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Unit One

Engine Fundamentals

Automobiles have been operated successfully by electric mo-
tors,steam engines and internal combustion engines. The inter-
nal combustion engine burns fuel within the cylinders, and con-
vertls the expanding force of the combustion or “explosion” into
rotary mechanical force used to propel the vehicle.

Therc are several types of internal combustion engines ; two
and four cycle reciprocating piston engines, gas turbines, free
piston and rotary combustion engines. However, the {our cycle
and, to a lesser degrec,the two cycle reciprocating engines have
been refined to such a degree that they have almost complete
domrinance of the automotive field.

Internal combustion engines can be made to operate on al-
most anything that can be converted into a gas that will burn;
wood, coal, alcohol, vegetable oils, mineral oils, etc. However,
because of convenience, a wide variety of petroleum products are
used as fuel; gasoline, kerosene, fuel oil, liquified petroleum gas
(LP-Gas), etc. When keroscne,fuel oil, or LP-Gas is used,it is
necessary to alter the design or equipment of the engine to other
than standard gasoline engine practice.

Gasoline engincs used in automotive vehicles are of two ba-
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sic types, four cycle and two cycle. Either may be water-cooled
or air-cooled. The basic automobile engine is the reciprocating
piston, four cycle, water-cooled,poppet valve, gasoline engine.

Each “cylinder ” of the typical automobile engine has a
“piston”, which reciprocates (moves back and forth) within the
cylinder. Each piston i‘s connected to the “crankshaft” by means
of a link known as a “connecting rod”.

In any internal combustion engine,there is a definite series
of events that must occur in sequence:

1, Fill eylinder or chamber with an explosive mixture.

2. Compress mixture into a smaller space.

3. Ignite mixture or cause it to explode.

4. Utilize explosive or expansive force for power production.
5. Remove burned mixture from cylinder or chamber.

This series of events must be repeated over and over in the
same sequence,automatically in each cylinder,if the engine is to
run,

The first need is to fill the cylinder with an explosive mix-
ture. If gasoline is the fuel, it must be mixed with the proper
proportion of 10 to 15 parts of air to each part of gasoline to op-
erate in a gasoline engine. This mixture is compounded automati-
cally and continuously by a carhuretor.

If the fuel is fuel oil (diesel engine), it is injected into the
cylinders under high pressure. In diesel engines, the heat gener-
ated by compressing the air in the cylinder may be used to ignite
the fuel. In gasoline engines, an electrical spark is used.

Most automobile engines operate on the four-stroke cycle,
This type of engine is known as “four cycle” or “Otto cycle”,af-
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ter the name of its inventor, Nikolaus (Jtto. The power produc-
tion cycle consists of four strokes of the piston in a reciprocating
engine. The first stroke draws the combustible mixture into the
cylinder. The next stroke compresses the mixture. The third
stroke is the power stroke, which begins when the mixture is ig-
nited. The final stroke forces burned gases out of the cylinder.

In the two-stroke cycle (two cycle) engine, the piston takes
over some of the valve function in order to obtain a power stroke
cach revolution of the crankshaft. Two cycle operation involves
the use of ports in the cylinders. These ports are covered and un-
covered by the movement of the piston, which acts like a valve in
controlling the filling and emptying of the cylinder.

During the two-stroke cycle, both inlet and exhaust ports
are covered by the piston,except for a short time at the extreme
end of the stroke. A deflector 1s built into the top of the piston
on the inlet side, to divert the fresh mixture up into the cylinder,
while the exhaust is leaving the cylinder on the opposite side.

The size of an engine is determined by its bore, stroke and
number of cylinders. Bore is the diameter of the cylinders.
Stroke is the length of piston travel. The bore area multiplied by
the stroke will give the displacement of onc cylinder. Multiply
this by the number of cylinders and you will have engine dis-
placement or size.

For example,a Plymouth six cylinder engine has a bore of
3.4 1n. and a stroke of 4.12 in. Engine displacement is ;

Bore area (nr? )

3.1416X2.9=9.1 sq. in.

One cyl. displacement (Bore area X stroke)



9.1X4.12==37.5 cu.in.

Engine displacement (One cyl. X No.of eyl.)

37.5X6==225.0 cu. in,

Size alone , however, is not an exclusive measurement of
power developed by the engine. Many other things need to be
taken into consideration:

1. Engine rotating speed.

2. Compression ratio.

3. Valve size,lift and timing.

4. Internal engine friction.

5. Mechanical condition of parts.

New Words and Expressions

.automobile /IEE,ME,HLHE

. internal combustion engine P3#M#L

Juel OMM M @C30 1M MK, 024 ¥
cylinder 4§ , T

.convertesinto Eereo o FEAS R, Hl e s L]
.propel [ 314k, #:3)

