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

equipment.
Cl Describe the uses for power tools and equipment.
C1 Compare the advantages of one type of tool over

another.

O Explain safety rules that pertain to powertools and
equipment.

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

you must know when and howto use powertools and
equipment. They increase the ease and speed of many
repair operations.

Powertools 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 powertools 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

Clow U

Power Tools

and Equipment

AIR COMPRESSOR

An air compressor is the source of compressed
(pressurized) air for the auto shop. Lookat Fig. 4-1.
An air compressor normally has an electric motor that
spins an air pump. The air pumpforcesair intoalarge,
metal storage tank. Metalair lines feed out from the
tank to several locations in the shop. The mechanic can
then connect flexible air hoses to the metal lines.

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

DANGER! Shopairpressure is usually around 100
to 150 psi (689 to 1 034 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 theyare flexible,
they allow the mechanic to take a source ofair 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 AIR
MOTOR PUMP

 
 
 

 
AIR PRESSURE

REGULATOR

FILTER

Fig. 4-1. 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.

Alwayslubricate an air tool before use. Squirt a few
dropsof 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.
Lookat 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 comein 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 J 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 Snap-On Tools}
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Air ratchet

An air roichet 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.

Anair 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 extensionsare easily iden-
tified. They are usually FLAT BLACK,not chrome.

Air hammer(Chisel)
An air hammerorchisel is useful during various driv-

ing and cutting operations. Look at Fig. 4-3. The air
hammeris 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 one:
for the job.

CAUTION! Neverturn an air hammer ON 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 dry

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.

BMWv.Paice, IPR2020-00994
BMW1094

Page 4 of 66



BMW v. Paice, IPR2020-00994 
BMW1094 

Page 5 of 66

  
B

Fig. 4-4. A — Blow gun, commonly used to blow parts clean
and dry after washing in solvent. B — Solvent gun can be

used to wash parts. (Binks)

Whenusing a blow gun, weareye protection. Direct
the blast of air away from yourself and others. Do not
blow brake and clutch parts clean. These parts con-
tain asbestos, a cancer causing substance.

Air drill

An air drillis excellent for many repairs because of
its power output and speed adjustment capabilities. Its
powerand 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=" .

he _ ON/OFFas ~=BUTTON
/
AIR INLET

FITTING

iy_SPEED CONTROLVALVE

 
Fig. 4-8. Air drill speed can be adjusted. It is capable of very

high turning force. (Hennessy Industries, Inc.}

A rotary brush, Fig. 4-6, is used in an air or electric .
drill for rapid cleaningof parts. It will quickly rub off
old gasket material, carbon deposits on engine parts,
and rust, with a minimum amount ofeffort.

CAUTION! Onlyuse 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. 4-6. Rotary brush is commonly usedin a drill for cleaning

off old gaskets or carbon. Wear eye protection!

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 onthe 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)

 
 lel

oer ie
SWITCH

  ne
TOOL
REST GUARD

Fig. 4-8. Bench grinder stone is used to sharpen tools. Brush
can be used fo 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
wheelis used for sharpening or deburring. The soft wire
wheel is for cleaning and polishing.

A few BENCH GRINDER RULESto follow are:
1. 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 NOTuse 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
andplastic parts. They fit into either an electric or air
powereddrill, Fig. 4-9. Drill bits are commonly made
of either carbon steel or high speed steel. High speed
steel is better because ofits resistance to heat. It will
not lose its hardness whenslightly overheated.

MARGIN
POINT DRILL NNSIZE
FLUTE

BODY MARGIN
TOP VIEW

 

 

 SHANK
MARGIN

SIDE VIEW

Fig. 4-9. Study basic parts ofdrill bit. (Florida Dept. of Voc. 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 portableelectric 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 numberofholesin severalparts,
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

 
A B

KEY

“a
c

Fig. 4-10. Portable electric drilfs. A — Small, 3/8 in. drill. B —
Larger, 1/2 in. drill. C — Keyis used to tighten bit in chuck.(Robert Bosch}

 
SPEED CHANGE

CONTROL

TABLE

<—<—— BASE

Fig. 4-11. Note parts of drilt press. It is for drilling deep or large
holes when part will fit on table. (Florida Dept. of Voc. Ed}

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

clamps.
2. Use acenter punch to indentthe part and start the

hole.
_ Remove the key before turning on the drill.

4, To preventpossible injury, release drilling pressure
right before the bit breaks through the bottom of
the part. A drill bit tends to catch when breaking

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

5. Oil the bit as needed.

TIRE CHANGER

A tire changer is a commonpiece of shop equipment
used to remove and replace tires on wheels. Some are
hand-operated and others use air pressure. Do notat-
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. 412A.

Whenraising the front of a car, place the transmis-
sion in neutral and release the parking brake. This will
jet 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

A floor jack is also used to raise either the front,
sides, or rear of a vehicle. Look at Fig. 4-12B.

   
 
 

SADDLE

 
SADDLE RELEASE

Fig. 4-42. Vehicle lifting equipment A — Bumperlift. B —
Floorjack is for raising car only. C — Jack stands are needed

before working under car. {Florida Dept. of Vac. 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 pressurerelief 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 bumperlift.

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 typeis similar to
a floor jack. However, the saddle is enlarged tofit 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. 4-13. Transmission jack is designed for removing,
transporting, and installing transmissions when using an
overheadlift. Hydraulic lift is foot operated and raises to height

of 721n. (OTC Div. of SPX Carp.)
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VALVE

3<—"
Soeye we 5 LEG

Fig. 4-14. Hydraulic engine crane can be usedto lift heavy ob-
jects such as engines, transmissions, transaxles, rear axle

assemblies.

 
ENGINE

for raising and a pressurerelease valve for lowering.
Anenginecraneis also handy forlifting 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. Wearface protection and use recommended
procedures.

»=

PRESSURE_, <= PUMP

me HANDLEGAUGE  

  
  

ON/OFF
VALVE

<a tS
MOVEABLE ~#-f==

TABLE ~~»
‘ F

Lock7 See
PINS ; ee

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

unit could snap. (Dake Corp.)
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ARBOR PRESS

An 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 tankis for removing oil andlight 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 andcollect
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-
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Fig. 4-17. High pressure washer will remove greasy buildup

on outside of assemblies before teardown. (Sioux Tools)
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4 ON/OFF
REGULATOR VALVE

FLAME GAUGESCONTROL
VALVES

PRESSURE
REGULATOR

VALVE f

240 VOLT
ELECTRICAL

OUTLET

SWITCH

ELECTRODE
HOLDER

on
GROUND
CLAMP 

 
Fig. 4-18. Top. Oxyacetylene outfit 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. Tremendousheatis 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 NOTattempt 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 soldersolidifies

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

BATTERY CHARGER

A batiery charger is used to recharge (energize) a
discharged (de-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
EXPLODEviolently.

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 -
TIP

SOLDERING IRON
HEATS TERMINAL

SerneR ON/OFFFEMALE
SLIDE MELTS AND TRIGGER POWER

B TERMINAL JOINS. TWO CORD

Fig. 4-19. A — Soldering iron and soldering gun. B — Soider-
ing iron or gun produces enough heat to melt solder forjoining
wires and smail metal terminals. (Florida Dept. of Vac. Ed.)
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(Sra J

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

WHEEL PULLERS

Wheel pullers are needed to removeseals, 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

Jumpercables are used to start engines with a dead
(discharged) battery. The cables can be connected be-
tween the dead battery and anotherbattery. 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 deadbattery. Connect the negative cable
to the vehicle frame so that any sparks will not occur
near the battery.

CREEPER

A creeperis 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 creeperis often used on brake
repairs. The brake parts and tools can be placed on
the creeper. The service technician cansit andstill be
eye level with the brake assembly.

ROLL-AROUND CART

A largerroll-aroundcart or table is handy for tak-
ing a numberoftools to the job. One is pictured in

50 Modern Automotive Technology

SLIDE ADAPTER

 
Fig. 4-21. A — Three-jaw puller. B — Slide hammer puller.

C — Power puller. (OTC Div. of SPX Corp.  
Fig. 4-22. Jumper cables are for emergencystarting. Connec
red lead to positive terminal of both batteries. Black is for

negative and ground. (Snap-On Tools)
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Fig. 4-23. A —~ Creeper is for working under car. 8 — Stool
creeper is commonly used during brake and suspension repairs.

You can sit on the stool and store tools on bottom.
{Snap-On Tools}

Fig. 4-24. Since the technician is working on a carraised
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, uppergrille,
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. 4-24, Roll-around cart allows you to take several toals to

car. This saves several trips ta toe! box.

Fig. 4-25. 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 Toats}

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. Lookat Fig. 4-25B.

KNOW THESE TERMS

Air compressor, Air tocl, 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. Powertools use , ’
or__ oats 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?

a. Impact wrench.
b. Air ratchet. d. Air saw.

4,A_isused to blow dirt off

parts and to dry parts after cleaning.
§. 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.
a. 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 ableto:
Describe the basic parts of an exhaust system.
Compare exhaust system design differences.

| Perform exhaust system repairs.
oExplain the fundamental parts of a turbocharging

system.
O Describe the construction and operation of a tur-

bocharger and wastegate.
ORemove and replace a turbocharger and wastegate.
oO Demonstrate 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.
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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 shownin Fig. 25-1. They
include:

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

2. HEADERPIPE(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. INTERMEDIATEPIPE(tubing sometimes used
between header pipe and muffler or catalytic con-
verter and muffler).

HANGER
MUFFLER ASSEMBLY @ @

a a\=
plPe

TAILPIPE

MUFFLER

IF USED, INTERMEDIATE
PIPE HERE

Fig. 25-7, Note parts of typical exhaust system, Exhaust comesoutof cylinder head, into manifofid, and then through system.
(Chrysier Corp.)

Exhaust Systems, Turbocharging 319
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5, MUFFLER(metal chamber for damping pressure
pulsations to reduce exhaust noise).

