
unit 1 2 
size and performance measurement 

Small engines are described and compared by a 
number of measurements related to size and per
formance. Measurements of engine size are con
cerned with an engine's bore , s t roke displacement 
and compress ion rat io. These measurements 
determine how much power an engine can 
develop. The a m o u n t of power an engine actual ly 
develops is specified in terms of per formance 
measurement called horsepower. T h e concept of 
horsepower is based upon a n u m b e r of scientific 
principles such as force, work, power , energy and 
efficiency. Each of these principles is explained 
below. 

LET'S F I N D OUT: When you finish reading and studying this unit, you should be able to: 
1. Understand the size measurements based on bore, stroke, dis

placement and compression ratio. 
2. Identify the elements of small-engine performance measurement for 

linear horsepower. 
3 . Recognize the elements of engine rotary horsepower measurement. 
4. Describe the way horsepower is measured, charted and rated. 
5. Explain the different types of efficiency ratings used with small 

engines. 

ENGINE SIZE MEASUREMENTS 

Engines are manufac tured in different sizes to 
meet different requi rements . A l a w n m o w e r may 
have a small engine and an ou tboa rd a large one. 
Engine size compar i sons are not based on the 
ou ts ide d imens ions of an engine but on the size of 
the area where power is developed. 

Bore and Stroke 

The bore is the diameter of the cyl inder . Figure 
12-1. The larger the bore , the nyore powerful the 
engine. The stroke is the dis tance the piston 
moves from the bot tom of the cylinder to the t op 
or from the top to the bo t tom. T h e size of the 
stroke is determined by the dis tance between the 
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Figure 12-1. The bore is the distance across the 
cylinder. (Bjiggs & Stratton Corp.) 

centerline of the c rankshaf t and the center l ine of 
the connecting rod where it a t t aches to the c rank
shaft. The longer the s t roke , generally speaking , 
the more powerful the engine. The bore and 
stroke are given in inches or mil l imeters , e.g., a 
bore of Vh inches and a s t roke of 4 inches, or a 
rbore of 84 mm and a s t roke of 88mm. Somet imes 
just the n u m b e r s are given: 3'/2 x 4, for example . 
In this case, the bore is a lways the first number . 

Displacement 

The bore and s t roke of an engine are used to 
find its d i sp lacement . Disp lacement is the size or 
area of the cylinder, Figure 12-2. Disp lacement is 
measured when the pis ton is at the b o t t o m of the 
cylinder. The bigger the bore , the larger the 
cylinder area or d isplacement . T h e longer the 
stroke, the larger the cylinder area or displace
ment. If the engine has more than one cylinder, 
the displacement of all the cylinders is added 
together. This gives us the tota l d i sp lacement for 
t h e engine. 

The d isp lacement of a n engine may be given in 
two ways. It may be measured in cubic inches or 
tn cubic cent imeters . We often just call cubic cen
timeters cc's. Usually the larger an engine's dis

figure 12-2. Displacement is the area of the cylinder 
when the piston is at the bottom of its stroke. (Briggs & 
Stratton Corp.) 

p lacement , the more powerful the engine is. The 
d isp lacement of many small engines is 6 to 8 cubic 
inches. A car engine may have a d i sp lacement of 
more than 200 cubic inches. 

The formula used to calculate d i sp lacement is: 
| D i s p l a c e m e n t = Bore'* W* S t roke 

4 
T h e bore is squa red , or mult ipl ied by itself. The 
symbol rr s tands for 3 . 1 4 . An engine with a bore 
of 3 inches and a s t roke of 3 inches would have a 
d isplacement calculated as follows: 

3J x 3 . 14 x 3 = 

Displacement = 4 

9 *3 .14 x 3 = 

4 
21.20 cubic inches 

The d isp lacement in one cylinder is mult ipl ied by 
the n u m b e r of cyl inders to find the d i sp lacement 
for the entire engine. If the engine in the example 
above has two cylinders , the d isp lacement is 42.4 
cubic inches. 

Compression Ratio 

An engine's compress ion ra t io is ano the r 
i m p o r t a n t engine measurement . 
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Figure 12-3. This engine has a compression ratio of 6 
to I. ( Briggs & Stratton Corp.) 

