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ABSTRACT

The role of the small internal combustion engine is fast
becoming of importance to many home owners., The possession of
one or more of these engines either in the form of an outboard
motor, motor scooter, power lawn mower, etc., is almost taken
for granted in our homes today., Along with this comes the
problem of keeping the engine in good running order., This
study was developed to determine the possibilities of teaching
& unit or area covering these engines in our industrial arts
shops.

The questionnaire method was used to gather subjective
data, The returns revealed that some schools were already
teaching such wérk in their industrial arts programs, as well
as points of vi%w'cn such matters as equipment requirements,
grade level conéiderationa, course materiels, etc. Other data
were gathered rémm;boeks, periodicals, and engine manuals,

The returné indicated that such a course would be profite
able for the stédents, and that "boy interest" would be high.
The general opinion seemed to be that these engines should be
included as a unit or area in either auto mechanics or the
general shop. Most automobile mechanics teachers indicated
they would be able to teach such a course, and that in order
to do so they would need to purchase only a few additional
tools,

1t was concluded that auto mechanics is not becoming too

complicated for secondary schools but, if auto mechanics was

vii



not avallable, then definitely a unit of smell gas engines
should be taught, Twenty-five percent of the respondents
thought small gas engines would be a satisfactory substitute,
while §j7.2 percent refrained from answering this question,
This might imply lerger and more importent uses of these
engines in shops in the future,

viil



CHAPTER 1
INTRODUCTION
Introduction to the Problem

The duties and obligations of every Industriel Arts
instructor behoove him to .be constantly on the lookout for
new trends and areas in his field, The overcrowded class=
rooms and shops of our schools today constantly keep the
problem of instructionsl methods and subject matter looming
before the instructor., He must constantly strive to kesp
abreast of new trends in his field as well as achleve the
most with his present shop and equipment, As new areas
develop, can and should the instructor include these in his
shop courses, thus eliminating perhaps some less practical
or desirous course? Such decisions will have to be made by
the individual instructor with perhaps the help of fellow
teachers in the field, supervisors and administrators, peopls
in the community, and student opinlons.

Stetement of the Froblem

This study is primarily an investigation to obtain
the opinions of Incustriel Arts teachers and supsrvisors as
to the opportunities for small internal combustlion englnes
in today's school shops. Does the era of the "putt, putt"

1
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warrent & unit or eres in Industrisl Arts shopsY Where floor
space and equipment prohibit auto mechanies, could a small
internal combustion engine shop be used? Would s small intere
nal combustion engine shop be satisfsctory as a basic mechanics
course? If so, what should be included in the course content?

In what type of school would these shops be most satisfactory?
lieed for the Study

The time is ripe for establishing a unit of
instruction in school shops covering the main-
tenance and overhaul of small aire-coocled gascline
engines, Fower lawn mowers, outboard motors,
sprayers, chain saws, gerden trectors, pumps, and
myriad other uses of small engines has made them
almost universal equipment, But the era of the
"outt, putt,” which mekes it possible for more
end more Americans to do jobs themselves with
less effort, has brought with it the problem of
keeping the engine in good running order,

In Indienapolis alone, according to the
Chamber of Commerce, residents owned 33,650
owsr mowers in 1953, This figure increased to
ﬁ},?@ﬂ in 1954, Pigure this on a national
average end you'll see the real need for & unit
of instruetion in school shops which covers
small airecooled engines.l
There are some 5,000,000 outboard motors now in use in
the United States, In 1956, the industry sold aspproximately
600,000 motors, In 1957, the industry exzpects to sell
approximetely 700,000 motors for & dollar volume of
$230,000,000, These figures were compiled by Mr, Howard F,

Larson, Director of Sales and Marketing, Evinrude Motors,

lyarren F. Hass, "The 'Putt-Putt'® Hra," School Shop,
XV, Ho. lj (December, 1955), 77.



Milwaukes, @1aaanain.2

Evinrude, the oldest and 1 argest producer
of outboard motors in the country, recorded an
increase of 35 percent in seles at the end of
its fisecal year, September 30, This 1s the
lergost single increase in the L7 year history.
Evinrude's entire 1956 production was sold out
by June 1. According to kHr, Lerson, the company
should again show an increase el@ge te 35
pereent in doller volume in 1957.

During the writer's few years of teaching Industrial Arts,
he has observed students running peper routes wlth motor
scooters and mowing lawns with power mowers, Hany times these
machines would fail to operate, thuse causing the students to
have them repaired at some garage., Through instruction in a
small engine clsss in school, these boys could have prevented
some of thelr operational trouble, perhaps even dolng better
preventive maintenance, and some of the repair work themselves
in the school shope

From the above data, it is the opinion of the writer thet
& definite need for small internal combustion engine units or

areas in Industrial Arts shops exlsts.

Sources of Data

Subjective and objective date were used in this study.
The asubjective data were recelved from questionnaires sent to
Industrisl lducation supervisors and Auto Mechanles instruce

tors in & five state ares.

2jioward ¥, Larson, "Small Boat Industry in 1956 and a
gcgt;;gg)fu?sl‘%?s” The Bosting Industry, XiX, No. 7 (October
4 L] -

31bid., 55
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L
The objective dats used were engine manuals and repsir
manuels from meny different manufacturing companies of these

small gas engines, (Uther books, pamphlets, and magazine

articles were used,

Limitations of the Study

This study is limited to small gmscline engines of a
portable type less than approximetely nine horsepower, In
the case of outboard engines the h orsepower rating would not
affect, to a great extent, the type of engines used in Indus-
trial Arts shops,

ingines falling into these classifications are small
enough in slze and weight to be handled by school age students
without sxﬁra aquipment,

The questionnaires were malled toc Industrial Lducation
supervisors and Auto Mechanlics instructors in the states of:

kansas, Oklshoma, Missouri, lowe, and Arkansas,.



CHAPTER IIX

HISTORY AND DEVELOPMENT OF SMALL
INTERNAL COMBUSTION ENGINES

History of Internal Combustion Engines

An engine is: "Any mechanism or machine designed to con-
vert energy into mechanical works a steam engine, internal
combustion engine, etc. + « M "4 steam engine is an exter-
nel combustion engine as the fuel is burned outside of the
engine prgper.“e A steam engine cannot run without a boller
and fireng. The fuel used may be solid, liquid, gas, or

atomic,

. An internal combustion engine is one in
which energy is directly translated into
, mechanical power by causing an explosion to
take place behine & plston, Professor Andrade
hes epigrammatically described this as "puting
the furnace lnto the cylinder.

The éasiest way to acquire a knowledge of the operating
principle?of an internal combustion engine is to consider a
close relative, the rifle. Gunpowder, burned in the breech
of the gun, forms a gas which drives the bullet out of the
gun with érsat velocity., If we could harness the bullet, we

could obtain mechanical power,

1Jud Purvis, All About Small Gas Engines., (Chicago:
The Goodhesrt-Wilcox Company, iNCes L956)s Pe O

21v14,
3

Encyclopaedia Britanaica, Inc. (Chicago, Illinols,
1956), X11, 496,

5
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Christiaan Huygens in 1680, a Dutchman, sttempted to use
gunpowder to obtain motive power, Denis Fapin and Abbe'
Heutefeuille both, later experimented with Huygens' proposal
but were unsuceessful, Ounpowder is not & sultable substance
to be used in an internal combustion engine,

R. Street, in 179, proposed an engine driven
by & {lame~ignited explosive mixture of vepourized
spirits of turpentine and eir, and 3ir Pugald
Clerk regards this as the first reel ges engine
deseribed in Pritain, In 1820, ¥, Cecil of Cam-
bridge deseribed to the Cembridge Philosophiecal
Society his engine operated by the explosions of a
hydrogen~air mixture used to create & partial
vecuum below a pilston, the atmospherle pressgure
then producing the working stroke, much as in the
earliest steam engines; he describes such an
engine and states that at 60 revolutions per
minute the explosions were perfectly regular;
this 1s considered to have been &h@ first actually
working gas engine in the world,

The gas engine's commercial career began with Samuel
Brown in 1823, Hrown's engines operated on the atmospheric-
vacuwn principle, Hany of these engines were ln regular ser=
vice in 1832, "Brown engines were also fitted in a road
vehicle 1n 1626, and in a 36=foot boat in 1827,"5 William
Barnett in 1838, was the first to realize the importance of
compressing the explosive charge before ignition, He also
invented the well known Barnett igniting coeke®

