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OBJECTIVE           
 

What you must do 
 

 Given a full power shift transmission you must be able to dismantle, assess and 
assemble the transmission. 

 You must also be able to describe the operation of a torque converter and a 
planetary gear system. 

 

How well you must do it 
 

 There must not be any damage to any fasteners. 

 All the bolts must be torqued according to the specifications in the workshop manual. 

 All the sizes and clearances must comply with the specifications in the workshop 
manual. 

 There must not be any damage to any parts. 

 All the gear positions must be automatically selected when the gearbox is driven by 
an engine. 

 There must be no oil leaks. 

 The condition report must be filled in 
 
 

What you will be given 
 

 A full power transmission. 

 All the necessary tools and equipment 
 
     

Additional Resources  
 

 A demonstration by a competent person e.g. your instructor. 

 Workshop manual of the vehicle under test 

 Audio-visual aids, if available. 
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HAZARD IDENTIFICATION AND CONTROL (HIAC) FORM 
 

OPT 
 

OVERHAULL A POWER TRANSMISION  
 

 

STEPS IN OPERATION / 

PROCESS 

 

POTENTIAL ACCIDENT / 

INCIDENT 

 

CONTROLS (BY 

RESPONSIBLE PERSON) 

 Work on vehicle 
 

 Working on moving 
equipment can cause 
serious injury. 

 

 Make sure that vehicle is 
stationary, switched off 
and locked out (if 
applicable). 

 Ensure vehicle stands 
level surface. 

 Install stop blocks behind 
and in front of wheels. 

 Use hand tools 
 

 Using damaged tools or 
wrong tools for the job 
can cause injury and 
damage to equipment 

 Always use the correct 
tool for the job. 

 Ensure tools are in good 
condition. 

 Use tools correctly. 

 Wear appropriate PPE 
where necessary. 

 Always take good care of 
tools. Maintain, clean and 
store it properly. 

 Drain Automatic 
Transmission fluid 

 Drain torque 
converter oil 

Oil spillage: 

 Hazard to the 
environment 

 Poor house keeping 

 Slip and fall 

To drain oil: 

 Use an oil container big 
enough to contain all the 
oil 

 Use a funnel if needed 

 Removal of driving 
shaft 

Oil spill: 

 Spill of transmission fluid 

 Damage of transmission 
parts: 

 Damage of extension 
housing. 

 Damage of extension 
housing oil seal. 

To prevent oil spill: 

 Use an oil container/oil -
pan to prevent oil spill 

 Use correct method to 
remove driveshaft from 
transmission. 

 Seal back of transmission 
extension housing to 
prevent more oil spilling 
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 Removal of 
transmission without 
torque converter  

 Remove torque 
converter 

Stabilise and safe removal of 
transmission: 

 Use transmission jack to 
keep power transmission 
stable when removing the 
torque converter bolts 
and the transmission 
attachment bolts 

 Remove torque 
converter, handle with 
care 

 

Removal of transmission: 

 Use specialised 
transmission jack 
correctly 

 Secure transmission onto 
transmission jack. 

 Lower transmission slowly 

 Pull transmission out 

 Transport transmission 
safely 

 Handle torque converter 
safely, not to pinch a 
finger [torque converters 
are normally full of oil and 
is heavy] 

 

 Strip Power 
transmission 

 Handle Power 
transmission parts with  
Care, it is very delicate 
and expensive and can 
be damaged very easily 

Use of special tools; 

 Use only special tools 
prescribed by the Original 
Equipment Manufacturer 

 

 Assemble power 
transmission 

 Handle Power 
transmission parts with 
care it is very delicate 
and expensive and can 
be damaged very easily 

Use of special tools; 

 Use only special tools 
prescribed by the Original 
Equipment Manufacturer 

 

 Install power 
transmission 

Stabilise and safe installation  
of transmission: 

 Install torque converter, 
handle with care 

 Use transmission jack to 
keep power transmission 
stable when installing the 
torque converter bolts 
and the transmission 
attachment bolts 

Installation of transmission: 

 Handle torque converter 
and transmission with 
care, not to pinch a finger 
[torque converters and 
transmissions are heavy 
parts. 

 Use specialised 
transmission jack 
correctly 

 Secure transmission onto 
transmission jack. 

 Lift transmission slowly 

 Push transmission into 
position. 
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NOTE: Before doing the practical work contained in this module, the learner must study the 

content of the above HIAC form again and then sign the statement below. 

 

The above risks, which will be encountered in this module, are fully understood and will be 

controlled during the practical work. 

 

Signature of Learner:   _____________________________   

 

Signature of Training Office:  _____________________________                                                                                     

 

Date:    _____________________________  
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1.  INTRODUCTION 
 
ITEM / TASK: Power Transmission [Automatic Transmission] 

 

DESCRIPTION: 

 

1. INTRODUCTION 

A Power Transmission (also called automatic gearbox) is a type of vehicle 

transmission that can automatically change gear ratios as the vehicle moves, freeing 

the driver from having to shift gears manually. Most automatic transmissions have a 

defined set of gear ranges, often with a parking pawl feature that locks the output 

shaft of the transmission stroke face. 

Besides automatics, there are also other types of automated transmissions such as 

a continuously variable transmission (CVT) and semi-automatic transmissions that 

free the driver from having to shift gears manually, by using the transmission's 

computer to change gear, if for example the driver were revving the engine. Despite 

superficial similarity to other transmissions, automatic transmissions differ 

significantly in internal operation and driver's feel from semi-automatics and CVTs. 

An automatic uses a torque converter instead of a clutch to manage the connection 

between the transmission gearing and the engine. In contrast, a CVT uses a belt or 

other torque transmission scheme to allow an "infinite" number of gear ratios instead 

of a fixed number of gear ratios. A semi-automatic retains a clutch like a manual 

transmission, but controls the clutch through electrohydraulic means. 
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A full power transmission is one where the gears can be changed while full power is 

received from the engine, i.e. it is not necessary to release the accelerator pedal to 

change from one gear to another.  To understand how this is achieved, the 

transmission will be dealt with in three separate sections, namely: 

 

a) Torque convertor (FIG. 1). 

 

b) Splitter and main gearbox (FIG. 1). 

 

c) Hydraulic circuit 
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Note: 

One must remember although there exist quiet a number of Automatic Transmissions in 

size and shapes, from motorbikes; sedans; light delivering vehicle; trains; busses up to very 

big trucks seen from the next few pictures.[ FIG. 2; FIG. 3 and FIG. 4] 

The operation of them is all mostly the same. The only major difference will be the manner 

of how the selection of gears took place, for e.g. the shift can be manually, hydraulically, 

electrically, electronically or a combination of these mentioned applications. 

 

The amount of gears are also a factor, it can be a two speed, three speed, four speed and 

more it also can be a high range or a low range. 

 

We will only descried some of them and not in particularly a specific type of Automatic 

Power Transmission  

NOTE: You always need to work in close relation with you OEM [Original Equipment 

Manufacturers] repair manual of that specific automatic power transmission. 
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2. TORQUE CONVERTER 

How Torque Converters Work 

The torque converter is situated between the engine and the transmission. 

Just like manual transmission vehicles, vehicles with automatic transmissions need a way 
to let the engine turn while the wheels and gears in the transmission come to a stop. 
Manual transmission vehicles use a clutch, which completely disconnects the engine from 
the transmission. Automatic transmission vehicles use a torque converter.  