.vehicle EW,NAEH,ER/RIR

. four cycle reciprocating piston engine PIWBEXIGZEN RN
. automotive MK

10. a wide variety of HIHEEH, FBKEH
11. petroleum A M, A W= R

12. gasoline ¥ i

13. kerosene M

14. fuel 0il 2874

15. liquified petroleum gas (LP-Gas) Wi{bAMK
16. gasoline engine %1 & 5141
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17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

poppet valve HWESIT, WM
crankshaft i

by means of i . EBTF
connecting rod E

in sequence R W, &, MF
explosive mixture WRIESH
ignite  [B1]&EM A K BAHX
carburetor fb 3R

diesel engine S4MHL

electrical spark  ® k7L

stroke 178

Qtto cycle MILIFIF

combustible mixture T#BE R
power stroke f{Ih ¥ 2

take over JEE, B, EEH
revolution JE¥ ,H¥ . EH

except for [Bereee 245

deflector F W&, F WK

boe O, L8 A @Up A 459, T AL, ST
diameter H#£

displacement %, ,H &, LHEHFR
engine displacement X EIHHEE
compression ratio [E4§ H

timing &, EMN

friction HE¥, HEIEH

mechanical condition HLHAR IR . PL K & 4

Notes

1. Internal combustion engines can be made to operate on almost anything

that can be converted into a gas that will burn ; wood, coal, alcohol, veg-

etable oils, mineral oils, etc.
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wood , coal, alcohol, vegetable oils, mineral cils, etc. % anything #%[f]
LE.ARHAR.
2. This type of engine is known as “four cycle” or “Otto cycle”, after the
name of its inventor, Nikolaus Otto.

BHHMHXHBEARFTAEITEEF", RURBERHRH - RENY
FHiE N RIEEIEF",

41 1) atter FE“HIE "R .
3. sq.in. £ square inch T , KB R“FIFHET",
4. cu.in. £ cubic inch M E , MR R“SL HFEF",

Exercises

1. Put the following expressions into English :

1. 404 535 3 3% 2 IR % 5B B

2. 7K¥& R Eh Al

3. BEM M A

4o KR AKREZN

5. 8 L E AT 5 g

6. G R TREBES

7. EREMMMEELLS

8. WU o 12 R B 4

9. G HE A

10. 90 Z KR ML
I. Translate the following passage into Chinese;

The production model 1. 6 L. VW swirl-chamber engine was

used as the basis for the work on the 3-cylinder engine. With the
retention of the basic dimensions, a bore of 76. 5 mm and a
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stroke of 86. 4 mm, a cylinder volume of 1. 2 L was obtained. All
components not specific to the 3-cylinder design were taken over
from the production engine.

The 3-cylinder crankshaft has a 120° crank offset, and the
firing order is 1-2-3. The oscillating masses were conipensated to
50 percent by balance weights on the crankshaft.

Because of its uncompensated first-order rotational inertia,
the 3-cylinder engine develops a typical oscillation arising as a re-
sult of a negatively-rotating moment. It would be possible to
compensate for this by means of a compensator shaft counter-
rotative to the crankshaft, but without altering the basic design,
this could be mounted only outside the crankcase.

Another new area of approach took the form of a decoupled
bearing system with auxiliary frame for the drive unit ,and this

method was used on the research vehicle.



Unit Two
Engine Classification

Before you study the detailed construction of the engine
parts, you should know something about the several classes into
which diesel, dual-fuel and gas engines may be divided. We can
classify the engines in several ways: (1) operating cycle, (2)
piston action, (3) piston connection, (4) cylinder arrangement,
(5) method of fuel injection, and (6) speed.

Operating Cycle. Diesel and gas-burning engines can be di-
vided into two groups based on the number of piston strokes per
cycle, either four or two. An engine which needs four strokes to
complete one cycle is a four-stroke cycle engine or, for short, a
four-cycle engine. If it needs only two strokes to complete a cy-
cle , we call it a two-stroke cycle engine or, for short , a two-
cycle engine. Thus, a two-cycle engine fires twice as often as a
four-cycle engine.

Piston Action. An engine’s piston action may be classified
as (a) single-acting, (b) double-acting, or (¢) opposed-piston.

Single-acting engines use only one end of the cylinder and
one face of the piston to develop power. This working space is at
the end away from the crankshaft, that is , at the upper end of a
vertical engine.
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Double-acting engines use both ends of the cylinder and both
faces of the piston to develop power on the upstroke as well as on
the downstroke.» The construction is complicated; therefore,
double-acting engines are built only in large and comparatively
low-speed units, generally to power motorships.

An opposed-piston engine has cylinders in each of which two
pistons travel in opposite directions. The combustion space is in
the middle of the cylinder between the pistons. There are two
crankshafts: the upper pistons drive one, the lower pistons the
other. Note that each piston is single-acting; that is , it develops
power with only one face of the piston.

Piston Connection. The piston may be connected to the up-
per end of the connecting rod either directly (“trunk-piston”
type) ,or indirectly (“crosshead” type).

In trunk-piston engines, a horizontal pin within the piston is
encircled by the upper end of the connecting rod. This is by far
the most common construction.

