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After studying this chapter, you will be able to:
DList the most commonly used power tools and

equipment.
:5 Describe the uses for power tools and equipment.
3 Compare the advantages of one type of too] over

another.

3- Explain safety rules that pertain to power tools and
equipment.

 
To be a productive mechanic in today’s auto shop,

you must know when and how to use power tools and
equipment. They increase the ease and speed of many

repair operations.
Power tools are tools using electricity, compressed

air, or hydraulics (liquid confined under pressure).
Large shop tools such as floor jacks, parts cleaning

tanks, and steam cleaners, are classified as shop
equipment.

This chapter stresses the importance of properly
selecting and using power tools and equipment. They
can be very dangerous if misused. Always follow the
operating instructions for the particular tool or piece
of equipment. If in doubt, ask your instructor for a
demonstration.

\ AIR TOOL
LUBRICATOR

\_
AIR LINE

AIR HOSE

thud—a ll

Power Tools

and Equipment

AIR COMPRESSOR

An air compressor is the source of compressed
(pressurized) air for the auto shop. Look at Fig. 4-1.
An air compressor normally has an electric motor that
spins an air pump. The air pump forces air into a large,
metal storage tank. Metal air lines feed out from the
tank to several locations in the shop. The mechanic can
then cormect flexible air hoses to the metal lines.

An air compressor turns ON and OFF automatical-
1y to maintain a preset pressure in the system.

DANGER! Shop air pressure is usually around 100

to 150 psi (689 to l 034 kPa). This is enough pressure
to severely injure or kill. Respect shop air pressure!

Air hoses

High pressure air hoses are connected to the metal
lines from the air compressor. Since they are flexible,
they allow the mechanic to take a source of air pressure
to the vehicle being repaired. Quick-disconnect type cou—
plings are used on air hoses. To connect or disconnect
an air hose, slide back the outer fitting sleeve and push
or pull on the hose.

ELECTRIC AIH
MOTOR

 
 
 

 

 

AIR PRESSURE
REGULATOR

FILTER

Fig. 4— 7. Basic parts of a typical shop air pressure system. Air compressor develops air pressure. Filter removes moisture. Regulator
allows mechanic to control system pressure. Metal line and flexible hose carry air to tool. (Florida Dept. of Voc. Ed.)
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AIR TOOLS

Air tools, also called pneumatic tools, use air
pressure for operation. They are labor—saving‘tools,
well worth their cost.

Always lubricate an air tool before use. Squirt a few

drops of air tool oil (light oil) into the air inlet fitting.
This protects the internal parts of the tool, increasing
service life and tool power, ‘

Air wrenches (impact wrenches)
Air wrenches or impact wrenches provide a very fast

means of installing or removing threaded fasteners.
Look at Fig. 4—2A and B. An impact wrench uses com-
pressed air to rotate a driving head. The driving head
holds a socket which fits on the fastener head.

A button or switch on the air wrench controls the

direction of rotation. In one position, the impact

tightens the fastener. The impact loosens the fastener
in the other direction.

Impact wrenches come in 3/8, 1/2, and 3/4 in. drive
sizes. A 3/8 drive impact is ideal for smaller bolts
(sockets between 1/4 and 9/16 in. for example). The
1/2 in. drive is general purpose for medium to large

fasteners (head sizes between 1/2 and 1 in.). The 3/4

in. drive impact is for extremely large fasteners and
is NOT commonly used in auto service.

CAUTION! Until you become familiar with the
operation of an air wrench, be careful not to over—
tighten bolts and nuts or leave them too loose. It is
easy to strip or break fasteners with an air tool.

 
Fig. 4—2. Air wrenches, A — 1/2 in. drive impact wrench. B —

3/8 drive impact wrench. C — 3/8 in. drive air ratchet.
(Hennessy industries, Inc. and SnapeOn Tools}

44 Modern Automotive Technology

Air ratchet .

An air ratchet is a special impact type wrench de-
signed for working in tight quarters. Look at Fig. 4—2C.
It is very slim and will fit into small areas. For instance,
an air ratchet is commonly used when removing water

pumps. It will fit between the radiator and engine
easily.

An air ratchet normally has a 3/8 in. drive. It does
not have very much turning power. Final tightening
and initial loosening must be done by hand.

Impact sockets and extensions
Special impact sockets and extensions must be used

with air wrenches. They are thicker and much stronger
than conventional sockets and extensions. A conven—

tional socket can be ruined or broken by the hammer-
ing blows of an impact wrench.

Special impact sockets and extensions are easily iden-
tified. They are usually FLAT BLACK, not chrome.

Air hammer (Chisel)

An air hammer or chisel is useful during various driv-

ing and cutting operationsoLook at Fig. 4-3. The air
hammer is capable of producing about 1000 to 4000

 
Fig. 4-3. Air hammer is being used to quickly drive bushing out

of suspension arm. Wear safety glasses. (Moog)

impacts per minute. Several different cutting or ham-—_
mering attachments are available. Select the correct on '
for the job.

 

 

 
 

 

CAUTION! Never turn an air hammer 0N unles

the tool is pressed tightly against the workpiece. If not,
the tool head can fly out of the hammer with great
force — as if shot from a gun!

Blow gun

An air powered blow gun is commonly used to dr‘
and clean parts washed in solvent. See Fig. 4-4. It i
also used to blow dust and loose dirt off a part before
disassembly.
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B

Fig. 474. A — Blow gun, commonly used to blow parts clean
and dry after washing in solvent. B i Solvent gun can be

used to wash parts. (Sinks)

When using a blow gun, wear eye protection. Direct
the blast of air away from yourself and others. DO not
blow brake and clutch parts clean. These parts cen—
rain asbestos, a cancer causing substance.

Air drill

An air drill is excellent for many repairs because of
its power output and speed adjustment capabilities. Its
power and rotating speed can be set to match the job
at hand. Look at Fig. 4—5. With the right attachment,
air drills can drill holes, grind, polish, and clean parts.

 i
AIR INLET

FITTING

ESPEED CONTROLVALVE

Fig. 4-5. Air drill speed can be adiusted. it is capable of very
high turning force. (Hennessy industries, inc.)

A rotary brush, Fig. 46, is used in an air or electric .
drill for rapid cleaning'of parts. Ittwill quickly rub off
old gasket material, carbon deposits on engine parts,
and rust, with a minimum amount of effort.

CAUTION! Only use a high speed type rotary brush
in an air drill. A brush designed for an electric drill
may fly apart. To be safe, always adjust an air drill
to the SLOWEST ACCEPTABLE SPEED.

ROTARY
BRUSH

 
Fig. 476. Rotary brush is commonly used in a drill for cleaning

off old gaskets or carbon. Wear eye protection.l

A rotary file or stone can be used in either an air ,
drill, electric drill, or an air (die) grinder, Fig. 4-7. It ‘
is handy for removing metal burrs and nicks.

Make sure the stone is not turned too fast by the

air tool. Normally the speed specifications (maximum
allowable rotating speed) will be printed on the file or
stone container.

 
   

Fig. 4-7. Die grinder with a high speed stone installed. This
tool is used for removing burrs and for other smoothing opera-

tions. {Robert Bosch)

 
‘

TOOL
REST GUARD

Fig. 48. Bench grinder stone is used to sharpen tools. Brush
can be used to clean and polish small parts. Keep shields, tool

rests, and guards in place. (Sioux Tools)
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BENCH GRINDER

A bench grinder, Fig. 4-8, can be used for grinding,
cleaning, or polishing operations. The hard grinding
wheel is used for sharpening or deburring. The soft wire
wheel is for cleaning and polishing.

A few BENCH GRINDER RULES to follow are:
l. Wear eye protection and keep your hands away

from the stone and brush.
2. Keep the tool rest adjusted close to the stone and

brush. If the rest is NOT up close, the part can
catch in the grinder.

3. Do NOT use the wire wheel to clean soft metal
parts (aluminum pistons or brass bushings, for ex-
ample). The rubbing, abrasive action of the wheel
can remove metal, scuff, and ruin the part. Use
a solvent and a dull hand scraper on soft metal
parts that could be damaged.

4. Make sure the grinder shields are in place.

DRILLS

Twist drills or drill bits are used to drill holes in metal
and plastic parts. They fit into either an electric or air
powered drill, Fig. 4-9. Drill bits are commonly made
of either carbon steel or high speed steel. High speed
steel is better because of its resistance to heat. It will
not lose its hardness when slightly overheated.

MARGIN
POINT DmLL \SIZE
FLUTE

MARGIN
TOP VIEW

  
 
 

 

 

BODY

SHANK
MARGIN

SIDE VIEW

Fig. 4-9. Study basic parts of drill bit. {Florida Dept. of Vac. .Ed. )

Portable electric drill
A drill bit is chucked (mounted) and rotated by an

electric drill, Fig. 4—10. A special key must be used to
tighten the drill bit in the drill. A portable electric drill
will work fine on most small drilling operations.

Drill press
A large drill press is needed for drilling large holes,

deep holes, or a great number of holes in several parts,
Fig. 4-11. The drill press handle allows the bit to be
pressed into the work with increased force. Also, the
drill chuck will accept very large bits.

46 Modern Automotive Technology

 
CHUCK.

C

Fig. 4- 10. Portable electric drills. A ~ Smell, 3/8 in. drill. B —
Larger, 1/2 in. drill. C ~ Key is used to tighten bit in chuck.(Robert Boschl

 
SPEED CHANG E

CONTROL

TABLE

Fig. 4- T 1. Note parts of drill press. It is for drilling deep or large
holes when part will fit on table. (Florida Dept. of Vac. Edi

A few DRILL PRESS RULES to follow include:
1. Secure the part to be drilled in a vise or with C—

clamps.
2. Use a center punch to indent the part and start the

hole.

. Remove the key before turning on the drill.
4. To prevent possible injury, release drilling pressure

right before the bit breaks through the bottom of
the part. A drill bit tends to catch when breaking

L.)
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through. This can cause the drill or part to rotate
dangerously.

:7 Oil the bit as needed.

TIRE CHANGER

A tire changer is a common piece of shop equipment
used to remove and replace tires on wheels. Some are

hand-operated and others use air pressure. Do not at-

tempt to operate a tire changer without proper super-
vision. Follow the directions provided with the changer.

BUMPER LIFTS

Bumper lifts or jacks, either air or manually

powered, are used to raise one end of a car. Lifting

pads fit under the front or rear bumper. See Fig. 4-12A.
When raising the front of a car, place the transmis—

SlOH in neutral and release the parking brake. This will
let the vehicle roll and will prevent the car from pull—

ing Off the lift.
After raising, secure on jack stands. Place in park.

Apply the emergency brake and block the wheels.

FLOOR JACKS

Afloor jack is also used to raise either tlie'front,
sides, or rear of a vehicle. Look at Fig. 4—-12B.

 

 

   
 

 
SADDLES  

Fig. 4—72. Vehicle lifting equipment A i Bumper lift. 5’ e
Floorjack is for raising car only. C 7 Jack stands are needed

before working under car. (Florida Dept. of Voc. Ed.)

To avoid vehicle damage, place the jack saddle under

a solid part of the car {frame, suspension arm, rear
axle). If you are NOT careful, it is very easy to smash
an oil pan, muffler. floor pan, or other sheet metal
part.

As with a bumper jack, the vehicle should be free
to roll while being raised. After raising, place the vehi-
cle on jack stands. Block wheels and place in park.

Normally, to raise the vehicle, you must turn the jack
handle or knob clockwise and pump the handle. To

lower, turn the pressure relief valve counterclockwise
slowly. '

JACK STANDS

Jack stands support a vehicle during repair. After
raising it with a jack, place stands under the vehicle,
Fig. 14—12C. It is NOT SAFE to work under vehicles
held by a floor jack or bumper lift.

Note! The next chapter details the use of lifts, jacks,
and jack stands.

TRANSMISSION JACK

Special transmission jacks are designed for remov—
ing and installing transmissions. One type is similar to
a floor jack. However, the saddle is enlarged to fit the
bottom of a transmission.

Another type of transmission jack is used when the
car is raised on a vehicle lift, Fig. 4—13. It has a long

post which can reach high into the air to support the
transmission.

ENGINE CRANE

A portable engine crane is used to remove and in-
stall engines, Fig. 4-14. It has a hydraulic hand jack

Fig. 4773. Transmission jack is designed for removing,
transporting, and installing transmissions when using an
overhead lift. Hydraulic lift is foot operated and raises to height

of 72 in. (OTC Div. of SPX Corp.)
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ENGINE

Fig. 4-14. Hydraulic engine crane can be used to lift heavy ob—
jects such as engines, transmissions, transaxles, rear axleassemblies.

for raising and a pressure release valve for lowering.
An engine crane is also handy for lifting heavy engine
parts (intake manifolds, cylinder heads), transmissions,
and transaxles.

HYDRAULIC PRESS

A hydraulic press is used to install or remove gears,
pulleys, bearings, seals, and other parts requiring high
pushing force. One is shown in Fig. 4—15.

A hydraulic press uses a hand jack. By pumping the
jack, press-fit parts can be pushed apart or together.
A valve releases pressure.

NOTE! A hydraulic press can exert TONS OF
FORCE. Wear face protection and use recommended
procedures.

I,

,L PUMP. / HANDLEPRESSURE__V .-GAUGE ' 

  
 

 
ONlOFF
VALVE

Fig. 4-15. Hydraulic press is needed for numerous pressing
operations. It is commonly used to remove and install bearings,
bushings, seals, and other pressedron parts. Note! Double-
check lock pins before using press. if not installed, cables in

unit could snap. (Dake Corp.)

48 Modern Automotive Mechanics

ARBOR PRESS

VAn arbor press performs the same function as a
hydraulic press but at lower pressures. It is a hand—
operated, mechanical press for smaller jobs.

ENGINE STAND

An engine stand is used to hold an engine while it
is overhauled (rebuilt) or repaired. The engine bolts
to the stand. For convenience, the engine can usually
be rotated and held 'in different positions.

COLD SOLVENT TANK

A cold solvent tank, Fig. 4-16, removes grease and
oil from parts. After removing all old gaskets and
scraping off excess grease, you can scrub the parts clean

 
Fig. 4-16. Cold solvent tank is for removing oil and light grease
from parts. Unit sprays filtered solvent on parts. Rub parts with

brush for rapid cleaning. (Build—All}

in the solvent. A blow gun is normally used to remove
the solvent.

STEAM CLEANER AND HIGH PRESSURE WASHER

A steam cleaner or high pressure washer are used

to remove heavy deposits of dirt, grease, and oil from
the outside of large assemblies (engines, transmissions,

transaxles). Look at Fig. 4-17. For environmental
reasons, it is often advisable to wire brush and collect
oil—soaked dirt before steaming or washing.

DANGER! A steam cleaner operates at relatively

high pressures and temperatures. Follow your safety
rules and specific operating instructions.

OXYACETYLENE TORCH

An oxyacetylene torch outfit can be used to cut,
bend, and weld or braze (join) metal parts, Fig. 4—18.
Its rapid cutting action is extremely beneficial. For ex—

BMW v. Paioe, IPR2020—00994
BMW1094

Page 8 of 66



BMW v. Paice, IPR2020-00994 
BMW1094 

Page 9 of 66

 
 

 
Fig. 4- l 7. High pressure washer will remove greasy buildup

on outside of assemblies before teardown. (Sioux Tools)

 
 

MAtN
ONlOFF

REGULATOR VALVE
GAUGES
 

  
 

   

 
 

 
 
 

 

 
TORCH

FLAME
CONTROL
VALVES

PRESSURE
REGULATOR

VALVE .1

240 VOLT
ELECTRICAL

OUTLET

SWITCH

ELECTRODE
HOLDER

l\GROUND
CLAMP
 

Fig. 4- 78. Top. Oxyacetylene outfir can be used for Cutting
or Welding metal. Bottom. Study basic parts of arc Welder. (Sun)

ample, a cutting torch is often used to remove old,

deteriorated exhaust systems. Tremendous heat is pro—
duced by burning acetylene gas and oxygen.

ARC WELDER

. An arc welder is also used to weld metal parts

together, Fig. 4-18. It uses high electric current and the
resulting electric arc to produce welding heat.

If at all possible, you should take a welding course
in school. This will help prepare you for auto
mechanics. DO NOT attempt to weld or cut until prop-
erly trained.

SOLDERING GUN

A soldering gun or iron is normally used to solder
(join) wires, Fig. 4~19. An electric current heats the tip
of the gun. Then, the hot gun tip can be used to heat
the wires and melt the solder. When the solder solidifies

(hardens), a strong, solid connection is produced.

BATTERY CHARGER

A battery charger is used to recharge (energize) a
discharged (dc-energized) car battery. It forces current
back through the battery. Normally, the red charger
lead connects to the battery positive (+) terminal. The

black charger lead connects to the negative (—) battery
terminal.

WARNING! Always connect the battery charger
leads to the battery BEFORE turning the charger ON.
This will prevent sparks that could ignite any battery
gas. The gases around the top of a battery can
EXPLODE violently.

DROP LIGHT

A drop light, Fig. 4—20, provides a portable source

of illumination (light). The light can be taken to the
repair area under the vehicle, hood, or engine.

 
 
 

 
 

SOLDERING IRON
POWER CORD

TIP A ,
TIF'

SOLDERING IRON
HEATS TERMINAL

SOLDER ONlOFFFEMALE

SLIDE MELTS AND TRIGGER POWER
B TERMINAL JOINS TWO CORD

Fig. 4719. A i Soldering iron and soldering gun. B i Solder-
ing iron or gun produces enough hear to melt solder forjoining
wires and small metal terminals. (Florida Dept. of Voc. Ed.)
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SCREW

SLIDE

 
Fig. 4-20. A 7 Drop light. B — Drop or extension cord. C #
Three-prong adapter with ground terminal and ground wire for
safety. D — Fluorescent drop light. (Florida Dept. of Voc. Ed.)

WHEEL PULLERS

Wheel pullers are needed to remove seals, gears,
pulleys, steering wheels, axles, and other pressed-on
parts. A few puller types are pictured in Fig. 4-21.
Special pulling operations will be covered in later
chapters.

DANGER! Pullers can exert TONS OF FORCE.

They must be used properly to prevent injury or part
damage. Wear eye protection!

JUMPER CABLES

Jumper cables are used to start engines with a dead
(discharged) battery. The cables can be connected be—
tween the dead battery and another battery. This will

let you crank and start the vehicle. See Fig. 4-22.
When connecting jumper cables, connect positive to

positive and negative to negative. Also, keep sparks
away from the dead battery. Connect the negative cable
to the vehicle frame so that any sparks will not occur Fig. 4-21. A ; Three—jaw puller, B _ Slide hammer puller.

