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2. FASTENER TIGHTENING SPECIFICATIONS
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OVERVIEW AND OPERATION PROCESS
1. DESCRIPTION AND OPERATION OF AUTOMATIC 

TRANSMISSION
The ION (BTR) Four Speed Automatic Transmission is an electronically controlled overdrive 
four speed unit with a lock-up torque converter. The lock-up torque converter results in lower 
engine speeds at cruise and eliminates unnecessary slippage. These features benefit the 
customer through improved fuel economy and noise reduction.
Of primary significance is the Transmission Control Module (TCU) which is a microprocessor 
based control system.

Max. Power (kW) Configuration

320 160

260 mm Torque
Converter-Wide
Ratio Gear Set

Splined Output for
Transfer Case

The TCU utilizes throttle position, rate of throttle opening, engine speed, vehicle speed, 
transmission fluid temperature, gear selector position and mode selector inputs, and in some 
applications a Kickdown Switch to control all shift feel and shift schedule aspects.
The TCU drives a single proportional solenoid multiplexed to three regulator valves to control 
all shift feel aspects. The output pressure of this solenoid is controlled as a function of 
transmission fluid temperature to maintain consistent shift feel throughout the operating
range.
Shift scheduling is highly flexible, and several independent schedules are programmed 
depending on the vehicle.
Typically the NORMAL schedule is used to maximize fuel economy and driveability, and a 
POWER schedule is used to maximize performance. WINTER schedule is used to facilitate 
starting in second gear.
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2. APPEARANCE
1) 4WD Automatic Transmission

2) 2WD Automatic Transmission

Torque converter Oil cooler return

Servo

Inhibiter switch
Adapter housing

Oil cooler 
outlet
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3. SHIFT PATTERN DIAGRAM
1) Normal Mode

WINTER mode has same shift pattern with NORMAL mode except 2nd gear drive-off.-

2) Power Mode
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4. OPERATORS INTERFACES
There are three operator interfaces as the following

Gear Shift Control Lever
Driving Mode Selector
Indicator Light

-
-
-

1) Gear Shift Control Lever
The transmission uses a conventional shift control lever.
The gear shift control lever can be moved from one position to another within the staggered 
configuration of the shift control lever gate to positively indicate the gear selection.

P - Park position prevents the vehicle from rolling either forward or backward by locking 
the transmission output shaft. The inhibitor switch allows the engine to be started. For 
safety reasons, the parking should be used in addition to the park position. Do not select 
the Park position until the vehicle comes to a complete stop because it mechanically locks 
the output shaft.
R - Reverse allows the vehicle to be operated in a rearward direction. The inhibitor switch 
enables reverse lamp operation.
N - Neutral allows the engine to be started and operated while driving the vehicle. The 
inhibitor switch allows the engine to be started. There is no power transferred through the 
transmission in Neutral. But the final drive is not locked by the parking pawl, so thewheels 
are free to rotate.
D - Overdrive range is used for all normal driving conditions. 4th gear (overdrive gear) 
reduces the fuel consumption and the engine noise. Engine braking is applied with 
reduced throttle.
First to second (1 → 2), first to third (1 → 3), second to third (2 → 3), second to 
fourth (2 → 4), third to fourth (3 → 4), fourth to third (4 → 3), fourth to second (4 → 

2), third to second (3 → 2), third to first (3 → 1) and second to first (2 → 1) shifts 
are all available as a function of vehicle speed, throttle position and the time change rate 
of the throttle position.
Downshifts are available for safe passing by depressing the accelerator. Lockup clutch 
may be enabled in 3rd and 4th gears depending on vehicle type.
3 - Manual 3 provides three gear ratios (first through third) and prevents the transmission 
from operating in 4th gear. 3rd gear is used when driving on long hill roads or in heavy city 
traffic. Downshifts are available by depressing the accelerator.
2 - Manual 2 provides two gear ratios (first and second). It is used to provide more power 
when climbing hills or engine braking when driving down a steep hill or starting off on 
slippery roads.
1 - Manual 1 is used to provide the maximum engine braking when driving down the 
severe gradients.

-

-

-

-

-

-

-
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2) Driving Mode Selector
The driving mode selector consists of a driving mode selector switch and indicator light. The 
driving mode selector is located on the center console and allows the driver to select the driving 
mode.
The driving modes available to be selected vary with vehicle types. Typically the driver should 
have the option to select among NORMAL, POWER and WINTER modes.
When NORMAL mode is selected upshifts will occur to maximize fuel economy. When POWER
mode is selected, upshifts will occur to give maximum performance and the POWER mode 
indicator light is switched ON.
When WINTER mode is selected, starting in second gear is facilitated, the WINTER mode 
indicator light is switched ON and the POWER mode indicator light is switched OFF.

3) Indicator Light
The indicator light is located on the instrument panel.

Auto shift indicator light comes ON when the ignition switch ON and shows the gear shift 
control lever posi-tion.
POWER mode indicator light comes ON when the POWER mode is selected and when the 
kickdown switch is depressed.
WINTER mode indicator light comes ON when the WINTER mode is selected.

-

-

-

Driving Mode
Selector
Switch

Gear Shift
Control Lever

Staggered 
Gate

Gear Selection
Indicator
Window



01-10

KYRON 2010.01

3410-01

ION 4-SPEED

5. CONTROL SYSTEMS
BTRA M74 4WD automatic transmission consists of two control systems. One is the electronic 
control system that monitors vehicle parameters and adjusts the transmission performance. 
Another is the hydraulic control system that implements the commands of the electronic control 
system commands.

6. ELECTRONIC CONTROL SYSTEM
The electronic control system comprises of sensors, a TCU and seven solenoids. The TCU
reads the inputs and activates the outputs according to values stored in Read Only Memory
(ROM).
The TCU controls the hydraulic control system. This control is via the hydraulic valve body, 
which contains seven electromagnetic solenoids. Six of the seven solenoids are used to control 
the line pressure, operate the shift valves and the torque converter lock-up clutch, and to turn 
ON and OFF the two regulator valves that control the shift feel.
The seventh solenoid is the proportional or Variable Pressure Solenoid (VPS) which works with 
the two regulator valves to control shift feel.

1) Transmission Control Module (TCU)
The TCU is an in-vehicle micro-processor based transmission management system. It is 
mounted under the driver's side front seat in the vehicle cabin.

Processing logic circuits which include a central microprocessor controller and a back-up 
memory system.
Input circuits.
Output circuits which control external devices such as the Variable Pressure Solenoid 
(VPS) driver, On/ Off solenoid drivers, a diagnostics output and the driving mode 
indicator light.

-

-
-

The TCU contains :
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Shift schedule and calibration information is stored in an Erasable Programmable Read Only
Memory (EPROM).
Throttle input calibration constants and the diagnostics information are stored in Electrically 
Erasable Programmable Read Only Memory (EEPROM) that retains the memory even when 
power to the TCU is disconnected.
TCU continuously monitors the input values and uses these, via the shift schedule, to 
determine the required gear state. At the same time it monitors, via the solenoid outputs, the 
current gear state, whenever the input conditions change such that the required gear state is 
different to the current gear state, the TCU initiates a gear shift to bring the two states back into 
line.
Once the TCU has determined the type of gearshift required the TCU accesses the shift logic, 
estimates the engine torque output, adjusts the variable pressure solenoid ramp pressure then 
executes the shift.
The TCU continuously monitors every input and output circuit for short or open circuits and 
operating range.
When a failure or abnormal operation is detected the TCU records the condition code in the 
diagnostics memory and implements a Limp Home Mode (LHM).
The actual limp home mode used depends upon the failure detected with the object to maintain 
maximum driveability without damaging the transmission. In general input failures are handled 
by providing a default value.
Output failures, which are capable of damaging the transmission, result in full limp mode giving 
only third or fourth gear and reverse. For further details of limp modes and memory retention 
refer to the Diagnostic Trouble Code Diagnosis Section.
The TCU is designed to operate at ambient temperatures between - 40 and 85°C (- 40 
and 185°F). It is also protected against electrical noise and voltage spikes, however all 
the usual precautions should be observed, for example when arc welding or jump starting.

2) Processing Logic
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3) TCU Inputs
To function correctly, the TCU requires engine speed, vehicle speed, transmission fluid 
temperature, throttle position, gear position and Kickdown Switch inputs to determine the 
variable pressure solenoid current ramp and on/off solenoid states. This ensures the correct 
gear selection and shift feel for all driving conditions.

The inputs required by the TCU are as follows :

Engine Speed The engine speed signal is derived from the Controller Area Network (CAN) via 
Engine Control Module (ECM).
Vehicle Speed The vehicle speed sensor, which is located in the transfer case, sends the 
output shaft speed signal to the Engine Control Module (ECM). The information is then 
transferred to the TCU via the CAN.
Transmission Fluid Temperature The transmission fluid temperature sensor is a thermistor 
located in the solenoid wiring loom within the valve body of the transmission. This sensor is a 
typical Negative Temperature Coefficient (NTC) resistor with low temperatures producing a 
high resistance and high temperatures producing a low resistance.
If the transmission fluid temperature exceeds 135°C (275°F), the TCU will impose converter 

lock-up at lower vehicle speeds and in some vehicles flashes the mode indicator light. 
This results in maximum oil flow through the external oil cooler and eliminates slippage in the
torque converter. Both these actions combine to reduce the oil temperature in the transmission.

-

-

-
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Pin No. Codes and colors in Solenoid Loom▶

Pin No. Wire Color Connects to

1 Red Solenoid 1

2 Blue Solenoid 2

3 Yellow Solenoid 3

4 Orange Solenoid 4

5 Green Solenoid 5

6 Violet Solenoid 6

7 Brown Solenoid 7

8 Green Solenoid 5

9 White Temperature Sensor

10 White Temperature Sensor

4) Gear Position Sensor
The gear position sensor is incorporated in the inhibitor switch mounted on the side of the 
transmission case.
The gear position sensor is a multi-function switch providing three functions:

Inhibit starting of the vehicle when the 
shift lever is in a position other than Park 
or Neutral
Illuminate the reverse lamps when 
Reverse is selected
Indicate to the TCU which lever position 
has been selected by way of a varying 
resistance.

-

-

-
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Readings for Resistance / Shift Lever Positions

Shift Lever Position Resistance (kΩ)

Manual 1 1 ~ 1.4

Manual 2 21.8 ~ 2.2

Manual 3 3 3 ~ 3.4

Drive 4.5 ~ 4.9

Neutral 6.8 ~ 7.2

Reverse 10.8 ~ 11.2

Park 18.6 ~ 19

5) Diagnostic Inputs
The diagnostic control input or K-line is used to initiatethe outputting of diagnostic data from 
the  TCU to a diagnostic test instrument. This input may also be used to clear the stored fault 
history data from the TCU's retentive memory. Connection to the diagnostic input of the TCU 
is via a connector included in the vehicle's wiring harness or computer interface.

6) Battery Voltage Monitoring Input
The battery voltage monitoring input is connected to the positive side of the battery. This signal 
is taken from the main supply to the TCU.
If the battery voltage at the TCU falls below 11.3 V, the transmission will adopt a low voltage 
mode of operating in which shifts into first gear are inhibited. All other shifts are allowed but 
may not occur because of the reduced voltage. This condition normally occurs only when the 
battery is in poor condition.
If the battery voltage is greater than 16.5 V, the transmission will adopt limp home mode and all 
solenoids are turned OFF.
When system voltage recovers, the TCU will resume normal operation after a 30 seconds delay 
period.

7) TCU Outputs
The outputs from the TCU are supplied to the components described below :

Solenoids
Mode Indicator Light

-
-
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8) Solenoids
The TCU controls seven solenoids. Solenoids 1 to 6 (S1 to S6) are mounted in the valve body, 
while Solenoid 7 (S7) is mounted in the pump cover.

Solenoid 1 and 2: S1 and S2 are normally open ON/ OFF solenoids that set the selected 
gear. These solenoids determine static gear position by operating the shift valves. Note that 
S1 and S2 solenoids also send signal pressure to allow or prohibit rear band engagement.
Solenoid 3 and 4: S3 and S4 are normally open ON/ OFF solenoids that combine to control 
shift quality and sequencing. S3 switches the clutch regulator valve OFF or ON. S4 switches 
the front band regulator valve OFF or ON. S5 also provides the signal pressure for the 
converter clutch regulator valve.
Solenoid 5: S5 is a variable pressure solenoid that ramps the pressure during gear 
changes. This solenoid provides the signal pressure to the clutch and band regulator, 
thereby controlling the shift pressures.
S5 also provides the signal pressure for the converter clutch regulator valve.
Solenoid 6: S6 is a normally open ON/OFF solenoid that sets the high/low level of line 
pressure. Solenoid OFF gives high pressure.
Solenoid 7: S7 is a normally open ON/OFF solenoid that controls the application of the 
converter clutch.
Solenoid ON activates the clutch.

-

-

-

-

-

Solenoid Logic for Static Gear States

Gear S1 S2

1st ON ON

2nd OFF ON

3rd OFF OFF

4th ON OFF

Reverse OFF OFF

Neutral OFF OFF

Park OFF OFF
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Solenoid Operation during Gearshifts▶
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Solenoid valve symbols (ON/OFF solenoids)▶

The solenoid symbol shown adjacent to each solenoid on the hydraulic system schematics 
indicates the state of the oil flow through the solenoid valve with the power ON or OFF.

Normally open (NO) solenoid▶

POWER ON: Line 500 port is closed. The output port is open to exhaust at the solenoid valve.
POWER OFF: The exhaust port is closed. The output port is open to line 500.

Variable pressure solenoid multiplexing system▶

Friction element shifting pressures are controlled by the Variable Pressure Solenoid (VPS).
Line pressure is completely independent of shift pressure and is a function of throttle position, 
gear state and engine speed.
S5 is a proportional or variable pressure solenoid that provides the signal pressure to the clutch 
and band regulator valves thereby controlling shift pressures.
VPS pressure is multiplexed to the clutch regulator valve, the band regulator valve and the 
converter clutch regulator valve during automatic gearshifts.
A variable pressure solenoid produces a hydraulic pressure inversely proportional to the 
current applied. During a gearshift the TCU applies a progressively increasing or decreasing 
(ramped) current to the solenoid. Current applied will vary between a minimum oaf 200 mA and 
a maximum of 1000 mA. Increasing current decreases output (S5) pressure. Decreasing 
current increases output (S5) pressure.
Line 500 pressure, (approximately 440 to 560 kPa), is the reference pressure for the VPS, and 
the VPS output pressure is always below line 500 pressure.
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When the VPS is at standby, that is no gearshift is taking place, the VPS current is set to 200 
mA giving maximum output pressure.
Under steady state conditions the band and clutch regulator valve solenoids are switched OFF.
This applies full Line 500 pressure to the plunger and because Line 500 pressure is always 
greater than S5 pressure it squeezes the S5 oil out between the regulator valve and the 
plunger. The friction elements are then fed oil pressure equal to Line 500 multiplied by the 
amplification ratio.
When a shift is initiated the required ON/OFF solenoid is switched ON cutting the supply of Line 
500 to the plunger.
At the same time the VPS pressure is reduced to the ramp start value and assumes control of 
the regulator valve by pushing the plunger away from the valve. The VPS then carries out the 
required pressure ramp and the timed shift is completed by switching OFF the ON/ OFF 
solenoid and returning the VPS to the standby pressure.
This system enables either the band or clutch or both to be electrically controlled for each 
gearshift.

Mode indicator light▶

Depending on the application, the mode indicator light may be used to indicate the mode that 
has been selected or if an overheat condition exists. The mode indicator light is usually located 
on the instrument cluster.

9) Communication Systems

(1) CAN
The Controller Area Network (CAN) connects various control modules by using a twisted pair of 
wires, to share common information. This results in a reduction of sensors and wiring. TCU
obtains the actual engine speed and throttle position, vehicle speed and accelerator position 
etc. from ECM via CAN without any additional sensors.

(2) K-Line
The K-line is typically used for obtaining diagnostic information from the TCU. A scan tool with 
a special interface is connected to the TCU via Data Link Connector (DLC) and all current 
faults, stored faults, runtime parameters are then available. The stored trouble codes can also 
be cleared by scan tool.
The K-line can be used for vehicle coding at the manufacturer's plant or in the workshop. This 
allows for one TCU design to be used over different vehicle mod-els.
The particular code is sent to the microprocessor via the K-line and this results in the software 
selecting the correct shift and VPS ramp parameters.
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7. HYDRAULIC CONTROL SYSTEM
The hydraulic controls are located in the valve body, pump body and main case.

The valve body contains the following :
Manual valve
Three shift valves
Sequence valve
Solenoid supply pressure regulator valve
Line pressure control valve
Clutch apply feed regulator valve
Band apply feed regulator valve
Solenoid S1 to S6
Reverse lockout valve

-
-
-
-
-
-
-
-
-

The pump cover contains the following :

Primary regulator valve for line pressure
Converter clutch regulator valve
Converter clutch control valve
Solenoid S7

-
-
-
-

The main case contains the following :
B1R exhaust valve-

All upshifts are accomplished by simultaneously switching on a shift valve(s), switching VPS
pressure to the band and/or clutch regulator valve, and then sending the VPS a ramped 
current. The shift is completed by switching the regulators OFF and at the same time causing 
the VPS to reach maximum pressure.
All downshifts are accomplished by switching VPS pressure to the band and/or clutch regulator 
valve and sending a ramped current to the VPS. The shift is completed by simultaneously 
switching the regulators OFF, switching the shift valves and at the same time causing the VPS
to return to stand-by pressure.
The primary regulator valve is located in the pump cover and supplies four line pressures; high 
and low for forward gears, and high and low for reverse. This pressure has no effect on shift 
quality and merely provides static clutch capacity during steady state operation. Low pressure 
can be obtained by activating an ON/OFF solenoid with high line pressure being the default 
mode.
Torque converter lock-up is initiated by toggling the converter clutch control valve with an 
ON/OFF solenoid.
The actual apply and release of the clutch is regulated by the VPS via the converter clutch 
regulator valve.
The solenoid supply pressure regulator valve provides reference pressure for all the solenoids.
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1) Hydraulic Control Circuit
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(1) Valve Body

2) Hydraulic Components

Manual valve▶

The manual valve is connected to the 
vehicle selector mechanism and controls the 
flow of oil to the forward and reverse 
circuits. The manual valve function is 
identical in all forward gear positions except 
that in the Manual 1 position an additional 
supply of oil is directed to the 1- 2 shift valve
for application of the rear band and the C4 
overrun clutch. The manual valve directs the 
line pressure into the PRND fluid circuits.

1-2 shift valve▶

The 1-2 shift valve is a two position valve
that must be switched to the 2, 3 and 4 
position in order to get any forward gear 
other than first gear. It is used for all 1-2 and 
2-1 gearshifts.
The switching of this valve is achieved by
using S1 and/ or S2.
During a 1-2 gearshift drive oil from the 
manual valve passes through to the second 
gear circuit. During a 2-1 gearshift the band 
apply feed oil is allowed to exhaust via the 
1-2 shift valve.
The 1-2 shift valve works in conjunction with 
the 3-4 shift valve to disengage the C4 
clutch in first gear, and engage C4 in second 
gear. When Manual 1 is selected the C4 
clutch and rear band (B2) are engaged.
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2-3 shift valve▶

The 2-3 shift valve is a two position valve. It 
is used on all 2-3 and 3-2 gearshifts.
The switching of this valve is achieved by S2 
which is located at the end of the valve
spool.
In the 1, 2 position, second gear oil from the 
1-2 shift valve is prevented from entering the 
third gear circuit.
When the valve is moved to the 3, 4 
position, oil from the second gear circuit is 
routed to the third gear circuit and the 
transmission is changed to third gear.