6. TAILPIPE (tubing thatcarries 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).

Whenanengineis 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 engineis 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 commontype,it is used from the
smallest four-cylinder engines, on up to large V-8
engines.

A dual exhaust system has two separate exhaust
paths to reduce back pressure.It is two single exhaust
systems combinedinto one. A dual exhaust system is
sometimes used on high performancecars 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
madeofstainless steel or lightweight steel tubing. The
cylinder head mating surfaceis 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 bolts
over exhaust parts on side of cylinder head. Note oxygen sen.

sor at end of manifold. (Chrysler Corp.)

Exhaust manifold heat valve
An exhaust manifold heat valve forces 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 ofthe
exhaust manifold. A heat sensitive spring or a vacuum
diaphragm and temperature sensing vacuum switch
may operate the valve.

POWER HEAT CONTROL VALVE FROM
COOLANT CONTROLLED

ENGINE VACUUM
SWITCH

HOUSING FITS BETWEEN
MANIFOLD AND

HEADERPIPE
VACUUM ACTUATOR

 
Fig. 25-3. Heat contro! valve, sometimes called heat risel,
forces hot exhaust gases into intake manifold. This helps engine
run smoothly. Valve opens as engine warms up. (Chrysler)

Whentheengineis cold, the heat valveis closed. This
increases EXHAUST BACK PRESSURE.Hot gasé
blow into an exhaust passage in the intake manifold,
Fig. 25-4. This warmsthe floor ofthe intake manifold
to hasten fuel vaporization. The heat valve opens ®
the engine warms up.

EXHAUSTPIPES

The exhaust pipes (header pipe, intermediate pipe,
andtailpipe) are usually made ofrust resistant steel
tubing. The inlet end of the header pipe has a flange
for securing the pipe to the exhaust manifold studs;
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CARBURETOR.OR
THROTTLE

BODY |

AIR-FUEL MIXTURE CHAMBERS
BEING HEATED

HOT EXHAUST WHEN

ENGINE INTAKE HEAT VALVE IS SHUTMANIFOLD

fig. 25-4. Heat 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! Alwaysreinstall all exhaust system heat
shields. Without a heat shield, car undercoating,
carpeting, dry leaves on the ground, and other flam-
mable materials could catch onfire!

CATALYTIC CONVERTER

A catalytic converter is used to reduce the amount
of exhaust pollutants entering the atmosphere. Oneor
more catalytic converters can be located in the exhaust
system, Fig. 25-1.

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

MUFFLERS

A muffler reduces the pressure pulses and resulting
Noise produced by the engine exhaust. When an engine
Stunning, the exhaust valves are rapidly opening and
‘losing. Each time an exhaust valve opens, a blast of
hot gas shoots out of the engine. Without a muffler,

€se exhaust gas pulsations are very loud.
Fig. 25-5 shows the inside of a muffler. Note how

chambers, tubes, holes, and baffles are arranged to
| “ancel out the pressure pulsations in the exhaust.

EXHAUST SYSTEM SERVICE

Exhaust System service is usually needed when a com-

 

SOUND OR
RESONANCE

 
 

 
 
 

MUFFLER
SHELL

ACOUSTI

PYREX THERMAL PACKING OUTLET
RATED TO 1200°F or 650°C

SOUND OR RESONANCE
CHAMBER

Fig. 25-5. Basic muffler contains baffles, resonance chambers,
and acoustic tubes to reduce exhaust noise.

(American Exhaust Industries)

ponentin 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 ona lift.

Using a droplight, 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 componentuntil 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 installedin the existing system. After prolonged
service, several parts or ALL of the exhaust system may
require replacement.

Whenrepairing an exhaust system, rememberthe
following:

1, Use RUST PENETRANTonall 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

Exhaust Systems, Turbocharging 321

BMWv.Paice, IPR2020-00994
BMW1094

Page 14 of 66



BMW v. Paice, IPR2020-00994 
BMW1094 

Page 15 of 66

Fig.

Fig. 25-
D — Exhaust pipe cutter. E — Specia

 
25-6. Rust penetrant or solvent will ease removal of

badly rusted fasteners. (AP}

do NOT damageparts thatwill be reused.See Fig.
25-7 for some examples.

_ A SIX-POINT SOCKETandratchet or air impact
will usually allow quick fastener removal without
roundingoff the fastener heads. Refer to Fig. 25-8.

. Wear SAFETY GLASSESor 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 shaper can be
used to straighten dented pipe ends, Fig. 25-10.

. Makesureall pipes are fully inserted. Positionall
clamps properly, as in Fig. 25-11.

. Double-check the routing of the exhaust system.
Keep adequate clearance betweenit, the car body,

RATCHET,E>
AND SIX-POIN

re

HEADER
PIPE

 
 oc

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

10.

11.

. Check heat riser operation using the information

13.
14.

EXHAUST

CUTTER

TUBING
CUTTER

322 Modern Automotive Technology

7. Several methods of removing old exhaust system parts. A — Hacksaw. B — Air chisel. C — Chain type cutting
ty shaped, hand type cutter or chisel. (AP Parts, Lisle, and Florida Dept. of Voc. E™

This will usually remove fasteners. (Subaru)

and chassis. See Fig. 25-12.
. Tighten all clamps and hangers evenly. Torquethe

 
 

 
 

fasteners only enough to hold the parts. Oy
tightening will smash and deform the pip
possibly causing leakage. a
Whenreplacing an exhaust manifold, usea gas
and check sealing surface flatness. If the manif
is warped, it must be machined flat. Torque
exhaust manifold bolts to specs, Fig. 25-13.
Always use new gaskets and O-rings.

 

in a service manual.
Install all heat shields.
Check the system for leaks andrattles after repair 

 
SPECIAL

CHISEL CUTTER

E
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SOCKET

EXPANDER

 
Fig. 25-9. Pipe expander will enlarge ID {inside diameter) of

pipes. Then one pipe will fit over another. (Lisle)

SHAPING ID

 
 
 

SHAPING OD

Fig. 25-10, Pipe shaper will round dented pipe ends. (Lise)

CLAMP

PIPE

MUFFLER

1/8 IN
(3.2mm)

—
 

CORRECT

fig. 25-11. Make sure muffler clamps are installed correctly.
Clamp Must be positioned around both pipes. If not, one pipe

can pull out of other. (Florida Dept. of Voc. Ed.)

—

 
 

LARGE DIAMETER-TO-SMALL
DIAMETER ADAPTER

ROTATE ALL PARTS

FOR CLEARANCE

 
TIGHTEN U-BOLTS

WHENIN POSITION

 
Fig. 25-12. A — Adapters are sometimes needed to make muf-
fler work on existing system. B — Double-check exhaust
system-to-car clearance carefully. C — After checking
clearance, tighten all clamps evenly and properly. (AP Parts)

 
Fig. 25-13. Exhaust gasket is normally reeommended. Gasket
Js held in position as all fasteners are started by hand. Torque
fasteners to recommendedvalue in a crisscross pattern. (Saab)
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SUPERCHARGERS AND TURBOCHARGERS

A superchargeris an air pumpthat increases engine
powerby pushing a denserair-fuel charge into the com-
bustion chambers. With more fuel andair, combus-
tion produces more heat energy and pressure to push
the piston down in the cylinder.

Sometimes termed a blower, the superchargerraises
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
ot 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 powerstroke.

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 thefield, the term “supercharger” generally refers

to a blower driven by a belt, gears, or chain. Super-
chargersare used onlarge 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.

TURBOCHARGERS

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

As shownin Fig. 25-15, the basic parts of a tur-
bochargerare:

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

AIR INTAKE :

 
 
 

HOUSING

 
 

A
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HOUSING

AIR oF j
B INTAKE iTo

er |o]

HOUSING

6 COMPRESSOR
WHEEL d

AIR ee i
C INTAKE q

Fig. 25-14. Three basic types of superchargers. A — Rotor or
Rootes type supercharger. B — Vane type supercharger.
C — Centrifugal supercharger, more commonly called 4

turbocharger. (Chrysler)

ing that surrounds compressor wheel. Its shape
helps pumpair into engine).

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

Turbocharger operation
Whentheengineis running, hot exhaust gases blow

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

WHEEL
TURBINE SPUN

BY EXHAUST FLOW 

 

 
 
 
 

 

 

COMPRESSOR
HOUSING

i
EXHAUST GAS  i CAER ENTERS EXHAUST

ATMOSPHERIC eePRESSURE
BEARING
HOUSING

EXHAUST
FLOW OUT

BOOST PRESSURE OF ENGINEABOVE ATMOSPHERIC
PRESSURE

PISTON

Fig. 25-15. 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
WHEEL

EXHAUST IN :

EXHAUST
OUT

 
 

to Fig. 25-16. . ;
Asthe 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 turbochargeris usually located on oneside 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

 

Fig. 25-7 6. 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 ang
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 oil
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 to”
the turbo, With the engine running, oil enters the tur-
bo 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. 25-17. Turbocharger normally bolts to one side of engine.Pipes route exhaust through turbine housing. Compressedair Turbo lagleaves turbo and enters intake tract and engine. (Ford) Turbo lag refers to a short delay before the turbo

RADIAL AXIAL BEARING
  

 

BEARING TO INTAKE
MANIFOLD

 

 
  
 

 

 
BEARING
HOUSING

   
EXHAUST

PIPE  
 

|
eIee

 

FROM EXHAUST
MANIFOLD OIL

RETURN
TO PAN

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

 IMPELLER
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TURBINE SIDE

 

 

EXHAUST

FRESHAIR IN

CONNECTION
TO INTAKE
MANIFOLD

COMPRESSOR SIDE

Fig. 25-49. Turbine and compressor wheels have specially shaped fins or blades that act as fans. Exhaust flow spins turbinefan. Spinning compressor fan blows air into engine under pressure. (Chrysler)

develops sufficient boost(pressure above atmospheric
pressure).