A torque converter is a type of fluid coupling, which allows the engine to spin somewhat 
independently of the transmission. If the engine is turning slowly, such as when the Vehicle 
is idling at a stoplight, the amount of torque passed through the torque converter is very 
small, so keeping the vehicle still requires only a light pressure on the brake pedal.  

 

Torque Converter 

Clutch 
Plates Splitter Box [Planetary Gear] 

]System] 

Valve Body 



Diesel Mechanic: Module OPT 

 - Mining Qualifications Authority - All rights reserved 

Created : 01 February 2003 

Revised : November 2013 

Owner : Learnership Department 

First Published : March 2003 

Revision No: 002 

TRG 9 

Page 12 of 65 

 

If you were to step on the accelerator pedal while the vehicle is stopped, you would have to 
press harder on the brake to keep the vehicle from moving. This is because when you step 
on the accelerator, the engine speeds up and pumps more fluid into the torque converter, 
causing more torque to be transmitted to the wheels 

Inside a Torque Converter [FIG. 5] 

 

       

 

 

 

 

 

 

 

 

 

 

As shown in the figure below, there are four components inside the very strong housing of 
the torque converter: [FIG. 6] 

 Pump  

 Turbine  

 Stator  

 Transmitting of transmission fluid  

The housing of the torque converter is bolted to the flywheel of the engine, so it turns at 
whatever speed the engine is running at. The fins that make up the pump of the torque 
converter are attached to the housing, so they also turn at the same speed as the engine. 
The cutaway picture below shows how everything is connected inside the torque converter.  

 

The parts of a torque converter (left to right): turbine, stator, and pump 

FIG. 5 
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The pump inside a torque converter is a type of centrifugal pump. As it spins, fluid is flung 
to the outside, much as the spin cycle of a washing machine flings water and clothes to the 
outside of the wash tub. As fluid is flung to the outside, a vacuum is created that draws 
more fluid in at the center. [FIG. 7] 

 

 

 

 

 

 

 

 

How the parts of the torque converter connect to the transmission and engine 

FIG. 6  

The pump section of the torque converter is attached 
to the housing. FIG. 7 

Operation of the pump 
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The fluid then enters the blades of the turbine, which is connected to the transmission. The 
turbine causes the transmission to spin, which basically moves your vehicle. You can see in 
the graphic below that the blades of the turbine are curved. This means that the fluid, which 
enters the turbine from the outside, has to change direction before it exits the center of the 
turbine. It is this directional change that causes the turbine to spin. [FIG. 8] 

 

 

 

 

 

 

 

 

 

 

In order to change the direction of a moving object, you must apply a force to that object -- it 
doesn't matter if the object is a Vehicle or a drop of fluid. And whatever applies the force 
that causes the object to turn must also feel that force, but in the opposite direction. So as 
the turbine causes the fluid to change direction, the fluid causes the turbine to spin.  

The fluid exits the turbine at the center, moving in a different direction than when it entered. 
If you look at the arrows in the FIGure above, you can see that the fluid exits the turbine 
moving opposite the direction that the pump (and engine) is turning. If the fluid were 
allowed to hit the pump, it would slow the engine down, wasting power. This is why a torque 
converter has a stator. 

The Stator [FIG. 9] 

The stator resides in the very center of the torque converter. Its job is to redirect the fluid 
returning from the turbine before it hits the pump again. This dramatically increases the 
efficiency of the torque converter.  

FIG. 8 

The torque converter turbine: 

Note the spline in the middle is where it connects to the 

transmission. 
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The stator sends the fluid returning from the turbine to the pump. This improves the 
efficiency of the torque converter. Note the spline, which is connected to a one-way clutch 
inside the stator. 

The stator has a very aggressive blade design that almost completely reverses the direction 
of the fluid. A one-way clutch (inside the stator) connects the stator to a fixed shaft in the 
transmission (the direction that the clutch allows the stator to spin is noted in the FIGure 
above). Because of this arrangement, the stator cannot spin with the fluid -- it can spin only 
in the opposite direction, forcing the fluid to change direction as it hits the stator blades.  

Something a little bit tricky happens when the Vehicle gets moving. There is a point, around 
64 Km/h, at which both the pump and the turbine are spinning at almost the same speed 
(the pump always spins slightly faster). At this point, the fluid returns from the turbine, 
entering the pump already moving in the same direction as the pump, so the stator is not 
needed.  

Even though the turbine changes the direction of the fluid and flings it out the back, the fluid 
still ends up moving in the direction that the turbine is spinning because the turbine is 
spinning faster in one direction than the fluid is being pumped in the other direction. If you 
were standing in the back of a vehicle moving at 85Km/h, and you threw a ball out the back 
of that pickup at 64Km/h, the ball would still be going forward at 32Km/h. This is similar to 
what happens in the turbine: The fluid is being flung out the back in one direction, but not as 
fast as it was going to start with in the other direction.  

At these speeds, the fluid actually strikes the back sides of the stator blades, causing the 
stator to freewheel on its one-way clutch so it doesn't hinder the fluid moving through it 

The Lockup Torque Converter 

Because the only connection between two sides of a torque converter is a fluid connection, 

there is always a little slippage, running from about 2-8%. To increase efficiency and 

FIG. 9 



Diesel Mechanic: Module OPT 

 - Mining Qualifications Authority - All rights reserved 

Created : 01 February 2003 

Revised : November 2013 

Owner : Learnership Department 

First Published : March 2003 

Revision No: 002 

TRG 9 

Page 16 of 65 

 

accelerator kilometres, most modern automatic transmissions also have something called a 

lockup clutch (aka, torque converter clutch).  

 

It works like this. As the speed of the Vehicle nears certain speed, the highly pressurized 

transmission fluid is channelled through the transmission shaft and activates a clutch 

piston. This metal pin locks the turbine to the impeller, in effect bypassing the torque 

converter. It remains this way until the vehicle slows below a certain speed at which point 

the clutch piston disengages and the torque converter kicks in again.  

 

 

 

 

 

 

 

 

 

 

GO ON TO THE NEXT PAGE TO DO THE SELF TEST 
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SELF TEST 1 

 

Without referring to your notes, describe the operation of the stator in a torque converter 

when: 

1. The impeller and the turbine are running at about the same speed. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

 

2. The turbine runner is rotating slower than the pump impeller. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

 

Ask your instructor to check your work and to sign below when it is correct.  Then go on to 

the next section. 

 

LEARNER TRAINING OFFICER 

DATE : ___________________ DATE :____________________ 

SIGNATURE : _____________ SIGNATURE : ______________ 
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3. SPLITTER AND MAIN GEARBOX (FIG. 10) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The power transmission is sub-divided into two sections, namely the splitter gearbox and 
the main gearbox. [FIG. 10 and sketch FIG. 11]  
 
 
 

FIG. 10 
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When the low or direct gear in the splitter box is selected, the input shaft of the 
splitter box will run at the same speed as the input shaft of the main gearbox. 

 
When the splitter high is selected, the speed of the input shaft of the main gearbox 
will be increased, due to the gear ratio in the splitter box. 

 
When intermediate range on the main gearbox is selected, the speed of the output 
shaft of the main gearbox will be the same as the input shaft of the main gearbox 
because it is a direct drive. 

 
If the low range on the main gearbox is selected, the speed from the input shaft, to 
the output shaft, will be reduced due to the gear ratio. 

 

In order to transmit power from the engine to the drive wheels, a combination of one 
of the splitter ratios and one of the main gearbox (mg) ratios, must be selected. 