C r Power puller. {OTC Div. of SPX Corp.near the battery.

CREEPER

A creeper is useful when working under a car sup-
ported on jack stands, Fig. 4-23A. It lets the techni-
cian easily roll under vehicles without getting dirty.

Stool creeper
A stool creeper allows the technician to sit while

working on parts low to the ground. See Fig. 4-23B.
For example, a stool creeper is often used on brake
repairs. The brake parts and tools can be placed on
the creeper. The service technician can sit and still be
eye level with the brake assembly.

ROLL—AROUND CART

  
' Fig. 422. Jumper cables are for emergencystarting. Connec

A larger roll—around cart 01' table 15 handy fOI' tak- red lead to positive terminal of both batteries. Black is {of
ing a number of tools to the job. One is pictured in negative and ground. (Snap-On Tools)
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Fig. 4-23. A w Creeper is for working under car. B ~ Stool
creeper is commonly used during brake and suspension repairs.

You can sit on the stool and stare tools on bottom.
(Shep-On Tools)

Fig. 4—24. Since the technician is working on a car raised
on a lift, the cart positions all of the needed tools
within “hand’s reach.” This saves time and effort.

FENDER COVERS

Fender covers are placed over fenders, upper grille,
or other body sections to protect them. They protect

the finish from nicks and scratches. See Fig. 4-25A.
Never lay your tools on a painted surface. Scratches
could result.

Seat covers

Seat covers are placed over seats to protect them
from dirt, oil, and grease that might be on your

 
Fig. 424. Roll-around cart allows you to take several tools to

car. This saves several trips to tool box.

Fig. 425. Always take good care of customer’s car. A —
Fender covers protect paint from nicks and dents. B — Seat

cover protects upholstery from dirty work clothes.
(Snap-On Tools}

workclothes. The covers are normally used while driv-
ing the vehicle in and out of the shop or while work-
ing in the passenger compartment. Look at Fig. 4—25B.

KNOW TH ESE TERMS

Air compressor, Air tool, Impact socket, Blow gun,

Rotary brush, Engine crane, Hydraulic press, Solvent
tank, Battery charger, Drop .light, Wheel puller,
Jumper cables, Creeper, Fender cover.

REVIEW QUESTIONS

1. Power tools use , ,
or—as sources of energy.

2. Shop air pressure is only about 25 psi or 172 kPa
and cannot cause injuries. True or False?

3. Which of the following is NOT a commonly used
air tool?

3. Impact wrench.
b. Air ratchet. Cl. Air saw.

4. A—___is used to blow dirt off

parts and to dry parts after cleaning.
5 . A rotary brush is used in an electric or air drill for

rapid cleaning of parts. True or False?
6. List four important rules for a bench grinder.
7. List five important rules for a drill press.
8. Use this tool to support the car while working

under the car.

a. Floor jack. c. Transmission jack.
b. Jack stands. _ d. Bumper jack.

9. Explain the use of a solvent tank.

10. What are wheel pullers for?

c. Air chisel.

ACTIVITIES FOR CHAPTER 4-

1. Using an automotive tool catalog, develop a list
of power tools needed to equip the school’s
automotive repair shop. Find prices and add up
the cost.

2. Research safety literature on power equipment used
in an automotive repair facility.
21. Develop a bibliography of resources for safe

use of power equipment.
b. Develop a list of safety rules for their use.
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After studying this chapter, you will be able to:
DDescribe the basic parts of an exhaust system.
aCompare exhaust system design differences.

I gPerform exhaust system repairs.

[jExplain the fundamental parts of a turbocharging
system.

DDescribe the construction and operation of a tur-
bocharger and wastegate. .

I] Remove and replace a turbocharger and wastegate.
DDernonstrate an understanding of safety procedures

for working on exhaust systems and turbochargers.

This chapter begins by covering the basic parts of
an exhaust system. It then explains how to repair the
system by replacing rusted or damaged components.

The second part of the chapter covers turbocharging.

 
CYLINDER HEAD

  

  
   

EXHAUST
MANIFOLD

EXHAUST on
HEADER PIPE

FLANGE

 
EXHAUST 0R
HEADER PIPE

CATALYTIC
CONVERTER

 

 

 

 

EXhaust

Systems,

Turbocharging

BASIC EXHAUST SYSTEMS

An exhaust system quiets engine operation and car-
ries exhaust fumes to the rear of the vehicle. The parts
of a typical exhaust system are shown in Fig. 25—1. They
include:

1. EXHAUST MANIFOLD (connects cylinder head
exhaust ports to header pipe).

2. HEADER PIPE (steel tubing that carries exhaust
gases from exhaust manifold to catalytic converter
or muffler).

3. CATALYTIC CONVERTER (device for remov-
ing pollutants from engine exhaust).

4. INTERMEDIATE PIPE (tubing sometimes used
between header pipe and muffler or catalytic con-
verter and muffler).

HANGER

MUFFLER ASSEMBLY )é 0HEAT
SHIELD

TAILPIPE
 

 

 

  
 

 
 

 

 

MUFFLER
 

IF USED, INTERMEDIATE
PIPE HERE

Fig. 257?. Note parts of typical exhaust system. Exhaust comes out of cylinder head, into manifofld, and then through system.
(Chrysler Corp.)

Exhaust Systems, Turbocharging 319
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5 . MUFFLER (metal chamber for damping pressure

pulsations to reduce exhaust noise).
6. ,TAILPIPE (tubing that carries exhaust from muf—

fler to rear of car body). '

7. HANGERS (devices for securing exhaust system
to underside of car body).

8. HEAT SHIELDS (metal plates that prevent ex—
haust heat from transferring into another object).

9. MUFFLER CLAMPS (U-bolts for connecting

parts of exhaust system together).
When an engine is running, extremely hot gases blow

out of the cylinder head exhaust ports. The gases enter
the exhaust manifold. They flow through the header

pipe, catalytic converter, intermediate pipe, muffler,
and out the tailpipe.

Exhaust back pressure

Exhaust back pressure is the amount of pressure
developed in the exhaust system when the engine is run-
ning. High back pressure reduces engine power. A well
designed exhaust system should have LOW back
pressure.

The restriction of the exhaust pipes, catalytic con-

verter, and muffler contribute to exhaust back pressure.
Larger pipes and a free-flowing muffler, for example,
would reduce back pressure.

Single and dual exhaust systems
A single exhaust system has one path for exhaust

flow through the system. Typically, it has only one
header pipe, main catalytic converter, muffler, and
tailpipe. The most common type, it is used from the
smallest four—cylinder engines, on up to large V—S
engines. .

A dual exhaust system has two separate exhaust
paths to reduce back pressure. It is two single exhaust
systems combined into one. A dual exhaust system is
sometimes used on high performance cars with large
V—6 or V-8 engines. It lets the engine “breath” better
at high rpm.

A crossover pipe normally connects the right and left
side header pipes to equalize back pressure in a dual
system. This also increases engine power slightly.

EXHAUST MANIFOLD

An exhaust manifold bolts to the cylinder head to
enclose the exhaust port openings, Fig. 25—2. The
manifold is usually made of cast iron. It is sometimes
made of stainless steel or lightweight steel tubing. The

cylinder head mating surface is machined smooth and
flat. An exhaust manifold gasket is commonly used be-

tween the cylinder head and manifold to help prevent
leakage.

The outlet end of the exhaust manifold has a single

round opening with provisions for stud bolts or cap
screws. A gasket or O-ring (doughnut) seals the con-
nection between the exhaust manifold outlet and header

pipe to prevent leakage.

320 Modern Automotive Technology

OXYGEN
SENSOR
 

Fig. 25-2. lower right shows exhaust manifold which being:
over exhaust ports on side of cylinder head. No te ox vgen Se",

sor at end of manifold. (Chrysler Corp.)

Exhaust manifold heat valve

An exhaust manifold heat valve forties hot exhaust

gases to flow into the intake manifold to aid cold
weather starting. Look at Fig. 25—3.

A butterfly valve may be located in the outlet of the
exhaust manifold. A heat sensitive spring or a vacuum

diaphragm and temperature sensing vacuum switch
may operate the valve.

POWEFI HEAT CONTROL VALVE FROM
COOLANT commonest,- g

ENGINE VACUUM ,
SWITCH

HOU ING T EEN
3 Fl 5 BETW VACUUM ACTUATOR \MANIFOLD AND

HEADER PIPE

 
  ,. SHUT-OFF

W BLADE

Fig. 253. Heat control valve, sometimes called heat riser,
forces hot exhaust gases into intake manifold, This helps tangle?"
run smoothly. Valve opens as engine warms up. (Chryslel'

When the engine is cold, the heat valve is closed. Th]?
increases EXHAUST BACK PRESSURE. Hot gasfli
blow into an exhaust passage in the intake manifold;
Fig. 25-4. This warms the floor of the intake manifol.
to hasten fuel vaporization. The heat valve opens
the engine warms up.

EXHAUST PIPES

The exhaust pipes (header pipe, intermediate pill,
and tailpipe) are usually made of rust resistant 513'“
tubing. The inlet end of the header pipe has a flanl‘,
for securing the pipe to the exhaust manifold studfi,
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CARBURETOH\0R
THROTTLE

aoov ‘

AIR»FUEL MIXTURE CHAMBERS
BEING HEATED

HOT EXHAUST WHEN

ENGINE INTAKE HEAT VALVE IS SHUTMANIFOLD

Fig} 25.4_ Hear control valve causes back pressure in exhaust
system. This directs a large amount of hot exhaust into
chamber in bottom ofintake manifold. This actions warms and

helps vaporize fuel. (Pontiac)

Fig. 25-1. One end of each pipe may be enlarged to
fit over the end of the next pipe.

HEAT SHIELDS

Heat shields are located where the exhaust system
(especially catalytic converter and muffler) are close
to the car body. The shields prevent too much heat
from transferring into the car body or ground. Refer
to Fig. 25-1.

DANGER! Always reinstall all exhaust system heat
shields. Without a heat shield, car undercoating,
carpeting, dry leaves on the ground, and other flam-
mable materials could catch on fire!

CATALYTIC CONVERTER

A catalytic converter is used to reduce the amount

of exhaust pollutants entering the atmosphere. One Or
more catalytic converters can be located in the exhaust
system, Fig. 25—1.

_ For details of catalytic converters, refer to Chapters
39 and 40 which cover emission control systems.

MUFFLERS

_A muffler reduces the pressure pulses and resulting
{Imse produced by the engine exhaust. When an engine
13 running, the exhaust valves are rapidly opening and
C103mg. Each time an exhaust valve opens, a blast of
'hOt gas shoots out of the engine. Without a muffler,
these exhaust gas pulsations are very loud.

Flg- 25-5 shows the inside of a muffler. Note how

. :ChamberS, tubes, holes, and baffles are arranged to
[ Cancel Out the pressure pulsations in the exhaust.

EXHAUST SYSTEM SERVICE

Exlmust system service is usually needed when a com-

 

SOUND OR
RESONANCE

CHAMBER
- EAFFLES

 
 

 
 

 
MUFFLER

SHELL

PYHEX THERMAL PACKING OUTLET
RATED T0 1200°F or 650°C

SOUND 0R RESONANCE
CHAMBER

Fig. 255. Basic muffler contains baffles, resonance chambers,
and acoustic tubes to reduce exhaust noise.

(American Exhaust Industries)

ponent in the system rusts and begins to leak. Because
engine combustion produces water and acids, an ex-
haust system can fail in a relatively short time.

DANGER! A leaking exhaust system could harm the

passengers of a car. Since engine exhaust is poisonous,
a leaky exhaust can allow toxic gases to flow through
any opening in the body and into the passenger
compartment.

Exhaust system inspection
To inspect an exhaust system, raise the car on a lift.

Using a drop light, closely inspect the system for prob-
lems (rusting, loose connections, leaks). In particular,
check around the muffler, all pipe connections, gaskets,
and pipe bends.

DANGER! Parts of the exhaust system, especially
the catalytic converter, can be VERY HOT. Remember
not to touch any component until after it has cooled.

Exhaust system repairs
Faulty exhaust system parts must be removed and

replaced. If only the muffler is rusted, a new muffler

can be installed in the existing system. After prolonged
service, several parts or ALL of the exhaust system may
require replacement.

When repairing an exhaust system, remember the
following:

1. Use RUST PENETRANT on all threaded fasteners

that will be reused, Fig. 25—6. This is especially im-
portant on the exhaust manifold flange nuts or
bolts.

2. Use an air chisel, cut-off tool, cutting torch, or

hacksaw to remove faulty parts. Make sure you
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Fig. 25-6. Rust penetrant or solvent will ease removal of

kII

badly rusted fasteners. (AP)

do NOT damage parts that will be reused. See Fig.
25—7 for some examples.

. A SIX—POINT SOCKET and ratchet or air impact

will usually allow quick fastener removal without
rounding off the fastener heads. Refer to Fig. 25—8.
Wear SAFETY GLASSES or goggles to keep rust
and dirt from entering your eyes.

. Obtain the correct replacement parts.

A pipe expander should be used to enlarge pipe
ends as needed, Fig. 25-9.A pipe sheper can be
used to straighten dented pipe ends, Fig. 25-10.

. Make sure all pipes are fully inserted. Position all
clamps properly, as in Fig. 25—11.

. Double-check the routing of the exhaust system.

Keep adequate clearance between it, the car body,

HACKSAW

RATCHET, .
AND SlX-POIN
 
  Cc

Fig. 25-8. Header pipe fasteners can be difficult to rema-
Use rust penetrant, six-point socket, extension, and ratejj

10.

11.
12.

13.
14.

EXHAUST
PIPE

CUTTER

TUBING
C CUTTER

Fig. 25-
D 7 Exhaust pipe cutter. E i Specie
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7. Several methods of removing old exhaust system parts. A -- Hacksaw. B — Air chisel. C — Chain type cutting .
lly shaped, hand type cutter or chisel. (AP Parts, Lisle,

This will usually remove fasteners. (Subaru)

and chassis. See Fig. 25-12.

Tighten all clamps and hangers evenly. Torque; 1;.
fasteners only enough to hold the parts. 0v

tightening will smash and deferrn the pip
possibly causing leakage. " .
When replacing an exhaust manifold, use a gas;
and check sealing surface flatness. If the mamf

is warped, it must be machined flat. Torque
exhaust manifold bolts to specs, Fig. 25-13_._

Always use new gaskets and O-rings.
Check heat riser operation using the informed:
in a service manual. -

Install all heat shields.

Check the system for leaks and rattles after re '_ 7

 
 

 
 

 

 

SPECIAL
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EXPANDER

Fig. 259. Pipe expander will enlarge lD (inside diameter) of
pipes. Then one pipe will fit over another. (Lisle)

SHAPING ID

SHAPING OD

Fig. 25710. Pipe shaper will round dented pipe ends. {Lisle}

CLAMP

PIPE

MUFFLER

‘IlB IN
(3.2mm)

_.
 

CORRECT

Igg- 25-1 I. Make sure muffler clamps are installed correctly.
l"amp must be positioned around both pipes. If not, one pipe

Can pull out of other. {Florida Dept. of Voc. Ed.)

I;

 
LARGE DIAMETERaTO-SMALL

DIAMETER ADAPTER

 

 

 
 

ROTATE ALL PARTS

FOFI CL'EARANCE

 
TIGHTEN UeBOLTS
WHEN IN POSETION

 
Fig. 25— 72. A — Adapters are sometimes needed to make muf~
fler work on existing system. B — Double-check exhaust
systemvtovcar clearance carefully. C — After checking
clearance, tighten all clamps evenly and properly. (AP Parts)

 
Fig. 25— 13. Exhaust gasket is normally recommended. Gasket
is held in position as all fasteners are started by hand. Torque
fasteners to recommended value in a crisscross pattern. {Saab}
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SUPERCHARGERS AND TURBOCHARGERS

A supercharger is an air pump that increases engine
power by pushing a denser air-fuel charge into the com-
bustion chambers. With more fuel and air, combus-
tion produces more heat energy and pressure to push
the piston down in the cylinder.

Sometimes termed a blower, the supercharger raises

the air pressure in the engine intake manifold. Then,
when the intake valves open, more air-fuel mixture

(gasoline engine) or air (diesel engine). can flow into
the cylinders.

A normally aspirated engine, nicknamed at—

mospheric engine, uses atmospheric pressure (14.7 psi
or 100 kPa at sea level) to push air into the engine.

It is a nonsupercharged engine. With only outside air
pressure as a moving force, only a limited amount of
fuel can be burned on each power stroke.

Supercharger types
There are three basic types of superchargers:

1. Centrifugal supercharger.
2. Rotor (Rootes) supercharger.
3. Vane supercharger.

These types are shown in Fig. 25—14. Note the dif«
ferences in construction and operation.

In the field, the term “supercharger” generally refers
to a blower driven by a belt, gears, or chain. Super-
chargers are used on large diesel truck engines and rac—
ing engines. However, they are sometimes found on
high performance passenger cars.

The term turbocharger or “turbo” refers to a blower
driven by engine exhaust gases. Turbochargers are com—
monly used on passenger cars, trucks, and competiton
engines.

TUBBOCHARGERS

A turbocharger is an exhaust driven supercharger

(fan or blower) that forces air into the engine under
pressure. Turbochargers are frequently used on small
gasoline and diesel engines to increase power output.
By harnessing engine exhaust energy, a turbocharger
can also improve engine efficiency (fuel economy and
emission levels). This is especially true with a diesel
engine.

As shown in Fig. 25—15, the basic parts of a tur—
bocharger are:

1. TURBINE WHEEL (exhaust driven fan that turns
turbo shaft and compressor wheel).

2. TURBINE HOUSING (outer enclosure that routes

exhaust gases around turbine wheel).
3. TURBO SHAFT (steel shaft that connects turbine

and compressor wheels. It passes through center
of turbo housing).

4. COMPRESSOR WHEEL (driven fan that forces

air into engine intake manifold under pressure).
5. COMPRESSOR HOUSING (part of turbo hous-

324 Modern Automotive Technology

AlFl INTAKE i

 
 
 

HOUQNG

 
 

A

J

HOUSING

Am "i'r }
B INTAKE ITO

’ ENGINE I
l

HOUSING

t COMPRESSOR.

WHEEL f

I[NTAKE

Fig. 25- 74. Three basic types of superchargers. A — Rotor or
Rootes type supercharger. B — Vane type superclua‘rger=
C ~ Centrifugal supercharger, more commonly called a

turbocharger. {Chrysler}

ing that surrounds compressor wheel. Its shapfi
helps pump air into engine).

