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The object of this thesis is the Deter-

mination of the Performance of Automobiles

by means of ..'imperis Accelerometer.

Various other methods of testing the

performance of motor cars have been exploited

but the results were decidedly discordant,

due chiefly to the variation of resistances to

motion.

Resistance to motion can be subdivided

into three main divisions; rolling resistance,

internal resistance of the mechanism and air

resistance.

The total of these three resistances may

very suitably be called the tractive resistance,

since it represents the amount of tractive force

which must be exerted by the engine.

Gravitational resistance affects the ac-

celerometer readings only when the road is not

level, and it is, of course, the same for all

vehicles of the same weight upon the same road.

This depends solely on the slope, so that a
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gradient of 1 in 10 produces a gravitational

resistance of one-tenth of a ton per ton, or

20G# per ton. The total resistance is the sue

of the tractive and gravitational resistances.

The rolling resistance is made up of two

parts, one due to the road surface and one due

to the tires. Part of the energy wasted ?oes

into grinding up the road and part into heating

the tires. The former part is usually assumed

to be independent of the speed of the ear. The

resistance due to the rolling of rubber tires

was shown by experiments of iiwing and of 3our-

let, many years ago to be independent of the

speed.

Frietional resistance depends entirely on

the amount of mechanism there is attached to

the read wheels. Thus a four-wheeled hand-eart

having its wheels entirely free from all mech-

anism but their bearings would encounter prac-

tically none of this resistance at all. ,'here-

as, in a steam road -roller which has its rear
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road wheels coupled up to the flywheel and en-

gine, the effort needed to haul it would al-

ways he much larger than if the engine were

disconnected from the wheels. These are ex-

treme cases of freedom and lack of freedom.

The ordinary motor car comes between the two.

The motor car engine can be engaged and dis-

engaged, at will, from the road wheels, by use

of the clutch; though even when disconnected

in this way the rotation of rear -heels also

require rotation of rear axle, the bevel or

worm, the propeller shaft and the gears in

the transmission.

If the effort to haul a motor car was

being measured, it would be necessary for this

reason to bear in mind that the requisite ef-

fort in pounds per ton would not be the effort

needed at the road wheels but the effort need-

ed at the clutch. The resistance of the mech-

anism is largely independent of the load,

though somewhat dependent upon speed, but the

3.





loss in transmission, due tc the churning of

the lubricant, increases rapidly with the speed,

in fact, the resistance due to this churning

action is almost proportioned to the square of

the speed, and the energy loss to the speed

cubed.

The air resistance, an unimportant factor

at low speeds, is the most important one at

high speeds. If a flat surface is exposed to

a wind blowing perpendicular to it, the pres-

sure on the area will be given by the equation

Fs 0.0003V2A

where * is the force in pounds. ? is the vel-

ocity in miles per hour, and A the area in

square feet. Although a motor car presents

some wind resisting area it does not present

flat surfaced areas. Its line is very much

broken, so that the total force due to air

resistance is sometimes far greater than that

given by putting a as equalling the projected
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area of the car. Since body shapes vary so much,

it is beet to make actual measurements when-

ever it is possible to do so.

The sum of the components gives the trac-

tive resistance in pounds per ton. This state-

ment mis;ht seem to imply that all three com-

ponents rise and fall with the load, which is

not true of the air resistance, since in a

elosed-in motor car it would be the same, re-

gardless of the load on the inside; so that,

although it is convenient to measure tractive

resistance in pounds per ton, it must be re-

membered that the air resistance will depend

not on the weight of the load but upon the

shape of the body carrying it. The effect of

wheel diameter upon tractive effort is not

large.

The tractive resistance E, expressed in

pounds per ton is usually calculated from an

equation of the following type :
-

R. T. A+ bv + cv2
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where A is the resistance due to the compon-

ents independent of V; b is the item added by

road hammering, but is usually so small that

the term is omitted; and ev2 is the component

due chiefly to the air resistance but increased

also by lubricant churning in the gear b:x, and

probably by mud churning by the wheels when run-

ning on very heavy roads.

arom the preceeding it is obvious that the

variables in the various equations would be very

difficult to determine.

This led up to some form of testing motor

vehicles on the read.