 

The following combinations will produce the different selected gear ratios: 

1st Gear = Splitter low  + Low range (mg) 

2nd Gear = Splitter high + Low range (mg) 

3rd Gear = Splitter low  + Intermediate range (mg) 

4th Gear = Splitter high + Intermediate range (mg) 

 

PLANETARY GEARSET 

1-4 PLANETARY GEARSET 

It is often necessary to design gear trains that will provide many gear ratios. The trains set 

must not be too large and bulky. The answer to this requirement is planetary.  of the 

planetary pinions to the planets of the universe circling around the sun, the set was given 

the name planetary gear set. The center or sun gear can be either a spur gear or helical 

gear. It will contain a through shaft so that it can act as either an input or output member. 

 

PLANETARY GEAR SYSTEM: FIG.12. 

 Notice the arrangement of the components in the set. Because of the resemblance of the 

planetary pinions to the planets of the universe circling around the sun, the set was given 
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the name planetary gear set. The centre or sun gear can be either a spur gear or helical 

gear. It will contain a through shaft so that it can act as either an input or output member. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Normally, three planetary pinions are in mesh with the sun gear at all times. Some sets will 

have two and others four. They are mounted on and are free to rotate on individual shafts 

on the planet carrier, which is a framework designed to hold the pinions in their respective 

positions. The planet carrier can be rotated so that the pinions walk around the sun gear. 

The carrier also contains a shaft so that it may act as an input or output member. The outer 

internal gear is in constant mesh with the planet pinions and is called the ring gear. It can 

also be an input or output member. The principle on which the planetary gear set operates 

is based on driving one unit, holding one unit, and taking the output from the free unit. If we 

place a brake band around the ring gear, we can prevent it from turning. If the sun gear is 

driven under this condition, it will cause the planet pinions to rotate. With the ring gear [also 

called internal gear] held from turning, the planet pinions will have to walk around on the 

inside of the ring gear and the outside of the sun gear. In doing so, the planet pinions will 

carry the planet carrier around with them. If the planet carrier is held so that it cannot rotate 
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and the sun gear is driven, the planet pinions will force the ring gear [also called internal 

gear] to turn. If the planet carrier is held and the ring gear is driven, the planet pinions will 

force the sun gear to turn. If the sun gear is held and the planet carrier is driven, the planet 

pinions will be forced to rotate and they will drive the ring gear [internal gear]. Actual use of 

planetary gears in such things as automatic transmissions, disk clutches, and brake bands 

control the holding and driving members. Usually, the bands and clutches are controlled 

automatically. 

 

OPERATING PRINCIPLES 

To fully understand the movement of each member of a planetary system, let's consider a 

few basic operating principles of a planetary gear set. If the planetary carrier and the sun 

gear are held together, the pinions cannot turn because they are locked by the sun gear. 

This will cause the unit to turn as one unit. None of its parts will turn by themselves. This 

will give us direct drive just as if we had a one-piece shaft. If the sun gear is held and the 

planetary carrier is turned, then the ring gear [internal gear] will turn. The pinions will "walk" 

around the sun gear because the sun gear will not move. The pinions turn as they walk 

around the sun gear and are in mesh with the ring gear [internal gear]; therefore, the ring 

gear [internal gear] is pushed by the turning pinion. The ring gear will turn in the same 

direction as the carrier. If the ring gear is held and the sun gear is turned, then the carrier 

will turn. The pinions are in mesh with the sun gear, and, when the sun gear is turned, the 

pinions will turn. The pinions are also in mesh with the ring gear. With the ring gear held, 

the pinions therefore walk around the ring gear. This causes the carrier to turn with the 

pinions. If the carrier is held and the sun gear is turned, then the ring gear turns in reverse. 

Because the pinions are in mesh with the sun gear, when the sun gear is turned, the 

pinions also turn. However, the pinions turn in the opposite direction of the sun gear. The 

pinions are also in mesh with the ring gear and drive the ring gear because the carrier is 

held so that it cannot turn.  

When an external gear [ring gear] is driving the direction of turning is the same. Therefore, 

the planet pinions turning opposite from the input rotate the ring gear in reverse. There are 

five basic rules of planetary gear operation: 

 If the planet carrier is used as the output, the set operates in reduction (slower 
speed, more torque). 

 If the planet carrier is the input, the set operates in overdrive (more speed, less 
torque). 

 If the planet carrier is held, the set operates in reverse. 
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 If any two parts are locked together, the set operates in direct drive. 

 If no parts are locked together and if none are held, the set operates in neutral.  

Here are a few more things you should also remember. 

 An input member receives power from a source such as an engine. 

 An output member transmits power to the driving wheels of a vehicle and in this case 
it will be the input shaft of the gearbox. 

 A stationary member is one that is held by a band or clutch so that it cannot turn. 

 Locked members are held together. 

SPEED RANGES OF A PLANETARY SET 

Using the first three of the above rules, we can get six speed ranges. Remember, when 
were reduce speed, we increase torque, and when we increase speed, we reduce torque. 

 If the sun gear is held and the planet carrier is turned, the ring gear will turn faster 
than the carrier (overdrive). 

 If the sun gear is held and the ring gear is turned, the planet carrier will turn slower 
than the ring gear (reduction). 

 If the ring gear is held and the sun gear is turned, the planet carrier turns slower than 
the sun gear (reduction). 

 If the planet carrier is held and the ring gear is turned, the sun gear turns in reverse 
faster than the ring gear (overdrive and reverse). 

 If the ring gear is held and the planet carrier is turned, the sun gear turns faster than 
the carrier (overdrive). 

 If the planet carrier is held and the sun gear is turned, the ring gear turns in reverse 
slower than the sun gear (reduction and reverse). 

 

 

 

 

PLANETARY SET: FIG. 13 on the next page. 
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Another arrangement for transmit the power flow from the torque converter into the 

planetary gears is shown in FIG. 14.   

 

This is only one of the many possible arrangements. 

Planetary Gear System with a Multi-disk" clutch pack: FIG: 14 

 The clutch pack is the braking system to create the different gear selection and ratios 

The illustration on the right shows how the simple system described above would look in an 

actual transmission. The input shaft is connected to the ring gear (Input Shaft), The Output 

shaft is connected to the planet carrier (Out-put Shaft / Planet Carrier) which is also 

connected to a "Multi-disk" clutch pack. The sun gear is connected to a drum (Sun Gear) 

which is also connected to the other half of the clutch pack.  Surrounding the outside of the 

drum is a band (Brake Band) that can be tightened around the drum when required to 

prevent the drum with the attached sun gear from turning.  
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GO ON TO THE NEXT PAGE FOR THE SELF TEST. 

FIG. 14 
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SELF TEST 2 

 

Demonstrate and explain the following combinations on a planetary gear system: 

 

a) Speed increase - sun-gear stationary. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

b) Speed increase - ring-gear stationary. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

c) Speed reduction - sun-gear stationary. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

d) Speed reduction - ring-gear stationary. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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__________________________________________________________________ 

 

 

e) Reverse. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

f) Direct drive. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

Demonstrate the above conditions to your instructor and when it is correct; ask him to sign 

below before you go on to the next section. 

 

LEARNER TRAINING OFFICER 

DATE : ___________________ DATE :____________________ 

SIGNATURE : ______________ SIGNATURE : ______________ 
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4. HYDRAULIC CIRCUIT 

One of the means used to hold one or more of the gears in a planetary-gear system 

stationary, is a multiple-plate clutch.  One set of clutch plates is splined to the sun-

gear; the other set is splined to the piston sleeve, as shown in [FIG. 15] 

 

Multiple – Plate Clutch (Released position) 

 

 

 

 

 

 

 

 

 

 

 

 

Operation of Multiple – Plate Clutch [FIG. 16] 

 A clutch pack consists of alternating disks that fit inside a clutch drum. Half of the disks are 

steel and have splines that fit into groves on the inside of the drum.  The other half have a 

friction material bonded to their surface and have splines on the inside edge that fit groves 

on the outer surface of the adjoining hub.  There is a piston inside the drum that is activated 

by oil pressure at the appropriate time to squeeze the clutch pack together so that the two 

components become locked and turn as one. 

