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LESSON 4

FUNDAMENTALS OF AUTOMATIC TRANSMISSIONS 

TASK

Describe the fundamentals of automatic transmissions.

CONDITIONS

Given information on the operation, drive train, and hydraulic system of the automatic transmission.

STANDARDS

Answer 70 percent of the multiple-choice items covering fundamentals of automatic transmissions.

REFERENCES

TM 9-8000

Learning Event 1:

DESCRIBE THE OPERATION AND DRIVE TRAIN MECHANISMS OF THE AUTOMATIC TRANSMISSION 

DESCRIPTION

The automatic transmission, like the manual transmissions, matches load requirements of the vehicle to the power and speed range of the engine.  This is done automatically depending on throttle position, vehicle speed, and the position of the shift control lever.  Automatic transmissions are built-in models that have two, three, or four forward speeds, and some are equipped with overdrive.  Operator control is limited to the selection of the gear range by moving a control lever.

COUPLING

The automatic transmission is coupled to the engine through a torque converter.  The torque converter is used with an automatic transmission,  mainly because it does not have to be manually disengaged by the operator each time the vehicle is stopped. Because the automatic transmission shifts without any interrup​tion of engine torque application, the cushioning effect of the fluid coupling within the torque converter also is desirable.

SHIFTING

Because the automatic transmission shifts gear ratios independ​ently, it must do so without the operator releasing the throttle. It does this by using planetary gearsets whose elements are locked and released in various combinations that produce the required forward and reverse gear ratios.  The locking of the planetary gearset elements is done through the use of hydraulic​ally actuated, multiple-disk clutches and brake bands.  The hydraulic pressure that actuates these locking devices is controlled by the valve body.  Think of the valve body as a hydraulic computer that receives signals indicating vehicle speed, throttle position, and gearshift lever position.  Based on this information, the valve body sends hydraulic pressure to the correct locking devices to produce the required gear ratios.

OPERATOR CONTROLS

The only operator control for an automatic transmission is the gearshift lever, although the accelerator pedal also can be considered an operator control, because it forces the transmis​sion to shift to a lower ratio when it is fully depressed.

DRIVE TRAIN MECHANISMS

Multiple-Disk Clutch

The multiple-disk clutch, in most cases, is used to transmit torque by locking elements of the planetary gearsets to rotating members within the transmission.  In some cases, the multiple-disk clutch also is used to lock a planetary gear set element to the transmission case so that it can act as a reactionary member.

Construction

The multiple-disk clutch is comprised of the following components:

Disks and Plates

The active components of the multiple-disk clutch are the disks and the plates.  The disks are made of steel and are faced with a friction material.  They usually have teeth cut into their inner circumference to positively key them to the clutch hub.  The plates are made of steel with no facing, and usually have teeth cut into their outer circumference to positively key them inside of a clutch drum or to the inside of the transmission case.  By alternately stacking the disks and plates, they are locked together or released by simply squeezing them.

Clutch Drum and Hub

The clutch drum holds the stack of disks and plates and usually is attached to the planetary gearset element that is being driven.  The clutch hub usually attaches to the driving member and fits inside of the clutch disks and plates.

Pressure Plate

The pressure plates are thick clutch plates that are placed on either end of the stack.  Their purpose is to distribute the application pressure equally on the surfaces of the clutch disks and plates.

Clutch Piston

The clutch piston uses hydraulic pressure to apply the clutch. Hydraulic pressure usually is supplied to the clutch piston through the center of the rotating member.

Clutch Piston Seals

The clutch piston seals serve to prevent the leakage of hydraulic pressure around the inner and the outer circumferences of clutch piston.

Clutch Springs

The clutch springs ensure rapid release of the clutch when hydraulic pressure to the clutch piston is released.  The clutch springs may be in the form of several coil springs equally spaced around the piston or one large coil spring that fits in the center of the clutch drum.  Some models use a diaphragm-type (Belleville) clutch spring.