/ 

You may remember that one of the four s t rokes 
of the four-stroke-cycle engine is called a com
pression stroke. On this s t roke the piston moves 
up. Both the in take and exhaus t valve are closed. 
The pis ton squeezes the air-fuel mix ture in the t op 
of the cyl inder . T h e t ighter the mix tu re is 
squeezed, the higher the compress ion an engine 
has. T h e higher the compress ion , the more power 
the engine can develop. 

We need a way to measure how much compres 
sion an engine has . The measu remen t we use is 
called compression ratio. Compress ion ra t io is 
measu remen t of how tightly the air-fuel mix tu re 
is squeezed in the cylinder. We find the compres 
sion ra t io by measur ing the area of a cylinder. 
First we measure the area when the pis ton is at the 
b o t t o m of its s t roke. T h e pis ton is then moved to 
the t o p of its s t roke. The small area above the 
piston is measured. 

Let ' s see how this works . In F igure 12-3, the 
pis ton on the left is at the b o t t o m of its s t roke . If 
we measure the area we find there are six cubic 
inches. The piston is moved to t h e t o p of its s t roke 
( r ight ) . We find there is only one cubic inch of 
space now. This means we squeeze six inches of 
air-fuel mix ture into a one-cubic- inch area . We 
call this a compress ion rat io of 6 to I. 

ENGINE PERFORMANCE 
MEASUREMENTS 

M o r e than two hundred years a g o an engineer 
and pract ical ins t rument make r at Glasgow Uni
versity was conduc t ing exper iments to improve 
the s team engine. The expe r imen t s were so suc
cessful tha t a pract ical s team engine was devel

oped. T h e engineer . J a m e s Wat t , went on to form 
a c o m p a n y to sell the engines. T h e engines were 
designed to be used in the coal mines in England . 
Up to this t ime, the mine ope ra to r s did all the 
lifting of coal with horses . T o sell his engines. 
Wat t had to develop a system for c o m p a r i n g his 
engines to the horse . T h e biggest achievement of 
J a m e s Wat t was to establish a unit for power . He 
t hough t up the t e rm horsepower after es tabl ish
ing by expe r imen t the a m o u n t of work an average 
horse could do . 

T h e idea of horsepower is based upon a n u m b e r 
of simple scientific principles: force, work , power , 
t o rque , energy and efficiency. Each of these 
impor t an t principles and its re la t ionship to horse
power is discussed below. 
Force 

In s imple t e rms , a force is a push or pull. If a 
m a n pushes agains t a d o o r , he has exer ted a force 
on the door . In scientific te rms, a force is 
expla ined as an act ion against an object tha t tends 
e i ther to move the object from a state of rest or to 
change the d i rec t ion or speed of an object a l ready 
in mot ion . The a m o u n t of force exerted can. of 
course , be measured . In the cus tomary system, 
force is measured in p o u n d s . T o open a d o o r , a 
pe rson must push agains t the d o o r with a force of 
so many p o u n d s . In the metr ic system, force is 
measured in newtons . 
Work 

The te rm work is familiar to everyone. In scien
tific t e rms , however , work is d o n e when a force 
travels t h rough a d is tance . Work is done only if 
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330 LBS 

the force results in movemen t . S o m e o n e who 
pushes agains t a d o o r that is locked exerts a force. 
If the d o o r j s not moved, no work is done . 

J a m e s W a t t was interested in the a m o u n t of 
work a horse could do . He hitched a horse to a 
con ta ine r of coal tha t weighed 330 p o u n d s . He 
had the horse pull the con ta ine r of coal 100 feet 
Figure 12-4. The formula for work is: 

' Work = Dis tance * Force 
Using the example of the horse: 

Work = dis tance (feet) * force (pounds ) 
Work = 100 feet * 330 p o u n d s 
Work = 33,000 foo t -pounds 

The horse , then, accompl ished 33,000 foot
pounds of work . In the United Sta tes , the mea
surement of work is the foo t -pound . One foot
pound equals the force of one p o u n d moved 
t h rough a d i s tance of one foot. In the metr ic 
system, work is measured in joules . One jou le is 
equal to a force of one newton moved t h r o u g h a 
d is tance of one meter . These ideas can be 
expressed as an equat ion : 

