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Assignment - Electronic Principles

Intr ion:

This assignment looks into different types of purely R/C (resistor/capacitor) circuits and purely R/
L (Resistor/Inductor) circuits and the relationship between components and the effects it has on
the circuit 'transient time’ (the time it takes for the circuit to reach steady state) after power up or
power disconnection.

Using computer based simulation ‘Multi-Sim’, the circuits can be built and Voltage/Current
transients can be analysed which can give more accurate and detailed results.

We will also mathematically calculate and, where possible, practically setup and carry out
Voltage/Current measurements and compare/contrast them to see if simulation and practical
tests are accurate and reliable.

We will also use different equations to simplify complex circuits so that the Transient equation

can be applied simply and then it's result can be verified via simulation. Good intro

Task 1 - Transient Behaviour For Charging of a Capacitor
The circuit designed and used to demonstrate the transient behaviour is shown below:

e

\ 1 R1
—o AN

Key = Space 5.6k0

2 3
J C1
v .‘=10000pF
=6V
0
. 2

FIG 1: SIMPLE R/C CIRCUIT

Reason for component values:
As the transient time is a result of the values of resistance and capacitance in the circuit, using
the formula:

T=RxC
(where T equals the transient time, R represents ‘Resistance’ and C represents ‘Capacitance’)
T=RxC =5600x10x10-3 = 56 SECONDS

the value of resistance and capacitance give a 56 SECOND transient time (T), which results in an
overall transient period (5T) of 280 SECONDS. This period is suitable to take voltage and current
readings in real time and see a change between readings to be plotted.

Parameters

for testing

have been
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Assignment - Electronic Principles

FIG 2: PRACTICAL R/C CIRCUIT SETUP )
Good clear image of setup

1.1 Practical Results:

The circuit was set up using a breadboard, and 2 multimeters (measuring Capacitor Voltage and
Circuit current separately) were implemented and the changes were measured and tabulated as
shown below:

Practical Results - Voltage/C Biificicy S

Time Volts Current
20 1.77 0.725
il 3.01 0.514
60 3.82 0.361
80 4.43 0.260

100 4.87 0.186
120 5.16 0.133
140 5.37 e Values are good
160 5.53 0.069
= 564 0.057
200 b.72 el
0 577 0.028
240 5.81 0.021
260 5.84 0.016
280 5.86 0.013

FIG 3: PRACTICAL RESULTS OF R/C CIRCUIT - CHARGE VOLTAGE & CURRENT
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RC Circuit - Charging Transient Period
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FIG 4: GRAPHED PRACTICAL RESULTS OF R/C CIRCUIT - CHARGE

—_—e (V) —c ()

The graph above shows the capacitor voltage rise from OV to around 6V (Supply voltage) within
the calculated time of 280 seconds and is known as the ‘transient period’. This period is where
the voltage is changing most rapidly as the components in the circuit are reacting to the
supplied voltage. After this time, the voltage increase is negligible and the circuit is considered
to be in a 'steady state’. Cursors were included to show the 0.7T, 1T and 5T times to indicate the
results of voltage (on the left vertical scale) and current (on the right vertical scale).

Good graph showing significant points
but why are these significant points
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1.2: Voltage

S1
4\ 1 R1
—o AR
Key = Space 5.6k
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FIG 5: SIMPLE R/C CIRCUIT
1.3 Simulated Results:

Using the program ‘MultiSim’, we can build the exact same circuit and using the simulation
feature, graphs of charge voltage and current can be obtained and compared with the formed
graphs from the practical results.

Multisim graph:
With the simulated results, three time points were chosen and added to compare with practical
results.

Transient
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Time (s)
EVB}

FIG 6: SIMPLE R/C CIRCUIT - CHARGE VOLTAGE
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Assignment - Electronic Principles

1.4 Calculated Results:

Using the formula:

Ve = Viax (1-e4tM) T is identified as the time constant which

Where t = instantaneous time (sec)

5T is the transient period
T = Transient Period (sec) ! fent per

we now can calculate mathematically, the Voltage at specific intervals of the transient period.