The next bls contribution wes the "free-piston" engine
invented by Barsaenti and Matteucei in 1859, The ecylinder

bipia,

S}»blﬁpa PPe 196=497,

6%*# pe 497,




was vertical, and open at the top. The explosive charge was
electrically fired, driving the heavy plston up &s high as
the pressure would force it., The piston fell %o its former
position by 1ts own welght. This engine was very nolegy in
operation, |
Lenolr, & Frenchmen, in 1860, was bullding gas engines
which worked and looked like a double-scting stesm engine of
normal horizontal pattern, These englnes worked with great
regularity, smoothness, and quietness, & great many of these
engines were built, but as they were very wasteful they were
supersedad later by the Otto end Langen "free piston® engine,
in 1862, ¥, Beau de Hochas, a French englnser, patented
the theory for the best working conditions for an internal
combustion engine,
His eyele of operations was in all respects
the same as that in use at the present day in
the sowcalled Otto eycle englnes, The following
four propositions were embodied in his patents:
(1) The largest cylinder cspaclty with the
smellest possible cooling surface, (2) Maximum
possible piston speed, (3) The greatest possi-
ble pressure at the beginning of the working
stroke, (L) The greatest possible expansion, |
Beau de lochss further stated these conditlions eould be
sccomplished by the following sequence of operatlons:
{1) Suetion during the first oute-stroke of
the piston. (2) Compression of the mixture dure

ing the following instroke., (3) Ignition of
the compressed charge at the dead point, and

?Tha United States Haval Institute, Annapolis, Maryland,
-Internel Combustion Engines. 1931, fistorical Bkoteh.
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subsequent expansion of the exploded ges during
the next oute-stroke, thie i# the "working
stroke”, (L) Sxpulsion of the burnt and exe
panded gasses during the next in-stroke,

This famous cyele sequence is currently employed in all
four cyele engines,

pr, Otto, the famous Cerman engineer, in 1876 patented
the famous "Otto silent engine", using the suggestions of
Beau de Hochaes., He showed the engine at the Ferdis kxposition
in 1878, revolutionizing the construction of gas snglnes.

The "Otto engine"” practically superseded all other engines,
launching the internal combustion engine upon ite emazing
commercial career,

The 0Otto engine combined the four operations stabed by
Beau de Rochas into four piston strokes covering two revolu-
tions. In this eycle, only one working impulse or powsr
stroke aasuﬁs.

Two years later, 18785, Sir Dugald Clerk produced & two-
stroke eycle engine, The two eyele engine today 1s often
called the "Clerk eycle" engine, He showed an lmproved exam=
ple of this engine at the Paris Electriceal Exhibition in 1881,
The two cyele engine has a working impulse every other stroke,
twice as meny as the four oycle, combining the same four
operations but in one revelution.

Todey we recognize Otto and Clerk as being the laventors
of thelr respective engines, although we must realize,

Sineyelopaedia Eriteanics, ope gibes Pe 497s
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without the aid of many previous engineers and inventors, they

would not have succeeded,

Four hssential Systems of Every Engine

- There are four essential systems to every engine: (1)
fuel system; (2) igniti#a,aystaa; (3) eooling system; and (L)
lubrication system,

The fuel system usualiy consists of a fusl tank,
strainer, fuel pump, carburetor, and the exhaust, usually
t&rmiaaﬁing in & muffler.

Liquid fuels must be volatilized and mixed with air
pefore they can be ignited in the cylinder, "'The Mixture'
is the term commonly employed to designate the produet of
the carburetor when ready faw_aembaatian.“9 "For normal
operating conditions the best economy is obtained by & mix-
ture of one part by weight of gasoline to between 16 to 17
parts of air‘ﬂla For idlinz or quick acceleration a some-
what richer mixture is needed, one part of gasoline to about
12 or 13 parts of air,

Some of the earlier types of carburetors
were so designed that the air drawn in by the
engine would filrst pass over the surface of
some gasoline, In that way enough gasoline
vapor was carried on to the engine as a com~

bustible mixture., Another type used a wlek,
the lower end of which was submerged in

9 B—
¥. W. Sterling, Internal Combustion ingine gﬁﬁgg;
(washington, D. C., Beresford, Frinter, Q?%%, » .

10?“1‘713. LPe m.; Pe 139.
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gasoline, while air passed over the exposed
end and then into the engine cylinder, A
third type was known as a mixing valve. In
the mixing valve air is drawn in through the
valve which is opened by the suction of the
engine, The alr passing the opening to the
gascline supply draws fuel with it and the
mizxture of air and fuel is drawn into the

- eylinder, The amount of fuel is controlled

by a needle valve,ll

These early type carburetors were very erratic and un-
satisfectory., Haybach designed a carburetor which used a
fleoat to mainteln the level of the fuel within the carbure-
tor at spproximately the same level, This was & great ime
provement over the old type carburetors sven though the float
in the carburetor had to remain epproximately horizontal,
Today with many added improvements in carburetion, especilslly
the diasphragm carburetor, engines maykba operated at almost
any angle.

The strainer or sediment bowl as it is commonly called,
is usually placed under the fuel tank, The location of the
fuel tank will determine whether or not a fuel pump is needed.
If the tank is above the carburetor it is called a "gravity"
fuel system, if the tank is located below the carburetor
level, & fuel pump is needed, usually referred to &s e
"presasure” fuel system,.

lNext to carburetion, the most important feature in ine

ternal combustion engine operation is proper 1gnitian.“1a

1111’315»#: Pe 137
mﬁt&rling, Gpe 2lbey Pe She
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Blectric ignition iz the most commonly used system.

In general the electrie~ignition system
consists of a source of electriec current; an
electrical cireult of wire, or & combination of
wire end & ground (the metel of the motor); e
spark-plug gep inside the cylinder; an induc-
tion coil for transforming the lowetenslon cure-
rent to a highe-tension current; & distributor
(a revolving contact-maker) for distributing
the high tension current to the spark plug at
the correct instant; and a condenser to re-
duce arcing and the loss of current. The
sources of electric current may be dry aella,lB
& storage battery, a generator, or a magneto.

The general systems used for ccoling internal combustion
engines are: (1) Liguid cooling, generally water but occasion=-
ally oil, and (2) Alr cooling.

Without some means of temperature regulation, some parts
of the internal combustion engine would melt from the intense
heat of the burning gas. The lubricating oild would burn up
and the piston and rings would expand and grip or *ireese” to
the ¢ylinder well., The temperature of the gases is wory fiigh,
sometimes 3,000 degrees I'y &t the time of lgnition,

As the fuel is burned in the combustlon
chamber, sbout one-third of the heat energy in
the fuel is converted into power. Another
third goes out the exhsust pipe unused and the
remaining third must be handlad by the cooling
system,

Liguid cooling is the more flexible and more common of
the two systems.

1
3§nit¢ﬁ States Navel Institute, gp. cit,., Chapter VIII,

Pa Ze
| N— }
Purvis, gp. cites Pe 97,
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When water is used for cooling, the cylin-
der is made with a double wall, the space be=-
tween the two walls being called the water
jacket, The water jacket should cover the en-
tire length of the stroke, to avoid unequal
expansion ;n the cgligﬁer bcrg and burning of
the lubricating oil.

There are two methods used to circulate the water through
the water jscket. One method employs & positive circulating
pump, usually a centrifugal pump driven by the ergine, The
second method is called the thermo-syphon system of cooling.
It utilizes the principle that heated water is lighter than
cold water, thus the heated water rises to the top of the
radiator, is cooled, and reenters the engine from the bottom
of the radiator in a continuous cireulating process,

Engines to be air cooled have provisions made to create
a draft of air around the cylinder, either natural draft or
forced draft, Air cooled engines have ribs or cooling fins
either cast or machined into the cylinder surface, depending
upon the metal used for construction, The hottest part of
the eylinder, exclusive of the exhaust valve and seat, is the
center of the head, Therefore, aluminum is usually used be-
cause of its high thermal conductivity. The cooling fins
have two functions: (1) Expose more surface to the cooling
air, and (2) Sarve‘aa guides to break the air into thin
streams to obtain the maximum cooling effect.

The eylinder walls of alr cooled engines

operate at a temperature considerably above
200 degrees F, in many cases, This is hot to

15Uniteé States Naval Institute, op. cit., Chapter X,
Pe 1o
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touch but cool in comparison with the heat
genereted in the combustion chamber of the
engine.l
Adr cooled engines ere apt to overheat snd lose power if
they are rua &t full load for long periods of time, especiale
ly in enclosed spaces during hot weather. The two causes cone-
tributing to this loss of power are: (1) Loss of wvolume of
fuel mixture entering combustion chamber due to heat gonerated,
and (2) Prietion csused by plston expanding more than eylinder
wall, often incressed by the failure of the lubricating oil at
high btemporature,
Alr cooling possesses several advantages,
giving & light-weight and simple engine end one
which can be operated in regions where water 1s
very scarce or heavily laden with impurities.

It is also imyesiible to demage an alrecooled
engine by frost,

Air cooled engines possess several disadvantages. They
are slightly more nolisy due to the absence of the insulating
eooling water and even cooling is more difficult, A difficulty
with aire-cooled single~cylinder engines ls thet the rear of the
cylinder is not direetly exposed to the cooling stream of alr
and, therefore, has & higher temperature than the front.