In crosshead-type engiens, the piston fastens to a vertical
piston rod whose lower end is attached to a sliding member called
a “crosshead”, which slides up and down in, guides. The
crosshead carries a crosshead pin which is encircled by the upper
end of the connecting rod. This more complicated construction is
required in double-acting engines.

Cylinder Arrangement. A diesel or gas-burning engine has
its cylinders arranged in one of several ways. Four basic cylinder
arrangements are; (a) cylinder-in-line, (b) V-arrangement, (c)
flat, and (d) radial.

A Cylinder-in-line Arrangement. This is the simplest and
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most common arrangement, with all cylinders arranged vertically
in line, This construction is used for engines having up to 12
cylinders. Engines are also built with horizontsl cylinders, usu-
ally one or two, in a few cases with three cylinders.

If an engine has more than eight cylinders, it becomes diffi-
cult to make a sufficiently rigid frame and crankshaft with an in-
line arrangement. Also, the engine becomes quite long and takes
up considerable space. The V-arrangement, with two connecting
rods attached to each crankpin , permits reducing the engine
length by almost one-half,thus making it much more rigid, with
a stiff crankshaft. It also costs less to manufacture and install.
This is a common arrangement for engines with eight, twelve,
and sixteen cylinders. Cylinders lying in one line are called a
“bank,” and the angle between the banks may vary, in manufac-
turing practice, from 30° to 120°, the most common angles being
between 40° and 75°. (A complete circle is 360°. )

A flat engine is a V-engine with the angle between the
banks increased to 180 deg. This arrangement is used where
there is little headroom, as in trucks, buses, and rail cars. Flat
engines are also called “opposed-cylinder” engines.

In a radial engine all the cylinders are sct in a circle and all
points toward the center of the circle. The connecting rods of all
the pistons work on a single crankpin, which rotates around the
center of the circle. The name “radial” is given because each
cylinder is set on a radius of the circle, that 1s a line from the
center of the circle to its circumference. Such a radial engine oc-
cupies little floor space. By attaching the connecting rods to a
master disk surrounding the crankpin, as many as twelve cylin-
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ders have been made to work on a single crankpin.

Method of Fuel Injection. Diesel engines are divided into
air-injection engines and solid or mechanical-injection engines.
Air-injection engines use a blast of highly compressed air to blow
the fuel into the cylinder. Air-injection was commonly used on
carly diesel engines but with the development of solid-injection
systems the air-injection engine is rapidly disappearing.

Speed. All diesel and gas-burning engines may be divided
into three classes according to speed: low-speed, medium-speed
and high-speed engines. Automotive diesel engines often run
faster than 1,200 rpm,but the great majority of other engines
run between 350 and 1,200 rpm and are termed medium-speed

engines.
New Words and Expressions

. dual-fuel engine UK R ZHH

.gas engine MR, AT RS R
. (he) divided into B4,

.cylinder arrangement S GLHEF, KA E
. fuel injection #& M W% §}

.for short o A MR W, W %5
.single-acting  HUYEFRY

. {be) away from I ,EE ARIE--- L
.upstroke (i #) L1TH

10. downstroke (FHFE)TTE

11. motorship  RERHLAR , FOAD
12.crosshead -+ 3k ,H K

13. trunk-piston engine & IR {E XX B 3Hil
14. by far  #,EH, KX

WO =~ S Y s W DN e
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15.cylinder-in-line B 5| &, A fiL

16, sufficiently ngid frame Jit 85 { $ A9 H1L 52
17.take up K H

18. crankpin {44

19. truck FE, BT

20.rail car B EW MBFRER

21.flat engine BN B BN, FERX KN
22.radial engine RAX AN, BIE H Bl
23.as many as  Fik, kw2 E

24. the great majority of K4, XEH

Notes

1. An opposite-piston engine has cylinders in each of which two pistons trav-
el 1n opposite directions.

MHEXRANWEMNAPERTEEBEHER T MES.

in each of which 3} 5 #9358 & M A 38 8 cylinders, in each of which ZE M
W fERE .
2. There are two crankshafts; the upper pistons drive one, the lower pistons
the other,

HRR . ETAY S s — R, T A EESH A M.

the lower pistons the other 4 B§ T 5§ — 4 /) A3 A Y {8 18 31 iA drive.
3. In crosshead-type engines,the piston fastens to a vertical piston rod whose
lower end is attached to a sliding member called a “crosshead”, which shides
up and down in guides.

E+FLYRHND BEERE-REENFER L, HEFHTH
REBE- MR FL R L FFRERRP LT RS

ER—TENEEM. B whose 5| 5 a9 F # N UYLH piston rod. M
which 3| & 1 52 iE M A i 8 crosshead,
4. -+ ,wtth all cylinders arranged vertically in line.

""" » BT B AL I B RS AT .

XE—-HAABEHS WM &H, 3RiEBIFR. all cylinders M
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