Time 1: (20 seconds)

Ve = Vyax (1-e-/T)
= 6 (1-e-2056))
= 6(0.3003)
1.802V

Time 2: (60 seconds)

Ve = Viax (1-et/T)
= 6 (1-e6056) Calcs are correct

= 6(0.6575)
3.245V

Time 3: (100 seconds)

Ve = Vimax (1-eT)
= 6 (1-e+100/56))
=6(0.8323)
4.993V

Results Comparison - Voltage During Charge Cycle

Time Practical (V) Simulated (V) Calculated (V)
20 1.77 1.7986 1.802
60 3.82 3.944 3.945
100 4.97 4.994 4.993

FIG 7: COMPARISON TABLE OF CHARGE VOLTAGE

Goo
d
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ons Page 7 of 30
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Assignment - Electronic Principles

1.5 Current:

1.6 Simulated Results:

Using the same circuit in '"Multi-Sim’, we can now simulate charge current in the circuit using the

20, 60 and 100 second measurements for calculation and comparison:

Transient
02m
0.0m -——
o
T ;
-~
-0.2m -
< -04m (100.0000. -179.6820y)
. / Thi.
3 -06m (60.0000, -367.1962}) Is
graph
is for
-08m the
/ curren
_../ (20.0000, -750.3124y) t
-1.0m 4 / )
/ discha
rge
-12m L
y T M ovecat T ?
0 50 100 150 . 200 250 300
se it
Time (s) tai
11 contai
T, AL
ns

FIG 8: SIMPLE R/C CIRCUIT - CHARG"%:é’ﬁﬂRENT

values
1.7 Calculated Results:
Using the formula:
le= IMAK (e'WTl )
Where lyax = Vs/R (in Ohms) = 6/5600
t = instantaneous time (sec)
T = Transient Period (sec)

we can calculate mathematically, the Violtage and Current at specific intervals of the transient

period.

Time 1: (20 seconds)

Ic = lmax (e W)
= 6/5600 (e(20/56))
=1.071x103(0.699)
= 7.4965x10-4 A
= -749.65uA

Time 2: (60 seconds)

Imax is identifeid
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Assignment - Electronic Principles
Ic = luax (e¥T))
= 6/5600 (e(60/56))
=1.071x103(0.343)
= 3.6698x104 A

=B06:98UA Calcs are correct but should be

positive values
Time 3: (100 seconds)

Ic = luax (e¥T))
= 6/5600 (e(100/58))
=1.071x10-3(0.168)
=1.7965x104 A
=-179.654uA

Results Comparison - Current During Charge Cycle

Time Practical (uA) Simulated (uA) Calculated (uA)
20 -725 -750.312 -749.65
60 -361 -367.196 -366.98
100 -186 -179.682 -179.654

FIG 9: COMPARISON TABLE OF CHARGE CURRENT

The differences in the charge voltage and current values between the simulated and calculated
results are minimal, with the difference down to the rounding of fractions included in the
calculated equations.

The practical results however, are slightly off, which could be attributed to component values
tolerances in the built circuit, extra resistances and inductances from other components such as
conductors, the multimeters and the power source. Also, there would be the slight time
differences in measurements from applying the power source to taking readings.

The values for the
charge current should
be positive values going
toward zero
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Task 2 - Transient Behaviour For Discharging of a Capacitor

Repeating the same circuit analysis as demonstrated in Task 1, we will now perform the same
measurements during the discharge transient of the capacitor. The Transient period remains the

same (56 seconds) as the component values have not changed.

2.1 Practical Results:

Practical Results - Voltage/Current During Discharge Cycle

Time Volts Current

20 417 -0.750

40 3.00 -0.513

60 2.12 -0.369

80 1.49 -0.256

100 1.06 -0.184

120 0.77 -0.131

140 0.54 -0.094

160 0.39 -0.068

180 0.28 -0.048

200 0.2 -0.035 Good set of
results and the

220 0.15 -0.025 negaﬁ\/e

240 0.1 -0.018 values are
correct here

260 0.08 -0.014

280 0.06 -0.01

FIG 10: PRACTICAL RESULTS OF R/C CIRCUIT - DISCHARGE VOLTAGE & CURRENT

Capacitor Voltage (V)

ssmssssssspesnsslianns

-

RC Circuit - Discharge Transient Period

The graph of the
voltage and

current here are
correct. Values for

negative going
toward zero

100 120 140 160

Time Elapsed (sec)

—e (V] — ()

Current (mA)

0.6

08

FIG 11: GRAPHED RESULTS OF R/C CIRCUIT - DISCHARGE VOLTAGE & CURRENT
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2.2 Voltage:
2.3 Simulated Results:

Multisim graph:
With the simulated results, three time points were chosen and added to compare with practical

results.