The lubrication systems of internal combustion englnes
will be discussed following the deseription of four and two
stroke cycle engines.

léPurvia,iga, 2ltey Pe 9T

37 ,
¢. ¥, Hirshfield and T. C. Ulbricht, Gas Engines F
the Farm (New York, John w&l«% &*ﬁgns, InaZ,"T@i%?, PDe E%gha.



The eylinder arrangement determines the different types
of motors, The eylinders may be arrenged verticelly, horie
zontally, angulariy or opposed, Hach of these types are
1llustrated in & dlagrsmmetical form in Plate 4, Figures i=3,
A=ly, A=5, and A=, _

Cylinder shape is determined by the location of the
valves, "There are four general designs known ast T-Head,
Lelioad, P-Hoed and I-Head,"?

’lsPurvia, ope gite, Do 16,
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Bngine Designs

SMALL GAS ENGINES

A-3. Diagram of vertical cylinder arrangement.

A-4. When the cylinder is laid on its side it is
known as a horizontal design.

A-G

A-5. When cylinders are on each side of the crankcase, the engine is known as of the opposed type.

A-6. Where the cylinders are located in two banks at an angle with each other, the engine is called
a V-type.

Flate A
The Teiead, Flate B, Figure 1, hae the inlet valve on
one side of the eylinder and the exhaust valve on the opposite

side, In early days when cylinders were individual or cast

. T " g
I’éuﬁ Purvis, All About Smell Gas Znzines {Chicago: The
(loodheart~iilecox Company, inCey 4Y s De




in pairs, this desien was widely used,

Plate B
The LeHead, Flate B, Figure 2, has both inlet and exhaust
been cast in bloek form with detachable eylinder heads, this

MMJ Pe 1%
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has been the predominant design.

The P-Head, Plate B, Figure 3, bas the inlet valve in the
head of the bloeck and the sxhaust velve et the side of the
eylinder, This design has never been used extensively, it is
a combinastion of the Le-Head and I-Hesd design.

The I-liead or valve-in~hesd or overhead velve engine 1s
currently the most populer englne, This design has both inlet
and exheust valves located in the head over the piston as

shown in Plate B, Figure L.
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Four Stroke Cycle tngine

The four stroke cycle internal combustion englne operates
by going through the following cyele opevations: (1) intake
stroke, (2) compression stroke, (3) power stroke, and () ex~
haust stroke., There is only one operation performed for each

upstroke and downstroke of the plston,

o % 0 & i % £ 4 & 21
Two end Four Stroke Cyecle of Operation

Fig. 2

1. Intake Stroke

2. Compression Stroke 3. Power Stroke 4. Exhaust Stroke

Flate C

Clinton's Cooperstive School Progpam Handbook (Maguokets,
lowa, Clinton Fschine Gompany), See. Vi, Live A, P. 1l
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Starting with the plston at the top of the
eylinder (See Plate C, Figure 2, Step 1), the
piston descends, cpening the intake valve,
Withdrawal of the piston creates a pertial
vacuum in the eylinder, Outside air pressure
forces & mixture of vaporized gascliine snd air
into the cylinder.

48 the crankshaft turns over, the piston
rises compressing the gas in the cylinder, The
intake wvalve closes as the piston reaches the
bottom of its stroke, 4s the piston arrives
at the top of the cylinder, the gas is fully
compressed, The timing mechanism actuates the
ignition system, which causes the spark plug
to spark, igniting the gas in the cylinder,

The piston is driven downward with great
force, delivering power on the power stroke to
the crankshaft,

As the piston rises again, the exhaust
valve opens and the burned gases are forced out
through the exhaust. The exhaust valve closes
as the piston reaches the top of its stroke,
The intake valve opens as the piston starts
down, and the cycle repeats itself,22

The intake and exhaust valves are operated by a mechani-
cel mesns, thus controlling the admission of gaseous mixture
from the cerburstor into the cylinder and the expulsion of
burned geses from the cylinder, Thers are two valves in
each cylinder,

The actions of the valves are controlled
by cams on & shaft driven from the crankshaft through
gears, known as the velve timing gesrs, The cam
ghaft is geared to revolve at one-half the speed

of the ¢ renkshaft and cerries o aag ate cam for
each inlet and each exhaust valve,

221344,
23y, s, Waval Institute, op. git., Chepter V, p. L.
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Since power is delivered to the crankshaft on every
other stroke, & larger cubic piston displacement is required,
80 that a greater amount of gas can be fired at sach ignition
period, When less than three power strokesg are delivered
sach revulutién, the torgue is not continuous, ’The momentum
of a heavy flywheel is employed to furnish continuous flow of
power from the engine, It a lecylinder, lL~stroke cycle engine,
this flywheel stores sufficlent energy to cause the plston to
make the other three strokes, as well as furnish a continuous
flow of power,

in the air-cooled engines, the L-stroke cycle engine is
& cooler running engine thaen the 2-stroke eycle, owing to the

longer period between consecutive riring stages,

Lubrication Systems of Four
Stroke Cycle Engzines

ihe need for a lubrication system in an engine is to
eliminate as much friction as possible. Friction cen never
be entirely eliminated although it can be reduced to a mini-
mame The rasulta of friction are the conversion of useful
energy into useless heat.

"fhe fundamentel theory of lubrication is that there
should be & continuous film of oil between the rubbing sure
faces of & properly lubricated benvinge”ah

2 3
hibiﬁu Chapter IX, p. i,
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When the moving parts sre separated by a f1lm of oil the
friction tekes plesce within the liguid itself, and between
its particles and the surfaces in contact with 1it,

The oil in internsl eombustion engines has the following
tasks to perform: (1) reduce the frietlon between the moving
parts of the engine, (2) act as a seal to prevent leakage of
gasoline vepors betwsen the piston rings and cylinder wall,
(3) ecarry away much af the heat by flowlng between {riction
generating perts, and () wash away the abrasive metal worn
from £ rietion surfaces,

The moving parts of the engine may be supplied with oil
sither by the splashing system or by pump pressure. Some
engines use a combination of both types.

The four stroke cycle engines have a reservolr of o0il
in the ecrenkease, In the splashing system the dippers on
the connecting rod end strike the oil as the engine turns,
splashing it in all directions. In the pump prssan&s gy stem,
frequently @&llaé“”fawaod oiling systen", the oll is forced,
under pressure, through tubes or ducts to camshal't bearings,
Qgin besrings, connecting rod bearings, and wrist pins,
Aftir‘havimg passed through the various bearings, the oil
peturns to the crankcsse where the oil pump again pleks it
up and foreces it through the system.

Rarly Types in the United States

The eerly four stroke cycle engines were used for vari=-

ous jobs but agricultural uses probably were the most
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These engines have many more uses than its forerunnsr due to

its compactness, durabllity, better deslgn, ete,

Iwo Stroke Cyele Hnging

}

The two stroke cycle engine has only three moving parts:
the piston, the connecting rod, end the crankshalt, The two
stroke cycle engine requires only two strokes to complete the
eyele, receiving & power stroke with every erankshalt revolu=
tion,

On the upward stroke of the plston a partial
vacuum is ereated in the crankcase (See Flats C,
Figure 1, Step 1), First, the vacuum and outside
air presgure cause the reed valve between the
crankease and the carburetor to open, The aire
fuel mixture from the carburetor flows into the
engine cranxcasze, Then, the downward movement
of the piston compresses the fusl charge in the
crankcase., Near the bottom of its stroke ths
piston uncovers the intake byepass port, which
gonnects the combustion chamber and the ecrank-
CEB8,e

Ag the piston moves upward on its stroke,
it pesses the intake port, closing the port
cpenings., Its continued upward movement causes
the fuel mixture in the cylinder to be compressed.
At the same time s new fuel charge 1s drawn into
the crankcase, As the plston nears the top of
the compression stroke, the fuel mixture in the
combustion chamber ig ignited by the spark, The
burning and expansion of gases forces the piston
down on its power stroke., Power is not delivered
for the full length of the stroke, Some time is
required to rid the eylinder of burned gases, so
that it may recelve a fresh fuel charge from the
erankcase,.