 

 

 

 

FIG. 15 
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Multi - Plate Clutch: FIG.17 

 

The piston sleeve is fixed to the gearbox housing.  When the hydraulic control 

system directs oil behind the annular piston as shown on FIG.14, the clutch plates 

are forced together so that the sun-gear is locked to the gearbox housing.  Power is 

transmitted from the input shaft via the ring-gear, through the planet pinions to the 

pinion carrier and output shaft.   

 

 

 

 

 

 

 

 

 

 

 

FIG 16 

FIG. 17 
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Pump shown in FIG. 18 is driven through the torque converter cage; its speed will vary with 

the engine speed. 

The Pump 

Pump: Not to be confused with the impeller inside the torque converter, the pump is 
typically a gear pump mounted between the torque converter and the planetary gearset. It 
draws transmission fluid from a sump and pressurizes it, which is needed for transmission 
components to operate. The input for the pump is connected to the torque converter 
housing, which in turn is bolted to the engine's flywheel [Flaxplate], so the pump provides 
pressure whenever the engine is running and there is enough transmission fluid. 

 
Automatic transmissions have a neat pump, called a gear pump. The pump is usually 
located in the cover of the transmission. It draws fluid from a sump in the bottom of the 
transmission and feeds it to the hydraulic system. It also feeds the transmission cooler and 
the torque converter.  

 

 

 

 

 

 

 

 

 

The inner gear of the pump hooks up to the housing of the torque converter, it spins at the 
same speed as the engine. The outer gear is turned by the inner gear, and as the gears 
rotate, fluid is drawn up from the sump on one side of the crescent and forced out into the 
hydraulic system on the other side.  

Note: 

Gear Pump from an Automatic Gearbox 
transmission 

FIG. 18 
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In some cases the oil pump for the transmission can also be an external oil pump driven by 

an electrical motor or even from a gear extended from the gearbox 

 

Automatic Transmissions: Hydraulics, Pumps and the Governor 

Hydraulics: FIG. 19 & FIG. 20 

The automatic transmission in your vehicle has to do numerous tasks. You may not realize 
how many different ways it operates. For instance, here are some of the features of an 
automatic transmission:  

 If the vehicle is in overdrive (on a four-speed transmission), the transmission will 
automatically select the gear based on vehicle speed and throttle pedal position.  

 If you accelerate gently, shifts will occur at lower speeds than if you accelerate at full 
throttle.  

 If you floor the accelerator pedal, the transmission will downshift to the next lower gear.  
 If you move the shift selector to a lower gear, the transmission will not downshift if  the 

vehicle is going too fast for that 
gear. If the vehicle is going too 
fast, it will wait until the vehicle 
slows down and then downshift.  

 If you put the transmission in 
second gear, it will never downshift 
or upshift out of second, even from 
a complete stop, unless you move 
the shift lever.  
 

 

 

You've probably seen something that looks like this before. It is really the brain of the 
automatic transmission, managing all of these functions and more. The passageways you 
can see route fluid to all the different components in the transmission. Passageways 
molded into the metal are an efficient way to route fluid; without them, many hoses would 
be needed to connect the various parts of the transmission. 
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The Transmission Governor application is used on some vehicles. FIG. 21 

We will discuss the governor in short: 

The governor is a clever valve that tells the transmission how fast the vehicle is going. It is 
connected to the output, so the faster the vehicle moves, the faster the governor spins. 
Inside the governor is a spring-loaded valve that opens in proportion to how fast the 
governor is spinning -- the faster the governor spins, the more the valve opens. Fluid from 
the pump is fed to the governor through the output shaft.  

The faster the vehicle goes, the more the governor valve opens and the higher the pressure 
of the fluid it lets through.  
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Automatic Transmissions: Valves and Modulators: FIG. 22 

To shift properly, the automatic transmission has to know how hard the engine is working. 
There are two different ways that this is done. Some vehicles have a simple cable linkage 
connected to a throttle valve in the transmission. The further the gas pedal is pressed, the 
more pressure is put on the throttle valve. Other vehicles use a vacuum modulator to 
apply pressure to the throttle valve. The modulator senses the manifold pressure, which 
increases when the engine is under a greater load.  

The manual valve is what the shift lever hooks up to. Depending on which gear is selected, 
the manual valve feeds hydraulic circuits that inhibit certain gears. For instance, if the shift 
lever is in third gear, it feeds a circuit that prevents overdrive from engaging.  

 

 

 

 

 

 

 

 

 

 

 

Shift valves supply hydraulic pressure to the clutches and bands to engage each gear. The 
valve body of the transmission contains several shift valves. The shift valve determines 
when to shift from one gear to the next. For instance, the 1 to 2 shift valve determines when 
to shift from first to second gear. The shift valve is pressurized with fluid from the governor 
on one side, and the throttle valve on the other. They are supplied with fluid by the pump, 
and they route that fluid to one of two circuits to control which gear the vehicle runs in.  
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The shift valve will delay a shift if the vehicle is accelerating quickly. If the vehicle 
accelerates gently, the shift will occur at a lower speed. Let's discuss what happens when 
the vehicle accelerates gently.  

As vehicle speed increases, the pressure from the governor builds. This forces the shift 
valve over until the first gear circuit is closed, and the second gear circuit opens. Since the 
vehicle is accelerating at light throttle, the throttle valve does not apply much pressure 
against the shift valve.  

When the vehicle accelerates quickly, the throttle valve applies more pressure against the 
shift valve. This means that the pressure from the governor has to be higher (and therefore 
the vehicle speed has to be faster) before the shift valve moves over far enough to engage 
second gear.  

Each shift valve responds to a particular pressure range; so when the vehicle is going 
faster, the 2-to-3 shift valve will take over, because the pressure from the governor is high 
enough to trigger that valve.  

 

GO ON TO THE NEXT PAGE TO DO THE SELF TEST 
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SELF TEST 3 

 

1. Name the hydraulic components of the automatic power transmission. 
 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________ 

 

2. Explain the operation of the clutch pack? 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________ 
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3. Explain  the purpose of the governor.  

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________ 

 

Demonstrate the above conditions to your instructor and when it is correct; ask him to sign 

below before you go on to the next section. 