When the car’s accelerator pedalis 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 spinningfast enough.It takes time for
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 systemssuffer verylittle from turbo
lag. Their turbine and compressor wheels are verylight
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
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AIR UNDER NORMAL
ATMOSPHERIC

PRESSURE
  

 
 
 

 
WASTE GATE
DIAPHRAGM

THROTTLE PLATE
OR VALVE

 DENSER AIR-FUEL
CHARGE IN COMBUSTION

CHAMBER

Fig. 25-20. Study basic exhaust and infet 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
ot poppettype 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 (spontancous 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. Thevalve 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.

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

 
 

 
 
 

 
 
 

 

COMPRESSOR

AIR INLET

Fig. 25-21. Waste gate or boost controlis 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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TURBINE

WASTE GATE BOOST CONTROL

 

 
 
 
 

COMPRESSOR
HOUSING

TURBINE
HOUSING

BYPASS

BOOST CONTROL
VALVE OR

WASTE GATE  
 
 

 

 
 
 
 

 

HOSE TO
INLET IN
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Fig. 25-22. Note hose that connects waste gate with com-
pressor housing. When boostpressure is too high, pressure acts
on waste gate diaphragm to open valve and reduce boost.

(Garrett)

pressure compresses the spring and opensthe waste gate
valve. This permits someof the exhaust gases to flow
through the waste gate passage and into the exhaust
system. Less exhaustis 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
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WASTE GATE GASES BYPASS

A CLOSED B TURBO

Fig. 25-23. Study operation of complete turbo system. A — Underpart throttle, normal boost conditions, waste gate remains
closed. All exhaust flow is directed over turbine wheel. B — Underfull load, boost pressure may increase too much. High intake
pressure deflects waste gate diaphragm to open waste gate valve. This allows someof the exhaust to bypass turbine wheel.

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

Lower compression ratio.
Stronger rods, pistons, and crankshaft.
Higher volume oil pump and an oil cooler.
Larger cooling system radiator.
O-ring type head gasket.
Heat resistant valves.
Knock sensor (ignition retard system).

KNOCK SENSOR

A knock sensoris used to retard ignition timing if
the engine begins to knock (detonateor ping). The sen-
sor is mounted on the engine. It works something like
a microphone. Whenit “hears” a knocking sound, an
electrical signalis sent to the on-board computer. The
computerthen 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. Engineoil must be kept clean to
assure long turbochargerlife.

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

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

andoil 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 gaugeor 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 stethoscopeto 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 of engine shows location and mounting
of turbocharger. (Ford)

connections at the turbo. Removetheoil 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, causing vibration. Fig. 25-27 shows how to
measure turbo bearing and shaft wear.

WARNING! Neveruse a hard metalobject or sand-
paper to remove carbon deposits from the turbine

  \ teas (7M
\/

Fig. 25-26. After removing mounting fasteners and any other
parts, turbo can belifted off for replacement. A turbo cannot
be repaired in-shop. A new unit is normally installed. (Ford)
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AXIAL PLAY
MEASUREMENT

RADIAL PLAY
MEASUREMENT

Fig. 25-27. Dial indicator can be used to check radial and
axial play of turbo shaft. If not within specs, replace unit.

(Waukesha)

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 NOTrepaired in

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

WASTE GATE
DIAPHRAGM

CENTER
HOUSING

COMPRESSOR
HOUSING

1. Make sure the new turbois 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. If 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. Makesure the
vacuum-pressure lines are all connected properly.

Follow service manualinstructions when testing or
replacing a waste gate. As shown in Fig. 25-29, waste
gate removalis 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 wheelis very precise, balanced assembly. Slightest nick or chip on blade can cause

unit to explode in service. (Ford)
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BYPASS
CHANNEL

 
 

 

VALVE

WASTE GATE
VALVE

HOUSING

7 WASTE GATE
LEVER

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

engine damage. (Saab)

SUPERCHARGERS

A supercharger is a compressor or blowerdriven 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 ofthe
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 intercooleris 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 poweras theturbo
gains speed. A supercharger will instantly produce
boost pressure at low engine speeds because it js
mechanically linked to the engine crankshaft. This low-
speed powerandinstant throttle responseis desirable
in a passenger car for passing, entering high-speedin-
terstate highways, etc.

Fig, 25-33 shows the majorparts 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

j LINES

IN-LINE
INJECTION

PUMP

Fig. 25-30. How many parts of this turbocharged diesel engine can you identify? (Deere & Co.)
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TURBO
WASTE GATE 

 
AIR INTAKE

 
TURBINE

Fig. 25-31. This is a turbocharged, in-line, six-cylinder engine. (Audi)

 

 
ELECTROMAGNETIC

CLUTCH

 
 

BLOWER
HOUSING

Fig. 25-32, Supercharger is normally driven by belt running
up from engine crankshaft. Electric clutch can be used to turn
blo wer on and off as needed. For example, blower might only
kick on at full throttle when there is demand for more engine

power. (Toyota)

Normal aspiration, Turbine wheel, Turbine housing,
Turbo shaft, Compressor wheel, Compressor housing,
Bearing housing, Turbo bearing, Blow-throughturbo,
Draw-through turbo, Sealing rings, Turbo lag, Waste
Sate, Knock sensor, Boost pressure.

REVIEW QUESTIONS

l. An exhaust system
and carries
the car,

engine operation
to the rear of

 

 
 
 

 

TUBE ASSY,
ENGINE CHARGE

AIR COOLER

ADAPTER
SUPERCHARGER 

   

 HOSE-AIR BYPASS
VALVE INLET    

3

J! “TUBE ASSY,
“{ ENGINE CHARGEAIR COOLER

 
 

 
, PLENUM ASSY,

SUPERCHARGER

 ADAPTER >. INLETASSY, — Tk
AIR COOLER BODY assy. \
MANIFOLD 7 AIR INTAKE
 

 
aE CHARGE

; <2) THROTTLE
Tay ae

 
M80 SUPERCHARGER

INLET PLENUM & OUTLET
ADAPTER ASSY.

Fig. 25-33. Note basic components in a supercharging
system. This supercharger bolts to top of engine. Trace flow

of air through components. {Ford Motor Co.)
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il.

12.

13.

14.
15.

16,

17.
18.

19,

. In-the field, the term “supercharger” generally

21.

22.

23.

Match the following exhaust system parts with
their definition. (Do not write in text.)

Heatshield.
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.

ec. 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 manifoldto tailpipe.
h. Device for removing pollutants from

—

r

exhaust.

i. Pipe between catalytic converter and
muffler.

j. Connects exhaust system to underside of
car body.

Define the term “exhaust back pressure.”
A dual exhaust system is commonly used on small,
high fuel economy engines. True or False?
An exhaust oe

forces hot exhaust gases to flow into the intake
manifold to aid cold weather starting.
Whenis exhaust system service commonly needed?
List fourteen rules to remember when servicing an
exhaust system.
A is an air pump that increases
engine power by pushing a denserair-fuel charge
into the combustion chambers.
What is a normally aspirated engine?
Which of the following is NOT a type of
supercharger?
a. Vane. c. Rotor.

b. Gear. d. Centrifugal.
Explain the term “Turbocharger.”

refers to a blower driven by a___ss,
or .

List and explain the six basic parts of a
turbocharger.
A turbocharger has the turbo
located before the carburetor or throttle body.
A turbocharger can operate at speeds up to

rpm.

334 Modern Automotive Technology

24,

25,

26,

. List seven engine modifications commonlyfo
28.

29.

30.

. Research the internal combustion process and pi

. 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 boo,
produced by the turbocharger. True or False?
What could happen if a waste gate did not ope

on a turbocharged engine.

Which of the following is NOT a recomm nd
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 tock

waste gate diaphragm leakage and operatia
d. Use pressure gauge to measure boost pressi
e. Use stethoscopeto listen for bad turbo be
A turbocharger was badly damaged because 0:
cess bearing and shaft wear.Technician A says that a new unit should.5
stalled and that oil pressure to the turbo: shou
be checked. Engine oil should be changed
short break-in period.
Technician B says that the oil should be dra
and all lines should be flushed beforeinstalling

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 aie

An inoperative turbocharger waste gate can: Ci
High boost pressure.

. Low boost pressure.
Low engine power.
Detonation.
All of the above are correct.

epogp
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 turbochat
or a supercharger will increase engine po

and nonturbocharged engines. Develop a fab
horsepower-to-displacement ratios. (This ¢
done by dividing the rated horsepower’b
number of cubic inches orliters of displace
for each engine.) Draw up a report of your
ings andpresent them to the class as an outs)
assignment.
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This material may be protected by Copyright law (Title 17 U.S. Code)   

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

transmission.

Explain the fundamental operation of a manual

 

transmission.

Trace the power flow through transmission gears.
O Compare the construction of different types of

manual transmissions.

Cf Explain the purpose and operation of a transmis-
sion overdrive ratio.

 
 

   

CLUTCH
HOUSING

SHIFT
FORKS

SYNCHRONIZERS

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 orfloor 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

 
    

  
aiCzNAY   m
iy} U7

 
edi
 
 

 
   

  
OUTPUT 

INPUT
SHAFT

eS f

! CASE
TRANSMISSION

GEARS

SHAFT

Fig. 52-7, Study basic names and locations of manual transmission parts. This will help you as you Jearn about each part in
more 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 61.

BASIC TRANSMISSION PARTS

To understand later sections of the chapter, study
the parts of the transmission in Fig. 52-1. 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 powerto accelerate
from a standstill. The engine would stall or lug as soon
as the clutch was engaged.

With a transmission in low orfirst 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
andinto 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 different

engine load conditions.
3. Have a reverse gear for moving backwards,

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

5. Operate quietly, with minimum powerloss,

GEAR FUNDAMENTALS

Gears are round wheels with teeth machined ontheir —
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 jL.
lustrated in Fig. 52-2.