The first form of indicating apparatus

used to measure the tractive efrort, consisted

of a spring draw-bar. The tractive effort was

measured by hauling the vehicle with a spring

draw-bar at .ached to another vehicle. This

was found to be a difficult measurement to

make, particularly at high speeds and the least

hill slope afiected the readings seriously.
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With the purpose of eliminating these errors,

the leading Automobile Engineers of that time at-

tempted to design and perfect an instrument that

would indicate correctly the resistances to trac-

tion of a motor vehicle. This instrument they

called an accelerometer.

The leaders in this work were Desduits,

Lanchester and Trotter, who developed their ac-

celerometer prior to 19o9 . These types of accel-

erometers in spite of their high state of mechan-

ical perfection, were not applicable to road

transport work.

m 1909 H.JS.Wimperis, with the skilful aid

of Elliot tsrcs. , constructed an accelerometer on

a new method altogether, which would easily be

able to endure hard usage on the road, while loos-

ing nothing in accuracy. The description of instru-

ment and theory of operation is described in the

next chapter.

Acknowledgement is made cf the help obtained

from the papers and experimental data of ilessers

H. E. Wimperis, ... G. iiarshall and c. L. Sheppy.
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PART I.

DESCRIPTION AED THEORY uF OPERATION.





The Wimperis Accelerometer is an in-

strument so designed that it is applicable to

the study of the resistances and power re-

quirements of moving vehicles. The construc-

tion is such that it records acceleration and

decceleration in feet per second per second.

The problem of investigating the merits

of motor cars, may be divided into two main

factors, namely a study of the resistances

offered to the propulsion of motor cars and

the determination of their power requirements.

The factor of resistance can he subdivided in-

to three branches; a quantity due to rolling

resistance which is constant; a quantity due

to the friction of the internal mechanism of

the car; and a quantity due to air resistance

which is variable.

The factor of power requirement can be

divided into two facts namely the horsepower

necessary to accelerate and also to drive

the vehicle.





PLATE I.





Suppose for example that having deter-

mined the acceleration (a) and the decceler-

ation (a*) for a car of mass ffi moving at a vel-

ocity of v feet per second that an equation for

horse power be derived. Then using the equation,

F - ma ( 1

)

the value of a and m can be substrituted in or-

der to determine the value of F when the ear is

accelerating. The determination of the value

of F when the car is deccelerating i? an exact

duplicate of the previous calculation so the

equation

F= ma 1 (l 1

)

holds true.

Having determined the values of F in

pounds, we know that a horse power is equiv-

alent to 550 foot pounds per second or

H.P. = I-? (2)
550

where v is the velocity in feet per second.

Using the equation (2) the horse power

necessary to accelerate and to drive the car
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can be determined. The sum of these two horse

powers will be the total horse power developed

by the motor.

This method of calculation may he simpli-

fied as follows i-

F = ma = 1* in pounds

.

32.2

v = 5280 X M.P.H. in feet per hour.

One horse power hour is equivalent to 1,980,000

foot pounds.

These factors being known they can be com-

bined into an equation representing horse power,

Simplifying

H P = :,a X 5£8 ° X L-- ? - H '

32.2 2 1,980,000.

H.P. = V^.X a X Il.P.H. (3)
12U76

which is equivalent to the horse power to ac-

celerate or when deccelerating the H.P. to

drive vehicle is

E P " '•X a ' A i-.P.K.

12075. (3

10.
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The terns in equation (3) and (3*) are

of such a nature that they can be obtained

directly from test data and the determin-

ation of the horse power becomes a simple

mathematical calculation-

There are two forms of Wimperis Ae-

celerometers , the indicating and recording

types. The recording accelerometer which is

to be described in this chapter was the model

used to obtain the data for this thesis.

A general view of the recording accelerom-

eter is shown in Plates 1 and II. In order to

simplify the description of the instrument it

was necessary to consider the two units of the

mechanism individually, that it to describe

the accelerometer proper and the recording

mechanism separately.

The accelerometer proper as illustrated

in Plate ill consists of a circular aluminum

disk mounted on a vertical shaft which is

geared to an auxilliary vertical shaft mount-

11.
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ing the needle and a small hair spring rigidly

attached to the frame on one end and the aux-

illiary shaft on the other.

Six permanent magnets are set around the

periphery of the disk and the magnetic field

acting at right angles to the plane of the

disk, serves as a Id rake to dampen the movement

of the rotating element. This method of brak-

ing is steady and has none cf the sticking

qualities of frictional braking.