Transient
.
61 \ (300.0000. 4.1705)
\I..

;] \

41 \ (340.0000, 2.0414)
s N\
Z A
g3
3
} -

21 % (360.0000, 999.0867m)

1 <

__-\_\_H__'—\——_
0 o -
1
250 300 350 400 450 500 550 600
Time (s)

V(3)

Y M

FIG 12: SIMULATED GRAPH OF R/C CIRCUIT - DISCHARGE VOLTAGE

2.4 Calculated Results:

Using the formula:
Ve = VMA}( {E'(UT}}
Where t = instantaneous time (sec)
T = Transient Period (sec)

we can calculate mathematically, the Voltage and Current at specific intervals of the transient
period.

Time 1: (20 seconds)

Ve = Viax (etvT)
= 6 (e(20/56))
=6(0.697)
= 4,198V
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Assignment - Electronic Principles

Time 2: (60 seconds)

Ve = Vuax (1-e-t/T)
= 6 (e160/56)
= 6(0.3425)
= 2.055V

Time 3: (100 seconds)

Time
20
60
100

Ve = Vyax (1-eN)

= 6 (e(100/56))
=6(0.167)
= 1.006V
Results Comparison - Voltage During Discharge Cycle
Practical (V) Simulated (V) Calculated (V)
417 41705 4198
2.12 2.0414 2.055
1.06 0.9991 1.006

FIG 13: COMPARISON TABLE OF R/C CIRCUIT - DISCHARGE VOLTAGE

Comparison of
values is good
and calcs match
the prac and
ECAD
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2.5 Current:

2.6 Simulated Results:

Transient
1.2m
10m \ (300.0000, 744.7303)
\
0.8m \ T
1Y h
< 06m (340.0000.3645433)) €
\. :
3 o4m (3600000.178.40834)
p
02m - N h
~—— h
— &
0.0m | P
e
02m . . . | . X
250 300 350 400 450 s 500 550 600
Time (s) i
’BIN” n
c
FIG 14: SIMULATED GRAPH OF R/C CIRCUIT - DISCHARGE CURRENT
r
2.7 Calculated Results: r
Using the formula: i
Ic = -lwax (€M) t

Where lyax = Vs/R (in Ohms) = 6/560
t = instantaneous time (sec) T
T =Transient Period (sec)  h
e
we can calculate mathematically, the Voltage and Current at specific intervals of the transient

period.
Time 1: (20 seconds)
Ic = lvax (e ¥T))
= (6/5600) (e120/56))
=1.071x103(0.699)
= -4
14;?952?53 AA Calculations are actually correct

despite the graph
Time 2: (60 seconds)

Ic = Ivax (et¥T)
= (6/5600) (e 60/55))

T 30 *FTOQ TS O TN W oo S T
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Assignment - Electronic Principles
=1.071x10-2(0.343)
=3.6698x104A
=-366.98uA

Time 3: (100 seconds)

Ic = lvax (e ¥T))
= -(6/5600) (e-(100/56))
=1.071x103(0.168)
=1.7965x104 A
= -179.654uA
The comparison table of values are
correct because the negative

. . . values are going positive with time 1
esults Comparison - Current During Discharge C cfe dgomnagp

Time Practical (uA) Simulated (uA) Calculated (uA)
20 -725 -744.731 -749.65
60 -361 -364.543 -366.98
100 -186 178.408 -179.654

FIG 15: RESULTS TABLE OF R/C CIRCUIT - DISCHARGE VOLTAGE

Team Comments:

The multimeters were setup with auto ranging disabled so with Voltage readings in particular,
the accuracy of the figures recorded were only to two decimal places.

Also, with the multimeters changing so rapidly at the beginning due to quick changes in
voltage/current during the charge/discharge transients, accurate readings exactly on the
numerous time stamps could result in ‘notchy’ and ‘rough’ graph plots.

We did decide as a group to increase our reading frequency to 10 seconds, although the ‘odd’
time results weren't tabulated, to increase the chances of an accurate graph if one was missed
and increase the 'smoothness’ of the graph plot.