As the pliston nears the bottom of its stroke,
it uncovers the exhaust port opening slightly
ahead of the intake port, This permits taking
advantage of the pressure of the exhaust guases in
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the eylinder, which are still comparetively high,
end allows them to stert escaping., Further downe
ward travel of the plston uncovers the intaie bye
pass port, The incoming charge assists in fove-
ing the exhaust gases out of the cylinder, to
complete the cycle.,27

he two stroke cycle englne ls sometimes referred to as

the "velveless engine", Te be completely valveless, a three

or four port engine, such as the Navy Type Englne, must be con-

structed (See Plate ¥), 7The other porte eliminate the valve

between the carburetor and crankcase,

Exhaust

28

Three Port Two Stroke Cycle Englne

27,

J}:ﬁidg’ g@ﬂ. ‘f{, 331?. '&3 iﬁ‘ l«lf‘

A

2851penrield and Ulbricht, ops eit., pe 26.
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it would eppear thaet the two stroke cycle would develop
twice the horsepower of & four stroke cycle of the same bore
and stroke. The fasctors prohibiting this are: (1) shorter
intake stroke, (2) heat decreases volume of fresh fuel mix-
ture entering cylinder, and (3) loss of small amount of fresh
fuel mixture helping to force out exhaust gases,

The crankcase aum@artgﬁmt of two stroke cycle engines
is smell and fits closely around the moving parts. It must
be alr tight as the gas is compressed in the crenkcase to
force it into the eylinder ports, The crankcase ls made as
small as possible to obtain maximum pumping effliciency.

Lubrication System of Two
Stroke Cycle Hngine

Two stroke cyele engines have no oil reservolir and no
specific oiling system. 7The englne oil is mixed with the
gasoline., The fuel enters the crankcase in a finely atomized
mixture in which the gasoline 1s largely vaporized while the
oil is carried to the working perts in tﬁs form of an oily
mist, The ailv@aﬂdaangs gnd collects on the metal parts,
thus providing lubrication, &ﬁ% excess olly mist is cerried
into the combustion chamber where it is burned along with
the fuel,

Since nearly sll the oil is subjected to
high operating and combustion temperatures,

4t is obvious that the oil selected for use
in such engines must have charscteristics
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witich will enable it to provide satisfactory
lubrication under the conditions encountered,
with & minimum tendeney to form deposits in
the combustion chember,29
Correct fuel preparation is one of the most important
points in the correct operation of the two stroke cyecle engine,
Numerous tests have been made using detergent oil mixed
with the gasoline to see 1f detergent oil would sctually harm
the engines. The engines faataé were not harmed in any way
from using detergent olls, although the spark plug life was
shortened, For this reason a detergent oll or one containing

additives, is not advised,>®
Barly Types in the United States

"In the United States, one of the first commercial sppli-
cations of the two-cycle engine was on an cutboard me#ar.“31
Its development was caused by & woman wanting a dish of ice

Croam.

while on a pienie, Ole Evinrude, a young

Hilweukee machinist, was asked by his fiance!
to row seross the leke for some lce cream, By
the time he returned (with a somewhat soggy
supply of lce cream), he was firmly convinced
that there should be an easler, quicker way to
satisfly the wishes of his fiance', He applied
himself to solving the problem, and in 1910

Egﬁrnaat Venk, Irving Frezee, Willigm Landon, Qutbosard

Hotors and Other Two-Cycle Engines (Chicago: American lech=
nicel Soclety, 1953)s De LG

30Lawn-Eoy Service Maaual (Lamar, Hissouri, 19%6),
S8ection I, pe Do :

31$halénn Dy Pollow, Chief Engineer, Power Products
Corporation, Speech delivered Uecember é, 1953 at the meet-
ing of the Soeciety of Automotive Engineers, Chicago, Illinois,




, grented a patent which was the {orerunner
the present=day outboard motor,32

o 8
= 0
=

Bvinrude's First Production ﬂm;imeBB

Flate G

3a

33Hank W, Bowman, The Encyelopedis of Qutboard Motoring

amnres

Venk, Frazee, Landon, op. cite., PP. Gwlie

3

i

(New York: A. S. Barnes & Company, inCes 1955)s Ps To
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Ole built his first ten motors entirely by hand, They
welghed sixty«two pounds esch and Ole came up with a price
of one dollar a pound so the motors sold for sixty-two dole-
lars each,

Two stroke cycle engines are the overwhelming choice
for outboard motors because of their extreme light weight and
compactness, They are madse in all sizes up to sixty horse-
power. They may have one, two, four or six cylinders and late
models have electric starters and other accessories,

Another important invention helped taked the drudgery
out of washdays., An important manufacturer built a washing
machine and & two stroke ecycle engine to power it, Even
ho&w, many of these washing machines and engines are still
running.

~ Small two stroke cycle engines as we know them today are
relatively new. Outboard motors originated commercially in
1910, The Clinton Machine Company produced and shipped its
first engines in 1946, In 1952 they introduced their two
stroke eycle engines, Almost all of these small gas englnes
are air cooled with the exception of the outboard motors.

Uses of Smell Internal

The writer realizes his incapability to 1ist all the

uses of these engines, consequently he has chosen to limit
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them to three categorles, Under these categories he lists

numerous uses of both 2. and L~stroke cycle engines,

Agricultural Uses:

1.

24

3.
Ls
Se
6o
Te
8e
Fe
10,

Small individual power plants for generating
electricity

Grain sugers

Garden tractors

Lawn mowers and weed cutters

Pump jacks

Washing mechines

Starting motors on diesel tractors
Chainsaws

Bale elevators

Operate pumps

Commereial Uses:

1.
24
3s
L
Se
b
Te
Be
e

Refrigeration units on large trucks
Blevate and pump cement

Cement mixers

Puel pumps on tank wagons

Generators f or lights on oll rigs, ete,
Alr generator for paint guns

Various loading machines in plants
Motor scooters

Chainsaws
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10, Lawn mausrasa

11, Inhslators

12, Fishing industry

13. Logging industry

1liis United States Army, Alr Force, Havy and Coast Guard

Lecreational Uses:
1. Outboard motors
2. Hotor scooters

3, Caddie wagons on golf courses

%né steam engine, an external combustion engine, burns
its fuai outside the engine. The internal combustion engine,
af~whia§ ﬁhéra are many kinds, burns its fuel inside the
angiaa.. The energy is transformed into mechanical power by
explosions taking place behind a piston,

4 German engineer, Dr, Otto, in 1876 patented his famous
gasoline engine, He used M, Beau de Rochas' sequence of
operations: (1) suction, (2) compression, (3) ignition, and
(i) expulsion, This cycle was completed in twe revolutions
of the crankshaft, involving four strokes, hence the name
four-stroke eycle, This engline reveolutionized the construc-
tion of gas englnes and practically superseded all earlier
types of this englne, The four-stroke cycle englne of today

is sometimes referred to as the "0tto engine”,

3h?am Riley, "Use the Engine on Your Power Mower for
Other Jobs," Populer Meshanles,CV, No. 4 (April, 1945, 194-196,
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Eir Dugald Clerk in 1878 produced his famous engine which
8till bears his name, Clerk used the same sequence of opera=
tions, but hieg engine completed the eycle in two strokes or
one revolution of the crankshalft, He did not use any valves
in his engine, hence it is sometimes called the "valveless
engine"”,

Every engine has four essential systems: (1) fuel system,
(2) igniaian system, (3) cooling system, and () lubricating
system,

Small ges ang&hea usually have gravity fuel systems,
magneto ignition systems, and air cooling systems, Outboard
motors are exceptions, sometimes employing pressure or suction
fuel systems and practically all of them are water cooled,

Four-gtroke c¢ycle engines use both forced and splash
lubricating systems, The two stroke cyele uses neither but
gets its lubrication from mixing oil in the gasoline, The
mixture goes through the air tight crankecase enroute to the
combustion chamber and the oily mist tends to lubricate the
engine,

Today these engines may be purchased in four different
engine designs: (1) vertical, (2) horizontal, (3) angular,
and (i) opposed,

‘ In view of ﬁﬁa fact that small gas englnes operate on
the same sequunce of operations as large internal combustion

engines, it would seem feasible to operate shops of this
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type in schools, With this ldea in mind a survey of Industrisl
Education supervisors and Auto Mechanies instructors was made,

and the results will be reported in the next chapter,



CHAPTER 111

AEPRESENTATIVE VIEWS OF
INDUSTRIAL BUUCATION SUPERVISORS ARD INSTRUCTORS

In order to secure data on such questions as the extent
to which small engines were belng used in school shop pro-
grams, the attitudes tauaéd the use of these engines, the
types of shops to which they would be suited, eguipment re-
quirements, ete,, forty-six questionnaires were sent to see
lected aupsrvisg»s and automoblle mechenies instructors 1nA
this region, This questionnsire is pgiven in Appendix 4.
Heplies were recelved from thirtyesix of the fortyesix
questionnaires sent, & tetal of 80 percent, The distribue

tion of guestionnaires is shown in Table I,

TABLE I
RPISTRIBUTION OF QUASTIONNAIRES

Guestlionnaires Humber Humber
Sent to Sent Heturned Fercent

Heads of Departments

in Colleges 5 i 8040
Supervisors of

Induetrial Bducation 18 16 88,9
Automoblile Meshanics

JAdnstructors i 23 i6 70,0

Question 1, Do you thlnk small ges engines could be used
as @ section or unit in Industrial Arts Shops? (yes) (no)

3k
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Thirty-five or 97 percent of the respondents answered
this question in the affirmative, while one individual did
not answer the gquestion,

Question 2, Do you think such & course covering maine
tenance and overhaul would be profitable for the students?
(yes) (no) |

Thirty-three or 91.6 percent of the thirty-six respond-
ents answered this qaaatiaﬁ in the affirmative., One individ-
ual answered in the negative while two feiled to answer the
question,

Question 3. What type of sehool should, in your opinion,
the smell ges engine shop be placed? (Jr, High) (Senior
High) (Both)

Thirty=five replies to this question were recelved and
55,6 pereent of them indicated the shop should be placed in
Senlor High, The breakdown of the opinions is as follows!