Any acceleration in the direction of motion

tends to make the disk lag. This lag rotates

the mechanism and winds up the hair spring. The

greater the lag of the disk the greater will be

the amount that the spring is wound up and hence

the acceleration is measured by the degree to

which the spring is wound up.

The needle is not affected by any changes

of gradient, because the downward acceleration

is neutralized.

This can be explained mathematically as

12.





follows :-

To prove this let the slope of the hill be s and

the weight of the moving parts of the accelero-

meter w. Also let g be the gravitational con-

stant, x the distance travelled by the car, and

f the resistance.

Then the acceleration of the car is

while the forces acting on the car in the di-

rection of motion are

- ( w sin s 4-f

)

assuming that the hill slope is against the car.

But force is equal to mass times acceleration.

_ w v d2x
' - (w sin s + f

)

dt'

a^x
= _ £

dt<
# ( w sin s + f

!

the minus sign meaning, of course, a retardation.

But owing to the slope of the ear the

needle tends to rest not at the zero but at a

reading equal to the slope, namely, g sin s.

13.





So that the needle has to move thru this amount

before it shows any reading on the other side

o±' the zero. The actual retardation will there-

fore he

£ (w sin s + f ) - g sin s.

which reduces to

f x s—-

—

°— feet "cer second per second,
w

If the value of F in pounds per ton is

desired then multiply the acceleration in feet

per second per second by E or by 22°° which
S 32.

2

is equal to 62.11.

In order to have the instrument record

correctly when traveling around curves a com-

pensating balance is fitted to a stub shaft

which is geared to the auxilliary vertical

shaft mounting the needle and hair spring.

If the disk is deflected by an acceler-

ation in the direction of motion or the car

and by a second acceleration like that given

by a slope in the road, it would act at right

angles to the first and tend to add or sub-

14.





tract from the force, causing the hair spring

to be wound up, which of course would give a

false record of the acceleration. This error

is most noticeable in the pendulum form of

instrument where the complicating vertical

acceleration often far exceeds that of gravity.

The purpose of the gear wheels connected

to the compensating balance is in effect, the

same as that cf the disk. Ln figure 1 is

shown a diagramatic outline of the mechanism.

The moments of mass of these disks about

the axes A and ii are equal and "nave their cen-

ters of gravity eccentric to the same extent.

It csn be seen from Figure 1 that a force in

the direction cf the arrow P will cause the

two disks tc roll together. A force acting in

the direction cf the a'^row E, will produce no

effect upon the disks. Forces perpendicular

to the plane cf the page will have no tendency

to cause or produce rotation. Therefore the

only acceleration recorded will be that which

15.
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is produced "by a force acting in the direction

indicated by the arrow £ or opposite to it.

In recording the acceleration readings

no effect is produced by a down grade. This

is true because the gravitation effect on the

needle on account of the slope is neutralized

by the acceleration due to gravity acting upon

the ear when the latter descends a slope.

The recording mechanism as shown in Plates

I and II consists mainly of a clock mechanism

which drives the recording chart paper thru a

toothed wheel at the rate of six inches per

minute. The space between each of the curved

lines on the chart paper represents two and

one -half seconds of time.

The chart paper travels over a horizontal

table, upon which the recording needle of the

accelerometer plots its indications. A pneumatic

operated pen on the front edge of the table is

found to be useful for a variety of purposes,

such as recording the speed of a vehicle as

16.





observed from the speedometer.

On the outside of the case of the instru-

ment is attached a knurled brass nut which is

used to adjust the height of the recording pen.

The purpose cf the milled brass thumb

screw on the top of the supporting frame, is

to adjust the recording needle so that it will

read zero acceleration when the vehicle is at

rest.
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PART II

APPLICATION TO THS TESTING OF I/LOTOR CARS,





The total resistance interposed to the

progress of a motor driven vehicle, consists

mainly of two factors:- A fixed quantity due

to the rolling resistance and a variahle quan-

tity due to the air resistance.

The fixed quantity alone gives the re-

sistance to traction.

Besides the rolling resistance and the

wind resistance there are three other factors

which enter into the total resistance. These

are, the friction in the vehicle itself,

grades, and curves.

If we propel a vehicle at a certain speed

over a level road and suddenly stop the pro-

pelling force, the speed will decrease with the

retardation proportional to the total resis-

tance. If the latter is small the retardation

will be small and the time required to change

the speed will be longer than if the resis-

tance were large as it would be, for example,

if the bralres were applied or a strong wind

18.





"blowing.