 

LEARNER TRAINING OFFICER 

DATE : ___________________ DATE :____________________ 

SIGNATURE : ______________ SIGNATURE : ______________ 

 

 

 

 

 

 

 

 



Diesel Mechanic: Module OPT 

 - Mining Qualifications Authority - All rights reserved 

Created : 01 February 2003 

Revised : November 2013 

Owner : Learnership Department 

First Published : March 2003 

Revision No: 002 

TRG 9 

Page 36 of 65 

 

Electronic gearshift on the power transmission 

More updated shift control systems in the form of Electronic gearshift will be 
discussed later in this the learning manual 

One must remember although there exist quiet a number of Automatic Transmissions in 
sizes and shapes, from motorbikes; sedans; light delivering vehicle; trains; busses up to 
very big trucks and heavy industrial earthmoving equipment that the operation of such an 
automatic power transmission are all mostly the same. The only major difference will be the 
manner of how the selection of gears took place, for e.g. the gear shift can be manually, 
hydraulically, electrically, electronically or a combination of these mentioned applications. 
The amount of gears are also a factor, it can be a two speed, three speed, four speed and 
more it also can be a high range or a low range. 
We will only descried some of them and not in particularly a specific type of Automatic  
 

Power Transmission:  

We will discuss the different gear shift modes in the following session and later on how the 
different gear selection can be operated 

Automatic transmissions have various modes depending on the model and make of the 
transmission. Some of the common modes are: 

Park (P) 

This selection mechanically locks the output shaft of transmission, restricting the 
vehicle from moving in any direction. A parking pawl prevents the transmission from 
rotating, and therefore the vehicle from moving, although the vehicle's non-driven 
road wheels may still rotate freely. For this reason, it is recommended to use the 
hand brake (or parking brake) because this actually locks (in most cases) the rear 
wheels and prevents them from moving. This also increases the life of the 
transmission and the park pin mechanism, because parking on an incline with the 
transmission in park without the parking brake engaged will cause undue stress on 
the parking pin. An efficiently-adjusted hand brake should also prevent the vehicle 
from moving if a worn selector accidentally drops into reverse gear during early 
morning fast-idle engine warm-ups. 
 

A vehicle should be allowed to come to a complete stop before setting the 
transmission into park to prevent damage. Usually, park is one of only two selections 
in which the vehicle engine can be started. In many modern vehicles, the driver must 
have the foot brake applied before the transmission can be taken out of park. The 
Park position is omitted on buses/coaches with automatic transmission (on which a 
parking pawl is not practical), which must be placed in neutral with the parking 
brakes set.  



Diesel Mechanic: Module OPT 

 - Mining Qualifications Authority - All rights reserved 

Created : 01 February 2003 

Revised : November 2013 

Owner : Learnership Department 

First Published : March 2003 

Revision No: 002 

TRG 9 

Page 37 of 65 

 

 
 
 
Most automobiles require P to be set on the selector lever before the internal 
combustion engine can be started. This is typically achieved via a normally open 
'inhibitor' switch, which is wired in series with the starter motor engagement circuit, 
and is only closed when P is selected, thus completing the circuit (when the key is 
turned to the start position) 
 

Reverse (R) 

This engages reverse gear within the transmission, giving the ability for the vehicle to 
drive backwards. In order for the driver to select reverse, they must come to a 
complete stop, push the shift lock button in (or pull the shift lever forward in the case 
of a column shifter) and select reverse. Not coming to a complete stop can cause 
severe damage to the transmission. Many modern power transmissions have a 
safety mechanism in place, which does to some extent prevent (but does not 
completely avoid) inadvertently putting the vehicle in reverse when the vehicle is 
moving forwards. This mechanism usually consists of a solenoid-controlled physical 
barrier on either side of the Reverse position, which is electronically engaged by a 
switch on the brake pedal. Therefore, the brake pedal needs to be depressed in 
order to allow the selection of reverse. Some electronic transmissions prevent or 
delay engagement of reverse gear altogether while the vehicle is moving. 
Some shifters with a shift button allow the driver to freely move the shifter from R to 
N or D, or simply moving the shifter to N or D without actually depressing the button. 
However, the driver cannot put back the shifter to R without depressing the shift 
button to prevent accidental shifting, especially at high speeds, which could damage 
the transmission. 

 

Neutral (N) 

This disengages all gear trains within the transmission, effectively disconnecting the 
transmission from the driven road wheels, so the vehicle is able to move freely under 
its own weight without the motive force from the engine. This is the only other 
selection in which the vehicle's engine can be started. 
 

Drive (D) 

This position allows the transmission to engage the full range of available forward 
gear trains, and therefore allows the vehicle to move forward and accelerate through 
its range of gears.  
 

2  (Second)  S (second). 

This mode limits the transmission to the first two gear ratios, or sometimes locks the 
transmission in second gear. This can be used to drive in adverse conditions as well 
as climbing or going downhill. Some vehicles will automatically shift up out of second 
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gear in this mode if a certain rpm range is reached in order to prevent engine 
damage. 
 
 
 

1 (First)  L (Low) 

This mode locks the transmission in first gear only. It will not change to any other 
gear range.  
 

D5  In equipped with five-speed automatic transmissions, this mode is used commonly 
for highway use (as stated in the OEM manual), and uses all five forward gears.  

 
D4 This mode is also found in four- or five-speed automatics, and only uses the first four 

gear ratios. According to the OEM manual, it is used for "stop and go traffic", such as 
city driving.  

 
D3 This mode is found in four-speed automatics and only uses the first three gear ratios. 

According to the OEM manual, it is used for "stop & go traffic", such as city driving. 
 

Note:  

The above mentioned selections and more selection will be applicable to most other 
types of automatic power transmissions with an option of more and higher gear 
ratios, but the method of changing a selected gear will remain mostly the same. 
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AUOTOMATIC POWER TRANSMISSION SHIFT CONTROL SYSTEMS 

ELECTRONIC CONTROL TRANSMISSION 

Electronic Control Transmission (ECT) 

The Electronic Control Transmission is an automatic transmission which uses modern 
electronic control technologies to control the transmission. The transmission itself, except 
for the valve body and speed sensor, is virtually the same as a full hydraulically controlled 
transmission, but it also consists of electronic parts, sensors, an electronic control unit and 
actuators.  

 

The electronic sensors monitor the speed of the vehicle, gear position selection and throttle 
opening, sending this information to the ECU [Engine Control Unit]. The ECU then controls 
the operation of the clutches and brakes based on this data and control the timing of shift 
points and torque converter lock-up.  

 

Driving Pattern Select Switch [situated on the gear selector lever] 

The pattern select switch is controlled by the driver to select the desired driving mode, 
either "Normal" or "Power." Based on the position of the switch, the ECT ECU selects the 
shift pattern and lock-up accordingly. The upshift in the power mode will occur later, at a 
higher speed depending on the throttle opening. For example, an upshift to third gear at 
50% throttle will occur at about 60Km/h in normal mode and about 75Km/h in power mode 
FIG. 23 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG.23 
23 
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The ECU has a "PWR" terminal but does not have a "Normal" terminal. When "Power" is 
selected, 12 volts are applied to the "PWR" terminal of the ECU and the power light 
illuminates.  

When "Normal" is selected, the voltage at "PWR" is 0 volts. When the ECU senses 0 volts 
at the terminal, it recognizes that "Normal" has been selected.  

 

Several shift patterns are stored in the ECU memory. Utilizing sensory inputs, the ECU 
selects the appropriate shift pattern and operates the shift solenoids accordingly.  

 

Neutral Start Switch 

The ECT ECU receives information on the gear range into which the transmission has been 
shifted from the shift position sensor, located in the neutral start switch, and determines the 
appropriate shift pattern. The neutral start switch is actuated by the manual valve shaft in 
response to the gear selector movement. FIG. 24 

 

The ECT ECU only monitors positions "T' and "L." If either of these terminals provides a 12-
volt signal to the ECU, it determines that the transmission is in neutral, second gear or first 
gear. If the ECU does not receive a 12-volt signal at terminals "T' or "1," the ECU 
determines that the transmission is in the "D" range.  
Some neutral start switches have contacts for all gear ranges. Each contact is attached to 
the gear position indicator lights if the vehicle is so equipped 
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Starter Control FIG. 25 

In addition to sensing gear positions, the neutral switch prevents the starter from cranking 
the engine unless it is in the park or neutral position. In the park and neutral position, 
continuity is established between terminals “B” and “NB” of the neutral start switch as 
illustrated below. FIG.25 
 

 

Throttle Position Sensor. FIG. 26 
This sensor is mounted on the throttle body and electronically senses how far the throttle is 
open and then sends this data to the ECU. The throttle position sensor takes the place of 
throttle pressure in a fully hydraulic control transmission. By relaying the throttle position, it 
gives the ECU an indication of engine load to control the shifting and lock-up timing of the 
transmission.  
 