3~
 
 

 

 
 
 

 

 
 

 

 

 

POWER
DRIVE IN
GEAR GEAR

MORE TORQUE
LESS SPEED

30-TOOTH GEAR
———
—_—

ao—=
——_

POWER OUT DRIVEN —_
A GEAR ae 1 REVOLUTION

3a, s1 LB-FT OF TORQUE
 
 

: a: -10-TOOTH
GEAR

30-TOOTH
GEAR

3 LB-FT OF
TORQUE

B 1 REVOLUTION

Fig. 52-2. A — When a small gear drives a larger gear, it
increases torque output but reduces rotating speed of output
B — Whenalarger geardrives a smaller gear, torque is reduced

but rotating speed increases at output.

Gearratios

A gear ratio is the number of turns a driving gear
must turn before the driven gear turns one complete
revolution. Gear ratio is calculated by dividing the
numberteeth on the driven gear by the numberoftee
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. Asaresult, the
speed of the larger, driven gear would behalf as fast
as the drive gear. However, the torque on the shaft of
the larger gear would be twice that of the input shaft.

Varioussizes of drive and driven gears can be used
to produce any numberofgear ratios. As the number
of teeth on the driven gear increase in relation to the
number of teeth on the drive gear, the gearratio in-
creases. A gear ratio of 10:1 would be larger than a
ratio of 5:1, for example.

DRIVING GEAR MAKES
ONE REVOLUTION

rm

DRIVEN GEAR
HAS 24 TEETH

 
 

é DRIVEN GEAR MAKES
oS 1/2 REVOLUTION

DRIVING GEAR
HAS 12 TEETH

 
Fig. 52-3. Gear ratio is determined by numberof teeth on drive
and driven gears. if drive gear 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 forfirst
gear, 2:1 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 highgearratio.
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 outputshaft 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
1s used in the lower transmission gears, Fig. 52-2.

An overdrive ratio results when a larger gear drives
4 smaller gear. As shownin 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 sometimescalled straight-cui 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 machinedat 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.

 

 

STRAIGHT-CUT
SPUR GEARS

ANGLED-CUT
HELICAL GEARS

B

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

(Deere & Co.)

Gear backlash

Gear backlash is the small clearance between the
meshing gear teeth. Clearance allowslubricating 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 or
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.

Manual Transmission Fundamentals 665
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TRANSMISSION BEARINGS

Manualtransmissions normally use three basic.types
_of bearings: ball bearings, roller bearings, 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.

 
BALL ROLLER

BEARING BEARING
NEEDLE

BEARING

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

MANUAL TRANSMISSION CONSTRUCTION

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

 

  
 
  

INPUT
SHAFT

FRONT HUB OR BEARING
COVER

TRANSMISSION CASE

Fig. 52-6. Case is center section of transmission. Extension housing bolts to rear of case. Front bearing cover bolts to from
of case. It encloses front output shaft bearing end supports clutch throw-out bearing. This transmission also has a sheet mete

inspection cover bolted to top of case.
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Transmission case

The transmission case must supportthe transmission
bearings and shafts and provide an enclosureforpea.
oil. Refer to Fig. 52-6. A manual transmission case |
usually cast of either iron or aluminum. Aluminum,
becoming more common becauseof its lightness

A drain plug anda fill plug are usually provideg in
the transmission case. The drain plug is on the bot.
tom of the case. The fill plug is on theside of the case.

Thefill plug also serves as a means of checking the
oil level in the transmission. Typically, the oil sho
be level with the fill plug when the transmissionjg
operating temperature.

Extension housing and front bearing hub
The extension housing, also called the tailshaf

housing, bolts to the rear of the transmissioncase, It
encloses the transmission output shaft and holdsthe
rear oil seal. See Fig. 52-6. :

A flange on the bottom of the extension housingpro-
vides a base for the rubber transmission mount, also
called rear motor mount. A gasket usually seals the
mating surfaces between the transmission case and ex-
tension housing. |

A front bearing hub, sometimescalled front bear

to the transmission case. A gasket fits between the front
hub and case to prevent oil leakage.

Transmission shafts

Basically, a manual transmission has foursteel shafts
mountedinsideits case. It normally has an inputshaft,
countershaft, reverse idler shaft, and an outputshaft.
Figs. 52-7 and 52-8 showthegeneral location and shape
of these shafts. :

The input shaft, often termed clutch shaft, transfers
rotation from the clutch disc to the countershaft gear
in the transmission. The outer end of the shaft is

EXTENSION
OR TAILSHAFT

HOUSING

INSPECTION COVER

FOR SPEEDOMETER
CABLE

REAR
MOUNT

4

(GMC)

BMWv.Paice, IPR2020-00994
BMW1094

Page 31 of 66



BMW v. Paice, IPR2020-00994 
BMW1094 

Page 32 of 66

TWO SHAFTS FIT OUTPUT SHAFT
TOGETHER AND CAN OR MAIN SHAFT

ROTATE INDEPENDENTLY

 
  

 
 

INPUT OR
CLUTCH SHAFT

REVERSE IDLER
SHAFTCOUNTER GEAR OR

CLUSTER GEAR 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.

 
1. 3rd-4th GEAR SNAP RING 18. FRONT BEARING CAP 35. ADAPTER SEAL
2. 4th GEAR SYNCHRONIZER RING 19. OIL SEAL 36. FRONT COUNTERSHAFT GEAR THRUST WASHER.

3, 3rd-4th cea CLUTCH ASSEMBLY 20. GASKET 37, ROLLER WASHER4. 3rd-4th GEAR PLATE 21. SNAP RING 38. REAR ROLLER BEARING
5. 3rd GEAR SYNCHRONIZER RING 22, LOCK RING 39. COUNTERSHAFT GEAR
6. 3rd SPEED GEAR 23. FRONT BALL BEARING 40, REAR COUNTERSHAFT THRUST WASHER
7. 2nd GEAR SNAP RING 24, CLUTCH SHAFT 41, COUNTERSHAFT
8. 2nd GEAR THRUST WASHER 25, ROLLER BEARING 42, PIN
9, 2nd SPEED GEAR 26, DRAIN PLUG 43. IDLER GEAR SHAFT

10. 2nd GEAR SYNCHRONIZER RING 27, FILL PLUG 44, PIN
11. MAIN SHAFT SNAP RING 28. CASE 45. IDLER GEAR ROLLER BEARING
12. 1st-2nd SYNCHRONIZER SPRING 29, GASKET 46. REVERSE IDLER SLIDING GEAR
13. LOW-2nd PLATE 30. SPLINE SHAFT 47. REVERSE IDLER GEAR
14. 1st GEAR SYNCHRONIZER RING 31, 1st GEAR THRUST WASHER 48. IDLER GEAR WASHER
15, 1st GEAR 32. REAR BALL BEARING 49. IDLER GEAR THRUST WASHER
16. 3rd-4th SYNCHRONIZER SPRING 33. SNAP RING
17, 1st-2nd GEAR CLUTCH ASSEMBLY 34. ADAPTER PLATE

Fig, 52-8. Exploded view shows major parts of typical transmission. Note four shafts and componenis. (Chrysler)
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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 countershaft, 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.

Thereverse 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

CLUSTER OR
COUNTERSHAFT 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 shaf;
to turn the rear wheels of the vehicle.

The output shaft is splined in the center. In moderp
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
: OUTPUT SHAFT .

OUTPUT
SHAFT

 

  
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 POWER FROM

| ENGINE DRIVE WHEELS ENGINE
I

*
SMALL GEAR

DRIVES LARGER
OUTPUT GEAR

A LOW GEAR B

 
 

HIGH GEAR Cc

POWER TO
DRIVE WHEELS 

 
 
  
 

BOTH DRIVE GEAR
gSAME SIZE

REVERSE
IDLER CHANGES

REVERSE GEAR GEAR ROTATION

Fig. 52-10. Simplified transmission action. A — Low gear. Input shaft gear turns gears on countershaft. Small countershatt
gear drives larger output shaft gear to produce gear reduction. B — High gear. Engaged gears are same size. Output shaft tut
faster than when in low gear. Less torque increase is needed. C — Reverse. Reverse idler gear is used between countershatt

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

FOR
OUTPUT

TEETH SHAEFOR
SYNCHRONIZER

was
DRIVE»,
GEAR <*

CLUTCH DISC
SPLINES 
 

HUB FOR
THROW-OUT

BEARING
FRONT

BEARING
WASHER

 

 

FRONT INPUT
SHAFT BEARING

FRONT
SEAL

Fig. 52-71. Exploded view of input shaft and gear. Gearis 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, andreverse 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. 52-10B. This
reduces the gear ratio and the vehicle movesfaster.

Whenin 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.

Countershaft 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 ofsteel.
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
(BRONZE)

  
 

 
 
 
 

WASHER

WASHER

BEARINGS

COUNTERSHAFT
GEAR

BEARINGS COUNTERSHAFT
PIN

WASHER
(PLASTIC)

Fig. 52-12. Countershaft assembly. Countershaft gear has
several gears formed as a single unit. They mounton roller bear-
ings and countershaft. Washers control end play of unit in case.

(Ford Motor Co.)

Reverse idler gear assembly
A reverse idier gear assembly is shown in Fig. 52-13.

Note howit 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
BEARING RING .
WASHER

SNAP—SLEEVE 4
RING

ajew—
f i

REVERSE
IDLER

THRUST REVERSE
WASHER IDLER GEARBEARING

ROLLERS

Fig. 52-13. Reverse idler gear and shaft assembly. (Chrysler)

Manual Transmission Fundamentals 669

BMWv.Paice, IPR2020-00994
BMW1094

Page 34 of 66



BMW v. Paice, IPR2020-00994 
BMW1094 

Page 35 of 66

3rd-4th
SYNCHRONIZER

ASSEMBLY

   NEEDLE

BEARING

SNAP =-
RING

FITS INTO
END OF INPUT

SHAFT

SPLINES FOR “1
SYNCHRONIZER

HUBS

cr

SYNCHRONIZER
BLOCKING

2nd GEAR

Fig. 52-14, Output or main shaft is long shaft extending through transmission tailshaft 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
shaft. Only one of the output shaft gears is normally
engaged and locked to the shaft at a time.

