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1. Executive Summary

This report outlines the process of the research, design and implementation of a power supply in order to meet
the specification of a company within the clear vision sector of automotive industry, primarily used for clearing

pollutant that comes into contact with headlight, windshield and camera systems on automotive vehicles.

The customer’s specification was received and reviewed to ensure that it could be met within budget whilst
meeting all relevant standards. Research was undertaken into the system as a whole, consequently resulting in
further research into the 4 main sub-sections that are integrated together to produce this circuit, providing an

underpinning knowledge of the requirements of each sub-circuit.

Research was ventured into the differing power supply technologies, primarily the ‘Linear’ and ‘Shunt’
regulators. It was found that the application in question would benefit largely from the use of the linear regulator
configuration due to its low cost, low development time and simplicity in the aspect of required components.
The design of a switch-mode power supply (SMPS) is far more complex, increasing costs and extending
development times, and the requirements of this application does not require the benefits of the SMPS such as

low heat generation and smaller stature.

The first design element saw the requirement to choose a suitable voltage regulator, research into voltage
regulators found that the Motorola’s MC1732C offered suitable characteristics required for the design.
Established design methods, equations and analysis of ‘Schade Curve’ graphs were implemented in conjunction
with the bottom-up approach, designing from the linear regulator sub-circuit through to the transformer sub-
circuit. This design choice was implemented as it is less complex to start at the regulator and work backwards,
than to start at the power supply and work forwards. This is largely due to the stringent requirements of the
regulator compared to the other circuits. It was found that it would be easier to find components to complement
the regulator circuit than vice versa. Suitable components were chosen from reputable suppliers after each

design stage.

The final design element undertaken was performed in the thermal analysis area, this was performed to
determine whether a heatsink was required, and if so, what heatsink suits this application. Through research
into the characteristics of the series-pass transistor and trusted calculations it was determined that a heatsink

is required, a suitable heatsink was chosen.

The simulation aspect was found to be highly useful. Testing started with the Linear Regulator sub-circuit. It was
found that the circuit with components based directly upon the design calculations worked well, however, a
small error was seen on both output voltage and current. Slight adjustments to resistor R2 enabled the
customer’s specification to be met with no errors. Further testing into the sub-circuits Line and Load regulation

proved that the circuit was operating as designed.
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Further successful testing was undertaken into the ‘front-end’ sub-circuits, all performing as intended with the

exception of simulation errors that occurred during the addition of the smoothing capacitor.

The final testing element saw the integration of both the Linear Regulator circuit and the front-end circuit to
create overall power supply circuit. The stringent testing performed on each sub-circuit enabled the circuit to
successfully operate to customer specifications first time. The error produced by the capacitor was seen again,
causing the input voltage to the regulator to rise to 33Vdc compared to the desired 24Vdc. However, figures
obtained from the ‘Line Regulation’ test proved the voltage regulators high tolerance to input voltage, ensuring
no adverse effects would occur due to the simulation error. The final test saw the measurement of remaining
AC component in the regulated DC output, this was found to be 578.5uV/P~P, meeting the maximum

requirement of 1mV output ripple stated in the specification.

It was concluded that the design and implementation were successful, the research undertaken into the circuit
principles and components was found to be extensively useful, providing key underpinning knowledge into the
operation of key components and the overall system. The approach to the bottom-up design method was found
to be highly efficient, enabling the design and testing to be successfully completed within a short time period,
this quick design and analysis was achieved through tried and tested equations coupled with detailed analysis
within Multisim enabling efficient and accurate foundations to fully analyse the systems performance. The
success of the report was further proven, tabulated evidence displayed the comparison between the design and

specification showing strong correlation, further confirming the success of the design.

Recommendations were made to further develop knowledge and improve the circuit’s performance. The
addition of ‘Voltage Clamping’ was found to be an efficient method of ‘clamping’ the output voltage at a safe
level under fault conditions. Further recommendations explored the potential of the design and implementation
of a shunt regulator power supply and switch mode power supply, enabling analysis to be undertaken comparing

the operation, complexity and performance off the differing power supply designs.
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2. Requirements and Specification

A customer within the clear vision sector of the automotive industry has the requirement for a power supply to
be designed to be incorporated into their control systems for the testing of automotive water pumps. The power
supply is required to deliver 12Vdc to the pump during its functional test before full assembly of the pump and

reservoir unit, with the overall unit controlling the washer fluid delivered to the vehicle’s windscreen. The pump

A
v
has a winding with a resistance of 6Q, therefore the power supply must deliver 2A of current. 7/0-) ce —~—
o
Lo5E ’ ) e
.

>
The power supply will be incorporated in a key functional test during the manufacturing process. This test ,ffs .

confirms that the pump is operating correctly, this is established through measuring a ‘healthy’ current draw. A \)/‘Ae
precision ‘Shunt’ resistor is connected in series between the power supply and the pump, generating a low- /*/M{ 4 ~
resistance path for the current. The voltage drop across the resistor is measured by an ‘ISOCON-6" signal ‘_{

converter. This signal is scaled and converted into a 4-20mA signal sent to a PLC, the PLC logic then determines ‘!Ué

{
if the pumps current draw is sufficient to pass or fail. .
pump p _ w,)

AHe
Due to the nature of the system, the power supply is housed within a Rittal control panel cabinet with climate
control ensuring that the minimum temperature is 0°C, with the maximum being 25°C. The power supply must
be din rail mountable, with the exception of direct mounting to the back plate with suitable fixings. The
functional design specification of the power supply states further requirements for the system. In order to
prevent a floating voltage on the output, the transformers secondary OV must be connected to ground. Both the
primary and secondary of the power supply must be appropriately fused, however, this is only a requirement

during implementation into the control system.

All requirements for the power supply are outlined in table 1.

Power Supply Requirements
Parameter Requirement
Supply Voltage (Transformer Primary) 240VAC -6/+10%
Supply Frequency 50Hz
Output Voltage (Vo) 12Vdc + 0.1V
Output Current (lo) 2Adc +0.1A
Ambient Temperature Rating 0°Cto 25°C
Output Ripple < 1myP-P
Load Regulation < 1%
Dimensions 150mm x 150mm x 130mm
Weight Not applicable (Not part of a portable system)
IP Rating Mounted in IP65 control panel
Cost < f£f160

Table 1 — Power Supply Requirements
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All goo-a design procedures will be considered and followed throughout the design; guidance will be received
from the various British, International and European standards seen in table 2. Following good working practices
and relevant standards enables the component to be CE/UKCA marked to ensure that the product affirms with
relevant EU and UK legislation (GOV.UK, 2020). \'{D\-’ cCov L ""A‘E
1 OP AP

The control panel that will house the power supply is designed to ‘BS EN 60204-1:2018 Safety of machinery.
Electrical equipment of machines. General requirements’ and ‘BS EN ISO 13849-1:2015 Safety of machinery.
Safety-related parts of control systems. General principles for design’ allowing for CE/UKCA marking of the entire

system (engineering, 2021).

Relevant Standards applicable to Power Supply Design
Standard No. Standard
BS IEC 60748-1:2002 Semiconductor devices and Integrated Circuits - General
BS EN 62132-1:2016 Integrated circuits — Measurement of electromagnetic immunity
BS EN 60940:2015 Integrated circuits. Measurement of electromagnetic immunity - General conditions and definitions
BS EN 60204-1:2018 Safety of machinery — Electrical equipment of machines
BS EN IEC 60384-21:2019 Fixed capacitors for use in electronic equipment - Sectional specification. Fixed surface mount
multilayer capacitors of ceramic dielectric, Class
BS IEC 60748-4-3:2006 Semiconductor devices. Integrated circuits - Interface integrated circuits. Dynamic criteria for
analogue-digital converters (ADC)

Table 2 — Relevant Standards applicable to Power Supply Design
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3. Design method, choices and calculations

The premise of this report is based upon mathematical calculations implemented to calculate the ideal values
of the systems components. Circuit modelling and analysis is executed through NI Multisim, each sub-circuit
seen in figure 1 will be individually functionally tested, with the integration of all sub-circuits together to
produce the overall power supply circuit for final testing and analysis. This is based upon the ‘Bottom-up’
methodology where by the primitive operations such as design and calculations of the individual components
are implemented first known as the ‘base elements’. These elements are merged together to create the overall

system.

There are four key elements to the design of a power supply as seen in figure 1.