Considering a car weighing two tons

traveling at a rate of 30 miles per hour

against a steady resistance of 119£t this re-

sistance on analysis is found to be composed

of 47 X £-+-25 = 119#. The rolling resis-

tance is 47f per ton. The wind resistance

against the exposed surface of the car at

30 miles per hour, considering 12 square feet

exposed, is 25#

With the accelerometer even this small

calculation which is based on emperical form-

ulae, would not have to be made. The indi-

cator on the instrument immediately shows the

decceleration of the car in feet per second

per second.

A study of the recording mechanism of the

instrument will show that it records in two

directions from the zero mark. On one side of

zero is acceleration and on the other side dec-

celeration. When measuring the pick-up of the

19.





motor, the needle is first set to zero with

the leveling screw when the car is on a lev-

el piece cf road. The motor is started with

the readings recorded directly "by the instru-

ment when speeding up. It will be noted that

the acceleration is recorded in feet per sec-

ond per second. After any desired speed has

been attained and it is desired to determine

the resistance to progress, the clutch is

thrown out and the car allowed to coast. The

retarding force will then be read on the dec-

celeration side of the chart directly in feet

per second per second.

The practical value of the instrument is

readily explained. Suppose in a car of two tons

which we have considered, the resistance in-

stead of being 119t, the normal amount, should

suddenly show to be 200# f the driver would im-

mediately realize that something was wrong. The

car would be using 6u per cent more power than

required before.

20.





Dragging "brakes, bearings which are too

tight, badly alligned wheels and other faults

which go to increase the power necessary to

pull the car over the road, can increase op-

erating costs enormously.

7/hen the operator sees by the acceler-

ometer that the resistance has increased to

a noticeable extent the car is inspected and

a large amount of damage checked before it

occurs. The instance of badly alligned

wheels will illustrate this. The wear on

the tires of the front wheels when they are

out of allignment is so great that a new

pair of tires may be worn through in 500

miles of travel. If this misallignment oc-

cured on a car equipped with an aecelerom-

eter it would be detected immediately.

The accelerometer must be handled very

carefully to obtain accurate results on the

road.

It was found to give greater accuracy

21.





if the readings were taken on a slight down-

grade, because it allows the car to coast

longer.

When the road is not level the instru-

ment reading shows the acceleration or dec-

celeration due directly to the motor, brakes,

road resistance or a combination of them, and

a knowledge of the slope is unnecessary as

proven by previous theory.

Plate IY shows the acceleroceter set up

for operation in test car #1.

In setting up for test the instrument

should be set so that the pointer is perpen-

dicular to the direction of motion, and then

the pointer should first be released from the

holding clip, when it will swing to the cen-

ter of the chart paper. If the case is quite

level the pen should come to rest on the zero

line of paper when the paper is running; if

this is not so the pointer can readily be ad-

justed by means of the zero adjusting device,

22.
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which will be found attached to the brass

bridge piece underneath the removable glass

cover.

The pen should be washed in methylated

spirits, and then filled with ink which is

supplied with the instrument. The methylated

spirits washes off any dirt or grease that

may be on the pen and allows the ink to flow

freely.

The pen should now be carefully set to

bear very gently on the paper, no more pres-

sure being put on than just sufficient to

cause the pen to mark properly across the

scale. This adjustment can be made very simp-

ly by means of the brass screw, which will be

found at the top end of the case, and is

marked "Raise" and "Lower".

The paper chart upon which the instrument

records, is fitted as follows:- First pull

the hinged spring lever on left hand side of

clock over to an angle of 90 degrees, where

23.





it will rest on a stop. The roll of paper

can then be placed on the pin on the oppo-

site tide of the bracket and the lever put

back again into original position. The paper

should then be threaded under the three

blued steel springs on the paper table and

make to engage with teeth on pin-wheel, then

it will be ready for use.

The paper will pay out through the slot

in the bottom of the case at the rate of 6

inches per minute.

A pneumatic marking pen will be found

fitted on one side of the instrument for

marking on the margin of paper. A mark is

placed by means of this on the margin of

chart at every increment of speed, in ac-

celerating and retarding.

Having the instrument adjusted the folr

lowing method is used in taking diagrams.

The driver sets the car in motion in

first speed and brings the car up to a speed

24.





of 5 miles per hour, which the driver holds

until receiving the signal from the instru-

ment operator to accelerate. At this signal

the operator marks a reference mark on mar-

gin of paper with the pneumatic market, which

represents E miles per hour, and at the same

time releases the clock mechanism which pays

out the paper chart.