6. BEARING HOUSING (enclosure around turbo:
shaft that contains bearings, seals, and 011'
passages).

Turbocharger operation
When the engine is running, hot exhaust gases bIOW

out the open exhaust valves and into the exhault
manifold. The exhaust manifold and connecting tub‘
ing route these gases into the turbine housing. Rfiffit
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TURBINE
HOUSINGCOMPRESSOR

WHEEL
TURBINE SF‘UN

BY EXHAUST FLOW 

 
 
 
 
 

 

 

 

compaesson
HOUSING

'k
EXHAUST GAS  [N SNgER ENTERS EXHAUST

ATMOSPHERIC SYSTEMPRESSURE
BEARING
HOUSING

EXHAUST
FLOW OUT

BOOST PRESSURE OF ENGJNEABOVE ATMOSPHERIC
PRESSURE

PISTON

Fig. 257] 5. Turbocharger uses exhaust gas flow to spin tur—
bine wheel. Turbine wheel spins shaft and compressor wheel.
Compressor wheel then pressurizes air entering engine for more

power output. {Mercedes Benz)

TURBINE

EXHAUST IN I

EXHAUST
OUT

  
 

to Fig. 25~16. , .
As the gases pass through the turbine housing, they

strike the fins or blades'on the turbine wheel. When

engine load is high enough, there is enough exhaust
gas flow to rapidly spin the turbine wheel, Fig. 25-16.

Since the turbine wheel is connected to the com-

pressor wheel by the turbo shaft, the compressor wheel
rotates with the turbine. Compressor wheel rotation
pulls air into the compressor housing. Centrifugal force
throws the spinning air outward. This causes air to flow

out of the turbocharger and into the engine cylinder
under pressure.

Turbocharger location

A turbocharger is usually located on one side of the

engine. See Fig. 25—17. An exhaust pipe connects the
engine exhaust manifold to the turbine housing. The
exhaust system header pipe connects to the outlet of
the turbine housing.

A blow-through turbo system has the turbocharger
located before the carburetor or throttle body. The
turbo compressor wheel only pressurizes air. Fuel is
mixed with the air after air leaves the compressor.

A draw-through turbo system locates the tur—

bocharger after the carburetor or throttle body
assembly. As a result, both air and fuel (gasoline
engine) pass through the compressor housing.

Theoretically, the turbocharger should be located as
close to the engine exhaust manifold as possible. Then,
a maximum amount of exhaust heat will enter the

 
 

COMPRESSED
AIR OUT

 

COMPRESSOR
WHEEL

 

F19" 25-7 5. Exhaust flow spins turbine wheel, shaft, and compressor Wheel. Normally wasted energy in exhaust is used to in—
crease compression stroke pressure in cylinders for more violent combustion. (Saab)
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turbine housing. When the hot gases move past the

spinning turbine wheel, they are still expanding and
help rotate the turbine. '

Turbocharger lubrication
Turbocharger lubrication is needed to protect the

turbo shaft and bearings from damage. A turbocharger-

can operate at speeds up to 100,000 rpm. For this.
reason, the engine lubrication system forces motor oi]
into the turbo shaft bearings. Look at Fig. 25-18,

Oil passages are provided in the turbo housing and
bearings. An oil supply line runs from the engine ta‘
the turbo. With the engine running, oil enters the m.”
be under pressure. See Fig. 25-19.

Sealing rings (piston type rings) are placed around
the turbo shaft, at each end of the turbo housing. See
Fig. 25—18. They prevent oil leakage into the com.
pressor and turbine housings.

A drain passage and drain line allow oil to return”,
to the engine oil pan after passing through the turbo:
bearings.

  
Fig. 25-1 7. Turbocharger normally bolts to one side of engine.
Pipes route exhaust through turbine housing. Compressed air Turbo lag

leaves turbo and enters intake tract and engine. (Ford) Turbo lag refers to a short delay before the tmbb‘;

  
 

  

 
  

 
 

  

  

  
 

RADIAL AXIAL BEARINGBEARING TO INTAKE
MANIFOLD 

BEARING
HOUSING

 
 
 

 TO I- ‘ 0:1,. . . FROMEXHAUST .‘a— ‘ AIFI
PIPE urezsilrif’I’eyl/ CLEANER

s

FFIOM EXHAUST
MANIFOLD OIL

RETURN
TO PAN

Fig. 25-18. High turbo speeds requires pressure lubrication. Engine Oil is fed to turbo through oil line. Oil flows through bean”
and then drains into oil pan through drain line. (Saab)
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IMPELLER
‘WHEEL ‘

 IMPELLER
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TURBINE SIDE

 

 

EXHAUST

FRESH AIR IN

CONNECTION
T0 INTAKE /MANIFOLD

COMPRESSOR SIDE

Fig. 257 l .9. Turbine and compressor wheels have specially shaped fins or blades that act as fans. Exhaust flaw spins turbine
fan. Spinning compressor fan blows air into engine under pressure. {Chrysler}

develops sufficient boost (pressure above atmospheric
pressure).

When the car’s accelerator pedal is pressed down for
rapid acceleration, the engine may lack power for a
few seconds. This is caused by the compressor and tur-
bine wheels not spinning fast enough. It takes time fer
the exhaust gases to bring the turbo up to operating

EXHAUST GAS
ENTERS EXHAUST

SYSTEM

WASTE GATE
ACTUATOR

EXHAUST GAS
FROM EXHAUST

STROKE

 
COMPRESSED

INJECTOR

speed.

Modern turbo systems suffer very little from turbo
lag. Their turbine and compressor wheels are very light
so that they can accelerate up to rpm quickly.

Turbocharger intercooler

A turbocharger intercooler is an air-to-air heat

TO AIR
CLEANER

 

 
 

  

 

ELECTRONIC FUEL
INJECTION AIRFLOW

SENSOR

AIR UNDER NORMAL
ATMOSPHERIC

PRESSURE   

 
 
 

 
WASTE GATE
DIAPHRAGM

THROTTLE PLATE
OR VALVE

 
DENSER AIRAFUEL

CHARGE IN COMBUSTION
CHAMBER

Fig. 25-20. Study basic exhaust and inlet airflow through complete turbo system.{Ford}
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exchanger that cools the 'air entering the engine. It is
a radiator—like device mounted at the pressure outlet
of the turbocharger (or supercharger). .

Outside air flows over and cools the fins and tubes
of the intercooler. Then, when the air flows through
the intercooler, heat is removed.

By cooling the air entering the engine, engine power
is increased because the air is more dense (contains
more oxygen by volume). Cooling also reduces the
tendency for engine detonation.

WASTE GATE

A waste gate limits the maximum amount of boost
pressure developed by the turbocharger. It is a butterfly
or poppet type valve that allows exhaust to bypass the
turbine wheel. See Fig. 25-20.

Without a waste gate, the turbo could produce too
much pressure in the combustion chambers. This could
lead to detonation (spontaneous combustion) and
engine damage.

Basically, a waste gate is a valve operated by a
diaphragm assembly, Fig. 25-21. Intake manifold
pressure acts on the diaphragm to control waste gate
valve action. The valve controls the opening and clos-
ing of a passage around the turbine housing, Fig. 25-22.

Waste gate operation
Fig. 25—23 illustrates the basic operation of a tur-

bocharger waste gate. Under partial load, the system
routes all of the exhaust gases through the turbine hous—
ing. The waste gate is closed by the diaphragm spring.
This assures that there is adequate boost to increase
engine power.

Under full load, boost may become high enough to
overcome diaphragm spring pressure. Manifold

 

  
 
 

 
 
 

 

COMPRESSOR

AIR INLET

WASTE GATE BOOST CONTROL

Fig. 252 7 . Waste gate or boost control is a valve in turbine housing. When needed, it can
open to limit boost pressure by reducing amount of exhaust acting on turbine wheel.

(Mercedes Benz)
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BOOST CONTROL
 HOSE TO VALVE OR

INLET IN WASTE GATEINTAKE

Fig. 25-22. Nate hose that connects waste gate with Corn-
pressor housing. When boost pressure is too high, pressure aets
on waste gate diaphragm to open valve and reduce boost.

{Garrett}

pressure compresses the spring and opens the waste gate
valve. This permits some of the exhaust gases to flow
through the waste gate passage and into the exhaust
system. Less exhaust is left to spin the turbine. Boost
pressure is limited to a preset value.

TURBOCHARGED ENGINE MODIFICATIONS

A turbocharged engine normally has several
modifications to make it withstand the increased

AIR OUTLET

EXHAUST OUTLET

To TURBINEt EXHAUST IN
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WASTE GATE GASES BYPASS
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Fig, 25-23. Study operation of complete turbo system. A — Under part throttle, normal boost conditions, waste gate remains
closed. All exhaust flow is directed over turbine wheel. 8 A Under full load, boost pressure may increase too much. High intake
pressure deflects waste gate diaphragm to open waste gate valve. This allows some of the exhaust to bypass turbine wheel.

Turbine wheel slows down and reduces boost pressure. {Saab}
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FIR" 25-24. Note many engine modifications commonly used with turbocharging. Turbochargrng increases demands on engine.
(Ford)
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horsepower. A few of these are shown in Fig. 25—24
and include:

1. Lower compression ratio.
2. Stronger rods, pistons, and crankshaft.
3. Higher volume Oil pump and an oil cooler.
4. Larger cooling system radiator.
5. O—ring type head gasket.
6. Heat resistant valves.
7. Knock sensor (ignition retard system).

KNOCK SENSOR

A knock sensor is used to retard ignition timing if
the engine begins to knock (detonate or ping). The sen-
sor is mounted on the engine. It works something like
a microphone. When it “bears” a knocking sound, an
electrical signal is sent to the on-board computer. The
computer then retards the timing until the knock stops.

A knock sensor helps the computer keep the igni-
tion timing advanced as much as possible. This im-
proves engine power and gas mileage. It also protects
the engine from detonation damage.

TURBOCHARGING SYSTEM SERVICE

Turbocharging system problems usually show up as
inadequate boost pressure (lack of engine power), leak—
ing shaft seals (oil consumption), damaged turbine or
compressor wheels (vibration and noise), or excess
boost (detonation).

Refer to a factory service manual for a detailed
troubleshooting chart if needed. It will list the com—
mon troubles for the particular turbo system.

To protect a turbocharger from damage, most auto
makers recommend that the oil in a turbocharged
engine be changed more frequently (about every 3000
miles or 4 827 km). The turbo bearings and shaft,
because of the high rotating speeds, are very sensitive
to oil contaminants. Engine Oil must be kept clean to
assure long turbocharger life.

Checking turbocharging system
There are several checks that can be made to deter-

mine turbocharging system condition. These include:
1. Check connection of all vacuum lines to waste gate

and Oil lines to turbo, Fig. 25-25.
2. Use a regulated, low pressure air hose to check for

waste gate diaphragm leakage and operation.
3. Use the dash gauge or a test gauge to measure boost

pressure (pressure developed by turbo under a
load). If needed, connect the pressure gauge to an
intake manifold fitting. Compare to specs.

4. Use a stethoscope to listen for bad turbocharger
bearings.

Checking turbocharger
To check the internal condition of a turbo, remove

the unit from the engine, as in Fig. 25—26. Unbolt the

330 Modern Automotive Technology
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Fig. 25—25. Side view ofengine shows location and mounting
of turbocharger. (Ford)

connections at the turbo. Remove the oil lines and take
the unit to your workbench.

Inspect the turbocharger wheels for physical damage.
The slightest knick or dent will throw the unit out of
balance,rcausing vibration. Fig. 25-27 shows how to
measure turbo bearing and shaft wear.

WARNING! Never use a hard metal object or sand-

paper to remove carbon deposits from the turbine

 
Fig. 252 6. After removing mounting fasteners and any other
parts, turbo can be lifted off for replacement. A turbo canfllll‘_
be repaired inrshop. A new unit is normally installed. (:50le
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MEASUREMENT

Fig. 25-2 7. Dial indicator can be used to check radial and
axr'al play of turbo shaft. If not within specs, replace unit.

{Waukeshal

wheel if you gouge or remove metal, the wheel can
vibrate and destroy the turbo. Only use a soft wire
brush and solvent to clean the turbo wheels.

Installing new turbocharger
Many turbocharger problems are NOT repaired in

the field, Fig. 25-28. Most mechanics install a new or
rebuilt unit. When installing a turbo, you should:

WASTE GATE
DIAPHRAGM

CENTER
HOUSING

COMPRESSOR
HOUSING

1. Make sure the new turbo is the correct type. Com-
pare part numbers. ' .

2.‘ Use new gaskets and. seals.

3. Torque all fasteners to specs.
4. If needed, change engine oil and flush oil lines

before starting engine.
5. 1f the failure was oil related, check oil supply

pressure in feed line to turbo.

Waste gate service .
An inoperative waste gate can either cause too much

or too little boost pressure. If stuck open, the turbo
will not produce boost pressure and the engine will lack
power. If stuck closed, detonation and engine damage
can result from excessive boost.

Before condemning the waste gate, always check
other parts. Check the knock sensor (spark retard

system if used) and the ignition timing. Make sure the
vacuum-pressure lines are all connected properly.

Follow service manual instructions when testing or
replacing a waste gate. As shown in Fig. 25—29, waste
gate removal is simple. Unbolt the fasteners. Remove
the lines and lift the unit off of the engine. Many
manuals recommend waste gate replacement, rather
than in-shop repairs.

Figs. 25-30 and 25-31 show turbocharged engines.
Can you identify all of the parts. Trace flow of fuel
charge into and exhaust out of engine.

OUTLET
ELBOW

TURBINE
HOUSING

TURBINE
WHEEL

Fig. 25—28. Exploded View of modern turbocharger. Only external parts are servicable. Turbine
compressor wheel is very precise, balanced assembly. Sligb test nick or chic on blade can cause

unit to explode in service. (Ford)
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WASTE GATE

VALVE
HOUSING
 

 SEAL WASTE GATELEVER

Fig. 25-29. Waste gate normally bolts to side of turbo house
ing. Linkage rod connects diaphragm with valve mechanism.
Also note seal that prevents tampering with boast setting.
Although ovarboost will increase power, it can also cause

engine damage. (Saab)

SUPERCHARGERS

A supercharger is a compressor or blower driven by
a belt, chain, or gears. Unlike a turbocharger, it is NOT
driven by engine exhaust gases. Most passenger car

superchargers are driven by a belt on the front of the

. engine. See Fig. 25-32.
The belt drives the. rotors inside the supercharger.

As the rotors turn, they compress the air inside the
housing and force the air, under pressure, into the

engine intake manifold. An intercooler is commonly
used between the supercharger outlet and the engine
to cool the air and to increase power (cool charge of
air carries more oxygen needed for combustion).

Superchargers have the advantage of NOT suffer-

ing from turbo lag and the delay in power as the turbo;
gains speed. A supercharger will instantly produce
boost pressure at low engine speeds because it is
mechanically linked to the engine crankshaft. This low-
speed power and instant throttle response is desirable
in a passenger car for passing, entering high-speed in-
terstate highways, etc.

Fig. 25-33 shows the major parts included in a super.
charger system. '

KNOW THESE TERMS

Exhaust manifold, Header pipe, Catalytic converter,
Muffler, Tailpipe, Hangers, Heat shields, Muffler

clamps, Back pressure, Crossover pipe, Exhaust .

manifold heat valve, Rust penetrant, Air chisel, Pipe.
expander, Pipe shaper, Supercharger, Turbocharger,

TURBOCHARGER

 
 

 

INJECTOR
NOZZLE INJECTION

' LINES

.JNaLlNE
INJECTtON

PUMP

Fig. 25730. How many parts of this turbocharged diesel engine can you identify? (Deere & Co.)
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TURBO
WASTE GATE‘

EXHAUST

 

 
ELECTROMAGNETIC

CLUTCH

 HOUSING

F‘Q- 25732. Supercharger is normally driven by belt running
up from engine crankshaft. Electric clutch can be used to turn
blower on and off as needed. For example, blower might only
kick on at full throttle when there is demand for more engine

power. ( To yo te)

Nol‘mal aspiration, Turbine wheel, Turbine housing,
Turbo shaft,‘ Compressor wheel, Compressor housing,
Bearing housmg, Turbo bearing, Blow—through turbo,
DEW-through turbo, Sealing rings, Turbo lag, Waste
gate, Knock sensor, Boost pressure.

REVIEW QUESTIONS

1- An exhaust system
and carries
the car.

engine operation
to the rear of

 

 

 
 

AIR INTAKE

TUBE ASSY.
ENGINE CHARGE

AIR COOLER

ADAPTER
SUPERCHARGER 
  

 

HOSEeAIH BYPASS
VALVE INLET

 

 
\ PLENUM ASSY.

SU PERCHARGER

ADAPTER-k INLET \ —ASSY. ‘ - '
AIR COOLER BODY ASSY. .
MANIFOLD ..-__. AIFI INTAKE

 
CHARGE

M90 SUPERCHARGER
INLET PLENUM SI OUTLET

ADAPTER ASSY.

Fig. 25733. Note basic components in a supercharglng
system. This supercharger bolts to top of engine. Trace flow

of air through components. (Ford Motor Co.)
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Match the following exhaust system parts with
their definition. (Do not write in text.)

Heat shield. _
Catalytic converter.

Intermediate pipe.
Hangers.
Header pipe.

Tailpipe.
Muffler clamp.
Exhaust manifold.
Muffler.

U—bolt for connecting parts of exhaust
system.

Tubing that connects exhaust manifold
to rest of system.

c. Chamber for damping out pressure

pulsations.
d. Carries exhaust from muffler to rear of

car body.

e. Connects cylinder head exhaust ports to
header pipe.

f. Prevents heat from transfering into

other objects.

g. Connects exhaust manifold to tailpipe.
h. Device for removing pollutants from

1..
ZOPWflgy‘PP’E"
P‘

exhaust.

i. Pipe between catalytic converter and
muffler.

j. Connects exhaust system to underside of
car body.

11. Define the term “exhaust back pressure.”

12. A dual exhaust system is commonly used 011 small,
high fuel economy engines. True or False?

13. An exhaust“____.___

forces hot exhaust gases to flow into the intake
manifold to aid cold weather starting.

14. When is exhaust system service commonly needed?
15 . List fourteen rules to remember when servicing an

exhaust system.
16. Awis an air pump that increases

engine power by pushing a denser air-fuel charge
into the combustion chambers.

17. What is a normally aspirated engine?
18. Which of the following is NOT a type of

supercharger?
a. Vane. c. Rotor.

b. Gear. d. Centrifugal.
19. Explain the term “Turbocharger.”
20. In‘the field, the term “supercharger” generally

refers to a blower driven by a____,
or .

21. List and explain the six basic parts of a
turbocharger.

22. A turbocharger has the turbo
located before the carburetor or throttle body.

23. A turbocharger can operate at speeds up to
rpm.

334 Modern Automotive Technology

24.