230v AC® - = - * -
Transformer Rectifier Smoothing Regulator Load
Supply o > . . "
] I T I, F e TP | ———
. ”\U.’\U e AYATATANE Jﬁ i T - -
I Transformer Rectified sutput | Filtered output Pure dc output
Input Waveform output

Figure 1 - Power Supply Block Diagram

The first element is the transformer, this component is required to reduce the incoming voltage to a lower
voltage that the rectifier can deal with. In this application, an input supply voltage of 240VAC at 50Hz is
connected to the transformers primary winding, the transformer will reduce or “step-down” the voltage to a
suitable level for the rectifier on its secondary winding, therefore a ‘step-down’ transformer is required (Daware,
2020).

The output from the transformers secondary winding will supply a ‘full-bridge rectifier’, this is a bridge of four
diodes connected in a closed loop bridge configuration. The diode arrangement converts the AC input into a
rippled DC output. 2 of the 4 diodes will conduct the supply current through the positive half-cycle, whilst the
remaining two conduct through the negative half cycle, allowing the full input sine wave to be utilised on the

output (DERF, 2018).

The rippled output from the bridge rectifier is not ideal, the third element is the smoothing capacitor stage. This
stage is a means of smoothing the rippled DC. An electrolytic capacitor is connected in parallel with the rectified
output, smoothing it. On the positive half cycle the capacitor charges, on the negative half cycle it discharges

delivering a filtered DC output, removing large amounts of undesired AC component (DERF, 2018).

The final element is the regulator. This is required as the smoothing capacitor cannot provide total voltage
stability. This circuit will create and maintain the fixed output voltage, disregarding changes to its input voltage
or load conditions, ensuring that the power supply is operating within a range that is compatible with its load

(monolithicpower, 2019).
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3.1 Linear Regulator

The first design element is the regulator, more specifically a linear regulator, this element is the power
management device for the circuit. Linear regulators are best suited to ground-based power supplies where the
generation of heat is not a major concern and a voltage of less than 40VDC is required. Benefits of linear

regulators include their low cost, low development time and zero radiofrequency interference. (Brown, 2001).

There are two common variations of the linear regulator, the shunt regulator and the series-pass regulator. The
shunt regulator is placed in parallel with the load and an unregulated current source is connected to a higher
voltage source. The shunt regulator draws output current to maintain a regulated voltage across the load given

a variable input voltage and load current, this is the principle of the Zener diode regulator (Brown, 2001).

A more efficient configuration is the series-pass regulator, this uses an active semiconductor like a BJT as a series-
pass component between the input and the load. This configuration operates in linear mode, in this mode it
operates as “partially on” instead of on or off. Therefore, it is reliant on the variable conductivity of its active
component to deliver a regulated output voltage by acting like a variable resistance. This BJT then “drops” the
unwanted voltage (V;y — Voyr) across itself, this is known as the “headroom”. A negative aspect of the linear
regulator is that it dissipates power as heat, this is so it can regulate the output voltage. This can often be a
significant amount of power to dissipate therefore heatsinks are often a requirement. A method of limiting the
dissipation of heat can be employed in the circuit design, the input voltage can be limited to around 3V greater

than its output, limiting the power dissipated whilst improving the efficiency.

Covip tave cosT

A negative feedback loop determines the conductivity degree the transistor needs to perform at to maintain an \

accurate output voltage. This negative feedback is possible by a ‘voltage error amplifier’. This is an operational
amplifier with high-gain which compares the difference between a stable reference point and the output
voltage, if an error is found between the reference point and the output, a correction is made to the series-pass
components conductivity to increase or decrease as necessary. As the load increases, the output voltage will
fall, in turn increasing the amplifiers output providing more current to the load. Opposingly, as the load

decreases, the output voltage will rise causing the error amplifier to decrease the loads pass unit current.

/__J

Research was undertaken into a suitable voltage regulator for this application, it was found that the Motorola
MC1723C is suitable for this application, it is capable of delivering an output current of 150mA, between an
output voltage range of 2Vdc to 37Vdc. The current output can be increased through the use of external pass

transistors in the NPN current boost configuration as seen in figure 2.

The MC1723C operates with a line regulation of 0.01% and a load regulation of 0.03%. Therefore, at 12VDC,

changes to its input voltage and changes in its load within its permissible load range will only affect its output

voltage by millivolts (ibex, 2018).
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The MC1723C is operational in conditions between 0° to +70°C, with a short circuit current limit of 65mAdc

(Motorola, 2001).

Q1 Rsc Va
e S
ENS{IS»_S 130 +15V
Y ___ _orEquiv 1/2W
n 12 [ | 10 lge = 0.5A
L2 1| : 2
Lo
|
| 3
|  mMci723C |
| | Ry =12
6 | l_é
Ry ! ' 100pF
5.1k g; 18 TR
0.1j.tF_fE Cog —— 1 — -

R = 10k
7

Figure 2 - MIC1723C in NPN Current Boost Configuration

As the voltage regulator has been chosen, a value for capacitor Crgr is chosen, from the datasheet seen in
appendix 8.3.1 it states that 0.1uF is an ideal value for low noise operation, therefore:

Cref = O.1uF

The value for R1 + R2 is then determined, the datasheet seen in appendix 8.3.1 specifies that this value should

be within the range of 10KQ and 100KQ, a value of 20KQ is chosen:

R1+R2=W

R2 is calculated using the equation below, with V, being the desired output voltage:

V.
RZ = ‘T/ef X (Rl X Rz)

o

From the datasheet seen in appendix 8.3.1 it is found that V,..; is 7Vdc, therefore;

R, = — x (20 x10%) = 11.667KQ

As 11.667K12 is not a standard resistor value, R, is increased to 12K(2. R2 should have leeway for adjustment to

accurately set up the output characteristics.

R1 is found using the equation below:

R, = 20KQ — R, = 20KQ — 12KQ = 8KQ
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8KQ is not a standard value resistor, referring to the standard resistor table seen in appendix 8.1:

R, = 8.2K0)
R; is then calculated using the equation below:

_RixR, _82kOX12kQ oo
3 TR/ +R,  82KQ+12KQ ~

v

Referring to the standard resistor value table in appendix 8.1, 4.87KC is not a standard resistor value, therefore

R; is chosen below:
R; =5.1KQ

The maximum current is determined by the current sense resi{(&c). These resistors inherently have a low

Ohmic value and a high-power value in order to limit power consumption. The purpose of this resistor is to gauge
the flow of current, the calibrated resistance senses the current flow and therefore determines the voltage drop
across it. If the voltage-drop across Rg. exceeds Vgg (0.66V), the series-pass transistor will stop furthe
conduction holding the current at that point. This is a simple and economical method of current flow
measurement, mitigating the effect of overloads and short-circuits (Electronics, 2019).
N
As seen in the MC1323C datasheet seen in appendix 8.3.1, R is connected across pins 2 & 3 which is the base-
emitter junction of the transistor, this produces an inherent volt-drop Vg of around 0.6V, this is taken into
account within the calculation. The chip utilises this as short-circuit current protection, when the volt drop is
greater than 0.6V it determines that current drawn is greater than the the circuit is designed for, in-turn reducing

the voltage and current to prevent damage.

R is calculated below, where Ig; the required output current:

po 06V 06V
ST Ige T 24 T T

The power rating for Rg. is calculated below:

P=I°?XR =2%x030 =1.2W

Therefore Rg. is chosen as 0.3, 1.2W
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The input voltage (V;y) is then determined using the equation below, where ¢ is equal to the 0.6V voltage drop

across the transistors base-emitter junction (Vgg):

Vin = Vour +2¢ + 3V

Vig =12+ 1.2+ 3V

Vi = 16%

V,n has been calculated at a minimum of 16.2Vdc, therefore, in order for the regulator to function it requires a
minimum supply voltage of 16.2Vdc. Linear regulators have a high tolerance to its incoming voltage; therefore,
it is safer to marginally increase the input voltage to ensure full operation. For this design, V;y is increased to
20Vdc, this allows for adequate voltage to be supplied to the linear regulator, whilst also allowing for ease of

sourcing components as 20Vac transformers are widely available.

Table 3 displays the circuit component values calculated for the regulator circuit.

Linear Regulator — Calculated Components
Component Calculated Value
R, 8.2KQ
R, 12KQ
R; 5.1KQ

Rgc 0.30,1.2W

CreE 0.1uF
VN 20V
v, “ 12V

Table 3 — Linear Regulator: Calculated Components

Not c,ow'\fo”zpﬂ'
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3.2 Series Pass Element

As seen in the data sheet in appendix 8.3.1, Motorola recommend the use of an NPN transistor in series between
the supply voltage and load. In this configuration the IC regulator provides a current to the transistor base (/).

This allows the series-pass element to act like a current amplifier increasing the output current (I,) potential.