Fig. 52-14 pictures a set of output shaft gears. Notice
how it has a main drive gear (helical gear) and a smaller
synchronizer gear (spur gear).

The inside bore of each output shaft gear is smooth
so that it can spin freely on its shaft when not engaged.
Normally, one output shaft gear will be provided for
each transmission speed, including reverse.

THIS INTERNAL
CONE RUBS ON

DRIVE GEAR EXTERNAL
CONE TO SYNCHRONIZE

ROTATING SPEEDS

LOCK RINGS

 
 SHIFTER PLATES

POSITION
SLEEVE

BLOCKING RING

Fig. 52-15. Basic synchronizer components. Hub is splined to output shaft. It will slide but not turn on shaft. Sleeve fits over
hub. Shifterplates position sleeve. Blocking rings allow sleeve to slide into and mesh with output gear without clashing or grinding:

(Deere & Co.)
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3rd GEAR

SYNCHRONIZER
BLOCKING

RING

1st-2nd
SYNCHRONIZER

RING ASSEMBLY

 

  
  
 
  
  
 

 
  

 
 
 
 
 

  
 
 

 

SPLINES
FOR DRIVE

SHAFT

 OUTPUT OR
MAINSHAFT

 
  

 
THRUST REA
WASHER BUSHING

ist SHIMGEAR {

 
 

 

SYNCHRONIZER
BLOCKING RING 

  

 
 

 
 

iphte

TRANSMISSION SYNCHRONIZERS

A transmission synchronizer, Fig. 52-14, has two
functions. It must:

1. Prevent the gears from grinding orclashing dur-
ing engagement.

2. Lock the output gear to the output shaft.
Whenthe synchronizer is away from an output gear,

the output gear freewheels or spins on the output shaft.
No poweris transmitted to the output shaft. When the

SYNCHRONIZER SLEEVE 1
LOCKS HUB AND DRIVE

GEAR TOGETHER

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

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 theside of the

gear cone, setting up friction between the two, Fig.
59-16. 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 meansthatall 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 GROOVE

IN SLIDING SLEEVE

UNDER POWER

downshift into any lower gear {except reverse) with the
car moving. Most modern manual transmissions are
fully synchronized.

Manyolder 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 movementto the sleeves from the gear shift
linkage. This is illustrated in Fig. 52-17.

 
 

SHIFT
RAIL

SLIDING OUTPUT
SYNCHRONIZER GEAR

SLEEVE OR GROOVE
SLIDING GEAR FORFORK

Fig. 52-17. Shift fork is used to move synchronizer sleeve or
sliding gear on splined shaft. Shift linkage or rail operates

shift fork.

SHIFT INTERNAL
EXTERNAL AND FORK CONES 
 
 
 
 

 
  

 
   

INTERNAL TEETH
ENGAGED

SPRING-LOADED
BALL OUT OF

GROOVE

EXTERNAL TURNS
CONE HUB

OUTPUT GEAR -

TURN OUTPUT — sieveTuans HUB TURNS
SHAFT B SLEEVEOUTPUT GEAR

Fig. 52-176. Synchronizer operation. A — As synchronizer sleeve moves into output gear, cone on sleeve rubs against cone
®n gear. Friction makes gear and sleeve begin to turn at same speed. B — 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 theyfit together.

TRANSMISSION SHIFT LINKAGE
AND SHIFT LEVER

There are two general types of transmission linkage:
EXTERNAL ROD type and INTERNAL SHIFT
RAILtype. 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 rodsfit into levers
on the shift mechanism and fork assembly. Springclips
hold the rods in the levers. One end of each linkage
rod is threaded so that the linkage can be adjusted.

Aninternal rail type is shown in Fig. 52-20.
Whenthe driver shifts gears, the bottom ofthe 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 ofthe lever places a
prying action on the rail. Since the fork is located on

 
 

SHIFT FORK
COVER

LEVERS
FOR SHIFT LINKAGE
FROM SHIFT LEVER Ss

Fig. 52-18. Shift fork fits over groove machined in center of synchronizer sleeve. Movement of shift linkage to transmission
movesshift fork forward or rearward in transmission to engage different output gear. (Plymouth)
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SHIFT FORK
ASSEMBLY

SHIFTLEVER
MECHANISM

 
3rd OVERDRIVE SHIFT ROD

REVERSE SHIFT ROD
ADJUSTABLE SWIVEL

 
 

 
 

Fig. 52-19. Side view of transmission showing shift linkage
and lowerpart of shift lever. Study parts. (Chrysler)

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

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

SYNCHRONIZERS

SHIFT MECHANISM
FOR REVERSE Is
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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. Raif
then operates shift forks and synchronizer sleeves. (Fiat)

LEVER
BALL

SHIFT
RAIL

PLUGS

 

d INTERLOCKPLUGS
CAP &

SPRING
SEAT

/ :/

SHIFT LEVER

SHIFT
HOUSING

ASSEMBLY

iS 3rd-4th

REVERSE
RAIL 

a o -
“SeBACK-UP LAMPSWITCH

 
  

1st-2nd
SHIFT FORK

POPPET BALLS
AND SPRINGS

SHIFT GATE \
RAIL i aPi

pUGs o8 0 REVERSE2 GATE

Ist-2nd San

 
 

REVERSE PLUNGER
AND SPRING

 
REVERSE

Srd-4th SHIFT FORKSHIFT FORK

Fig, §2.27, Exploded view of shift mechanism for late model
lansmission, Shift lever acts on shift gates. Shift gates are
ered to shift rails. Rails move forks for gear changes.
“Pring-loaded balls and plunger help position shift forks dur-
"9 each gear change. Note back-up lamp switch. (Chrysler)

 

almost the same.

The transmission shift lever assembly can be moved
to cause movementof 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 othersinternal 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

1st-REVERSE
NE LEVER2nd-3rd

CONTROL ROD.

 

  
 
 

1st-REVERSE }=< 1st-REVERSECONTROL ROD LEVER

ee | 2nd-3rd LEVER

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

ment to transmission. (GMC)
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TRANSMISSIONTYPES

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, iow 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
Toget 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 movethe 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.

 AND-3RD SYNCHRONIZER
2ND GEAR

SRD GEAR

COUNTERGEAR

Fig. 82-23. Transmissionin first gear. First-reverse synchronizer engaged with first output gear. Other synchronizer is WD:
position. First output gear is lecked to output shaft and transfers high torque to drive shaft. (Chevrolet
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1ST GEAR

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

  
 

 
 

 
 
 
 
 

Second gearTo shift into second, the driver depressesthe
and moves the shift lever. With the engine moineng,
disconnected from the transmission,thefirstge

chronizeris slid away from first gear. Second:thchronizer is then engaged. See Fig. 52-24...
Now powerflow is through second gear on the,

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

Third gear
Whenthe gear shift lever ismoved into third BK

there is no torque multiplication. The synchi
slid .over the small teeth on the input shaft’gear
synchronizer sleeve locks the input shaft directly
output shaft. Refer to Fig. 52-25. 3

A.1:1 gear ratio results with no torque incre
of the output shaft gears freewheel or spin on
shaft. Powerflow is straight through the transmi
The vehicle travels at highway speeds while the.en
rpm is relatively low.

Reverse :
Whenshifted into reverse, a synchronizeris:

into the reverse gear on the output shaft..This
the gear to the output shaft. Power flows throw:

countershaft, reverse idler gear, reverse gea i
the drive shaft, as in Fig. 52-26, a

Neutral

In neutral, all of the synchronizer sleeves’areJoe

1ST-REY, SYNCHRONIZER
{1ST 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 allowsall
if the output shaft gears to freewheel on the output

shaft. No poweris transmitted to the outputshaft.

Overdrive gear
: When in high gear, many modern transmissions have
verdrive. Either fourth (4-speed) or fifth (5-speed) has

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

2-3. SYNCHRONIZER
(3RO ENGAGED)

MAIN DRIVE (3RD) GEAR

COUNTERGEAR

\ 2ND GEAR

2ND GEAR

 

1-REV.
1ST GEAR SYNCHRONIZER REVERSE

REV. IDLER GEAR

Fig. 82-24. Transmission in second gear. First-reverse synchronizer is moved into neutral. Second-third 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 low 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 servicelife.

18ST GEAR

15T-REY.
SYNCHRONIZER

|

REV, GEAR

REV. IDLER GEAR

"9. 52-25, Transmission in third gear. Second-third gear synchronizeris slid to engage gear on input shaft. This jocks 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. 52-26. Transmission in reverse. Secand-third synchronizer moved into neutral. First-reverse synchronizerslidint
with reverse output gear. Countershatt gear drives reverse idler. idler drives output shaft backwards. (Chevrolet)

OTHER TRANSMISSION DESIGNS

Manytransmission 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

 
SRD GEAR

COUNTERGEAR

Fig. 52-27. in neutral, both synchronizers are in center positions. No output gears are locked to output shaft. Gears: free
and do not transfer power to drive shaft. (Chevrolet} EE
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REV. IDLER GEAR

SPEEDOMETER DRIVE

Normally, a manual transmission has a wort
on the output shaft that drives the speedomete
and cable. See Fig. 52-29, The gear on the outpw
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

1ST-REV,
SYNCHRONIZER

15T GEAR
REVERSE GEAR

IDLER GEAR
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NEUTRAL

FIRST GEAR RATIO:4.36:1

SECOND GEAR RATIO:
2.5271

THIRD GEAR RATIO:
1.51:1

FOURTH GEAR RATIO:
et

FIFTH GEAR RATIO:
0.87:1

REVERSE GEAR RATIO:
4.02:1
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TO SHAFT

  
  

OUTPUT SHAFT INPUT SHAFT TURNING
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SYNCHRONIZER  

 

 
 

 

OUTPUT SHAFT
TURNING INPUT SHAFT TURNING

COUNTER
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5th-REVERSE REVERSE GEAR ENGAGEDSYNCHRONIZER ;

 
 

 
OUTPUT SHAFT

TURNING
BACKWARDS

INPUT SHAFT TURNING
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REVERSE GEAR

Fig. 52-28. Power flow through a five speed transmission with overdrive in high gear. Study each illustration carefully.
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fea S

A — Flywheel
B — Transmission case

C — Main drive or input gear
D — Synchronizer sleeve for

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

. 1st-2nd speeds
H — 1st gear i
|— Rear bearing retainer
J — Reverse gear
K — Control shaft

L— Gearshiftlever assembly
M — Pressure plate assemblyN — Countergear
O — Inspection plate or cover
P — Mainshaft or output shaftOQ — Reverseidler gear
R — Extension housing

Lm S — Shift fork (reverse)
T — Speedometerdrive gear

 
WITTE

i|

TH) iWi
ie

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-uplight
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 major parts?

