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Unit One
Engine Operating Principles

Most automobile engines are internal combustion, reciprocating 4-stroke gasoline
engines, but other types have been used, including the diesel, the rotary (Wankel), the 2-
stroke, and the stratified charge.

Reciprocating means “up and down” or “back and forth”. It is the up and down action of
a piston in the cylinder that produces power in a reciprocating engine. Almost all engines of
this type are built upon a cylinder block, or engine block. The block is an iron or aluminum
casting that contains engine cylinders and passages called water jackets for coolant circula-
tion. The top of the block is covered with the cylinder head, which forms the combustion

chamber. The bottom of the block is covered with an oil pan or oil sump.
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Fig. 1-1 The engine construction.

1—cylinder head 2—piston 3—spark plug 4—intake valve 5—exhaust valve 6—lifter
7—camshaft gear-wheel 8—crankshaft pulley 9—crankshaft timing gear 10—camshaft
11—crankshaft 12—oil pan 13—flywheel 14—connecting rod 15—cylinder block
Power is produced by the linear motion of a piston in a cylinder. However, this linear
motion must be changed into rotary motion to turn the wheels of cars of trucks. The piston
is attached. to the top of a connecting rod by a pin, called a piston pin or wrist pin. The
bottom of the connecting rod is attached to the crankshaft. The connecting rod transmits the
up-and-down motion of the piston to the crankshaft, which changes it into rotary motion.
The connecting rod is mounted on the crankshaft with large bearings called rod bearings.
Similar bearings, called main bearings, are used to mount the crankshaft in the block.
Shown in Fig. 1-1.



The diameter of the cylinder is called the engine bore. Displacement and compression
ratio are two frequently used engine specifications. Displacement indicates engine size, and
compression ratio compares the total cylinder volume to compression chamber volume.

The term "stroke” is used to describe the movement of the piston within the cylinder, as
well as the distance of piston travel. Depending on the type of engine the operating cycle may
require either two or four strokes to complete. The 4-stroke engine is also called Otto cycle
engine, in honor of the German engineer, Dr. Nikolaus Otto, who first applied the principle
in 1876. In the 4-stroke engine, four strokes of the piston in the cylinder are required to
complete one full operating cycle. Each stroke is named after the action it performs intake,

compression, power, and exhaust in that order, shown in Figl-2.
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Flg 1-2 The Your strokse cycle
a)intake stroke  b)compression stroke c)power stroke d)gxhaust stroke

1. Intake stroke ’ ,

As the piston moves‘ down, the vaporized mixture of fuel and air enters the cylinder
through the open intake valve. To obtain the maximum filling of the cylinder the intake valve
opens about 10° before t.d.c. , giving 20° overlap. The inlet valve remains open until some
50°after b. d.c. to take advantage of incoming mixture.

2. Compression stroke .

The piston turns up, the intake valve closes, the mixture is compressed within the
combustion chamber, while the pressure rise to about 1MPa, depending on various factors
including the compression ratio, throttle opening and engine speed. Near the top of the
stroke the mixture is ignited by a spark which bridges the gap of the spark plug.

3. Power stroke

The expanding gases of combustion produces a rise in pressure of the gas to some 3. 5
MPa, and the piston is forced down in the cylinder. The exhaust valve opens near the
bottom of the stroke.

4. Exhaust stroke

The piston moves back up with the exhaust valve open some 50° before b. d. c. » allowing
the pressure within the cylinder to fall and to reduce ‘back’ pressure on the piston during the
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exhaust stroke, and the burned gases are pushed out to prepare for the next intake stroke.
The intake valve usually opens just before the exhaust stroke.

This 4-stroke cycle is continuously repeated in every cylinder as long as the engine
remains running.

A “2-stroke” engine also goes through four actions to complete one operating cycle.
However,*the intake and the compression actions are combined in one stroke, and the power
and exhaust actions are combined in the other stroke. The term 2-stroke cycle or 2-stroke is
preferred to the term 2-cycle, which is really not accurate.

In ?ufomobile engines, all pistons are attached to a single crankshaft. The more cylin-
ders an engme has, the more power strokes produced for each revolution. This means that
an 8-cylinder engine runs more smoothly because the power strokes are closer together in
time and in)degrees of engine rotation.

The cylinders of multi-cylinder automotive engines are arranged in one of three ways.