Work - Dis tance x Force 
foo t -pounds = feet » p o u n d s 
joules = meters x newtons 

Power 

Power is the ra te or speed at which work is 
d o n e . P o w e r a d d s the idea of t ime. The faster 
work is done , the more power is involved. C o n 
sider aga in the e x a m p l e of the horse . If the horse 
is able to pull the con ta iner of coal one hundred 
feet in one minu te , two horses might be able to 
pull the con t a ine r of coal one hundred feet in half 
a minute , F igure 12-5. T h e same a m o u n t of work 
is d o n e in bo th cases, bu t the a m o u n t of power 
involved is different. The formula for power is: 

ower 
work 
time 

_, \e x force Power =• — 

Power = 

Power 

t ime (minutes) 
100 feet x 330 pounds 

1 minu te 
3,000 

Power - 33,000 foo t -pounds per minute 
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W h e n two horses pull the same weight 100 feet in 
30 seconds or .5 minu te , the a m o u n t of power is: 

Power 

Power = 

work 
time 

dis tance * force 
t ime (minutes) 

n 100 feet x 330 pounds Power - 1 
.5 (minute) 

Power = 33,000 
.5 

Power = 66,000 foo t -pounds per mintue 
F r o m this example , it can be seen that the faster 
work is done , the more power is developed. In the 
cus tomary system of measu remen t , power com
monly is described in foo t -pounds per minu te . In 
the metr ic system, the uni t of power measu remen t 
is the watt . One wat t is equal to one jou le per 
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second. A jou le is equal to a newton moved 
through one meter . 
Horsepower. The steps used above to de te rmine 
the a m o u n t of power a horse could develop are 
like those J a m e s Wat t used. After watching the 
power p roduced by draft horses , Wa t t decided 
that 33,000 foo t -pounds per minute was a b o u t 
what the average horse could do . A horsepower is 
the ability to do 33,000 foo t -pounds of work in 
one minu te . He then was able to write a fo rmula 
for horsepower . T h e formula became: 

Dis tance (feet) * Force (pounds) 
Time (minutes) * 33.000 

Again, using the example of the horse: 
100 feet x 330 pounds 

Horsepower 

Horsepower 

Horsepower = 
1 minute * 33,000 

33.000 
33.000 

Horsepower = I 
This idea of ho r sepower a l lowed J a m e s Wa t t to 
compare the s team engines he was t rying to sell to 
the c o m m o n power -p roduce r of his day — the 
horse. This proved to be a very useful idea, bu t the 
formula was limited to power used for pul l ing a 
weight a s t ra ight d is tance. The ro ta t ing c rank
shaft of an engine , however , does not develop a 
pulling force. Ins tead, it develops a force t h r o u g h 
a circle as it tu rns . 
Rotary Horsepower (Torque). T o measure power 
developed by an engine c rankshaf t , a ro ta ry unit 
of force is necessary. The ro tary unit of force is 
called torque. T o r q u e , in simple te rms , is tu rn ing 
or twist ing effort. A mechanic using a wrench to 
t ighten a bolt is apply ing t o rque to the bolt . W h e n 
the bolt is t ight , the mechan ic may not be able to 
turn it any more . Even t h o u g h the bolt does not 
turn , the mechanic is apply ing t o rque . T o r q u e , 
then, is a force that p roduces or tries to p roduce 
ro ta t ion . If the to rque results in ro ta t ion , work is 
done . 

The formula for de te rmining t o rque is: 

^ T o r q u e = Force * Rad ius 
The te rm force is used exactly as it is in the con
cept of work . T h e rad ius is the dis tance from the 
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Figure 12-6. The longer the radius the more torque 
you can get with the same force. 

poin t at which the force acts to the center of 
ro ta t ion of the shaft. The push or pull the 
mechan ic exerts on the wrench is the force. The 
d is tance from the center of the bolt to the par t of 
the wrench handle where the mechan ic applies the 
force is the radius . It is called a rad ius because as 
the wrench goes a r o u n d it descr ibes a circle. The 
wrench takes up one-half the d iamete r of the cir
cle, or the radius . 