25.

26.
27.

28.

29.

30.

. Research the internal combustion process and ' .

.Using knowledge of atmospheric pres

. Collect literature from dealerships on turboch-

 
 

 
 
 

 
 
 

 

 

 
 
 

 

 
 

 
 
 

 

 

 
 

 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

 

refers to the short

before the turbo develops sufficient ' '

(pressure above atmospheric pressure).
A waste gate limits the minimum amount of hot:
produced by the turbocharger. True or F3133?

What could happen if a waste gate did notope
List seven engine modifications commonly 1‘0
011 a turbocharged engine.
Which of the following is NOT a recomrn 11d
practice when servicing a turbocharging system
a. Inspect vacuum and oil lines to turbo andwas

gate. =-
b. Remove carbon from turbo compresso

gasket scraper.

c. Use regulated, low pressure air hose toc
waste gate diaphragm leakage and oper ie

d. Use pressure gauge to measure boost press
6. Use stethoscope to listen for bad turbo be
A turbocharger was badly damaged because0-
cess bearing and shaft wear
Technician A says that a new unit shouldi;
stalled and that oil pressure to the turboshd
be checked. Engine oil should be changed
short break!—m period.
Technician B says that the oil should be dra _
and all lines should be flushed before install ”

new turbo Oil pressure to the unit should als
checked.
Whois correct?
a. Technician A
b. Technician B
c. Both A and B
d. Neither A nor B

An inoperative turbocharger waste gate can; c
High boost pressure.

. Low boost pressure.
Low engine power.

. Detonation.
All of the above are correct.

93193?”
ACTIVITIES FOR CHAPTER 25'

duce a cutaway sketch of an exhaust system
it to explain why high backpressure will re
engine power. '

demonstrate to the shop class why a turboChar‘
or a supercharger will increase engine p0 _

and nonturbocharged engines. Develop a tab
horsepower-to-displacement ratios. (This c
done by dividing the rated horsepower'li
number of cubic inches or liters of displace

for each engine.) Draw up a report of your
ings and present them to the class as an buts
asmgnment.

BMW v. Paioe, |PR2020-00994
BMW1094

Page 27 of 66



BMW v. Paice, IPR2020-00994 
BMW1094 

Page 28 of 66

 

 
This material may be protected by Copyright law (Title 17 US Code)

 
 

 
 
After studying this chapter, you will be able to:
3 Describe gear operating principles.
jldentify and define all of the major parts of a

transmission.

[Explain the fundamental operation of a manual

 

transmission. _ _
Trace the power flow through transmlssmn gears.

3 Compare the construction of different types of
manual transmissions.

_ Explain the purpose and operation of a transmis—
sion overdrive ratio.

 
 

   

CLUTCH
HOUSING

Manual

Transmission

Fundamentals

A manual transmission must be shifted by hand. It
is normally bolted to the clutch housing at the rear of
the engine. See Fig. 52-1. The clutch disc rotates the
transmission input shaft. Gears inside the transmission
transfer engine power to the drive shaft and rear
wheels. A column or floor shift lever allows the driver

to select which set of transmission gears to engage.
A manual transmission should not be confused with

an automatic transmission or automatic transaxle. It

is normally used in a front engine, rear-wheel or front-
wheel drive vehicle. A foot-operated friction clutch is

 

 

 
 

GEAR SHIFT LEVER

 

  

 

 
  

ll‘ Z
 

 
 

 
  

 

   

air“ -

  
   

  
OUTPUT 

INPUT
SHAFT

{Hf '

l CASE
TRANSMISSION

GEARS

SHAFT

Fig. 52— 7. Study basic names and locations of manual transmission parts. This will help you as you learn about each part inmore detail. {Fiat}
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needed to disengage the engine.
An automatic transmission, covered in Chapters 54

and 55, uses hydraulic pressure and sensing devices to

shift gears. It detects engine speed and load to deter-
mine shift points. An automatic transmission also uses
a fluid coupling instead of a dry friction clutch.

A transaxle combines both the transmission and the

differential into a single housing. It is commonly used
with front—wheel drive vehicles. A transaxle can con-
tain either a manual or automatic transmission. Trans-

axles are covered in Chapters 60 and 6].

BASIC TRANSMISSION PARTS

To understand later sections of the chapter, study

the parts of the transmission in Fig. 52ml. Learn to iden—
tify and locate the fundamental components. This
knowledge will prepare you for more specific details
of transmission construction and operation.

1. TRANSMISSION INPUT SHAFT (shaft,

operated by clutch, that turns gears inside
transmission).

2. TRANSMISSION GEARS (provide a means of

changing output torque and speed leaving
transmission).

3. SYNCHRONIZERS (devices for meshing or lock-

ing gears into engagement).
4. SHIFT FORKS (pronged units for moving gears

or synchronizers on their shaft for gear
engagement).

5. SHIFT LINKAGE (arms or rods that connect
driver’s shift lever to shift forks).

6. GEAR SHIFT LEVER (lever allowing driver to

change transmission gears).
7. OUTPUT SHAFT (shaft that transfers rotating

power out of transmission to drive shaft).
8. TRANSMISSION CASE (housing that encloses

transmission shafts, gears, and lubricating oil).

PURPOSE OF A MANUAL TRANSMISSION

A manual transmission is designed to change the

vehicle’s drive wheel speed and torque in relation to

engine speed and torque. Without a transmission, the
engine would not develop enough power to accelerate
from a standstill. The engine would stall or lug as soon
as the clutch was engaged.

With a transmission in low or first gear, the engine
crankshaft has to turn several times to make the drive
shaft and wheels turn once. This increases the torque

going to the wheels, but reduces vehicle speed.
Then, as the transmission is shifted through the gears

and into high, the engine and drive shaft begin to turn
at approximately the same speed. Wheel and vehicle
speed increases, while engine speed drops.

A manual transmission in proper operating condi—
tion should:

1. Be able to increase torque going to the drive wheels

664 Modern Automotive Technology

for quick acceleration.

2. Supply different gear ratios‘ to match differm
engine load conditions.

3. Have a reverse gear for moving backward3_

4. Provide the driver with an easy means of shifting
transmission gears.

5. Operate quietly, with minimum power loss,

GEAR FUNDAM ENTALS

Gears are round wheels with teeth machined on their .
perimeter (rim). They are commonly used to transmit
turning effort from one shaft to another. Basically, one;
size gear is used to turn another size gear to change.
output speed and torque (turning power). This is 11,,
lustrated in Fig. 52-2.

 
 

 
 
 

 

 
 
 

 

 
 

 

3 REVOLUTON? POWER
DRIVE IN\
GEAR 107TOOTHGEAR

MORE TORQUE
LESS SPEED

307TOOTH GEAR

POWER OUT DRIVEN
A GEAR

trims)“*-
1 REVOLUTION

3 REVOLUTION? _1 LB-FT OF TORQUE
 

 .'7 “'10-TOOTH

1"" GEAR
CEO-TOOTH r5114

GEAR ,4
1:1/_/
x

T; 3 LEFT orc,» roaoue
V
War)

:5V“
B 1 REVOLUTION

Fig. 522. A 7 When a small gear drives a larger year, If-
increases torque output but reduces rotating speed of outings;
B — When a larger gear drives a smaller gear, torque is reduciefii

but rotating speed increases at output.

Gear ratios

A gear ratio is the number of turns a driving ge'
must turn before the driven gear turns one complfi‘
revolution. Gear ratio is calculated by dividing m.
number teeth on the driven gear by the number of t"
on the driving gear.
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For example, look at Fig. 52—3. If the drive gear
has 12 teeth and the driven gear 24 teeth (24 divided
by 12), the gear ratio would be TWO TO ONE,
written 2:1.

In this example, the drive gear would have to revolve

two times to turn the other gear once. As a result, the
speed of the larger, driven gear would be half as fast
as the drive gear. However, the torque on the shaft of
the larger gear would be twice that of the input shaft.

Various sizes of drive and driven gears can be used
to produce any number of gear ratios. As the number
of teeth on the driven gear increase in relation to the

number of teeth on the drive gear, the gear ratio in—

creases. A gear ratio of 10:] would be larger than a
ratio of 5:1, for example.

DRIVING GEAFI MAKES
ONE REVOLUTION

*‘r’

DRIVEN GEAR
HAS 24 TEETH

   DFIIVEN GEAR MAKES
, 1/2 REVOLUTION

DRIVING GEAFI
HAS 12 TEETH

Fig. 5273. Gear ratio is determined by number of teeth on drive
and driven gears. if drive year has half as many teeth as driven
gear, a two to one ratio would be produced. {Deere & Co.)

Transmission gear ratios

Transmission gear ratios vary with the manufacturer.

However, approximate gear ratios average 3:1 for first
gear, 2:] for second gear, 1:1 for third or high gear,
and 3:1 for reverse gear.

In first or low gear, there would be a high gear ratio.
A small gear would drive a larger gear This would
reduce output speed but increase output torque. The
car would accelerate easily, even with low engine rpm
and low power conditions.

In high gear, the transmission frequently has a 1:1
ratio. The transmission output shaft would spin at the
Same speed as the engine crankshaft. There would be

NO torque multiplication (increase), but the vehicle
Would travel faster. Very little torque is needed to
propel a vehicle at a constant speed on level ground.

Gear reduction and overdrive

Gear reduction occurs when a small gear drives a
larger gear to increase turning force. Gear reduction
13 used in the lower transmission gears, Fig. 52-2.

An overdrive ratio results when a larger gear drives
a Smaller gear. As shown in Fig. 52-2, the speed of the
OUtput gear increases, but torque drops.

Gear types

Manual transmissions commonly use two types of

gears: spur gears and helical gears.

Spur gears have their teeth cut parallel to the
centerline of the gear shaft. As shown in Fig. 52-4A,
they are sometimes called straight-cut gears.

Spur gears are somewhat noisy and are no longer
used as the main drive gears in a transmission. They
may be used for the sliding reverse gear, however.

Helical gears have their teeth machined at an angle
to the centerline of gear rotation. Modern transmis-
sions commonly use helical gears as the main drive

gears. See Fig. 52-4B. Helical gears are quieter and
stronger than spur gears.

 

 

STRAIGHTeCUT
SPUR GEARS

ANGLEDeCUT
HELICAL GEARS

Fig. 52-4. Two basic types of gears used in manual transmis-
sions are straighteur spur gears and angled—cut helical gears.

(Deere & Co.)

Gear backlash

Gear backlash is the small clearance between the

meshing gear teeth. Clearance allows lubricating oil to
enter the high friction area between the gear teeth. This
reduces friction and wear. Backlash also allows the

. gears to heat up and expand during operation without
binding or being damaged.

MANUAL TRANSMISSION LUBRICATION

The bearings, shafts, gears, and other moving parts
in a transmission are lubricated by oil throw-off 0r
splash. As the gears rotate, they sling oil arOund in—
side the transmission case.

Typically, 80 or 90W gear oil is recommended for
use in a manual transmission. However, follow manu—
facturer’s recommendations.
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TRANSMISSION BEARINGS

Manual transmissions normally use three basictypes
,of bearings: ball bearings, rollerbearings, and needle
bearings. These three types are shown in Fig. 52-5.
Bearings are used to reduce the friction between the
surfaces of rotating parts in the transmission.

The bearings are lubricated by oil spray from the

spinning transmission gears. Typically, antifriction
bearings (bearing using a rolling action) fit between the
transmission shafts and housing or between some of

the gears and shafts. These are high friction points that
must be capable of withstanding the engine’s power.

 
NEEDLE

BEARING
BALL

BEARING
ROLLER

BEARING

Fig. \52-5. Three types of anrifricrion bearings found in
transmissions: ball, roller, and needle. (Deere & Co.)

MANUAL TRANSMISSION CONSTRUCTION

Now that you have a general grasp of gear and
transmission principles, we will assemble each part of
a working transmission. We will start out with the case,
then install the shafts, gears, bearings, and other parts.

 

  
 

INPUT
SHAFT

FRONT HUB OR BEARING
COVER

TRANSMISSION CASE

 
 

 

 
 

 
 
 
 

 
 
 
 

 
 
 

 
 

 

 
 

 
 
 
 

 

Transmission case

The transmission case must support the transmjsS-w
bearings and shafts and provide an enclosure forg. ”
oil. Refer to Fig. 52-6. A manual transmission Case ..
usually cast of either iron or aluminum. Aluminul.11
becoming more common because of its lightness. ' i

A drain plug and a fill plug are usually provided in:
the transmission case. The drain plug is on the beta;
tom of the case. The fill plug is on the side of the Case;

The fill plug also serves as a means of checkingt,
oil level in the transmission. Typically, the oil 5110

be level with the fill plug when the transmissioll is
operating temperature.

Extension housing and front bearing hub
The extension housing, also called the tailsh'q

housing, bolts to the rear of the transmission case. I;
encloses the transmission output shaft and holds at.

rear oil seal. See Fig. 52-6. '

A flange on the bottom of the extension housing pr _
vides a base for the rubber transmission mount, alas
called rear motor mount. A gasket usually seals 1;‘

mating surfaces between the transmission case. and en:
tension housing. '

A from bearing hub, sometimes called front bear“ ..

to the transmission case. A gasket fits between the fro ‘3

hub and case to prevent oil leakage. -

Transmission shafts .

Basically, a manual transmission has four steel sh":
mounted inside its case. It normally has an input shiv-

countershaft, reverse idler shaft, and an output shaft

EXTENSION
OR TAILSHAFT

HOUSING

INSPECTION COVER

FOR SPEEDOMETER
CABLE

Fig. 52—6. Case is center section of transmission. Extension housing bolts to rear of case. Front bearing cover baits to frail
of case. It encloses front output shaft bearing and supports clutch thro W-out bearing. This transmission .91er has a sheel‘ ”’19-

i‘nspection cover bolted to top of case.
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TWO SHAFTS FIT
TOGETHER AND CAN

ROTATE INDEPENDENTLY
  

 
 
 

INPUT OR
CLUTCH SHAFT

COUNTER GEAR 0R
CLUSTER GEAR SHAFT

OUTPUT SHAFT
OR MAIN SHAFT

  

REVERSE IDLER
SHAFT

Fig. 52— 7. Note how transmission shafts are located in transmission case. Input shaft is driven by clutch. Output shaft is on
same centerline as input shaft. Countershaft and reverse idler shafts mount below and to one side in case.

17.

Fig. 5278. Exploded view shows major parts of typical transmission. Note four shafts and components.

PRNQWPPNT‘

 
3(d74th GEAR SNAP RING
4th GEAR S NCHRONIZER RING

3rd-4th G¥R CLUTCH ASSEMBLY3rd»4th G AR PLATE
3rd GEAR SVNCHRONIZER RING
3rd SPEED GEAR
2nd "GEAR SNAP RING
2nd GEAR THRUST WASHER
2nd SPEED GEAR
2nd GEAR SYNCHRONIZER RING

. MAIN SHAFT SNAP RING

. Tat-2nd SYNCHRONIZER SPRING

. LOW—2nd PLATE
1st GEAR SYNCHRONIZER RING
'Ist GEAR

. 3rd-4th SYNCHRONIZER SPRING
Ist-2nd GEAR CLUTCH ASSEMBLY

18. FRONT BEARING CAP
19. OIL SEAL
20. GASKET
21. SNAP RING
22. LOCK RING
23. FRONT BALL BEARING
24. CLUTCH SHAFT
25. ROLLER BEARING
26. DRAIN PLUG
27. FILL PLUG
28. CASE
29. GASKET
30. SPLINE SHAFT
31. 151 GEAR THRUST WASHER
32. REAR BALL BEARING
33. SNAP RING
34. ADAPTER PLATE

h...__—— _

35.
36.
37.
33.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.

ADAPTER SEAL
FRONT COUNTERSHAFT GEAR THRUST WASHER ,
ROLLER WASHER
REAR ROLLER BEARING
COUNTERSHAFT GEAR
REAR COUNTERSHAFT THRUST WASHER
COUNTERSHAFT
PIN
IDLER GEAR SHAFT
PIN
IDLER GEAR ROLLER BEARING
REVERSE IDLER SLIDING GEAR
REVERSE IDLER GEAR
IDLER GEAR WASHER
IDLER GEAR THRUST WASHER

lChrysleri
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splined. The inner end of the shaft has a gear machined
on it. See Fig. 52-8.

A bearing in the transmission case supports the in-
put shaft in the case. Anytime the clutch disc turns,
the input shaft gear and gears on the countershaft turn.

The countershuft, also called cluster gear shaft, holds
the countershaft gear into mesh with the input gear and

other gears in the transmission. It is located slightly
below and to one side of the clutch shaft, Fig. 52-9.

Normally, the countershaft does NOT turn in the
transmission case. It is locked in the case by either a
steel pin, force fit, or locknuts. Refer to Fig. 52-8.

The reverse idler shaft is a short shaft that supports
the reverse idler gear, Fig. 52—8. It normally mounts

stationary in the case about midway between the
countershaft and output shaft. See Fig. 52-7. Then,

 

 
 
 
 
 
 

 

 
 

CLUTCH

ENGINE
CRANKSHAFT

INPUT SHAFT
GEAR

COUNTEHSHAFT GEARS

the reverse idler gear can mesh with gears on both the
countershaft and output shaft.

The transmission output shaft, also called Main
shaft, holds the output gears and synchronizers. See
Fig. 52-8. The rear of this shaft extends to the back
of the extension housing. It connects to the drive shaft
to turn the rear wheels of the vehicle.

The output shaft is splined in the center. In modern
transmissions, the gears are free to revolve on the Out-

put shaft, but the synchronizers are locked on the shaft
by splines. The synchronizers will only turn when The
shaft itself turns.