There are two types of throttle sensors associated with ECT transmissions. The type is 
related to how they connect to the ECT ECU. The first is the indirect type because it is 
connected directly to the engine ECU, and the engine ECU then relays throttle position 
information to the ECT ECU. The second type is the direct type witch is connected directly 
to the ECT ECU. FIG. 26. 
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Indirect Type. FIG. 27 

This throttle position sensor converts the throttle valve opening angle into voltage signals. It 
has four terminals: VC, VTA, IDL and E. A constant 5 volts is applied to terminal VC from 
the engine ECU. As the contact point slides along the resistor with throttle opening, voltage 
is applied to the VTA terminal. This voltage increases linearly from 0 volts at closed throttle 
to 5 volts at wide-open throttle. FIG. 27. 
 

 

 
The engine ECU converts the VTA voltage into one of eight different throttle opening angle 
signals to inform the ECT ECU of the throttle opening. These signals consist of various 
combinations of high and low voltages at ECT ECU terminals as shown in the chart below. 
The shaded areas of the chart represent low voltage (about 0 volts). The white areas 
represent high voltage [L1; 2; U about 5 volts. IDL about 12 volts]  FIG. 28. 
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When the throttle valve is completely closed, the contact points for the IDL signal connect 
the IDL and E terminals, sending an IDL signal to the ECT ECU to inform it that the throttle 
is fully closed.  
 
As the ECT ECU receives the L1, L2 and D signals, it provides an output voltage from 1 to 
8 volts at the TT or ECT terminal of the diagnostic check connector. The voltage signal 
varies depending on the throttle opening angle and informs the technician whether or not 
the throttle opening signal is being input properly.  
 
Direct Type throttle sensor. FIG. 29 
With this type of throttle sensor, signals are input directly to the ECT ECU from the throttle  
position sensor. Three movable contact points rotate with the throttle valve, causing 
contacts L1, L2, L3 and IDL to make and break the circuit with contact E (ground). The grid 
which the contact points slide across is laid out in such a way as to provide signals to the 
ECT ECU depicted in the chart below. The voltage signals provided to the ECT ECU 
indicate throttle position just as they did in the indirect type of sensor.  
If the idle contact or its circuit on either throttle sensor malfunctions, certain symptoms 
occur. If it is shorted to ground, lock-up of the torque converter will not occur. If the circuit is 
open, neutral to drive squat control does not occur and a harsh engagement may be the 
result. If the L1, L2, L3 signals are abnormal, shift timing will be incorrect. FIG. 29 
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Water Temperature Sensor. FIG. 30 

The water temperature sensor monitors engine coolant temperature and is typically located 
near the cylinder head water outlet. A thermistor is mounted within the temperature sensor, 
and its resistance value decreases as the temperature increases. Therefore, when the 
engine temperature is low, resistance will be high. FIG. 30 
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When the engine coolant is below a predetermined temperature, the engine performance 
and the vehicle's drivability would suffer if the transmission was shifted into overdrive or the 
converter clutch was locked-up. The engine ECU monitors coolant temperature and sends 
a signal to terminal OD1 of the ECT ECU. The ECU prevents the transmission from 
upshifting into overdrive and lock-up until the coolant has reached a predetermined 
temperature. This temperature will vary from 122'F to 162’F depending on the transmission 
and vehicle model. For specific temperatures, refer to the ECT Diagnostic Information chart 
in the appendix of this book.  
 
Some models, depending on the model year, cancel upshifts to third gear at lower 
temperatures. This information is found in the appendix and is indicated in the heading of 
the OD Cancel Temp column of the ECT Diagnostic Information chart by listing in 
parenthesis the temperature for restricting third gear. 
 

 
Speed Sensors. FIG. 31 
To ensure that the ECT ECU is kept informed of the correct vehicle speed at all times, 
vehicle speed signals are input into it by two speed sensors. For further accuracy, the ECT 
ECU constantly compares these two signals to see whether they are the same. The speed 
sensor is used in place of governor pressure in the conventional hydraulically controlled 
transmission FIG. 31 
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Main Speed Sensor (No. 2 Speed Sensor) FIG. 32 

The main speed sensor is located in the transmission housing. A rotor with built-in magnet 
is mounted on the drive pinion shaft or output shaft. Every time the shaft makes one 
complete revolution, the magnet activates the reed switch, causing it to generate a signal.  
This signal is sent to the ECU, which uses it in controlling the shift point and the operation 
of the lock-up clutch. This sensor outputs one pulse for every one revolution of the output 
shaft.  
 

 

 
Back- Up Speed Sensor (No.1 Speed Sensor) FIG. 33 
The back-up speed sensor is built into the combination meter assembly and is operated by 
the speedometer cable. The sensor consists of an electrical reed switch and a multiple pole 
permanent magnet assembly. As the speedometer cable turns, the permanent magnet 
rotates past the reed switch. The magnetic flux lines between the poles of the magnet 
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cause the contacts to open and close as they pass. The sensor outputs four pulses for 
every one revolution of the speedometer cable.  
 
The sensor can also be a photo-coupler type which uses a photo transistor and light-
emitting diode (LED). The LED is aimed at the phototransistor and separated by a slotted 
wheel. The slotted wheel is driven by the speedometer cable. As the slotted wheel rotates 
between the LED and photo diode, it generates 20 light pulses for each rotation. This signal 
is converted within the phototransistor to four pulses sent to the ECU.  
 
Speed Sensor Failsafe 
If both vehicle speed signals are correct, the signal from the main speed sensor is used in 
shift timing control after comparison with the output of the back-up speed sensor. If the 
signals from the main speed sensor fail, the ECU immediately discontinues use of this 
signal and uses the signals from the back-up speed sensor for shift timing. FIG. 33 
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Stop Light Switch. FIG. 34 
The stop light switch is mounted on the brake pedal bracket. When the brake pedal is 
depressed, it sends a signal to the STP terminal of the ECT ECU, informing it that the 
brakes have been applied. FIG. 34. 
 

 

The ECU cancels torque converter lock-up when the brake pedal is depressed, and it 
cancels "N" to "D" squat control when the brake pedal is not depressed and the gear 
selector is shifted from neutral to drive.  
 
Overdrive Main Switch. FIG. 35 
The overdrive main switch is located on the gear selector. It allows the driver to manually 
control overdrive. When it is turned on, the ECT can shift into overdrive. When it is turned 
off, the ECT is preventing from shifting into overdrive. 
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O/D Main Switch ON. FIG. 36 

When the O/D switch is in the ON position, the electrical contacts are actually open and 
current from the battery flows to OD2 terminal of the ECT ECU as shown in FIG 36. 
 