If the wrench the mechanic is using. Figure 
12-6, has a 1-foot radius and the force exerted is 
25 p o u n d s , the t o rque may be calculated as 
follows: 

T o r q u e = Force x Rad ius 
T o r q u e = 25 lbs « 1 ft 
T o r q u e = 25 lbs ft 

Shou ld the mechanic choose a longer wrench with 
a 2-foot radius and exert the same a m o u n t of 
force, the to rque will be increased. 

T o r q u e = Force x R a d i u s 
T o r q u e = 25 lbs x 2 ft 
T o r q u e - 50 lbs ft 

In the c u s t o m a r y system, t o r q u e a lways is 
expressed in pounds-feet . This causes a good deal 
of confus ion because the uni t of m e a s u r e m e n t for 
work is f oo t -pounds . In bo th formulas , p o u n d s 
are mult ipl ied by feet. R e m e m b e r that t o rque 
a lways is specified in pounds- fee t and work in 
f o o t - p o u n d s . In the metr ic system, t o rque is mea
sured in newton-mete rs . T h e formulas are: 
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Horsepower 

T o r q u e = Force x Rad ius 
C u s t o m a r y system: T o r q u e = P o u n d s * Feet 
Metr ic system: T o r q u e = Newtons x Meters 

T h e power p roduced by an engine is ro ta ry . 
Like linear horsepower can be measured . R o t a r y 
horsepower measu remen t is based upon the for
mula Wat t developed. The formula for ro tary 
horsepower is: 

R P M x T o r q u e 
5252 

T o r q u e is the tu rn ing effort developed by the 
engine. R P M means revolut ions per minute . 
R P M gives us the time element in the formula . 
The 5252 is simply a n u m b e r called a cons tan t by 
which we divide to get the correct units . 

MEASURING HORSEPOWER 

The hor sepower of an engine can be found if 
the engine 's t o rque at any par t icular R P M is mea
sured. A d y n a m o m e t e r , Figure 12-7. is a device 
used to measure engine to rque . The d y n a m o 
meter does not measure ho r sepower directly. It 
measures to rque and R P M . These values are then 
put into the ho r sepower fo rmula and ho r sepower 
is de termined mathemat ica l ly . M a n y d y n a m o 
meters have the ability to do this m a t h a u t o m a t i 
cally and provide the o p e r a t o r with a ho r sepower 
figure. 

The re are many types of d y n a m o m e t e r s . Mos t 
d y n a m o m e t e r s measure to rque of an engine by 

R O T A T I N G V A N E D 
IMPELLER 

WATER INLET 

S T A T I O N A R Y V A N E D " 
H O U S I N G 

WATER OUTLET 

THROTTLE CONTROL 

Figure 12-7. A smal l eng ine d y n a m o m e t e r . 

Figure 12-8. C r o s s sec t ion of a wa t e r b r a k e uni t . ( G o -
P o w e r C o r p . ) 

chang ing the ro ta t ing t o rque to a s ta t ionary 
t o rque . T h e s ta t ionary to rque is then measured 
with a scale, a hanging weight, load cell strain 
gage or o ther force-measur ing device at the end of 
a t o rque a rm. 

Mos t d y n a m o m e t e r s use a hydraul ic water 
b rake to change ro ta t ing to rque to s ta t ionary 
t o r q u e and a b s o r b the power . T h e water brake 
a b s o r p t i o n unit shown in Figure 12-8 consists of a 
vaned impeller tha t ro ta tes in a s t a t iona ry vaned 
hous ing . W h e n the a b s o r p t i o n unit is par t ly filled 
with water , the vaned impeller ro ta tes and accel
erates the water ou tward in the d i rec t ion of rota
t ion of the impeller until the water strikes ' h e 
ou te r edge of the hous ing . T h e water is deflected 
agains t the s t a t ionary hous ing vanes . The force of 
the fas t -moving water str iking the s ta t ionary 
hous ing causes the hous ing to try to ro ta te . A 
force-measur ing load cell, shown in Figure 12-9, 
is used to keep the hous ing from ro ta t ing and to 
measure the t o r q u e the water exer ts on the hous
ing. The to rque being measured at any R P M is 
control led by changing the a m o u n t of water in the 
a b s o r p t i o n unit . A water valve cont ro l s the flow 
of water t h r o u g h the abso rp t ion unit and , as the 
water flow increases, the a m o u n t of water in the 
abso rp t ion unit also increases. 