The Series-Pass element is researched and chosen, the requirements for this component are seen in table 4.

Linear Regulator — Series Pass Element Requirements

Veeo 2 Vinemax)

lemaxy 2lsc

I
herILOC @ VCE = VIN - VO — @, where Q= VBE ON = 0.6V

Ppmaxy 2 Vin % Isc

8¢ to allow for practical heatsinking

Safe Operating Area (SOA) to withstand Ve = Viy @ I = Igc

Table 4 — Linear Regulator: Series Pass Element Requirements

Firstly, the minimum hg, is calculated:

I
hfe =2 ILOC@ VCE = VIN - VO —(p,Where(p = VBEON ~ 0.6V
When:
Igc = 24, I, = 100m4, Vy = 20Vde, V, = 12Vdc
th:

24

=> — = — - 0.
hfe =2 Too— @ Vg = 20Vde — 12Vde — 0.6Vde

hfe =>20@ VCE = 74VdC@IC = 2Adc

The calculation for hs, has determined that the transistors current gain must be = 20 when a load of 2Adc is
drawn. The SOA (Safe Operating Area) of the transistor is the area where the transistor operates with high

reliability (Manias, 2017), therefore:

SOA = 2A @ 20Vdc
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Therefore,

Ppmax) =Vin X Isc

Pomaxy= 24 % 20Vdc = 40W

A transistor suited to this application is the ‘onsemi 2N3055G NPN Transistor’, 15 A, 60 V, 2-Pin TO-204AA (RS

No. 103-2964) (Components, 2016). Table 5 compares the component requirements to the actual component’s

parameters.

Series Pass Element — Comparison of Requirement and Chosen Component

Parameter Required Value 2N3055G
Veemax) >20Vdc 60Vdc
Ieuax) >2A 15Adc
lomax) =>100mA 2Adc
hee >20@ Veg = 74Vdc @ I, = 2Adc 20-70Vdc @ I = 4Adc
Ppmax) > 40W 115W
Bic Determined under thermal management analysis 1.52°¢c/w
SOA SO0A = 2A @ 20Vdc SO0A = 15A @ 60Vdc

Table 5 — Series Pass Element: Comparisn of Requirement and Chosen Component
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3.3 Input Stage

Table 6 displays the key base values calculated from the regulator design circuit; these values are vital in the

design of the front end.

Regulator Design — Base Values
v 20V
VRipple 3v
Vin 30V
I, 2A
f 50Hz

Table 6 — Regulator Design: Base Values

—_—

The second design element is for the input stage of the circuit, this stage will supply the input voltage to the
regulator circuit. This consists of three main elements: A transformer to step down the input voltage, a full-
bridge rectifier to convert the AC input into a rippled DC output and a smoothing capacitor to smooth the DC

output from the full bridge rectifier.

As per specification, the power supply will operate of a standard UK mains voltage of 240VAC at 50Hz, this will

supply the primary side of the step-down transformer. This is an essential stage before the regulator as this S

provides dielectric isolation from the AC power supply.

AL.L FehS (S ALt
ST ATO,

The first characteristic to be determined for the input stage is the ripple factor(r¢):

VRipple p—p
=
2v2 x

3V
1= ————— x 100 = 5.303%
242 x 20

x 100
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Using the value calculated for 7%, the value of wCR,, is determined using the Schade Curve graph for the RMS
Ripple Voltage for Capacitor-Input circuits as seen in figure 3, as the input stage will utilise a full-wave rectifier
the top 4 lines on the graph are ignored. It is seen that at a ripple factor of 5.303% there is a minimum wCR;, of

9 and a maximum wCR; value of 18, a value of 14 is chosen for wCR;, as this is around the mid-point of the

range.
100 T S S S o
g Circult Parameter |1
30 A -
=01
20 1 “_-10 T
Haif-Wave '
-==10 {
—— === -
\.. T
g 1 RN Full-Wave e, =
E 70 e — ool IO
S 50 — 9 A In
E \\ \;
2 a0 NN =
% 20 \K\‘
r o ‘\\Q\‘
| \ N
10 L L) L 4 —r \ hb I \ .
| M \\
07 1 .
I N
0s . . \\
03 (11 \% ' \'\"\.
' i, . WINIRNL N
i NS
0.1 I | 1 \k N h
10 20 30 50 70 10 20 30 50 70 100 200 300 500 1000
([}
w =2 xf, f = Line Frequency s
C in Farads l W
Ry in Ohms
Figure 3 - RMS Ripple Voltage for Capacitor-i circuits graph

The ratio of the parameter Rg/R), is calculated as a percentage using the equation below:

Ve 20 _ 6 667%
Vy 30
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The value of V;/V), is used to choose the ratio of Rg/R; on the Schade Curve graph for the relation of Applied

Alternating Peak Voltage to Direct Output Voltage in Full-Wave Capacitor-Input Circuits, as seen in figure 4.

100

% Vepo)/Ym

w

| 5 0 N | 2?5
05
! 1
‘Ent / 2
] | )
/ i
— .
f e '25
—— 15
sail
72 ahilil == .= o &
f """ i ;:%;
/ ] T % »
gt P 1 | 30
%///"' ' -
—: §: |
- | et | 50
S i -
=TT 80
,.-‘_"" ~ 90
|
1 10 100 1000

@CRy (C IN FARADS, R IN OHMS)
2= {, f = Line Frequency

Figure 4 - Applied Alternating Peak Voltage to Direct Output Voltage in Full-Wave Cl Circuits graph

As seen in figure 4, the nearest Schade curve to the plotted horizontal line is at an Rg/R; value of 20%, this is

the percentage ratio of Rg/R; . Using this obtained value of Rg/R; and the below equation, a value of R; and Ry

can be calculated:

Ry = 0.2 X

Rs/R, = 20%

Ve
lo

Ve
Io
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3.4 Capacitor Stage

The output from the rectifier is not pure DC, therefore it will possess some undesired AC component. The AC
component can be removed by a parallel capacitor across the rectifiers output. Using the equation below, the

minimum required capacitance for the smoothing capacitor is determined:

wCR, 14
C = Vo = 50 = 4.456338mF
anfxi 2w X 50 X 5=

From the equation above, it is calculated that the minimum required rating for the smoothing capacitor is
4.456mF (4456F), the nearest common rated capacitor to this is the 4700uF (4.7 mF) capacitor. This capacitor
will operate at a top voltage (V,,) of 30V. Therefore, as a general guideline the capacitor should be rated to
double the working voltage, in this case at 60V. The operating of typical electrolytic capacitors is -30°C to +125°C

which is well within the specified operating temperatures of the power supply (Subramanyam, 2014).

The capacitor chosen is a KEMET 4700uF (RS No. 172-6838) with solder lugs to allow for tri rated cable to be
soldered, table 7 displays the calculated requirements compared to the KEMET 4700uF (KEMET, 2020).

Smoothing Capacitor — Comparison of Requirement and Chosen Component
Parameter Requirement KEMET 4700uF
Capacitance 4700uF 4700uF
Top Voltage (Vi) 60Vdc 63Vdc
Temperature Range 0°C-25°C -40°C - 85°C

Table 7 - Capacitor: Comparison between Calculated value and Chosen Component (KEMET, 2020)
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3.5 Rectifier Stage

The next design element is the full-wave bridge rectifier. ln—this—topalogy 4 diodes are arranged in a bridge

=L

Figure 5 - Full-Bridge Rectifier Circuit (circuitstoday, 2012)

In the full-bridge arrangement, the average current per diode is half of the output current (I,). This is calculated

below as Ircavgy:

The peak RMS current is then calculated:

Irpry = 52 X Ipqavgy = 5.2 X 1 = 5.2A

The required surge current requirements for the Using the Schade Curve graph for the relation between RMS

and Peak-to-Average Diode Current in capacitor-input circuits as seen in figure 6.

Page 19 of 57


Michael Hall


Michael Hall


Michael Hall



10
g
(] n.oz2
G 5 — 015
E..; -- g; -l
2 3 s
i 2 0
— R 50 =
= o] e "
2= 100
n
(S
1
1.0 20 30 50 70 10 20 30 50 70 100 200 300 1000
anHi_
40
0.02
30 i
g 1 f?:___,.:-—— ne
g 20 1 - ol
£ I % — =
& T o«
< N — 0s £
= ﬁ""' 7]
10 10 e
— L =
.é ; 20
o 7 50
S 5 10
0
=
3 | ] 1 100
1.0 20 30 50 7.0 10 I 20 30 50 70 100 200 300 500 700 1000
nwCRL
p= | 1forHalf-Wave Single-Phase Rectifier Circuits C in Farads
~ [ 2 for Full-Wave Single-Phase Rectifier Circuits Ay in Ohms
w = 2 it f, where f = Line Frequency Rg = RMS Equivalent Source Resistance

Figure 6 - Relation between RMS and Peak-to-Average Diode Current in capacitor-input circuits graph

The PIV is equal to Vy,, in this case V), =30Vdc as determined in section 3.4, and due to the guideline of doubling
the working voltage in order to allow for potential surges on the mains lines, this in turn prevents any strain

being placed on the rectifier.