 

 

O/D Switch (Overdrive Switch) OFF. FIG. 37 

When the O/D switch is in the OFF position, the electrical contacts are actually closed and 
current from the battery flows to ground and “ 0” volts is present at the OD2 terminal as 
shown in FIG. 37. At the same time, the OD off indicator is illuminated.   
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Solenoid Valves.  
Solenoid valves are electro-mechanical devices which control hydraulic circuits by opening 
a drain for pressurized hydraulic fluid. Of the solenoid valves, No. 1 and No. 2 control gear 
shifting while No. 3 controls convertor lock-up 
 

No. 1 and No. 2 Solenoid Valves. FIG 38 

These solenoid valves are mounted on the valve body and are turned on and off by 
electrical signals from the ECU, causing various hydraulic circuits to be switched as 
necessary. By controlling the two solenoids' on and off sequences, we are able to provide 
four forward gears as well as prevent upshifts into third and fourth gear. 
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Overdrive Control System. FIG. 39 
 
The No. 1 and No. 2 solenoids are normally closed. The plunger is spring loaded to the 
closed position, and when energized, the plunger is pulled up, allowing line pressure fluid to 
drain.  
The operation of these solenoids by the ECT ECU will be described later on in this learning 
material.  
 
No. 3 Solenoid Valve 
This solenoid valve is mounted on the transmission exterior or valve body. It controls line 
pressure which affects the operation of the torque converter lock-up system. This solenoid 
is either a normally open or normally closed solenoid.  
 
No. 4 Solenoid Valve 
This solenoid is a normally closed solenoid which controls the shift to low 4-wheel drive. It is 
controlled by the ECT ECU when low 4-wheel drive has been selected at vehicle speeds 
below 30Km/h with light throttle open. 
 

 

 

Functions of ECT ECU 

Control of Shift Timing 

The components which make up this system include:  

 OD main switch  

 OD Off indicator light  

 ECT ECU  

 Water temperature sensor  

 Cruise control ECU 

 No. 1 and No. 2 solenoid valves [shift solenoids]  
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The ECU controls No. 1 and No. 2 solenoid valves based on vehicle speed, throttle opening 
angle and mode select switch position.  
The ECT ECU prevents an upshift to overdrive under the following conditions:  
 
 
• Water temperature is below 157oC to 68oC  
• Cruise control speed is 10Km/h below set speed.  
• OD main switch is off (contacts closed).  
 
The OD main switch also prevents OD from engaging below a specific engine temperature 
or upshift to a higher gear below 450C and below 470C  
 
* Consult the specific [OEM] repair manual or the [OEM] ECT Diagnostic Information 
Technician Reference card for the specific temperature in witch overdrive is enable.  
 

Control of Lock-Up. FIG.40 

The ECT ECU has lock-up clutch operation pattern for each driving mode (Normal and 
Power) programmed in its memory. The ECU turns the No. 3 solenoid valve on or off 
according to vehicle speed and throttle opening signals. The lock-up control valve changes 
the fluid passages for the converter pressure acting on the torque converter piston to 
engage or disengage the lock-up clutch.  
 
In order to turn on solenoid valve No. 3 to operate the lock-up system, the following three 
conditions must exist simultaneously:  
 

 The vehicle is traveling in second, third, or overdrive ("D" range).  

 Vehicle speed is at or above the specified speed and the throttle opening is at or 
above the specified value.  

 The ECU has received no mandatory lock-up system cancellation signal.  
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The ECU controls lock-up timing in order to reduce shift shock. If the transmission up-shifts 
or down-shift while lock-up is in operation. The ECU deactivates the lock=up clutch. 
 

 

The ECU will cancel lock-up if any of the following conditions occur:  
 

 The stop light switch comes on.  

 The coolant temperature is below 57oC to 68oC depending on the model. Consult the 
OEM vehicle repair manual or the ECT Diagnostic Information Technician Reference 
Card.  

 The IDL contact points of the throttle position sensor close.  

 The vehicle speed drops about 10Km/h or more below the set speed while the cruise 
control system is operating.  

 
The stop light switch and IDL contacts are monitored in order to prevent the engine from 
stalling in the event that the rear wheels lock up during braking. Coolant temperature is 
monitored to enhance drivability and transmission warm-up. The cruise control monitoring 
allows the engine to run at higher rpm and gain torque multiplication through the torque 
converter.  
 
Neutral to Drive Squat Control 
When the transmission is shifted from the neutral to the drive range, the ECU prevents it 
from shifting directly into first gear by causing it to shift into second or third gear before it 
shifts to first gear. It does this in order to reduce shift shock and squatting of the vehicle.  
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Engine Torque Control 
To prevent shifting shock on some models, the ignition timing is retarded temporarily during 
gear shifting in order to reduce the engine's torque. The TCCS and ECT ECU monitors’ 
engine speed signals (Ne) and transmission output shaft speed (No. 2 speed sensor) then 
determines how much to retard the ignition timing based on shift pattern selection and 
throttle engine angle. 
 
Fail-Safe Operation 
The ECT ECU has several fail-safe functions to allow the vehicle to continue operating 
even if a malfunction occurs in the electrical system during driving. The speed sensor fail-
safe has already been discussed earlier on.  
 
Solenoid Valve Back-Up Function 
In the event that the shift solenoids malfunction, the ECU can still control the transmission 
by operating the remaining solenoid to put the transmission in a gear that will allow the 
vehicle to continue to run.  
 
Chart Flow. FIG. 41 
 
The chart below FIG.41 identifies the gear position the ECU places the transmission if a 
given solenoid should fail. Notice that if the ECU was not equipped with fail-safe, the items 
in addition to the normal operation. But because the ECU senses the failure, it modifies the 
shift pattern so the driver can still drive the vehicle. For example, if No. 1 solenoid failed, the 
transmission would normally go to overdrive in drive range first gear. But instead, No.2 
solenoid turned it on to drive 3rd gear 
 

 

Should both solenoids malfunction, the driver can still safely drive the vehicle by operating 
the shift lever manually 
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NOTE: The following operations are examples of how Electronic/Hydraulic shift control 
systems work and no particular Power Transmission is discussed in the following 
procedures. 
 
ECT Shift Valve Operation.  
Two electrically operated solenoids control the shifting of all forward gears in the electronic 
control four speed automatic transmission. These solenoids are controlled by an  
ECU which uses throttle position and speed sensor input to determine when the solenoids 
are turned on. The solenoids normal position is closed, but when it is turned on, it opens to 
drain fluid from the hydraulic circuit. Solenoid No. 1 controls the 2-3 shift valve. It is located 
between the manual valve and the top of the 2-3 shift valve. Solenoid No. 2 controls the 1-2 
shift valve and the 3-4 shift valve 
 
 
 
First Gear. FIG. 42 

During first gear operation, solenoid No. 1 is on and solenoid No. 2 is off. With line pressure 
drained from the top of the 2-3 shift valve by solenoid No. 1, spring tension at the base of 
the valve pushes it upward. With the shift valve up, line pressure flows from the manual 
valve through the 2-3 shift valve and on to the base of the 3-4 shift valve.  
With solenoid No. 2 off, line pressure pushes the 1-2 shift valve down. In this position, the 
1-2 shift valve blocks line pressure from the manual valve. Line pressure and spring tension 
at the base of the 3-4 valve push it upwards. 
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Second Gear. FIG 43 

During second gear operation, solenoid No. 1 and No. 2 are on. Solenoid No. 1 has the 
same effect that it had in first gear with the 2-3 shift valve being held up by the spring at its 
base.  
Pressure from the manual valve flows through the 2-3 shift valve and holds the 3-4 shift 
valve up.  
 
With solenoid No. 2 on, line pressure from the top of the 1-2 shift valve bleeds through the 
solenoid. Spring tension at the base of the 1-2 shift valve pushes it upward. Line pressure 
which was blocked, now is directed to the second brake, causing second gear The 3-4 shift 
valve maintains its position with pressure from the 2-3 shift valve holding it up 
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Third Gear. FIG. 44 

During third gear operation, solenoid No. 1 is off and solenoid No. 2 is on. When solenoid 
No. 1 is off, it closes its drain and line pressure from the manual valve pushes the 2-3 shift 
valve down. Line pressure from the manual valve is directed to the direct clutch (C2) and to 
the base of the 1-2 shift valve.  
 