3-4 shift valve▶

The 3-4 shift valve is a two position valve. It 
is used for all 3-4 and 4-3 gearshifts.
The switching of this valve is achieved by
S1 which is located at the end of the valve
spool.
During a 3-4 gearshift the 3-4 shift valve:

Exhausts the front band release (B1R) 
circuit thereby allowing the application of 
the front band (B1).
Connects the inner apply area of the front 
servo (B1AI) to the Band Apply Feed 
(BAF) circuit thus allowing greater apply 
forces to the front band.
Exhausts the Overrun Clutch (OC) circuit 
which allows the C4 clutch to disengage.

-

-

-

During a 4-3 gearshift, the C4 clutch is 
engaged and the front band (B1) is released. 
These actions are sequenced by the 4-3 
sequence valve.
The 3-4 shift valve also switches during 1-2 
and 2-1 gearshifts where its function is to 
apply the overrun clutch (C4) in second gear 
but to release it in first gear.
Note that the C4 clutch is applied in Manual 
1 by virtue of the manual valve and the 1-2 
hift valve. Refer to "1-2 Shift Valve" in this 
section.
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4-3 sequence valve▶

The 4-3 sequence valve is a two position 
spring loaded valve. It switches during 3-4 
and 4-3 gearshifts although it performs no 
function during the 3-4 shift.
During the 4-3 shift the 4-3 sequence valve
delays the connection of the Clutch Apply 
Feed (CAF) circuit to the B1R circuit until 
the B1R circuit has been fully pressurized 
by using the third gear circuit. This prevents 
objectionable engine flare on completion of 
the 4-3 gearshift.

Solenoid supply pressure regulator 
valve

▶

The solenoid supply pressure regulator valve
supplies a constant pressure to all solenoids 
(S1 to S7). Line pressure is used as the 
feeding oil to this regulator and the output is 
termed line 500.

Line pressure control valve▶

Line pressure is controlled by S6, which 
acts as the line pressure control valve.
When S6 pressure is applied to the end of 
the Primary Regulator Valve (PRV), it is 
opposed by spring force and causes LOW 
line pressure for light throttle application and 
cruising.
Heavy throttle application causes the 
normally open S6 to open (switch Off) thus 
closing line 500 and opening S6 to exhaust. 
Removal of S6 pressure from the PRV
results in HIGH line pressure.
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Clutch apply feed regulator valve▶

The clutch apply feed regulator valve is a 
fixed ratio (2.25:1) valve. This valve
provides a regulated pressure to the C1 
clutch and controls the change rate of the 
clutch state to give the desired shift quality.
Third gear oil supplied to the valve is 
regulated to provide an output pressure, 
Clutch Apply Feed (CAF) pressure, of 2.25 
times the S5 signal pressure when S3 is 
ON. When S3 is OFF, the output pressure is 
2.25 times the line 500 pressure.

Band apply feed regulator valve▶

The band apply feed regulator valve is a 
fixed ratio (1.4:1) valve. It provides a 
regulated pressure to the front servo, and 
controls the change rate of the front band 
(B1) state to give the desired shift quality.
Second gear oil supplied to the valve is 
regulated to provide an output pressure, 
Band Apply Feed (BAF) pressure, of 1.4 
times the S5 signal pressure when S4 is ON.
When S4 is OFF the output pressure is 1.4 
times the line 500 pressure.
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Reverse lockout valve▶

The reverse lockout valve is a two position 
valve contained in the upper valve body. 
This valve uses S1-S2 pressure as a signal 
pressure and controls the application of the 
rear band (B2).
While the manual valve is in D, 3, 2 or 1 
positions, drive oil is applied to the spring 
end of the valve, overriding any signal 
pressures and holding the valve in the 
lockout position. This prevents the 
application of B2 in any of the forward 
driving gears except M1.
When the manual valve is in P, R or N
positions, drive oil is exhausted and the 
reverse lockout valve may be toggled by
S1-S2 pressure.
B2 is applied in P, R, and N if the 
following conditions are satisfied :

In P or N, vehicle speed = 3 km/h.
In R, vehicle speed = 10 km/h.
Engine speed = 1600 rpm.
Throttle position = 12 %.

-
-
-
-

Under these conditions, the TCU switches 
solenoids S1 and S2 to OFF. The reverse 
lockout valve toggles under the influence of 
the S1-S2 pressure, to connect the line
pressure to the B2 feed. Oil is fed to both the 
inner and outer apply areas of the rear servo 
piston, applying B2.
If any of the above conditions are not 
satisfied, the TCU switches solenoids S1 and 
S2 to ON.
S1- S2 pressure is exhausted and the valve is 
held in the lockout position by the spring. In 
this position, engagement of B2 is prohibited.
This feature protects the transmission from 
abuse by preventing the undesirable 
application of B2 at high speed, and by
providing a reverse lockout function.
Note that if the transmission is in failure mode, 
the rear band will be applied at all times in P, 
R and N.
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(2) Pump cover

Primary regulator valve▶

The Primary Regulator Valve (PRV)
regulates the transmission line pressure (or 
pump output pressure). This valve gives 
either high or low line pressure depending 
on whether S6 is switched OFF or ON.
When S6 is switched ON, S6 pressure is 
applied to the PRV moving it against spring 
pressure and opening the line pressure 
circuit to the pump suction port resulting in 
reduced line pressure.
Low line pressure is used during light throttle 
applications and cruising. Heavy throttle will 
cause S6 to switch OFF and thereby cause 
high line pressure.
This stepped line pressure control has no 
detrimental effect on shift feel because all 
shifting pressures are controlled by separate 
band and clutch regulator valves, and the 
output of S5.
When reverse gear is selected, both the low 
and high line pressure values are boosted to 
guard against slippage.
This is achieved by applying reverse oil line 
pressure to the PRV to assist the spring 
load. The other end of the valve contains 
ports for line pressure feedback and S6 
pressure.
The PRV also regulates the supply of oil to 
the converter via the converter feed port. 
The cascade effect of the PRV ensures the 
first priority of the valve is to maintain line 
pressure at very low engine speeds. When 
the engine speed increases and the pump 
supplies an excess of oil the PRV moves to 
uncover the converter feed port thereby 
pressurizing the converter. If there is an 
excess of oil for the transmission's needs 
then the PRV moves further to allow oil to 
return to the suction port.
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Converter clutch regulator valve▶

The converter clutch regulator valve
regulates the pressure of the oil which 
applies the converter clutch. Input oil from 
the line 500 circuit is regulated within the 
valve, with the output pressure being 
variable according to the signal pressure 
from the S5 circuit. Converter clutch apply 
and release application is smoothed by
electronically varying the S5 circuit 
pressure.

Converter clutch control valve▶

The converter clutch control valve is a two 
position valve which applies or releases the 
converter clutch.
The switching of this valve is governed by
the signal pressure from S7.
When the valve is in the OFF or released 
position, converter feed oil from the PRV is 
directed to the release side of the converter 
clutch. After flowing through the converter, 
oil returns to the converter clutch control 
valve and is then directed to the oil cooler.
When the valve is in the ON or applied 
position, regulated oil from the converter 
clutch regulator valve is directed to the apply 
side of the converter clutch. This oil remains 
within the converter because the converter 
clutch piston is sealed against the flat friction 
surface of the converter cover. To provide oil 
flow to the cooler the converter clutch control 
valve directs converter feed oil from the PRV
directly to the cooler circuit.
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B1R exhaust valve▶

The B1R exhaust valve is a two position 
spring loaded valve located in the 
transmission case directly adjacent to the 
front servo. It permits the servo release oil to 
be rapidly exhausted into the transmission 
case during application of the front band 
(B1). This prevents the needto force the oil 
back from the front servo  through the valve
body and through the 3-4 shift valve. The 
spring positions the valve to prevent oil 
entering the release area of the servo until 
the B1R circuit oil pressure reaches 
approximately 100 kPa.
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(3) Power train system

The Power Train System consists of :
A torque converter with single face lock-up clutch
Four multi-plate clutch assemblies
Two brake bands
Two one-way clutches
Planetary gear set
Parking mechanism

-
-
-
-
-
-

A conventional six pinion Ravigneaux compound planetary gear set is used with overdrive 
(fourth gear) being obtained by driving the carrier.
The cross-sectional arrangement is very modular in nature.
Four main sub-assemblies are installed within the case to complete the build.

Gear set-sprag-centre support
C1 -C2 -C3 -C4 clutch sub-assembly
Pump assembly
Valve body assembly

-
-
-
-

 These subassemblies are :

One, or a combination of selective washers are used between the input shaft flange and the 
number 4 bearing to control the transmission end float. This arrangement allows for extensive 
subassembly testing and simplistic final assembly during production.
A general description of the operation of the Power Train System is detailed below.
First gear is engaged by applying the C2 clutch and locking the 1-2 One Way Clutch (1-2 
OWC). The 1-2 shift is accomplished by applying the B1 band and overrunning the 1-2 OWC.
The 2-3 shift is accomplished by applying the C1 clutch and releasing the B1 band. The 3-4 
shift is accomplished by re-applying the B1 band and overrunning the 3-4 OWC. Reverse gear 
is engaged by applying the C3 clutch and the B2 band.
The C4 clutch is applied in the Manual 1, 2 and 3 ranges to provide engine braking. In addition, 
the C4 clutch is also applied in the Drive range for second and third gears to eliminate 
objectionable freewheel coasting.
The B2 band is also applied in the Manual 1 range to accomplish the low-overrun shift.
Both the front and rear servos are dual area designs to allow accurate friction element matching 
without the need for secondary regulator valves. All the friction elements have been designed to 
provide low shift energies and high static capacities when used with the new low static co-
efficient transmission fluids. Non-asbestos friction materials are used throughout.
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Torque converter▶

The torque converter consists of a turbine, 
stator pump, impeller and a lock-up damper 
and piston assembly. As in conventional 
torque converters, the impeller is attached to
the converter cover, the turbine is splined to 
the input shaft and the stator is mounted on 
the pump housing via a one way clutch 
(sprag).
The addition of the damper and piston 
assembly en-ables the torque converter to 
lock-up under favorable conditions.
Lock-up is only permitted to occur in third 
and fourth gears under specified throttle and 
vehicle speed conditions.
Lock-up is achieved by applying hydraulic 
pressure to the damper and piston assembly 
which couples the turbine to the converter 
cover, locking-up the converter and 
eliminating unwanted slippage. Whenever 
lock-up occurs, improved fuel consumption 
is achieved. Torsional damper springs are 
provided in the damper and piston assembly 
to absorb any engine torque fluctuations 
during lock-up.
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There are four clutch packs. All clutch packs 
are composed of multiple steel and friction 
plates.
C1 CLUTCH: When applied, this clutch pack 
allows the input shaft to drive the planet 
carrier. This occurs in third and fourth gears.
C2 CLUTCH: When applied this clutch pack 
allows the input shaft to drive the forward 
sun gear via the 3-4 OWC.
This occurs in all forward gears.
C3 CLUTCH: When applied this clutch pack 
allows the input shaft to drive the reverse 
sun gear. This only occurs in reverse gear.
C4 CLUTCH: When applied this clutch 
provides engine braking on overrun. This 
occurs in Manual 1, 2 and 3 and also Drive
2 and Drive 3 to prevent objectionable free 
wheel coasting.

Clutch packs▶

Bands▶

The transmission utilizes two bands, the B1 
band (sometimes known as the 2-4 band), 
and the B2 band (sometimes known as the 
low-reverse band).
The B1 band is a flexible band which is 
engaged by the front servo piston. B1 is 
activated in second and fourth gear. When 
activated B1 prevents the reverse sun gear 
from rotating by holding the C3 clutch 
assembly stationary. In second gear only the 
outer area of the apply piston is utilized. In 
fourth gear both areas are utilized for greater 
clamping force.
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One way clutches▶

The transmission uses two OWCs, the 1-2 
OWC and the 3-4 OWC. (Note that a third 
OWC is located in the torque converter, also 
known as a sprag.)
The 1-2 OWC is located between the 
planetary carrier assembly and the center 
support. This allows the carrier
to rotate around the center support in one 
direction only. The one way clutch is 
engaged only in Drive 1.
This 3-4 OWC is located between the C4 
and the C2 clutch assemblies. This allows 
the C2 clutch to drive the forward sun gear 
in first, second and third gears but unlocks 
in fourth gear and during overrun.
The B2 band is a solid band which is 
engaged by the rear servo piston. B2 is 
activated in Park, Reverse, Neutral and
Manual 1. When activated B2 prevents the 
planet carrier assembly from rotating. In 
Manual 1 only the inner area of the apply 
piston is utilized. In Park, Reverse and 
Neutral, both areas are utilized for greater 
clamping force.

Planetary gear set▶

The planetary gear set used in the 
transmission is a conventional six pinion 
Ravigneaux compound gear set.
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Parking mechanism▶

8. POWER FLOWS
The power flows for the various transmission selections are listed below :

Power Flow - Neutral and Park
Power Flow - Reverse
Power Flow - Manual 1
Power Flow - Drive 1
Power Flow - Drive 2
Power Flow - Drive 3
Power Flow - Drive 3 Lock Up
Power Flow - Drive 4 (Overdrive)
Power Flow - Drive 4 Lock Up

-
-
-
-
-
-
-
-
-

The following table details the engaged elements versus the gear selected for all transmission 
selections.

When Park is selected the manual lever 
extends the park rod rearwards to engage 
the parking pawl. The pawl will engage the 
external teeth on the ring gear thus locking 
the output shaft to the transmission case. 
When Park is not selected a return spring 
holds the parking pawl clear of the output 
shaft, preventing accidental engagement of 
Park.
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1) Park and Neutral
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(1) Power flow - Park and neutral 
In Park and Neutral, there is no drive to the planetary gear set. The rear band is applied to 
eliminate 'clunk' on engagement of the reverse gear, and to improve the low range engagement 
for 4WD applications. No other clutches or bands are applied.
In Park the transmission is mechanically locked by engaging a case mounted pawl with teeth 
on the output shaft ring gear.

(2) Control
To maintain this arrangement in the steady state solenoids and valves are activated as 
follows:

Solenoids S1 and S2 are switched OFF.
Line (pump) pressure is applied to the Primary Regulator Valve (PRV) and to the solenoid 
supply pressure regulator valve.
The converter, oil cooler, and lubrication circuits are charged from the primary regulator 
valve.
The line 500 circuit is charged by the solenoid supply pressure regulator valve.
The S5 circuit is charged by the variable pressure solenoid (S5).
Line pressure is prevented from entering the drive circuit by the manual valve.
The B1 circuit and all clutch circuits are open to exhaust.

-
-

-

-
-
-
-



01-38

KYRON 2010.01

3410-01

ION 4-SPEED

2) Reverse
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(1) Power flow - Reverse
In Reverse, transmission drive is via the input shaft and the forward clutch cylinder to the hub of 
the C3 clutch.

(2) Control
To maintain this arrangement in the steady state solenoids and valves are activated as 
follows :

Solenoids S1 and S2 are switched OFF.
Line pressure is directed through the reverse lockout valve to both the inner and outer 
apply areas of the rear servo piston for B2 band application.
Line pressure feeds the reverse oil circuit via the manual valve.
Reverse oil is routed from the manual valve to the C3 clutch.
Reverse oil is also applied to the spring end of the primary regulator valve to assist the 
spring and to boost the line pressure value.
All other clutch and band apply circuits are open to exhaust.

-
-

-
-
-

-

The elements of the transmission function as follows :

The C3 clutch is engaged and drives the reverse sun gear in a clock-wise direction.
The B2 band is engaged and holds the planetary gear carrier stationary causing the long 
pinion to rotate anti-clockwise about its axis on the pinion shaft.
The long pinion drives the internal ring gear in the same direction.
The internal ring being splined to the output shaft drives it in an anti-clockwise or reverse 
direction.

-
-

-
-
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3) Manual 1
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(1) Power flow - Manual 1

(2) Control
To maintain this arrangement in the steady state solenoids and valves are activated as 
follows :

Solenoids S1 and S2 are switched ON.
The 1-2, 2-3, and 3-4 shift valves are held in their first gear positions by line 500 pressure.
Drive (line pressure) oil from the manual valve engages the C2 clutch.
Lo-1st (line pressure) oil is routed through the 1-2 shift valve to the C4 clutch, and to the 
inner apply area of the rear servo piston for B2 band application.

-
-
-
-

In Manual 1, transmission drive is via the input shaft to the forward clutch cylinder. The 
elements of the transmission function as follows;

The C2 clutch is engaged to drive the forward sun gear, via the 3-4 OWC.
The B2 band is engaged to hold the planetary gear carrier stationary.
The forward sun gear drives the short pinion anticlockwise.
The short pinion drives the long pinion clockwise.
The long pinion rotating about its axis drives the internal ring gear and the output shaft in a 
clockwise or forward direction.
The C4 clutch provides engine braking through the 3-4 OWC on overrun.

-
-
-
-
-

-
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4) Drive 1
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(1) Power flow - Drive 1

(2) Control
To maintain this arrangement in the steady state solenoids and valves are activated as 
follows :

Solenoids S1 and S2 are switched ON.
The 1-2, 2-3, and 3-4 shift valves are held in their first gear positions by line 500 pressure.
Drive (line pressure) oil from the manual valve engages
the C2 clutch.

-
-
-

In Drive 1, transmission drive is via the input shaft to the forward clutch cylinder. The 
elements of the transmission function as follows :

The C2 clutch is engaged to drive the forward sun gear via the 3-4 OWC.
The forward sun gear drives the short pinion anticlockwise.
The short pinion drives the long pinion clockwise.
The 1-2 OWC prevents the planetary gear carrier from rotating under reaction force and the 
long pinion rotates on its axis driving the internal ring gear and output shaft in a clockwise or 
forward direction.
There is no engine braking on overrun.

-
-
-
-

-
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5) Drive 2 and Manual 2
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(1) Power flow - Drive 2 and manual 2

(2) Control
To maintain this arrangement in the steady state solenoids and valves are activated as 
follows :

Solenoids S1 and S2 are switched ON.
The 1-2, 2-3, and 3-4 shift valves are held in their first gear positions by line 500 pressure.
Drive (line pressure) oil from the manual valve engages
the C2 clutch.

-
-
-

In Drive 2 and Manual 2, transmission drive is via the input shaft and forward clutch 
cylinder. The elements of the transmission function as follows :

The C2 clutch is engaged to drive the forward sun gear via the 3-4 OWC.
The forward sun gear drives the short pinion anticlockwise.
The short pinion drives the long pinion clockwise.
The 1-2 OWC prevents the planetary gear carrier from rotating under reaction force and the 
long pinion rotates on its axis driving the internal ring gear and output shaft in a clockwise or 
forward direction.
There is no engine braking on overrun.

-
-
-
-

-
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6) Drive 3 and Manual 3
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(1) Power flow - Drive 3 and manual 3

(2) Control
To maintain this arrangement in the steady state solenoids and valves are activated as 
follows:

Solenoid S1 is switched OFF. S2 is switched OFF.
With S1 and S2 switched OFF, the 2-3 and 3-4 shift valves are held in the third gear 
position by line 500 pressure.
The 1-2 shift valve is held in the third gear position by S1-S2 oil pressure.
2nd oil (line pressure) from the 1-2 shift valve is directed to the band apply feed regulator 
valve and to the 2-3 shift valve.
The band apply feed regulator valve supplies 2nd oil (regulated to line pressure multiplied 
by the valvera-tio) to the Band Apply Feed (BAF) circuit. 
Band apply feed oil is directed to

-
-

-
-

-

-

In Drive 2 and Manual 2, transmission drive is via the input shaft and forward clutch 
cylinder. The elements of the transmission function as follows :

The C2 clutch is engaged to drive the forward sun gear.
The C1 clutch is engaged to drive the planet carrier.
The short pinion drives the long pinion clockwise.
The forward sun gear and the planet carrier are driven clockwise at the same speed 
therefore there is no relative motion between the sun gear and the pinions.
The ring gear and output shaft are driven in a clockwise or forward direction at input shaft 
speed.
The C4 clutch is applied to bypass the 3-4 OWC and provide engine braking on overrun.