(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

fo Fig. 52-21. When shifted into reverse, the linkage
-closes the switch te connect the back-up lamps to

attery.

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

no high gear. The switch usually mounts in the side of
he transmission. It is normally closed until activated
n 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 linkage, 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.”
3. 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.

. Describe the two major types of transmission shift

15.

. Typically, or

. This would be an overdrive ratio.
dit,

87:1,
:0.87.noge GameCD hs560

—_——__ 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.
d. None of the above are correct.
What is a fully synchronized transmission?

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 yourcalculations.

. 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
DRIVE SHAFT ASSEMBLY

 FRONT
AXLE

CV
JOINT

Note parts of this four-wheel drive system. Engine and transaxle are at front; a drive shaft
transmits power to rear-differential assembly. {Subaru}
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 This material may be protected by Copyright law (Title 17 U.S. Code)   

 
After studying this chapter, you will be able to:
CiIdentify the basic components of an automatic

transmission.

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

O Trace the flow of power through automatic
transmissions.

OC Explain how an automatic transmission shifts gears.
OCompare 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
SHAFT   C227aeay

ASSEMBLIES

VALSLYSNeeSS

ARAN

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
GEARSETS

 

  
 
 

 
 

 
LLYSKSSLSPS 

<ry
[LZ
 
 
  =

NW 
 
 

 

 
 

OUTPUT
SHAFT

 PISTON
 

Fig. 54-7. Study basic parts of simplified automatic transmission. Note general shape and location of com-
ponents. This will help prepare you to learn details of each part.

Automatic Transmission Fundamentals 689

 

knfuran
Copyright



BMW v. Paice, IPR2020-00994 
BMW1094 

Page 47 of 66

 
FLUIDS

Fig. 54-2. An automatic transmission uses these methods of transmitting power. (Deere & 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 FLUIDto transfer power.
The bands and clutches useFRICTION.The transmis-

 

 

 

CONVERTER
HOUSING

Fig. 54-3. Most automatic transmissions are constructed with front converter housing, central case, rear
extension housing, and lower pan. Mostparts 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 encloseall of the other componentsin the transmis-
sion. Refer to Fig. 54-3.

The converter housing or bell 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 endsof the transmission shafts. The
converter housing bolts to the front of the case. The

EXTENSION

_ HOUSING

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 orcast iron, Fig. 54-3.

The of! 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 case 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 sometimescast iron, Fig. 54-3.

TORQUE CONVERTER

The torque converter is a fluid clutch that performs
the same basic function as a manualtransmission’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 andis 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 ofair.

AIR |S

MEDIUM DRIVEN

 DRIVING
FAN

ONE PART CAN DRIVE
ANOTHER BY FORCE

OF AIR — OR OIL

Fig. 54-4, Two fans demonstrate principle of fluid coupling or
torque converter. (Deere & 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 : DRIVING FAN
DRIVEN FAN

&
Fig. 54-5. Four major parts of torque converter: housing,

impeller or pump, stator, and turbine. (Texaco)

 

STATOR

'
=

 
 

DIRECTION OF ROTATION

CURVED
BLADES

TURBINE
IMPELLER

STATOR

FLOW DIRECTION ~

Fig. 54-6. Blades on impeller and stator direct oil circulation
onto blades of turbine. impeller is driven by engine. Turbine

is driven by impeller. (Subaru)

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

a doughnut-shaped housing. The converter housingis
normally madeof twopieces 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 engineis
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.

Thestator is designed to improveoil circulationin-
side the torque converter. It increases efficiency and
torque by causing theoil to swirl aroundinside the con-
verter housing. This makes use of all of the force pro-
duced by the movingoil.
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TURBINE
TURNED BY
FORCE OF :

OIL IMPELLER
i PUMPS

OIL

STATOR
DIRECTS

OIL CIRCULATION

¢
CRANKSHAFT OR
DRIVING SHAFT

,
INPUT OR

DRIVEN SHAFT

OVERRUNNING ORONE-WAY
CLUTCH

CONVERTER
HOUSING

Fig. 54-7. Crankshattis fastened to converter housing and im-
pelfer. Stator is mounted on one-way clutch. When engine
crankshaft spins fast enough, oil movementrotates turbine and

transmission input shaft. (Subaru)

Flywheel action -
The transmission torque converteris very large and

heavy. This allowsit to serve as a flywheel to smooth
out engine powerpulses. Its inertia reduces vibration
entering the transmission and drive line.

An automatic transmission uses a verythin andlight
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 amountofoil is throwninto the stator

CONVERTER HOUSING OR
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 woulg
remain stationary with the transmission in gear,

During ENGINE ACCELERATION,the engine
crankshaft, converter housing, and impeller begin to
spin faster. Moreoil is thrown out by centrifugal force,
This makesthe turbine beginto turn. Asa result, the
transmission input shaft and vehicle start to move, but
with someslippage,. Fig. 54-7.

At CRUISING SPEEDS,the impeller and turbine
spin at almost the samespeed, with verylittle 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.

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

direction but not the other. See Fig. 54-8. Thestator
mounts on the clutch mechanism. Stator actionis only
needed when the impeller and turbine are turning at j
different speeds.

The one-way clutch locks the stator when the im-
peller 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 con-
verter can act as several different gear ratios to alter
torque output. Torque can be doubled by the converter
undercertain conditions.

Torque multiplication occurs when the impeller is
spinning FASTERthan the turbine. For instance,if
the engine is accelerated quickly, the engine and im-

STATOR AND
OVERRUNNING

CLUTCH ASSEMBLY

 
THRUST
BEARING

ASSEMBLY

TURBINE CONVERTER PUMP
ASSEMBLY ASSEMBLY

Fig. 54-8. Lock-up torque converteris conventional converter with a friction pressure plate added. The pressure plate can be
used to lock turbine to converter housing, eliminating slippage and increasing fuel economy. (Oldsmobile)
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peller rpm might increase rapidly while the turbine is
almost stationary. At this time, torque multiplication
would be maximum. Whenthe 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-
jing 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 someslippage 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, oilis
channeled to the converter piston. The piston pushes
the friction discs together to lock the converter. The
torsion springs help dampen engine powerpulses 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.

IMPELLER

 
 
 

CLUTCH
APPLY
PISTON

TRANSMISSIONTor
SIONAL INPUT SHAFTISOLATOR

SPRINGS

CLUTCH
FRICTION

 
 

TURBINE IMPELLER

x STATOR
ASSEMBLY

- ‘ FRONT PUMP
wa ASSEMBLY

a 7

DIRECTION OF
OIL FLOW
 
 
  

 
 
 
 

 

FLYWHEEL
OR FLEX _

PLATE ™|

ENGINE
CRANKSHAFT

STATOR
OUTPUT

TRANSMISSION%
ENGINE ROTATION INPUT SHAFT

Fig. 54-10. Transmission input shaft extends through stator
support. Shaft is splined to turbine. Also note how stator

mounts on one-way clutch. (Ford)

An automatic transmission imput 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 splinesfit 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 samecenterline 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
THROUGH FRICTION

CLUTCH

 
OUTPUT OUTPUT -

 

LOCK-UP
CLUTCH B

NON LOCK-UP POSITION
(PISTON RELEASED) Cc

LOCK-UP POSITION
(PISTON ENGAGED)A SURFACE

Fig. 54-9. Lock-up torque converter operation. A — Parts of lock-up converter. 8 — In lowergears, nooilpressure acts on clutch
“pply piston. Torque converter operates like conventional unit, impeller drives turbine. C — In high gear, oil is transferred into
Piston chamber. Clutch apply piston forces friction surfaces together. Turbine is mechanically lacked to converter housing and

impeller. Crankshaft drives transmission input shaft directly, without slippage.
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GEARSET
OVERRUNNING |

PLANETARY CLUTCHGEARSET

  

  

 
 

 
OUTPUT
SHAFT

,a
slikA14.

 

STATOR
OVERRUNNING ~

CLUTCH

Fig. 54-11. Study location of gearsets and holding devices. Ciutches, bands, and rear one-way clutch operate gearsets. Other
one-wayclutch operates torque converter stator. (Ford Motor Co.)

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. PLANET PINIONGEARS

PLANETARY GEARS

A planetary gearset consists of a sun gear, several Gear
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
becauseit refers to our solar system. Just as our planets
(Earth, Jupiter, Mars) circle the sun; the planet gears
revolve around the sun gear. SUN GEAR

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

sion will commonly use two or more planetary gearsets. eS)By holding or releasing the components of a =
planetary gearset, it is possible to: LANES

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

2. Increase output speed while lowering torque

(overdrive). aide

 
 

PLANET
PINION

CARRIER

‘ : PLANET PINION
. Reverse output direction (reverse gear). GEAR CARRIER

4. Serve as a solid unit to transfer power (one-to-one
ratio).

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

 
le

Fig. 54-12. Simplified planetary gearset. Planet gears fit be
tween ring gear and sun gear. Planet gears are mounted on
planetcarrier. Gears are always in mesh, making a compact,

. strong, and dependable assembly. Name (planetary gears)1S |
Planetary reduction derived from how planet gears revolve around sun geat, like

One method of obtaining a gear reduction and torque 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,
put NOT as fast. As a result, more torque is applied
to the output member(planet carrier) and outputshaft.