Good conclusion for the result
differences
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Task 3 - Transient Behaviour For a Complex circuit

This task looks into the behaviour of a complex RC circuit where there is an added resistance in

parallel to the capacitor.

R1 2

47kQ)

A Cc1 R2

*N\ov12v ——10pF §56m
1.2791s 2.5565

FIG 16: COMPLEX R/C CIRCUIT

Before we can calculate the Transient period time (T), we need to reduce the circuitto a
simplified version where we have an overall resistance.

During the initial 12V pulse, the capacitor will act as a SHORT CIRCUIT and effectively, bypass
R2, therefore, during power up:
Initial Imax = V/R;4
=12/47000
=2.55x103A
= 255uA Imax is identified

As the capacitor, becomes saturated, current will then also flow through R2 and the current will
be:

Final Imax = V/R1+R>
= 12/47000+56000
=T1.16x103 A

= 116uA Final value for Imax is correct
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Assignment - Electronic Principles
Equivalent Circuit:
To calculate the equivalent circuit, we need to remove the power supply and capacitor, and then
calculate the resulting resistance with the two remaining resistances:

RixR, = 47kQ x 56kQ = 2632kQ = 25.553kQ
Ry + R 47kQ + 56kQ 103kQ

Lastly we need to determine the Voltage that exists across the capacitor by using the voltage
divider rule.

Ve =Vs x Ro/(R1 + Ry)

12x56/(47+56) = 6.524V

Using the new equivalent circuit values, we can now build the equivalent circuit ready for
analysis and determine the transient period (T) using the new figures:

1 R1 2
A
255530
Equivalent circuit is
V1 C1 correct with parameters
* OV 6.524V ==10pF set for testing

1.27765s 2.5553s

0

l

FIG 17: COMPLEX R/C CIRCUIT SIMPLIFIED

T=RxC
(where T equals the transient time, R represents ‘Equivalent Resistance' and C represents
‘Capacitance’)
T=RxC=25553%x10x10¢=0.25553 SECONDS

This gives a 0.25553 SECOND transient time (T), which results in an overall transient period (5T)
of 1.27765 SECONDS. This transient period is not suitable to take voltage and current readings
physically as it would be impossible to take multiple readings at multiple times, tabulate and
graph them. But due to the use of an electronic simulator program (Multisim), we have simulated
results available to use.

Good explanation here

and important

parameters have been

identified Page 16 of 30




Assignment - Electronic Principles

3.1 Voltage:

3.2 Simulated Results:

Using the program 'MultiSim’, we can build the exact same circuit and using the simulation
feature, graphs of charge voltage and current can be obtained and compared with the formed
graphs from the practical results.

Multisim graph:
With the simulated results, we've added three set points to compare with practical results.

Voltage Charge Transient

7
el "
6 et
- A -
o
5 -
e
a . (638.0000m. 5.9872)
— p s d
<
@© q
o3 i
2 _/ (255.0000m. 4.1180)
>
Py
2
.-/I
/ (178.0000m. 3.2710)
1 /
.f'.l
o
-1
0.0 02 04 06 08 10 12 14
Time (s)
ViZ)
T, M

FIG 18: SIMULATED GRAPH OF COMPLEX R/C CIRCUIT - CHARGE VOLTAGE

3.3 Calculated Results:

Using the formula:
Ve = Vpax (1-etM)
Where t = instantaneous time (sec) T is Time constant 5T is transient
T = Transient Period (sec) period

we can calculate mathematically, the Voltage and Current at specific intervals of the transient
period.

Time 1 (0.7t): (0.1788 seconds)

Ve = Viax (1-e1¥T)
= 6.524 (1-e0.1788/0.25553))

= 6.524(0.5033) Since 0.7T is chosen then this should
3.284V be half of Vs
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Assignment - Electronic Principles

Time 2 (1t): (0.25553 seconds)

Ve = Vuax (1-eivT)
= 6.524 (1-e0.25553/0.25553))

=6.524(0.6321) Calculations are correct and
= 4,124V match the graph values

Time 3 (2.5t): (0.6388 seconds)

Ve = Viax (1-e1¥T)
= 6.524 (1-e0.6388/0.25553))
= 6.524(0.9179)
= 5.988V

Results Comparison - Voltage During Charge Cycle (Complex CCT)