1) Inline epgines use a single block of . cyiinder. ‘Most 4-cylinder and any 6-cylinder
engines are of this design. The cylinders do not have to be vertical. They can be inclined to
either side.

2)V-type engmes use two equal banks of cylinders, usually inclined 60 degrees or 90
degrees from the each other. Most V-type engines have 6 or 8 cylinders, although V-4 and
V-12 engines have been built. -

3) Horizontally opposed or “pancake” engines have two equal banks of cylinders 180
degrees apart. These space saving engine designs are often air-cooled, and are found in the
Chevrolet Carvair, Porsches, Subaus, and Volkswagens. Subaus’ design is liquid cooled.
Late-model Volkswagen vans use a liquid-cooled version of the air cooled VW horizontally

opposed. engine.
New Words

1.internal [in'tanl] adj. HEH 11. attach [a'teetf] v. HiE
2.combustion [kambastfon] n. #R%s, 12.pin [pin] n. B
s : - 13. wristpin ['ristpin] n. #F

3. reciprocating [ri'siprokeitin] n. #&
® 3l |

4. stratified ['streetifaid] adj. BEBXH

5.cylinder ['silinde] n. &&L, W EL

6.iron ['aion] n. &, H#5

7. aluminum [o'ljuiminem] n. 48,4845

8. casting [ 'ka:stiy] n. &

9. passage ['paeséidg] n. HOK,R)iH

10.inline ('inlain] adj. B ZRH9,—%8Y,HE
LAY

14. transmit [treenz'mit] v. ¥R, &5,
&4 ' V

© 15. mount [maunt] v. Z¥,HE, KR

16. bearing ['bearin] n. #&, ¥ &KE
17. crankshaft ['kreepkfaift] n. g
18. diameter [dai'semito] n. HR

‘19. bore [bo:] n. W
- 20. displacement [dis'pleismant ]

n. 5B, KELTESE
21. specification [spesifi'keifon] n. ¥



22.
23.

4

stroke [strouk] n. 178, HE
intake ['inteik] v. #%

32.ignite [ig'mait] v. fK,BR5E
33.spark [spack] n. k7E, 8 X, N
34.gap [geep In. [E]BR,ZEBR, KL B

24. compression ['komprefoan] n. E45
25. power [paua] v. {ETf 35. combine [kam'bain] v. B4, BE
26. exhaust [ig'zoist] v. HEX 36.incline [in'klain] v. 5%}, TR
27.valve [veelv] n. ®I7,5K|7] 37.apart [a'pait] adv. HFE,4FF
28.overlap [ouva'lep] n. FHS|THHE 38.version ['va:fon] n. R, FER, WL
K E BT B B ) 39. horizontally [ hori'zontli] adv. /K¥
29.inlet ['inlet] v. #K,FHKO,B(A i, B il
30.t.d.c. ol Y- 40. oppose [a'pouz] v. FXt
b.d.t. TFIlE&A
31. throttle ['6rotl] n. FRITUBKKITD
Phrases and Expressions
1. build upon Ff«seee FICTF v , 9. push out HEH
R Teeevee 10. up and down ETF
2. water jacket /KIE 11. depend on BT, K
3. cylinder block & T4k 12. in honor of [f]-««+- EriE
4. combustion chamber BRBER 13. compression ratio 45 H,
5. 0il pan(oil sump) WK, & 14, be forced down #EF
6. rotation motion BEFEiE 3 15. either+-+ors+» f--e=-» I eeenns
7. connecting rod #HH 16. the more-+*the more«+ #+seeesfheereee
8. spark plug k£ %

Notes to the Text

1. The block is an iron or aluminum casting that contains engine cylinders and passages called

water jackets for coolant circulation.

SELA R 1 BB 6 L R, R A LIRS, R 5K IE K BB R

2. In the 4-stroke engine, four strokes of the plston in the cyhnder are required to complete

one full operating cycle.

EEWER SIS, BE Imf?‘ﬁﬁﬂém&—'/f“lﬂiﬁﬁ

3. To obtain the maximum filling of the cylinder the mtake valve opens about 10° before t. d.

c. , giving 20° overlap.

AT EHSTER i&ﬁl]é?ﬁgﬂﬁilt RZHY 10"?I5FF @Jﬁ‘il‘ﬁﬂﬁ?‘il]ﬁ 20°
MITHESA.