TRANSMISSION GEARS

Transmission gears can be typically classified into
four groups: input shaft gear, countershaft gears, Out-

YNCHRONIZER
S OUTPUT SHAFT ,

OUTPUT
SHAFT

 
CLUSTER OFI

  
Fig. 52—9. Cutaway of modern transmission shows gears assembled on their shafts. Gear on clutch or input shaft drives counter-

shaft gears. Countershaft gears turn output gears on main or output shaft. {Mercedes Benz)

 
 

POWER FROM POWER TO POWEFI FFIOM

/ ENGINE DRIVE WHEELS ENGINE
5:"

p
SMALL GEAR

DRIVES LARGER
ourpur GEAR

A Low GEAR B

 
 

HIGH GEAR C

POWER TO
DRIVE WHEELS 

 
  
 

BOTH DRFVE GEAR
/SAME SIZE

REVERSE
IDLEH CHANGES

REVERSE GEAR GEAR ROTATION

Fig. 52- 70. Simplified transmission action. A — Low gear. Input shaft gear turns gears on countershaft. Small countershafl"
gear drives larger output shaft gear to produce gear reduction. 3 — High gear. Engaged gears are same size. Output shaft MW}
faster than when in low gear. Less torque increase is needed. C — Reverse. Reverse idler gear is used between countershaff-

gear and output shaft gear. This reverses direction of rotation at output shaft. (Deere & Co.)I
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BEARING
'ROLLER

FOR
OUTPUT

TEETH SHAFTFOR
SYNCHRONiZER

...\<DRIVE _
GEAR ._ . '

CLUTCH DISC
SPLINES

 
 

HUB FOR
THROW-OUT

BEARING
FRONT

BEARING
WASHER

 

 

FRONT INPUT
SHAFT BEARING

FRONT
SEAL

Fig, 52-1 1. Exploded View ofinpur shaft andgear. Gear is nor
mally machined part of shaft. Large bearing supports shaft in
front of transmission case. individual roller bearings support
rear of shaft. Snap rings secure assembly in case. {Chrysler}

put shaft gears, and reverse idle gear. Illustrated in Fig.
52-9, the input shaft gear turns the countershaft gears.
The countershaft gears turn the output shaft gears and
reverse idle gear.

In low gear, a small gear on the countershaft drives
a larger gear on the output shaft, Fig. 52—10A. This
provides a high gear ratio for accelerating. Then, in
high gear, a larger countershaft gear drives an equal
or smaller size output shaft gear, Fig. 52—1013. This
reduces the gear ratio and the vehicle moves faster.

When in reverse, power flows from the countershaft
gear, to the reverse idler gear, and to the engaged gear

on the output shaft. This reverses output shaft rota-
tion as shown in Fig. 52-10C.

Input gear assembly
Mentioned briefly, the transmission input gear is a

machined part of the steel input shaft. Fig. 52-11 shows
an input gear with its related parts. Study the shape

and relationship of each component carefully.
The input gear drives the forward gear on the

COuntershaft gear. A small set of spur gear teeth are
Usually located next to the main, helical drive gear. This

Small gear is for engagement of the synchronizer.

c(mntershr-rft gear assembly
The countershaft gear, also called countergear, turns

the gears on the output shaft. This gear is actually

 

several gears machined out of a single piece of steel.
Hence, it is often called the cluster gear, Fig. 52-12.

When the input gear drives the matching counter-
shaft gear, all of the countershaft gears turn as a single
unit. However, since each forward gear is a different
size, the countershaft gear unit is capable of providing
several gear ratios.

Note in Fig. 52-12 how the countershaft gear rides
on roller bearings. Thrust washers fit on each end of
the gear to set end play or case-to-gear clearance.

WASHER
(BRONZEI

  
 

WASHER

BEARINGS

COUNTERSHAFT
GEAR

BEARINGS COUNTERSHAFT
PIN

WASHER
(PLASTIC)

Fig. 527 I‘ 2. Countershafr assembly. Countershafr gear has
several gears formed as a single unit, They mount on roller bear?
mgs and countershafr. Washers control end play of unit in case.

(Ford Motor Co. l

Reverse idler gear assembly

A reverse idler gear assembly is shown in Fig. 52—13.-
Note how it is constructed like the other transmission

shaft-gear assemblies just discussed.

Output shaft gears

The output shaft gears or main shaft gears transfer

REVERSE
THRUST IDLER
WASHER SHAFT

SNAP SLEEVE lg It;—
as \ 1.?" -a;

REVERSE
THFIUST IDLER

REVERSE
WASHER IDLEFI GEARBEARING

ROLLERS

BEARING
WASHER

  

Fig. 52-13. Reverse idler gear and shaft assembly. (Chrysler)
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aid-4th
SYNCHRONIZEH

ASSEMBLY
  
  
 

3rd GEAR SPLINES
FOR DRIVE

SHAFT  NEEDLE

BEARING

 
 

 
 

 

 
 

SNAP OUTPUT OR "
HING MAJNSHAFT

FITS INTO
END OF INPUT

SHAFT

SPLINES FOR I .

SYNCHHONIZEFII \il—V'ARSLRSEIR REAR I 

 
 

HUBS I

 

  
 

SYNCHRONIZER
BLOCKING RINGT'

 

 

SYNCHRONIZER Ist-an
BLOCKING SVNCHRONIZER

RING ASSEMBLY2nd GEAR _.4_a—_.
Fig. 52— 74. Output or main shaft is iong shaft extending through transmission talishaft housing. Drive shaft is splined to rear

of this shaft. Note how output gears and synchronizers install on shaft. (Mazda)

rotation from the countershaft gears to the output TRANSMISSION SYNCHRONIZERS
shaft. Only one of the output shaft gears is normally  engaged and locked to the shaft at a time. A transmission synchronizer, Fig. 52-14, has two

Fig. 52-14 pictures a set of output shaft gears. Notice functions. It must:

how it has a main drive gear (helical gear) and a smaller 1. Prevent the gears from grinding or clashing dur‘
synchronizer gear (spur gear). ing engagement.

The inside bore of each output shaft gear is smooth 2. Lock the output gear to the output shaft.-
so that it can spin freely on its shaft when not engaged. When the SYHChFOHiZt‘f is away from an output gear,
Normally, one output shaft gear will be provided for the 011mm gear freewheels 0f spins 011 the 011mm Shaft-
each transmission speed, including reverse. No power is transmitted to the output shaft. When the E

THIS INTERNAL
CONE RUBS ON

DRIVE GEAR EXTERNAL
CONE TO SYNCHRONIZE

ROTATING SPEEDS

SYNCHRONIZER SLEEVE
LOCKS HUB AND DRIVE

GEAR TOGETHER

   SHIFTER PLATES
POSITION
SLEEVE

 MWInt—"rm.w
BLOCKING RING BLOCKING RING

Fig. 52-15. Basic synchronizer components. Hub is spirited to output shaft. It will slide but not turn on shaft. Sieave fits ova!
hub. Shifterpla res position alsove. Blocking rings allow sieeve to slide in to and mesh with output gear Without ciashing or grinding»(Deere 8: Co.)
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Synchronizer is slid against a gear, the gear is locked
to the synchronizer and to the output shaft. Power is
then sent out the transmission and to the rear wheels.

synchronizer construction
The most popular type synchronizer consists of an

inner splined hub, inserts, insert springs, an outer
sleeve, and blocking rings. See Fig. 52-15.

The synchronizer hub is splined on the output shaft.

It is held in a stationary position between the transmis-
sion gears. Inserts fit between the hub and sleeve. The
springs push the inserts into the sleeve. This helps hold
and center the sleeve on its hub. The blocking rings
fit on the outer ends of the hub and sleeve.

Synchronizer operation
When the driver shifts gears, the synchronizer sleeve

slides on its splined hub toward the main drive gear.
First, the blocking ring cone rubs on the side of the

gear cone, setting up friction between the two, Fig.
52-16. This causes the gear, synchronizer, and output
shaft to begin to spin at the SAME SPEED.

As soon as the speed is equalized or synchronized,
the sleeve can slide completely over the blocking ring
and over the small, spur gear teeth on the drive gear.
This locks the output gear to the synchronizer hub and
to the shaft. Power then flows through that gear and
to the rear wheels.

FULLY SYNCHRONIZED TRANSMISSION

Fully synchronized means that all of the forward out—
put gears use a synchronizer. This allows the driver to

OUTPUT GEAR
FREEWHEELING

ON OUTPUT SHAFT
EXTERNAL

CONE SLIDINGSLEEVE
 
 
 
 

 
 
 
 
 

BRONZE
INTERNAL

OUTPUT CONES
SHAFT

INPUT
SHAFT

EXTERNAL AND TURNING
INTERNAL CONES

CONTACTING AND
SYNCHRONIZING
ROTATING SPEED A

SPRING-LOADED
BALL iN GFIOOVE

IN SLIDING SLEEVE

UNDER POWER

downshift into any lower gear (except reverse) with the

car moving. Most modern manual transmissions are
fully synchronized.

Many older three-speed transmissions did NOT have
first gear synchronized. The driver had to wait until
the vehicle came to a complete stop before downshift-

ing into first. Trying to shift into first with the vehicle
in motion would cause first gear to Clash.

SHIFT FORKS

The shift forks fit around the synchronizer sleeves
to transfer movement to the sleeves from the gear shift

linkage. This is illustrated in Fig. 52-17.

 

 

SHIFT
RAIL

SLIDING OUTPUT
SYNCHRONIZER GEAR

SLEEVE 0R GROOVE
SLIDING GEAR FORFORK

Fig. 52— i 7. Shift fork is used to move synchronizer sleeve 0r
siiding gear on spiined shaft. Shift linkage or rail operates

shift fork.

EXTERNAL AND
INTERNAL TEETH

ENGAGED
 
 
 
 
 

 
  

 
   

CONES

SPRINGELOADED
BALL OUT OF

GROOVE

EXTERNAL TURNS
CONE HUB

OUTPUT GEAR A

TURN OUTPUT/ sLEEiiEiiiRNS HUB TURNS
SHAFT B SLEEVEOUTPUT GEAR

F'g- 5246. Synchronizer operation. A V As synchronizer sieeve moves into output gear, cone on sleeve rubs against cone
on year, Friction makes gear and sleeve begin to turn at same speed. 5‘ — When at same speed, sleeve can slide over and mesh
With small, spur teeth on side of output gear. This locks output gear, sleeve, hub, and input shaft together. Output gear is then

engaged to output shaft.
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The shift fork fits into a groove cut into the syn—
chronizer sleeve. A linkage rod or shift rail connects
the fork to the driver’s shift lever. When the lever

moves, the linkage or rail moves the shift fork and
sleeve to engage the correct transmission gear.

Fig. 52—18 pictures a typical, complete shift fork
assembly. Study the parts and how they fit together.

TRANSMISSION SHIFT LINKAGE
AND SHIFT LEVER

There are two general types of transmission linkage:
EXTERNAL ROD type and INTERNAL SHIFT
RAIL type. Both perform the same function. They con-
nect the shift lever with the shift fork mechanism.

Look at Fig. 52-19. It shows the components of an
external shift rod type linkage. The rods fit into levers
on the shift mechanism and fork assembly. Spring clips
hold the rods in the levers. One end of each linkage
rod is threaded so that the linkage can be adjusted.

An internal rail type is shown in Fig. 52-20.
When the driver shifts gears, the bottom of the shift

lever catches in one of the gates (notched unit attached
to shift rail), Fig. 52-21. Each gate is mounted on a

shift rail. As a result, movement of the lever places a
prying action on the rail. Since the fork is located on

 

 
 

SHIFI' FORK
COVER

LEVERS -< " J .FDR SHIFT LINKAGE .
FROM SHIFT LEVER fi’

Fig. 52— 18. Shift fork fits over groove machined in center of synchronizer sleeve. Movement of shift linkage to transmiSSfm
moves shift fork forward or rearward in transmission to engage different output gear. (Plymouth)
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SYNCHHONIZEHS

SHIFT FORK
ASSEMBLY

  

 
 

 
 
 

 
 

 

SHIFTLEVER
MECHANISM

REVERSE SHIFT ROD
ADJUSTABLE SWIVEL

Fig. 52— 19. Side View of transmission showing shift linkage I
and lower part of shift lever. Study parts. (Chrysler) -

the rail, it is also moved to change transmission gears.
Spring-loaded balls are sometimes used to lock the shift
rai1(s) into position when in neutral or in gear.

Variations in shift rail linkages are also available;
However, their basic construction and operation are.

sHIFT MECHANISM ‘
FOR REVERSE ’ w 3
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. SPRING-LOAD
DETENT BALL HOLDS
MECHANISM IN EACH

POSITION

 

GROOVES IN SYNCHRONIZER

GEAR
SHIFT
LEVER 

 
 

 
 

 

LOWER END
OF SHIFT LEVER
ACTS ON GATES
AND SHIFT RAIL

 
SLEEVES FOR SHIFT FORKS

Fig. 52—20. This transmission uses an internal shift rail mechanism instead of external shift rods. Shift lever acts on rail. FI’ail
then operates shift forks and synchronizer sleeves. (Fiat)

LEVER SHIFT
BALL Hm RAIL

J INTERLOCK PLUGSPLUGS
%CAP

INTERLOCK
SPRING PINSEAT

r 1st-2nd
, REVERSE

RAIL HAIL

SHIFT LEVER 3rd-4thRAIL

SHIFT /, ,HOUSING / '
ASSEMBLY {kBACK-UP LAMPSWITC H

 
 
 

 

  

 1st-2nd
SHIFT FORK

POPFET BALLS

  
 

3rde4th AND SPRINGS

SHIFT GATE \
RAIL I IPLUGS o o I REVERSE
/ , D GATE

ISt-an , ""

GATE . .

REVERSE PLUNGER \AND SPRING
 

REVERSE
3rd-4th SHIFT FORKSHIFT FORK

59' 522 l. Exploded View of shift mechanism for late model
”ans-’mssrbn. Shift lever acts on shift gates. Shift gates are
graphed to shift rails. Rails move forks for gear changes.
,p’mg’ioaded halls and plunger help position shift forks dur-
m9 each gear change. No te back—up lamp switch. (Chrysler)

 

almost the same.

The transmission shift lever assembly can be moved
to cause movement of the shift linkage or rail, shift
forks, and synchronizers.

The parts of a floor mounted shift lever assembly
are shown in Figs. 52-19, 20, and 21. One has external

Shift rods and the others internal rails. Fig. 52-22 pic-
tures a steering column mounted shift lever. Study the
parts and how they function.

 
  
 
 
 

 
 

 

 
 

 

SHIFT
LEVER

STEERING
COLUMN

RELAY LEVER

Tst-REVERSE
LEVER

u"é2nd-3rd
CONTROL ROD

 

 
lat-REVERSE

"77 LEVER

I 2nd73rrI LEVER

Fig. 52-22. Column type shift mechanism. Gear shift lever
operates levers on bottom of column. Rods then transfer move-

ment to transmission. lGMC]

 
1steFIEVERSE

CONTROL ROD
/
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TRANSMISSlON, TYPES

There are several types of manual transmissions: '

three—speed, four-speed, five-speed, and transmissions
with overdrive in high gear. Transmissions with more
forward speeds provide a better selection of gear ratios.

Older vehicles were commonly equipped with three— ‘

speed transmission. Modern vehicles, however, fre—
quently have four or five-speed transmissiosns. Extra
gear ratios are needed for the smaller, low horsepower,

high efficiency engines of today.

TRANSMISSION POWER FLOW

Now that you understand the basic parts and con-
struction of a manual transmission, we will cover the

flow of power through actual manual transmissions.

First gear
To get the vehicle moving from a standstill, the driver

moves the gear shift lever into first. The clutch pedal
must be pressed to stop power flow into the transmis—
sion. The linkage rods move the shift forks so that first
gear synchronizer is engaged to first output gear. The
other output gears are in neutral. Look at Fig. 52-23.

As the driver releases the clutch pedal, the clutch

shaft gear begins to spin the countershaft gears. Since
only first gear is locked to the output shaft, a small

gear on the countershaft drives a larger gear on the out-
put shaft. The gear ratio is approximately 3:1 and the
vehicle accelerates easily.

 2ND-3RD SYNCHRONIZER

3RD GEAR

COUNTERGEAR

Fig. 5223 Transmissionin first gear First—reverse synchronizer engaged with first output gear. Other synchronizerls in-
position. First output gear is locked to output shaft and transfers high torque to drive shaft. (Chevrolet
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151’ GEAR

\ 2ND GEAR

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
  

Second gear -
To shift into second, the driver depressest "

and moves the shift lever. With the engine moment.
disconnected from the transmission, the first ge

chronizer is slid away from first gear. Secondéth"
chronizer is then engaged. See Fig. 52-24.- '-

Now power flow18 through second gear on the

put shaft. A gear ratio of about 2:1 is produced-
the vehicle a little more speed. .

Third gear

When the gear shift leveris moved into third g‘
thereIS no torque multiplication. The synch‘
slid over the small teeth on the input shaftgear
synchronizer sleeve iocks the input shaft directly.
output shaft. Refer to Fig. 52-25. _

A 1: 1 gear ratio results with no torque incre

of the output shaft gears freewheel or spin on
shaft. Power flow18 straight through the transmi
The vehicle travels at highway speeds while the.e] '
rpm is relatively low.

Reverse _
When shifted into reverse, a synchronizer-is-

into the reverse gear on the output shaft. This
the gear to the output shaft. Power flows th u
countershaft, reverse idler gear, reverse gea 5

the drive shaft, as in Fig. 52-26. '

Neutral -

In neutral, all of the synchronizer sleevesarelee

lSTrREV. SYNCHRONIZER
(lST GEAR ENGAGED]

  

  
 
 

 

REVERSE GEAR

IDLER GEAR
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2-3 SYNCHRONIZER
(2ND GEAR ENGAGED)

MAIN DRIVE (3RD) GEAR

  
COUNTERGEAR

 
 
 

 
 

in the center of their hubs, Fig. 52-27. This allows all
'f the output shaft gears to freewheel on the output

"shaft. No power is transmitted to the output shaft.

EOverdrive gear
1- When in high gear, many modern transmissions have
verdrive. Either fourth (4-speed) or fifth (S-Speed) has

--aratio of less than 1:] (0.87:1 for example) to increase

2-3 smcnnomzsn
(3RD ENGAGED]

MAEN DRIVE {3RD} GEAR J

lCOUNTERGEAR

\ 2ND GEAR

2ND GEAR

 

'l-REV.
IST GEAR SYNCHRONIZER REVERSE

REV. IDLER GEAR

'Fig. 5224. Transmission in second gear. Firstrraverse synchronizer is moved into neutral. Secondathlrd synchronizer is engaged
with second output gear, locking it to its shaft. (Chevrolet)

fuel economy.
Fig. 52—28 shows the power flow through a late

model, 5-speed, overdrive transmission. It is designed
for a 10w horsepower, diesel engine. Trace flow through
the transmission in each gear. The first four forward

speeds allow the diesel to accelerate quickly. The over-
drive high gear keeps engine rpm down at highway
speeds to increase fuel economy and engine service life.

IST GEAR

IST—REV.
SYNCHRONiZER

l

REV. GEAR

REV. IDLER GEAR

49- 52-25. Transmission in third gear. Second-third gear synchronize-r is slid to engage gear on input shaft. This looks input
shaft directly to output shaft. Both shafts turn at same speed for no gear reduction. (Chevrolet)
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2-3 SYNCHRONIZER

MAIN DRIVE (3RD) GEAR

 
COUNTERGEAR

Fig. 52-2 6. Transmission in reverse. Second~third synchronizer moved into neutral. First—reverse synchronizer slid-int .
with reverse output gear. Countershaft gear drives reverse idler. Idler drives output shaft backwards. (Chevroletl

OTHER TRANSMISSION DESIGNS

Many transmission design variations are used by the
numerous auto manufacturers. However, all transmis-

sions use the basic operation and construction prin-
ciples just explained.