Time (sec) Simulated (V) Calculated (V)
0.1788 3.284 3.271
0.25553 4.124 4.118
0.6388 5.988 5.9872

FIG 19: COMPARISON TABLE OF COMPLEX R/C CIRCUIT - CHARGE VOLTAGE

® T 3 0O
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Assignment - Electronic Principles

3.4 Current:

3.5 Simulated Results:

Current Transient

100 ]
Op R ————
I -
100 _ -
< e
E 200y p y \ (638.0000m, -38.6413y)
- ./
© (255.0000m, -173.1924p)
-3001 /-"' Graph
/ (178.0000m. -234.1602)) is not
/ correct
-400p /
There
-500p are no
0.0 02 04 06 08 negati 10 12 14
Time (s) ve
= LA values
for
FIG 20: SIMULATED GRAPH OF COMPLEX R/C CIRTU#F*/CHARGE CURRENT
during
charge
3.6 Calculated Results: - eg
Using the formula: ;/alues

le = Imax (€M) ;00
Where lyax = Vs/R (in Ohms) = 12/25553
t = instantaneous time (seghich
T = Transient Period (sedhe
calcs

we can calculate mathematically, the Voltage and Current at specific intervals of the transient

period.

Time 1 (0.7t): (0.1788 seconds)

Ic = lmax (e1¥T)
= 12/25553 (e0.1788/0.25553))
= 4.696x104(0.4967)
=2.3327x104A
=-233.26UA

Time 2 (11): (0.25553 seconds)
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Assignment - Electronic Principles
lc = Imax (e¥T)
= 12/25553 (e0-25553/0.25553))
=4.696x10-4(0.3679)
=1.7276x105 A
=-172.76uA

Calcs are the correct values but

Time 3 (2.5t): (0.6388 seconds) should be positive

lc = Imax (V1)
= 12/25553 (0.6388/0.25553))
=4.696x104(0.082)
= 3.8552x10° A
=-38.552uA

Results Comparison - Current During Charge Cycle (Complex CCT)

Time Simulated (uA) Calculated (uA)
0.1788 -234.1602 -233.26
0.25553 -173.1924 -172.76
0.6388 -38.6413 -38.552

FIG 21: COMPARISON TABLE OF COMPLEX R/C CIRCUIT - CHARGE CURRENT

Comparison
of number
values can
be taken from
the table but
there are no
negative
values during
charge
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3.7 Transient Behaviour For Discharging of a Complex CCT

3.8 Voltage:
3.9 Simulated Results:

Multisim graph:
With the simulated results, we've added three set points to compare with practical results.

Discharge - Voltage Transient

1
.\I
61 \
\
5 \
% (1.4565, 3.2207) The graph is correct but what are the
4l values. These do not compare with
LY (1.5332,2.3847) calcs

=
% kR
g3 \
o
>

24 N . (1.9165, 531.4866m)

™ ""?‘. N

11 T

0 CTTE——

-1

12 14 16 18 20 22 24 26
Time (s)

FIG 22: SIMULATED GRAPH OF COMPLEX R/C CIRCUIT - DISCHARGE VOLTAGE

3.10 Calculated Results:

Using the formula:
Ve = Vpax (etM)
Where t = instantaneous time (sec)
T = Transient Period (sec)

we can calculate mathematically, the Voltage and Current at specific intervals of the transient
period.

Time 1 (0.7t): (0.1788 seconds)

Ve = Vyax (evT)
= 6.524 (e0.1788/0.25553))
= 6.524(0.697) Calc is incorrect here

=4.198V
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Assignment - Electronic Principles
Time 2 (1t): (0.25553 seconds)

Ve = Viyax (1-e¥T)
= 6.524 (e10.25553/0.25553))

=6.524(0.3425)
= 2.055V This calc is incorrect

Time 3 (2.5t): (0.6388 seconds)

Ve = Viyax (1-evT)
= 6 (e0.6388/0.25553)

=6.524(0.167)

Calc value is incorrect

= 1.006V
Results Comparison - Voltage During Discharge Cycle (Complex CCT)
Time Simulated (V) Calculated (V)
0.1788 (0.7T) 3.2207 3.2406
0.25553 (1T) 2.3847 24
0.6388 (2.5T) 0.531 0.535

