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[bookmark: _Toc203988334]Abstract
A 555 timer with two resistors of unknown resistance was built and tested. Design calculations were completed to find the period, frequency, on time, off time and duty cycle of the circuit and the unknown resistances. The voltage across  was calculated using both the breadboard and Proteus simulation. The use of a 555 timer in an ordnance, munitions and explosives (OME) environment was evaluated.
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[bookmark: _Toc203988339]Introduction
[bookmark: _Toc203988340]Aim of the Simulation
The task presented was to build and test a given model of an astable 555 timer, complete the required design calculations and record the voltage around the 100μF capacitor.
[bookmark: _Toc203988341]Equations
During the design calculations of the circuit, 6 equations were used, shown below.
[bookmark: _Toc203988378]Equation 1

Where  is on time,  is the resistance of resistor 1,  is the resistance of resistor 2, and  is the capacitance of capacitor 1.
[bookmark: _Toc203988379]Equation 2

Where  is the off time,  is the resistance of resistor 2, and  is the capacitance of capacitor 1.
[bookmark: _Toc203988380]Equation 3

Where duty cycle is value for the fraction of which the signal is active within the cycle of the circuit,  is on time, and  is off time.
[bookmark: _Toc203988381]Equation 4

Where  is period,  is on time, and  is off time.
[bookmark: _Toc203988382]Equation 5

Where  is frequency and  is period.
[bookmark: _Toc203988383]Equation 6

Where  is resistance,  is voltage drop, and  is current.
[bookmark: _Toc203988342]Background knowledge on Electronics
A 555 timer is an integrated circuit that consists of several components that allow it to act as a square wave output [1]. It generates this through its use of capacitors. Capacitor  (Figure 1) is initially discharged, which means that the output is in the high state.  charges, and when it reaches  of the threshold voltage, the output state changes to low, and the capacitor discharges. When the voltage across  then reaches  of the threshold voltage, it enters the high output stage and begins to charge [2]. This is controlled by a set-reset flip-flop [1], and continues to cycle to create a multivibrator pulse generator [2]. This creates delays in signals which can be used in applications such as blinking lights, alarms, pulse generators or clock signals [3].

[bookmark: _Toc203988343]The Circuit Setup
[bookmark: _Toc203988344]Schematic on Proteus
[image: ]
[bookmark: _Toc203988361]Figure 1 – The completed astable 555 timer modelled on the proteus simulation.
[bookmark: _Toc203988345]Breadboard and Components
[image: ]
[bookmark: _Toc203988362]Figure 2 – The astable 555 timer created on the breadboard, with 10kΩ resistors representing the unknown resistors.
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[bookmark: _Toc203988346]Design Calculations
[bookmark: _Toc203988347]On Time, Off Time and Duty Cycle
[bookmark: _Toc203988363]Figure 3 – Calculation for on time using Equation 1.




[bookmark: _Toc203988364]Figure 4 – Calculation for off time using Equation 2.




[bookmark: _Toc203988365]Figure 5 – Calculation for duty cycle using Equation 3.




[bookmark: _Toc203988348]Frequency and Period
[bookmark: _Toc203988366]Figure 6 – Calculation for period using Equation 4.




[bookmark: _Toc203988367]Figure 7 – Calculation for frequency using Equation 5.




The period and frequency were then also found using the breadboard. A 30 second video was recorded, and the number of times the LEDs blinked was counted. There were 34 blinks, and as there are 2 LEDs that is 17 cycles.
[bookmark: _Toc203988368]Figure 8 – Calculation for frequency using breadboard.




[bookmark: _Toc203988369]Figure 9 – Calculation for period using breadboard.




Although the values for period and frequency are not exactly the same between the breadboard and Proteus, they are still very similar.  (Figure 6) and  (Figure 9), so there is a 0.30s difference.  (Figure 7) and  (Figure 8), so there is a difference of 0.12s. These values are both minimal, and could be due to human error when recording the results, or assumptions made by the Proteus simulation that are not completely accurate in the real world, such as a small amount of voltage being lost to the wires due to resistance.
[bookmark: _Toc203988349]Unknown Resistances
To calculate the unknown resistances of  and , the standard values of input voltage and current required for the LEDs were used. For both LEDs, the standard current required for them to work was between 10-30mA [4], so an average of 20mA was used.
For the forward voltages of the LEDs, a median was taken from the range of values for each colour.
[image: ]
[bookmark: _Toc203988370]Figure 10 – LED forward voltage values [5].

The value for the forward voltages taken for a green LED was 2.95V and a red LED was taken to be 1.95V (Figure10)
[bookmark: _Toc203988371]Figure 11 – Calculation for the unknown resistance of  using Equation 6.




[bookmark: _Toc203988372]Figure 12 – Calculation for the unknown resistance of  using Equation 6.