The minimum required surge current is calculated below, where ESR in ranges of < 0.1Q are negated:

Vu 30V

Ieurge = = = 154d
surge = RLESR | 20 ¢

It is vital that the rectifier is able to withstand a surge current of 15Adc during its initial power on to allow for
the capacitor to charge, 4700uF capacitors typically have an ESR value of 0.025, allowing for the ESR to be

negated in this calculation.
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Table 8 displays the calculated requirements for the rectifier compared to the Vishay GBU6G rectifier (RS No.
145-1679) that has been selected, as seen when comparing the required value to the selected component, the
GBU6G will perform well within the required values. It is also an available component in Multisims parts
database (Components, 2019). The datasheet for GBU6G does not state its I (px) value, however, as its Ir ay¢)

value is 6Adc, it is determined that its peak current rating is far greater than the 5.1Adc required.

Full Bridge Rectifier — Comparison of Requirement and Chosen Component

Parameter Required Value Vishay GBU6G
Iravey 1Adc 6Adc
Ir(pi) 5.2Adc -
V; 220V 280V (Maximum)
Lsurge 15A 175A

Table 8 - Full Bridge Rectifier: Comparison of Requirement and Chosen Component (Components, 2019)
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3.6 Transformer Specification

The transformer element of the design is calculated. Using the equation below, the transformers secondary

voltage is calculated, where n = 2 for full-wave bridge rectifiers:

v 2 Vun@0)  (30+2000) _ o, oo

s V2 V2

. Vpri 240V .
Ratio = —% = = 10:1 Ratio
VSecondary 24V

The secondary current rating is then calculated:

Is = V2x1Ipys = V2 x2 = 2.8284

The secondary power rating is then calculated:

Power = Vg X Ipgys X V2 =24 x 2X V2 =/7.9VA

The chosen component for the transformer is the RS Pro 100VA Panel Mount Transformer (Rs No. 880-2602)

(Components, 2018).

le 9 displays
the transformer requirements compared to the chosen model, this model operates at 230VAC +/- 10%,

therefore the proposed 240VAC supply voltage can be used.

Transformer — Comparison of Requirement and Chosen Component
Parameter Required Value RS PRO (880-2602)
Primary Voltage 240VAC 230VAC +/- 10%
Secondary Voltage 24VAC 24VAC
Power Rating 69.7VA 100VA
Operating Frequency 50Hz 50Hz
Mounting Type Panel Mount Panel Mount

Table 9 - Transformer : Comparison of Requirement and Chosen Component (Components, 2018)
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3.7 Heatsink Design for thermal management

Semiconductors under operation produce heat which originates at its junction and travels outwards. The
semiconductor’s reliability and longevity are inversely proportional to the square of the change in junction

temperature.

componentisguadrupted. Therefore, calculations are performed in order to ensure that the semiconductor can

reliably operate within the power supply, if not a heatsink is required (Yong, 2012).

The primary heat source is the junction, the heat is transferred from the junction to the case during operation.

If a heatsink is required, the transistor is mounted on the heatsink (case to heatsink) as seen in figure 7.

SEMICONDUCTOR
DIE or JUNCTION

CASE
HEAT SINK

AMBIENT

Figure 7 - Thermal boundaries of a Transistor (Yong, 2012)

The equation below is used to calculate the operating junction temperature:

7} - TA + PD X Q_]A
Where:’
T; = Junction Temperature (°C)
T, = Ambient Air Temperature (°C)
P, = Power Dissipated (W)

@;4 = Thermal Resistance from junction to ambient air (°C/W)

The thermal resistance from junction-to-ambient air is calculated using the equation below:

Q)]A = Q)]C+ Q)CS + Q)SA
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Where:

@;c = Thermal Resistance of Junction to case (°C/W)

@cs = Thermal Resistance of Case to Heatsink (°C/W)
@4 = Thermal Resistance of Heatsink to Ambient Air (°C/W)

From the datasheet seen in appendix 8.3.2, the chosen transistor (2N3055G) has a thermal resistance from

junction-to-case (@,¢) of 1.52°C/W. ttis-aise-found-in-the2N30556-datasheet-thatis-implemented-with-e—Fo—

i n @.s value of 0.5°C/W.
Ars A

To calculate @gp, the power dissipated must be calculated:

PD=V0XIO
Pp = 12V X 24 = 24W

The maximum transistor operating temperature without a heatsink is then calculated:

T] =TA+ PD XQ)]A

Re-arranged:

TA = T] _PD XQ)]A

Where T; = 200and @;, = 1.52°C/W

T, = 200 — (24 x 1.52) = 163.52°C/W

The equation T; = T, + Pp X @, isrearranged:

T, — Ty
Pp

Dja =
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This equation is substituted into the original equation to find @54, Where, T, = Ambient Temperature and P, =

Power Dissipated. For this calculation T, is chosen at its worst-case scenario temperature of 25°C:

T, —T,
Ji A
Dsa =P— _QCS_Q)]C
D

200 — 25
Dsa = ——z 0.5 — 1.52 = 5.272°C/W

@4 is calculated below:

(D]A = 152+ 05 + 5.272 =

It is determined that the transistor will need a heatsjrik, due to its maximum junction-to-case temperature of

1.52°C/W. A heatsink is chosen from Mouse 76403B00000G). This offers a thermal resistance 5.1°C/W
through convection and is small enough #6 be mounted on a panel back plate (Farnell, 2018). The maximum

junction temperature including ambiént temperature is calculated as:

24 x (5.272 + 0.5 + 1.52) + 25 = 199.6°C

This is 0.4°C lg&s than the transistors maximum junction temperature therefore it is permittable. As the panel is

climate g6ntrolled to a maximum of 25°C it is not possible for the ambient temperature to increase to have a

negdtive impact on the junction temperature.

Page 25 of 57


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall


Michael Hall



4. Testing, results and analysis

All sub-circuits are functionally tested individually, this enables each circuit to be tested and refined if required
to produce the correct output. Also, individual functional testing reduces the complexity of fault finding if faults

occur, when all sub-circuits are tested, they are integrated to produce the final circuit.

4.1. Linear Regulator Testing

<, S€ O N &)

Figure 8 displays the Multisim design of the regulator circuit; theregulatoris-desigred from-the-cateatatedvaiues

_ReNotorola N

24Vdc is applied for V;y as this imitates the supply from the rectifier.

Figure 8 shows that the circuit is operating under a 6Q load which replicates the pump winding. The circuit
operates close to the specification, a 3.2% error is seen on I, compared to the desired 2A and a 3.29% error

on Vyyr compared to the specifications 12Vdc requirement. Alterations-topassive companents can be-madeto
: .

vce
T 24y xmmMe | [A][v]la (s
Q3 = =1 =1
2N3055A ol s
—~ Rsc2 P9
ANA——gp—— |
0.300Q
c7 H‘
100pF iz U9
T veerve | R9 XMM7
our 38.2k0 R11 =
2 ‘ 60 100 % \)\
RO Key=A
R12 : : :
5.1k | i R10 [ o]
1 12kQ I
L ca - A v Q d8
==0.1pF == ==
= Set...

Figure 8 - Linear Regulator Testing: Original Component Values

To improve the accuracy of Vyyr and Iy yr, the value of R2 is altered. A Standard resistor value of is 11KQ chosen.

As seen in figure 9, these values vastly improve the values of Vyyr and Iyyr to 12Vdc at 2A respectively,

meeting the exact specification and reducing the errors for V7 and Iy to 0%.
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24V x: XMM6E .
Set... =
2N3055A s
i i
: 0.30Q
c7 y -
=—100pF ,,,“ 1. U3 12V
- rL 4‘
F

; ’ﬂ RO XMm7
| 8.2kQ R11 o+
3 A v Q dB
| 80 100 % o \%
= P Y4
e Key=A =]
5.1kQ i LM725CN R10 * Set... =
1 11kQ
cs
=0.1uF

Figure 9 - Linear Regulator Testing: R2 adjusted to 11kS2

Under full-load, the voltage across the series-pass transistor is measured, this allows for the power dissipated

across it to be measured. As seen in figure 10, the collector-emitter voltage is 11.4V under full load, therefore

the power dissipated across it:

Py Full Load =V X1,
Pp Full Load = 11.4V X 2A = 22.8W

The datasheet in appendix 8.3.2 states that the 2N3055A transistor has a maximum power dissipation of 115W

at 25°C, therefore the dissipated power at full load is 92.2W lower than the permitted value.