FIG 23: COMPARISON TABLE OF COMPLEX R/C CIRCUIT - DISCHARGE VOLTAGE

The values in the table are not the
calculated values
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3.11 Current:

3.12 Simulated Results:

Discharge - Current Transient

300
250y \
200p N
\ (1.4565, 126.0404y)
N\ (15331,93.3529)) T
a 150p N, h
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NZW”

3.13 Calculated Results:

Using the formula:
le = -lmax (e¥T)

a
p
h
o)
f
c
FIG 24: SIMULATED GRAPH OF COMPLEX R/C CIRCUIT - DgSCHARGE CURRENT
r
g9
e
c
Where lwax = Vs/R (in Ohms) Y

t = instantaneous time (sec) r
T = Transient Period (sec) r
e

we can calculate mathematically, the Voltage and Current at speci#t?c intervals of the transient
period.

Time 1(0.71): (0.1788 seconds)

lc = -lyax (VM)
= (6.54/25553) (40.1788/0.25553))
=-1.071x10-3(0.699)
=-1.2713x104A
=-127.13uA

Time 2 (11): (0.25553 seconds)

Ic = Imax (e¥T)
= -(6.54/25553) (e0.25553/0.25553))
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==1.071x10-3(0.343)
=-9.4155x105 A
=-94.15uA

Time 3 (2.5t): (0.6388 seconds)

Ic = lmax (e¥N)
= (6.54/25553) (e10.6388/0.25553))
=-1.071x103(0.168)
=-2.101x105 A
=-21.01uA

Results Comparison - Current During Discharge Cycle (Complex CCT)

The number values of calcs are
correct but graph is showing positive
values

Time Simulated (uA)
0.1788 (0.7T) -126.04
0.25553 (1T) -93.353
0.6388 (2.5T) -20.799

FIG 25: SIMULATED GRAPH OF COMPLEX R/C CIRCUIT - DISCHARGE CURRENT

v) Initial and Final Current:

Initial:
Ivax = Vs/R (in Ohms)
=12/47000

= 255uA

Final:
Imax = Vs/R (in Ohms)

=12/103000
= 116.5uA

Calculated (uA)

-127.13

-94.15 The table of
comparisons is

-21.01 logical and correct if
the graph can be
ignored

The initial and final values of
current are identified
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Task 4 - Transient Behaviour of an Inductive circuit

Using the circuit shown below, current growth was captured during the first second after full
voltage was applied.

10Q

L1
v1

% €2H
oV 12V
@1523

0 Good identification
L of test setup with Vs
= pulse input

FIG 26: SIMPLE R/L CIRCUIT
Using Multisim, the growth of current was captured and shown on the below graph.
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FIG 27: SIMULATED GRAPH OF R/L CIRCUIT - CHARGE CURRENT FOR 1 SECOND
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Assignment - Electronic Principles

1. Carry out calculations (using the approximate method of calculation) and manually plot this
current. Compare with simulation and comment.

4.1 Calculated Results:

Using the formula:
I = Imax (1-el-R/LIY)
Where t = instantaneous time (sec)

Time 1 (0.7T): (0.14 seconds)

IL = Imax (1-e?/0)
=1.2(1-el10/2)0.14)
=1.2(0.5034)
= 0.604A

Time 2 (1.2T): (0.24 seconds)

I = Iax (1-®1)
= 1.2 (1-el-10/2)0.24)
=1.2(0.6988)
= 0.8386A

Time 3 (2T): (0.4 seconds)

IL = lyax (1-e®/0Y)
= 1.2 (1-el-10/2) 0.4)
=1.2(0.8646)
= 1.0376A

Time 4 (2.5T): (0.5 seconds)

IL = lvax (1-e(R/L)1)
= 1.2 (1-el-10/2) 0.5)
=1.2(0.918)
=1.1015A

Time 5 (3T): (0.6 seconds)

I = lyax (1-e4R/L1)
= 1.2 (1-el-10/2)0.6)
= 1.2 (0.950)
=1.1403A
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Assignment - Electronic Principles

RL Circuit - Charge Current
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=RL Circuit - Charge Current
FIG 28: PLOTTED GRAPH OF R/L CIRCUIT - CHARGE CURRENT
Multisim Graph:

With the 5 times calculated and plotted, the circuit was was simulated and the times added onto
the graph to check the simulated values and then a comparison table can be formulated.