There are two general types of d y n a m o m e t e r s . 
One is an engine dynamometer which tests the 
engine by itself. Engine d y n a m o m e t e r s are used to 
m a k e engineer ing and pe r fo rmance studies on the 
engine , such as measur ing and ra t ing its horse-
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power. An engine under test on a d y n a m o m e t e r is 
shown in Figure 12-10. 

The o ther type of d y n a m o m e t e r is called a 
chassis dynamometer. This unit is used in many-
service facilities for t u n e u p and diagnost ic work. 
Motorcycles often are tested on a chassis 
dynamomete r . 

Figure 12-9. A f o r c e - m e a s u r i n g load cell 
Figure 12-10. A smal 
d y n a m o m e t e r . 

be ing tested on a 

Figure 12-11. O p e r a t i o n of a chass i s d y n a m o m e t e r . ( C l a y t o n M a n u f a c t u r i n g C o . ) 
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A chassis d y n a m o m e t e r al lows the technician 

to dupl ica te road cond i t ions and de te rmine the 
vehicle's ability to perform on the road. It is useful 
for testing a n u m b e r of motorcycle systems such 
as b rakes , drive lines, and fuel systems as well as 
power ou tpu t and engine condi t ion . The chassis 
d y n a m o m e t e r puts the motorcycle to work 
exactly as it works on the road and con t inuous ly 
measures its ability to work . 

T h e d y n a m o m e t e r is able to s imulate road con
di t ions by placing the rear wheel of the mo to rcy 
cle be tween two large rollers. The shaft of the 
forward or drive roller is a t tached to a power 
a b s o r p t i o n unit as shown in Figure 12-11. T h e 
power abso rp t ion unit works like a hydraul ic 
fluid coupl ing. It has a ro tor with blades which 
th rows fluid forward. A s ta tor with s ta t ionary 
blades receives the force of the fluid flow from the 
rotor . The power absorp t ion unit acts like a 
b rake . The more fluid in the unit , the more power 
required to revolve the ro tor at any given speed. 
With a given a m o u n t of fluid, the faster the ro to r 
revolves, the more power is required. 

The motorcycle engine is started and the rider 
puts it in gear. The rear wheel drives the rollers. 
The opera to r , by main ta in ing a cons tan t a m o u n t 
of fluid in the power a b s o r p t i o n unit , may adjust 
any desired load on the rear wheels. T h e load may 
be changed by varying the a m o u n t of fluid wi thin 
the system. The contro l is accompl ished by two 
valves opera ted remotely from a por tab le cont ro l 

unit in the hand of the ope ra to r . By push ing an 
" o n " bu t ton , the technician al lows fluid to flow 
into the power a b s o r p t i o n unit to s imula te anv 
type of road required from a level highway 
t h rough m o d e r a t e hills to the steepest grades. 
When the technician pushes the "off" but ton , 
fluid flows out of the power abso rp t ion unit, 
decreasing the load or steepness of the hill. 

Torque and Horsepower Curves 

When to rque is measured on a d y n a m o m e t e r , it 
is recorded on a g raph . Horsepower , calculated 
mathemat ica l ly using to rque and R P M also is 
char ted on a g raph . The g raph shown in Figure 
12-12 is typical. Horsepower figures are shown 
a long one side of the graph and to rque in pound-
feet a long the o ther side. The b o t t o m of the graph 
has engine speed in revolut ions per minute . This 
kind of g raph al lows both to rque and horsepower 
to be compared to engine opera t ing speed. 

H o r s e p o w e r and to rque curves result when 
horsepower and to rque are measured or calcu
lated on a d y n a m o m e t e r . When an ope ra to r 
observes a certain a m o u n t of to rque on the dyn
a m o m e t e r ins t ruments at a par t icu lar R P M , the 
o p e r a t o r puts a mark on the g raph tha t corre
sponds to the t o rque and R P M . W h e n the test is 
comple te , all the marks are connected together 
and curves such as those shown in Figure 12-12 
result. 