Operation

Now let's discuss the operation of a multiple-disk clutch.

When the clutch is released, there is no hydraulic pressure on the clutch piston, and the clutch disks and plates are free to rotate within each other.  The result is that the clutch hub rotates freely and does not drive the clutch drum.

When the clutch is applied, hydraulic pressure is applied to the clutch piston which, in turn, applies pressure to the clutch disks and plates, causing them to lock together.  As a result, the clutch hub drives the clutch drum through the clutch.

Brake Band

The brake band is used to lock a planetary gearset element to the transmission case so that the element can act as a reactionary member.

Construction

The brake band is comprised of the following components:

Band

The brake band is a circular piece of spring steel that is rectangular in cross section.  Its inside circumference is lined with a friction material.  The brake band has bosses on each end so that it can be held and compressed.

Drum

The drum fits inside of the band and attaches to the planetary a gearset element that is to be locked by the band.  Its outer circumference is machined smoothly to interact with the friction surface of the band.  By pulling the open ends of the band together, the rotation of the drum stops.

Anchor

The anchor firmly attaches one end of the brake band to the transmission case.  A provision for adjusting the clearance between the band and the drum usually is provided on the anchor.

Servo

The servo uses hydraulic pressure to squeeze the band around the drum.  The servo piston is acted on by hydraulic pressure from the valve body that is fed through an internal passage through the case.  The servo piston has a seal around it to prevent leakage of hydraulic pressure and is spring loaded to allow quick release of the band.  Some servos use hydraulic pressure on both sides of their pistons so that they use hydraulic pressure for both the release and the application of the band.

Operation

When the brake band is released, there is no hydraulic pressure applied to the servo and the drum is free to rotate within the band.

When the brake band is applied, hydraulic pressure is applied to the servo.  The servo in turn, tightens the band around the drum. This action results in the drum being locked in a stationary position, causing an output change from the planetary gearset.

Overrunning (One-Way) Clutch

The overrunning clutch is used in certain automatic transmissions to lock a planetary gearset element to the transmission case so that it can act as a reactionary member.  The operation of the overrunning clutch is the same as that of the one used in the torque converter, and it can be of the sprag or roller type. There is no control system necessary for this mechanism.

Learning Event 2:

DESCRIBE THE DRIVE TRAIN ARRANGEMENTS OF THE AUTOMATIC TRANSMISSION

Automatic transmissions are built with two, three, and four forward speeds and therefore use many variations of drive train arrangements.  The following paragraphs describe the two most popular arrangements, the compound planetary drive train and the Simpson drive train.

Compound Planetary Drive Train
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FIGURE 13.  TYPICAL TWO-SPEED AUTOMATIC TRANSMISSION

USING COMPOUND PLANETARY DRIVE TRAIN.

This arrangement combines two multiple-disk clutches and one brake band with a compound planetary gearset.  The compound planetary gearset is really two gearsets that are integrated together through the use of long and short pinions.  Because of the compactness of this unit, it has all but Superseded earlier two-speed drive trains that use two separate planetary gearsets.

Operation

The compound planetary drive train provides two forward speeds, reverse, and neutral.  Power flow in the different gear ranges are as follows:
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FIGURE 14. POWER FLOW - NEUTRAL.

Neutral

When the gearshift lever is placed in neutral, the clutch and brake bands are released.  Because of this, there is no reaction​ary member in the planetary gearset to provide positive drive. Therefore, no torque is transmitted to the output shaft as all of the planetary gearset elements are free to spin around their axes.

Low

When the gearshift lever is placed in low, the direct and reverse clutches are released and the low brake band is applied, locking the low sun gear.  Power flow through the drive train is as follows:

· From the input sun gear to the long planetary pinions.

· From the long planetary pinions to the short planetary pinions.

The locked sun gear then provides a reaction point so that the planetary pinions and carrier can walk around it, rotating the output shaft.