TABLE II

SCHOOL MOST DESIRABLE
FOR SMALL GAS ENGINE SHOP

Type of School | Response  Peresat
Junior High 3 16,6
Senior High 20 55,6
e 9 25,0
o answer 3 2,8
Totals 36 100,0

INZUsTRT 1

L EDJCAIIUN
%a and ART D&PT,
nsa;_State Teaghers College
- 1ttsburg, Kansas

VR 2A006
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Question L, Do you know of any shops where small gas
engine work ls taught?

Forty-seven percent of the respondents knew of shops
teaching small pas engine work., Seventeen answered in the
negative while two failed to enswer the question, The follow~
ing schools were nemed as tesching smell gas engine work:

Coffeyville Vocational School, Coffeyville, Hanses
Des Moines Technical School, les Hoilnes, lowe

Des Molines Hast High and Lincoln High, Les Moines, lowa
Franklin Trade School, Joplin, Hissourl

Highland Park High School, Topeka, Kansas

Larned High School, Lurhed, kansas

MePherson Cellege, MePherson, Kensas

Oklehoma City Publie Schools, Oklahoma City, Oklahoma
Ottaws High School, Ottews, HKensas ’
Pittsburg Senior High School, Plttsburg, Kansas
Salina High School, Salina, Kensaas

Shewnee Mission High School, Merriem, Kansas
Springrield High School, Springfield, HMissourl

Tulsa Publiec High Schools, Tulsa, Oklahoma

Winfield High School, Winfleld, Kansas

Question 5, Would you think that boys' interest would
be gensreslly high in work with small internal combustion
engines? (yes) (no)

Bighty~six percent of the replies were in the sffirma-
tive, Three negative answers were received while two falled
to answer the questlon,

Question 6, Would you teach the principles of engine
operation first or teach care and maintenance first, or should
these be taught together? (Prineciples of engine operation
first) (Care and Haintenance) (Together)

The breakdown of answers are as indicated:
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TABLE 1IX

INFORMATION 10 BE TAUGHET

Percent

s O s e R e e e e b

Ttenms Hesponse

Principles of engine
operation i2 333
Care and Haintenance . o 00.0
Tegether 2l Hba1
Totals 36 100.,0

Approximately 67 percent of the respondents favored
teaching principles of engine operation and care and maintenance
together, & significant point of view on this question,

Question 7. Do you think Auto Mechanics ls becoming too -
complicated for secondary school shops? (yes) (no) If so,
would small ges engines be a satisfactory beginning substitute?
(yes) (no)

Bishty-one percent of the replies to the first question
were in the negative while 19 percent were in the affirmative,
According to the answers rtauivéd, auté mﬂﬁhﬂ#&ﬁg is not be-
caming too aumgliaatad‘far secondary school shops in the
opinion of & lerge majority of tha\rssyaméanﬁa.

Ten negative answers were received for the second

guestion, The breakdown of answers is as follows:
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USE OF SMALL GAS ENGINES
AB SUBSTITUTE FOR AUTOMOBILE MECHANICS

A A S G bt YA S A 25 L e R 700 1 A RN 1 B o A U 55

Cpinions i Fesponse ~ Percent
Yes 9 2540
o ; 10 27.8
o answer i1 LiZe2

Totals 36 10040

Comments recelved regarding the incremsing of ecomplexity

of Auto Mechanics:

2. "Auto Mechenics is becoming toc compliceted feor
sscondary school shops unless 1t iz taught as a
day trade class, 15 hours por week,"

Comments recsived in favor of small ges englines for

beglnning substitute:

as "Used together, smell englnes to teach principles,
Industriel Arts Auto Mechanles for gensral educa~
tion only, Vocational Auto Mechanica for e
voecation,”

be "Auto Mechanles requires many special tools of
very high cost to make satisfactory operstion,”

Question 8, Would Auteo Mechanies instructors be qualie
fied for tesching small gas engine work? (yes) (no) If
not, should instructors receive special treining for this
work? (yes) (no) (Comments)

Thirty-two snswered in the affirmative, in other words,
8049 percent of the respondents felt qualified to teach
small gas engine work, Three snswers were negative and one

was blank,
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Only three affirmative snswers were received for the
second gquestion, & percent felt they would need special
training, Some of the conments werei

a, "Companies often offer short courses that are
valusble to instrustors,”

be "If not they should qaiz.“

¢. "Host Auto Mechanics instructors cen qualify
with very 1ittle extra preparation,”

ds "A competent instructor should know the basic
principles of all gesoline engines,”

Question 9, How do you think small gas engines would
compare with Auvto Mechenics az ¢ shop course for Juniore
Senior High School age ﬁia in Mechanics? (Better) (Just
es good) (Wot es good) (Comments)

Twantyefive or 69, per cent replied that small gas
engines would not be as good as Auto Mechanics, The breake

down and comments are listed below,

TABLE ¥

SMALL GAS ENGINES VS AUTOMBILE
MEGHANICS FOR JUNIOR-SENIOR HIGH SCHOOL BOYS

ﬁ@iniaaa | T . "f Raayonaa % ?arvant
Better ‘ 3 843
Just as good 5 13,9
Hot as good 25 69l
No answer 3 B3

Totals 36 100,0
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Comments opposing small ges engines:

fe “Taaﬂmueh interest in the boy working on his own
car,

be "It would provide only a portion of the work that
should be covered,”

Comments favoring small gas englnes:

&, "Requires much less room for same size class,”

be "Gas engline work could ¢ asily lead into further
work in suto mechanies,”

¢e "1t would help to understand the operation and
construction of gas motors.”

d. "Good course where the other is not possible.,"
Question 10, Would you need to purchasze new tools in
your present shop, to maintein and overhaul small gas engines?

{Complete set) (Partial set) (lone)

Here is the breakdown of repliest

TABLE V1

EXTRA TOOLS REQUIRED
FOR OPERATION OF BMALL GAS ENGINE SHOP

Tools Heeded ‘ Hesponse Percent
Complete set 3 8e3
Partial set 22 6141
Hone . 10 2?&8
No enswer - —2e8

Totals 36 10040

Over cne-fourth of the schools as indicated by these

replies, are presently equipped to maintain and overhsul small
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gas engines, With e very small investment by 61,1 percent of
the schools for & partisl set of tools, 88,9 percent cculd
perform this type of work,

Question 11, Do you know of any books, manuals, or
course material on small ges engines? (yaas (no) (Comments)

PABLE VII
KNOWLEDGE OF AVAILABLE GOURSE MATERIAL

= ——e e T
Angwers ' ‘ Response Percent
Yes 18 5040
o 10 27.8
o enswer -] 22,2

| Totals 36 100,0

Eightesn or 50 percent of the respondents knew of books,
manuals, or course materials on smell gas engines. Several
suggestions are listed below,

a8, "Factory manuals are very good in this field,”

b. "Briggs & Stratton Corp., Clinton Corp,, furnished
us with intensive manuals, ete,"”

¢e "All About Small Ges Engines - Goodheart-Wileox,”

Question 12, List some small gas engines you are
familiar with,

Some respondents listed more than one engine, The tabu-
lation listed on next page indicates the most familiar engines

to the men qusstioned,
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TABLE VIII
FAMILIAR SMALL GAS ENGINES

Heme of Lngine ! Listed by

Briges & Stratton 2l
Busy Dee 1
Clinton
Continental
Cushman

Delta

Bvinrude
Fairbanks-Morris
Franklin
Jacobsen
Johnson

Kohler

Lauson

Maytag

Hercury

Power Froducts
Ses Eing
Service Cycle
Tore

Waukesha
Wisconsgin

| -
OB NG AT RO BT B b PO B B OO

Question 13, Would there be a possibility of constructe
ing projects involving small gas engines? (yes) (no)
(Comments)

Seventy per cent of the respondents thought projects
could be constructed involving small gas engines, Only four
negative snswers were recelved, nine neglected to answer the
question, Some of the comments and suggested projects are
listed below,.