4. The more cylinders an engine has, the more power strokes produced for each revolution.

AP [ERE , SROEDITRRREK.,
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Exercises

1. Answer the following questions
1)How many types of engines have been used? What are they?
2)How does the combustion chamber form?
3)How does the linear motion of the piston change into rotation motion?
4)What is the displacement?
5)What is the compression ratio?
6)What does the “stroke” mean?
7)What factors does the pressure rising in the cylinder depend on?
8)Describe the four strokes.
9)How does the two-stroke engine work?
10)How the cylinders of multi-cylinder automotive engines are arranged?

2. Translate the following into Chinese

1)internal combustion 2)build upon

3)mount on ' ' 4)as well as

5)either two or four 6)one full operation cycle

7)bridge the gap of the spark plug 8)be forced down

9)push out : 10)be attached to
3. Translate the following into English

DRMR 3L DHESTIAMHST

D KEER K ' DEHEH

S EHTE O IRBES

DIRBEE : B BE

OF 2 iRk, 25! o CAOHSEE

4. Translate the following passages into Chinese

1)Power is produced by the linear motion of a piston in a cylinder. However, this linear
motion must be changed into rotation motion to turn the wheels of cars or trucks.

2) Displacement and compression ratio are two frequently used engine specifications.
Displacement indicate engine size, and compression ratio compares the total cylinder
volume to compression chamber volume.

3)This 4-stroke cycle is continuously repeated in every cylinder as-long as the engine
running. ‘ . : ST TN T o S

4)A " 2-stroke” engine also goes through four actions to complete one operating cycle.
However, the intake and the compression actions are combined in one stroke, and the
power and exhaust actions are combined in the other stroke. = ... oy

5)The more cylinders an engine has, the more power strokes produced for edch revolu-
tion. This means that 8-cylinder engine runs more smoothly because the power strokes

are closer together in time and in degrees of engine rotation. . 2



5. Translate the following into Chinese
Modern Combustion Chamber Design

Engineers have worked with combustion chamber designs since the automobile was first
invented. In the years before exhaust emission controls, much of the experimentation and
design work was done with racing engines in an effort to make them go ever faster. The need
to reduce exhaust emission, however, refocused attention on the combustion chamber.
Efforts were made to promote rapid, uniform burning of the air-fuel charge to control
emissions and improve fuel economy.

Combustion of the air-fuel charée in a cylinder is not an instantaneous explosion, but
rather, a controlled burning of the charge by the spark from the spark plug. When the spark
ignites the air-fuel mixture, a flame front spreads out across the combustion chamber to
consume the mixture. Movement of the flame front is called burn time and requires about 3
milliseconds.

However, combustion chamber design, temperature, pressure ,and gasoline quality can
combine to cause an unwanted explosion or detonation of the air-fuel charge before the flame
front reaches it. In the ideal combustion chamber design, the entire air-fuel charge would
burn completely, leaving no unburned areas to be exhausted and eliminating the possibility
of detonation. In actual practice, however, there is always some part of the mixture that
does not completely burn. ,

Current combustion chamber design favors the fast-burn or high swirl combustion

chamber in which the combustion process is completed in a shorter period of time.

Reading Material
The History and Major Development of Automobile

As early as 1600, the Dutch, no strangers to wind power; had built a wind-powered ,
sail-mounted carriage. These cariages were reported to hold several passengers and move at
speeds as high as twenty mph. However, they were probably the first read land vehicles to
move under power, other than that of animals or human muscle.

In 1700s, a French man, Jacques de Vacanson, built a vehicle which was powered by an
engine based on the working of a clock. What he neglected to calculate was that any clock
which was capable of moving a vehicle with passengers would have to outweigh the load it
was carrying, even winding such a clock motor would take great time and greater effort'than
it was worth. :

Inventors in England, France, Germany' and other countries worked on the idea of a
compressed-air engine, but they were unable to find the solution to self-propulsion in this
means. However, in their efforts, they contributed significant individual elements to the

picture; elements like valves, pistons, cylinders, and connecting rods, and an emerging idea



of these elements related to each other. The first invention that can truly and logically be
called an "automobile” was heavy, three-wheeled, steam driven, clumsy vehicle built in 1769
by Captain Nicolus-Jesph Cugnat, a French Army Engineer. It can still be seen in the Paris
Museum, where it is displayed with proper national pride.

Thomas Savery, an English engineer, had given the world the first steam engine in
1698. This engine was crude, inefficient, and blew up at intervals. Thomas Newcomen, an
English black smith in 1711, turned out a better, less dangerous version of the engine. Then
in 1769, James Watt, a Scottish instrument maker, had patented a truly improved steam
engine that become widely used in British mills, mines and factories.