The driver then throws throttle wide

open and accelerates to a maximum speed in

first speed, changes gears to second speed,

accelerates to a maximum, changes to third

speed, accelerates to a maximum, and if a

fourth speed, changes to fourth speed and

accelerates to a maximum. When the maximum

acceleration is attained the accelerometer

reads zero.

After attaining maximum acceleration

in direct drive, there are three alternatives

in determining the deceeleraticn.

First the motor is declutched from the

25.





driving gear, and the car allowed to coast

until it comes to rest. At each decrement

of speed the operator marks the paper chart

as previously explained. With this deter-

mination of the decceleration of the ve-

hicle, the rolling resistance can be de-

termined directly. This is the method that

is most generally used, as the resistance

to motion includes the frictional resistance

of all moving parts back of the motor.

Secondly after attaining maximum accel-

eration in direct drive, the driver shifts

the speeds to neutral position. This allows

the clutch and jack-shaft in transmission to

come to speed of motor, which decreases the

resistance to motion, and does not give a

true value on the frictional resistance of

the driving mechanism, for considerable work

is required to revolve the jack-shaft in the

transmission, especially if heavy grease is

used as lubricant.

26.





Thirdly, after attaining maximum speed

in direct drive, the ignition is switched

off and the car allowed to coast as before.

The results from this diagram give the total

resistance to motion of the car, including

the friotional horsepower of the motor.

This form of diagram is very valuable

for a study of the friction horse power of

the motor, having the resistance of driv-

ing mechanism from method one, the friction

horse power can be determined direct by sub-

tracting resistance of method number one

from resistance of method number three and

reducing to horse power.

Having the test finished the pointer

should be raised from paper by brass screw

and be swung to one side of instrument where

it is placed in holding clip.

The pen should be carefully taken off

of pointer and washed in methylated spirits

until free from ink, which leaves the pen in

27.





good condition for next test.

It may appear at first sight that the

accelerator is open to objection for road

testing of motor vehicles, as the measuring

instrument is carried on the moving vehicle,

it is subjected to a good deal of vibration,

and possibly to zero error should the floor

of the car change appreciably in its upward

or downward tilt relative to the road. Vibra-

tion, however is actually useful in that it

helps to overcome any statical friction there

may be in the mechanism, and although diffi-

culty due to change of tilt cannot be avoid-

ed by any attention to the mechanism of the

accelerometer, nevertheless its amount has

been the subject of careful study on a var-

iety of cars, and been found to be less than

can be measured in practice.

28.





PART III

INTERPRETATI Oil OF RESULTS,





The following data was obtained from

a series of tests on cars #1 and #2, and rec-

orded as described in method of testing.

These tests were made over good asphalt reads,

the results being tabulated in tables 1,2,-3,

and 4 and the curves corresponding to these

are shown in curves 1 to 7, calculations

being made directly from diagrams 1 and 2.

Test car ITo. 1 was a 1912 model, stand-

ard 6 cylinder touring car, having a motor

of 3 3/8 inch bore by 4 l/2 inch stroke.

Total weight of car was 3300 pounds equipped

for the test.

The rolling resistance tractive pull,

as determined experimentally over the roads

which accelerometer tests were made, aver-

aged 54 pounds total, or 32 pounds per ton

of car weight.

After the completion of test, car fl

was taken back to laboratory, and there the

speedometer was calibrated for range used

29.





in the testing. Curve £4 shows the calibra-

tion curve for speedometer used.

The gearatios on this car were as fol-

lows :
-

First speed-18.5 1

Second " 12.0 1

Third " 7.1---1
Fourth " 4.62—1

From diagram #1 can he obtained the

maximum acceleration or deceeleration at

any car speed. ,;ith this data available

the horse power to drive or rolling re-

sistance of the motor car can be deter-

mined by a simple calculation.

From the following equation which was

developed earlier in the thesis, the horse

power necessary to accelerate can be cal-

culated

i X a X H.P.H. -up (3)
12075

Obtaining from diagram #1 the dee-

celeration at various car speeds, the re-

sistance to rolling then can be calculated

30.





as follows. From equation (l') f

I = ma' (1*

)

knowing the mass of the car and the dec-

celeration in feet per second per second,

the value of F can then be found.