-
-
-
-

-

-

The outer apply area of the front servo
The 1-2 shift valve to provide an exhaust port when the transmission is shifted to first gear
The 3-4 shift valve for use when the transmission is shifted into fourth gear

·

·

·

2nd oil at the 2-3 shift valve is directed to the 3rd oil circuit.
3rd oil from the 2-3 shift valve is directed to the clutch apply regulator valve, and to the 4-3 
sequence valve.
The clutch apply regulator valve supplies oil (regulated to line 500 pressure multiplied by
the valve ratio) to the Clutch Apply Feed (CAF) circuit.

-
-

-

The C1clutch
The 4-3 sequence valve

·

·

The CAF oil is directed to :

At the 4-3 sequence valve the CAF oil becomes Band 1 Release Feed (B1R-F) oil, and is 
directed through the 3-4 shift valve to the spring end of the 4-3 sequence valve, and to the 
release side of the front servo piston to hold band 1 OFF.
Drive (line pressure) is routed through the 3-4 shift valve to apply the C4 clutch.

-

-
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ELEMENTS ENGAGED

Gear State C1 C1 C1 C1 B1 B1 1-2
OWC

3-4
OWC

LU
CLUTCH

Drive 3 and 
Manual 3

x x - x - - - x -
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7) Drive 3 Lock Up and Manual 3 Lock Up
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(1) Power flow - Drive 3 lock up and manual 3 lock up

(2) Control

In Drive 3 Lock Up and Manual 3 Lock Up, transmission drive is the same as for Drive 3 but 
with the application of the converter lock up clutch to provide positive no-slip converter drive.

Control for Drive 3 Lock Up and Manual 3 Lock Up is the same as for Drive 3 with the addition 
of the converter clutch circuit activated by solenoid S7.

When S7 is switched ON, S7 feed oil to the converter clutch control valve is switched OFF 
and allowed to exhaust through the S7 solenoid. This allows the valve to move to the clutch 
engage position.
Regulated apply feed oil, drive oil at the converter clutch regulator valve, is directed by the 
converter clutch control valve to the engage side of the converter clutch.
Converter clutch release oil is exhausted at the converter clutch control valve.
Converter feed oil is re-routed by the converter clutch control valve directly to the oil cooler 
and lubrication circuit.

-

-

-
-

ELEMENTS ENGAGED

Gear State C1 C1 C1 C1 B1 B1 1-2
OWC

3-4
OWC

LU
CLUTCH

Drive 3 Lock Up 
and Manual 3 

Lock Up
x x - x - - - x x
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8) Drive 4 (Overdrive)
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(1) Power flow - Drive 4 (Overdrive)

(2) Control
To maintain this arrangement in the steady state solenoids and valves are activated as 
follows :

Solenoid S1 is switched ON. S2 is switched OFF.
With S1 switched ON, the 3-4 shift valve is held in the fourth gear position by line 500 
pressure on the small end of the valve.
With S2 switched OFF, the 2-3 shift valve is held in the fourth gear position by line 500 
pressure on the large end of the valve.
The 1-2 shift valve is held in the fourth gear position by S2 oil pressure.
2nd oil (line pressure) from the 1-2 shift valve is directed to the band apply feed regulator 
valve, and to the 2-3 shift valve.
The band apply feed regulator valve supplies 2nd oil (regulated to line pressure multiplied 
by the valve ra-tio) to the Band Apply Feed (BAF) circuit.
Band apply feed oil is directed to

-
-

-

-
-

-

-

The elements of the transmission function as follows :

The C1 clutch is applied to drive the planet carrier clockwise.
The B1 band is applied to hold the reverse sun gear stationary.
As the planet carrier tuns, the long pinion walks around the stationary reverse sun gear and 
rotates around its axis driving the internal ring gear and output shaft in a clockwise or 
forward direction at a speed faster than the input shaft i.e. in overdrive ratio.
The forward sun gear is also driven faster than the input shaft and overruns the 3-4 OWC.
The C2 clutch is engaged to reduce the speed differential across the 3-4 OWC.

-
-
-

-
-

the outer apply area of the front servo
the inner apply area of the front servo piston via the 3-4 shift valve
the 1-2 shift valve to provide an exhaust port when the transmission is shifted to first gear

·

·

·

2nd oil at the 2-3 shift valve is directed to the 3rd oil circuit.
3rd oil from the 2-3 shift valve is directed to the clutch apply regulator valve, and to the 4-3 
sequence valve.
The clutch apply regulator valve supplies oil (regulated to line 500 pressure multiplied by
the valve ratio) to the Clutch Apply Feed (CAF) circuit.
The CAF oil is directed to 

-
-

-

-
The C1clutch
The 4-3 sequence valve

·

·

Drive oil (line pressure) from the manual valve engages the C2 clutch.-

In Drive 4 (Overdrive), transmission drive is via the input shaft to the forward clutch cylinder.
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ELEMENTS ENGAGED

Gear State C1 C1 C1 C1 B1 B1 1-2
OWC

3-4
OWC

LU
CLUTCH

Drive 4 Overdrive x x - - x - - - -
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9) Drive 4 Lock Up
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(1) Power flow - Drive 4 lock up

(2) Control

In Drive 4 Lock Up, transmission drive is the same as for Drive 4 but with the application of the 
converter lock up clutch to provide positive no-slip converter drive.

To maintain this arrangement in the steady state solenoids and valves are activated as 
follows :

When S7 is switched ON, S7 feed oil to the converter clutch control valve is switched OFF 
and allowed to exhaust through the S7 solenoid. This allows the valve to move to the 
clutch engage position.
Regulated apply feed oil, drived from drive oil at the converter clutch regulator valve, is 
directed by the converter clutch control valve to the engage side of the converter clutch.
Converter clutch release oil is exhausted at the converter clutch control valve.
Converter feed oil is re-routed by the converter clutch control valve directly to the oil cooler 
and lubrication circuit.

-

-

-
-

ELEMENTS ENGAGED

Gear State C1 C1 C1 C1 B1 B1 1-2
OWC

3-4
OWC

LU
CLUTCH

Drive 4 Overdrive x x - - x - - - x
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3650-01AUTOMATIC TRANSMISSION (DC 5-SPEED)
GENERAL

1. AUTOMATIC TRANSMISSION OVERVIEW

DC 5-speed Automatic Transmission Assembly

T-Tronic DC 5-speed automatic transmission is 
an electronically controlled 5-speed transmission 
with a lockup clutch in the torque converter. The 
ratios for the gears are realized by three planetary 
gear sets. The 5th gear is designed with a step-
up ratio of 0.83 as an overdrive. The selector 
lever is controlled by electronically and 
mechanically. The gears are shifted by the 
corresponding
combination of three hydraulically actuated 
multiple-disc brakes, three hydraulically actuated 
multiple-disc clutches and two mechanical one-
way clutches. This electronically controlled 
automatic transmission adjusts the operating
pressure to provide proper shifting in relation to 
engine power. This function improves shifting 
quality significantly. And, the driver can select "S" 
(Standard) mode or "W" (Winter) mode according 
to the driving conditions.



02-5

DC 5-SPEED
KYRON 2010.01

3650-01

Instrument Panel

TCU Assembly

TCCU TCU

Releasing Lock-up Solenoid Valve Standard Mode / Winter Mode

When the gear selector lever cannot be 
moved from "P" position to other positions, 
manually release the lock-up function as 
shown in figure.

"S" mode is used in normal driving.
When "W" mode is selected, the vehicle starts 
from 2nd gear (forward and reverse) to 
achieve smooth starting on the slippery road.

Selector Lever

Downshift 
(Manual Mode)

1← 2 ← 3 ← 4 ← D

The shiftable gear is down
by one step as the lever is 
moved to left (-) direction.

Upshift
 (Manual Mode)

1→ 2 → 3 →  4 →  D

The shiftable gear is up by
one step as the lever is 

moved to right (+) direction.
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2. AUTOMATIC TRANSMISSION (DC 5-SPEED) 
    APPEARANCE

Left Side

With Torque Converter
Without Torque 

Converter
Rear View
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3. AUTOMATIC TRANSMISSION STRUCTURE

This sectional drawing is based on DC 5-speed A/T 2WD model. 4WD model has also 
same structure.

※

1. Torque converter
2. Oil pump
3. Input shaft
4. Disc brake B1
5. Disc clutch C1
6. Disc clutch C2

7. Disc brake B3
8. Disc clutch C3
9. Disc brake B2
10. Output shaft
11. Parking lock gear
12. Intermediate shaft

13. Freewheel F2
14. Center planetary gear set
15. Electric control unit (valve body)
16. Freewheel F1 (Front planetary gear set)
17. Stator shaft
18. Converter lockup clutch
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Specifications▶
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Characteristics of Automatic Transmission▶

Performance Curve-

D20DT

Standard Mode WINTER Mode (2WD)

Lockup Mode (Open/Slipping)

Low Mode (4WD)

FAST OFF: When abruptly releasing the 
accelerator pedal, the transmission remains 
at 4th gear other than 4      5 shift (when 
slowly releasing the accelerator pedal, the 
transmission is shifted to 5th gear).

Upshift:
Downshift:
Lockup (slipping):
Unlock (open):
FAST OFF:
Dynamic shift zone:

4th gear: 1.000
5th gear: 0.833
Rev. 1st gear: 3.147
Rev. 2nd gear: 1.93

Dynamic shift zone:
When operating the accelerator pedal (B), the 
4      3 shift is completed by kick-down signal 
after completion of 4      3 shift (100% of 
pedal position). When promptly operating the 
accelerator pedal (C), the 4      3 shift is done 
in shaded area (93% of pedal position).

→

→

→

→
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D27DT

Standard Mode

Lockup Mode (Open/Slipping) WINTER Mode

4th gear: 1.000
5th gear: 0.833
Rev. 1st gear: 3.147
Rev. 2nd gear: 1.93

Dynamic shift zone:
When operating the accelerator pedal (B), 
the 4      3 shift is completed by kick-down 
signal after completion of 4      3 shift (100% 
of pedal position). When promptly operating 
the accelerator pedal (C), the 4      3 shift is 
done in shaded area (93% of pedal position).

FAST OFF: When abruptly releasing the 
accelerator pedal, the transmission remains 
at 4th gear other than 4     5 shift (when 
slowly releasing the accelerator pedal, the 
transmission is shifted to 5th gear).

Upshift:
Downshift:
Lockup (slipping):
Unlock (open):
FAST OFF:
Dynamic shift zone:

→

→

→

→
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General Characteristics▶
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Brake B1(disk) 
assembly

Brake B3 (disk) 
assembly

Brake B2 (disk) 
assembly

C1 (Disk clutch)
assembly

C2 (Disk clutch)
assembly

C3 (Disk clutch)
assembly

OVERVIEW AND OPERATION PROCESS
1. POWER FLOW
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Shifting Elements▶

1) Selector program switch: S mode   2) Selector program switch: W mode   3) Overrun※
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1) 1st Gear (D20DT: 3.951, D27DT: 3.595)

16. Torque converter lockup clutch
A. Engine speed
B. Transmission, input shaft
C. 1st gear ratio
D. 2nd gear ratio

E. 3rd gear ratio
F. Locking elements
H. Rear planetary gear set
L. Stator

M. Center planetary gear set
P. Impeller
T. Turbine wheel
V. Front planetary gear set

Input shaft: Clockwise rotation
Front sun gear: Locked by F1 and B1, Planetary gear carrier: Rotation with reduced speed
Rear ring gear: clockwise rotation
Rear sun gear: Locked by F2 and B2, Planetary gear carrier: Clockwise rotation with reduced 
speed
Center ring gear: Clockwise rotation
Center sun gear: Locked by B2, Rotation with reduced speed
Output shaft: Clockwise rotation

1.
2.
3.
4.

5.
6.
7.

3) Overrun※
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2) 2nd Gear (D20DT: 2.423, D27DT: 2.186)

16. Torque converter lockup clutch
A. Engine speed
B. Transmission, input shaft
C. 1st gear ratio

D. 2nd gear ratio
E. Locking elements
H. Rear planetary gear set
L. Stator

M. Center planetary gear set
P. Impeller
T. Turbine wheel
V. Front planetary gear set

Input shaft: Clockwise rotation
Sun gear and planetary gear carrier: Clockwise rotation by C1 activation
Rear ring gear: Clockwise rotation
Rear sun gear: Locked by F2 and B2, Planetary gear carrier: Rotation with reduced speed
Center ring gear: Clockwise rotation
Sun gear: Locked by B2, Planetary gear carrier: Rotation with reduced speed
Output shaft: Clockwise rotation

1.
2.
3.
4.
5.
6.
7.

3) Overrun※
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3) 3rd Gear (D20DT: 1.486, D27DT: 1.405)

16. Torque converter lockup clutch
A. Engine speed
B. Transmission, input shaft
C. 1st gear ratio

D. Locking elements
H. Rear planetary gear set
L. Stator
M. Center planetary gear set

P. Impeller
T. Turbine wheel
V. Front planetary gear set

Input shaft: Clockwise rotation
Front ring gear: Clockwise rotation
Center ring gear: Clockwise rotation by clutch 2 activation (direct connection)
Center sun gear: Locked by B2, Planetary gear carrier: Clockwise rotation with reduced speed
Output shaft: Clockwise rotation

1.
2.
3.
4.
5.
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4) 4th Gear (1.000)

16. Torque converter lockup clutch
A. Engine speed
B. Planetary gear set

L. Stator
M. Center planetary gear set
P. Impeller

T. Turbine wheel
V. Front planetary gear set

Input shaft: Clockwise rotation
Front ring gear: Clockwise rotation
Center ring gear and rear planetary gear carrier: Clockwise rotation
Front sun gear and planetary gear carrier: Clockwise rotation (direct connection)
Rear ring gear: Clockwise rotation
Rear sun gear: Rotation by ring gear and planetary gear carrier (direct connection)
Center sun gear: Clockwise rotation by C3 activation
Planetary gear carrier: Clockwise rotation by center sun gear and ring gear (direct connection)
Output shaft: Clockwise rotation

1.
2.
3.
4.
5.
6.
7.
8.
9.
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5) 5th Gear (D20DT: 0.833, D27DT: 0.831)

16. Torque converter lockup clutch
A. Engine speed
B. Transmission, input shaft
C. 1st gear ratio
D. 2nd gear ratio

E. 3rd gear ratio
F. Locking elements
H. Rear planetary gear set
L. Stator

M. Center planetary gear set
P. Impeller
T. Turbine wheel
V. Front planetary gear set

Input shaft: Clockwise rotation
Front sun gear: Locked by B1, Planetary gear carrier: Rotation with reduced speed
Rear planetary gear ring gear: Clockwise rotation with reduced speed
Center ring gear and rear planetary gear carrier: Clockwise rotation by clutch C2 activation
Rear sun gear: Clockwise rotation because rear planetary gear carrier rotates faster than rear 
ring gear(increased speed)
Center sun gear: Clockwise rotation with increased speed by clutch C3 activation
Center planetary gear carrier: Clockwise rotation (increased speed)
Output shaft: Clockwise rotation (increased speed)

1.
2.
3.
4.
5.

6.
7.
8.

3) Overrun※
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6) Reverse 1st Gear (D20DT: 3.147, D27DT: 3.167) 
     - Standard (S) Mode

16. Torque converter lockup clutch
A. Engine speed
B. Transmission, input shaft
C. 1st gear ratio
D. 2nd gear ratio

E. Locking elements
F. Locking elements
H. Rear planetary gear set
L. Stator

M. Center planetary gear set
P. Impeller
T. Turbine wheel
V. Front planetary gear set

Input shaft: Clockwise rotation
Front ring gear: Clockwise rotation
Front sun gear: Locked by one-way clutch F1
Front planetary gear carrier: Clockwise rotation (reduced speed)
Rear planetary gear ring gear: Clockwise rotation
Rear planetary gear carrier: Locked by B3
Rear sun gear and center sun gear: Counterclockwise rotation (increased speed)
Center ring gear: Locked by B3
Center planetary gear carrier: Counterclockwise rotation (reduced speed)
Output shaft: Counterclockwise rotation

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.

3) Overrun※
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7) Reverse 2nd Gear (D20DT: 1.93, D27DT: 1.926) 
    - Winter (W) Mode Mode

16. Torque converter lockup clutch
A. Engine speed
B. Transmission, input shaft
C. 1st gear ratio

D. 2nd gear ratio
E. Locking elements
H. Rear planetary gear set
L. Stator

M. Center planetary gear set
P. Impeller
T. Turbine wheel
V. Front planetary gear set

Input shaft: Clockwise rotation
Front ring gear: Clockwise rotation
Front planetary gear carrier: Clockwise rotation by clutch C1 activation (direct connection)
Rear ring gear: Clockwise rotation
Rear planetary gear carrier and center ring gear: Locked by brake B3
Rear sun gear and center sun gear: Counterclockwise rotation (increased speed)
Center planetary gear carrier: Counterclockwise rotation (reduced speed)
Output shaft: Counterclockwise rotation

1.
2.
3.
4.
5.
6.
7.
8.
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3650-01AUTOMATIC TRANSMISSION

1. DSI M78 6-SPEED AUTOMATIC TRANSMISSION
    GENERAL 

GENERALS

The six speed automatic (M78) 
transmission is available in two 
variants: four wheel drive and two 
wheel drive.
The transmission has the following 
features:

Six Speed Automatic Transmission▶

- Six Forward Speeds
- One reverse gear
- A torque converter with an integral
  converter lock-up clutch
- Electronic shift and pressure controls
- A single planetary gear-set
- A double planetary gear-set
- Two hydraulically controlled brake bands
- Three multi-plate clutches
- All hydraulic functions are directed by
  electronic solenoids to control:
- Engagement feel
  - Shift feel
  - Shift scheduling
  - Modulated torque converter clutch
    applications

The TCU receives input signals from certain transmission-
related sensors and switches. The TCU also uses these 
signals when determining transmission operating 
strategy.
Using all of these input signals, the TCU can determine 
when the time and conditions are right for a shift, or when 
to apply or release the torque converter clutch. It will also 
determine the pressure needed to optimise shift feel.

TCU (Installed under the driver's seat)▶ 

Tip Switch on Steering Wheel

Shift down Shift up
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Six Speed Automatic Transmission▶ 

Gear Position Indicator 
(for automatic transmission)

This indicator shows the 
current position of the 
gear. 

P: Parking
R: Reverse
N: Neutral
D: Driving 
(1 ~ 6th gear 
shifting) - 6A/T

6: 1~6th Gear shifting
5: 1~5th Gear shifting
4: 1~4th Gear shifting
3: 1~3rd Gear shifting
2: 1~2nd Gear shifting
1: 1st Gear

▶TGS Lever

Tip Switch on Gear Selector Lever

Tip Switch 
(Manual GearAdjustment)

The shiftable gear can be 
adjusted by this switch when the 
gear selector lever is in "M" 
position.

Winter Mode

Standard Mode

Shift Lock Release Button Hole 
when Locked in the "P" Position

Shift from the "P" Position

When winter mode is selected, 
starting in second gear is facilitated 
and the WINTER mode indicator 
light is switched ON. To prevent 
wheel spin on slippery surfaces, 
the transmission will not allow first 
gear unless manually overridden.

Standard Mode is selected when the lever is in the D
position with the mode switch in the standard (S) position 
and the transmission is within normal temperature 
ranges. Shift schedule points are optimised for fuel 
efficiency and general driving conditions.

If you cannot move the selector 
lever from the "P" position, try to 
move the lever while pushing 
down here with a sharp object 
such as a ballpoint pen. For 
your safety, turn off the engine 
and depress the brake pedal 
before the attempt.