Although the calculated resistances for  and  are much lower than  and  (1kΩ and 10kΩ respectively), this makes sense theoretically, as  and  are responsible for controlling the voltage that flows through the LEDs. This means that a lower resistance is necessary to control an increased flow of current through the wire to ensure that it has a value above the threshold for the LEDs to activate.
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[bookmark: _Toc203988350]Voltage around the 100μF Capacitor
The values for the voltage across the 100μF capacitor () were taken from both the Proteus simulation, and the breadboard, to enable a comparison of the two.
[bookmark: _Toc203988351]Proteus Simulation
The values were taken from Proteus using the probe tool (the blue arrow above  in Figure 1). These were then deposited onto a graph, and the results were read and recorded manually.
[image: ]
[bookmark: _Toc203988373]Figure 13 – Proteus graph of the voltage around .
	Time / s
	Voltage across  / V

	0
	9.00

	1
	3.36

	2
	5.00

	3
	5.00

	4
	2.50

	5
	4.64

	6
	5.16

	7
	3.12

	8
	4.38

	9
	5.32

	10
	3.40

	11
	4.10

	12
	5.56

	13
	3.70

	14
	3.88

	15
	5.72

	16
	4.02

	17
	3.60

	18
	5.74

	19
	4.28

	20
	3.40

	21
	5.40

	22
	4.50

	23
	3.24

	24
	5.12

	25
	4.72

	26
	3.02

	27
	4.80

	28
	5.02

	29
	2.84

	30
	4.64


[bookmark: _Toc203988376]Table 1 – Proteus values for the voltage across .
[bookmark: _Toc203988352]Breadboard
The values for the breadboard were taken by adding a multi-meter to the circuit over . A 30s video was recorded and slowed down so that every second the value on the multi-meter screen could be read and recorded.
	Time / s
	Voltage across  / V

	0
	0.00

	1
	2.97

	2
	3.38

	3
	4.85

	4
	3.46

	5
	4.77

	6
	2.78

	7
	5.49

	8
	2.71

	9
	5.55

	10
	4.55

	11
	3.77

	12
	4.47

	13
	3.84

	14
	4.39

	15
	2.58

	16
	5.71

	17
	2.59

	18
	4.70

	19
	4.10

	20
	4.19

	21
	3.99

	22
	2.76

	23
	5.54

	24
	2.80

	25
	5.47

	26
	2.86

	27
	4.60

	28
	3.57

	29
	4.70

	30
	3.47


[bookmark: _Toc203988377]Table 2 – Breadboard values for the voltage across .
[bookmark: _Toc203988353]Comparison
These tables of values were then converted into line graphs for an easy visual comparison.

[bookmark: _Toc203988374]Figure 14 – Line graph of the voltage across  on the breadboard.

[bookmark: _Toc203988375]Figure 15 – Line graph of the voltage across  on Proteus.
While both graphs have a rough similar shape in the way that there are peaks and troughs within regular intervals, the Proteus graph (Figure 15) has a slightly lower average amplitude, also bearing in mind the scale of the graphs. This could be due to the components used in the breadboard. As the given 555 timer circuit had two resistors of unknown resistance, two 10kΩ resistors were used instead to run the circuit. This will have impacted the amount of voltage travelling across . 
Furthermore, the breadboard graph (Figure 14) is much less consistent in the size of its amplitude. This may have been caused by human error in the collection of results. Another notable difference is that the initial value of the voltage across  on Proteus is 9V (Figure 13, Table 1, Figure 15), whereas for the breadboard it was 0V (Table 2, Figure14). While they were both expected to be 0V due to the need for the capacitor to charge initially before it could discharge, it was theorised that the Proteus simulation had made an assumption that it was charged to the output voltage.

[bookmark: _Toc290554239][bookmark: _Toc299621204][bookmark: _Toc299631429][bookmark: _Toc299631491][bookmark: _Toc299631581][bookmark: _Toc299631657][bookmark: _Toc203988354]Conclusion
In conclusion, the 555 timer was built and tested. The design calculations were completed and the voltage across  was evaluated using both the breadboard and Proteus simulation.
[bookmark: _Toc203988355]Limitations
If the situation was carried out again, the limitations would be addressed. One limitation was the potential for human error when recording the results from the multi-meter and reading off a graph. This could be combatted through automation, such as a probe that takes exact values. Another limitation was the level of precision on the multi-meter. A higher-grade piece of equipment could be used instead, with more significant figures on readings to give more accurate results.
[bookmark: _Toc203988356]OME Applications
Although a 555 timer is not typically used within OME due to its inability to withstand significantly large voltages or currents, it could potentially be used on a smaller scale. For operations such as delayed detonation of a fuze, something that requires a small amount of energy, a 555 timer could be suitable. 
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[bookmark: _Toc203988360]Additional Images of the Proteus Schematic
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Breadboard
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Voltage across C1 / V



Proteus

Voltage across C1 / V	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	9	3.36	5	5	2.5	4.6399999999999997	5.16	3.12	4.38	5.32	3.4	4.0999999999999996	5.56	3.7	3.88	5.72	4.0199999999999996	3.6	5.74	4.28	3.4	5.4	4.5	3.24	5.12	4.72	3.02	4.8	5.0199999999999996	2.84	4.6399999999999997	Time / s


Voltage across C1 / V
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Typical Forward Voltages

Color Forward Voltage
Infrared <19
Red 171022
Orange 20t02.2
Yellow 211024
Green 21023
Blue 321t04.0
Ultraviolet 211038

White 33103.6
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