The result is a speed reduction ratio from the input shaft to the output shaft of about 1.8:1.  The low-gear power flow also is used when the gearshift lever is in the drive position before the vehicle attains sufficient speed for the transmission to shift to direct drive.
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FIGURE 15.  POWER FLOW - DIRECT DRIVE.

Direct Drive

When the gearshift lever is placed in drive, the transmission is in low gear until the vehicle reaches a speed sufficient to allow the transmission to automatically shift to direct drive.  The shift to direct drive releases the low brake band and applies the direct clutch, locking the low sun gear to the input shaft.  The reverse clutch remains released.  Power flow through the drive train is as follows:

· From the input sun gear to the long planetary pinions.

· From the long planetary pinions to the short planetary pinions.

Because the input and low sun gears are both locked, the plane​tary pinions are locked and unable to rotate.  This forces the planetary carrier and the attached output shaft to rotate at a 1:1 ratio with the input shaft.
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FIGURE 16.  POWER FLOW - REVERSE.

Reverse

When the gearshift lever is placed in reverse, the low brake band and the direct clutch are released.  The reverse clutch is applied, locking the internal gear of the planetary gearset. Power flow through the drive train is as follows:

· From the input sun gear to the long planetary pinions.

· From the long planetary pinions to the short planetary pinions.

The short planetary pinions walk around the inside of the locked internal gear, rotating the planetary carrier and the attached output shaft in the opposite direction of the input shaft.  The speed reduction ratio of the input to the output shafts is approximately 1.8:1.

Simpson Drive Train

This arrangement combines two multiple-disk clutches, two brake bands, an overrunning clutch, and two planetary gearsets operating on a common sun gear.  The Simpson drive train is the standard for virtually all three-speed automatic transmissions that are currently produced.
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FIGURE 17.  POWER FLOW.

Operation

The Simpson drive train provides three forward speeds, reverse, and neutral.  Power flow is outlined in the above chart and the following text.
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FIGURE 18.  POWER FLOW - NEUTRAL.

Neutral

When the gearshift lever is placed in neutral, the clutch and brake bands are released.  The input shaft rotates freely and no torque is transmitted to the output shaft.

Drive-Low

When the gearshift lever is placed in drive, the automatic transmission will be in low gear when the vehicle is in a speed range of zero to approximately 8 MPH.  In drive-low, the rear clutch is engaged, locking the input shaft to the internal gear of the front planetary gearset.  Power flow through the drive train is as follows:

· From the input shaft to the internal gear of the front planetary gearset.

· From the internal gear to the pinions of the front planetary gearset.

Because the front planetary carrier is locked to the output shaft, it cannot rotate backwards and therefore acts as a reactionary member.  This causes the planetary pinions to drive the sun gear.

The sun gear, which is common to both planetary gearsets, then drives the rear planetary pinions.

The rear planetary carrier, which is locked to the transmission case by the overrunning clutch, serves as a reactionary member. The rear planetary pinions, therefore, drive the rear planetary internal gear and the attached output shaft at a speed reduction ratio of approximately 2.45:1.

Drive-Second

When the gearshift lever is in drive and the vehicle is between approximately 8 to 20 MPH, the transmission normally will be in second gear.  In second gear, the rear clutch is applied, locking the input shaft to the internal gear of the front planetary gearset.  The front brake band also is engaged, locking the sun gear stationary.  Power flow through the drive train is as follows:

· From the input shaft to the internal gear of the front planetary gearset.

· From the internal gear to the pinions of the front planetary gearset.

Because the sun gear is locked, it acts as a reactionary member. This causes the planetary pinions to walk around it and rotate the front planetary carrier, which drives the attached output shaft.
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FIGURE 19.  POWER FLOW - D (DRIVE) POSITION - DIRECT.