With solenoid No. 2 on, it has the same effect that is had in second gear; pressure is bled at  
the top of the 1-2 shift valve and spring tension pushes it up. Line pressure is directed to 
the second brake (B2). However in third gear, the second brake (B2) has no effect since it 
holds the one-way clutch No. 1 (Fl) and freewheels in the clockwise direction. The second 
coast brake is ready in the event of a downshift when the OD direct clutch [C2] is released 
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Fourth Gear. FIG. 45 
During fourth gear operation, both solenoids are off. When solenoid No. 1 is off, its 
operation is the same as in second and third gears. A third solenoid controls lock-up 
operation 
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TRANSMISSION CHECKS. 

 Look for leaks. Most of us have been conditioned to look under our vehicles from time to 
time for leaking fluids. Transmission fluid is usually reddish-brown. If you find this colour 
liquid spotting your driveway, trace it to its source and make sure it's coming from the 
transmission.  

 Check your dipstick and any other type of warning device. While we're on the subject 
of leaks, check your dipstick/device. (Note: the engine must be running to get an accurate 
transmission fluid level reading.)  

 Come to a complete stop before shifting. Be kind to your transmission, and it will give 
you many years of service. When shifting from forward to reverse and back, make sure 
the vehicle has come to a complete stop. Also, don't race the engine in neutral and then 
drop it into drive.  

 Change your transmission fluid regularly. Look in your owner's manual for 

recommended service intervals.  
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Automatic Gearbox Trouble shooting 

Diagnose By Symptom 

Transmission Noisy, Other Than Valve Resonance 

1. Check for gear noise to verify if within normal range.  
2. Check linkage for proper adjustment, wear, or damage.  
3. Check fluid for proper level and/or contamination.  
4. If fluid level is low, add specified fluid to bring level within cross-hatched area at 

operating temperature.  
5. If fluid is contaminated, disassemble, clean, and service transmission, flushing 

torque converter and cooler.  
6. Fluid samples must be taken to be analysed [For history purposes] 
7. Perform Stall Test. If noise does not stop, proceed to step 8.  
8. If noise does not stops, proceed as follows:  

 Run transmission in all gears and check for noise.  

 If noise does not stop in any gear, remove speedometer gear and check for noise. If 
noise stops, replace speedometer gear.  

 If noise stops in Low and R only, service forward planetary and/or one-way clutch.  

 If noise stops in 2nd, High, and R only, service reverse planetary.  

 If noise stops in High only, service both planetary sets.  
 
9. Check extension housing bushing, seal or propeller shaft.  

 

Power Automatic Transmission problems fall into two very similar categories:  

 Won't go.  
 Won't go smoothly 

These two groups of problems are caused by the same faults in your transmission, so 

whichever your vehicle is doing, the following applies.  

 Is your fluid level correct? 

 Is your transmission leaking? 

 Is your filter clogged? 

 
Spotting other problems before they get worse  
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Be sensitive to new noises, vibrations and shift behaviour 

A modern transmission should shift smoothly and quietly under light acceleration.  Heavier 

acceleration should produce firmer shifts at higher speeds.  If shift points are erratic or you 

hear noises when shifting or whining noises coming from the floorboard is also a cause for 

concern.   

Transmission Repairs: 

Adjustments and repairs: 
There are several problems that can be resolved with an adjustment (A simple adjustment 
is one that can be made without removing the transmission from the vehicle.) or minor 
repair. 
When Computer-controlled transmissions is not shifting properly, it is often the result of a 
computer sending incorrect signals due to a faulty sensor, or the transmission is not 
reacting to the computer command because of a bad connection or defective solenoid 
pack.  These problems can be corrected while the transmission is in the vehicle by 
performing a diagnostic test.  
 
If a non-computer-controlled transmission is shifting too early or too late, it may require 
an adjustment to the throttle cable (kick down cable). Since throttle cables rarely go out of 
adjustment by itself or due to wear and tear, these miss-adjustments are usually due to 
other repair work or damage from an accident.  If the vehicle has a vacuum modulator 
instead of a throttle cable, there is an adjustment that can be made using an adjustment 
screw in some modulator designs.  In vehicles with modulators, however, it is very 
important that there are no vacuum leaks and the engine is running at peak efficiency. 
Engine vacuum is very sensitive to how well the engine is running.  In fact, many 
technicians use a vacuum gauge to diagnose performance problems and state-of-tune. 
Many problems that seem to be transmission problems disappear after a tune-up or engine 
performance related repair was completed 

 

 

 

 

 

 

 

 

GO ON TO THE NEXT PAGE AND PRACTICE. 
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5. DISMANTLING THE TRANSMISSION 

 

PRACTICE 

By referring to your notes and the workshop manual, dismantle a full-power shift 

transmission. 

 

Strip the Power Transmission in major components. Identify and explain and assemble the 
following components: 

 Torque Convertor 

 Multi-Plate clutch 

 Oil pump 

 Governor 

 Valve body with pressure relieve valve 

 Planetary gear set [Splitter Box] 

 Solenoid 
 
Note: 

Make use of the Original Manufacturer hand book to strip the Power Transmission and use 

the specialized tools and equipment prescribed by the Manufacturer 

 

Assess the parts for wear or damage and compile a condition report. 

 

 

 

 

 

 

 

 

GO ON TO THE NEXT PAGE TO DO A CONDITION REPORT 
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CONDITION REPORT ON A POWER TRANSMISSION 

 

1. TORQUE CONVERTOR 

 

Specify part and wear or damage. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

2. SPLITTER AND MAIN GEARBOX 

 

Specify part and wear or damage. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

3. HYDRAULIC CIRCUIT 

 

Specify part and wear or damage. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 

Ask your instructor to check your work and to sign on the next page when it is correct and 

then go on to the next section. 

 

 

 

 



Diesel Mechanic: Module OPT 

 - Mining Qualifications Authority - All rights reserved 

Created : 01 February 2003 

Revised : November 2013 

Owner : Learnership Department 

First Published : March 2003 

Revision No: 002 

TRG 9 

Page 64 of 65 

 

LEARNER TRAINING OFFICER 

DATE : ___________________ DATE :____________________ 

SIGNATURE : ______________ SIGNATURE : ______________ 
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6. ASSEMBLING THE TRANSMISSION: 

 

ASSEMBLE THE POWER TRANSMISSION BY FOLLOWING THE REVISE METHOD OF DISMANTLING.  

USE THE MANUFACTURER’S REPAIR HANDBOOK TO ASSEMBLE THE POWER TRANSMISSION AND DO 

THE CORRECT ADJUSTMENTS ACCORDING THE SPECIFICATIONS.  

USE THE PRESCRIBED SPECIAL TOOLS AND MEASURING INSTRUMENTS  

 

PRACTICE 

 

By referring to your notes and the workshop manual, assemble the power transmission. 

 

Call your instructor to check your work.  When it is correct ask him to sign below. 

 

 

 

LEARNER TRAINING OFFICER 

DATE : ___________________ DATE :____________________ 

SIGNATURE : ______________ SIGNATURE : ______________ 

 

 

 

REMEMBER ALWAYS WORK SAFE 

Once you have passed the entire self-tests 

and practices, you are now at liberty to 

request a Formative Assessment from your 

Assessor. 
 