Review the transmission parts in Figs. 52-29 and
52-30. Can you explain the basic function of each part?

2-3 SYNCHRONIZER

3RD GEAR

CDUNTERGEAR

Fig. 52-2 7. In neutral, both synchronizers are in center positions. No output gears are locked to output shaft. Gearsflee
and do not transfer power to drive shaft. (Chevrolet) ' "
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2ND GEAR j

\ 2ND GEAR I

IST-REV,
SYNCHRONFZER
(REV. ENGAGED)

IST GEAR REV. GEAR

REV. IDLER GEAR

 

 
 
 

SPEEDOMETER DRIVE

Normally, a manual transmission has a w‘or'
on the output shaft that drives the speedomete
and cable. See Fig. 52-29. The gear on the outpu
turns a plastic gear on the end of the speedometer.-
The cable runs through a housing up to the

ometer head (speed indicator assembly) in the.

I ST»REV.
SYNCHRDNIZER

IST GEAR
REVERSE GEAR

IDLER GEAR

BMW v. Paice, |PR2020-00994-. __
BMW1094' "

Page 41 of 66



BMW v. Paice, IPR2020-00994 
BMW1094 

Page 42 of 66

NEuTRAL

FIRST GEAR RATIO:4.36:1

SECOND GEAR RATIO:
2.52:1

THIRD GEAR RATIO:
1.51 :1

FOURTH GEAR RATIO:
1:1

FIFTH GEAR RATIO:
0.87:1

REVERSE GEAR RATIO:
4.02:1-
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INPUT SHAFT
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OUTPUT SHAFT TURNING n COUNTER
3rd GEAR

3rd-4th
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LOCKED

TO SHAFT

  

  

OUTPUT SHAFT
TURNING

INPUT SHAFT TURNING

COUNTER
4th GEAR

5th-REVERSE
SYNCHRONIZER

  
 

 
 

 

OUTPUT SHAFT
TURNING INPUT SHAFT TURNING

COUNTER
5th GEAR

5th-REVERSE REVERSE GEAR ENGAGEDSYNCHRONIZER ‘

 

 
 

OUTPUT SHAFT
TURNING

BACKWARDS
INPUT SHAFT TURNING

COUNTER '
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”9- 52-28. Power flow through a five speed transmission with overdrive in high gear. Study each illustration careful/y.
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A — Flywheel
B — Transmission case

C # Main drive or input 95;"
D — Synchronizer sleeve in];

3rd—4th speeds
E — 3rd gear
F 7 2nd gear
G — Synchronizer sleeve for

' 1st72nd Speeds
H a 1st gear ‘
| — Rear bearing retainer
J — Reverse gear
K — Control shaft

L — Gearshift'lever assembly,
M — Pressure plate assefiwfih}N — Countergear
O — Inspection plate or cover
P — Mainshaft or output shamQ — Reverse idler gear
R — Extension housing

Shift fork {reverse}
T 7 Speedometer drive gear

 
lllllllllr

l'll’lllWM ll(IL/A
”1 U)

I

Fig. 52-29. Cutaway view of late model four speed transmission. Note part names and locations. (Chrysler)

A retainer and bolt hold the cable assembly in the MANUAL TRANSMISSION SWITCHES
transmission extension housing.

Whenever the output shaft turns, the speedometer Two types of electric switches are sometimes

cable turns. This makes the speedometer head register mounted on the manual transmission: the back-up light
the road speed of the vehicle. switch and the ignition spark switch.

 
Fig. 52-30. Five speed, manual transmission With clutch installed on input shaft. Can you describe function of maiflr Part5?"

{Peugeot}
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The back-up light switch is an electric switch closed
,by the action of the reverse gear shift linkage, Refer
'0 Fig. 52—21. When shifted into reverse, the linkage

“closesthe switch to connect the back—up lamps to
attery.

A few manual transmissions have an ignition spark
witch which only allows distributor vacuum advance

[1' high gear. The switch usually mounts in the side of
he transmission It is normally closed until activated
11 high gear. This retards the ignition timing in lower
ears to reduce exhaust pollution.

KNOW THESE TERMS

; Manual transmission, Gear ratio, Gear reduction,
Overdrive ratio, Spur gears, Helical gears, Gear

acklash, Gear oil, Transmission case, Extension hous-
ng, Input shaft, Countershaft, Reverse idler shaft,
utput shaft, Countershaft gear, Output shaft gears,
ynchronizer, Fully synchronized transmission, Shift
ork, Transmission iinkage, Shift rail, Shift lever, Back-
p light switch, Ignition spark switch.

REVIEW QUESTIONS

List and explain the eight major parts of a manual
transmission.

. Define the term “gear ratio.”

' ._ How do you find the gear ratio of two gears?
Approximate manual transmission gear ratios are

for first, for second,
. for high, and ____ for reverse.

' '. A gear reduction results when a small gear drives
a larger gear to increase turning force. True or
False?

11.

12.

13.

14.

15.

. Typically, or

. This would be an overdrive ratio.

7:1.
.87.9.969:

1:
.0.

1:
.3: H000“
__. is the small clearance be-

tween the meshing gear teeth for lubrication and
heat expansion.

gear oil is used
in a manual transmission.

. What is the transmission extension housing?

. Name and describe the four shafts in a manual
transmission.

List and explain the general gear classifications
found in a manual transmission.

A manual transmission synchronizer is used to:

a. Prevent gear clashing or grinding.
b. Lock output gear to output shaft.
c. Both of the above are correct.
(1. None of the above are correct.

What is a fully synchronized transmission?

Describe the two major types of transmission shift
linkages.
Why is an overdrive ratio used?

ACTIVITIES FOR CHAPTER 52

. Locate a drive gear and a driven gear on a manual
transmission and determine the gear ratio when the
two gears are meshed. Show your calculations.

. Locate the transmission section in a shop manual
and study the names of the gears. Locate these
same gears on an actual transmission.

. Demonstrate the adjustment procedures for .a
manual transmission linkage.
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TRANSAXLE

ENGINE

DIFFERENTIAL
ASSEMBLY

Note parts of this faur~wheei drive system. Engine and transaxie are at front; a drive shaft
transmits power 2‘0 rear differential assembly. (Subaru)
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After Studying this chapter, you will be able to:
Dldentify the basic components of an automatic

transmission.

D Describe the function and operation of the major
parts of an automatic transmission.

E Trace the flow of power through automatic
transmissions.

D Explain how an automatic transmission shifts gears.
E Compare different types of automatic

transmissions.

 
An automatic transmission performs the same func-

tions as a standard transmission. However, it “shifts
gears” and “releases the clutch” automatically. A ma-
jority of modern cars use an automatic transmission

(or transaxle) because it saves the driver from having
to move a shift lever and depress a clutch pedal.

As you will learn, an automatic transmission nor-

mally senses engine rpm (speed) and engine load (engine

TORQUE

CONVERTER iNPUT CLUTCH

   

 
r..'.".~‘

SHAFT ASSEMBLIES

VALVE
BODY 

Automatic-

Transmission
Fundamentals

vacuum or throttle position) to determine gear shift
points. It then uses internal oil pressure to shift gears.
Computers can also be used to sense or control auto-

matic transmission shift points.

BASIC AUTOMATIC TRANSMISSION

Before detailing the construction and operation of
each individual part, it is important for you to have
a general idea of how an automatic transmission works.

Then, you will be able to relate the details of each part
to the complete transmission assembly.

Refer to Fig. 54—1 as the following parts of an
automatic transmission are introduced.

1. TORQUE CONVERTER (fluid coupling that con-
nects and disconnects engine and transmission).

2. INPUT SHAFT (transfers power from torque con-
verter to internal drive members and gearsets).

3. OIL PUMP (produces pressure to operate

PLANETARY
GEAHSETS

OUTPUT
SHAFT

  
 

 

PISTON
 

Fig. 54-1. Study basic parts of simplified automatic transmission. No te- general shape and location of come
ponenrs. This Will help prepare you to learn details of each part.
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FLUIDS

Fig. 54-2. An automatic transmission uses these methods of transmitting power. (Deere 8: Co.)

hydraulic components in transmission).
4. VALVE BODY (operated by shift lever and sen-

sors, controls oil flow to pistons and servos).
5. PISTONS and SERVOS (actuate bands and

clutches).
6. BANDS and CLUTCHES (apply clamping or driv—

ing pressure on different parts of gearsets to
operate them).

7. PLANETARY GEARSETS (provide different
gear ratios and reverse gear). '

8. OUTPUT SHAFT (transfers engine torque from
gearsets to drive shaft, and rear wheels).

TRANSMITTING POWER

As you will see, an automatic transmission uses three

methods to transmit power: fluids, friction, and gears.
This is illustrated in Fig. 54—2.

The torque converter uses FLUID to transfer power.

The bands and clutches use FRICTION. The transmis-

  

 

 

CONVERTER
HOUSING

Fig. 543. Most automatic transmissions are construe ted with front converter housing, central case, rear
extension housing, and lower pan. Most parts fit inside case.
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FRICTION GEARS

sion GEARS, not only transmit power, they can in-
crease or decrease speed and torque.

TRANSMISSION HOUSINGS AND CASE

An automatic transmission is normally constructed

with four main components: converter housing, case,
pan, and rear extension housing. These parts support
and enclose all of the other components in the transmig.
sion. Refer to Fig. 54—3. '

The converter housing or hell housing surrounds the

converter and holds the transmission against the engine.
It is usually made of aluminum.

Bolts fit through holes in the converter housing and
attach to the engine block. The converter housing also '
keeps road dirt, rocks, and other debris off the spin-
ning torque converter and flywheel, Fig. 54—3.

The transmission case encloses the clutches, bands,
gearsets, and inner ends of the transmission shafts. The
converter housing bolts to the front of the case. The

EXTENSION

\VHOUSING

PAN
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extension housing bolts to the rear of the case. The
valve body and pan bolt to the bottom of the case. It

may be made of aluminum or cast iron, Fig. 54-3.
The oil pan, also called transmission pan, collects

and stores a supply of transmission fluid. It is usually
made of thin, stamped steel or cast aluminum. The pan
fits over the valve body. A gasket or sealant prevents

leakage between the ease and oil pan, Fig. 54-3.
The extension housing slides over and supports the

output shaft. The housing uses a gasket on the front
and a seal on the rear to prevent oil leakage. It is often

made of aluminum, or sometimes cast iron, Fig. 54-3.

TORQUE CONVERTER

The torque converter is a fluid clutch that performs
the same basic function as a manual transmission’s dry
friction Clutch. It provides a means of uncoupling the
engine for stopping the car in gear. It also provides
a means of coupling the engine for acceleration.

Torque converter principles
Two house fans can be used to demonstrate the basic

action inside a torque converter. Look at Fig. 54-4. One
fan is plugged in and is spinning. The other fan is NOT
plugged into electrical power.

Since the whirling fan is facing the other, it can be
used to spin the unplugged fan, transferring power
through a fluid (air). This same principle applies in-
side a torque converter, but oil is used instead of air.

DRIVEN

 DRIVING
FAN

ONE PART CAN DRIVE
ANOTHER BY FORCE

OF AIR 7 OR OIL

Fig. 54—4. Two fans demonstrate prinCio/e of fluid coupling or
torque converter. {Deere 84 Co.)

Torque converter construction

A torque converter consists of four basic parts: the
Outer housing, an impeller or pump, a turbine, and a
stator. These parts are shown in Fig. 54-5.

The impeller, stator, and turbine have curved or

curled fan blades, as shown in Fig. 54-6. They work
like our simple example of one fan driving another.
The impeller drives the turbine.

 

IMPELLER PUMP OR
TURBINE OR . DREVING FAN
DRIVEN FAN

mm.
Fig, 54—5. Four major parts of torque converter: housing,

impeller or pump, stator, and turbine. {Texaco}

 

STATOR

i
C.

 

 

DIRECTION OF ROTATION

CURVED
BLADES

TURBINE
IMPELLER

STATOR

FLOW DIRECTION _

Fig. 546. Blades on impeller and stator direct oil circulation
onto blades of turbine. impeller is driven by engine. Turbine

is driven by impeller. lSubarul

Converter housing
The impeller, stator, and turbine are housed inside

a doughnut-shaped housing. The converter housing is
normally made of two pieces of steel welded together.
The housing is filled with transmission fluid (oil).

The impeller is the driving fan that produces oil
movement inside the converter whenever the engine is

running. It is sometimes called the converter pump,
Figs. 54-6 and 54-7.

The turbine is a driven fan splined to the input shaft
of the automatic transmission. It fits in front of the

stator and impeller in the housing. The turbine is NOT
fastened to the impeller, but is free to turn independent-
ly. Oil is the only connection between the two.

The stator is designed to improve oil circulation in-
side the torque converter. It increases efficiency and
torque by causing the oil to swirl around inside the con—
verter housing. This makes use of all of the force pro-
duced by the moving oil.
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TURBINE
TURNED BY
FORCE OF 
 

 
 
 

 
 
 

 

 
 

OIL IMPELLER. PUMPS
OIL

STATOR
DIRECTS

OIL CIRCULATION

6'CRANKSHAFI' OR
DRIVING SHAFT

1
INPUT OR

DRIVEN SHAFT

OVERRUNNING OFIONE—WAY
CLUTCH

CONVERTER
HOUSING

Fig. 54- 7. Crankshaft is fastened to converter housing and imr
pellet. Stator is mounted on one»way clutch. When engine
crankshaft spins fast enough, oil movement rotates turbine and

transmission input shaft. (Subaru)

Flywheel action ,
The transmission torque converter is very large and

heavy. This allows it to serve as a flywheel to smooth
out engine power pulses. Its inertia reduces vibration
entering the transmission and drive line.

An automatic transmission uses a very thin and light
flywheel. It is simply a stamped disc with a ring gear
for the starting motor.

If the ring gear is on the torque converter, a flex

plate, without a ring gear, can be used to connect the
crankshaft to the torque converter.

The crankshaft bolts to one side of the flywheel or

flex plate. The converter bolts to the other side.

Torque converter operation
With the ENGINE IDLING, the impeller spins slow-

ly. Only a small amount of oil is thrown into the stator

CONVERTER HOUSING 0R
COVER ASSEMBLY

PLATE
SPRING

TURBINE
THRUST

SPACER PRESSUREPLATE
ASSEMBLY

PRESSURE

and turbine. Not enough force is developed inside the
torque converter to spin the turbine. The car would
remain stationary with the transmission in germ '

During ENGINE ACCELERATION, the Engine
crankshaft, converter housing, and impeller begin {0'
spin faster. More oil is thrown out by centrifugal fem;
This makes the turbine begin to turn. As a result, the
transmission input shaft and vehicle start to move, but
with some slippage, Fig. 54-7.

At CRUISING SPEEDS, the impeller and turbine
spin at almost the same speed, with very little slippage‘
When the impeller is spun fast enough, centrifugal ,
force throws the oil out hard enough to almost lock ‘
the impeller and turbine. See Fig. 54—7. I

Converter one-way clutch
A one—way clutch allows the stator to turn in one

direction but not the other. See Fig. 54-8. The stator

mounts on the clutch mechanism. Stator action is only
needed when the impeller and turbine are turning at
different speeds.

The one—way clutch locks the stator when the im.
pellet is turning faster than the turbine. This causes

the stator to route oil flow over the impeller vanes prop-
erly. Then, when turbine speed almost equals impeller
speed, the stator can freewheel on its shaft, so not to
obstruct oil flow.

Torque multiplication
Torque multiplication refers to the ability of a torque

converter to increase the amount of engine torque ap-

plied to the transmission input shaft. Just as a small
gear driving a large gear increases torque, a torque corr-
verter can act as several different gear ratios to alter

torque output. Torque can be doubled by the converter
under certain conditions.

Torque multiplication occurs when the impeller is
spinning FASTER than the turbine. For instance, if
the engine is accelerated quickly, the engine and int-

STATOR AND
OVERRUNNING

CLUTCH ASSEMBLY

l

 THRUST
BEARING

ASSEMBLY

TURBINE CONVERTER PUMP
ASSEMBLY ASSEMBLY

Fig. 54-8. Lock—up torque converter is conventional converter with a friction pressure plate added. The pressure plate can M
used to lock turbine to converter housing, eliminating slippage and increasing fuel economy. (Oldsmobile)
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pellet rpm might increase rapidly while the turbine is
almost stationary. At this time, torque multiplication
would be maximum. When the turbine speed nears im-

peller speed, torque multiplication drops Off.
Torque is increased in the converter by sacrificing

motion. The turbine spins slower than the impeller dur-

ing torque multiplication.

Torque converter stall speed
The stall Speed of a torque converter basically oc—

curs when the impeller is at maximum speed without
rotation of the turbine. This causes the oil to be thrown
off the stator vanes at tremendous speeds. The greatest.

torque multiplication occurs at stall speed.

Lock-up torque converters

A lock-up torque converter has an internal friction
clutch mechanism for locking the impeller to the tur-

bine in high gear. In a conventional converter, there
is always some slippage between the impeller and tur-
bine. By locking these components with a friction
clutch, the torque converter does not slip. This im-

proves fuel economy.
Typically, a lock-up mechanism in a torque converter

consists of a hydraulic piston, torsion springs, and
clutch friction material. See Figs. 54-8 and 54-9.

In lower transmission gears, the converter clutch is
released. The torque converter operates normally,
allowing slippage and torque multiplication.

Then, when shifted into high or direct drive, oil is
channeled to the converter piston. The piston pushes
the friction discs together to lock the converter. The

torsion springs help dampen engine power pulses enter-
ing the drivetrain. Refer to Fig. 54—9.

AUTOMATIC TRANSMISSION SHAFTS

Typically, an automatic transmission has two main
shafts: the input shaft and output shaft.

IIVIPELLER

 
 
 

TRANSMISSIONTOR
SIGNAL INPUT SHAFTISOLATOR

SPRINGS

CLUTCH
FRICTION

A SURFACE LOCK'UPCLUTCH B

 

 
NON LOCKEUP POSITION

(PISTON RELEASED) C

 
 

  

 
 
 
 

 

TURBINE IMPELLER
DIRECTION OF , .

OIL FLOW
STATOR

ASSEMBLY
FLYWHEEL _ .

OR FLEX 2 ' FRONT PUMPPLATE

\ T /ASSEMBLY
ENGINE ' STATOR

CRANKSHAFT OUTPUT

TRANSMISSION
ENGINE ROTATION INPUT SHAFT

Fig. 5410. Transmission input shaft extends through stator
support. Shaft is splined to turbine. Also note how stator

mounts on oneeway clutch. (Ford)

An automatic transmission input shaft or turbine

shaft connects the torque converter with the driving
components in the transmission. Look at Fig. 54-10.