Then from equation (5') the horse power

due to deceleration, is

H.P. = -' X a' X M.P.H. (3')

12075

The total horse power developed by the

motor is equal to the sum of the values ob-

tained from equations (3) and (3').

To obtain the friction horse power of

the motor, the car is allowed to coast with

ignition shut off, after having obtained a

maximum acceleration in direct drive- Know-

ing the deceleration in feet per second per

second from previous diagram, taken while

motor was declutched, and the decceleration

taken from car coasting with ignition off,

the friction horse power can easily be de-

termined.
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TABLE No. I.
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The difference "between these two dec-

celerations gives the decceleration due to

friction in the motor. Prom the diagram

we can obtain the speed of the car in M.P.E.

corresponding to any decceleration, then from

equation (3') the friction horse power can be

calculated.

Test car Ho. 2 was a standard make, 7

passenger touring car, having a 6 cylinder

Tee head motor, of 5 inch bore by 7 inch

stroke. The car weighed equipped fcr test
,

60C0 pounds.

The gear ratio of this car on direct

drive was 2.7 to 1.

Table 3 shows the acceleration and re-

tardation in pounds of this car for every

10 mile increment of speed.

Referring to curve #5 curve A shows the

total horse power developed by the motor and

is determined by the algebraic sure of curves

C and B.
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Curve B. shows the horse power required

to produce acceleration, while curve gives

the horse power to drive the car.

Curve D gives the pounds retardation as

taken from the accelerorneter, also curve E

gives the acceleration in feet per second per

second as recorded.

The above data on test car #2 was kind-

ly submitted for use in this thesis.
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TABLE. No.3.

TEST CAR TioZ.

\
n.PH





TABLE No. 4.

TEST CAR No2.

M.PH





ACCELLCRA TIOH FELCT PE.R SECOND
ru u .&





ZOO 4-00 600 800 IOO0 I ZOO I40O JSOO l&OO
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PART IV.

COITCLUSIOI.





During this investigation of the per-

formance of motor ears with the accelerom-

eter, many factors arose that could not he

given a separate chapter in this thesis.

In the test work it was found that if

the instrument was placed parallel to the

direction of motion, the deflection shown

"by needle would indicate the amount of

acceleration of the car or car body in a

direction perpendicular to the direction

of motion. This will he designated as

body swaying.

If a comparison is wanted between

different cars, in regard to body swaying

or the same car equipped with different

types of spring suspension, the aeceler-

ometer will be found to be very useful,

in that it records directly the amount of

side swaying.

In order to show the application of

the accelerometer to fields other than that
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of the motor car, diagrams were taken from

electrically operated railway trains. These

diagrams will be found enclosed in the en-

velope at the rear of this thesis.

Diagram ^3 shows a complete graph from

55th street to 12th street, taken from a

South Side Elevated Railway train. This

train consisted of four cars, each of which

was motor driven with unit multiple control.

From such a diagram can be obtained the

accelerating power of trains, also the brak-

ing rate. The time required for station

stops, and the time required for run be-

tween stops.

Diagram #4 was taken from surface car

£5036 of the Chicago turface Lines. The

applications as mentioned above applies

also to use of the accelerometer for sur-

face railway work.

In addition to above, the accelerometer

is useful to determine the correct rate of
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acceleration and braking rate of the car for

the comfort of the passengers, also to -de-

termine the tine of stor per passenger load-

ed cr unleaded.

Cnly a description of a few of the tests

that have been made during the study of the

accelerometer are found within this tnesis;

but the general conclusions which have so far

been reached may be sumed up as follows:

-

1. Sy the use of the accelerometer the

road resistance of different kinds of roads

cr tracks, under various weather conditions

can be measured and compared.

2. The amount of air resistance due to

various forms of vehicles can be at once de-

i termined.

3. The mechanical and thermal efficiency

of the engine at various speeds can be ob-

tained under actual working conditions.

4. The brake horse power exerted by the

engine when running at various speeds can be
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obtained under actual working conditions.

5. It is possible to trace step by

step the losses of power in transmission.

6. It is possible to make a definite

allowance for motor vehicles which are speci-

fied to show a given fuel economy, and which

may have to run their tests on exceptionally

heavy roads

«

7. Finally the use cf the accelerometer

enables a useful interpretation to be given

to speed and efficiency tests, which are

carried out en specially prepared motor

tracks, having characteristics different

from those of the ordinary highway, at un-

restricted speeds.
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