Gear reduction can also be producedin 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 powerthe
sun gear. The sun gear spins faster than the carrier.
Torque is lost but speed is increased.

PLANET GEARS RING GEAR
WALK DRIVEN (INPUT)AROUND SUN    

    

 
  

i
(f

i  

  ANNAN
i

MTT PAs TTD
SUN GEAR ——

HELD PLANET CARRIER
A OUTPUT

RING GEAR
OUTPUT

  
  
  
  
 

SUN GEAR
DRIVEN

 

 EW NAAN
 
 

CARRIER
HELD

¥ OUTPUT

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 membersare 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 transmissionis plac-
ed in neutral or park.

Compound planetary gearset
A compound planetary gearset combines two

SUN GEAR

PINION CARRIER
DRIVEN
 

RING GEAR
OUTPUT

cS PLANET CARRIERLOCKED

 
 
 

 
 

SUN GEAR
LOCKED

 

 DIRECT OUTPUT
AT RING GEAR

Fig. 54. 13. Study how different planetary gearset members can be held to provide different gear ratios and reverse. A — Simple
gar reduction. Sun gearis stationary. Ring gearis driven. Planetcarrier 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
feverse 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 gearset are held, or by driving any two members from same input.
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PLANETARY OUTPUT FORWARD SUN GEAR

 
 

 
PLANETARY LONG PINIONCARRIER

/ REVERSE

GEAR

SHORT
PINION

Fig. 54-14. Compound planetary gearsetacts 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 housingor ring gear. It may have
two sun gears or a long sun gear to operate twosets
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 twosets of planet gears
on the same ring gear. This type is common.

A compoundplanetary gearsetis used becauseit can
provide more forward gear ratios than a simple
planetary gearset.

CLUTCHES AND BANDS

Automatic transmission clutches and bandsare 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. 54-1 and 54-1]

Multiple disc clutches
A multiple disc clutch has several clutch discs that

can be used to couple or hold planetary gearge}
members. As shown in Fig. 54-15, the front chute,
assembly usually drives a planetary sun gear. The next
clutch transmits powerto 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 diameterthat
engage the clutch hub. See Fig. 54-15.

The driven discs are steel plates that have outertabs
that lock into the clutch drum. A driven discfits be-

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

The clutch applypiston slides back and forth inside
the clutch drum to clamp the driving and driven dises
together. Seals fit on the piston to preventfluid leakage
during clutch application.

The pressure plate serves as a stop forclutch discs
whenthe piston is applied. The piston pushes thediscs
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 RING SNAP RING
(WAVED)

Fig. 54-15. Study construction of clutch assembly from automatic transmission. Clutch parts and hubfit inside clutch drum.
Also note difference in clutch discs. Driving discs are splined to hub. Driven discs are locked in drum by tabs.
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clutch operation
When oil pressure is blocked from the piston, the

return spring pushesthe clutch discs apart, Fig. 54-16A.
Poweris nO longer transferred through the clutch. The
driving and drivendiscs are free to turn independently.

During clutch engagement, oil pressure is routed into
the clutch drum. Shownin Fig. 54-16B, oil pressure
acts on the large piston. Thepistonis then forced into
the clutch discs. Friction locks the driving and driven
discs together to transfer power through the clutch
assembly.

PISTON
RETRACTED SPRINGS HOLD PISTON

AWAY FROM
CLUTCH DISCS

 
PRESSURE NO POWER INPUT SHAFT
Low TRANSFER AND CLUTCH

THROUGH CLUTCHES HUB ROTATETO DRUM

PISTON FORCED
INTO CLUTCH DISCS

  
  

  

 
 

     

4 Na
Avi Sy

Hh
WNil

 

 
ee

PPEFRAN

OIL PRESSURE
ENTERS CLUTCH DISCS LOCKED AND

TRANSFER POWER TO DRUM

PG. 54-16. Basic clutch operation. A — Nooilpressure enters
Mum. Springs holdpiston away from clutch discs. Input shaft
feutchhub and driving discs but driven discs and drum
bre” Stationary. B — Oil is routed into clutch drum. Oil
ire Sure pushes piston into clutch discs, forcing discs into

““Ssure plate, This locks discs, hub, and drum together. Power
's then transferred from input to drum.

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

transfer powerto 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
GEARSET

    

  
OUTPUT
SHAFT   

Fig. 54-17. 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 gear. Also
note band used to hold front drum and sun gear stationary.

(Ford)

ADJUSTING SCREW
AND LOCKNUT STEEL BAND

BAND LINING

Fig. 54-18. Band is stee/ 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 bands. Fig.
54-19 showsthe. parts of a band and servo assembly.

Band and servo construction

A bandis a steel strap with Jining (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
a cylinder machinedin the transmission case. Rubber
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 bandis an-
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
cylinder. :

Transmission band operation
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 on
one end of the brake band,as in Fig. 54-20.

ANCHOR
PIN

BRAKE BAND

BAND ACTUATING
ROD

SNAP RING

SERVO PISTON

PRESSURE
CHAMBER

BAND
ADJUSTING

SCREW

LOCKNUT

Fig. 84-20. Servo piston and band action. Whenoilpressure enters servo pressure chamber, servo piston
slides up in cylinder. Actuating rod then pushes on band to squeeze band inward on drum.(Fiat)
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Fig. 54-19. Exploded view of band and servo assembly. Note
relationship between parts, (Subaru)
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Since the other end of the band is anchored, the band

tightens or squeezes around the drum. Thefriction
material rubs on the drum and stopsit from turning.
This keeps one of the planetary components from
revolving.

Whentheoil 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 accumulatoris used in the apply circuit of a band

or clutch to cushioninitial application. It temporarily
absorbs someofthe oil pressure to cause slower move-
ment of the apply piston.

OVERRUNNING CLUTCHES

Besides the bands and clutches, an overrunning
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. 54-21 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

t INPUT

OVERRUNNING CLUTCH
ENGAGED

INPUT
TURNING

OVERRUNNING CLUTCH
FREEWHEELING

 
 
 

 
 
 

 

SPOOL
r VALVE
OPEN TO PISTON

PRESSURE LINES
MECHANICAL

WORK OR

ACTUATING PISTONRESERVOIR

Fig. 54-22. Basic hydraulic circuit. Pump drawsoif out ofreser-
voir and forces it through spoolvalve. In this position, spool
valve routes ail ta 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. :

Whenthe 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. 54-27, Overrunning or one-way clutch action A — When driven in one direction, rollers lock between ramps on inner race
4nd on outer race. Both races turn together. This action can also be used to stop movementofplanetary member, for example.

8 — When turned in other direction, rollers walk off ramps. Two races are free to turn independently. (Deere & Co.)

Automatic Transmission Fundamentals 699

BMW v.Paice, IPR2020-00994
BMW1094

Page 56 of 66



BMW v. Paice, IPR2020-00994 
BMW1094 

Page 57 of 66

~ FRONT OjL

 

OIL VALVES IN
PASSAGE VALVE BODY

Fig. 54-23. 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. Theyare often located behind the torque con-
verter or in the valve body.

Lookat 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

 
TRANSMISSION

FLUID (OIL)  (Mercedes Benz)

ROTOR PUMP

REACTION SHAFT OR STATOR SUPPORT

  
 

  

 
 

GASKET

” OUTER ROTOR
O-RING~—OIL PUMP BODY

SEAL RINGS THRUST
WASHER

GEAR PUMP

PUMP BODY PUMP COVER  
OIL SEAL RINGS

DRIVEN GEAR

FRONT OIL SEAL O-RING

Fig. 54-24. Twobasic types of automatic transmission pumps:
rotor and gear. Study similarities and differences. Torque con

verter normally drives pump. (Chrysler and Toyota)
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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 balanceor shift valves. Shift valves then direct oifpressure to correct clutch or handpistons.

Study this diagram carefully. (Nissan)

pan. The pump compressestheoil and forcesit 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,
allowsthe driverto select park, neutral, reverse, or dif-
ferent drive ranges. Whenthegear shift lever is moved,
the shift linkage moves the manualvalve. Asa result,
the valve routes oil pressure to the correct components
i the transmission. Look at Fig. 54-25.

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
ftom the engine intake manifold to this valve.
As engine vacuum (load) rises andfalls, it moves the

phragm inside the vacuum modulator. This, in turn,
Moves the rod and hydraulic valve to changethrottle
“Ontrol pressure in the transmission.In this way, the

vaucum modulator can match transmission shift points
to engine loading.

For example, if a vehicleis 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

aBiren 
TO
 CONTROL PRESSURE ENGINE

THROTTLE VACUUM
VALVE DIREeE SOURCE

Fig. 54-26. Vacuum modulator operatesthrottle valve. Engine
vacuum allows modulator to sense engine load. For 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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SPEEDOMETER
DRIVE GEAR

OVERNOR SHAFT
 

 
 
 
 
 
 
 
 
 

 

PRIMARY WEIGHT
PRIMARY SPRING

SECONDARY CHECK BALL

SECONDARY WEIGHT

PRIMARY CHECK BALL

GOVERNOR
DRIVE GEAR

SECONDARY SPRING

GOVERNOR
DRIVEN GEAR

“S TRANSMISSION
OUTPUT
SHAFT

GOVERNOR
OIL

Fig. 54-27. 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 valves)
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 howtheshift 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 manualvalvesare 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 (gover.
nor valve oil pressure) and gear shift position (manya]
valve oil pressure). The shift valves move according
to these forces and keep the transmission shifted intg
the correct gear ratio for the driving conditions,

Kickdown valve

A kickdown 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.