2500 3500 
RPM 

Figure 12-12. H o r s e p o w e r a n d t o r q u e cu rve . ( G o - P o w e r C o r p . ) 
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The horsepower curve in Figure 12-12 is com

mon to mos t engines. The horsepower does not 
start at zero because an engine will not run at zero 
speed. There fore , the curve is cut off at the bo t 
tom. Horsepower increases as the engine speed 
and load increase. The graph shows that this 
engine reaches its m a x i m u m horsepower of 165 at 
4,000 R P M . An engine is capable of runn ing fas
ter than the speed at which it reaches m a x i m u m 
horsepower . The horsepower begins to decrease 
after reaching the m a x i m u m point . The reasons 
for the decrease are related to the to rque curve. 

The to rque curve shows the load-carrying abil
ity of the e n g i n a a t different speeds in pound-feet . 
The re la t ionship between the to rque curve and 
the horsepower curve shows how the engine will 
perform at different loads and speeds. 

As shown in F igure 12-12, the ho r sepower 
curve con t inues to cl imb as the engine speed 
increases unti l m a x i m u m horsepower is reached. 
This is a lso t rue with the t o rque curve , bu t the 
to rque curve will reach its m a x i m u m point much 
earlier. Not ice in Figure 12-12 how the t o rque 
curve d rops after it reaches its peak poin t ( m a x i 
mum) at 1500 R P M . 

T h e t o rque of which most engines are capable 
will change widely over the no rma l range of 
crankshaf t speeds. At very low speeds—200-300 
R P M — an engine develops only enough to rque 
to keep itself runn ing wi thout any ex t ra load. T h e 
next t o rque — the reserve beyond what is needed 
to keep the engine r u n n i n g — is pract ical ly zero. 

As engine speed and load increase, t o r q u e will 
increase until it reaches the speed where t o rque 
will peak. This is where the manufac tu re r rates 
the to rque . It will be very near the most efficient 
opera t ing speed of the engine. At this point the 
cylinders are taking in the biggest and mos t effi
cient air-fuel mix ture , and the exhaus t gases in the 
cylinder are being forced out most effectively. 

T h e t o rque curve d rops off rapidly after its 
peak. At higher engine R P M there is less t ime for 
the air-fuel charge to enter the cyl inder and less 
time for the exhaus t gases to leave the cylinder. 
This results in a weaker push on the pis tons and 
less to rque . Other factors con t r ibu te to the d r o p 
in t o rque , such as internal engine friction and 
effective loss of the energy used in p u m p i n g in air 

and fuel and exhaus t ing it. These losses are des
cribed as pumping losses. 

The horsepower curve is directly affected by the 
to rque curve. This is due to the fact that t o rque is 
one of the elements in the horsepower formula*. 

T o r q u e x R P M T h 
Horsepower = ~5252 • 1 uc 

reason that the ho r sepower curve does not 
directly cor respond with the t o rque curve is that it 
a lso is affected by a n o t h e r e lement , t ime. Power , 
r e m e m b e r , is the speed or ra te at which work is 
done . The ho r sepower curve is able to increase 
past the peak of the to rque curve because the 
engine R P M increases beyond this point . Even
tually, however , the to rque d rops off so much that 
even more R P M canno t hold the horsepower 
curve up. 

Horsepower Ratings 

Even though there is general agreement a b o u t 
what hor sepower is, there are some differences of 
op in ion a b o u t how it is to be rated or specified. 
W h e n h o r s e p o w e r is measured at the flywheel of 
an engine, it is described as b rake horsepower , 
abbrevia ted B H P . T h e te rm brake comes from a 
device invented in 1821 by a m a n named Prony . It 
was called a P r o n y friction b r a k e d y n a m o m e t e r . 
The P rony b rake was a device tha t was wrapped 
a r o u n d an engine flywheel to a b s o r b energy and 
to measure the a m o u n t of energy absorbed . 