In 1864, in Austria, Siegfried Marcus built one-cylinder engine that used a primitive
carburetor and magnet arrangement to create small explosions that applied alternating
pressure against the piston with the cylinder; In 1875, he built his second gasoline powered
vehicle, which is preserved in the Technical Museum in Vein.

In 1876, in Germany, Langen and Nikolaus August Otto, improved Marcus’s engine
and introduced the first workable-4-stroke internal combustion gas engine after many years
of experimental work. But Wilhem Daimler produced a more efficient 4-stroke gasoline
engine in 1883, and successfully mounted the engine on a sturdy bicycle.

In the 1920-1940 period, the main components of the cars were well designed and
efficient, and a variety of accessoried were introduced, such as reverse lights, radios,
automatic chokes, windshield wipers and chrome-plated ‘trims. Since world war II, most
vehicles are fitted with the magnetic speedometer. Tires, until the 1920s, were of narrow
cross section and ran at relatively high air pressures, the tires alone would not provide much
comfort, however, between the wheel and the body of the car it is necessary to have springs,
and the semi-ellipiic multi-leaf spring was an early development. Leaf springs are still widely
used on cars, especially on the rear axles.

Power breaks were gradually introduced on road vehicles from the 1940s on. Shock
absorbers become hydraulic and telescopic consisting of a piston inside a sealed cylinder, one
attached to the chassis and the other to the axle. s S .

A great development of transistors during the 1950s led to the introduction on semicon-
ductor ignition systems, which use electronic switching systems to control the ignition coil.

Disc brakes, less prone to failure from over-heating than drum brakes s at last become
widely accepted, over half a century after Lan Chester’s original designed was patented.

Mechanical improvements brought higher speeds, better road holding, braking and
acceleration, but many countries began to introduce laws which restricted the maximum
speed of vehicles in 1960s. Cars had to be built to comply with the strict new safety and anti-
pollution laws of the United States, which were gradually adopted by many other countries.

Automatic transmission, power breaks and power steering gained: wide 'spread -accep-
tance. The electric systems, which had more and more heavy load to handle, was improved

by the introduction of the alternator to replace the dynamo, and the use of circuit breakers



instead of fuses.
One important development in engine design was the invention of the Wankel engine,

which has a single three-lobe rotor instead of the conventional pistons and crankshaft. The
first one was made in 1957, by Felix Wankel of Germany and in 1964, the NSU company
brought out the Wankel-engine “Spider”, and a few years later, the R80, the prototype
Mercedes CIII and several Japanese Mazda cars also have Wankel engines, that are light,
compact, powerful, and smooth running.

Computer, play an important role in car construction now, as in everything else. The
purchasing department is in charge of making sure that the glass, rubber, steel and
everything else is on hand in the required amounts, and computers keep track of it all. It is
only natural for automobile manufacturers to installed on-board computers into cars, it is
after all, the only practical method of monitoring all the engine variables at once. The
on-board computer receives its information from the various sensors located near or on the
engine and processes the signals to adjust the fuel mixture, timing and the other elements.

The process is continuous as long as the engine is running.

New Words

1. wind-powered ['windpauad] n. R 7#-
K3

2. sail-mounted ['seilmauntid]
HWER

3. carriage ['keeridz] n. ZEH

4. vehicle ['viiikl] n. %

5

6

adj. ¥4

. calculate ['keelkjuleit] v. I+ H,HBE

.outweigh [aut'wei] v. E®EN,
Hﬁu.‘...g .

7.solution [sa'lu:fen] n. B, 4

8. self propulsion ['selfpra'palfon] n. BfF
K3 TR

9. contribute [kon'tribjuit] v. Jfeeeer

HRREEH

10. clumsy ['klamzi] adj. SH#Hi, AR % |

11.crude [kru:d]. adj. MR, ERBH
12. inefficient [ini'fifont] adj. {EZEH
13. carburetor ['ka:bjureta] n. k3%
14. magnet ['meegnit] n. B4

adj. X

15. alternating ['o:ta:neit]]

i)

16. accessory [sk'sesari] n. [, %88)
B& :
17.reverse [ri'ves] adj. FHEH

- 18.choke [tfouk] n. EHRAIT.FHE]