Comments opposed to construeting projects:

a, "Would take a machine shop end foundry in my
opinion,”
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be "Perhaps somewhat limited becsuse class time is
too limited, for most projects,”
Comments in favor of construeting projects:
a., "Have student overhaul these engines as projects,”
be "Toys, scooters, motor bikes, ferm elevators,
graln augers, post hole diggers, wood saws, battery

chargers, light plants, pumps, lawn mowers, motor
boats,"

Question 14, Check the following items you would like to
inelude in & course of study. Please feel free to add addite
ional items,

The items are listed below in numsrical order of prefere

ence given by the respondents,

TABLE IX
ITEMS TO BE IECLUDED IN A COURSE OF STUDY

e A BN S S i esteniunats

item Listed by

Theory of 2« and L-stroke eycle engines 34
Fuel systems (both gravity and pressure type)

Carburetion 34
instruction on engine overhsul 34
Trouble shooting, cere and maintenance

lgnition systems 33
Engine tuneeup 33
instruetion on lubrication 32
Carbon monoxide polsoning 30
Lawn mower safety 28
Overloading and over speeding 27
Engine storage 26
Outboard maintenance and boat safety 25
Power output testing 1
Governor 1

Tools and equipment used in servielng engines 1
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Question 15, Whet do you think would be the greatest
difficulties in setting up and operating a small engine shop?
Pifty percent of the men thought the biggest difficulty
would be to get sufficient repair jobs in the shop. The

breakdown on the asnswers recelved 1s listed below,

TABLE X
DIFFICULTIES IN OPERATING SMALL ENGIRE SEHOP

Difficultioes ' Listed by

Getting sufficlent repair jobs in shop

Securing text and reference bocks

Supply of engine parts

Getting & qualified instructor

Securling egquipment

Organizing & course

Getting boys interested in thls new field

Providing sufficient variation to maintain
enthusiasm

Keep course interesting, avold mere assembly
and disassembly

Cost of equipment

Selling idea to administration

o bt et
TR 1 tf x4

The questionnsire contalned space for further comments and
some of the more pertinent ones sre llsted below,

8. "Will coneede to you that this project is very
important to the field of Ind, Ed, However, I
feal the biggest job in the Ind, Arts Fleld is
to sell the administration on the lidea that
shops are an importent part of Education and
not just & plece to put students that class
room teachers don't feel that they want to put
up with them or not cspable of handling,"

be. "Idea is good--would be & good preliminary to
Auto Mechanics or a consumer course,"

ce "Todays classrooms are overcrowded, very little
room for large stationary engines, This in my
opinion mekes way for a more practical small
engine, which theoretically performs and funce
tions alike,"



de ™hese small englines should be a part of one
course on internal combustion engines, If
facilities are not met that automobiles could
not be handled, by all means add & unit in
small 2el cycle engines,”

e, "I am highly in favor of such & division of
work in the General Shop."

f. "Since more snd more of these englines are in
use I think & unit of this work would be justi-
fied from the stendpoint of FPrectical Ind.

Arts and ges engine work where space was not
available for larger engines,"

ge "Hven though I have checked the above and have
probably left the impression I favor such a
course, it does seem to me that much that is
more importent is being omitted from our
present offerings. Hlectricity is one that
comes to mind,"

he "A power output testing device of some kind
would be helpful fors
1. Providing load for run in and tuning,
2e Giving en idea of the technique ine
volved in power measurement,
3, Permitting a variable load,”

"sueh & device mey be home made:
Hydraullie -« use oil or water pump -
Measure pressure.
Elsctric - use generator - measure power
output. (A torque measurement device
could be added to either system,)"

1. "Judging from my own experience, I would say
that the chances for real success of the Unit
shop 1n small engines, is rather slim, The
possibilities es an srea in the genersl shop
appoar rether bright to me. I have used small
engines, to a limited degree, in my auto me=-
chanice class for some time, They lend them=
gelves well to teaching nomenclature, proceds-
ures, engine prineiples and the cere and use
of tools,"

1t appears from the foregoing facts that the Industrial

Education sue rvisors and Auto Mechanies instructors in the
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five state ares mentioned, think thet smell gas engines could
be used as & section or unit in industrial arts shops. The
survey indlecated such 8 course would be profiteble primarily
in senior high school.

Approximately 50 percent of the respondents knew of
schools teaching small gas engine work although not sll of
them were tesching it. There was an indication that boys!
interest would be generally high in small internsl combustion
engline work,

There was an indication that prineiples of engine operaw
tion and care and meintenance should be taught together,

Apperently asuto mechancis i& not becoming too complicated
for secondary school shops, It ls interesting to note that
19 percent of the men did think suto mechanics was becaming
too complicated and that 25 percent of them thought small gas
engines would be & satisfactory beginning substitute, From
this it may be inferred that smell gas engines might be desirable
for beginning mechanics classes, The Auto Mechanliecs instructors
felt that they would be quelified to tesch small gas engline
works

In compering small ges engines with suto mechanics for
Junior and Senior High School boys, 69 percent of the re-
spondents thought that small ges engines were not as good,

Host of the men stated that they would need to purchase
& few additional tools to operate such a shop,

The engines familiar to most of the men were: Brigss &
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Stratton, Clinton, Lesuson, and Wisconsin, Notor manuals from
these companies were suggested for texthbooks and reference
materials, Many thought projects could be constructed with
these engines,

Items suggested for a course of study were: (1) princis-
ples of oporation of 2« and l~stroke eyele englnes, (2) four
essentisl systems of internal combustion engines, (3) instruce
tion on tune-up, trouble shooting, and overhasul, (L) engine
overloading, over speeding, inﬁ storage, (%) carbon monoxide
paiganing and various other related toplics of information.

The greatest difficulty in setting up end cperating a
gmall engine shop was thought to be getting suffleient repalr
Jobe in the shop.

In view of the favoreble reception for small engine
work in the scheols, the problem of a course of study will be
exemined in the next chapter,
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COURSE OF STUDY POR INTERNAL COMBUGTION
ENGIHE BHOP INSBTRUCTION

The ¢ ourse of study developed in thls chapter is based
merely upon the suggestions and comments developed in the
preceding chapter and upan.mﬂnufaaturar'a manuals end pube
lished materiel in this srea, As the small gas engine
shop is relatively new and in the exploratory stasge, instruc-
tors will have to develop & course suitable to their own

shop conditions,

Textbooks

Smell ges englne shops can use very effectively manu=-
facturer's manuals for good reference materials, as do auto
mochanice classes, Almost every manufecturer publishes a
manual covering the proper operation and care of his engines,
Many manuals contain information ont (1) operation of engine,
(2) recommended maintenance, (3) trouble shooting hints and
remedies, and (i) parts replacement and overhaul procedures,

A book that would be suiltable for a textbook in a amell
gas engine shop 1s All About Small Gas Engd
Jud Purvis. This book is published by The Goodheart-iilcox

28, written by

\*Gampany. inc,, Chicago, Illinoils, and was issued in 1956,
It eppears to be one of the best in the fleld,

48
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ALL ABOUT SMALL GATY LHGINES tells and shows
how small twoecycle, and fourecycle gas englines
are constructed; how they operate, whal goes
wrong; how to service and repair them,

This book can be used as & basic text for those who de-
sire to leern about sutomobile engines, "Huch of the basic
information given here is appliceble to automobile snginaa.”z

Another book that would make & good text ls: Smell

g8 Service Manual, @mﬁlian@& by Implement and Tractor

The Encyelopedis of Qutboard Motoring
published by A, 8. Barnes & Company, Ine,, New York, would be

& good reference book, It gives the history of outboard
motorboating; information on choosing proper outboard motors;
trouble shooting ailing motors; routine motor maintenance,
repalrs end overhaul, ‘This book also deals with the
pleasures of boating, safety, recing and many other toplecs

of information,

Practicel Work

From the opinions of the men questioned in the survey
the following major unite of work sre suggested for a practi-
cal course of study:

1, Theory of 4= and Z2-stroke cycle engines
2+ The four essential systems of internal
combustion englnes:
&s Puel system
be Ignition system
¢, Cooling system
d. Lubricating system

ljud Purvis, ALl About Small Ggs Engines (Chicago: G
~ i1l About | zines (Chilcago: Goode
heart-Wilcox 6am§any, NCey : ;"ﬁ% .

21bid,
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Instruction on engine overhaul

Engine tuneeup

Trouble shooting, care and maintenance
Carbon monoxide

Overloading and over speeding

Power output testing

Lewn mower and boat safety

Engine storage

Relasted Jobs

Listed below ere common jobs performed in most suto

mechanics shops and would also be performed in Small Gas
Engine shops,

1.

Engine tune-up ineluding checks on:
&, Compression
be Polnts and condensger
ce Plugs
ds Timing
8, Carburetion
Grinding valves
Removal of carbon from pistons, head, etc,
Install new piston rings
Rebore engine
install new rod and main bearings
Replecing and adjusting breaker points and
condenser
Cleaning end adjusting cerburetor

Irouble Shooting

Trouble shooting sequences should have a definlte proe

codure,

Instructors may develop their own or use methods

elready established, The trouble shooting sequence usually
deals with failure to start, usually implying malfunction of
either carburetion or ignition. The difficulty rarely occurs

in both systems simultaneously.



