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PHYSICS CAT 2

AIM

The aim of this investigation is to determine the relative efficiency of a DC motor,
and whether or not it will operate more efficiently under certain conditions. To
determine the efficiency of the motor, a mass (which will be varied) will be attached
to the shaft of the motor, while varying the voltage across the motor and subsequently
the current. The mass will be lifted to a height of one metre and successive trials will
enable us to minimise error within the experiment,

-We will also be able to explore whether there will be any patterns or
relationships evident, and if so, this will help us to determine what conditions are
necessary to gain maximum efficiency out of the motor.

BACKGROVND PHYSICS

Electric motors operate on the principal that a current carrying wire within a magnetic
field, will experience a force, given by

F=B

Where F = Force (Newton)

B = Magnetic field strength (Tesla)

I'= Current (Amperes)

L = Length of the wire (Metres)
All direct current motors work by the action of this force on a wire loop containing an
electric current. Either a permanent magnet or an electro- magnet provides the
magnetic field withinthe motor. Generally in smaller motors permanent magnets are
favoured, whereas in larger motors electromagnets are used, providing a stronger and
larger magnetic field.
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Consider the following illustrations of a simple rectangular coil,
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The sides PQ and RS will experience no

Force in position A because their plane is
parallel to the magnetic field. Current is
travelling from P to Q and R to S. If the coil was
pivoted about the XY axis; the two parallel
forces would produce a rotation (clockwise).
The force on RS would be down and the force
on side PQ would be up. The combination of
forces would lead to a twisting effect of the coil,
clockwise. These forces rotate the coil until the
side PQ is at the top of its rotation. At this stage

-a commutator is used in the D.C motor. The

commutator reverses the direction of the current
as the coil moves through the position where its
plane is perpendicular to the magnetic field (If
the current was not reversed the coil would align
vertically). This ensures that the coil will
continue to rotate clockwise.
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EFFICIENCY OF THE MOTOR.

The efficiency of the system also involves the aspect of mechanical energy (in
particular gravitational potential energy), energy transformations and power.
The power into the system is given by,

Pun=1V

Where P = Power (Watts) |
I = Current (Amperes)
V = Voltage (Volts)

Before the system is in operation, the mass attached to the string has
gravitational potential energy; that is, it has the potential to do work. The work done
on a body changing position against a gravitational field can be evaluated by
considering the force acting on it

As F = weight =mg
Where F = Force (Newton)
We can substitute into the equation the change in height, Ah, as the
displacement is in a vertical direction. The power out of the system is given by

Pouw= mgAh
t

Where m = mass (kg)
g = gravitational field strength

(9.8N/kg)
Ah = change in height (m)
t =time (s)

This will allow us to calculate the efficiency of the system, given by

Efficiency (%) = Power out x 100
Power in 1

VARIABLES

UNCONTROLLED VARIABLS

¢ Heat produced by the motor when it was in operation. This contributed to large
efficiency losses within the system.

¢ Sound from the motor was also uncontrolled. This also contributed to the
inefficiency of the motor.

¢ The ability of the string to stretch when a heavier mass was applied. This error was
minimised by attaching a 1m ruler to the wall and measuring the string each time a
trial was conducted. 1m was taken form the bottom of the weight to when the weight
reached the top of the ruler.

¢ The current into the system was uncontrolled, as it tended to vary.
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CONTROLLED VARIABLES

4 The height over which the mass was lifted was kept at constant 1m.

¢ The same set of masses was used throughout the experiment to ensure reliable
results were obtained.

¢ The voltages with which the trials were conducted under were controlled.

APPARATVS

4 AC/DC Power pack — To supply variable D.C Voltage
4 Voltmeter — To measure voltage across the motor.
4 Ammeter —to measure the current within the circuit.
¢ Masses — chosen for their availability and easy use.
Includes; 0.01kg
0.02kg (x2)
0.05kg
# Weighing balance —Reads masses correct to four decimal places.
# Metre ruler — gives large range in height.
¢ Large speed motor- (Voltage rating at 12V)
¢ Alligator clips and string — chosen for their availability and usefulness
to the investigation.
¢ Stopwatch — to measure the time taken for the motor to lift the mass.
# String (assumed frictionless)- Attached to the mass, enabling motor to
liftit. .
¢ Alligator clips- to connect the circuit.

METHOD

A mass was attached to the string of the motor.