The b rake horsepower of an engine can be mea
sured on a d y n a m o m e t e r with all of the engine 's 
accessories driven from an external power source. 
This results in the m a x i m u m obta inab le horse
power. Horsepower measured this way is called 
gross horsepower. 

On the o ther h a n d , the ho r sepower can be mea
sured with the engine dr iving all the necessary 
accessories , such as the s t anda rd exhaus t and air 
cleaner, a l t e rna tor , water p u m p , fan and oil 
p u m p . Figures obta ined in this way are called the 
net rating and natura l ly are lower than the gross 
figures. 

The horsepower of an engine is affected by such 
things as ba rome t r i c pressure and air t empera 
ture . Hor sepower readings taken directly from 
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d y n a m o m e t e r readings are called observed horse
power. Observed horsepower is corrected to 
s t andard a tmosphe r i c condi t ions . This is called 
corrected horsepower. The correct ion factors 
may be those set up by SAE (The Society of 
Au tomob i l e Engineers) for the cus tomary system 
or DIN, for the metric system. Horsepower cor
rected in this manne r is called S A E horsepower or 
DIN horsepower. Since the metric s t andard is 
smaller than the c u s t o m a r y horsepower unit , 
DIN rat ings are slightly higher for a given engine 
than S A E ratings. 

Indicated horsepower is an engineering mea
surement seldom used outs ide of a factory or 
labora tory . It is a measurement of the power deliv
ered by the expand ing gas to the piston inside the 
cylinder. It does not take into cons ide ra t ion the 
friction losses within the engine but is the total 
power developed in the cylinders. T h e usual for
mula is: 
%IHP= P L A N K 

33,000 
where P = means effective pressure in the cyl inder 

in pounds per square inch. 
L = length of s t roke in feet 
A = area of one cylinder 
N = number of cylinders 
K = a cons tan t » R P M 

( F o r a two-s t roke , K = I * R P M , while for a 
four-s t roke , K = 2 * R P M . ) 

The c u s t o m a r y system of rat ings k n o w n as t ax
able ho r sepower , which has been a b a n d o n e d , 
bore a lmos t no re la t ionship to ac tua l ou tpu t . 
T a x a b l e ho r sepower was based u p o n a calcula
tion involving engine bore and n u m b e r of cylin
ders. It was used for tax purposes . 

H o r s e p o w e r also may be measured with an 
engine installed in the vehicle. Horsepower mea
sured at the rear wheels of a vehicle is described as 
road or chassis horsepower. This figure, of 
course , will be much lower than the engine 
rat ings. 

E N E R G Y 

Energy in any form, is the abil i ty to d o work . 
The abil i ty to do work is. of course , necessary to 

develop horsepower . The different kinds of 
energy are chemical , the rmal and mechanical . 

Mechanica l energy is measured by the work a 
body can do . A raised weight has energy that is 
s tored up for later use. If the weight is d r o p p e d , it 
can be m a d e to do work . Fo r example , the weight 
could be made to raise a n o t h e r weight, compress 
a spring or pull a rope or cable. 

In an engine, the energy used to develop horse
power comes from the fuel. A fuel such as gaso
line has a cons iderab le a m o u n t of energy. The 
energy in gasol ine is s tored in the form of chemi
cal energy. W h e n the gasoline is burned with oxy
gen in the engine, the chemical energy is released 
as thermal energy. 

Efficiency 

T h e pu rpose of any engine or machine is to 
conver t energy into useful work. How well the 
machine does at conver t ing energy into work is a 
measure of its efficiency. Efficiency is the rat io of 
energy supplied to the work p roduced . The ques
tion is. how much work does a machine deliver for 
the a m o u n t of energy put into it? The basic equa
t ion for efficiency is: 