1. :Glﬁﬁﬂ the englne,

2.} With spark plug tightly installed, rotate the fly-
wheel, This will usually disclose any broken parts
such as: crankshaft, connecting rod, wrist pin,
plston, ete, This will give a preliminary check
upon the condition of rod and main bearini s, com=
presaion, magneto roto-stator clearance, and tight-

ness of flywheel,

Ignition
1, Check the spark plug.
2+ Preliminery megneto check, see if there is any spark,
3+ Complete megneto check
8e Check for loose connectlons
be Cheeck for grounded wires
¢s Check breaker polnts
ds Check condenser
es Check high tension coil

fe Chock cem lobe position
g+ Chedk magneto timing

1. Check fuel flow to carburetor,

Z2e Check mixture and adjustments,

3; leke an external check of gaskets and seals,
Le Check air filter,

S« Check reed valwe,

6, Ulsassemble carburetor: _Inspeet and clesn with
solvent and air blaest,’
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Tests

Small ges englne work tends to be emsily tested by
several types of tests, Perhaps the blggest and best test is
satisfactory engine operation after the student hae finished
working on it, It is certalnly the most rewarding to the
student and builds his oconfidence in his knowledge and skills,

The instructor may uée dévan%a&auusly any of the follow-
ing teata:

1. 0Objective recall

2. Objective recognition

8. Multiple~response

be True-false

Ce ﬁ&gﬁm

d, Rearrangement exercises
3« ObjJective performance

as Quallity

be Technique
Cs Speed

Objsetives

The objectives should be determined by the instructor
before beginning the small gas engine shop. The commnity
environment and slze of shop will influence the course obe
jectives, The writer would like to suggest at least the
following objectivest
General

1. Develop the ability to intelligently select, use,

| and care for smaell gas engines,

2. levelop planning procedure, f orm habits of orderly

step by step ways of performing a Job.
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3« Provide fundemental exporiences valusble to all
students either in sdvanced mechanics courses or

life situations,

Specific
1. 7o provide an opportunity for the student to under-

stand the yriaaiy}ea of operation of both two and
four stroke eycle sngines,

2+ To provide an opportunity for the student to undere
atanﬁ the four essentisal systems of an internal come
bustion engine,

3. To provide an opportunity for the student to repair,
tune=up, maintain, and perform trouble shooting

operations on small ges engines.

As this type of shop work is new, & tentative course of
study is suggested, Jud Purvis' book, All About Emall Gas
Engines, as & suitable text, ls suggested by the writer,
Another good textbook is, Small ingines Service Manual. Any
of the motor manmuals published by the manufecturers would be
desirable,

The prectical work suggested involves teaching: (1)
theory of L= and 2~ cyecle internal combustion engines, (2)
the fouwr essentlal systems, and (3) care and maintenance,
trouble shooting, overhaul, ete, The jobs involved in
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teaching & small ges engine shop correspond very close to those
found in an sute mechaniocs shop.

A trouble shooting sequence should follow a definite pro-
cedure, usually seeking mechanical difficulties in carburetion,
ignition, ete,

Small gas engine work essily lends itself to objective
informational type tests: {1) recall, (2) recognition, and (3)
periormance,

The objectives for the course will vary, depending upon
the locality and instructor, The [ollowing objectives are
fundamental for the course to be a success: (1) develop
ability to intelligently select, use and care for small gas
engines, (2) develop planning procedures, (3) understand the
prineiples of l~ and 2- stroke cycle engines, and (4) provide .
opportunity for the student to malntain end repalr small gas
engines,



CHAPIER V

TOOLS AND BQUIPMENT

FOR THE SMALL IRTERHAL COMBUSTION LNGINE SHOP

The writer has complled & list of standard tools from

recommendations made by different engine manufacturers,
list is for a smell shop ¢lass and is only & minimum, more
tools and speclel equipment may be desirable,

i
1
i
i

i I = T = T = R R S S

- 2 oz, Ball Pein Hemmer

- & oz, Ball Pein Hammer

= 1 1be Ball Pein Hammer

« 0 ose Gellulose Tip Hammer

=~ Heavy Hawhide Mallet

- 6" Long Heedle llose Pliers with Wire Cutters

-« &% Heavy Duty Diagonal Cutters

= 7" Standard Pliers

- 8% viece Grip Pliers

- 8% Adjustable Wrench

- Set Sockets, {" up to 1 1/6"

- Set Box End and Open End Wrenches, " up to 1"

- 7/16" 45° x 90° Open Lnd Wrench

- Set Allen Wrenches (Small) ,050, 1/16, 5/6l,
3/32, 1/8, 5/32, 3/16, 1/32, %, 5/16, and 3/8,

- Meter Torque Wrench (Ft, 1lbs,)

55
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~ Serewdrivers 7/32 x 6", 3 x 9", 5/16 x 103"
- Small Screw Holding Screwdriver
- Philips Screwdrivers, #0s 1, No. 2
- Set Peeler Cauges ,004 to ,02%
= Carborundum Stone for Polnts

= 10" Flat File

« 6" Round File

= Beriber

= Peneil Flashlight

- Center rFunech, 3 x 33"

~ &" Cold Chisel

- 1/68% Hail Set

= Burr inife

- Carbon Seraper

- Ring Expander

« Ring Compressor

- 1" to 2" Micrometer

- 1" go 2" Telescope Cauge

- 7/16" Die and Holder

- " Die and Holder

- 7/16" Tap
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Specisl Eguipment

- Lrill Press

- Set Drills

- Vise, metal

« Grinder Wire Drush

» Gondenser Tester .

= Coll Tester

- Valve ﬁrinﬁing Set

~ Compression Tester

« Test Tank for Outboard Motors

S T
t

This equipment would be suitable for & amall gas engine
unit in the comprehensive generel shop or in the sutomotive
mechanics shop, For & unlt gas engline shop, additional equipe

ment, such a5 a lathe, would be necessary,



CHAPTER V1
SUMMARY AND RECOMMERDATIONS

Somary

Christisan Huygens as early as 1060 was searchi

source of continuous rotary motive power by means of the exw
plosive force of gunpowder, Denls Fapin and Abbe Hautefeuille
later endeavored to develop Huyzens proposel of using gune
powder but were not suscessful,

The commercial career of gas engines began with Samuel
Broun's engine in 1823, These engines were put in road ve-
hicles by 1526 and in boats by 1027,

The next important development in gas engines was the
invention of the "free piston” eniine by Barsanti and Matteulei
in 1859, Thie engine was extremely noisy. A year later,
Lenolir was building gas engines resembling the horizontal,
double~scting steam englnes, a muech quieter engine although
not very efficlient,

¥+ Beau de Hochas patented the theory for the foure
stroke cyecle internal combustion engine in 1862, These
eycles in brief were: (1) intake, (2) compression, (3)
ignition, and (L) expulsion or exhaust, all performed in two
revolutions of the crankshaflt,

Dr. Otto in 1876 developed & gas engine using Beau de

Hochas' sequence of strokes, Those cycles were completed in

58
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two revolutions of the crankshalft, involving four strokes,
hence the name four-stroke eyecle, 7This engine revolutionized
the construction of gas engines, 1t prectically superseded
all other engines and launched the internal combustion engine
upon its amesing commercial aaﬁaar;

Sir Tugald Clerk in 1878 produced his notable two-stroke
eyele engine, Clerk used the seame sequence of operations,
but his engine completed the cyele in two strokes or one
revolution of the crankshaeft,

Every engine has four essential systems: (1) fuel system,
(2) lgnition system, (3) cooling system, and (4) lubricating
system, ‘ ’

Small gas engines usuelly have gravity fuel systems,
magneto ignition systems, and alr cooling systems. Outboard

motors are exceptions, sometimes employing pressure or suction
fuel syé%&m& aaé practically all are water cooled,

Four stroke eycle engines use both forced and apl&ah
1ubmi¢a%ing‘é?atama. ?he two stroke cycle uses neither, but
gots its lubrication from mixing oll in the gesoline, The
mixture goes through the airtight erankecase enrcute to the
combustion chamber and the o0ily mist tends to lubricate the
engine,

Today these engines may be purchased in four different
engine designs: (1) vertical, (2) horizontal, (3) anguler,
and () opposed,
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Pus to the fael these small gas engines operate by the
same sequence of operations that automobile engines do, it
is felt that these englines could be used in industrial arts
shope, The opinions of asuto mechanics teachers and induse
trial education supervisors indicated these small ges engines
could be used as units in industrisl arts shops, Such a unit,
it was indiceted, wgulé‘ba.maat profitable in the senior high
school,