XMMB
" ——
| T
vcce A ) o8 [A] v [=][em
2av R XMM6 o =
Q3 d Set... = Set.
2N3055A o ;{é
Sy ANAS 1
0.300
] 1
100pF s B
T ol Re [
e SH 8260 R11 G
cs 2 < i e 1 |
3 o 8 f(‘:y=A 100 % 4_1‘% Al[v][el =
R12 [T 2l = =
5.1kQ l LM723CN R10 ‘ =
1 éﬂkn
.. -
=—0.1pF

Figure 10 - Linear Regulator Testing: Power Dissipated across series-pass transistor under full-load
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4.1.1 Short Circuit test of Linear Regulator

The short-circuit aspect of the design is also tested to ensure that the current-sense resistor is designed correctly,

ensuring that it limits the current drawn under a ‘short-circuit condition’ (SCC) as designed, the load is set at 0Q

to imitate an SCC.

Figure 11 displays the linear regulator circuit under short-circuit conditions. As expected, V,yr is measured at

2.049mV as there is no potential difference across the load. In turn drawing 49mA more than the specifications

rated current at 2A, the rise in current under these conditions is minimal. This protects the series-pass transistor

from thermal damage, restricting excessive power dissipation across it associated with short-circuit conditions.

The total power dissipation across the series-pass element is calculated below as 47.91W, this is well within the

2N3055A’s rating of 115W at 25°C.

Pp Short Circuit

= 23.383 x 2.049 =

47.91W

XMMB
A
= fimeter-
’ [ zomn
vcc
24V s == x| [A][v (2] [®
Q3 + Set. = ’7{_\ ~ [—=]
2N3055A zi]| + set
Rsc2 )
i AR g ]
0.30Q
.bi‘l. U3
Ct v ‘ R9
@ 8.2kQ
< R11
1000 0%
— 1 Key=A
l LM723CN R10
L éﬁkn
oy b
—0.1pF

Figure 11 - Linear Regulator Testing: Power Dissipated across series-pass transistor under short-circuit
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4.1.2 Line Regulation Test

Figure 12 shows the effect that varying the linear regulators input voltage (V;5) has on the output voltage, the
voltage was increased from Ovdc to the regulators maximum rated input voltage of 40Vdc. As seen below, at
approximately 16Vdc the desired output voltage of 12Vdc enters steady state, displaying the desired flat
response, this is highly accurate to the calculation seen in section 3.1 where the minimum required value for

‘Vin' was calculated at 16.2Vdc.

Linear Regulator - Line Regulation Test

14

12

10

Output Voltage (V)

-
(R e E EEELE LR

O N M S N O N0 0 O m = N O 0 = NN M S N O 00D
= — o o L e B B O o O T o S o R T o o o B o

Input Voltage (V)

o~ O = N M 1 O~ OO
Ll Mm m o ;nmmmmm o S

Figure 12 - Linear Regulator: Line Regulation Test Results
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4.1.3 Load Regulation Test

The ‘Load Regulation’ test is performed to determine the power supply’s ability to maintain its constant desired
output voltage despite variability in the resistance of its load. Figure 13 shows the results from varying the load
resistance between 0Q and 20Q, the values of load voltage (V) and load current (I;) are plotted against each

other to determine the effect that various loads have on these circuit parameters.

The test is started at 0Q2; therefore, the maximum possible current of 2.049A is drawn as this is under short-
circuit conditions, at this load the output voltage is at its minimum of 2.049mV as there is no potential difference
across the load. As the load is increased in 0.5Q increments, the output voltage increases by roughly 1Vdc per
increment, with miniscule current fall. At 6Q optimum performance of the power supply is seen, delivering the
specification requirement 12Vdc at 2A. As the load increased from 6.5Q to 20Q, the current fell steadily by
around 110mA per increment. As expected, the load voltage was stable, marginally increasing by 85mV to

12.085V under a 202 load.

Linear Regulator - Load Regulation Test
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Figure 13 - Linear Regulator: Load Regulation Test Results
Figures 38 and 39 in appendix 8.4 display the circuit under full-load and no-load. Voltage under full-load

measured at 12Vdc and Voltage under no-load measured at 12.087, therefore the voltage regulation percentage

is calculated using the equation below, the specification requirement is < 1%:

VNO—LOAD - VFULL—LOAD

X 100

% Voltage Regulation v
NO—-LOAD

12.087 — 12

% Voltage Regulation = 2087 x 100 = 0.72%
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4.2 Front End Testing

The second stage of testing is the testing of the individual front-end circuit elements, these—eingthe

(other than the heatsirk}-tismoTetogicat to tesTThiS TITST a5 itsupphes-therectifier and capacitor elements

4.2.1 Transformer Testing

Figure 14 displays the simulated power supply circuit. The primary winding of the 10:1 isolating transformer is
supplied with 240VAC, the 10:1 winding reduces this by a factor of 10 to 24VAC. 24VAC is a more manageable

input voltage for the rectifier, offering dielectric isolation from the voltage supply.

Multimeter- XMIM10 X

V3 T3 XMM10

C)gga\frms % |§ I_.e+)\

s z

= 0° '—-EI
10:1

Figure 14 - Power Supply Sub-circuit

or Circurt i i i € pr of the p

Jeing stepped down to 24MAEFigure 15 shows the simulation results of the oscilloscope, as the average RMS

voltage is difficult to determine on Multisim, the maximum voltage (Vj4x) is found at 339.282VAC for the

primary and 33.928VAC for the secondary.

Oscilloscope-X5C2

2

T2 e 2e7es - T
10 ms/Div Scale: 200 V/Dw Scale: 200 V/Div Edge: F T A

Scale:

Figure 15 - Power Supply Sub-circuit: Oscillioscope results under test
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Using the equation below the RMS voltage is calculated:

RMS = Vpege + V2
Therefore:

Primary = 339.282 + V2 = 239.9VAC
Secondary = 33.928 ++2 = 23.99VAC

The waveforms seen in figure 14 and equations prove that the front-end of the power supply is operating to the

specification.
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4.2.2 Rectifier Testing

The next stage of the front end is the rectifierfigured6-shews-tire-GBUBGG-E3/45 bridge rectitier connectedto~
“the-ettputof-theisotatmg transformer. The multimeter connected to the output of the bridge rectifier displays
24.927Vdc, measuring 927mV greater than expected. This error is likely caused during rectification as Multisim

cannot determine if the output is DC or RMS. This error is further explained in section 4.3.

X6 .
v3 13 3
o =
=/ 0° - .
10:1 GBUBG-E3/45 J; + SHQ =

Figure 16 - Rectifier Sub-circuit

Figure 17 shews-the waveform-obtained-from-the-eseiloseope~this shows the rippled DC voltage output from
the bridge rectifier at around 24.927V, proving the circuits operation is correct including the 0.9V error. The

waveform is proven to be rippled DC as it is constantly in the positive half of the oscilloscope graph with the

inclusion of some AC component seen by the oscillations.

Oscilloscope-XSC3 *
4 ; e - - S — S
t
[ »
| Time Channel_A Channel_B
TLI®®| oie7ams 18608V Reverse
T2 & | 22655 ms 24,927V
271 781,473 us 5.220V Save )
Ext. trigger
Timebasse ~ Channel & Channel 8 Trigger
Scale: | 5 ms/Dw | 'Scale: 50 V/ow | Scale: 3 Vit Edge: [ F | % || A | &
X pos.(Div); 0 | ¥ pos.ow): 0 ¥ pos.(Div): |0 Level: [p | v
YT | Add B/A AfB AC o pc | AC o | boc = Single Hormal | Auto | Mone

Figure 17 - Rectifier Sub-circuit: Oscillioscope result under test
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4.2.3 Capacitor Testing

Figure 18 shows the addition of the smoothing capacitor to the rectifier output, this will smooth the output from
a rippled DC waveform to a pure DC output. However, the addition of the capacitor has caused the voltage to
increase to 33.18V, this is due to Multisim not being able to interpret the voltage as rectified DC, as the output
of the rectifier is not pure DC nor a Sinewave, Multisim cannot determine it as DC or RMS. The regulator has a
high tolerance to the incoming voltage rating as demonstrated in the line regulation test, therefore an input of

33.18Vdc will have no negative effect on the circuit performance.