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

Valve body
Thevaive body contains many of the hydraulic valves

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

DETENT BALL AND SPRING

 
 
 

 
ai

/* THROTTLE LEVER’ ASSEMBLY

~+——— THROTTLE VALVE SPRING

KICKDOWN VALVEBe |KICKDOWN

Co DETENT t
! LINE PRESSURE 4

ADJUSTING SCREW |
© >LINE PRESSURE

REGULATOR SPRING

LINE PRESSURE
REGULATOR VALVE

 
 

 SWITCH VALVE SPRING
 

 pl oe a
SPRING RETAINER AND THROTTLE PRESSURE

ADJUSTING SCREW BRACKET ADJUSTING SCREW

Fig. 54-28. Valve bodybolts to bottom of transmission ease.
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-
sjon case. It is housedin the transmission pan. A filter
or screen is usually attached to the bottom ofthe valve
pody, Fig. 54-29. ,

Passages in the valve body route fluid from the
pump to the valves and theninto 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 makeit 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 amountof 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

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

forces oil through the cooling lines andinto the radiator
tank. Since transmission oil is hotter than the engine
coolant, oil temperature drops. The cooled oil returns
to the transmission through the otherline.

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

OIL OUTLET

includes external oil lines and a cooling tank inside the

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

PARKING PAWL

A parkingpawlis used to lock the transmission out-
put shaft and keep the car from rolling when not in
use. Fig. 54-31 shows its basic action.

 

 
 

 

  

 
 

ea AUTOMATIC
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=~ OIL FILTER
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Fig. 54-29. Oil filter is fastened to bottom of vaive body. It
removes particles of dirt before they can enter hydraulic circuit.

(Chrysler Corp.)

RADIATOR

OL.
COOLER

TANK

 OIL
COOLER
OUTLET

COOLER
INLET

Fig, 54-30. Oi! cooler tank is commonly used in transmission. Oil pump pushes ail through lines and cooler tank to maintain
acceptable off temperature. (Fiat)
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PARKING
GEAR

  
PARKING

PAWL

SHIFT
LEVER

Fig. 54-31. Parking pawl is simply a latch that locks into large
teeth on parking gear. Since paw! is mounted on case, this locks

parking gear and output shaft. (Subaru)
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A — Study parts relating to powerflow.

REDUCTION IN
GEARSET

OVERRUNNING
CLUTCH ENGAGED

 
ry

2.45 °v

INPUT OUTPUTSHAFT SHAFTTURNING
GLICK 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 driveline.

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

AUTOMATIC TRANSMISSION POWER FLOW

The flow of power through an automatic trangmj..
sion depends on its specific design. However, you
should have a GENERALunderstanding of how Power
is transmitted through the major parts of Modern
transmissions.

Fig. 54-32 shows how torque moves from the input
shaft to the outputshaft. This is a typical three-speeg
transmission. Study eachillustration 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 thatuses two input
shafts (turbine shaft and direct input shaft). Trace the
power flow and compareit to the other more conven. |
tional transmissions covered earlier.
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RELEASEDDRIVING GEARSETS

DO NOT }
TRANSFER

POWER

  
 

  
 
  

TURNING
OUTPUT SHAFT

CLUTCHES NOT
DISENGAGED TURNING

B — Neutral. Clutches and bands disengaged. Input shaft and hub turn
but power doesnot flow throughclutches or drum. Output stationary.

FRONT BAND
APPLIED

PLANETARY SHAFT
REDUCTION OUTER   

  
 

 

 

 
aS

| 
 

 
 
 

 

 
TURNING

TURNING

REAR CLUTCH ENGAGED

D — Second gear. Front band applied. Rear clutch engaged. Power
flows through input, hub, clutch, drum, and front gearset to output.Less reduction results.

(Chrysler)

 
BMWv.Paice, IPR2020-00994

BMW1094

Page 61 of 66



BMW v. Paice, IPR2020-00994 
BMW1094 

Page 62 of 66

PLANETARY MEMBERS
TURN AS SOLIDFRONT CLUTCH

ENGAGED

 
OUTPUT

 
ee Sear

TURNING TURNINGAT SAME

REAR CLUTCH SPEEDAS INPUTENGAGED 
 
 

£ — 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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CLUTCH REVERSES ROTATION

ENGAGED OUTPUT
SHAFT
TURNS
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REAR BAND APPLIED

F — Reverse.Front clutch and rear band applied. Powerflows through
clutch, shell, and sun gear to rear planetary gearset which reverses
rotation.
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CLUTCH CLUTCH

OVERRIDE=OVERRUNS eect CLUTCH
BAND APPLIEDHOLDING

Eeee eonS

 
 1.0

TURNS
OUTPUT

   

 

 
DRUM

OVERDRIVE

TURBINE
SHAFT

    
  

 

 
 

SHELL &

REVERSE BuntSUN GEAR RING GEAR AND
eoren DIRECT DRIVE REVERSE GUTHUT SHAET

SHAFT CLUTCH eLANETAAY
   

Fig. 54.33. Powerflow in high gear of modern four-speed automatic with overdrive. Study differences with transmissions already
covered in chapter. (Ford)
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COMPLETE TRANSMISSION ASSEMBLIES

Fig. 54-34 through 54-36 show different types of
automatic transmissions. Study each closely. As you
look at each part, try to remember its function.

Refer to service manuals for more information on
a particular automatic transmission. The manualwill
give hydraulic circuit diagrams, specific illustrations,
as well as detailed operating and construction descrip-
tions for major components.

 TORQUE
ONVERTER 

  
 

 
 
 

RING
GEAR

STATOR
ASSEMBLY

FLEX
PLATE

INPUT SHAFT

AUTOMATIC TRANSMISSION
ELECTRONIC CONTROLS

Many new vehicles use the on-board computerto help
control transmission shift points and monitor transmis.
sion operation. A simplified diagram ofanelectronic
control system is given in Fig. 54-37.

The computertypically monitors engine speed, loaq
throttle position, transmission output shaft speed, eear
shift position, and other variables. It can then provide

  
PLANETARY EXTENSIO sas

GEARSET Z N HOUSING
REAR
SEAL

 

4
OUTPUT
SHAFT

OVERRUNNING
CLUTCH

=
BAND

SHELL

  
 

 
SPEEDOMETER

CABLE
DRUM

Fig. 54-34. This is a three-speed automatic transmission. Study part locations. Can you recall their function?
(Dodge)

 
5
G — Front planetary gear setA — Turbine

B — Stator H — Rear planetary gear set
C — Impeller | — Lowerand reverse band
D — Oil pump J — Overrunning clutchK — Governor

L— Bearing
E — Front clutch
F — Rear clutch

Fig. 54-35. Cutaway of Chrysler Torqueflite transmission. Compare it to the transmission in previous illustration.
(Chrysler Corporation)
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ee
R — Sun gear driving shaft
S — Valve body
T — Parking lack assembly
U — Extension housing
V — Bushing

M — Output shaft
N — Seal
O — Input shaft
P — Kickdown band
Q — Oil filter
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Fig. 54-36. Cutaway view shows internal parts of an all-wheel automatic transmission. (Subaru)
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fontrol for transmission shift points, torque converter
lockup, ignition timing, fuel injection timing, emission
‘ontrol system operation, and other functions. This
‘eps the transmission and other engine systems func-

ioning at maximum efficiency.

 ~«— KICKDOWN
SENSOR

Fig. 54-37. 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 betweenthe pulley sets. This
arrangementtakes 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

SPRING-LOADED DRIVENPULLEY 

 
  

 

PULLEY PUSHED
TOGETHER

' CENTRIFUGAL
WEIGHT

HOUSING
TURNING

SLOWLY, PULLEY
HALVES SPREAD OPEN

 
  

SMALL
DRIVE

PULLEY

Fig. 54-38. Basic action of continuously variable transmission. Centrifugal weights in housing cause pulley diameters t0 change
with vehicle speed. Two drive belt mechanisms are commonly used on automobiles. A — Uponinitial acceleration, drive pulley
has small diameter and driven pulley has larger diameter. This provides gear reduction for rapid acceleration. B — AS
pulley speed increase, centrifugal weights push one pulley together, increasing its diameter. This increases belt tension,

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 more
vehicle speed. i

A CVTtransmission is used in some foreign Makes
andis being experimented with by many U.S. manufac.
turers. It is capable of increasing fuel economy approx.
imately 25 percent because it keeps the engineatits
most efficient operating speed. Engine rpm can be kept
relatively constant. The engine does NOThaveto ap.
celerate through each gear. The result is an almogt
perfectly smooth increase in vehicle speed.

KNOW THESE TERMS  
 
 
 
 

 

 
 

 

Converter housing, Case, Extension housing, Torque
converter, Impeller, Stator, Turbine, Lock-up con-
verter, Overrunning clutch, Torque multiplication,Stall
speed, Stator support, Planetary gearset, Multiple disc
clutch, Clutch piston, Drum, Hub, Shell, Band, Seryo,
Oil pump, Pressure regulator, Manual valve, Kickdown
valve, Valve body, Accumulator, Automatic transmis-
sion fluid, Transmission cooler, Parking pawl,
Automatic transmission electronic controls, Con-
tinuously variable transmission.

B — CRUISING SPEEDS
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REVIEW QUESTIONS

1. List and explain the eight major parts of an
» automatic transmission.

3. An automatic transmission uses the following
methods of transferring power.
a. Friction.
b. Fluids.
c. Gears.
d. Ali of the above.

= . None of the above.
=. 3. Describe the four maior housings or components

*. of an automatic transmission.
4Aisa fluid clutch that

' provides a means of coupling and uncoupling the
=. engine and transmission.
==. 5, Which of the following is NOT part of a torque

=. converter?
a. Band.
bo. Stator.

c. Impeller.
d. Turbine.

Oo

 

 
 
 
 
 
 
 

 
i refers 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__i,
and a gear.

. List five functions of a planetary gearset.

11.

12.
13.
14.

15,

16.

17.

18.

19.

. Engineoil is compatible with the friction material

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?

An is 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 oif pump in an automatic
transmission.

This valve senses engine speed (transmission out-
put shaft rpm) to help control gear shifting.
a. Vacuum modulator valve.
b. Governor valve.

c. Regulator valve.
d. Manual valve.
How dothe shift or balanced valves work?

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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