To shift into any other positions 
from the "P" position after 
stopping the vehicle, you have 
to depress the brake pedal with 
the ignition switch "ON".
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1) Specifications
2. STRUCTURE CHARACTERISTICS AND SPECIFICATIONS
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4WD Automatic Transmission▶

2) Appearance

2WD Automatic Transmission▶

Torque converter Oil cooler outlet Oil cooler return

Servo

Adapter housingInhibiter switch
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3) Internal Assembly Figure

2WD

4WD
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4) Shift Pattern
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3. TIGHTENING TORQUE
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1. GENERAL DESCRIPTION
OVERVIEW AND OPERTION PROCESS

The six speed automatic (M78) transmission 
is available in two variants: four wheel drive 
and two wheel drive.
The transmission has the following features:

Six Forward Speeds
One reverse gear
A torque converter with an integral converter lock-up clutch
Electronic shift and pressure controls
A single planetary gear-set
A double planetary gear-set
Two hydraulically controlled brake bands
Three multi-plate clutches
All hydraulic functions are directed by electronic solenoids to control:

-
-
-
-
-
-
-
-
-

Engagement feel
Shift feel
Shift scheduling
Modulated torque converter clutch applications

-
-
-
-

The transmission contains fully synthetic automatic transmission fluid (ATF) and is filled for life; 
therefore it does not require periodic servicing.
Engine power reaches the transmission via a torque converter with integral converter lock-up 
clutch.
The six forward gears and one reverse gear are obtained from a single planetary set, followed 
by a double planetary set. This type of gear-set arrangement is commonly known as Lepelletier 
type gear-set.
The automatic transmission is electronically controlled. The control system is comprised of the 
following elements:

External transmission control unit (TCU)
Internal embedded memory module (EMM)
Input and output speed sensors
Valve body unit comprised of four on/off solenoid valves and six variable bleed solenoids
Torque converter

-
-
-
-
-

4WD
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2. ADVANCED SIX SPEED FEATURES
1) Characteristics

Early Downshifts with Hard Braking and Skip Shifts▶

When heavy braking is detected, the transmission downshifts early and skips gears to provide 
increased engine braking to provide gear selection for tip-in.

If the accelerator pedal is released when travelling uphill, upshifts are prevented to reduce 
busyness on grades. If the accelerator pedal is released when travelling downhill, upshifts are 
prevented to enhance engine braking.

Upshifts are prevented when the throttle is backed off very quickly to reduce busyness in sporty 
driving.

Gear Hold Going Uphill/Downhill▶

Upshift Prevention with Fast-off Accelerator Pedal▶

Drive and Reverse Engagement▶

A soft engagement feature avoids harsh take up of drive when selecting Drive or Reverse. This 
is achieved by limiting engine speed and engine torque which results in a rapid, but progressive 
engagement of either Drive or Reverse when moving from the Park or Neutral positions. Drive
and Reverse engagements from either Park or Neutral are performed in less than 2.2 seconds.
There is no drive engagement prevention strategy implemented on the transmission system as 
there is sufficient engine strategy to protect the system. However, reverse engagement is 
prevented until engine speed is less than 1400 rpm and the accelerator pedal position is less 
than 12% and vehicle speed is less than 10 km/h.

The transmission features converter clutch lock-up in all gears. This feature provides improved 
fuel economy and vehicle performance. It also improves transmission cooling efficiency when 
towing heavy loads at low speeds, e.g. in city driving or hill terrain.

Converter Clutch Lock-Up In All Gears▶

Converter Clutch Lock-Up In All Gears▶

The embedded memory module (EMM) is matched to the transmission's valve bodies during 
transmission assembly to ensure refined shift quality. The EMM is integrated into the input 
speed sensor which is mounted on the valve body in the transmission. The EMM is used to 
store data such as valve body calibration data and valve body serial number.
Upon installation, the TCU will download the data from the EMM and utilise this data in the 
operation of the transmission.
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2) Transmission Cooling
The transmission cooling system ensures rapid warm-up and constant operating temperature 
resulting in reduced fuel consumption and refined shift quality.
It also includes a cooler by-pass within the hydraulic system to allow sufficient cooling and 
lubrication to the transmission drivetrain in the event of a blockage in the transmission cooler.

3) Shift Strategy

Transmission gear change is controlled by the TCU. The TCU receives inputs from various 
engine and vehicle sensors to select shift schedules and to control the shift feel and torque 
converter clutch (TCC) operation at each gear change

Gear Hold Going Uphill/Downhill▶

Coastdown▶

Coastdown downshifts occur at 0% pedal when the vehicle is coasting down to a stop.

Torque Demand▶

Torque demand downshifts occur (automatically) when the driver demand for torque is greater 
than the engine can provide at that gear ratio. If applied, the transmission will disengage the 
TCC to provide added acceleration.
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3. FUNCTION OF EACH MODE
1) Description
(1) Shift Lock Release Button Hole when Locked in the "P" Position
If you cannot move the selector lever from the "P" position, try to move the lever while pushing 
down here with a sharp object such as a ballpoint pen. For your safety, turn off the engine and 
depress the brake pedal before the attempt.

To shift into any other positions from the "P" position after stopping the vehicle, you have 
to depress the brake pedal with the ignition switch "ON".

(2) Selection of Manual / Automatic Shift Function

Shift from the "P" Position

D : Automatic shift according to the driving condition
M : Manual shift

-
-

(3) Mode Switch
W : Winter mode
S : Standard mode
Use the standard mode in normal driving c

-
-

(4) Gear Position
P : Parking
R : Reverse
N : Neutral
D : Driving

-
-
-
-

(5) Tip Switch 
    (Manual Gear Adjustment)
The shiftable gear can be adjusted by 
this switch when the gear selector lever is 
in "M" position.
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2) Range Mode (Manual Mode)
This allows the driver to define the highest possible gear by selecting "+" or "-" on the gear 
selector when the lever is in the "M" position. When the lever is first moved to the manual "M"
position the transmission will select the lowest possible gear.
When maximum engine rpm is reached the transmission will upshift automatically regardless of 
the driver selected limit. 4WD models with low range will not automatically upshift when low 
range is selected.

Kickdown Function
If you need to accelerate rapidly, depress the accelerator pedal completely to the floor. 
Then, a one- or two-lever gear will automatically be engaged. 
This is called the Kickdown function.

1st Gear State▶

The 1st gear state will display on the instrument cluster. Unlike the normal 1st gear, engine 
braking will be available in this manual 1st state.

2st Gear State▶

3st Gear State▶

4st Gear State▶

5st Gear State▶

6st Gear State▶

The 2nd gear state will display on the instrument cluster. 2-1 automatic kick-down shifts are 
available. 2nd gear has engine braking available.

The 3rd gear state will display on the instrument cluster. 3-2 and 3-1 automatic kick-down shifts 
are available. 3rd gear has engine braking available.

The 4th gear state will display on the instrument cluster. 4-3, 4-2 and 4-1 automatic kick-down 
shifts are available. 4th gear has engine braking available.

The 5th gear state will display on the instrument cluster. 5-4, 5-3 automatic kick-down shifts are 
available. 5th gear has engine braking available.

The 6th gear state will display on the instrument cluster. 6-5, 6-4 automatic kick-down shifts are 
available. 6th gear has engine braking availabl
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4. LIMP HOME MODE
In case of transmission malfunction▶

1.

2.

3.

4.

In case of overheated transmission▶

Towing vehicle equipped with A/T▶

If a serious fault occurs in the automatic transmission, the TCU enters the limp home mode 
to secure safe driving and protect the automatic transmission.
As power is no longer supplied to the solenoid, the current basic function (P, R, N, D) is 
maintained and the 4th gear can be maintained only by the operation of the hydraulic 
system without electrical operation.
The ECU communicates with other electric modules with CAN. If a serious fault occurs, the 
transmission automatically enters the limp home mode for service.
The TCU monitors all factors which can af

The TCU enters the limp home mode when the batter voltage drops below 8 V.
If the transmission is overheated, the shift pattern is changed to the hot mode to cool the 
transmission more efficiently.
While the transmission is overheated, the selector lever symbol and engine temperature 
warning lamp on the instrument cluster blink until the transmission is cooled down to the 
normal operation temperature. If the transmission is excessively overheated, the gear 
cannot be shifted but remains in the neutral position.

1.
2.

3.

The best way to transport the vehicle is to load it to a truck and transport it, especially if the 
vehicle is 4WD.
 - If towing the vehicle with the propeller shaft connected, the transmission or oil pump 
   of transfer case may malfunction, resulting in internal damage due to poor lubrication.
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5. TRANSMISSION ELECTRONIC CONTROL SYSTEM
1) General FATCS About TCU
The transmission control unit (TCU) and its input/output network control the following 
transmission operations:

2) Transmission Control Unit
Caution: If the TCU requires reprogramming the handbrake must be firmly applied and the 
transmission placed in Park (P).
The transmission control unit (TCU) is mounted under the left-hand front seat and controls the 
operation of the transmission.
The TCU is activated and deactivated by the ignition power supply and is connected to the 
transmission link harness by a 26 pin connector.
The TCU processes information received from internal sensors and signals received across 
the CAN bus in analogue and digital forms such as:

Shift timing
Line pressure 
Clutch pressure (shift feel)
Torque converter clutch

-
-
-
-

In addition, the TCU receives input signals from certain transmission-related sensors and 
switches. The TCU also uses these signals when determining transmission operating strategy.
Using all of these input signals, the TCU can determine when the time and conditions are right 
for a shift, or when to apply or release the torque converter clutch. It will also determine the 
pressure needed to optimise shift feel. To accomplish this, the TCU operates six variable bleed 
control solenoids and four on/off solenoids to control transmission operation.
The following provides a brief description of each of the sensors and actuators used to control 
transmission operation.

Transmission input speed
Transmission output speed
Accelerator pedal position
Gear selector position
Engine torque
Engine speed
Transmission fluid temperature
Brake pedal status
Engine oil temperature
Engine coolant temperature
Ambient air temperature
Barometric pressure

-
-
-
-
-
-
-
-
-
-
-
-

This information is used by the TCU to decide which shift pattern to select and for shift energy 
management. Electro-hydraulic solenoid valves and variable bleed solenoids control the 
transmission gear changes.
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Six variable bleed solenoids and four on/off solenoids are used to direct transmission fluid flow 
to control the fluid pressure within the three clutches and two bands. Separate pressure 
regulators are used exclusively for torque converter clutch control and main transmission line 
pressure.
The TCU monitors all TCU inputs and outputs to confirm correct system operation. If a fault 
occurs the TCU is able to perform default action and inform the driver of the problem through 
the instrument cluster warning lights. Detailed information is available via trouble codes which 
can be read with the service tool.

Supply Monitoring▶

Solenoid Supply Monitoring▶

Gear Ratio Monitoring▶

Torque Converter Monitoring▶

If the battery voltage is either too great or too low, the TCU will detect a fault condition.

While the solenoid operating transistors are being activated, checks are run for open circuits, 
shorts circuits to ground and short circuits to supply. The monitoring function evaluates the 
voltage characteristics during the switch ON process checking for the above faults.

The gear ratio diagnostic checks if each gear ratio is correctly engaged. Also, following a gear 
shift the diagnostic checks if the transmission has engaged the target gear within the allowed 
time.

The TCU checks if the torque converter can be locked correctly. If torque converter lock-up 
does not occur correctly the TCU performs the appropriate fail-safe action of opening the 
torque converter clutch.

3) Transmission Control Monitoring System
The TCU monitors all input and outputs to identify possible failures. If a fault is detected, the 
TCU takes the appropriate action to ensure the transmission maintains a safe mode of 
operation, without sacrificing transmission durability or driver safety.

4) Shift Energy Management
This function involves reducing or increasing the engine output torque during shifting. The aim 
when upshifting is to reduce the energy which is dissipated in the friction elements of the 
transmission. This is done by reducing the engine torque during the ratio change without 
interrupting the tractive drive. This function is used for:
- Increasing the transmission service life by shortening the slipping time
- Improving the shift comfort by reducing the step change in torque caused by the gearshift
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- Transferring a higher engine power, this is allowed by the mechanical in-gear strength of the 
transmission
Real-time control of engine torque is required to maintain maximum shift quality and 
transmission durability. The TCU has the ability to control the engine torque during the gearshift 
to synchronise with the operation of the transmission clutches.

Pressure Modulation▶

To provide a high level of shift comfort and durability, the hydraulic pressure in the shift related 
friction elements of the transmission must be matched accurately to the transmission input 
torque. This hydraulic pressure is composed of a hydraulically pre-set basic pressure and a 
controlling pressure which is set by one of the variable bleed solenoids.
The transmission input torque can be directly calculated from the following operating 
parameters: engine torque signals, engine speed or any signals transmitted from the engine 
management ECU by CAN, and converter slip. Separate pressure characteristics for each gear 
change make it possible to adapt precisely to the particular shift operation.
High and Low range operation has different parameters to optimise shift quality. 

4) Shift Map Selection
The driver can manually select between normal (S) and winter modes (W) via the mode switch. 
Depending on the transmission temperature, uphill and downhill grades and altitude, shift maps 
will be selected by the TCU to suit the driving conditions. The following maps are available.

Normal Mode▶

Normal Mode is selected when the lever is in the D position with the mode switch in the normal 
(S) position and the transmission is within normal temperature ranges. Shift schedule points are 
optimised for fuel efficiency and general driving conditions.

Uphill and Downhill Mode▶

Altitude Mode▶

In this mode, depending on the load of the vehicle, adaptive shift maps are selected to 
progressively adjust the shift points and torque converter lock points.

Shift points are automatically adjusted at higher altitudes to compensate for changes in engine 
torque where the torque produced by the engine is greatly reduced by the effects of reduced 
barometric pressure and temperature.

Winter Mode▶

When winter mode is selected, starting in second gear is facilitated and the WINTER mode 
indicator light is switched ON. To prevent wheel spin on slippery surfaces, the transmission will 
not allow first gear unless manually overridden.
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Low Range Schedule▶

When the transfer case is in 4L position, the transmission uses a different shift map to optimise 
low range driving. Similar to winter mode, 1st gear is inhibited. The transmission may skip 
gears, e.g. 2-4, to optimise engine rpm.

Warm up Schedule▶

Used typically when transmission fluid temperature is below 20°C.

The torque converter will not lock-up below 20°C to assist in transmission warm-up.

Hot Mode▶

The hot mode is progressively applied between temperatures of 110°C- 145°C. The 
torque converter lock-up is increased to prevent heat generation by the torque converter.
As additional assistance to the hot mode, the following are activated:
- Above 110°C - the electrical radiator fans are switch ON
- Above 130°C - the engine torque will be reduced and the WINTER light on the 
instrument cluster will flash
- Above 145°C - the transmission will neutralise until the fluid temperature falls below 
120°C as a final protection.
Activation of the hot mode inhibits other transmission performance features including uphill and 
downhill compensation and altitude compensation. Some degradation in shift feel may be 
experienced as the torque converter is not unlocked during shifting. The fluid temperature must 
be below 105캜 to exit all hot modes.

Cruise▶

When cruise control is activated the engine ECU may request the transmission to downshift 
under trailing throttle conditions to increase engine braking.
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6. CONFIGURATION OF CAN RELATED TO TCU
1) Communication Network

The TCU sends signals to be used by other vehicle systems via the CAN bus, such as:

2) Embedded Memory Module
The embedded memory module (EMM) is 
matched to the transmission valve body 
during manufacture.
The EMM is integrated into the input speed 
sensor which is mounted on the valve body in 
the transmission.
The EMM data contains transmission specific 
characterisation information. Upon 
installation, the TCU will upload the data from 
the EMM and utilise this data in the operation 
of the transmission.

Selector lever position
Selected gear state
Manual mode activation
Output torque
Input speed
Output speed
Transmission fluid temperature
Engine torque reduction requests

-
-
-
-
-
-
-
-
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7. POWER TRAIN
The various power train of the transmission is as follow:

Gear States Summary▶

Power train - M 1st gear
Power train - D 1st gear
Power train - D 2nd gear
Power train - D 2nd gear - lockup
Power train - D 3rd gear
Power train - D 4th gear - D 4th gear - limp home mode
Power train - D 5th gear
Power train - D 6th gear

-
-
-
-
-
-
-
-
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Overall Hydraulic Circui▶
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Solenoids▶

There are in total 10 solenoids used to control the transmission. All solenoids are located in 
the Valve Body.
Solenoids S1, S2, S3 & S4 are ON/OFF solenoids. They determine the static gear position of 
the transmission by controlling the shift valves.
Solenoids S5, S6, S7 & S8 are Variable Bleeding Solenoids (VBS) which ramp pressure via 
a current change during gear shifting. They direct pressure to the regulator valves and are 
the primary means of controlling gear shift quality.
Solenoids S9 is also a variable bleeding solenoid. It controls Line Pressure. 
Solenoid S10 is a variable bleeding solenoid as well and is used for controlling the 
application of the Torque Converter lock-up clutch. 
ON/OFF Solenoids:

-

-

-

-
-

-

Gear States Summary▶

S1 controls apply/release of the C1 Clutch.
S2 controls apply/release of the C2 Clutch
S3 controls apply/release of the C3 Clutch & B2 Band
S4 controls apply/release of the B1 Band

-
-
-
-

VBS Solenoids are generally used for regulating and ramping pressure to different shift 
elements (clutch/band) :

-

S5 regulates pressure supplied to the C1 Clutch
S6 regulates pressure supplied to the C2 Clutch
S7 regulates pressure supplied to the C3 Clutch & B2 Band
S8 regulates pressure supplied to the B1 Band

-
-
-
-
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1) Power Train - "M" (Manual) Position
Power flow diagram▶

Functioning elements▶

C2 applied, drives FSG
B2 applied to hold Rear Planet Carrier held stationary.
This gear state provides engine breaking.

-
-
-

Control▶

Connecting Components▶

S1 is ON, S7 is ON
S1 ON moves C1 Shift Valve to the left end not allowing an application of the C1 Clutch.
S1 ON moves B2 Shift Valve to its left-end position allowing an application of the B2 Band.
(S7 must be ON as well).
C2 Shift Valve (S2 OFF) is open allowing drive oil to engage C2 Clutch.
Drive oil that engages C2 Clutch is regulated by VBS S6. 

-
-
-

-
-

Connecting Components▶

Manual 1st is not achieved by moving the Manual Valve into a certain position.
This gear state is obtained electronically by solenoids S1 & S7.

-
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Manual 1st - C2 & B2 ON (3.536)▶
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2) Power Train - "D" (Drive) 1st (Auto)
Power flow diagram▶

Functioning elements▶

C2 applied, drives FSG
Rear Planet Carrier held via 1-2 OWC

-
-

Control▶

Connecting Components▶

S1 is ON, S2 is OFF
S1 ON moves C1 Shift Valve to the left end not allowing an application of the C1 Clutch.
C2 Shift Valve (S2 OFF) is open allowing drive oil to engage C2 Clutch.
Drive oil that engages C2 Clutch is regulated by VBS S6. 

-
-
-
-
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Auto 1st - C2 & OWC ON (3.536)▶
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3) Power Train - "D" (Drive) 2nd
Power flow diagram▶

Functioning elements▶

C2 applied, drives FSG
B1 applied to hold RSG stationary

-
-

Control▶

Connecting Components▶

S1 is ON, S2 is OFF & S4 is ON.
S1 ON moves C1 Shift Valve to its left-end position not allowing the application of the C1 Clutch.
C2 Shift Valve is OPEN (S2 OFF) allowing drive oil to engage C2 Clutch.
Drive oil that engages C2 Clutch is regulated by VBS S6.
S4 ON moves B1 Shift Valve to its left-end position allowing engagement of B1 Band.
Drive oil that engages B1 Band is regulated by VBS S8.

-
-
-
-
-
-
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Auto 2nd - C2 & B1 ON (2.143)▶
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4) Power Train - "D" (Drive) 2nd - Lockup
Power flow diagram▶

Connecting Components▶
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2nd Lockup - C2, B1 & TCC ON▶



03-31

DSI M78 6-SPEED A/T
KYRON 2010.01

3650-01

5) Power Train - "D" (Drive) 3rd
Power flow diagram▶

Functioning elements▶

C2 applied, drives FSG
C3 applied, drives Rear Planet Carrier
Rear Planetary Gear Set is locked and the output is equal to the ratio of the Front Gear Set.