There seemed to be a genergl opinion that boys would be
interested in this type of work, Approximately one half of
the respondents knew of schools teaching some small gas englne
wWorke |

Apparently auto mechanics is not becoming too complicated
for secondary school shops, a lthough 25 percent of those who
answered the questlionnaire thought that smell gas engines
would be & satisfactory beginning substitute, Sixtyenine per
eent of them implied small gas engines would not be as good
ag auto mechenies, The auto mechanies teschers indicated
that they would be able to teach this type of work and would
need to purchase only & few additionsl tools,

Most of the men were familiar with many of these small
engines, the following seemed to be most commont (1)

Brigzs & Stratton, (2) Cliaton, (3) Lauson, and (4) Wisconsin,

The f@&lawing items were suggested for & course of

study:
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2e
3
le
5.
6o
7
8.
Fe
10,
1l.
i2.
13;
1.
i5,
16,

Theory of 2- and L-Stroke eyecle engines,
instruction on lubrication,

Fuel systems (both gravity and pressure type).
Carburetlon,

ignition systems,

Instruetion on engine overhaul,

Engine tune-up,

Trouble shooting, care and meintenance,
Enginé storage.,

Gverlaaﬁing and over speeding,

Outboerd maintenance and boat safety,
Lawn mower safety,

Carbon monoxlde poisoning,

Power output testing.

Governor,

Tools and equipment used in servieing engilnes,

The greatest difficulty in setting up and operating e

small engine shop was thought to be that of getting suffi-

client repalr jobs in the shop.

Two satlsfectory textbooks have been written in this

areas

(1) All About Smell Gas Enzines, and (2) Smell Engines

service lanual, Bngine manuals from the many different

compenles would maie sultable reference or supplementary read-

ing material,
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The practical items of work have been listed (See Cheap=-
ter xv; page 37)e Upon close comparison, many of these
jobe aéa geen to coinelide with auto mechanics jobs and line
ntruatian. This type of work tends to be easily ta&teé by
variaa# objective tests.

The objectives for tﬁa course will vary, depending upon
the 1aé&lity and instructor, The following objectives are
runﬁaméntal for the course to be & success: (1) develop
ability to intelligently select, use and care for small gas
ﬁngiaﬁa, (2) develop planning procedures, (3) understand the
principles of lj» and Zestroke cycle engines, and (L) provide
qppartﬁnity for the student to maintain anﬂ,rﬁpair small gas

engines,

Hecommendatlions

The following facts are listed tohelp justify the recom-
mendation that smell gas engine work be taught elther as:
(1) & unlt in suto mechanics claes, (2) an area in & com~

posite general shop, or (3) a unit shop.

1. The principles of operation are the same as sulomo-
bile engines, with miner varlations augh»aa in the ignition
and cooling systems, Both 2= end L-stroke cycle engines
operate on the same sequence erhaparatiens. Carburetion,
timing, and lubricetion are all quite similer, These

engines lend themselves well to teaching nomenclature,
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2. Small gss engine work could be used as prerequisite
or beginning substitute for auto mechanics, 4As mentioned in
Humber 1, these engines operate on the same principles, Over-
heuling procedure, trouble shooting sequences, care and maine
tenance, tune-up, carburetion, and numerous other jobs, bagie

cally coinelde with auto mechanics,

3. Small floor area &aqu&red by small gas engines,
These engines sre smell, consequently they may be pleced on
benches to be overhauled, Storage spasce for these englnes
while being overhauled could very definitely be small, shelves
could be used on top of each other, In & small school or

shops this might be one of the most important factors,

Lis Expensive tools and machines are unnecessary. A
minimum of standard hand tools would be sufficient to maine
tain a small ges engine shop. All timing end tune-up machines,
wheel balancers, lathes, welding equipment, and numerous small
tools could be eliminated,

S. Smaller and more numerous projscts could be con-
structed, The following suggestions were received in the
survey: scooters, motorbikes, graln sugers, post hole dig-
gors, light plant, pumps, lawn mowers, farm elevators, ete,
The 1list is limited only by the imaginstion and skllls of

the students and instructors.

6, There are wide and numerous uses of small englnes,

These different uses are almost innumerable (See Chapter 1I,
pages 23-2L),
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7. Boy interest in small engines is high., Almost every
boy has been exposed to these engines in some fashion., Hany
own scooters, power mowers, outboard motors, ete. Many of
their parents will own such englnes, thus belping create the
boys! interest in these engines,

8. Small ges engines ere meneuverable, can be lifted by
hend, and sre easy to work on, Accessibility would be a prime
factor of impartance, These engines would be safer by elimiw~
neting hoists and having to move heavy engines, Repalr jobs
and tune~up jobs would be easier and faster due to simplicity.

9, GStudents need consumer, maintensnce, and safety know=
ledge sbout these engines, The use of the engine will deter=
mine: size, design, end 2- or li-cycle englne, Students
should leern how to choose the engine that will perform the
job setisfactorily at the lowest cost. Any engine will run
longer and perform better if properly maintained, To do this,
students must learn certain procedures and likewise be able
to spply them to different motors, With the many uses of
theaé engines, safety becomes very important, For examplet
boet safety, lawn mower safety, overhesting, carbon monoxice

peisoning, road safety, etc.

. 10. Some compenies will furnish engines free to school
shops, Come companies will furnish different types of engines,
even cutaway engines. These ere especially good for teaching

the principles of operation and nomenclature. This service is
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good public relations for the company besides belng very bene=
ficial to the school,

11, Companies will furnish free engine manuals. It is to
the best interosts of the companies to perform this service, If
their engines are properly cered for, they will operate better,

and satisfied customers ere good selesmen,

In view of the favorable reception of the idea of small
engines shops or areas in schools, & new area of setivity, it
would seem that the future of this new school endeavor ls

pramising.
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Pittsburg, Kansas
December 27, 1956

Dear MNr.

Since small gas engines have become important to
most home owners and in wide use over the country,
I am making a study of the "Possibilities of Small
Gas Engines in Specific Industrial Arts Shops or
As Areas in Composite Shops",

Since you are in the field teaching Industrial
Arts, I would like your opinion concerning the
possibilities of using these engines for units of
instruction covering; maintenance, overhaul, and
as a basis for studying the principles of internal
combustion engine operation.,

Enclosed is a brief questionnaire with a self
addressed envelope which I would like for you to
complete at your earliest convenience. Thank you
for your promptness and considerate cooperation.

Sincerely,

- o g e
(sl J Aodtscmecr
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7

THE POSSIBILITIES OF SMALL GAS ENGINES IN SPECIFIC
INDUSTRIAL ARTS SHOPS OR AS ARFAS IN COMPOSITE SHOPS

Do you think small gas engines could be used as a section or unit in Industrial
Arts Shops? Yes No

Do you think such a course covering maintenance and overhaul would be profitable
for the students? Yes No

What type of school should, in yeur opinion, the small gas engine shop be placed?
Jr. High Senior High Both

Do you know of any shops where small gas engine work is taught?

Wiould you think that boys interest would be generally high in work with small
internal combustion engines? Yes No

Would you teach the principles of engine operation first or teach care and
maintenance first, or should these be taught together? Principles of engine
operation first. Care and maintenance, Together.

Do you think Auto Mechanics is becoming too complicated for secondary school
shops? Yes No « If so, would small gas engines be a satisfactory
beginning substitute? Yes No

Would Auto Mechanics instructors be qualified for teaching small gas engine work?
Yes No « If not, should instructors receive special training for this
work? Yes No « Comments.,

How do you think small gas engines would compare with Auto Mechanics as a shop
course for Jr-Sr. High School age boys in Mechanics? Better. Just as
good. Not as good. Comments,

Would you need to purchase new tools in your present shops, to maintain and
overhaul small gas engines? Complete set. Partial set. None.

Do you know of any books, manuals, or course materials on small gas engines?
Yes No + Comments.

List some small gas engines you are familiar with.

Would there be a possibility of constructing projects involving small gas engines?
Yes No « Comments.
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1h. Check the following items you would like to include in a course of study. Please
feel free to add additional items.

Theory of 2-and L stroke cycle engines.
Instruction on lubrication.
Fuel systems (both gravity & pressure type) .
Carburetion.
Ignition systems,
Instruction on engine overhaul.
Engine tune-up,
Trouble shooting, care & maintenance.
Engine storage.
Overloading and over speeding,
Outboard maintenance and boat safety.
Lawn mower safety.
Carbon monoxide poisoning.

~Others-

T

T

15, What do you think would be the greatest difficulties in setting up and operating
a small engine shop?

Getting a qualified instructor?
Organizing a course?
Securing text and reference books?
Securing equipment?
Getting boys interested in this new field?
Getting sufficient repair jobs in shop?

Supply of engine parts?

~0thers-

i

Further comments, please use back of this sheet if necessary,
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