19. tire [taia] n. BB

20. semielliptie [;semii'liptik] adj. 2H
1) :

21. hydraulie [hai'dro:lik] adj. ¥ 8y

22. telescopic [stelis'kopik] . adj. HHEE

23.chassis ['fasi]- n, B/, EHR

_ 24. semiconductor [‘semikon'dakta]

n. KK, REE

¢ 25.patent ['peitont] w. EBeree- G FIA
= 26.restrict [ris'trikt] - v. FE##H

27. anti-pollution ['entipa'lu:fon]

| 28. adopt [o'dopt] - v. M, R&

29. altemator ['o:dtoneite] n. PR HH
30. dynamo ['dainemaul] - n. B X HHL
31. compact {kam'paekt] v.ZEHEE
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3
4
5
6.
7
8
9

Phrases and Expressions

. based on P eeeee R Lheeeees 11. Wankel engiﬁe TEFER K3
R TR e eee 12. take great time and greater effort

. blow up @4k TETE B B B ] A
.turn out A=, #EH 13. an emerging idea of B KR H e e
. windshield wiper Flj7K#% R oLk
. chrome-plated trims 4% 1545 14. make sure BiA

magnetic speedometer BERRE R 15. keep track of FRE:
. multi-leaf spring {45 3 & 16. three lobe =4 £y
.rear axle J5#f 17. bring out 4= H
- shock absorber W, 1% 4% 18.0on hand ZE¥ig 2> &

10. comply with #R#E

Notes to the Reading Material

. What he neglected to calculate was that any clock which was eapable of moving a vehicle

with passengers would have to outweigh the load it was carrying, even winding such a

clock motor would take great time and greater effort than it was worth

f&"ﬁﬁ&%Tﬁﬁﬁ4‘ﬁZB§ﬁ#7iﬁbﬁﬁﬁEﬁ§M Uit 8 KE%E#&‘J bt R B L
LEETE R Z 0 RO RN : f

. However, in their efforts, they contributed sxgmﬁcant mdw:dual elements to the picture;

elements like valves; pistons, cylinders, and connectmg rods, and ‘an emerging idea of

these elements related to each other. ‘ CTw

R, ZEMR I AT, Xﬁiz;bm%%ﬁﬁf* ﬁﬂﬁl‘] ?%% SEMEFSELT BF
RITTRR, BRI T &84 Z R R 1 .

. It is only natural for automobile manufacturers to installed on-board computers into cars,

it is after all, the only practical method of monitoring all the engine variables at once.
FRHBINENE RESARELRBARNE, Eﬁxﬁ%ﬁﬁiﬁﬂlﬁ-ﬂ'aﬁﬁﬁ
BT —F RN k.

.In the 1920-1940 period, the main components of the cars were well ‘designed and

efficient, and a variety of accessories were introduced, such as reversed hghts, radios,

automatic chokes, windshield wipers and chrome-plated trims.
¥ 1920 483 1940 (], ME L BN R H - ZETH, ﬁﬂa‘ %ﬁ%ﬁb%ﬁ%
HM 0, A ERRLT G FL B BERT, E'Jﬂ(%ﬁﬁ%%ﬁﬁ%



Unit Two
Engine Construction

Cylinder Block
The cylinder block is cast in one piece. Usually, this is the largest and the most

complicated single piece of metal in the automobile. :

The cylinder block is a complicated casting made of gray iron (cast iron) or aluminum.
It contains the cylinders and the water jackets that surround them. To make the cylinder
block, a sand formcalled a moldis made. Then molten metal is poured into the mold. When
the metal has cooled the sand mold is broken up and removed. This leaves the rough
cylinder-block casting. The casting is then cleaned and machined to make the finished block.

Fig. 2-1 shows the a finished cylinder block.

Fig. 2-1 A cylinder block
1—cylinder head gasket 2—piston head 3—cylinder liner 4—cylinder block 5—cylinder

6—valve seat 7—water cooling line 8—intake and “exhaust valves 9—valve chamber

Cylinder blocks for diesel engines are very similar to those for spark-ignition engines.
The basic difference is that the diesel-engine cylinder block is heavier and stronger. This is
because of the higher pressures developed in the diesel-engine cylinders.

Several engines have aluminum cylinder blocks. Aluminum is a relatively light metal,
weighing much less than cast iron. Also, aluminum conducts heat more rapidly than cast
iron. This means there is less chance for hot spots to develop. However, aluminum is too
soft to use as cylinder-wall material. It wears too rapidly. Therefore, aluminum cylinder
blocks must have cast-iron cylinder liners or be cast from an aluminum alloy that has silicon
particles in it.