-
-
-

Control▶

Connecting Components▶

S1 ON moves C1 Shift Valve to the left end not allowing the application of the C1 Clutch.
C2 Shift Valve is open allowing drive oil to engage C2 Clutch (S2 OFF).
S3 & S7 ON moves C3 Shift Valve to the left end allowing the application of C3 Clutch.

-
-
-

Connecting Components▶

C3 Clutch cannot be engaged without S7 being ON and supplying pressure to the C3 
Regulator Valve.

-
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3rd Gear - C2 & C3 ON (1.478)▶
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6) Power Train - "D" (Drive) 4th - "D" (Drive) 4th Limp Home Mode
Power flow diagram▶

Functioning elements▶

C2 applied, drives FSG
C1 applied, drives Rear Planet Carrier

-
-

Control▶

Connecting Components▶

S1 is OFF, S2 is OFF.
C1 Shift Valve is OPEN (S1 OFF) allowing drive oil to engage C1 Clutch.
C2 Shift Valve is OPEN (S2 OFF) allowing drive oil to engage C2 Clutch.
Drive oil that engages C1 & C2 Clutches is regulated by S5 & S6 VBS, respectively for each
  clutch.

-
-
-
-

4th GEAR is used as a LHM state.-

Connecting Components▶
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4th & 4th LHM - C1 & C2 ON (1.156)▶
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7) Power Train - "D" (Drive) 5th
Power flow diagram▶

Functioning elements▶

C1 applied, drives Rear Planet Carrier
C3 applied, drives RSG

-
-

Control▶

Connecting Components▶

S1 is OFF,S2 is ON, S3 is ON.
S2 ON moves C2 Shift Valve to its left-end position not allowing the application of the C2 Clutch.
C1 Shift Valve is OPEN (S1 OFF) allowing drive oil to engage C1 Clutch
S3 ON and with S7 ON moves C3 Shift Valve to the left end allowing the application of C3 Clutc.

-
-
-
-
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5th Gear - C1 & C3 ON (0.866)▶
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8) Power Train - "D" (Drive) 6th
Power flow diagram▶

Functioning elements▶

C1 applied, drives Rear Planet Carrier
B1 applied to hold RSG

-
-

Control▶

Connecting Components▶

S1 is OFF, S2 is ON, S4 is ON.
S2 ON moves C2 Shift Valve to its left-end position not allowing the application of the C2 Clutch.
C1 Shift Valve is OPEN (S1 OFF) allowing drive oil to engage C1 Clutch
S4 ON moves B1 Shift Valve to its left-end position allowing the engagement of B1 Band.

-
-
-
-
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6th Gear - C1 & B1 ON (0.677)▶
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9) Power Train - Reverse
Power flow diagram▶

Functioning elements▶

C3 applied, drives RSG
B2 applied, holds Rear Planet Carrier stationary

-
-

Control▶

Connecting Components▶

S1 is ON, S2 is ON, S3 is ON.
Line pressure is directed via Manual Valve to apply B2 Band directly.
S3 ON allows ramping and regulating pressure supplied to the C3. 
S1 & S2 are ON not allowing engagement either C1 or C2 Clutch at any circumstances.

-
-
-
-
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Reverse - C3 & B2 ON (-3.094)▶
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10) Power Train - Reverse (Limp Home Mode)
Power flow diagram▶

Connecting Components▶
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Reverse at LHM - C3 & B2 ON▶
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11) Power Train - Parking
Power flow diagram▶

Connecting Components▶
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Park▶
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12) Power Train - Neutral
Power flow diagram▶

Connecting Components▶
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Neutral▶
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1. WIRING DIAGRAM 
DIAGNOSIS AND TESTING
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1) Transmission Control Unit

2. WIRE HARNESS CONNECTOR CHART

Connector Front View

3. UNIT CONNECTOR DESCRIPTION

Connector J1 (A)▶
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Connector J2 (B)▶

Connector J3 (C)▶
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2) Transmission

Connector J4▶

Connector Front View
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3) Inhibitor Switch

Connector J5▶
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1. DIAGNOSTIC TROUBLE CODE LIST 
TROUBLE CODE DIAGNOSIS
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2. SYSTEM DIAGNOSIS
1) TCU
The transmission control unit (TCU) controls transmission gear selection via variable bleed 
solenoids and On/Off solenoids. The TCU operating voltage is 8-16 V, with current draw 
typically being less than 4 amps but reaching as high as 10 amps during gear shifts.
As the mechanical components of the transmission change due to wear etc, the TCU adapts its 
shift data to accommodate these changes and maintain shift quality over the life of the vehicle. 
If a transmission component degrades to a point whereby the TCU is unable to adapt its shift 
data to maintain shift quality, the TCU will set a DTC.

Connector J5▶
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Schematic▶

Connector Details▶
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DTC Details▶

DTC Clearing▶
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2) Inhibitor Switch Assembly

DTC Description▶

The inhibitor switch assembly provides gear position data to the transmission control unit 
(TCU), inhibits starter motor operation when the transmission gear select (TGS) lever is not in 
the neutral or park position, and enables reverse light operation when the TGS lever is in the 
reverse position. The inhibitor switch has an individual circuit for each of these functions, with 
only the gear lever position circuit being connected directly to the TCU.
The TCU supplies a 5 V reference signal to the gear lever position circuit (inhibitor switch) and 
measures the voltage drop in the circuit to determine the gear lever position. There is a different 
resistance value for each position of the TGS lever.

Schematic▶

Connector Details▶
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Resistance Values▶

DTC Details▶

Gear Lever Position Sensor Specifications
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DTC Clearing▶
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3) Transmission Cooling

DTC Description▶

The transmission control unit (TCU) monitors the transmission oil temperature. If the vehicle 
cooling system is unable to maintain a satisfactory transmission oil temperature the TCU will take 
precautionary measures to prevent damage to the transmission and other vehicle components.
The TCU also monitors the rate of temperature change according to current operating conditions 
(performance). If the temperature sensor performance is outside a pre-determined set of values, 
DTC P0711 will set.

DTC Details▶

DTC Clearing▶
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4) Transmission Oil Temperature Sensor

DTC Description▶

The automatic transmission fluid temperature (TFT) sensor is mounted in the valve body 
harness tray. The TFT sensor is a negative coefficient thermistor. 
The transmission control unit (TCU) supplies a 5 V reference signal to the sensor and 
measures the voltage drop in the circuit. When the transmission fluid is cold, the sensor 
resistance is high, with the sensor resistance decreasing as the fluid temperature increases.

Schematic▶

Connector Details▶
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Resistance Values▶
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DTC Details▶

DTC Clearing▶
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5) Input Speed Sensor

DTC Description▶

The ISS sensor is a Hall Effect type sensor and is mounted on the valve body in the transmission.
The EMM is matched to the transmission valve body during manufacture. The EMM is integrated 
into the input speed sensor.
The hall effect sensor drives the signal low. The TCU then pulls the signal up to 5 V via a resistor, 
36 times per revolution of the C2 cylinder. 
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Schematic▶

Connector Details▶
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DTC Details▶
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DTC Clearing▶
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6) Transmission Gear Select Lever

DTC Description▶

The transmission gear select lever contains the mode switch, manual mode active switch and 
up/down switches. These switches are connected directly to the TCU. 

Schematic▶
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Connector Details▶

Resistance Values▶

Transmission Gear Select Lever

Resistance Values▶
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DTC Clearing▶
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7) Output Speed Sensor

DTC Description▶

The OSS sensor is a Hall Effect type sensor and is mounted at the rear of the transmission main 
case. 
The hall effect sensor drives the signal low. The TCU then pulls the signal up to 5 V via a 
resistor, 22 times per revolution of the transmission output shaft.

Schematic▶

Connector Details▶
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DTC Details▶

DTC Details▶
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8) Gear Engagement

DTC Description▶

Transmission gear change is controlled by the TCU. The TCU receives inputs from various 
engine and vehicle sensors to select shift schedules and to control the shift feel and torque 
converter clutch (TCC) operation at each gear change.
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DTC Details▶
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DTC Clearing▶
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9) Torque Converter Control

DTC Description▶

The torque converter lock-up clutch is engaged and released via the hydraulic control system.
Pressure at the torque converter lock-up clutch piston is determined by an electronic variable 
bleed solenoid (VBS). During operation, the TCU evaluates torque converter slip speed and 
compares this against what is expected. If torque converter slip is not within predefined 
parameters, a DTC will set to indicate a torque converter lock-up problem.
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DTC Details▶

DTC Clearing▶
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10) Steering Wheel

DTC Description▶

The steering wheel contains transmission gear select (TGS) up/down switches and are directly 
connected to the TCU. These switches operate in parallel with the TGS lever switches directly 
to the TCU.

Schematic▶



03-126

KYRON 2010.01

3110-00

DSI M78 6-SPEED A/T

Connector Details▶

Resistance Values▶

DTC Details▶
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DTC Clearing▶
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11) Variable Bleed Solenoids
The transmission control unit uses variable bleed solenoids to regulate hydraulic pressure. This 
hydraulic pressure controls torque flow through clutch elements within the transmission.
The TCU is able to vary the amount of torque applied to the clutch elements by controlling the 
current to the variable bleed solenoid windings. The clutch element torque transfer is directly 
related to the current applied to the solenoids.
During operation, the TCU evaluates the actual current delivered to the solenoid and compares 
this against what is expected. If the current is not within predefined parameters, a DTC will be 
set to indicate the load on the TCU is abnormal.
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DTC Description▶

Schematic▶

Connector Details▶
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DTC Details▶
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DTC Clearing▶
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12) On/Off Solenoids
The TCU uses on/off solenoids to select between different clutch elements within the 
transmission.
During operation, the TCU evaluates the actual current delivered to the on/off solenoid and 
compares this against what is expected. If the current is not within predefined parameters, a 
DTC will be set to indicate the load on the TCU is abnormal.

DTC Description▶
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Schematic▶

Connector Details▶
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DTC Details▶
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DTC Clearing▶
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13) CAN Network
The Controller Area Network (CAN) bus is used to share vehicle system information between 
the control units connected to the bus. The TCU obtains the majority if its information via this 
network. If the TCU does not receive information at regular intervals from the electronic control 
units connected to the bus, the TCU will set a communication DTC.

DTC Description▶
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Schematic▶

Connector Details▶

DTC Details▶
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DTC Clearing▶
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14) TCU Calibration
TCU software or calibration may be upgraded at service. These DTC뭩 protect the TCU 
against corrupted files being loaded into the TCU. They also ensure only the correct calibration 
parameters are used with the software version currently loaded into the TCU.

DTC Description▶
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DTC Details▶

DTC Clearing▶
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3680-01MAINTENANCE OPERATIONS

1. OIL TEST 
GENERALS

1) Hydraulic System
If there is a problem in the hydraulic system, perform the following:

Test transmission oil
Inspect the manual linkage adjustment
Check the engine's idling speed
Perform the stall test
Perform the driving test

-
-
-
-
-

2) Oil Test
Check the Amount of Oil▶

This check must be performed when the engine is warm. If there is insufficient oil and the 
vehicle moves, shift loss or delay may happen. 
First, check the transmission malfunction code. If there is a problem with the shaft speed, 
insufficient oil may cause the problem.
When there is an abnormal shift delay or loss of driving power during driving or reversing, 
perform the driving test. When the level of oil is low and this vehicle is moving on a corner, there 
will be a brief driving power loss.  
When both oil temperature and level are low, there will be loss of driving power. Replenish oil if 
the engine is completely warmed up and there is no loss of driving power, but there is still a 
problem with the vehicle speed.

Oil Check and Replenishment▶

When replenishing or changing transmission oil, a genuine recommended oil must be used. 
If non-approved oil is used, it will have fatal impacts on the transmission's performance and life. 
Never use such oil. Wrong oil can damage the transmission. 
When the transmission oil is hot, do not remove the filler plug. Wait for 2 hours to cool down the 
oil. Then, remove the plug. 

 When the engine is hot, wait for 2 hours before replenishing transmission oil. Then, the 
transmission's temperature also becomes cooled down to a proper range. When the filler 
plug is removed while the temperature of oil is hot, oil will flow out and its level in the 
transmission will go down. 
Push the selection lever to the "P" position and shut off the engine. 
Raise up the vehicle with a proper lift. 
Clean up the surroundings of the filler plug before removing the plug. After removing the 
plug, clean up the plug thoroughly and inspect the O-ring for any damage.

1.

2.
3.
4.



03-145

DSI M78 6-SPEED A/T
KYRON 2010.01

3680-01

After attaching the filler pump to the transmission, lower the vehicle and replenish oil. 
Engage the parking brake, start the engine while the selection lever is engaged to "P" and 
press the foot brake. Then, start shifting the selection lever to all positions. Replenish oil 
until you can sense moving of the transmission gears. 
Shut off the engine again and raise up the vehicle. Ensure that the vehicle maintains 
horizontal balance. 
Shut off the engine, wait for at least 3 minutes (within 1 hour), and remove the filler pump.  If 
oil reaches to just below the filler inlet, it is appropriate. If not, replenish oil until it reaches 
this level. 
Replace the filler plug with a new one. Wipe off oil on the transmission or other parts of the 
vehicle. 
Apply the specified torque to tighten up the filler plug (30 ~ 35 Nm).

5.

6.

7.

8.

9.

Oil check/Replenishment when there is an insufficient amount of oil▶

Engage the shift lever to the "P" position and shut off the engine. 
Raise this vehicle with an appropriate lift.
Clean up the surroundings of the filler plug before removing the plug. After removing the 
plug, clean up the plug thoroughly and inspect the O-ring for any damage. Then, attach the 
filler pump to the oil inlet. 
After attaching the filler pump to the transmission, lower this vehicle and replenish oil.

1.
2.
3.

4.
When the transmission torque converter has no oil: 9.5 ℓ

When the transmission torque converter is filled with oil: 4.5 ℓ

a.
b.
Engage the parking brake, start the engine while the selection lever is engaged to "P" and 
depress the foot brake. Then, start shifting the selection lever to all positions. Replenish oil 
until you can sense moving of the transmission gears. 
Add a 0.5 ℓ of recommended oil. 
Shut off the engine and raise this vehicle with an appropriate lifte. Detach the filler pump. 
Replace the filler plug with a new one (Tightening torque: 30 ~ 35 Nm).
When this vehicle travels 3.5 ~ 4.5 kilometers with the engine's RPM below 2500, the 
temperature of the transmission will reach to 50 ~ 60°C.  
With the engine idling, press the brake pedal and shift the transmission selector lever to all 
positions several times. 
Shut off the engine and raise the vehicle with an appropriate lift. Maintain horizontal balance 
of the vehicle if possible. 
Remove the filler plug 3 minutes after shutting off the engine. If oil reaches just below the 
filler inlet, it is appropriate. If not, replenish oil until it reaches this level.
Replace the filler plug with a new one. Wipe off oil on the transmission or other parts of the 
vehicle. Apply the specified torque to tighten up the filler plug (30 ~ 35 Nm). 

5.

6.
7.

8.

9.

10.

11.

12.
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2. STALL TEST
Stall testing can be performed on the Model 78 6 speed automatic transmission to determine 
whether the transmission clutches can hold the full engine torque without slipping.
Stall testing should be performed for a period no longer then 10 seconds.  

Apply Hand Brake
Start Engine
Press Brake Pedal
Shift to "DRIVE" 
Press Accelerator Pedal to 100 % for 6 seconds
Observe Engine speed
Release Accelerator Pedal
Shift To Reverse
Press Accelerator Pedal to 100 % for 6 seconds
Observe Engine speed

-
-
-
-
-
-
-
-
-
-

If engine speed is observed > 3000 rpm; transmission hardware failure
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3. TRANSMISSION RESET PROCEDURE
    (REPLACEMENT TRANSMISSION)
t is necessary to reset the adaptive data stored within the transmission control unit (TCU) when 
the transmission and or TCU have been replaced.

Green Offset Reset▶

Carried out when a replacement transmission has been installed in a vehicle.

Adaptive Reset▶

Carried out when one of the following has occurred:
Replace transmission
Replace TCU

-
-

Green Offset Reset Procedure▶

To perform a green offset reset procedure, proceed as follows:
Connect the vehicle's diagnostic scan tool to the vehicles diagnostic connector. Refer to the 
vehicle repair manual for information on connecting the scan tool.
With the transmission gear select (TGS) lever in Park, turn the ignition key to the ON position 
(engine not running).
Using the scan tool, set the parameter Set Km Travelled to 0Km.
Run the task Activate Adaptive Green Offset.
Turn the ignition key to the OFF position.
Start the vehicle and check for normal operation.

1.

2.

3.
4.
5.
6.

Adaptive Reset Procedure▶

To perform an adaptive reset procedure, proceed as follows:
Connect the vehicle's diagnostic scan tool to the vehicles diagnostic connector. Refer to 
the vehicle repair manual for information on connecting the scan tool.
With the transmission gear select (TGS) lever in Park, turn the ignition key to the ON 
position (engine not running).
Set the parameter Set Km Travelled to 0 Km.
Run the task Reset Adaptive Data.
Turn the ignition key to the OFF position.
Start the vehicle and check for normal operation.

1.

2.

3.
4.
5.
6.
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4. FLUID LEVEL INSPECTION

As the temperature of the transmission fluid greatly affects the fluid level, this procedure 
must only be carried out with the transmission fluid temperature below 50°C). If the 
transmission fluid temperature is greater than 50°C and the correct procedure is not 
followed, the result could be a false reading of the fluid level.
Fluid level inspection must be carried out with the vehicle level.
Caltex PED 1712 ATF must be used.

-
-
-

Raise the vehicle on a certified hoist. 
Place a drain container below the fluid level 
hole and remove the transmission fluid level 
plug (1).
If fluid starts to drain from the fluid level hole, 
reinstall the fluid level plug. If no fluid drains 
from the fluid level hole, fill the transmission 
until fluid starts to drain from the level hole and 
reinstall the plug.
Drive the vehicle for approximately five 
minutes.
Connect the vehicle's diagnostic scan tool to 
the vehicles diagnostic connector. Refer to the 
vehicle repair manual for information on 
connecting the scan tool.
With the gear select lever in the Neutral 
position, start the engine and allow to run at 
idle until the transmission fluid temperature 
reaches 50°C.

1.
2.

3.

4.

5.

6.

Use the scan tool to monitor the transmission fluid temperature. 

Raise the vehicle on a certified hoist.
When the transmission fluid temperature reaches 50°C turn off the engine.

Place a drain container below the fluid level hole and remove the transmission fluid level plug. 
Allow transmission fluid to drain from the fluid level hole for 50 seconds.
Reinstall the fluid level plug and tighten the plug to the correct torque specification.

7.
8.
9.

10.

Lower the vehicle to the ground and road test the vehicle to check vehicle operation and for 
fluid leaks.

11.
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5. TRANSMISSION COOLER AND HYDRAULIC LINE  
    FLUSHING PROCEDURE

To prevent transmission damage due to contaminants being present in the transmission 
cooler and/or hydraulic lines, the cooler and lines must be flushed.

Raise the vehicle on a certified hoist. 
Using compressed air, clear the cooler lines of any residual fluid.
Connect the front transmission cooler line to the transmission.

1.
2.
3.

Connect one end of a rubber hose to the end of the rear cooler line and place the other end 
in a suitable container to collect the transmission fluid as it is pumped out.
Start the engine and run for approximately 30 seconds at idle. (With ATF at 50°C 

temperature, a minimum of 2.5litres oil flow after 30 seconds.) 
Whist the engine is running, have an assistant pump transmission fluid into the transmission 
fluid level hole.
Connect the rear transmission cooler line to the transmission.

4.

5.

6.

7.

Check the transmission fluid level; refer to Fluid Level Inspection on page 69.8.