R/L Transient Circuit
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FIG 29: SIMULATED GRAPH OF R/L CIRCUIT - CHARGE CURRENT WITH TIMES
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Assignment - Electronic Principles

Results Comparison - Current During Charge Cycle (LR Circuit)

Time (seconds) Simulated (mA) Calculated (A) Table of
comparison is
0.14 (0.7T) 0.604 0.604 correct and values

match which show
a trend. The value

0.4 (2T) 1.0377 1.0376 for sim at t= 0.24 is
a typo because the
calc is correct

0.24(1.2T) 0.63866Typo here 0.8386

0.5(2.5T) 1.1016 1.1015
0.6 (3T) 1.1404 1.1403

FIG 30: COMPARISON TABLE OF R/L CIRCUIT - CHARGE CURRENT

Comments:

The calculated and simulated graphs show a consistent charge transient curve in the circuit.
Some of the calculations where higher or lower than the simulated values due to figures being
rounded up during the (1-e1®U1) part of the formula.

2. Determine the current flowing in the circuit inmediately before the switch is changed
over.

Using the formula:

IMAX = VJR
(Where Vs represents ‘Supply Voltage’
And R represents 'Resistance’
= 12/10 ,
= 12A Value for current is correct
3. Calculate the circuit time constant and compare with estimates from manual and
simulated plots.

Using the new component circuit values, we can determine the transient period (T) using the
new figures:

T=L/R
(where T equals the transient time, L represents ‘Inductance' and R represents
‘Resistance’)
T=L/R =2/10 = 0.2 SECONDS . .
Time constant is correct
4. Calculate the time that elapses before the current flowing in the circuit has fallen to (i)
100mA, (ii) 10mA. Compare and comment with plotted value.

Rearranging the formula:
l]. = lMAX (Q‘IR!L) t)

So that t’ is the unknown variable:
I = Imax (e (R/LIY)
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Assignment - Electronic Principles
Iulvax = (1-eR/LY)

In(llvax) = In(1-e(RLT)
In(lL/lvax) = (R/L) t
(Because T =L/R)

In(luhax) = /T
t=T(In{lulvax))

t="T(In(luImax))

The equation is correct and the

instantaneous times for 10mA and 100mA

=0.2(In(100x10-3/1.2))
=0.2(In(0.08333))
= 0.2(-2.485)
=-0.497 Seconds

are correct.

(i)
t = T(In(lyImax))
=0.2(In(10x10-3/1.2))
=0.2(In(0.008333))
=0.2(-4.7875)
=.0.9575 Seconds

Multisim Graph:

RL Transient Circuit
Discharge Current

08 ' Good

o
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T~ \ 1s

o
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Fos (1.4954, 100.0000m) i
§ \ With 1 9556, 10.0000m)
\ o ~
initial

Time (3}

FIG 31: SIMULATED GRAPH OF R/L CIRCUIT - CHARGE CURRENT

Comments:

The graph produced by the simulation backs up the calculated values where the current is

discharging in a usual transient curve where it reaches 'steady state’ after 1 second.

The calculation formula provided a very accurate answer when compared with the simulated
value. The simulation provides a much easier method in finding out the current because of the
time axis and the ability to create a data point at any given time instance to a very accurate plot.
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Assignment - Electronic Principles

Conclusion:

The assignment gave a great opportunity to learn about how transients behave in different R/C
and R/L circuits, and how the component values and their relationship affect the transient time.
The transient curve shape shows how the capacitor acts as a short circuit and as the capacitor
plates become charged and start to ‘saturate’ leading to less and less charge rate as time
elapses.

The curve was also mirrored during discharge as the capacitor now acting as a power source,
initially dissipates through the resistor but then loses charge exponentially.

The calculations also provided results that were VERY close to the simulated results given, but as

we have pointed out previously in the report, real life measurements provided slightly different

results due to:

* component values tolerances in the built circuit

« extra resistances and inductances from other components such as conductors, the multimeters
and the power source

« slight time differences during the taking of measurements directly after applying the power
source to taking actual readings

What was interesting to notice that despite component selection and transient time, the charge
voltage increased to 50% of the applied circuit voltage after the calculated ‘Transient time’ of the
circuit. Each graph, whether simulated or plotted through practical results, formed a perfectly
shaped transient curve that was also duplicated/mirrored by the charge/discharge current.