2. The required voltage was set.

3. Before the trial was actually conducted, a brief operation of the motor allowed us
to measure the amps produced by the system. After this the mass was returned to
its original position.

4. The power pack was turned on and at the same time as the stopwatch. Time
ceased when the weight reached the one metre mark.

The following illustrations show how the time was taken which was at the bottom
of the weight

L=0 =13
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5. For each mass the voltage was varied within the range 6.0V— 10.0V, increasing
them by 0.5V each time — 6.0, 6.5,7.0,7.5,8.0,8.5,9.0,9.5, 10.0(Volts) were
the values used.

EXPERIMENTAL DESIGN
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DIFFICULTIES ENCOUNTERED

Several difficulties arose during this investigation. The most obvious was that of the
inaccuracy when recording the time taken for the mass to be lifted over the given
height. The change in height was taken by the eye and recorded with the stopwatch.
However using the human eye to record a measurement within a very short time
frame isn’t very accurate. Thus to minimise error associated with this, each trial was
conducted three times and the average of these times were used in calculations.

When performing the experiment initially, it was clear that the motor would
not lift the given mass range at certain voltages. Voltages too low would not provide
enough power to lift even the lightest mass, or the higher voltages would provide too
much power, then the mass would be lifted up at an extremely fast rate, resulting in
too much error, Therefore, it was necessary to determine what voltages were suitable
to that of the experiment. These were in the range of 6.V to 10.0V.

Early during the investigation, the motor had difficulty in lifting the masses, as
the string attached to the shaft of the motor would constantly slip. Applying tape to
the shaft firmly held the string in position, solving this problem.
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CALCULATING THE EFFICIENCY OF

THE SYSTEM

UNCERTAINTIES.
Voltage - 0.3V
Current - £0.05A
Time - +0.01s
Height - £0.002m
Mass - +0.01kg

Efficiency

Efficiency = mgh x 100
IVt 1

= (0.002032 x 9.8 x 1.0 x 100
900x1.2x432 1

=0.43%

Example
V=90V

I=12A
t=4.32s
m=20.32¢g

CALCULATING UNCERTAINITES IN POWER IN (P=1V)

( voltage)
UNCERTAINTY =

(current)

9.0 1 1.2

0.2x100 + 0.05 x 100

= 6.4%

cALCULATING UNCERTAINTIES IN POWER OUT (P= mgAn)

(time) (height)

t

(mass)

UNCERTAINTY= 0.01 x 100 + 0.002 x 100 + 0.01 x 100 =0.5%

432 1 1.00 1

TOTAL ERROR = 6.4% + 0.5% = 6.9%

EFFICIENCY = 0.43%
. ERROR = 6.9% OF 0.43%
- ERROR =0.4310.03%

20.32 1

NOTE; In the following tables, the times given are the average of the trials taken
during the investigation. The complete set of times can be seen in Appendix 1.
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RESVLTS

p
TABLE 1.1 EFICIENCIES FOR MASS m = 2.032x10" +0.01g (h=

97200830X

A

1.00+0.002m)

Voltage Current Time Powerin [ Power out (Watts) Efficiency (%)
(Volts) (Amperes) | (seconds) (Watts) P =mgAh = POL“.NH XLO_O
(#0.3V) (£0.05A) (£0.01s) P=1IV t Powerin ' 1

6.0 0.90 2.70 5.4%10.6 0.07+0.6 1.310.2

6.5 0.90 2.44 59452 0.10+0.7 1.440.2

7.0 1.00 1.92 7.0+£9.3 0.08+0.8 1.4+0.1

7.5 1.20 1.69 9.0+£8.2 0.12+0.8 1.3+0.1

8.0 1.30 1.56 10.4+7.6 0.13+0.9 1.340.1

8.5 1.40 1.40 11.9+7.1 0.14+1.0 1.240.1

9.0 1.60 1.20 14.4+6.5 0.14%1.1 1.240.1

9.5 1.70 1.16 16.2+6.1 0.17+1.1 1.140.1

10.0 1.80 1.13 18.04+5.8 0.18+1.1 1.0£0.1

-
TABLE 1.2 EFFICIENCIES FOR MASS m=2.998x10 +0.01g (b=1.00+0.002m)

Voltage Current Time Power in Power out (Watts) | Efficiency (%)
(Volts) (Amperes) (seconds) (Watts) P =mgAh =Power out X 100
(10.3V) (0.05A) (20.01s) P=1V t Power in .