6. LUBRICATION
Automatic transmission fluid..................Caltex PED 1712 ATF
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7. TRANSMISSION COOLER AND HYDRAULIC LINE  
    FLUSHING PROCEDURE(NEW TRANSMISSION)
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3721-01TGS LEVER
OVERVIEW AND OPERATION PROCESS
1. OVERVIEW

The TGS lever communicates with TCU (Transmission Control Unit), ECU (Engine Control 
Unit), ESP HECU and instrument panel to let the driver shift to desired gear as well as to 
keep desired driving conditions. The tip switches installed on the lever knob and the steering 
wheel is for selecting gears manually with the selector lever in the "M" position. The tip 
switches on the steering wheel is for driver's convenience especially when driving on bumpy
road (during engine braking). Gear shifting with the tip switches is only possible when the 
selector lever is in the "M" position. For safety reason, it is possible to move the selector lever 
from the "N", "P" or "R" position to any other positions only when the ignition key is in the 
"ON" position and the brake pedal is depressed (N, P and R lock functions). The TGS lever of 
KYRON from March '07 is the same as the one of REXTON II in the aspect of the system, but 
the knob, the top cover, the lever, the bracket and the rod is newly designed due to 
differences of the shape of the lever mounting body.

2. LOCATIONS AND COMPONENTS
Tip switch (-) Tip switch (+) TGS lever knob

TGS lever

Tip switch
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3. INPUT/OUTPUT OF TGS LEVER
The TGS lever detects the vehicle speed and the brake 
operation for P, R and N lock functions and turns on the 
backup lamp when reversing with the lever in "R" position.
Also, it detects signals from the tip switches on the lever 
knob and the steering wheel and sends them to TCU to 
shift into a gear driver wants.
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3710-01T/M LEVER
OVERVIEW AND OPERATION PROCESS
1. CIRCUIT OF ION 4-SPEED AUTOMATIC T/M
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2. CIRCUIT OF SHIFT INTER LOCK
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GENERAL
1. OVERVIEW AND CHARACTERISTICS OF MANUAL 
    TRANSMISSION
1) SYSTEM COMPONENTS

Inside

Front View

(1) Features
All gears use the helical type and high strength materials.1.

The helical type gear prevents the axial gear missing and provides less noise.-

The semi-remote control type gear shift mechanism is used to prevent incorrect shifting.
To improve the shifting performance, 3-piece double cone is used for 1/2 shift.
The synchronizing devices are installed in 1/2, 3/4, 5/R gears. To prevent the double 
engagement, the independent interlock devices are installed.

2.
3.
4.

The clutch release system is available to use CSC (Concentric Slave Cylinder) or Fork type 
according to the vehicle model.

5.

TSM54/52 transmission uses the inertia lock type key to make smooth gear engagement 
and to provide silent gear engagement.

-
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2. SPECIFICATIONS AND TIGHTENING TORQUE OF     
    MANUAL TRANSMISSION  
1) Specifications

2) Tightening Torque
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Inside N Switch

OVERVIEW AND OPERATION PROCESS
1. MANUAL TRANSMISSION SYSTEM
1) Neutral Switch

Outside N Switch

N (Neutral) Switch
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2) Function of N Switch
Aids a smooth start of the vehicle by raising the RPM during the gear shifting when 
the engine is cold.

▶

When the vehicle is trying to start from the stopped state (vehicle speed below 3 km/h), the N 
switch determines the shifting timing by using the clutch switch and the N switch. It raises the 
engine RPM (100 ~ 200 rpm). Operation conditions are as follows.

The vehicle speed is at the stopped state (Vehicle speed below 3km/h detection).
While depressing the clutch (Clutch switch detection).
The gear lever is at a position other than neutral (N switch detection).
Start the vehicle while depressing the clutch pedal (Clutch switch detection).
The RPM increases in accordance with the temperature of the engine coolant 
(Engine coolant temperature sensor detection).

-
-
-
-
-

: appx. 100 rpm increase
: appx. 100 ~ 170 rpm increase
: appx. 80°C (normal temperature of the engine coolant): around 200 rpm increase

When the gear has been smoothly shifted and the vehicle speed exceeds 3km/h, it returns 
to the previous operation interval of the engine RPM.

-

In case of Kyron, the N switch signal is transmitted to the instrument panel, and then the 
instrument panel transmits it to the engine ECU through the CAN communication.

Vehicle Made After 04.09.15 Kyron
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Detects the position of the shifting lever for the HDC operation among ABS/ESP
functions.

▶

It is used for the second item of the 6 operation conditions of the ABS/ESP's HDC function. 
Please refer to the ABS/ESP section for the specific information related to the HDC.

andHDC Operation switch ON
Forward/Reverse Shifting lever location

-
- and

Manual transmission: operates in the 1st gear or reverse gear position 
                                   (does not operate in the neutral position).
Automatic transmission: possibly operates except in the P (parking) or N (neutral)  position.

·

·

The vehicle with the manual transmission does not have a separate device or switch that 
detects the 1st gear. It only detects the forward/reverse direction of the vehicle through the 
back-up light switch and the neutral switch, and cannot solely detect the 1st gear position. 
The reason for noting the 1st gear above, though the HDC also operates in the 2nd gear 
position, is because the engine may turn off during the HDC operation process. You may
face a very dangerous situation if the engine turns off at a steep hill.
The HDC aids the slowdown of the vehicle when driving down a steep hill and cannot 
sufficiently decelerate only with the engine brake. Thus, a driver must operate the HDC
only in the 1st gear when driving a vehicle with the manual transmission.

-

-

When not depressing the accelerator pedal or brake pedal.
The vehicle speed is above 7 km/h 
(based on the automatic transmission/4H drive mode).
The ESP's vehicle position control function and HBA function are not in operation.

-
-

-

and

and

and
The HDC is added to aid drivers when driving down the hill, but when any basic 
function of the ESP is in operation prior to the HDC system operation, the ESP takes 
priority over the HDC.

·

The inclination of the driving road exceeds 10%.-
When the inclination of the driving road exceeds 10%, the HDC operates until the 
vehicle reaches the speed condition given in step 4).

·

When the Inclination is 10% ~ 20% During the HDC Operation

When depressing the accelerator pedal or brake pedal, it converts to the stand-by mode, and 
when depressing the accelerator pedal again, the HDC operates again. Therefore, driver may
maintain a desired speed by repeating this depressing and releasing process of the accelerator 
pedal.

When the Inclination Exceeds 20% During the HDC Operation

When depressing the accelerator pedal, it converts to the HDC operation stand-by mode. 
When depressing the brake pedal, the HDC operation state is maintained and the braking 
power is enhanced.
In this case, the HECU emits an abnormal noise and the brake pedal may feel very rigid, but 
this is a normal occurrence resulted from the HDC operation.
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Overview of HDC Operation

HDC (Hill Descent Control) System
The HDC system is an automatic descent control device that allows the vehicle to 
automatically decelerate to about 7 km/h with increment of 0.1G, on steep roads (inclination 
exceeding 10%) through a separately installed switch operation. When the vehicle speed 
reaches below 7 km/h (refer to the information below), the HDC automatically terminates the 
operation.
The HDC does not have a separate sensor for the input signal and detects the inclination of 
hills by using the G sensor (acceleration sensor) in the sensor cluster.

HDC Switch

When you see a steep downhill ahead, press the HDC switch 
and the green HDC indicator comes on. When the G sensor 
within the sensor cluster detects a inclination exceeding 10%, 
the ESP's HDC function operates. When this occurs, the 
green HDC indicator goes off along with a loud operation 
noise.

Sensor Cluster

The G Sensor within the sensor cluster detects the inclination 
of driving roads. When the HDC switch is in operation, if the 
G sensor detects a downhill inclination exceeding 10%, it 
transmits the HDC operation signal to the ESP HECU.
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HDC Indicator (Instrument panel)

When pressing the HDC switch, the green HDC indicator on 
the instrument panel comes on, and when the HDC operates, 
the green HDC indictor blinks with 0.5 seconds of interval.

Red Letters

HDC

Green Letters

HDC

The G sensor within the sensor cluster measures the actual road inclination.
However, it may recognize a sharp turn or rough road as a downhill with a inclination 
exceeding 10%, and the HDC may operate.

-

For the specific information, please refer to the ABS/ESP section.※
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3) Variant Coding Related to N Switch
Kyron's N Switch transmits information to the ECU through the CAN communication while New
Rexton is connected to the ECU through wires. Thus, if you set the variant coding in the engine 
ECU, you must do it differently, and you must set the variant coding differently according to the 
vehicle category and specification as below.

Variant Coding Options
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CLUTCH
KYRON 2010.01

3010-01

GENERAL

1. CLUTCH SPECIFICATIONS 

2. TIGHTTENING TORQUE
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OVERVIEW AND OPERATION PROCESS
1. FUNCTION AND OVERVIEW
1) SAT (Self Adjusting Technology) Clutch System

(1) FunctionInternal Components of Clutch Cover
SAT is new clutch system which adjusts 
the clutch freeplay according to the wear 
of clutch disc.

(2) Operation description
Diaphragm spring rotates the adjusting 
equipment as clutch disc is wearing and 
so, pressure plate is pushed to clutch 
disc side at the amount of wear.

-

2) Overview

Driven Elements▶

Driving Elements▶

The driving elements consist of two flat surfaces machined to a smooth finish.
One of these is the rear face of the engine flywheel and the other is the clutch pressure 
plate. The clutch pressure plate is fitted into a clutch steel cover, which is bolted to the 
flywheel.

The driven element is the clutch disc with a splined hub which is free to slide lengthwise 
along the splines of the input shaft.
The driving and driven elements are held in contact by spring pressure. This pressure is 
exerted by a diaphragm spring in the clutch cover pressure plate assembly.

Operating Elements▶

The clutch "release" system consists of the clutch pedal and clutch release cylinder.
This system directly releases the clutch by using hydraulic pressure while the conventional 
clutch system releases the clutch by using release lever and release fork. This system 
provides higher efficiency than conventional clutch system, and its durability is superior.
1) Clutch master cylinder (mounted on clutch pedal) 
2) Concentric slave cylinder pipe (mounted inside of transmission)

Disc wear (Free play) → Diaphragm 
spring (      ) → Adjusting equipment 
(      ,      ) → Pressure plate (      )

-



07-5

CLUTCH
KYRON 2010.01

3010-01

3) Functions
Components of Clutch Assembly

Adapter/Pipe Assembly

Clutch Assembly Concentric Slave Cylinder
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Cross Sectional View of Clutch Assembly

1. Transmission housing
2. Clutch disc assembly

3. Clutch disc cover assembly
4. Bolt

5. Washer
6. Bolt



08-3

AXLE
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GENERAL

1.  AXLE SPECIFICATIONS 

Specification

Torque

Gear ratio

Type

Size

Offset

Housing

Specification

Capacity

Length

Width

Weight

→ →

←

←

←

←

←

←

←

←

←

←
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OVERVIEW AND OPERATION PROCESS

1. AXLE OVERVIEW
Compared to previous models, in addition to existing 5-link suspension, the IRDA (Independent 
Rear Drive Axle) is adopted for the independent type suspension in this vehicle.
The below figures for rear axle show the rear axle with the independent type suspension (4WD, 
A/T).

Front Axle

Rear Axle

IRDA (Independent Rear Drive Axle)



09-2

KYRON 2010.01

4210-01

AXLE (IOP)

4210-01AXLE (IOP)
OVERVIEW AND OPERATION PROCESS
1. OVERVIEW

The 2007 Kyron is equipped with different types of front and rear axles. 
As the IOP axle is installed, AWD (All Wheel Driver) transfer case and the switchable engine 
mount are installed.

This vehicle is equipped with front IOP axle system and IRDA with new technology.
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The IOP front axle is integrated with the engine oil pan so that the engine 
mounting height is lowered and the engine vibration is reduced.

There is not much different in the rear axle system. However, as 
EAS and EPB with new technology are adopted, suspension 
specification and rear axle module have been changed.

IOP axle

Front Axle

Conventional axle (Non IOP axle)

5-link type rear axle (semi floating type: integrated type)

Independent suspension 
type rear axle (IRDA)

Rear Axle
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2. WHEEL ALIGNMENT

Actions▶

Before performing the wheel alignment, unload all the items from the vehicle.
When setting the wheel alignment tools, the above adjustment values should be followed.
The difference of the front camber and the caster at both ends should be below 30' (0.5°).

1.
2.
3.
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GENERAL

1. PART TIME TRANSFER CASE OVERVIEW
By using the planetary gear sets, two-gears shift type part time transfer case achieves direct 
connection when selecting 4WD "HIGH" and 2.48 of reduction gear ratio when selecting 4WD 
"LOW". The silent chain in transfer case transfers the output power to front wheels.
The simple operation of switches on instrument panel allows to shift between "2H" and "4H" 
easily while driving (for 4L: stop vehicle first). The warning lamp warns the driver when the 
system is defective.
The 4WD system integrated in KYRON does not have big difference in comparison to the 
conventional part time transfer case, but the changes in comparison to the conventional 
transfer case are as follows:

No additional coding is required when replacing TCCU.
Delete the devices (tone wheel speed sensor, wiring etc.) related to the speed sensor in 
the transfer case.
This system receives the speed signals from ABS/ESP HECU or instrument panel (for non-
ABS vehicle(Note 1) through the CAN communication.
The new TCCU is available to install on the vehicle with the conventional DI engine part 
time TCCU.

-
-

-

In non-ABS vehicle, the vehicle speed sensor is installed on the rear drive axle. The 
engine ECU sends the speed signal to the instrument panel, and then the instrument panel 
provides the information to TCCU and other devices.

-

2. PART TIME TRANSFER CASE SPECIFICATIONS 

3240-01PART TIME TRANSFER CASE        LOCKING HUB SYSTEM&
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OVERVIEW AND OPERATION PROCESS
1. STRUCTURE

Rear propeller shaft

Part time transfer case

Rear axle (IRS type)

Transmission

Front propeller shaft

Front locking hub
system (IWE)

Front axle
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1) Components Location

Transfer case main connector

Rear propeller shaft

Transfer case assembly

Oil drain plug
(Tightening torque: 19 ~ 30 Nm)

Front propeller shaft
Oil filler plug

(Tightening torque: 19 ~ 30 Nm)

Magnet clutch power supply
connector (for 1 pin) 

T/C motor

Damper

Shift motor connector



10-6

KYRON 2010.01

3240-01

T/C

2. SYSTEM LAYOUT AND FUNCTIONS
1) System Layout

Indicators 
(T/C control indicator lamp)

T/C control switch
HECU 

(Wheel speed signal)

TCCU

CAN Communication

Vacuum
 line

Front 
output
shaft

Transfer case

Magnetic
clutch

Motor

Output

Solenoid valve

Atmo
sphere

FL Locking hub FR Locking hub
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3. LOCKING HUB SYSTEM
The transfer case and the TCCU differ from previous models only in the speed sensor related 
parts. However, the vacuum locking hub operation system works oppositely from previous 
models and its components also have changed.
The vacuum locking hub that is applied to Kyron uses the IWE (Integrated Wheel End) system, 
and in this system, the vacuum is generated only within the hub actuator.
It is structured to transmit power to the front section after the actuator hub is engaged following 
the release of vacuum from the drive shaft end gear and the hub end gear.

Operating Process

Vacuum generation process in front hub actuator:
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1) Vacuum System

Vacuum operation during 2WD 
mode
During 2WD mode, the vacuum 
pressure from vacuum pump is 
continuously transmitted to the 
locking hub system. This vacuum 
pressure pulls in the locking hub 
actuator so that it will not be 
engaged with the front end hub 
gear.

In 4WD mode, the TCCU blocks 
the transferring of vacuum 
pressure from vacuum pump to 
locking hub by supplying the 
power to solenoid valve.

2WD (applying vacuum pressure to 
hub actuator)
The vacuum pressure pulls in the locking 
hub actuator so that it will not be engaged 
with the front end hub gear.

4WD (releasing vacuum pressure 
from hub actuator)
The vacuum pressure is released from 
the hub actuator. At this time, the front 
hub end gear is engaged.

Atmosphere
(in 4WD mode)

Air filter
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4. POWER FLOW
1) POWER FLOW

Switch Transfer
2H, 4H → 4L

TCCU

Locking Hub Solenoid

Locking Hub Operation
(Internal vacuum released)

Front Propeller Shaft

Transfer

Rear Propeller Shaft

Front Axle

Front Wheel Rear Wheel

Front Axle
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2) 2H MODE (2WD)

Power Flow▶

Transmission
Output Shaft

Transfer Case
Input Shaft

↓

Output Shaft

Rear Propeller Shaft

Rear Wheel

Rear Axle

Rear Wheel
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3) 4H MODE (4WD - HIGH SPEED)

Power Flow▶

Transmission
Input Shaft

TCCU Motor

Shift
Cam, Rail, Fork

Magnetic
Clutch

T/C Output 
Shaft

Rear Propeller
Shaft

Locking Hub Solenoid
Operation

Engagement of Front Drive 
Shaft and Locking Hub

Front Wheel Drive

4WD-HI
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4) 4L MODE (4WD - LOW SPEED)

Power Flow▶

Transmission
Input Shaft

TCCU Motor

Shift
Cam, Rail, Fork

Planetary 
Gear

Output 
Shaft

Locking Hub Solenoid
Operation

Engagement of Front Drive
Shaft and Locking Hub

Front Wheel Drive

4WD-LO

Rear Propeller
Shaft

Magnetic
Clutch



PROPELLER SHAFT
3310-01/3310-00/3310-06

PROPELLER SHAFT

GENERAL

1. SPECIFICATION....................................

OVERVIEW AND OPERATION 
PROCESS

1. OVERVIEW............................................
2. COMPONENT LOCATOR.......................
3310-01 FRONT PROPELLER SHAFT.......
3310-06 REAR PROPELLER SHAFT.........
3310-00 DISASSEMBLY AND 
              REASSEMBLY PROPELLER 
              SHAFT.........................................
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4
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7
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PROPELLER SHAFT
KYRON 2010.01

3310-00

3310-00PROPELLER SHAFT
GENERAL
1. SPECIFICATION
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PROPELLER SHAFT

OVERVIEW AND OPERATION PROCESS
1. OVERVIEW

The propeller shaft transfers the power 
through the transmission and transfer case 
to the front/rear axle differential carrier (final 
reduction gear). It is manufactured by a thin
rounded steel pipe to have the strong 
resisting force against the torsion and 
bending.
Both ends of propeller shaft are connected 
to the spider and the center of propeller 
shaft is connected to the spline to 
accommodate the changes of the height and 
length. The rubber bushing that covers the 
intermediate bearing keeps the balance of 
rear propeller shaft and absorbs its vibration.
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2. COMPONENT LOCATOR
1) Cross Sectional View

1. Flange yoke
2. Journal bearing cap
3. Spider journal
4. Slip yoke assembly
5. Grease nipple
6. Dust cap
7. Oil seal

8. Split washer
9. Slip tube shaft
10. Tube
11. Tube yoke
12. Flange yoke
13. Center bearing

Front propeller shaft

Rear Propeller Shaft
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2) Propeller Shaft Assemble

1. Propeller shaft
2. Joint (propeller front)
3. Joint (propeller rear)

4. Yoke (front)
5. Yoke (rear)
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3310-01 FRONT PROPELLER SHAFT

Manual Transmission Automatic Transmission 
(For Gasoline Engine)

Remove the flange yoke mounting bolt on 
the transfer case side of the front 
propeller shaft.

1.

Put installation marks on the yoke to the 
propeller and the flange to the transfer 
case.

-
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Remove the flange yoke mounting bolt 
and nut on the front axle side of the front 
propeller shaft.

2.

Put installation marks on the yoke to the 
propeller and the flange to the transfer 
case.

-

Remove the front propeller shaft.3.
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3310-06 REAR PROPELLER SHAFT

Remove the yoke mounting bolt and nut on the transfer case side of the rear propeller shaft.1.

Put installation marks on the yoke of the rear propeller shaft and the flange of the 
transfer case.

-
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Remove the intermediate bearing(center) bolts.2.