Xsc3
% Ext Trig|
L
V4 T4 D4 A %1 5
C>240Vrms 3 ===UU
~ )50Hz g
o

e T

10:1 -

l
Figure 18 - Addition of Capacitor to Sub-circuit I

Figure 19 shows the oscilloscope graph of the front-end circuit with the capacitor, it shows that during the initial

4700uF

power on period the capacitor charges, after it has charged it enters steady-state DC.

Oscilloscope-X5C1

<

BT Time Channel_ A Channel_8

000z 3 [Reene ]
T2 e 00005 0.003 fV
= 0.000 5 0.000 v Save
e s B, trigger
Timebase Channet A Channel 8 Trigger
Scale: 5 ms/ow Scale: 50 vjow | scale: 200 vjow eg: [ £ | % [ a B
X pos.(Dn): [0 ¥ pos.(DW): [ ¥ pos.(Dw): o Laval: [g v !
YT Add BA AB AC 0 DC AC 0 bC single MNormal Auto Hone.

Figure 19 - Addition of capacitor to sub-circuit — Capacitor charge test
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4.3 Testing Full Circuit Integration

Figure 20 shows the final circuit. The sub-circuits that create the ‘front-end’ circuit is integrated with the linear
regulator circuit to produce the full power supply circuit. Figure 20 shows that under the load that imitates the
pump winding (6€2), the power supply successfully delivers exactly 2A at 12Vdc, successfully meeting the
customer specification. The current-sense resistor (Rg.) operates well in conjunction with the linear voltage

regulator to deliver a constant current of 2A.

T2
240Vims 3 | |
")50H1 ” 0.30Q
/s
10:1
u2

[A][v][a][=
xMMa
Q2 = = =
v2 02 2N3055A Rect ] | * Set..

= GBUGG-E3/45 ca

==100pF

Figure 20 - Power Supply Circuit: Integration of Sub-circuits

A four-channel oscilloscope is added to the circuit seen in appendix 8.5. Figure 21 visually shows the full process
of the power supply from the 240VAC input to the rectified and regulated 12VDC output. The red trace displays
the 240VAC input waveform, the blue trace displays the 10:1 step-down ratio of the supply to 24VAC, the green
trace displays the rectification and smoothing of the AC signal to produce a rippled DC waveform, the purple
waveform shows the regulated 12VDC output from the linear regulator. These waveforms prove the full

functionality of the power supply.

The discrepancy outlined in sections 4.2.2 and 4.2.3 is displayed on ‘Channel C'. The rectified and smoothed ‘DC’
output from the capacitor is measuring a voltage of 32.122Vdc. This discrepancy is not a design error, but due
to Multisims inability to interpret a rectified AC voltage as DC, as it is neither a pure sinewave nor pure DC it
cannot accurately determine its magnitude. This has no effect on the overall circuit due to the high input voltage
tolerance of the regulator, as both the MC1723C chosen for the design requirements and the LM723CN used in

the simulation both allow input voltages up to and including 40Vdc.
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Four channel oscilloscope-X5C2

=

< »
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Figure 21 - Power Supply Circuit: 4 channel Oscilloscope results
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An oscilloscope is connected across the load as seen in figure 22. The oscilloscope is connected in order to

measure the AC component in the regulated DC output, known as ripple voltage.

1]
yo

Q2

0.20

D2

»a
.

GBUGG-EJ/45

v2 T2
240Vrms :
3 —ul N | S
s g°
10:1

RS
8.2k R?
0 100%
SuKey=A

—

c6

== 4700uF
R8

J; LM723CN
2L 11kQ

Figure 22 - Power Supply Circuit: Oscilloscope across load to measure ripple voltage

Figure 23 displays the measure ripple voltage at 578.5uV?P~P, this is marginal ripple and is within the

specifications permitted value of 1mV?~P, This value is so miniscule that the oscilloscope is set to 500uV /Div

in order to view it.

5 < “ b ~ -~ - =
{ ! f I f | : /
i { / | f |’ I'( i
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Figure 23 - Power Supply Circuit: Output Ripple
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5. Component List

Table 10 displays the list of components required for the power supply construction, including suppliers, part numbers, manufacturers, quantities and costs

per unit.
SGEE6005 - Power Supply Design Parts List

Component Component Description Supplier Part Number Manufacturer | Qty | Cost per Unit
Regulator MC1723C Voltage Regulator Finedon Electronics MC1723C Motorola 1 3.34
NPN Transistor 2N3055 Series Pass Transistor RS Components 545-2210 onsemi 1 5.56
Smoothing Capacitor KEMET 4700uF Electrolytic Capacitor RS Components 381-9756 KEMET 1 3.165
Bridge Rectifier *1 GBUG66-E3/45 6A 400V, 4-Pin GBU RS Components 812-2338 Vishay 5 1.59
Transformer Panel mount - 100VA, 230VAC-24VAC RS Components 880-2602 RS PRO 1 58.46
Heatsink Square Basket, Heat Sink, TO3, Horizontal, 5.1C/W, 31.75mm Farnell 576403B00000G AAVID 1 £1.72
R1 8.2kQ 25W Wire Wound Chassis Mount Resistor £5% RS Components 615-0448 ARCOL 1 2.85
R2 11kQ 100W Aluminium Chassis Mount Resistor +1% RS Components 162-3563 ARCOL 1 9.88
R3 5kQ 25W Wire Wound Chassis Mount Resistor £1% RS Components 845-9848 Vishay 1 3.06
Rsc 200mQ 50W Aluminium Chassis Mount Resistor +1% RS Components 162-3451 ARCOL 1 4.604
C1*2 Single Layer Ceramic Capacitor 100pF 6kV dc +10% RS Components 180-5121 RS PRO 100 0.058
C2 *3 100nF Multilayer Ceramic Capacitor MLCC 50V dc +20% RS Components 538-1203 KEMET 5 0.338

Total Cost (£) £107.99

Table 10 — Power Supply Parts List

*1-812-2338 is only available in quantities of 5

*2 —280-5121 is only available in quantities of 1000

*3-538-1203 is only available in quantities of 5
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6. Conclusion and Recommendations

The design, implementation and testing of the power supply has proved highly successful, meeting the
customers specification and producing a stable power supply system. The specification outlined by the customer

provided valid requirements for the power supply to be designed upon. Research undertakeninto-the individual _

- Research into Regulated power supply’s outlined
the differences between the two main variants, the ‘Series Regulator’ and the ‘Shunt Regulator’. It was found
that the series is efficient under higher loads whilst providing excellent voltage regulation, therefore this

configuration was chosen.

Further research was undertaken into a suitable regulator for this application, it was found that Motorola’s
MC1723 is suited to this application, allowing for the integration of a series-pass transistor in the NPN boost
configuration to deliver the required 2A current. The-datasheets—for—thesecomponents—were—feund-to-be—
et ot Fhedd omof-tried —— tective: r-efficient-des:
of the-pewersupply-insmratter sub-circuits for the regulator, series-pass-transister—and-the—front-end—ciredit~

The use of ‘Schade Curve’ graphs were found to be essential in accurately calculating parameters for the input

stage and rectifier.

Essential calculations on the thermal analysis of the system found that the series-pass transistor will be operating
in temperatures far greater than its specification, the implementation of these calculations is essential in
providing safety measures in terms of over-temperature, these calculations determined that a heatsink is a
requirement for this design. Cempenents—werethusen—after—every-design—stage—fromrreputatte—etectromic—

£

suppliers,—allowing—fer—at—eomporments—to—be—strceessfatly—chosem—eftier meeting—or exceeding the design

—requirements—

Testing was initially undertaken on each individual sub-circuit; this—is—a—etiekermethod-of-diagnosing faults
compared—to—the—final—circuit, drastically—reducingthe tomptexity—Fhrotughout—the—design—stage—a—clear—

H 1 ol
llndprc{,:nd'ng Was d\.vx_nupcu ot th\.v’q.l\_\.t\.d ©

ensure i i ircuit wi

cESTrT

The testing and analysis performed was highly successful, results obtained correlated with the expectations
outlined in the specification and design stages. The initial testing of the linear regulator was partially successful,
it proved that the regulator could deliver and maintain a steady voltage and current at the desired load, however,
these values were close but did not meet the specification with errors of 3% for both V, and I,. The value of

resistor ‘R2” was tewered-frem12kertotiremext-standard-resistervatee=ef 11k, this enabled the regulator to
,Q@u eED TO
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meet the exact specification requirement of 12Vdc at 2A under a 6Q load, reducing-the-errorsof V, and I, 0

Further tests were performed on the linear regulator sub-circuit to ensure that the power dissipated across the
series-pass transistor under full-load and short-circuit meets the transistor requirements of not exceeding 115W
at 25°C. Calculations found that 22.8W is dissipated under full-load, increasing to 47.9W under short-circuit
conditions, proving that the series-pass transistor is correctly suited for this application. Also proving that the
current-sense resistor is working correctly in conjunction with the voltage regulator, limiting excessive current

flow under short-circuit conditions to only 49mA above rated current.