6.0 0.90 297 5.4+10.6 0.10+0.6 1.940.2

6.5 0.90 238 5.9+10.2 0.12+0.7 2.0+0.2

7.0 1.00 1.98 7.0493 0.15+0.7 2.110.2

7.5 1.20 1.67 _ 9.0+£8.2 0.1840.8 2.0+£0.2

8.0 1.30 1.56 10.4+7.6 0.1940.9 -1.840.2

8.5 1.60 1.46 13.646.7 0.204+0.9 1.54+0.1

9.0 1.60 1.39 14.446.5 0.21£1.0 1.510.1

9.5 1.80 1.32 17.14£5.9 0.22+1.0 1.310.1

10.0 1.90 1.28 19.0£5.6 0.23£1.0 1.240.1
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TABLE 1.3 EFFICIENCIES FOR MASS m = 4.032x10“\i/-0.01 g (h=1.00+0.002m)
Voltage Current Time Power in Power out (Watts) | Efficiency (%)
(Volts) (Amperes) | (seconds) (Watts) P = mgAh = Eoch?ut Xm
($0.3V) | (20.05A) (£0.01s) P=1IV t Powerin © 1
6.0 0.90 3.78 5.4+10.6 0.11+£0.5 2.0+£0.2
6.5 0.90 2.75 5.9+10.2 0.14% 0.6 24403
7.0 1.00 2.11 7.0£9.3 0.19+0.7 27403
1.5 1.10 1.86 8.318.6 0.21+£0.8 2.5+0.2
8.0 1.20 1.65 9.6£7.9 0.24+0.8 2.510.2
8.5 1.30 1.53 11.14£74 0.2640.9 23402
9.0 1.50 1.48 13.5+6.7 0.27+0.9 2.0+0.2
9.5 1.60 1.43 15.246.3 0.284+0.9 1.840.1
10.0 1.70 1.42 17.0£5.9 0.28+0.9 1.740.1

)
TABLE 1.4 BFFICIENCIES FOR MASS m=5.035x10 +0.01g (h = 1.00::0.002m)

Voltage Current Time Power in Power out (Watts) | Efficiency (%)
(Volts) (Amperes) (seconds) (Watts) P =mgAh = Power outy, 100
(30.3V) (10.05A) (£0.01s) P=1V t Powerin"" 1

6.0 0.90 422 5.4£10.6 0.124+0.5 22402

6.5 1.00 2.96 6.519.6 0.17X0.6 2.610.3

7.0 1.10 2.06 7.748.8 0.24+0.7 3.1+0.3

7.5 1.20 1.82 9.0+8.2 0.27+0.8 3.0£0.3

8.0 1.40 1.67 11.2+7.3 0.30+0.8 27102

8.5 1.50 1.54 12.846.9 0.32+0.9 2.510.2

9.0 1.60 1.49 14.446.5 0.33+0.9 23402

95 1.80 1.34 17.1£5.9 0.37+1.0 22402

10.0 1.90 1.30 19.0+5.6 0.38+1.0 2.0+0.1
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TABLE 1.5 EFFICIENY’S FOR MASS m =6.035x10 +0.01g (h=1.00+0.002m)

Voltage Current Time Power in Power out (Watts) | Efficiency (%) .
(Volts) (Amperes) | (seconds) (Watts) P =mgAh = Power out 100
(#0.3V) (£0.05A) (20.01s) P=1V t Power in 1

6.0 0.90 4.66 5.4+10.6 0.1310.4 2.41+0.3

6.5 1.00 3.01 6.549.6 0.20+0.6 3.120.3

7.0 1.00 2.40 7.049.3 0.25+0.6 3.610.4

7.5 1.10 2.07 8.3+8.6 0.29+0.7 3.51+0.3

8.0 1.20 1.70 10.4+£7.9 0.3510.8 3.4+0.3

8.5 1.40 1.64 11.9+7.1 - 0.3640.8 3.1£0.3
9.0 1.50 1.60 13.526.7 0.37+0.8 2.740.2

IR 1.70 153 . |15326.1 0.39+0.9 2.6+0.2
10.0 190 1.41 19.0+5.6 0.42+0.9 2.240.1
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TAGE GRAPH