Remove the yoke and flage mounting bolts and nuts on the rear axle side of the 
rear propeller shaft. Then, remove the rear propeller shaft.

3.
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3310-00 DISASSEMBLY AND REASSEMBLY
PROPELLER SHAFT

1) Disassembly
Place an alignment mark and remove the 
propeller shaft.
Place an alignment on the spiders before 
removing.

1.

2.

Remove the snap ring with snap ring pliers.3.

Tap the yoke shoulder on shaft with 
copper hammer to remove the roller 
bearing. Remove the other bearings with 
same manner.

4.

If it cannot be removed, hold the welding 
area with vise and remove the needle 
bearing by using a suitable drift and 
hammer.

5.
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Disassemble the universal joint.
The universal joint compensates the 
angle changes due to vertical movement
of the axle shaft.

6.

Remove the intermediate bearing bracket 
and remove the bearing with special tool.

7.
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2) Check
Visual Check Check the components for 
wear and crack and replace if needed.
Outer diameter of spider journal.

1.

2.

Clearance between spider journal and 
bearing.

3.

Run-out of propeller shaft Set up the dial 
gauge on the center point of propeller 
shaft and measure the run-out. If the run-
out is out of the specified range, correct it 
with press or replace it with new one.

4.

Starting torque of universal joint.5.

Specified value 17.893 mm

Limit 17.910 mm

Specified value 0.03 ~ 0.098 mm

Limit 0.25 mm

Limit 0.4 mm

Specified value 3 ~ 8 kg.cm

Major causes of vibration6.
Balance weights missing
Excessive run-out of propeller shaf
When using the general bolts
Excessive wear of universal joint
Stuck in sleeve joint
Vibration is mainly caused by the angle 
changes in front and rear universal joint. 
It normally occurs when the vehicle 
speed is 60 ~ 100 km/h.

-
-
-
-
-
-
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3) Assembly

Align the alignment marks on the yoke 
and assemble the spider, bearing and 
snap ring.

1.

Apply the grease to the inner lip of 
needle roller bearing and assemble the 
needle roller.

2.

Install the yoke bearing shaft on the shaft 
and insert the spider. Place the cap on 
the opposite side and tap it with plastic 
hammer to seat it. Adjust the clearance 
of spider below 0.1 mm and install the 
snap ring.

3.

Install the intermediate bearing to the 
rear propeller shaft.
Apply the grease on the propeller shaft 
and install it.

4.

5.

Clean the components and replace if damaged.
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SUSPENSION
KYRON 2010.01
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GENERAL
1. FRONT SUSPENSION SPECIFICATIONS

2. REAR SUSPENSION SPECIFICATIONS

4411-01SUSPENSION
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GENERAL

1. BRAKE SYSTEM GENERAL INFORMATION

1) FRONT BRAKE
For the front brake system, the ventilated 
disc type is applied regardless of the 
ABS/ESP system installation. 
Two 43 mm diameter calipers (non-ABS/ESP 
equipped vehicles) and two 45 mm diameter 
calipers (ABS/ESP equipped vehicles) are 
installed.

Front Disc

Rear Disc

Front Ventilated Disc and Caliper
(2 internal Cylinders)

ABS/ESP + 5Link Suspension: solid type disc
ABS/ESP + Independent suspension: 
ventilated disc

2) REAR BRAKE

Rear Disc and Caliper (1 Internal Cylinder)

For the rear brake system, specifications 
differ between ABS/ESP system equipped 
vehicles and non-ABS/ESP system equipped 
vehicles. The drum type brake is installed on 
non-ABS equipped vehicles.
When ABS/ESP is installed on the 5-link type 
suspension, the solid disc (disc thickness: 
approx. 10.4 mm) is installed. When 
ABS/ESP is installed on the independent 
suspension, the ventilated disc (disc 
thickness: approx. 20 mm) is installed.
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Parking brake system: The hand operated type parking brake is installed on vehicles with the 
manual transmission and the foot operated type parking brake is installed on vehicles with the 
automatic transmission.

Hand Operated Type
(Vehicle with Manual Transmission)

Foot Operated Type
(Vehicle with Automatic Transmission)
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3) SECTIONAL DRAWING
Front Disc Brake

Rear Disc Brake
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4) NON-ABS EQUIPPED VEHICLE ? WITH ONE WHEEL SPEED  
    SENSOR
The wheel speed sensor is installed on the rear right wheel regardless of the ABS/ESP
installation.
This sensor is to signal the vehicle speed to the engine ECU, TCCU, transmission, and 
instrument panel. 
There is no separate unit to process the wheel speed sensor signal. 
The wheel speed sensor is connected to the engine ECU (terminal 36), where its signal is 
processed, and is connected to other related systems through CAN communication.

Location of the wheel speed sensor
 (rear right wheel)

Location of the Sensor Connector

Connector Appearance

In vehicle without ABS In vehicle with ABS/ESP
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2. BRAKE SYSTEM SPECIFICATIONS
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3. BRAKE OPERATION AND NOISE
This section describes the noise phenomena possibly occurring in the brake system operation. 
Distinguish between the information given below and the actual problems and then, inspect the 
vehicle and take appropriate measures.

▶ Noise Phenomena and Causes

Phenomenon 1. If depressing the brake when the engine is cold, "screeching" sound always 
occurs and, after driving for a while, it disappears.

This usually occurs in the morning. When the temperature goes down, the dew condensation 
phenomenon sets moisture on the brake disc as the window frost forms. Due to this moisture, 
the iron within the brake disc and pad oxidizes, forming undetectable micro-rusts on the disc 
surface. 
When starting the engine under this condition, noise may sound due to the friction of micro-
rusts. When operating the brake several times, the disc temperature goes up and the micro-
rusts come off and the noise goes away.
Depending on the driving conditions, noise gets louder when slightly depressing the brake 
pedal and oppositely, noise is smaller when deeply depressing the brake pedal. This is simply a 
physical phenomenon, called "morning effect" in professional terms, and does not imply any
problems with the brake system.

Phenomenon 2. Slip or screech after the brake pad replacement.

This usually occurs when the bed-in is not made between the disk and the pad's friction 
material. The bed-in is a state that the brake system normally works and gives no noise out, 
when, after about 300 km city driving, the contact area of the pad friction material is enlarged 
and the disk is in complete contact with the pad's friction material. Therefore, for some time 
after the brake disk/pad replacement, the brake system poorly operates or noise (abnormal 
sound) occurs due to the partial contact.

Phenomenon 3. "Groaning" sound occurs in the automatic transmission vehicle when slightly 
taking the foot off the brake pedal to slowly start after waiting for the signal, or 
slightly depressing the brake pedal

This is the noise "Creep groan" that occurs when, in both the automatic and manual 
transmission, slightly releasing the brake pedal in the neutral gear at downhill roads. It 
frequently occurs at the low braking power and low speed, through the following process. When 
operating the brake system at low speed and low pressure, adhesion and slip repeatedly take 
place between the brake disk and the friction material, and this makes the braking power 
inconstant, instantly increasing or decreasing, and gives out the brake noise. It is also a 
physical phenomenon and has no relation with the brake performance.
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4. ESP SYSTEM RELATED PRECAUTIONS

The HDC system is intended for use only on off-roads with a slope level exceeding 10%. 
Thus, do not use it on public road.

1.

Too frequent use of HDC system may weaken the durability of the ESP HECU and related 
systems.

2.

Driver must turn the HDC switch to OFF position when driving on public and level roads. As 
mentioned previously, when a driver make sharp turns or drive on rough roads, the HDC
may suddenly operate for these sudden shocks influence the G sensor values. When such 
occurs, the driver may panic because the vehicle speed drops sharply and the driver will 
experience difficulty in controlling the vehicle.

3.

During the HDC operation, a loud noise and the vehicle vibration may occur from the HECU
and the brake system, but this is a normal condition during the HDC operation.

4.

The warning lamp flashes and warning beep sounds when the ESP is operating 
When the ESP operates during vehicle movement, the ESP warning lamp on the 
instrument panel flashes and beep comes on every 0.1 seconds.

5.
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1) CAUTIONS WHEN USING HDC SYSTEM
Customers must first acquaint themselves with the HDC operation related information, e.g. 
operation conditions and non-operation conditions, because they may feel unfamiliar with its 
function and operation process. The noise during the HDC operation is very different from that 
during the ABS/ESP operation. This noise may be irritating and accompany some vibration, 
because, on steep hills, it attempts to control the physical properties of the vehicle weight with 
the braking power.

Below is the summary of precautions to remember in HDC operation.

The HDC system is intended for use only on off-roads with a slope level exceeding 10%. 
Thus, do not use it on public road.
Too frequent use of HDC system may weaken the durability of the ESP HECU and related 
systems.
Driver must turn the HDC switch to OFF position when driving on public and level roads. As 
mentioned previously, when a driver make sharp turns or drive on rough roads, the HDC
may suddenly operate for these sudden shocks influence the G sensor values. When such 
occurs, the driver may panic because the vehicle speed drops sharply and the driver will 
experience difficulty in controlling the vehicle.
During the HDC operation, a loud noise and the vehicle vibration may occur from the HECU
and the brake system, but this is a normal condition during the HDC operation.

·

·

·

·
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OVERVIEW AND OPERATION PROCESS
1. ESP SYSTEM OF GENERAL INFORMATION
The ESP system consists of basic ABS functions, the vehicle position control depending on the 
driving conditions and the road conditions, the HBA (Hydraulic Brake Assist System) that 
improves the braking power in an emergency, the ARP (Active Rollover Protection) that 
obstructs the physical tendency to rollover during sharp turns and prevents the vehicle rollover 
by quickly and firmly controlling the engine output and the brake.

The HDC (Hill Descent Control) is newly introduced function that helps drivers maintain their 
speed automatically by switch operation when driving slowly on steep hills (over 10%: about 
5.71° (degree)).

ESP HECU HDC Switch / Indicator

Functions applied on ESP system are as follows.

1. ABS (Anti-Lock Brake System)
2. EBD (Electronic Brake-Force Distribution)
3. ABD (Automatic Braking Differential)
4. ASR (Acceleration Slip Regulation)
5. AYC (Active Yaw Control, Understeer Oversteer control)
6. HBA (Hydraulic Brake Assist System)
7. ARP (Active Rollover Protection)
8. HDC (Hill Descent Control)
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1) GENERAL INFORMATION OF ESP SYSTEM
Differences compared to other models: Appearance of wheel speed sensor, Location, Layout of 
relevant components

ESP HECU Active Wheel Speed Sensor HDC Switch

The transfer case (T/C) installed on this vehicle doesn't have the internal speed sensing device 
and receives the speed signal for T/C control from ESP HECU via CAN bus.

With speed sensor

[Conventional T/C]
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[New T/C]

Without speed sensor
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Cautions When Removing the Front Wheel Speed Sensor

The locking hub system of the KYRON part time 4WD utilizes a different hub actuator from the 
conventional approach. It utilizes IWE (Integrated Wheel End) system that locks the 4WD 
depending on the vacuum condition within the actuator.
Thus, the wheel speed sensor is installed on the front wheel end area. It is installed inside the 
backing plate to be protected from heat and foreign materials. Therefore, the front wheel end 
system (including disc) should be removed before removing the front wheel speed 
sensor.

Front Wheel Speed Sensor (4WD) Rear Wheel Speed Sensor (IRS Type)

Backing plate

Wheel speed sensor

Wheel Speed Sensor

Wheel speed sensor
Backing plate
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The rubber O-ring in IWE (Integrated Wheel End) should be replaced with new one when the 
front wheel end has been removed.
The rubber O-ring prevents moisture and foreign materials from entering the IWE system.

In addition, when installing the hub actuator of the IWE system, you must install it from the same 
angle as the drive shaft to prevent the rubber seal ring inside the actuator from being squeezed.

Please refer to the part time transfer case section for more specific information.

Rubber
O-ring

Rubber seal ring
(Internal steel spring included)
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When the ESP system is added to the ABS system, some devices will be added to the HECU
(Hydraulic & Electronic Control Unit) and wheel speed sensor used in the ABS system. 
The devices are as follows:

2 pressure sensors installed on the master cylinder
Sensor cluster (integrated yaw rate sensor and lateral sensor) and longitudinal sensor 
installed in IP.
SWAS (Steering Wheel Angle Sensor) installed in the steering column.

1.
2.

3.

▶ Comparison with ABS System
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2. PRINCIPLE OF ESP
1) Understeer & Oversteer Control
ESP (Electronic Stability Program) recognizes critical driving conditions, such as panic 
reactions in dangerous situations, and stabilizes the vehicle by wheel-individual braking and 
engine control intervention with no need for actuating the brake. 
This system is developed to help the driver avoid the danger of losing the control of the vehicle 
stability due to under-steering or over-steering during cornering.

The yaw rate sensor, lateral sensor and longitudinal sensor in the sensor cluster and the 
steering wheel angle sensor under the steering column detect the spin present at any wheels 
during over-steering, under-steering or cornering. The ESP ECU controls against over-steering 
or under-steering during cornering by controlling the vehicle stability using the input values from 
the sensors and applying the brakes independently to the corresponding wheels.

The system also controls during cornering by detecting the moment right before the spin and 
automatically limiting the engine output (coupled with the ASR system).

Under Steering Over Steering
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▶ Understeering

Understeering is when the steering wheel is 
steered to a certain angle during driving and 
the front tires slip toward the reverse 
direction of the desired direction.
Generally, vehicles are designed to have 
under steering.
The vehicle can return back to inside of 
cornering line when the steering wheel is 
steered toward the inside even when the 
vehicle front is slipped outward. As the
centrifugal force increases, the tires can 
easily lose the traction and the vehicle tends 
to slip outward when the curve angle gets 
bigger and the speed increases.

▶ Oversteering

Oversteering is when the steering wheel is 
steered to a certain angle during driving and 
the rear tires slip outward losing traction.
When compared with under steering 
vehicles, the controlling of the vehicle is 
difficult during cornering and the vehicle can 
spin due to rear wheel moment when the 
rear tires lose traction and the vehicle speed 
increases.

▶ ESP controls during under steering ▶ ESP controls during oversteering

The ESP system recognizes the directional 
angle with the steering wheel angle sensor 
and senses the slipping route that occurs 
reversely against the vehicle cornering 
direction during understeering with the yaw
rate sensor and the lateral sensor. 
Then the ESP system applies the brake at 
the rear inner wheel to compensate the 
yaw moment value. In this way, the vehicle 
does not lose its driving direction and the 
driver can steer the vehicle as driver intends.

The ESP system recognizes the directional 
angle with the steering wheel angle sensor 
and senses the slipping route that occurs 
towards the vehicle cornering direction 
during oversteering with the yaw rate sensor 
and the lateral sensor. 
Then the ESP system applies the brake at 
the front outer wheel to compensate the 
yaw moment value. In this way, the vehicle 
does not lose its driving direction and the 
driver can steer the vehicle as he or she 
intends.
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2) ESP Control
As the single-track vehicle model used for the calculations is only valid for a vehicle 
moving forward, ESP intervention never takes place during backup. 
The ESP system includes the ABS/EBD and ASR systems allowing the system to be able to 
operate depending to the vehicle driving conditions. For example, when the brakes are applied 
during cornering at the speed of 100 km/h, the ABS system will operate at the same time the 
ASR or ABD systems operate to reduce the power from the slipping wheel. And when yaw rate 
sensor detects the rate exceeding 4 degree/seconds, the ESP system is activated to apply the 
brake force to the corresponding wheel to compensate the yaw moment with the vehicle 
stability control function.

When various systems operate simultaneously under a certain situation, there may be vehicle 
control problems due to internal malfunction of a system or simultaneous operations. In order to 
compensate to this problem, the ESP system sets the priority among systems. 
The system operates in the order of TCS (ASR or ABD), ESP and ABS.
The order may be changed depending on the vehicle driving situations and driving conditions.
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3) Vehicle Control During Cornering
The figure below shows the vehicle controls by ESP system under various situations such as 
when the brake pedal is pressed (or not pressed) during cornering and when the ABS is 
operating or when just the conventional brake is operating during braking. 
It also includes the vehicle conditions when the TCS that is included in the ESP system is 
operating.
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3. HBA (HYDRAULIC BRAKE ASSIST SYSTEM)
HBA (Hydraulic Brake Assist) system helps in an emergency braking situation when the driver 
applies the brake fast, but not with sufficient pressure, which leads to dangerously long braking 
distance. ECU recognizes the attempt at full braking and transmits the signal calling for full 
brake pressure from the hydraulic booster.

An inexperienced, elderly or physically weak 
driver may suffer from the accident by not 
fully pressing the brake pedal when hard 
braking is required under emergency. The 
HBA System increases the braking force 
under urgent situations to enhance the 
inputted braking force from the driver.
Based on the fact that some drivers depress 
the brake pedal too soft even under when 
hard braking is necessary, the HECU system 
is a safety supplementary system that builds
high braking force during initial braking 
according to pressure value of the brake 
pressure sensor and the pressure 
changes of the pressure sensor intervals. 
When the system is designed to apply high 
braking force when brake pedal is 
depressed softly by an elderly or physically 
weak driver, the vehicle will make abrupt 
stopping under normal braking situation due 
to high braking pressure at each wheels.
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The brake pressure value and the changed value of the pressure sensor are the conditions in 
which the HBA System operates. 
There are 2 pressure sensors under the master cylinder. When the ESP ECU system determines 
that emergency braking is present, the pump operates, the brake fluid in the master cylinder is 
sent to the pump and the braking pressure is delivered to the wheels via the inlet valves.
If the drive depresses the brake pedal slowly, the pressure change is not high. In this case, only 
the conventional brake system with booster is activated.

Operating conditions:
1. Pressure: over 20 bar
2. Pressure changes: over 1500 bar/sec
3. Vehicle speed: over 7 Km/h
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4. ARP (ACTIVE ROLL-OVER PROTECTION)
The ARP (Active Roll-over Protection) system is a safety assistant device that minimizes, by
controlling brakes and the engine, the physical tendency of the vehicle rollover during sharp 
lane changes or U-turns. For the system, software is added to the existing ESP system and no 
additional device or switch is needed.
One must note that the ARP system, just as general assistant devices including the ABS, is 
only a safety assistant device using the ESP system and its function is useless when the 
situation overcomes the physical power.
Following picture shows how the ARP compensates the vehicle position by varying each 
wheel's braking power to overcome the physical tendency of the vehicle rollover during sharp 
turns.
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The vehicle driving condition is controlled by the internally programmed logic according to the 
input signals from wheel speed sensor, steering angle sensor and lateral sensor.

During the ARP operation, vehicle safety (rollover prevention) takes the first priority and 
thus, stronger engine control is in effect. Consequently, the vehicle speed decreases rapidly, 
so the driver must take caution for the vehicle may drift away from the lane.

·
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5. HDC (HILL DESCENT CONTROL)
1) System Overview
The HDC system is an automatic descent control device that allows the vehicle to automatically 
decelerate to about 7 km/h by 0.1G, on steep roads (slope level exceeding 10%) through a 
separately installed switch operation. 
When the vehicle speed reaches below 7 km/h (refer to the information below), the HDC
automatically terminates the operation.

The G sensor in sensor cluster measures 
the actual road steepness. However, it may 
recognize a sharp turn or rough road as a 
downhill road with a slope level exceeding 
10%, and the HDC may operate.

·
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2) HDC (Hill Descent Control) System Operating Conditions

1. When HDC switch is turned ON and

2. Gearshift lever position (Forward/Reverse)

and

and

Manual transmission: operates in the 1st gear or reverse gear position (does not operate in 
neutral position).
Automatic transmission: operates in any position except for P (parking) or N (neutral) positions.

The vehicles with manual transmission do not have a separate device or switch that 
detects the 1st gear. It only detects the forward/reverse driving direction of the vehicle 
through backup lamp switch and neutral switch, and cannot solely detect the 1st gear 
position. The reason for noting the 1st gear above, though the HDC also operates in 2nd 
gear position, is because the engine may turn off during the HDC operation process. You 
may face a very dangerous situation if the engine turns off at a steep hill.