Direct Drive

When the gearshift lever is in drive and vehicle speed is above approximately 25 MPH, the automatic transmission normally is in direct drive.  In direct drive, both the front and rear clutches are applied, which ultimately results in the locking of the internal gear to the internal gear in the front planetary gearset.  This results in the planetary gears being locked and the whole planetary gearset and the attached output shaft rotating at a 1:1 speed ratio with the input shaft.

Low

When the gearshift lever is placed low, the power flow through the drive train is identical to that of drive-low described above.  The only difference is the use of the rear brake band rather than the overrunning clutch to lock the carrier of the rear planetary gearset.  Because the rear brake band prevents the element from rotating in either direction, the drive train is able to provide engine braking during vehicle deceleration with the transmission in low.  This contrasts with drive-low, which allows the vehicle to freewheel during deceleration due to the one-way locking of the overrunning clutch.
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FIGURE 20.  POWER FLOW - REVERSE.

Reverse

When the gearshift lever is in reverse, the front clutch is applied, locking the sun gear to the input shaft.  The rear brake band also is applied, holding the carrier of the rear planetary gearset stationary.  Power flow through the drive train is as follows:

· From the input shaft to the sun gear.

· From the sun gear to the rear planetary pinions.

Because the rear planetary carrier is held stationary, it acts as a reactionary member.  The rear planetary pinions, therefore, drive the internal gear of the rear planetary gearset and the attached output shaft in reverse rotation to the input shaft at a speed reduction ratio of approximately 2.2:1.

Learning Event 3:

DESCRIBE THE HYDRAULIC SYSTEM OF THE AUTOMATIC TRANSMISSION 

PURPOSE

Hydraulic pressure from the hydraulic slave circuits actuate the planetary holding devices (clutches and brake bands).

The hydraulic system controls the shifting pattern of the transmission.  This is done by switching hydraulic pressure to programmed combinations of the planetary holding devices based on vehicle speed and engine load indicators.

The hydraulic system circulates oil through a remote cooler to remove excess heat that is generated in the transmission and torque converter.

The hydraulic system provides a constant, fresh supply of oil to all critical wearing surfaces of the transmission.

SUPPLY SYSTEM
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FIGURE 21.  TYPICAL HYDRAULIC SUPPLY SYSTEM.

The supply system provides a clean, pressure-regulated supply of oil for the hydraulic system of the automatic transmission.  Early automatic transmissions used a combination of an engine-driven pump that worked in conjunction with an output shaft-driven pump.  This configuration no longer is used and, therefore, will not be covered.  The operation and construction of a typical system is described below.
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FIGURE 22.  TYPICAL TRANSMISSION HYDRAULIC PUMP.

Hydraulic Pump

The typical hydraulic pump is usually a standard-type internal-external rotor-type pump or an internal-external gear-type pump. It usually is located in the front of the transmission case and is keyed to the torque converter hub so that it is driven by the engine.

Oil Sump and Filter

The oil sump usually is in the form of a sheet metal pan that attaches to the bottom of the transmission case.  The pump draws oil from the sump through a strainer.  The strainer usually is made of paper or metal.

Regulator Valve

The regulator valve controls the pressure of the hydraulic pump so that the hydraulic system of the transmission receives a constant working pressure.  The pressure supply received by the hydraulic system is called line pressure.

Pump pressure is fed to the hydraulic system through the spool valve.  The spool is held to the right by a calibrated spring. In this position, the spool closes the port that allows pump pressure to be fed back to the pump suction line.

After the pump pressure leaves the spool valve, a portion of it is fed back to the end of the spool valve, opposite to the spring.  This pump pressure signal attempts to move the spool against spring pressure.

As pump pressure overcomes the spring pressure, the spool is pushed to the left, uncovering the pump suction feedback port. Pump pressure then is bled off through this port causing a line pressure drop.

The line pressure drop allows the spring to close the bleed port, which, in turn allows pump pressure to build again.  From then on the regulation of line pressure is a constant cycle between pump and spring pressure operating the spool valve.

The valve described above is a balance-type spool valve. Balance-type spool valves are very common in the transmission's hydraulic system.