Both ‘Line Regulation’ and ‘Load Regulation’ tests were performed on the regulator. The line regulation test
displayed the high tolerance that the regulator has on its incoming voltage. Varying the input voltage from 0Vdc
to 40Vdc found that the output voltage reached the desired 12Vdc output at an input voltage of 16Vdc,
correlating with the calculations seen in section 3.1, the desired output was successfully delivered between
input voltages of 16Vdc-40Vdc, correlating with the manufacturer’s documentation. The load regulation test
displayed that the regulator successfully maintained an output voltage of 12Vdc as the load was increased

passed 6€, also providing visual indication that the power supply can deliver 12Vdc at 2A.

Tests were then undertaken on the front-end sub-circuit. Fhe transtornmer, Testifierand-capaciter—were—ait
—tested. Both the transformer and rectifier performed well, however, the output from the capacitor increased

9.067Vdc above the ideal V;y value of 24Vdc, the reasoning behind this is explained below.

The implementation of the two sub-circuits was highly successful. The final power supply circuit was tested
under the 6Q load , prosperously delivering the specification requirements of 12Vdc at 2A with no error. The
addition of a four-channel oscilloscope connected at the transformer, rectifier, capacitor and regulator output

was particularly useful in displaying the full process of producing regulated 12Vdc from a 240VAC input.

The only issues that arose during testing were due to Multisims inability to define the output from the front-end
circuit as DC. As the output from this circuit is neither AC RMS nor pure DC, Multisim cannot determine it as DC,
in turn producing an incorrect output of 33.067Vdc. Thus, causing greater power dissipation across the
transistor’s collector-emitter junction. As this is a simulation error, and not a design error, these errors are

negated with the most credible results from section 4.1 being taken as the true results.

The final test was performed to measure the remaining ‘AC component’ in the regulated DC voltage, this was

measured at a minuscule value of 578.5uVP~P, far less than the required minimum value of 1ImV?7?,

Table 11 portrays the success of the system design and implementation, comparing the specification
requirements to the outcome of the design. As seen in this table, the simulated circuit met or exceeded the

requirements outlined in the specification proving that the report is successful as a whole.
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The choice of physical components in the design section enables a proven circuit to be constructed using tried

and tested components under the customer’s budget.

The ‘bottom-up’ approach was proven to be a successful design method, choosing the first component to be the
voltage regulator allowed for proven calculations to be implemented to calculate the required active and passive
components to suit the voltage regulator. The circuit design would have been far more laborious starting from

the transformer sub-circuit, due to the stringent component requirements to complement the regulator.

As a recommendation, over voltage protection could have been implemented in the circuit, methods such as
‘Voltage Clamping’ where a Zener diode is connected across the regulators output terminal. This Zener diode
will be rated slightly greater than the maximum output voltage, therefore under normal operating conditions
the diode will not conduct. If the output voltage was to rise above the Zener diodes rated voltage, the diode will
conduct clamping the voltage at just above rated voltage. More complex solutions could also be implemented
such as the ‘SCR Crowbar’ method. However, for this circuit under the test conditions the voltage did not
fluctuate to a dangerous level. Further stress testing could have been performed to analyse the linear regulators

response to excessive voltage.

An additional recommendation is the design of the power supply implementing a ‘Shunt Regulator’ to replace
the linear regulator allowing for both power supply’s to be compared technically in terms of operation,

performance and cost.

Further recommendations include the design of (@ ‘Switch Mode Power Supply’ to fompare the design
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Power Supply Specification Requirements compared to End Design

Parameter Requirement End Design
Supply Voltage (Transformer Primary) 240VAC -6/+10% 240VAC
Supply Frequency 50H:z 50H:z
Output Voltage (Vdc) 12Vdc + 0.1V 12v
Output Current (Idc) 2Adc #0.5A 2A
Temperature Rating 0°Cto 25°C Will operate comfortably between 0°C to 25°C
Output Ripple < 1mVp_p 578.511 uVp_p
Load Regulation < 0.1% 0.72%
Dimensions 200mm x 200mm x 130mm 150mm x 140mm x 107mm
Weight Not applicable (Not part of a portable system) -
IP Rating Mounted in IP65 control panel To be mounted in an IP65 control panel
Cost < £160 £107.99

Table 11 — Power Supply Specification Requirements compared to End Design
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8. Appendix for diagrams, data sheets, results tables

8.1 Standard Resistor Values

Standard Resistor Values (£5%)

1.0 10 100 1.0K 10K 100K 1.0M
1.1 11 110 11K 11K 110K 1.1M
1.2 12 120 1.2K 12K 120K 1.2M
1.3 13 130 1.3K 13K 130K 1.3M
1.5 15 150 1.5K I5K 150K 1.5M
1.6 16 [ ilh] 1.6k [51.% 160K 1.6M
1.8 18 180 1 Bk 1.9 180K 1.EM
240 20 200 20K 20K 200K 2.0M
2.2 22 220 22K 22K 220K 2.2M
2.4 24 240 24K 24K 240K 2.4M
2.7 27 270 2Tk 27K 270K 2.

3.0 30 300 30K 30K IN0K 3.0M
33 33 330 33K 33K 130K 3.3M
3.6 36 360 36k 36K In0K 3.6M
39 39 390 39K I9K 190K 3.9M
4.3 3 430 43K 43K 430K 4.3M
4.7 47 470 4.TK 47K 470K 4.TM
5.1 51 510 51K 51K 510K 51M
5.6 56 560 S.6K 56K 560K 5.6M
6.2 62 620 02K h2E 620K 6.2M
6.8 6HE tE0 (1.4 i1, Halk .M
1.5 75 750 T.5K T5K 750K T.5M
8.2 a2 820 82K 82K 820K B.2M
9.1 91 910 91K 91K 910K 9.1M

Figure 24 - Table of Standard Resistor Values (chOOftech, 2012)
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8.2 Standard Capacitor Values

These are the most commonly available capacitor walues.
Tolerances are highly dependent on dielectric and package type.

1.5 135 150 1500 0.015 0.15 1.5 i5 150 1500
1.6 16 160 1600
1.8 18 180 1800
2.0 20 200 2000
2.2 22 220 2200 0.022 0.22 2.2 22 220 2200
2.4 24 240 2400
2.7 27 270 2700
3.0 30 300 3000
3.3 33 330 3300 0.033 0.33 3.3 33 330 3300
2.6 36 360 3600
3.9 39 350 3900
4.3 43 430 4300
4.7 a7 470 4700 0.047 0.47 4.7 47 470 4700
=1 | 31 510 5100
5.6 56 560 5600
6.2 62 &20 6200
6.8 3] &80 6800 0.068 0.e8 &.8 1] 630 6300
7.5 75 750 7500
B.2 B2 820 B20C
9.1 91 510 5100

Common Capacitor Working Violtages (DIC), by Capacitor Type

Miylar Nylar
Electrolytic Tantalum (Polyester) {Metal Film])

10v iov
16V 16V 16vY
20V
25V 25V 23V
35V 35V
30V 20V sov S0V
63V
100V 100V 100V
160V
200V
250V 230V
330V
400V 4000
450V
00V
B30V
1000V

Figure 25 - Table of Standard Capacitor Values (rtcafe, 2011)
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8.3 Component Datasheets

8.3.1 MC1723C Voltage Regulator Datasheet

Order this document by MC1723C/D

@ MOTOROLA

Voltage Regulator

The MC1723C is a positive or negative voltage regulator designed to
deliver load current to 150 mAdc. Output current capability can be increased
to several amperes through use of one or more external pass transistors.
MC1723C is specified far operation aver the commercial temperature range

MC1723C

(0° to +70°C).

¢ Qutput Voltage Adjustable from 2.0 Vdc to 37 Vdc

® Qutput Current to 150 mAdc Without External Pass Transistors
¢ 0.01% Line and 0.03% Load Regulation

® Adjustable Short Circuit Protection

Figure 26 - Motorola MC1723C Datasheet (Motorola, 2001)

VOLTAGE REGULATOR

SEMICONDUCTOR
TECHNICAL DATA

MAXIMUM RATINGS (Ta = #25°C, unless otherwise noted.)