1 Efficiency = W° r k °UtPUt * 100% energy in 
No machine or device is 100 percent efficient 
because of lost energy t h r o u g h heat and friction. 
In an internal combus t i on engine, only a b o u t 25 
percent of the to ta l energy of the fuel is conver ted 
into useful work . 
Thermal Efficiency. The internal combus t i on 
engine conver t s the chemical energy of gasoline 
into the rmal energy. It is impor t an t to know how 
efficiently this is accompl ished . T h e r m a l effi
ciency is a measure of the percentage of heat 
energy avai lable in the fuel that actual ly is con
verted into power at the crankshaf t . 
Volumetric Efficiency. Ano the r i m p o r t a n t type 
of efficiency rat ing in internal c o m b u s t i o n 
engines is called volumetric efficiency. Volumet 
ric efficiency is the re la t ionship of the actual 
vo lume of a cylinder to the vo lume which is filled 
dur ing engine opera t ion . At high engine speeds, 
the valves are open for such a shor t t ime that the 
cylinders are not complete ly filled. This , plus fric-
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tion t empera tu re and inertia, causes the cylinders 
to be filled to less than their capacity. Volumetr ic 
efficiency may be calculated with an engine dy
namomete r and air flow equ ipment . 
Brake Mean Effective Pressure. Ano the r impor 
tant m e a s u r e m e n t of engine efficiency is called 
brake mean effective pressure, a b b r e v i a t e d 
BMEP. B M E P is the average effective pressure 
exerted on the pis ton dur ing one opera t ing cycle. 
Pressure used in d rawing fuel into the cylinder 
and compress ing it, pressure required to exhaus t 
the bu rn t exhaus t gases, and internal friction are 
subtracted from the power de l ive red 'dur ing the 
power s t roke . The result is B M E P . B M E P may be 
calculated on a d y n a m o m e t e r . 
NEW TERMS 

bore: The d iameter of the cylinder. 
brake horsepower: H o r s e p o w e r measured at the 

engine's flywheel. Abbrevia ted B H P . 
brake mean effective pressure: The average 

pressure exer ted on the p is ton du r ing one 
opera t ing cycle. Abbrevia ted BMEP. 

compression ratio: The a m o u n t the air-fuel 
mixture is compressed dur ing the compress ion 
s t roke, compared to its original volume, 

displacement: The vo lume swept or displaced by 
the pis tons of an engine, 

d y n a m o m e t e r : E q u i p m e n t used to m e a s u r e 
to rque and calculate horsepower , 

efficiency: H ow well a machine such as an engine 
converts energy into useful work, 

energy: T h e ability to do work, 
force: A push or a pull. 
horsepower: T e r m used to descr ibe the power 

developed by an engine. One ho r sepower is 
equal to 33,000 foo t -pounds of work per 
minute . 

horsepower ratings: Different ways in which 
horsepower is measured and specified. 

indicated horsepower: A l abo ra to ry horsepower 
measurement based upon the power developed 
in the engine's cylinders. 

linear horsepower: Hor sepower used to pull in a 
straight line. 

power: T h e speed at which work is done . 
rotary horsepower: Hor sepower developed in a 

ro ta ry mo t ion such as by an engine's c rank
shaft. 

stroke: T h e movemen t of the pis ton in the 
cylinder, control led and measured by the offset 
of the crankshaft , 

thermal efficiency: How well an engine changes 
the chemical energy in gasol ine to heat energy, 

torque: A tu rn ing or twisting effort or force, 
volumetric efficiency: T h e rat io of an engine's 

cylinder vo lume to the vo lume filled by air and 
fuel dur ing engine opera t ion , 

work: W h a t is d o n e when a force travels t h rough 
a dis tance. 

S E L F C H E C K 

1. Define the\l-erm bore. 
2. Define the term stroke. 
3. Explain the te rm displacement. 
4. Define compression ratio. 
5. Define force. 
6. Write the formula for work. 
Q). Define the te rm power. 
8. Define a horsepower. 
9. W h a t is ro tary horsepower? 

10. Expla in how hor sepower is measured on a 
d y n a m o m e t e r . 
Wha t is a t o rque curve? 
Wha t is a horsepower curve? 

13. W h a t is efficiency? 
14. Define thermal efficiency. 
15. Define volumetric efficiency. 

DISCUSSION TO PICS AND ACTIVITIES 

1. Look up the ho r sepower and t o rque speci
fications for a small engine you own. At 
what R P M is horsepower the highest? 
Where is to rque highest? 

2. W h a t limits the horsepower and to rque of 
an engine? How could they be increased? 