·

The HDC is the device to improve the engine brake effect during downhill driving on a steep 
hill. For manual transmission equipped vehicle, HDC system should operated only in 1st gear.

·

3. When not depressing the accelerator pedal or brake pedal.

and

and

and

4. The vehicle speed is above 7 km/h (in Automatic transmission/4H mode).

The vehicle speed given in step (3) varies according to the vehicle driving mode, and the 
speed ranges by the vehicle driving mode and condition are as follows.

·
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1) Speed available in HDC mode (slope)

Forward
driving

Reverse
driving

2H/4H mode: vehicle speed below 50 km/h
(operation slope level: 10%, termination slope level: when it reaches 8%)

4L mode: vehicle speed below 25 km/h 
(operation slope level: 10%, termination slope level: when it reaches 5%)

2H/4H mode: vehicle speed below 50 km/h 
(operation slope level: 8%, termination slope level: when it reaches 5%)

4L mode: vehicle speed below 25 km/h 
(operation slope level: 8%, termination slope level: when it reaches 4%)

2) HDC target speed in 2H/4H mode
(The HDC target speed is the speed that the HDC is not terminated even after the vehicle speed 
reaches 7 km/h, but is converted to the stand-by mode. When the vehicle speed increases again 
as a result of the increase of the road steepness, etc., the HDC goes into operation.)

Forward driving: 7 km/h
Reverse driving: 7 km/h (automatic transmission), 8.5 km/h (manual transmission)

3) HDC target speed in 4L mode

Forward and reverse driving: 3 km/h

5. Vehicle position control function in ESP and HBA function are not in 
    operation:

and

The HDC is the device to improve the engine brake effect during downhill driving on a steep hill.
 If the ESP function is in operation, HDC operation is overridden.

6. Slope level exceeds 10%.
When the slope level exceeds 10%, the HDC operates until the vehicle reaches the speed 
value given in step (4).

▶ When the slope level is between 10% and 20% during the HDC operation

When depressing the accelerator pedal or brake pedal, HDC system is changed to stand-by 
mode. When depressing the accelerator pedal again, HDC starts its operation again. Therefore, 
drivers can control the vehicle speed to a desired level by operating the accelerator pedal.

▶ When the slope level exceeds 20% during the HDC operation

When depressing the accelerator pedal, HDC system is changed to stand-by mode. 
When depressing the brake pedal, HDC continues its operation and the braking power is 
increased.
In this case, HECU sounds an abnormal noise and brake pedal may be very rigid, but this is a 
normal condition due to HDC operation.
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3) HDC (Hill Descent Control) System Non-Operation Conditions

oor

1. When HDC switch is turned OFF

2. Gearshift lever has passed neutral (N) position.

or

· Vehicle with manual transmission: Sensing at the neutral switch

· Vehicle with automatic transmission: Sensing at the selector lever unit

3. When the vehicle speed is out of the specified values.

oor

oor

oor4. When the ESP related functions, e.g. vehicle position control,
    HBA, ARP is activated during HDC operation.

The HDC is the device to improve the engine brake effect during downhill driving on a steep 
hill. If the ESP function is in operation, HDC operation is overridden.

5. When the internal temperature of HDC system goes over 450°C

    due to long downhill driving on a steep hill with HDC operated.
There is no specific temperature sensor in the system, but a programmed logic inside the 
HECU predicts the temperature based on the operating numbers and conditions of HDC.

The red HDC warning lamp blinks when the internal temperature goes over 350°C. 

When it reaches 450°C, the HDC warning lamp comes on. The HDC can be operated 
in the range even where the HDC warning lamp blinks.

·

6. When the slope level is below 10%
When the slope level exceeds 10%, the HDC operates until the vehicle reaches the speed 
condition given in step (4).

▶ When the slope level is between 10% and 20% during the HDC operation

When depressing the accelerator pedal or brake pedal, HDC system is changed to stand-by 
mode. When depressing the accelerator pedal again, HDC starts its operation again. Therefore, 
drivers can control the vehicle speed to a desired level by operating the accelerator pedal.

▶ When the slope level exceeds 20% during the HDC operation

When depressing the accelerator pedal, HDC system is changed to stand-by mode. When 
depressing the brake pedal, HDC continues its operation and the braking power is increased.
In this case, HECU sounds an abnormal noise and brake pedal may be very rigid, but this is a 
normal condition due to HDC operation.
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4) Input/Output Signals for HDC Operation
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5) Operation of HDC Indicator Controller
This table describes the coming-on and blinking mode of HDC indicator according to the HDC
switch operation (ON/OFF).
The HDC indicator on the instrument panel has two modes; green (function lamp) and red 
(warning lamp). The HDC switch is a push & self return type switch ? when you press it once, it 
starts to operate and when you press it again, it stops the operation.

Basically, the brake system's basic functions can work even when there are problems with 
the HDC system.
As given in the table above, the HDC warning lamp comes on when:

· Initial ignition ON

· HDC system error occurs

· Brake system overheat
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6. ESP COMPONENTS AND LOCATIONS

Master cylinder
pressure sensor

Steering wheel angle 
sensor

Sensor cluster:
(Yaw rate + lateral sensor 

+longitudinal sensor)

HECU (Valve body and ECU
integrated type)

Valve body

Motor pump
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▶ Comparison with ABS System

ABS / ESP Indicator

ESP OFF Switch

HDC IndicatorHDC SwitchActive Wheel Speed Sensor
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7. INPUT/OUTPUT SIGNALS FOR HDC OPERATION
▶ Input/Output of ESP System
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8. ESP HYDRAULIC CIRCUIT DIAGRAM
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9. HYDRAULIC PRESSURE FOR EACH ESP OPERATING 
    RANGE
1) ESP Operating Explanation
When equipped with ABS, the braking force at each wheel will be controlled with 3-channel 4-
sensor method. And when equipped with ESP, 4 wheels will be controlled independently with 4-
channel method. (When controlling ABS system only, it will be operated with 3-channel method.) 
When compared to the vehicle equipped with ABS/EBD only, the internal hydraulic circuit has a 
normally-open separation valve and a shuttle valve in primary circuit and in secondary circuit. 
When the vehicle brakes are not applied during engine running or when applying the non-ABS 
operating brakes, the normally-open separation valve and the inlet valve are open, whereas the 
normally-closed shuttle valve and the outlet valve are closed. When the ESP system is operating, 
the normally-open separation valve will be closed by the solenoid valve operation and the hydraulic 
circuit will be established by the shuttle valve. Then, the inlet and outlet valves will be closed or 
open depending on the braking pressure increase, decrease or unchanged conditions.

For details, refer to "Hydraulic Pressure for each ESP Operating Range".

ESP Hydraulic unit in idling and 
normal braking position

▶

In this position, the separation valve and the 
inlet valve are open (normal open), the 
electrically operated shuttle valve and the 
outlet valve are closed.
When the brake is applied under these 
conditions, the brake fluid will be sent to 
each wheel via the separation valve and 
inlet valve.

ESP Hydraulic unit (decreased 
pressure)

▶

The pressure decreases just before the 
wheel speed drops and the wheels. The inlet 
valve closes and the outlet valve opens as in 
the ABS HECU and the oil is gathered at the 
low pressure chamber while no additional oil 
is being supplied. Then the pump operates 
to allow fast oil drainage.
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▶ ESP unit circuit (when the pressure is maintained)

The Inlet valve and outlet valve will be 
closed to maintain the pressure in the 
hydraulic circuit applied at the wheels. By 
closing the valves, the hydraulic pressure at 
the wheels will not be lost or supplied any 
more. During ESP operation, the separation 
valve closes and only the shuttle valve at the 
pump opens.

The shuttle valve and inlet valve will be open 
and the separation valve and outlet valve 
will be closed. Then, the pump is operated.

When ESP operates while the ABS is 
operating, the pressure will be increased 
continuously until just before the 
corresponding wheel gets
locked.

▶ ESP unit circuit (when the pressure is increased)
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10. HYDRAULIC CIRCUIT OF HBA 
      (HYDRAULIC BRAKE ASSIST)

The above figure shows one front and one rear wheel and the same hydraulic circuit forms as 
in the ESP operation.

When HECU recognizes that it is an emergency and it is required for hard braking, depending 
on the pressure value of the brake pressure sensor and pressure changes caused by the 
pressure sensor timing, it operates the pump immediately to apply the brake pressure at the 
wheels. Then, the pressure in the pump increases until just before the corresponding wheel 
gets locked. The motor still keeps rotating and the outlet valve and the separation valve are will 
stay closed.

When the wheel starts to lock, the HBA function cancels and switches to ABS operation.
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11. GENERAL INFORMATION OF ABS SYSTEM 
Differences compared to other models: Appearance of wheel speed sensor, Location, Layout of 
relevant components

ABS HECU Active Wheel Speed Sensor (for 4WD)

The transfer case (T/C) installed on this vehicle doesn't have the internal speed sensing device 
and receives the speed signal for T/C control from ABS HECU.

Conventional Transfer Case

With Speed Sensor
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New Transfer Case

Without Speed Sensor
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Cautions When Removing the Front Wheel Speed Sensor

The locking hub system of the KYRON part time 4WD utilizes a different hub actuator from the 
conventional approach. 
It utilizes IWE (Integrated Wheel End) system that locks the 4WD depending on the vacuum 
condition within the actuator.

Thus, the wheel speed sensor is installed on the front wheel end area. It is installed inside the 
backing plate to be protected from heat and foreign materials. 
Therefore, the front wheel end system (including disc) should be removed before 
removing the front wheel speed sensor.

Front Wheel Speed Sensor Rear Wheel Speed Sensor

Backing Plate

Wheel Speed Sensor

Wheel Speed Sensor Backing Plate
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The rubber O-ring in IWE (Integrated Wheel End) should be replaced with new one when the 
front wheel end has been removed.
The rubber O-ring prevents moisture and foreign materials from entering the IWE system.

In addition, when installing the hub actuator of the IWE system, you must install it from the same 
angle as the drive shaft to prevent the rubber seal ring inside the actuator from being squeezed.

Please refer to the part time transfer case section for more specific information.

Rubber O-ring

Rubber seal ring
(Internal steel spring included)
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12. CONFIGURATION OF ABS SYSTEM
The following figure shows the basic system components of the ABS. This system consists of 
HECU (valve body and ECU integrated type), front wheel speed sensor, and rear wheel speed 
sensor.
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13. INPUT AND OUTPUT DIAGRAM OF ABS
▶ Input/Output of ABS (without TPMS)
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14. HYDRAULIC CIRCUIT OF ABS

The vehicle equipped only with the ABS controls the wheel's braking force using or channel 4-
sensor method.

The front wheels that are the primary circuit of the brake system is composed of two wheel 
speed sensors and two channel valves system with two inlet valves and two outlet valves. The 
rear wheels that are the secondary circuit of the brake system is composed of two wheel speed 
sensors, one inlet valve and one outlet valve. This system is similar to the one from the 
previous model.



13-48

KYRON 2010.01

4890-01

ESP

15. ABS CIRCUIT IN EACH OPERATION RANGE

21

Hydraulic Pressure Circuit when ABS
is Not Operating

▶

- The hydraulic pressure in the master 
cylinder increases through the vacuum 
booster and it is delivered to the wheel via 
the normal open inlet valve. At this moment, 
the normally- closed outlet valve is closed. 
The speed of the wheel that hydraulic 
pressure is delivered reduces gradually.

No Hydraulic Pressure Circuit when 
ABS is Operating

▶

- As hydraulic pressure on each wheel 
increases, the wheel tends to lock. In order 
to prevent the wheel from locking, the 
hydraulic valve modulator operates the inlet 
valve control solenoid to close the inlet valve
and stop the hydraulic pressure increases. 
At this moment, the outlet valve is closed. 
This procedure helps the wheel to maintain 
a stable hydraulic pressure.
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Pressure Decreases in the Circuit 
when ABS is Operating

▶

- Even when the hydraulic pressure on each 
circuit is stable, the wheel can be locked as 
the wheel speed decreases.
This is when the ABS ECU detects the 
wheel speed and the vehicle speed and 
gives the optimized braking without locking 
the wheels. In order to prevent from 
hydraulic pressure increases, the inlet valve
is closed and the outlet valve is opened. 
Also, the oil is sent to the low pressure 
chamber and the wheel speed increases 
again. The ABS ECU operates the pump to 
circulate the oil in the low pressure chamber 
to the master cylinder. This may make the 
driver to feel the brake pedal vibration and 
some noises.

Pressure Increases in the Circuit 
when ABS is Operating

▶

- As the wheel speed increases, the inlet 
valve opens and the wheel's pressure 
increases due to the master cylinder 
pressure. The oil in the low pressure 
chamber circulates to the wheel by the pump 
and the wheel speed decreases as the 
hydraulic pressure at wheel increases. 
This operation continues repetitively until 
there are no signs that the ABS ECU is 
locking the wheels. When the ABS hydraulic 
pressure control takes place, there may be 
some vibration and noises at the brake 
pedal.
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GENERAL
1. POWER STEERING SYSTEM OVERVIEW
The power steering has been designed to make the wheel move more easily than in a manual 
steering system. The hydraulic power assists the process utilizing hydraulic fluid. The fluid 
increases pressure in the power steering pump and aids the movement of the steering 
mechanism.
The power steering system consists of pump, oil reservoir, rack and gear box.
The power steering pump is a vane type and delivers hydraulic pressure to operate the power 
steering system.
The pressure relief valve in the pump controls the discharging pressure.
The rotary valve in the rack and the pinion gear directs the oil from the power steering pump to 
one side of the rack piston. The integrated rack piston converts the hydraulic pressure to linear 
movement. The operating force of the rack moves the wheels through the tie rod, the tie rod 
end and the steering knuckle. Even though the hydraulic pressure cannot be generated, a 
driver can steer the vehicle without power assist but it needs very high steering force.
In this case, the operating force of the steering wheel is conveyed to the pinion, and the 
movement of the pinion moves the rack through the pinion gear combined to the rack gear.

2. POWER STEERING SPECIPICATIONS

4610-00POWER STEERING SYSTEM
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1. Power steering pump assembly 4. Tie rod end

2. Power steering return pipe 5. Power steering gear box pipe

3. Power steering high pressure hose and pipe 6. Power steering gear box assembly

OVERVIEW AND OPERATION PROCESS
1. POWER STEERING SYSTEM LAYOUT

 40 ~ 50 Nm
Feed pipe nut

Steering gear box
mounting bracket bolts

(14 mm - 2EA): 30 ~ 40 Nm
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With SSPS

1. Power steering gear box 3. Power steering high pressure hose and pipe

2. Gear box pipe 4. Return hose and pipe

SSPS Solenoid Valve

cannot be replaced



14-6

KYRON 2010.01

4610-00

STEERING

Installation Drawing of SSPS

Pipe bracket bolt (10 mm)

Pipe mounting nut

Pipe bracket bolt (10 mm)

 9 ~ 14 Nm  9 ~ 14 Nm

 20 ~ 26 Nm

Gear box 
mounting bolt
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Components▶

 20 ~ 25 Nm

 40 ~ 60 Nm  7 ~ 11 Nm

 18 ~ 25 Nm

 35 ~ 45 Nm

 45 ~ 50 Nm

 70 ~ 90 Nm

 20 ~ 25 Nm

 30 ~ 40 Nm

Tie rod end

Steering gear box

Lower shaft

Steering wheel

Column shaft
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Steering wheel

Column shaft
Lower shaft

Steering gear box
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2. SSPS (SPEED SENSING POWER STEERING)  
OVERVIEW AND FUNCTIONS

1) OVERVIEW
In the conventional constant power assist steering system, the steerability gets lighter as 
vehicle speed rises, and this may cause a dangerous situation. Where as having heavy
steerability in high speed driving makes it difficult to manipulate the steering wheel when 
vehicle is in stop. This steering system solves this problem as the steerability is changed 
according to the vehicle speed, which is called Speed Sensitive Power Steering (SSPS).
SSPS, by providing appropriate steerability to a driver according to the changes of vehicle 
speed, gives steering stability. The power steering control unit adjusts the hydraulic pressure to 
reaction plunger by controlling the pressure solenoid valve located in the gear box to optimize 
the steerability. In other words, the steering wheel gets lighter by adjusting steerability in stop or 
low speed and provides steering stability by adjusting steering wheel to become heavier in high 
speed.

SSPS (Speed Sensitive
Power Steering)

If the SSPS solenoid valve is defective, the power steering assembly should be replaced.-
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2) FUNCTION
Input/Output of SSPS Control Unit▶

SSPS Configuration▶

PCV (Pressure Control Valve)
This valve controls the hydraulic pressure supplied to reaction device by moving the spool valve
according to the changes of solenoid valve.

Reaction device
This device increases the steerability effect by binding the input shaft with supplied hydraulic 
pressure from PCV.
Solenoid valve
This valve determines the valve spool position in PCV with the electric current supplied from 
SSPS control unit.
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3. S.S.P.S OPERATIONS
1) SOLENOID VALVE
(1) LOCATION

Cannot be replaced

The SSPS control unit controls the amount of electric current to the solenoid valve according to 
the vehicle speed. In other words, the solenoid valve controls the hydraulic pressure applied to 
reaction plunger by changing the valve spool position that is linked with solenoid valve
according to the amount of electric current. The changes of hydraulic pressure applied to input 
shaft according to the pressure changes applied to the reaction plunger provide proper 
steerability based on the amount of electric current.

(2) Specifications
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(3) OPERATION
During parking and low speed driving▶

The SSPS control unit outputs nearly maximum electrical current.
The solenoid rod pushes the PCV spool to the right side.
The hydraulic pressure coming from pump is not supplied to the reaction device as the spool 
orifice is cut off.
The hydraulic pressure is cut off and the manipulation of steering wheel becomes lighter.

1)
2)
3)

4)

In medium and high speed driving▶

The shaft operating force of solenoid rod is reduced due to the reduction of output current 
from the SSPS control unit.
The coil spring pulls the PCV spool toward solenoid valve to open it.
The hydraulic pressure from pump flows to pinion reaction area through orifice and applies 
reaction force to reaction plunger.
At this time, the reaction plunger transmits the reaction force to V-groove in input shaft to 
provide heavy steerability.

1)

2)
3)

4)
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Location

2) SSPS CONTROL UNIT
To provide proper steerability to a driver, the SSPS control unit controls the solenoid valve by 
receiving the vehicle speed and the throttle position data via CAN communication.
The SSPS control unit controls the working current for the solenoid valve with PWM type duty 
ratio of 333 Hz frequency and sets the target current to 1A during 1 second after the ignition is 
"ON".
When a trouble occurs in the system, the SSPS control unit generates a trouble code using fail 
safe function.

1.

2.

3.

SSPS unit
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3) CIRCUIT DIAGRAM
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4) S.S.P.S SYSTEM CONTROL
The SSPS system, according to the vehicle 
speed, enables to achieve proper steering 
characteristics by controlling hydraulic 
pressure to reaction plunger located in input 
shaft of power steering gear box. In other 
words, the SSPS control unit enhances the 
parking conveniences by controlling duty 
type current control. It provides heavy
steerability with low current as the vehicle 
speed increases. Also, it provides light 
steerability with high current as the vehicle 
speed decreases.

During parking and low speed driving▶

During parking and driving in low speed, the control unit supplies approx. 1 A of electric current 
to solenoid valve. Then, the spool located in PCV compresses the upper spring and elevates 
upward, and the working pressure from oil pump (A port) is not able to flow to the reaction 
plunger (C port). As a result, the pressing force from the reaction plunger disappears and the 
steerability enhances.
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During high speed driving▶

During high speed driving, the control unit supplies weak electric current to solenoid valve.
Then, the spool located PCV moves from top to bottom, and the working pressure (A port) from 
oil pump is applied to reaction plunger (C port) through B port. As a result, the pressing force 
from reaction plunger against input shaft is increased and the steerability becomes heavier.
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