Modulation of the Regulator Valve

After the pump pressure passes through the regulator valve, it becomes regulated line pressure.  In operation, however, auto​matic transmissions need more than one set line pressure.  To accomplish this, additional signals are fed to the regulator to modulate the line pressure for specific purposes.  The following considerations are the most common in the modulation of line pressure:

· Under normal conditions, the regulator valve functions in an unmodulated mode as described in the previous para​graph.  Normal line pressure is sufficient to operate the transmission and still maintain a smooth shifting quality.

· During periods of heavy acceleration, additional line pressure is required to hold the clutches and brake bands tight enough to transmit the increased engine torque. This is particularly important during the initial application of the elements during shift changes to minimize slippage during engagement, which would cause burning and premature wear of friction faction.

· Operation in reverse places additional torque requirements on the clutch or brake band that holds the element of the planetary gearset.  For this reason, the line pressure is increased at least twofold during operation in reverse.

· Any condition that causes a drop below line pressure will cause the regulator valve to temporarily cut off the oil supply to the torque converter.  A common occurrence of this condition is the shifting to reverse, which temporar​ily increases the requirements placed on the pump while the engine is idling and the pump is turning slowly.

Modulation of the line pressure is a fairly simple matter. Pressure signals are fed back into the regulator valve to assist the spring.  The result is that the line pressure must increase to overcome the higher pressure before the suction feedback port is uncovered.  The feedback signals come from the manual valve and the throttle modulation system.

CONVERTER FEED CIRCUIT
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FIGURE 23.  TYPICAL TORQUE CONVERTER FEED CIRCUIT.

Torque converter supply, cooling, and lubrication tasks are all handled by the converter feed circuit of the hydraulic system.

This integration is a logical one for the following reasons:

· All phases of this circuit will function within approximately the same operating pressure range.

· The majority of the heat generated within the transmission originates in the torque converter.  It is therefore logical that the oil, after it circulates through the torque converter, should pass directly to the cooler. This  arrangement effectively isolates the transmission from this major heat source.

· A major reason for lubrication within the transmission is to cool the localized areas where heat is generated between moving parts.  For this reason, transmission lubrication is handled by the oil after it is passed through the cooler.

Oil Supply

The supply of oil for the converter feed circuit passes through the regulator valve.  The regulator valve will cut off this oil supply if line pressure drops below an operating minimum.  Under normal circumstances, however, the oil pressure cutoff will last no more than a few seconds and will not affect transmission operation.  During periods of engine shutdown, the regulator valve also prevents the torque converter from draining back to  the oil sump.  This condition otherwise would require the pump to refill the converter at each engine restart, creating an unacceptable delay in operation.

Regulation of Circuit Oil Pressure

The regulator valve supplies the converter feed circuit at regulated line pressure.  The converter feed circuit, however, requires a constant pressure that is independent of transmission operating modes and generally lower than line pressure.  The converter control valve controls the pressure for the converter feed circuit.  The converter control valve is a balance-type spool valve whose operating principles are much like that of the regulator valve. When operating pressure is low, the calibrated spring pushes the spool to the left, opening the delivery port. As pressure reaches the desired level, the spool is forced to the right, blocking the delivery port.  A metered orifice is usually provided between the torque converter and the cooler to control the volume of oil flow through the system.

Oil Flow Through the Torque Converter

Oil flow through the converter, in most cases, is as follows:

· Oil passes from the converter control valve to the torque converter through internally drilled passages in the transmission case.

· The oil enters the torque converter through a clearance between the outside of the stator support and the inside of the converter hub.

· After the oil circulates within the converter, it exists through a clearance between the input shaft and the inside of the stator support shaft.

· The oil then passes through an internally drilled passage to the oil cooler outlet. 