50% of Vs was reached after 0.7T
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Assignment - Electronic Principles

GRADEMARK REPORT

FINAL GRADE

58/100
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Instructor
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PAGE 2
Text Comment. Table of contents is good but needs a list of figures to complement the
contents
PAGE 3
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PAGE 4
Text Comment. Good clear image of setup
Text Comment. Values are good
PAGE 5
Text Comment. The graph of voltage and current are correct for the practical
Text Comment. Good graph showing significant points but why are these significant
points
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Text Comment.

ECAD graph is good




Text Comment. T is identified as the time constant which is not the transient period. T = R
x C and 5T is the transient period

Text Comment. Calcs are correct

Text Comment. Good table of values with good comparisons

PAGE 8
Text Comment. This graph is for the current discharge because it contains negative
values.
Text Comment. Imax is identif eid
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Text Comment. Calcs are correct but should be positive values
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PAGE 10
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Text Comment. The comparison table of values are correct because the negative values
are going positive with time t

Text Comment. Good conclusion for the result differences
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Text Comment. Imax is identified
Text Comment. Final value for Imax is correct
PAGE 16
Text Comment. Equivalent circuit is correct with parameters set for testing
Text Comment. Good explanation here and important parameters have been identified
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Text Comment. T is Time constant 5T is transient period
Text Comment. Since 0.7T is chosen then this should be half of Vs
PAGE 18
Text Comment. Calculations are correct and match the graph values
Text Comment. comparison table is good and values match the graph values
PAGE 19
Text Comment. Graph is not correct. There are no negative values for current during
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Text Comment. Calcs are the correct values but should be positive

Text Comment. Comparison of number values can be taken from the table but there are
no negative values during charge
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Text Comment.

calcs

Text Comment.

The graph is correct but what are the values. These do not compare with

Calc is incorrect here

PAGE 22
Text Comment. This calc is incorrect
Text Comment. Calc value is incorrect
Text Comment. The values in the table are not the calculated values
PAGE 23
Text Comment. This is a graph of charge current
PAGE 24
Text Comment. The number values of calcs are correct but graph is showing positive
values
Text Comment. The table of comparisons is logical and correct if the graph can be
ignored
Text Comment. The initial and final values of current are identified
PAGE 25
Text Comment. Good identification of test setup with Vs pulse input
Text Comment. Good graph
PAGE 26
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Text Comment.

Text Comment.

Graph is good
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Text Comment. Table of comparison is correct and values match which show a trend. The
value for sim at t= 0.24 is a typo because the calc is correct

Text Comment. Typo here

Text Comment. Value for current is correct

Text Comment. Time constant is correct

PAGE 29
Text Comment. The equation is correct and the instantaneous times for 10mA and 100mA
are correct.
Text Comment. Good graph with initial start at 1s
PAGE 30
Text Comment. Short cct initially
Text Comment. 50% of Vs was reached after 0.7T
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Text Comment. This table of figures should be at the start
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KNOWLEDGE AND UNDERSTANDING
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introduction was informative and gave a logical
description of the tasks. 5.5/10 Results and
discussion were consistent and demonstrated an
understanding. There are errors present in the tasks
and some of the ECAD graphs are in the wrong
sections. The explanations demonstrate that there
is an understanding for the tasks. 8.5/15

ANALYSIS

14/25

(

yﬁr

The testing was carried out efficiently with good
explanations of procedures. The calculations are
mostly correct but there are some errors and the
wrong graphs in certain areas. Explanations showed
an understanding but there was some confusion in
the analysis. The tables of comparison were good
and effective in the analysis. 17.5/30 Conclusions
were present after each task and at the end of the
report but some points were unclear. 5.5/10

PRACTICAL APPLICATION AND DEP.

23/40

[

y"’ The circuit testing was carried out using good

relevant methods and this required an
understanding to set this up. good results were
obtained. 9.5/15 The quality of test results was
good and backed up with explanations (some with
minor errors). 5.5/10

SKILLS FOR PROFESSIONAL PRAC.

15/25
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y‘ The quality of the report was good despite some 6/1 0
errors. 6/10
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