Each end of the input shaft has male (external)

splines. These splines fit into splines in the torque con-
verter turbine and a driving unit in the transmission.

The input shaft rides on bushings. Transmission fluid
lubricates the shaft and bushings.

The output shaft connects the driving components
in the transmission with the drive shaft. Refer to Fig.
54-11. This shaft runs in the same centerline as the in-

put shaft. Its front end almost touches the input shaft.

STATOR SUPPORT

The stator support, also called stator shaft, is usually
a stationary shaft splined to the torque converter stator

POWER TRANSFER
THROUGH TURBINE

POWER TRANSFER
I-"’I\ THROUGH FRICTION

(§((g§;u— CLUTCH 
 

OUTPUT

 
OUTPUT '

LOCK-UP POSITION
(PISTON ENGAGED)

HQ- 5479. Lock-up torque converter operation. A — Parts of lock-up converter. 3 i In lower gears, no oil pressure acts on Clutch
app/V piston. Torque converter operates like conventional unit, impeller drives turbine. C a ln high gear, oil is transferred into
piston chamber. Clutch apply piston forces friction surfaces together. Turbine is mechanically locked to converter housing and

impeller. Crankshaft drives transmission input shaft directly, Without slippage.
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STATOR
OVERRUNNING '

CLUTCH

PLANETARY

GEARSET '
OVERRUNNING _

CLUTCH
  

  

 
 GEARSET

 
Fig. 54-7 1. Study location of gearsets and holding devices. Clutches, bands, and rear ane~way clutch operate gearsets. Other

one way clutch operates torque converter stator. (Ford Motor Co. l

assembly. As pictured in Fig. 54-10, it is a tube that
extends forward from the front of the transmission.

It surrounds the input shaft.

PLANETARY GEARS

A planetary gearset consists of a sun gear, several
planet gears, a planet gear carrier, and a ring gear. A
simple planetary gearset is shown in Fig. 54-12.

The name planetary gearset is easy to remember
because it refers to our solar system. Just as our planets
(Earth, Jupiter, Mars) circle the sun,‘ the planet gears
revolve around the sun gear.

As you can see, a planetary gearset is always in mesh.
It is very strong and compact. An automatic transmis—

sion will commonly use two or more planetary gearsets.
By holding or releasing the components of a

planetary gearset, it is possible to:

1. Reduce output speed and increase torque (gear
reduction).

2. Increase output speed while lowering torque
(overdrive).

3. Reverse output direction (reverse gear).
4. Serve as a solid unit to transfer power (one—to—one

ratio).
5. Freewheel to stop power flow (park or neutral).

Planetary reduction
One method of obtaining a gear reduction and torque

694 Modern Automotive Technology

 PLANET PINION
GEARS

SUN
GEAR

PLANET
PINION

CARRIER

SUN GEAR

SUN

P LAN ETS
PLANET
PINIONS 

PLANET PINION
CARRIER

RING
GEAR

Fig. 54- 72. Slinpllfied planetary gearser. Planet gears fit bf!“
tween ring gear and sun gear. Planet gears are mounted on
planet carrier. Gears are always in mesh, making a compact?
strong, and dependable assembly. Name {planetary gear-fill;
derived from now planet gears revolve around sun gear, ”k3

solar system planets.
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increase is to hold the sun gear (stop it from turning)
while driving the ring gear. This makes the planet car-
rier the output member. Refer to Fig. 54—13A.

When power turns the ring gear, the planet'pinion

gears “walk” (rotate) around the locked sun gear. The
planet gears move in the same direction as the ring gear,
but NOT as fast. As a result, more torque is applied
to the output member (planet carrier) and output shaft.

Gear reduction can also be produced in the planetary

gearset by turning the sun gear and holding the ring
gear.

Planetary overdrive
Driving the carrier while holding the ring gear

achieves an overdrive ratio in a planetary gearset. Look
at Fig. 54-13B.

The input shaft powers the planet carrier. The sun

gear is the output member driving the output shaft.
The planet gears “walk” in the ring gear and power the
sun gear. The sun gear spins faster than the carrier.
Torque is lost but speed is increased.

   

  

PLANET GEARS RING GEAR
WALK DRIVEN IINF'UTIAROUND SUN
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CARRIER
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Planetary reverse

A planetary gearset can also reverse output direc—
tion. The input shaft drives the sun gear, as in Fig.
54—13C. The carrier is held and the ring gear turns the
output shaft. The planet pinion gears simply act as idler
gears. They reverse the direction of rotation between
the-sun gear and ring gear.

Planetary direct drive
A planetary gearset will act as a solid unit when TWO

of its members are held. This causes the input and out-
put members to turn at the same speed, Fig. 54-13D.

Planetary neutral
When none of the planetary members are held, the

unit will NOT transfer power. This freewheeling con-
dition is used when an automatic transmission is plac-
ed in neutral or park.

Compound planetary gearset
A compound planetary gearser combines two

SUN GEAR

PINION CARRIER 
RING GEAR

OUTPUT

qPLANET CARRIERLOCKED

 
 
 

 
 

SUN GEAR
LOCKED

 

   DIRECT OUTPUT
AT RING GEAR

59- 54* 73. Study how dinerent planetary gearset members can be held to provide different gear ratios and reverse. A 7 Simple
9551' rEduction. Sun gear is stationary. Ring gear is driven. Planer carrier is output. input torque increases and speed decreases.

“ Overdrive. Sun gear is held stationary. Pinion carrier is driven. Ring gear is output and turns faster than input. C — Simple
rel/arse gear. Pinion carrier is held. Sun gear is driven. Ring gear turns backwards as output. D — Direct drive results when

 
any two members of planetary gearser are held, or by driving any two members from same input.
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PLANETARV OUTPUT FORWARD SUN GEAR

 
 

 
PLANETARY LONG P'N'ONCARRIER

‘ REVERSE

GEAR

SHORT
PINION

Fig. 54- 14. Compound planetary gearset acts like two gearset
assemblies mounted together. Normally, a common ring gear

is used for two separate sets of planet gears. (Subaru)

planetary units in one housing or ring gear. It may have
two sun gears or a long sun gear to operate two sets
of planet pinion gears, Fig. 54-14.

With this design, short planet gears engage forward

sun gear. Long planet gears mesh with the rear sun
gear. The ring gear engages both sets of planet gears.

Another design, called Simpson Compound Gearset,
uses a long sun gear to operate two sets of planet gears
on the same ring gear. This type is common.

A compound planetary gearset is used because it can
provide more forward gear ratios than a simple
planetary gearset.

CLUTCHES AND BANDS

Automatic transmission clutches and bands are fric—

tion devices that drive or lock planetary gearset

CLUTCH
RELEASE
SPRING

PISTON SEAL RING [INNER]

 
HUB OR

CYLINDER  
APPLY
PISTON

PISTON SEAL RING (OUTER)

STEEL DRIVEN PLATES

SPRING RETAINER

members. They are, used to cause the gearsets to
transfer power. Refer again to Figs. 54—] and 54-11

Multiple disc clutches

A multiple disc clutch has several clutch discs that
can be used to couple or hold planetary gearset
members. As shown in Fig. 54-15, the front clutch
assembly usually drives a planetary sun gear. The neXt
clutch transmits power to the planetary ring gear when
engaged. This can vary, however.

A clutch assembly generally consists of a drum, hub

apply piston, spring(s), driving discs, driven discs:
pressure plate, and snap rings.

Clutch construction

The clutch drum, also called a clutch cylinder,
encloses the apply piston, discs, pressure plate, seals,
and other parts of the clutch assembly, Fig. 54-15,

The clutch hub fits inside the clutch discs and clutch

drum. It has teeth on its outer surface that engage the
teeth on the driving discs. The front clutch hub is also
splined to the transmission input shaft.

The driving discs are usually covered with friction
lining. They have teeth on their inside diameter that
engage the clutch hub. See Fig. 54-15.

The driven discs are steel plates that have outer tabs
that lock into the clutch drum. A driven disc fits be-

tween each driving disc. This enables the hub and fric-
tion discs to turn the steel discs and drum when the
clutch is activated.

The clutch applypiston slides back and forth inside
the clutch drum to clamp the driving and driven discs-

together. Seals fit on the piston to prevent fluid leakage
during clutch application.

The pressure plate serves as a stop for clutch discs
when the piston is applied. The piston pushes the discs
against the pressure plate. Look at Fig. 54-15.

A clutch spring or springs are used to push the apply
piston away from the clutch discs during clutch.
disengagement. One is shown in Fig. 54-15.

FRICTION

DRIVING DISCS

  
  

SNAP “'NG SNAP RING
IWAVEDI

V
Fig. 54—75. Study construction of clutch assembly from automatic transmission. Clutch parts and hub fit inside clutch drum:

Also note difference in clutch discs. Driving discs are splined to hub. Driven discs are locked in drum by tabs. (Chit/5"“;
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clutch operation
When oil pressure is b10cked from the piston, the

return Spring pushes the clutch discs apart, Fig. 54-16A.
power is no longer transferred through the clutch. The
driving and driven discs are free to turn independently.

During clutch engagement, oil pressure is routed into

the clutch drum. Shown in Fig. 54-163, oil pressure
acts on the large piston. The piston is then forced into
the clutch discs. Friction locks the driving and driven
discs together to transfer power through the clutch
assembly.

PESTON
HETRACTED SPRINGS HOLD PISTON

AWAY FROM
CLUTCH DISCS

 
ERESSUHE NO POWER INPUT SHAFTLOW TRANSFER AND CLUTCH

THROUGH CLUTCHES HUB HOTATETO DRUM

PISTON FORCED
INTO CLUTCH DISCS

   
  
  
  

  

 

7 [(11,114"It.‘I
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.— XVIIIF

 

‘OIL PRESSURE
ENTERS CLUTCH DISCS LOCKED AND

TRANSFER POWER TO DRUM

‘2: 54‘ 7 6_. Basic clutch operation. A i No oilpressure enters
‘mrm' SP’WQS holdpiston away from clutch discs. input shaft
figs-cmmhfiUb and driving discs but driven discs and drum
are?” Star’onary- B — 01/ Is routed into clutch drum. Oil
like 3W9 Pushes piston into clutch discs, forcing discs into

' “We plate. This looks discs, hub, and drum together. Power
is then transferred from input to drum.

Driving shell
A driving shell or clutch shell is commonly used to

transfer power to one of the planetary sun gears, Fig.
54~17. It is a thin, metal cylinder-shaped part that fre-
quently connects the front clutch drum and sun gear.

The shell may surround the second clutch assembly
and forward planetary gearset. Tabs on the shell fit
into notches on the front clutch drum. This makes the

shell, drum, and sun gear turn together.

Bands and servos
Automatic transmission bands are also friction

devices for holding members of the planetary gearsets.
Two or three bands are commonly used in modern
transmissions. Bands are shown in Figs. 54—1, 54-11,
54-17, and 54—18.

 
 

  
  

  

CLUTCHES

PLANETARY

    

     
Fig. 547 1 7. Drive shell connects front drum to sun gear. Note
how it surrounds second clutch assembly and front planetary
gearset. When front clutch is locked, shell turns sun year. Also
note band used to hold front drum and sun gear stationary.

(Ford)

ADJUSTING SCREW
AND LOCKNUT STEEL BAND

BAND LINING

Fig. 54— i 3. Band is steel strap with friction lining on its inner
surface. One end of band is anchored in case. (Dodge)
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Servos are apply pistons that operate the hands. Fig.
54~19 shows the- parts of a band and servo assembly.

Band and servo construction

A band is a steel strap with lining (friction material)
on its inner surface. The band’s lining can be clamped
around clutch drum to stop drum rotation.

The friction material on the inside of the band is

designed to operate in automatic transmission fluid.
It resists the lubricating qualities of the fluid. _

The servo piston is a metal plunger that operates in HSTON
a cylinder machined in the transmission case. Rubber SEAL 321$ PISTON ,
seals fit around the outside of the piston to prevent

fluid leakage. See Fig. 54-20.
A rod on the servo piston attaches to one end of the

brake band. The other end of the brake band is an- “Aw"

chored to the transmission case. <::‘
A band adjustment screw provides a means of ad-

justing the band-to-drum clearance. It moves the band
closer to the drum as the friction material wears.

Servo seals prevent fluid leakage around the servo

piston and cylinder. Snap rings hold the piston in its sssvo. , RETURN
cyl1nder. SPRING

Transmission band operation STRUT
To activate a brake band, oil pressure is sent into

the servo cylinder. Pressure acts on the servo piston.

The piston then slides in the Cylinder and pushes 011 Fig. 54719. Exploded View of band and servo assembly. Nafii
one end of the brake band, as in Fig. 54-20. relationship between parts. (SUbaruj i

 
 
 

  
 

 
 
  

 

ANCHOR
PIN

BRAKE BAND

CLAMPING
FORCE

BAND ACTUATING 0N DRUM
HOD AUTOMATIC

SNAP RING

SERVO PISTON

PRESSURE
CHAMBER

BAND
ADJUSTING

SCREW

LOCKNUT

Fig. 54—20. Servo piston and band action. When oii pressure enters servo pressure chamber, servo piston
slides up in cylinder. Actuating rod then pushes on hand to squeeze bend inward on drum. (Fiat)

698 Modern Automotive Technology
BMW v. Paice, |PR2020—00994

 

TRANSMISSION  

 
SEAL

BAND -ADJUSTING
ASSEMBLY scnew

BMW1 094

Page 55 of 66



BMW v. Paice, IPR2020-00994 
BMW1094 

Page 56 of 66

 

Since the other end of the band is anchored, the band

tightens or squeezes around the drum. The friction
material rubs on the drum and stops it from turning.
This keeps one of the planetary components from
revolving.

When the oil flow to the piston servo is blocked, the

servo spring pushes on the piston. This slides the piston

rod away from the band. The band then releases the _
drum and planetary gearset member.

Accumulator .
An accumulator is used in the apply circuit of a band

or clutch to cushion initial application. It temporarily
absorbs some of the oil pressure to cause slower move-
ment of the apply piston.

OVERRUNNING CLUTCHES

Besides the bands and clutches, an overrunrting
clutch can be used to hold a planetary gearset member.
It is a one-way, roller clutch that locks in one direc-
tion and freewheels in the other.

An overrunning clutch for the planetary gears is
similar to the ones in a torque converter stator or an

electric starting motor drive gear. The typical locations
of automatic transmission overrunning clutches (stator
clutch and gearset clutch) are illustrated in Fig. 54—11.

A planetary gearset overrunning clutch consists of
an inner race, set of springs, rollers, and an Outer race.

Fig. 54-2] shows overrunning clutch operation.

HYDRAULIC VALVE ACTION

The basic action of a hydraulic valve and a piston
are illustrated in Fig. 54-22. Oil pump pressure causes

 
OVEHRUNNING CLUTCH

A ENGAGED

 
 

iNPUT
TURNING 

  
  

OVERRUNNING CLUTCH
B FREEWHEELING

l"'"I"""- ------------. _
ROLLERS D—ISENGAGED I'-_____-.._

 
 

 

. VALVE
OPEN TO PISTON

PRESSURE LINES
MECHANICAL

WORK OR

RESERVOIR ACTUATING PISTON

Fig. 54-22. Basic hydraulic circuit. Pump draws oil out ofresen
voir and forces it through spool valve. In this position, spool
valve routes oil to piston. Piston uses oil pressure to produce

movement or clamping pressure. (Chrysler)

oil to flow through the spool valve pressure lines to
the left end of the piston cylinder. This pushes the
piston to the right. ,

When the spool valve is moved the other way, pump
pressure is not sent to the piston. The piston is then
forced back into its cylinder.

Valves like this are used to operate the band servos
and clutch pistons.

HYDRAULIC SYSTEM

The hydraulic system for an automatic transmission
typically consists of a pump, pressure regulator valve,
manual valve, vacuum modulator valve, governor
valve, shift valves, servos, pistons, and valve body.

OUTPUT
TURNS  

 

 

 
OUTPUT

STATIONARY

Fig. 54—2 1. Overrunning or one-way clutch action A — When driven in one direction, rollers lock between ramps on inner race
30d on outer race. Both races turn together. This action can also be used to stop movement ofplanetary member, for example.

3 — When turned in other direction, rollers walk off ramps. Two races are free to turn independently. (Deere 8: C0.)
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OIL VALVES IN
PASSAGE VALVE BODY

 
TRANSMISSION

FLUID IOILI

Fig. 5423. Oil pump is normally located in front of case. Oil is drawn out of pan, circulated through passages to hydraulic
components. Also note location of oil seals.

These parts work together to form the “brain” (sens—
ing) and “muscles" (control) of an automatic transmis-
siOn. See Fig. 54-23.

The hydraulic system also forces oil to high friction
points in the transmission. This prevents wear and

overheating by lubricating the moving parts.

Hydraulic pump (oil pump)
The hydraulic pump, also called the oil pump, pro-

duces the pressure to operate an automatic transmis-
sion. Automatic transmissions can have one or two

pumps. They are Often located behind the torque con—
verter or in the valve body.

Look at Fig. 54—23. The sleeve or collar on the rear
of the torque converter drives the pump.

The automatic transmission Oil pump has several
basic functions:

1. Produces pressure to operate the clutches, bands,
and gearsets.

2. Lubricates the moving parts in the transmission.

3. Keeps the torque converter filled with oil for proper
operation.

4. Circulates oil through the transmission and cool-

ing tank (radiator) to transfer heat.
5. Operates hydraulic valves in the transmission.
There are two commonly used oil pumps: the gear

type and the rotor type, Fig. 54-24.
When the torque converter spins the oil pump,

transmission fluid is drawn into the pump from the

700 Modern Automotive Technology

(Mercedes Benz)

FIOTOFI PUMP

FIEACTION SHAFT OR STATOFI SUPPORT

 

 

 
  

  

 
 

 
 

‘~\FRONT \
OIL SEAL \

' OUTER ROTOR
OIL PUMP BODY

SEAL RINGS THRUST
WASHEFI

GEAR PUMP

PUMP BODY PUMP COVER  
OIL SEAL RINGS

DRIVEN GEAFI

FRONT OIL SEAL O’HING

Fig. 5424. Two basic types of automatic transmission pump-5‘5 '
rotor and gear. Study similarities and differences. Torque con-

verter normally drives pump. lChrysler and Trill/0‘3)
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Fig. 54—25. Simplified circuit showing hydraulic action in automatic transmission. Manual valve pressure, throttle valve pressure,
and governor valve pressure operate balance or shift valves. Shift valves then direct oilpressure to correct clutch or bandpistons.

