, the TCM makes control to increase the differential action limiting
torque.

This function improves driving performance and traction.
9. CONTROL SYSTEM

The TCM is constantly monitoring the driving conditions of the vehicle using the eleven input sig-
nals. Based on the conditions it has determined, the TCM adjusts the duty ratio of current to the
transfer duty solenoid thus changing the engagement of the multi-plate clutch. The input signals
are used also for automatic transmission control.

]

_ _ _ _ _ , _ _ _ _ _ _ _ _ _ _ —-
{ Sensor | TCM —| ' Actuator

Battery voltage -

| | Input AD Output ! Transfer
Throttle position sensor . | interface »| converter K— —> interface »| duty
| circuit circuit ' | solenoid

|
|
| | | 1

ATF temperature sensor -

Rear vehicle speed sensor
| (rear wheel rpm) !

y

! ARV :
Front vehicle speed sensor - . Multi-plate
' (front wheel rpm) o clutch (LSD)
1
' Inhibitor switch > Input CPU I
! interface K ———— >
circuit |
1
Brake switch ; -
| . T !
VDC communication signal !
ol Q?S/'_I'CSNDIC |, Constant |
. YaevS-rigtgeang e . voltage source
| * Lateral acceleration |
' - - - - - : - - - - - - - - -—] B3H2141B
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M: TRANSFER CONTROL
1. MPT MODELS

The transfer hydraulic pressure control unit includes a valve body attached to the side of the ex-
tension case through a gasket and separator plate.

The pressurized fluids for the transfer hydraulic pressure control (line pressure and pilot pressure)
are supplied from the oil pump by way of the passages formed in the transmission case and then
the passages in the extension case that lead to the hydraulic circuit in the transfer valve body.

The line pressure is regulated by the transfer control valve whose opening is controlled by the
transfer pressure created by the transfer duty solenoid.

e The transfer duty solenoid is controlled by the TCM. The TCM changes the solenoid controlling
duty ratio according to the driving conditions.

e The transfer duty solenoid creates the transfer pressure from the pilot pressure. The transfer
pressure is applied to the transfer control valve and adjusts the valve’s opening.

e The line pressure directly led to the transfer control valve, on the other hand, is regulated by the
transfer control valve and becomes the transfer clutch pressure.

e The transfer clutch pressure is applied to the transfer clutch and engages the clutch to a con-
trolled degree.

In this way, the degree of transfer clutch engagement is varied so that optimum torque is distribut-
ed to the rear wheels according to vehicle driving conditions.
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©) B3H0912A
(1) Transfer control valve (4) Transfer pressure (7) Line pressure
(2) Transfer clutch pressure (5) Filter (8) Oil pump
(3) Transfer duty solenoid (6) Pilot pressure (9) Control valve
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2. VTD MODELS

The drive power distribution system includes a valve body attached to the side of the extension
case through a gasket and separator plate.

The pressurized fluids for the drive power distribution system (line pressure and pilot pressure)
are supplied from the oil pump by way of the passages formed in the transmission case and then
the passages in the extension case that lead to the hydraulic circuit in the transfer valve body.

The line pressure is regulated by the transfer control valve whose opening is controlled by the
transfer pressure created by the transfer duty solenoid.

e The pilot pressure created by passing through the pilot valve in the transmission’s hydraulic con-
trol assembly is further regulated into the transfer pressure by the transfer duty solenoid.

e The transfer duty solenoid is controlled by the TCM. The TCM changes the solenoid controlling
duty ratio according to driving conditions.

e The transfer pressure thus created is applied to the transfer control valve and adjusts the valve’s
opening.

e The line pressure directly led to the transfer control valve, on the other hand, is regulated by the
transfer control valve and becomes the transfer clutch pressure.

e The transfer clutch pressure is applied to the multi-plate clutch (LSD) and engages the clutch to
a controlled degree.

In this way, the degree of multi-plate clutch engagement is varied so that optimum torque is dis-
tributed to the rear wheels.
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(1)

X
(8)
| (6)
©) H3H0759A
(1) Transfer control valve (4) Transfer pressure (7) Line pressure
(2) Transfer clutch pressure (5) Filter (8) Oil pump
(8) Transfer duty solenoid (6) Pilot pressure (9) Control valve
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