Cooler

The cooler is a heat exchange that is located remotely from the transmission.  The following are the most popular configurations:

· The most popular transmission cooler for use in light vehicles is integral with the engine radiator.  The cooler is basically a pipe that extends for the entire length of the inside of the outlet tank of the radiator.  As the oil passes through the cooler, a portion of its latent heat is transferred to the engine coolant.  The oil then returns to the transmission.  (It should be noted that there is no mixing or physical contact between the engine coolant and the transmission oil.)

· In heavy-duty use, a separate oil-to-air type cooler is preferred.  This is because in severe use, enough heat can be generated by the transmission to actually cause the engine to overheat if transmission heat is transferred directly to the engine coolant.  The oil-to-air type heat exchanger is built much the same as an automotive radiator.  It consists of a continuous tubing arranged in rows.  The rows of tubing pass through a series of fins. As the oil passes through the tubing, its latent heat is transferred to the air via conduction through the fins. This type of cooler usually is located in front of the engine radiator where it is subjected to airflow.  This condition is important for its efficient operation.

Lubrication

After the oil is passed through the oil cooler, it is piped through internal passages in the transmission case to the rear section of the transmission where it provides lubrication for components such as the planetary gearsets and output shaft bearings.  The oil then drains back to the sump.  (At this time, it should be noted that the oil sump also dissipates heat from the transmission oil and is considered to be a source of transmission cooling.)

RANGE CONTROL SYSTEM

The range control system provides automatic or operator-controlled shifting of the transmission.  Shifting of the transmission is controlled by the following two indicators:

Manual Selection

The position of the gearshift lever selected by the operator chooses the desired shifting program.  The selections available to the operator of a typical two-speed unit are:

· Neutral (N).  In neutral (N), the engine freewheels, providing no driving force to the vehicle.

· Drive (D).  In drive (D), the transmission provides automatic shifting through the low- to high-gear ranges.

· Drive-Low (L).  In drive-low (L), the transmission is locked in the low range and no automatic shifting occurs.

· Reverse (R).  Reverse (R) reverses the direction of engine torque to drive wheels, and the vehicle is driven back​wards.

· Park (P).  Park (P) is the same as neutral except that the drive wheels are locked by a positive latching device within the transmission.

The three-speed transmission has all of the above selections plus drive second.  This position allows for an automatic shift from first to second gear, but blocks an automatic shift from second to third gear.

Vehicle Speed Versus Engine Loading

Shifting of the automatic transmission is controlled by two pressure signals that are indicators of speed and engine loading. These signals work against each other to produce a shifting sequence.
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FIGURE 24.  HYDRAULIC SCHEMATIC OF A TYPICAL THREE-SPEED AUTOMATIC TRANSMISSION.

The center of all shift control is the valve body.  This unit, which can be thought of as a hydraulic computer, receives information from the indicators described above.  Based on this information the valve body switches line pressure to the proper planetary holding elements to produce the required gear range. As the information changes the valve body changes its line pressure outputs accordingly.  For the sake of simplicity, a two-speed transmission will be used to explain the operation of all of the typical components.  A hypothetical automatic trans​mission hydraulic system will be constructed in this paragraph? It  must be stressed that this hypothetical system by no means contains all of the devices necessary in a real transmission. It is useful for the sake of learning, because it clearly illustrates how the decision and the action of shifting is initiated.

Manual Valve

The manual valve is the device that selects the desired shift program through the position of the gearshift lever.  A manual valve is basically a multiport spool valve that switches line pressure to selected passages as it is moved through its operating positions.

Governor

The governor modulates line pressure to produce a signal that is an indication of vehicle speed.  This signal is used by the valve body to formulate gear-range selections for the transmission.  The governor uses a spool valve that is operated by centrifugally operated weights.  The weights are rotated by the output shaft of the transmission because it is solidly linked to the drive wheels and therefore consistently provides a true indication of vehicle speed.  As the weights rotate, they are acted on by centrifugal force which tends to pull them outward from the axis of rotation. The weights are pulled inward by specially calibrated springs that allow the weights to move from a fully retracted to a fully extended position within a desired output shaft speed range.  The spool valve is in a position where all line pressure is blocked when the governor weights are fully retracted.  As the weights move outward, the spool valve gradually opens the line pressure port to the governor pressure port.  The result is an approximate linear speed and governor pressure increase.