EFFICIENCY vs VOL
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EFFICIENCY vy MASS GRAPH
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VOLTAGE vy TIME GRAPH
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It can be seen clearly from the tables, that for a particular voltage, the efficiency
seems to improve with the addition of mass. The most efficient result was obtained
from mass =6.035x10 "/kg. This was the heaviest mass, which gave an efficiency of
3.6%. However, this is an extremely low value, which was unexpected of the motor.
The main cause of this extremely loew efficiericy would be the motor heating up
during operation. A large amount of heat is lost, causing the motor to be very
inefficient. There is also the sound factor, causing the motor to lose even more
efficiency, however this will not contribute to the inefficiency of the motor as much
-as heat loss. The lowest efficiency calculated was when
m =2.O32x10“1kg, which gave an efficiency of 1%. Clearly, the motor dos not work
efficiently when lifting light masses.’
This can be seen from the Efficiency vs Voltage graph, when lifting

m =2.032x 10"1kg, the motor’s efficiency ranged from 1% to 2%. However, when
lifting a'mass 0f6.035x10 ~ kg, the motor’s efficiency ranged form 2.2% to 3.6%.
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With all masses being lifted, the peak efficiency occurred at 7.0V to
7.5V. (often these two voltages gave the same efficiency). Above these voltages,
efficiencies, regardless of the mass, dropped rapidly. Indicating that efficiency does

—vary with voltage.

However, when considering the Efficiency vs Mass graph, values
demonstrate a straight line, with an increasing positive gradient. The steepest graph
(3), represents voltage 7.0V. Voltages above 7.0V, gradually become less steep,
indicating less efficiency at that voltage. Again it can be seen that efficiency will
increase with a heavier mass, making the graph more steep, and hence more efficient.

The voltage vs time graph shows somewhat of a smooth curve, which
indicates the possibility of a direct mathematical relationship. This was approached by
using a log-log analysis, in which the log of time was plotted against the log of
voltage. A straight line was assumed to appear, however a curved line was the result.
This indicates that there is the possibility for a direct mathematical relationship,
however, unreliable results from old equipment did not allow for in depth analysis.

IMPROVEMENTS

The motor which we used was very old, hence did not give a good indication
of how efficient motors really are. It has been used many times by previous students,
and by the time I conducted my experiment, the motor was ‘on the way out.” This
factor made it difficult for me to use a wider range of masses and voltages, therefore it
was essential to limit my experimental procedure.

More accurate voltmeters and ammeters would greatly improve the
experiment, while the use of a video camera to record the time taken for the mass to
be lifted would improve accuracy.

CONCLUSION

My primary aim during this invesfigation was kinvestigate the efficiency of a -
D.C motor, while varying voltages and masses accordingly. It was found that both of
these factors affect the efficiency-of the motor.

‘ When varying the voltage supplied to the motor, it was deduced that to-
gain maximum efficiency out of this motor,-a voltage of 7.0V must be used. This will
also coincide with the mass being lifted. Heavier masses are favoured by the motor,

_ thus at low masses the motor will be inefficient.

_ Possibilities for future investigation could involve the use of a.new,
more efficient motor, which would allow us to use a wider range of voltages and
masses. There is also the possibility to make comparisons between A.C and D.C
motors.
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SAMPLE MATERIAL
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| give my permission to The School For Excellence to make the sample material detailed below accessible to
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Subject: (9 ‘/’\M/L | CS CAT No. : 1 G 3 (please circle) Score Awarded: A +—

Supplied as: @/Paper Copy Do we need to return this printed copy to you ? lS/Yes W
O Disc Copy Which program and version was this file created in?

o 0«(@ Ay R
Title: @ (oblemny 2 FSth ) "l T\ilQCj(O\( S Nature Of Work: C’A( \
Subject: %(’L A Q& i Q/{/ CAT No O 2 3 (please circle) Score Aw

. 274 .
Supplied as: D‘éaper Copy Do we need to return this printed copy to you ? Yes gﬁ

O Disc Copy Which program and version was this file created in?
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Supplied as: SA’aper Copy ‘430 we need to return this printed copy to you ? o Yes o]
00 Disc Copy Which program and version was this file created in?

Title: Qwﬂﬁ C {% o4 %K %M(ma rt} Bf‘&rkﬁcﬁ
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Subject: % l@&(}a\ﬂ/{/}/ CAT No. : 1 3 (please circle) Score Awarded:
supplied as: V/ Paper Copy Do we need to return this printed copy to you ? E/Yes o
0 Disc Copy Which program and version was this file created in?
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