Study this diagram carefully. {Nissan}

pan. The pump compresses the oil and forces it to the

pressure regulator. This is illustrated in Fig. 54—25.

Pressure regulator
The pressure regulator limits the maximum amount

of oil pressure developed by the oil pump, Fig. 54-25.
It is a spring-loaded valve that routes excess pump
pressure out of the hydraulic system. This assures
proper transmission operation.

Manual valve

A manual valve, operated by the shift mechanism,
allows the driver to select park, neutral, reverse, or dif—
ferent drive ranges. When the gear shift lever is moved,
the shift linkage moves the manual valve. As a result,
the valve routes oil pressure to the correct components
In the transmission. Look at Fig. 5425.

Vacuum modulator valve

The vacuum modulator valve, also termed throttle
valve, senses engine load (vacuum) and determines
When the transmission should shift to a higher gear.
Refer to Figs. 54-25 and 54-26. A vacuum line runs
mm the engine intake manifold to this valve.

3’38 engine vacuum (load) rises and falls, it moves the
phragm inside the vacuum modulator. This, in turn,

‘mOVeS the rod and hydraulic valve to change throttle
Cmlirol pressure in the transmission. In this way, the

vaucum modulator can match transmission shift points
to engine loading.

For example, if a vehicle is climbing a steep hill (under
a heavy pull), engine vacuum will be very low. This

will allow the spring in the modulator to slide the
modulator valve further into the transmission. The

valve then directs oil pressure to delay the upshift. The
transmission stays in a lower gear longer to allow the

car to accelerate up the hill. Look at Fig. 54—26.

 

 
  
 
 

ATMOSPHERIC PRESSURE
MANIFOLD
VACUUM

H", 5.. .., 01/11/11

 
CONTROL PRESSURE

THROTTLE
VALVE

ENGINE
VACUUM

DIAPHRAGM SOURCE

Fig. 5426. Vacuum modulator operates throttle valve. Engine
vacuum allows modulator to sense engine load. Far example,
with engine acceleration and high load, vacuum drops. The
vacuum modulator spring could then overcome vacuum pull
on the diaphragm. The spring would push the valve to the left.
This would alter throttle oilpressure, keeping the transmission

in a lower gear. (Ford)
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PRIMARY WEIGHT
PRIMARY SPRING

SECONDARY CHECK BALL

SECONDARY WEIGHT

PRIMARY CHECK BALL

GOVERNOR
DRIVE GEAR

SECONDARY SPRING

GOVERNOR
DRIVEN GEAR _

' TRANSMISSION
OUTPUT
SHAFT

GOVERNOR
01L

Fig. 54—2 7. Governor senses engine vehicle speed. Gear on
transmission output shaft spins governor. As speed increases,
centrifugal weights are thrown outward. This opens the gover-
nor valve enough to change governor pressure and cause an

upshift. {Cadillac}

Governor valve

The governor valve senses vehicle speed to help con-
trol gear shifting. The vacuum modulator and gover—
nor work together to determine shift points. See Fig.
54-25.

Illustrated in Fig. 54-27 is one type of governor
assembly. It consists of a drive gear, centrifugal
weights, springs, hydraulic valve, and shaft. The gover-
nor gear is usually meshed with a gear on the transmis-
sion output shaft. Whenever the car and output shaft
are moving, the centrifugal weights rotate.

When the output shaft and weights are spinning

slowly, the weights are held IN by the governor springs.
This causes a low pressure output and the transmis-
sion remains in a low gear ratio.

As engine and shaft speed increase, the weights are
thrown out further and governor pressure increases.
This moves the shift valve and causes the transmission

to shift to a higher gear.

Other types of governor valves are also used.
However, they do the same job.

Shift valves (balanced valveSI

Shift valves, also called balanced valves, use con-

trol pressure (oil pressure from regulator, governor,
throttle, and manual valves) to operate the bands, ser-

vos, and gearsets. Fig. 54—25 shows how the shift valves
are connected to the other transmission components.

Oil pressure from the other transmission valves act
on each end of the shift valves. For example, if the
pressure from the governor is high and the pressure
from the throttle and manual valves are low, the shift

valves will be moved sideways in their cylinder.

702 Modern Automotive Technology

In this way, the shift valves are sensitive to engine
load (throttle valve oil pressure), engine speed (gotzer~
nor valve oil pressure) and gear shift position (manual

valve Oil pressure). The shift valves move according
to these forces and keep the transmission shifted into
the correct gear ratio for the driving conditions.

Kickdown valve

A kiekdown valve causes the transmission to shift
into a lower gear during fast acceleration. A rod or

cable links the carburetor or fuel injection throttle body
to a lever on the transmission.

When the driver presses down on the gas pedal, the
lever moves the kickdown valve. This causes hydraulic
pressure to overide normal shift control pressure and
the transmission downshifts, Fig. 54-28.

Valve body

The valve body contains many of the hydraulic valves

(pressure regulating valve, shift valves, manual valve,
etc.) of an automatic transmission. See Fig. 54-28.

DETENT BALL AND SPRiNG

 
,r THROTTLE LEVER/ ASSEMBLY

\
m\E-I C I <21> l—< I'I'l )4“..._-

WTHROTTLE VALVE
%4~— THROTTLE VALVE SPRING:

KICKDOWN VALVES

\r/ ‘KICKDOWN '

% DETENT ,"

LINE PRESSURE

/

I LINE PRESSURE “

ADJUSTING SCREW It
a r

REGULATOR VALVE

LINE PRESSURE
REGULATOR SPRING

 
 
   

 SWITCH VALVE SPRING

  
SPRING RETAINER AND THROTTLE PREsaJll'lgiADJUSTING SCREW BRACKET ADJUSTING SCREW

Fig. 54728. Valve body bolts to bottom of transmission 6353‘
it houses manual valve, pressure regulator valve, kickdOW” .

valve, and other valves. (Plymouth)
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The valve body bolts to the bottom of the transmis-

sion case. It is housed in the transmission pan. A filter
or screen is usually attached to the bottom of the valve
body, Fig. 54-29. ‘

Passages in the valve body route fluid from the

pump to the valves and then into the transmission case.
Passages in the case carry fluid to the other hydraulic
components.

Automatic transmission fluid
Automatic transmissionfluid is a special type oil hav—

ing several additives that make it compatible with the
friction clutches and bands in the transmission. Dif—
ferent types of automatic transmission fluids are
available for different transmissions.

 
 
 

 
 

 
 
 
 

 
 

 

Transmission oil cooling
A tremendous amount of heat is developed inside

an automatic transmission. When the torque converter

slips, friction heats the fluid. This heat must be re—
moved or transmission failure could result.

Many transmissions have an oil cooling system which
includes external oil lines and a cooling tank inside the,

engine radiator. Look at Fig. 54-30.
When the engine is running, the transmission pump

forces oil through the cooling lines and into the radiator
tank. Since transmission oil is hotter than the engine

coolant, oil temperature drops. The cooled oil returns
to the transmission through the other line.

Some cars, especially those designed to\pull a heavy
load (trailers, boats) have an auxiliary transmission oil

OIL OUTLET
LINE

cooler. It is a small radiator, separate from the engine
radiator. Air passes over the radiator to cool the
transmission fluid.

‘ PARKING PAWL

A parkingpawl is used to lock the transmission out-

put shaft and keep the car frorn rolling when not in
use. Fig. 54-31 shows its basic action.

 
 
 

Fig. 54-29. Oil filter is fastened to bottom of valve body. It
removes particles of dirt before they can enter hydraulic circuit.

{Chrysler Corp.)

RADIATOR

OIL
COOLER

TANK

 OIL
COOLER
OUTLET

COOLER
INLET

*9 54-30. Oil cooler tank is commonly used in transmission. Oil pump pushes oil through lines and cooler tank to maintain
acceptable oil temperature. (Fiat)
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PARKING
GEAR

  

 
 

PLANETARY
OUTPUT

PARKING
PAWL

SHIFT
LEVER

Fig. 54-3 1. Par/(mg pawl is simply a latch that/oaks into large
teeth on parking gear. Since pawl is mounted on case, this locks

parking gear and output shaft. {Subaru}
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A ~ Study parts relating to power flow.

REDUCTION IN
GEARSET

OVERRUNNING
CLUTCH ENGAGED

 

n

2.45 03V

INPUT OUTPUTSHAFT SHAFTTURNING
QUICKLY TURNINGSLOWLY

REAR CLUTCH ENGAGED

C — First gear. Rear clutch and overrunning clutch engaged. Gear
reduction through planetary gearsets results in high ratio, high torque
output to drivellne.

Fig. 54-32. Power flow through a typical automatic transmission.

AUTOMATIC TRANSMISSION POWER FLOW

The flow of power through an automatic transij_
sion depends on its specific design. However, you
should have 21 GENERAL understanding of how powfl
is transmitted through the major parts of modem
transmissions.

Fig. 54-32 shows how torque moves from the input
shaft to the output shaft. This is a typical three—speed
transmission. Study each illustration carefully, noting
which clutches, bands, and gearset members are
activated.

Overdrive power flow

Fig. 54—33 shows the power flow through a late
model, four-speed, overdrive automatic transmission

in high gear. This is a new design that uses two input
shafts (turbine shaft and direct input shaft). Trace the
power flow and compare it to the other more conven- ‘
tional transmissions covered earlier.

FRONT BAND REAR BAND
RELEASED

DRIVING GEARS
SHELL ETSDO NOT '

TRANSFER

  
   
 

 TURNING
OUTPUT SHAFT

CLUTCHES NOT
DISENGAGED TURNING

B 7 Neutral. Clutches and bands disengaged. Input shaft and hub turn'
but power does not flow through clutches or drum. Output stationarv.

FRONT BAND
APPLIED

PLANETARY
REDUCTION  

 
 
 

 

 
 

 

OUTPUT SHAFT

 

 
TURNING

REAR CLUTCH ENGAGED

D 7 Second gear. Front band applied. Rear clutch engaged- Pot?
flows through input, huh, clutch. drum, and front gearset 120 out!) ‘Less reduction results.

  (Chrysler)
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TURN AS SOLIDFFIONT CLUTCH

ENGAGED

 
 ‘ n

100 LOO
v I

OUTPUT
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TUHMNG 'TURNWGATSAME

REAR CLUTCH SPEEDASINPUTENGAGED

E - Third gear. Front and rear clutches engaged. Planetary members
locked for direct drive. One-to-one ratio for higher vehicle speeds
results.

(Fig, 54-32 continued)
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F 7 Reverse. Front clutch and rear band applied. Power flows through
clutch, shell, and sun gear to rear planetary gearset which reverses
rotation.
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SHELL &
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COVER DIRECT DRIVE REVERSE OUTPUT SHAFT
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FIE 5433. Power flow in high gear of modern fourespeed automatic with overdrive. Study differences with transmissions already
covered in Chapter. (Ford)
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COMPLETE TRANSMISSION ASSEMBLIES AUTOMATIC TRANSMISSION ‘
- ELECTRONIC CONTROLS -

Fig. 54-34 through 54-36 show different types of
automatic transmissions. Study each closely. As you Many new vehicles use the on-board computer to help
look at each part, try to remember its function. control transmission shift points and monitor transmis.

Refer to service manuals for more information on sion operation. A simplified diagram of an electronic
a particular automatic transmission. The manual will control system is given in Fig. 54-37.
give hydraulic circuit diagrams, specific illustrations, The computer typically monitors engine Speed, load,
as well as detailed operating and construction descrip- throttle position, transmission output shaft speed, gear
tions for major components. . shift position, and other variables. It can then provide

2‘_l_.-_l__

   TORQUE INPUT SHAFT PLANETARY
EX

ONVERTEFI BAND GEAHSET -- TENS'ONHWSWQ
REAR. ISEAL

1.
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CLUTCH

m—M-
—-_—.—.._- AA“

STATOR
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SPEEDOMETER

FLEX CABLE
PLATE DRUM

TURBINE BODY
IMPELLER ' ' PAN

 
Fig. 54—34. This is a three~speed automatic transmission. Study part locations. Can you recall their function?

lDodgel

lhlflfillm

 
 

 
A - Turbine I3 7 Front planetary gear set M — Output shaft R — Sun gear driving shaft
B 7 Stator H — Rear planetary gear set N — Seal 3 7 Valve body
C 7 Impeller | — Lower and reverse band 0 7 Input shaft T 7 Parking lock assembly
D 7 Oil pump J 7 Overrunning clutch P — Kickdown band U — Extension housing
E 7 Front clutch K — Governor 0 7 Oil filter V 7 Bushing
F — Rear clutch L — Bearing

Fig. 54-35. Cutaway of Chrysler Torquefiite transmission. Compare it to the transmission in previous illustration.
(Chrysler Corporation)

706 Modern Automotive Technology

BMW v. Paice, lPR2020-00994
BMW1 094

Page 63 of 66



BMW v. Paice, IPR2020-00994 
BMW1094 

Page 64 of 66

PLANETARY
GEAR SETS

OUTPUT '
SHAFT 

 

 
   
 
 

 

TORQUE
CONVERTER

CASE

INPUT
  

  
 
 

 
  
   

  

OUTPUT SHAFT
SHAFT BEARING '

BANDS PAN DIFFERENTIAL

Fig. 54—36. Cutaway View shows internal parts of an alliwheel automatic transmission, {Subaru}
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C0ntrol for transmission shift points, torque converter
IOCkup, ignition timing, fuel injection timing, emission
cUntrol system operation, and other functions. This
ISEEDS the transmission and other engine systems func-
t10Iling at maximum efficiency.

 4—— KICKDOWN
SENSOR

Fig. 54—3 7. Some late model automatic transmissions use a computer to help control shift points. Note flow of data to and
' from computer and transmission.

ELECTRONIC TRANSMISSION CONTROL

Electronic transmission control involves using sen—
sors, actuators, and a computer to controls shift points,
torque converter lockup, etc. Basically, solenoids on
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the transmission can be used to move hydraulic valves.
This allows the computer to help control automatic
transmission operation. .

Note! For more information on computers, sensors,

actuators, and electronic control of automotive
transmissions, refer to Chapters 74, 75, and 76 in the
back of the book.

CONTINUOUSLY VARIABLE TRANSMISSION

A continuously variable transmission, abbreviated

CVT, has an infinite number of driving ratios, NOT
three, four, or five forward speeds, as with conven-
tional transmissions. It uses centrifugally operated two-

piece pulleys whose diameters are variable. V—belts—
usually two of them — run between the pulley sets. This
arrangement takes the place of the planetary gearsets.

Fig. 54-38 shows a simplified drawing of a CVT.
During initial acceleration, a small drive pulley turns
a larger pulley, drive reduction results.

As speed increases, centrifugal force pushes the halves
of the drive pulley together. The belt rides out in the
pulley, increasing the pulley’s effective diameter. As

A # ACCELERATION

 
  

  

 
 

LARGE
SPRENGrLOADED
F‘ULLEY PUSHED

TOGETHER

| CENTRIFUGAL
WEIGHT

HOUSING
TURNING

SLOWLV, PULLEY
HALVES SPREAD OPEN

 
  

SMALL
DREVE

PULLEV

Fig. 54—38. Basic action of continuously variable transmission. Centrifugal weigh ts in housing cause pulley diameters to changfl
with vehicle speed. Two drive belt mechanisms are commonly used on automobiles. A — Upon initial acceleration, drive Wiley,
has small diameter and driven pulley has larger diameter. This provides gear reduction for rapid acceleration. 3 g A5 35 ,
pulley speed increase, centrifugal weights push one pulley together, increasing its diameter. This increases belt tension, pulllrffl“

other pulley apart. As a result, ratio constantly decreases with increase in speed.
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a result, a larger pulley drives a smaller pulley for H10re
vehicle speed. .

A CVT transmission is used in some foreign makes
and is being experimented with by many US. manufac-
turers. It is capable of increasing fuel economy approx.
imately 25 percent because it keeps the engine at its
most efficient operating speed. Engine rpm can be kept
relatively constant. The engine does NOT have to ac-
celerate through each gear. The result is an almost

perfectly smooth increase in vehicle speed. I

KNOW THESE TERMS  

 
 
 
 

 

 

 

 

Converter housing, Case, Extension housing, Torque
converter, Impeller, Stator, Turbine, Lock-up c011-
verter, Overrunning clutch, Torque multiplication, Stall
speed, Stator support, Planetary gearset, Multiple disc

clutch, Clutch piston, Drum, Hub, Shell, Band, Servo,
Oil pump, Pressure regulator, Manual valve, Kiekdown
valve, Valve body, Accumulator, Automatic transmis-

sion fluid, Transmission cooler, Parking pawl!
Automatic transmission electronic controls, C011.

tinuously variable transmission.
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REVIEW QUESTIONS

i. List and explain the eight major parts of an
' ' automatic transmission.

2. An automatic transmission uses the following

methods of transferring power.
a. Friction.
b. Fluids.
c. Gears.
d. All of the above.
e. None of the above.

3. Describe the four major housings or components

- ; of an automatic transmission.
4. A ___~__ is a fluid clutch that

' provides a means of coupiing and uncoupling the
j -; engine and transmission.
ff":_ 5. Which of the following is NOT part of a torque

converter?
a. Band.
'0. Stator.

c. Impeller.
(1. Turbine.

 

 

 
 

 
 
 

 

 
Wmrefers to the ability of a

torque converter to increase the amount of engine
torque applied to the transmission’s input shaft.

. Define the term “stall speed.”

. Why do many late model vehicles use a lock—up
torque converter?

. A planetary gearset consists of a gear,
several gears, gear —,

and a gear.
0. List five functions of a planetary gearset.

11.

12.
13.
14.

15.

16.

17.

18.

19.
20.

Automatic transmission __ and __

are friction devices that drive and lock planetary

gearset members. '
Explain the operation of a clutch apply piston.
What is a servo?

Anmis used in the apply circuit of a
band or clutch to cushion initial application.

An overrunning clutch locks in one direction and
freewheels in the other. True or False?

List and describe the major parts of the hydraulic
system in an automatic transmission.
List five functions of the oi} pump in an automatic
transmission.

This valve senses engine speed (transmission out-
put shaft rpm) to heip control gear shifting.
a. Vacuum modulator valve.
b. Governor valve.

c. Regulator valve.
d. Manual valve.
How do the shift or balanced vaives work?

Engine oil is compatible with the friction materiai
in an automatic transmission. True or False?

ACTIVITIES FOR CHAPTER 54

. Disassemble an automatic transmission and iden-

tify the parts.
Demonstrate to the class how an automatic
transmission works.

. Design and set up a demonstration that will help
explain the operating principle of an automatic
transmission.
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