Shift Valve

The shift valve is a simple balance-type spool valve that selects between low and high gear when the manual valve is in the drive (D) position.  Governor pressure acts on the spool valve in one direction, trying to push the spool towards the high-gear position.  At the same time, spring pressure modulated by the position of the accelerator pedal tries to push the spool toward the low-gear position.  The decision of the shift valve is dependent on which pressure is greater, governor or throttle.  The shift valve also contains a device known as a throttle plug. At full throttle, the throttle plug makes physical contact with the shift valve spool, forcing it into the low-gear position. This is how a forced downshift (passing gear) is initiated.

Operation

The following subparagraphs describe the operation of a hypothetical hydraulic system for a two-speed automatic transmission in all of its modes of operation.  A reverse band rather than a reverse clutch is used in this hypothetical transmission.

· When the shift lever is placed in neutral (N), line pressure is blocked at the manual valve and none of the frictional elements are applied.

· When the shift lever is placed in drive-low (L), the manual valve delivers line pressure directly to the low band.  The compound planetary gear train then is in low gear.

· When the gearshift lever is placed in reverse (R), the manual valve delivers line pressure directly to the reverse band.  The compound planetary gear train then is in low gear.

· When the gearshift lever is placed in drive (D), the manual valve delivers line pressure directly to the low band and to the governor.  Because the vehicle is not moving, the governor does not supply pressure to the shift valve and the compound planetary gear train remains in low gear.

· As the vehicle begins to move with the gearshift lever in drive, the transmission is in low gear, providing the engine with the necessary mechanical advantage to accelerate the vehicle to speed.  As the vehicle speed increases, the governor pressure rises proportionately. When vehicle speed reaches a point where the governor pressure on one side of the shift valve spool can overcome the throttle spring pressure on the other side of the shift valve spool, the spool moves to the direct or high-gear position.  As the valve spool moves, the shift valve begins to deliver line pressure to apply the direct clutch and release the low band.  The low band, so that it can be released while it is still under apply pressure, uses a double-acting servo.  The double-acting servo can be released by applying pressure under the piston.  The diameters of the piston and the bore of the double-acting servo are stepped so that the pressure under the piston will act on a greater surface area and therefore overcome apply pressure.  The application of the direct clutch and the release of the low band place the compound planetary gear train in high gear or direct drive.  The pressure exerted by the throttle spring against the shift valve spool increases proportionately as the accelerator is depressed.  This in turn will proportionately raise the vehicle speed at which automatic upshifts occur.

· If a situation arises when quick acceleration is needed, the operator can initiate a forced downshift by pushing the accelerator to the floor.  This action causes the throttle plug to contact the shift valve spool, forcing it into the low-gear position.  This action cuts off line pressure to the direct clutch and the release side of the low-band servo, causing the direct clutch to release as the low band applies.  This places the compound planetary gear train in low gear.

Auxiliary Devices

The hypothetical hydraulic system mentioned above is a good learning tool; however, to actually function, many more devices are necessary.  The following devices are necessary in addition to the basic operation of the hydraulic system:

Devices called accumulators are connected into the pressure supply lines of selected planetary gearset holding elements.  An accumulator is a spring-loaded piston that causes line pressure to build gradually when the element is applied.  This gives a cushioning effect to its application, resulting in smoother shifting of the transmission.

Valves are installed to prevent the transmission from being shifted into reverse during forward movement and to prevent a forced downshift above a predetermined speed.

A modulator is used in some automatic transmissions in place of throttle linkage.  The modulator is a diaphragm device that uses engine manifold vacuum to indicate engine load to the shift valve
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