Some manufactures make an aluminum cylinder block that does not have cylinder liners,

or sleeves. Instead, the aluminum is loaded with silicon particles. Silicon is a very hard
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material. After the cylinder block is cast, the cylinders are honed. Then they" are treated
with a chemical that etches eats away the surface aluminum. This leaves only the silicon par-
ticles exposed. The piston and rings slide on the silicon with minimgum wear.

Piston SN

The piston converts the potential energy of the fuel into the kinetic energy that turns the
crankshaft. The piston is a cylindrical shaped hollow part that moves up and down inside the
engine’s cylinder. It has grooves around its perimeter near the top where the rings are
placed. The piston fits snugly in the cylinder. The pistons are used to ensure a snug “air
tight” fit. See Fig. 2-2.

The piston in your engine’s cylinder are
similar to your legs when you ride a bicycle.
Think of your legs as pistons; they go up and
down on the pedals, providing power. Pedals are
like the connecting rods; they are “attached” to
your legs. The pedals are attached to the bicycle
crank which is like the crank shaft, because it
turns the wheels. ’

To reverse this, the pistons (legs) are
dttached to the connecting rods (pedals) which
are attached to the qrankéhaft (the bicycle rank).
The power from the chbiistion in the cyiihdefs
powers the piston to puéil the connecting rods to
turn the crankshaft.

Connecting-rod

The connecting rod shown in Fig. 2-2 is made
of forged high-strength steel. It transmits force

and motion from the piston to the crank-pin O_ﬁ Fig.2-2 A Piston and a Connecting-rod

the crankshaft. A steel piston pin, or “wrist 1’27b°mpf°§sf.°n,*i‘"g’ 3"2°‘l rings. :.4_pi“.°n
pin”, connects the rod to the piston. The pin usu- 'r:;::;?::‘ns;i:;‘:::‘:?z::::;::;ﬂ:;
ally is pressed into the small end of the connect- ., 10—connecting rod nut 11,12—crank
ing-rod. Some rods have a lock bolt in the small bearing half shells * 13—tohnecting rod cap
end. As the piston moves up and down in the cylinder, the pin rocks back and forth in the
hole, or bore, in the piston. The big end of the connectiiig rod is sttached to a cranik-pin by
a rod bearing cap. ‘ g

+ Connecting rod and rod-bearing caps‘ax.'e assembled during manufacture. Then the hole
for the bearing is bored with the cap in place. This is called liﬁé¥bbfin’g. Tt makes each rod
and its cap a matched set. Usually, ”;the same number is stamped ‘on the réd and cap. This
prevents the caps setting mixed during engine service. If the caps are mixed, the bearing

bore will not be round. An engine assembled with the rod-bearitg caps switched will
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probably lock the crankshaft. If the crankshaft turns, the bearing will probably have
improper clearance and early bearing failure will result.

Another reason for keeping the cap and rod matched is to prevent engine unbalance and
unwanted vibration. All connecting rods in an engine must be as light as possible. But they
must all weigh the same. If one rod is heavier than the others, the engine will vibrate. This
could damage the engine.

Crankshaft

The crankshaft shown in Fig. 2-3 is the main rotating member, or shaft, in the engine.
It has crank-pins, to which the connecting rods from the pistons are attached. During the
power strokes, the connecting rods force the crank-pins and therefore the crankshaft to
rotate. The reciprocating motion of the pistons is changed to rotary motion as the crankshaft
spins. This rotary motion is transmitted through the power train to the car wheels.

Fig. 2-3 The crankshaft =
1-—crankshait front end . 2—front main journal 3—oil passage hole 4—crank pin 5—crank web

6—counter weight 7—oil passage plug 8—oil passage 9-crankshaft collar 10— flywheel
11—flywheel gear ring 12— flywheel lock plate 13— clutch shaft bearing 14— reat main bearing half shell
15—oil groove 16—crankshaft thrust 17—central main bearing half shell 18~+bearing half shell
) 19—front main bearing half shell ‘
The crankshaft is a strong, one-piece casting, or forging, of heat-treated alloy steel. It
must be strong to take the downward force of the power strokes without excessive bending.

It must be balanced so the engine will run without excessive:vibration,
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