Rating Symbaol Value Unit
Pulse Voltage from Voo to VEE (50 ms) Viip) 50 Vpk
Caontinucus Voltage from Voo to VEE Vi 40 Vde
Input—Output Voltage Differential VirvVio 40 Vdc
Maximum Output Current I 150 mAdc
Current from Vigf Iref 15 mAde
Current from V' Iz 25 maA
oltage Between Noninverting Input and Vgg Vie 80 Vdc
Differential Input Voltage Vid +5.0 Vdc
Power Dissipation and Thermal Characteristics
Ta = +25°C Pp 1.25 W
Derate above Tp = +25°C 1004 10 mWwWieC
Thermnal Resistance, Junction—to-Air B4 100 "W
Operating and Storage Junction Temperature Range| T, Tstg —65 to +175 "C
Operating Ambient Temperature Range TA 0to +70 ”c

Figure 27 - Motorola MC1723C Datasheet: Maximum Ratings (Motorola, 2001)
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ELECTRICAL CHARACTERISTICS (Ta = +25°C, Vi, 12 Vde, Vo = 5.0 Vde, I = 1.0 mAde, Rge =0, C1 = 100 pF, Cref= 0 and divider
impadance as seen by the error amplifier < 10 k(2 connected as shown in Figure 2, unless otherwise noted )

Characteristics Symbol Min Typ Max Unit
Input Voltage Range Vi 95 - 40 Vdc
Qutput Voliage Range Vo 2.0 — 37 Vdc
Input—Output Voltage Differential Vi-vo 30 - 38 Vdc
Reference Voltage Vref 6.80 7.15 750 Vdc
Standby Current Drain { I =0, Vip =30V) e - 23 4.0 mAdc
Output Noise Voltage (f = 100 Hz to 10 kHz) Vn uV(RMS)
Cr,ef =0 = 20 =
Cref= 5.0 pF - 25 -
Average Temperature Coefficient of Output TCVp — 0.003 0.015 %I°C
Voltage (Tigw = T4 = Thigh)
Line Regulation Regjine % Vo
_apaey] 12V =Vip <15V - 0.01 0.1
(Ta=25 Cl{ 12V < Vip <40V = 0.1 05
(Tiow = T4 < Thigh)
12V =Vjp=<15V = = 0.3
Load Regulation (1.0 mA < 1_< 50 mA) Redipad % Vo
Ta=25C - 0.03 02
Tiow = TA = Thigh - - 0.6
Ripple Rejection (f = 50 Hz to 10 kHz) RR dB
Cref=0 = 74 =
Craf=5.0upF = 86 =
Short Circuit Current Limit (Rge =104, Vo =10) s - 65 - mAdc
Long Term Stability ol - 01 - %/1000 Hr.

NOTE: Tigy t0 Thigh = 0° to +70°C

Figure 28 - Motorola MC1723C Datasheet: Electrical Characteristics (Motorola, 2001)
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8.3.2 2N3055 NPN Transistor Datasheet

2N3055(NPN), MJ2955(PNP)

Preferred Device

Complementary Silicon
Power Transistors

Complementary silicon power transistors are designed for

general—purpose switching and amplifier applications. ON Semiconductor®
Features http:fonsemi.com
® DC Current Gain — hy = 20-70 @ I- = 4 Adc
& (Collector—Emutter Saturation Voltage — 15 AMPERE
Fagian= 1.1V Y@ e =
Vekgsay = 1.1 Vde (Max) @ Ic = 4 Ade POWER TRANSISTORS

#® Excellent Safe Operating Area

® Pb—Frec Packages are Available® COMPLEMENTARY SILICON

60 VOLTS, 115 WATTS

MAXIMUM RATINGS
Rating Symbol Value Unit
Collactor-Emitter Violtage Veea B0 Ve
Collector-Emitter Voltage Veer 70 Vdc TO=204AA (TO-3)
Collector-Base Voltage Ver 100 Ve CASE 1-07
ETYLE 1
Emitter-Base Voltage Ver T Vdc
Collector Current = Continuous Iz 15 Adc
Base Current s T Adc
Total Power Dissipation @ Ty = 25°C Py 115 w RAM
Derate Above 25°C 0.657 W/C MARGHG A
Operating and Storage Junction T Tag | -65t04200 | °C
Temperature Range o]
Maximum ratings are those values beyond which device damage can occur,
Maximum ratings applied to the device are individual stress limit values (not
normal operating conditions) and are not valid simultaneousky. I these limits are
excesded, device functional operation is not implied, damage may occur and
reliability may be affected.
@

Figure 29 - 2N3055 Datasheet: Maximum Ratings (onsemi, 2000)
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2N3055(NPN), MJ2955(PNP)

THERMAL CHARACTERISTICS
Characteristic Symbeol Max Unit
Thermal Resistance, Junction-to-Case Raje [ 152 | ‘W
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)
Characteristic symbol | Min | Max | unit
OFF CHARACTERISTICS"
Collector-Emitter Sustaining Voltage (Mote 1) (Ic = 200 mAdc, Ig = 0) WeEOsus) 60 - Ve
Collector-Emitter Sustaining Voltage (Mote 1) (I = 200 mAdc, Rge = 100 &) VeER{sus) 70 - Vde
Collector Cutoff Cumrent (Vg = 30 Vde, Ig =0) lcen - 0.7 i
Collector Cutofl Current lgex midc
(Vieg = 100 Ve, Vagam = 1.5 Vde) 1.0
(Ve = 100 Vde. Vg g = 1.5 Vde, T = 150°C) 50
Emitter Cutoff Current (Wge = 7.0 Vdc, I =0) lego X 50 o
ON CHARACTERISTICS® (Mote 1)
DC Current Gain heg -
{lz = 4.0 Ade, Ve = 4.0 Vde) 20 70
(le =10 Ade, Veg = 4.0 Vde) 5.0 oy
Collector-Emitter Saturation Voltage Vegaan Ve
(lz = 4.0 Ade, Iz = 400 mAdc) i 11
(lz = 10 Ade, I = 3.3 Adc) an
Base-Emitter On Voltage (I = 4.0 Ade. Ve = 4.0 Vde) VaE(mn) - 1:5 Ve
SECOND BREAKDOWN
Second Breakdown Collector Current with Base Forward Biased [ 287 - Adec
(Ve = 40 Vde, t = 1.0 5. Nonrepeatitive)
DYNAMIC CHARACTERISTICS
Current Gain - Bandwidth Product (I = 0.5 Adec, Ve = 10 Vde, T = 1.0 MHz) fr 25 = MHz
*Small-Signal Current Gain (I = 1.0 Ade, Ve = 4.0 Vde, T = 1.0 kHz) My 15 120 =
*Small-Signal Current Gain Cutoff Frequency (Veg = 4.0 Vde, I = 1.0 Ade, T= 1.0 kHz) Fiute 10 = kHz
*Indicates Within JEDEC Registration. (2N3055)
1. Pulse Test: Pulse Width = 300 ps, Duty Cycle = 2.0%.
Figure 30 - 2N3055 Datasheet: Characteristics (onsemi, 2000)
fics
Meotal-to—Metal® Using an Insulator*
With Heatsink With Heatsink
Case Dry Compound Compound Type
/
T0-204 o1 028G Anockzed Aksminum
TO-220 1.2°CIW 1.0°C/W 1.6°CW 2 mil MICA

Figure 31 - TO-204 (T0-203) 6.5 values
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8.3.3 KEMET 4700uF Electrolytic Capacitor 63V dc

Performance Characteristics

Htem Performance Characteristics
Capacitance Range 22 - 150,000 pF
Rated Voltage 40 - 450 vDC
Operating Temperature -40 to +85"C
Storage Temperature Range -5510 +85°C
Capacitance Tolerance +20% at 100 Hz/+20*C
D (mm) Rated Violtage and Ripple Current at +85°C (hours)
25 ' 12,000
Operational Lifetime 30 ' 15,000
35 ' 18,000
40 ' 26,000
End of Life Requirement AC/C < £10%
Shelf Life 2,000 hours at +85*C or 30,000 haurs at +40*C 0 VDC
1=0.006 CV or 6,000 pA (whichever is smaller)
Leakage Current
C = rated capacitance (pF), V = rated voltage (VDC). Voltage applied for 5 minutes at +20°C.
Standards IEC 60384-4

Surge Voltage
Voltage (VDC)
Condition - ( .
0 | & | w0 | 200 385
< 30 second surge, 1,000 cycles at +85°C 46 | 72.5 i 115 | 230 423.5

Figure 32 - KEMET 4700uF Electrolytic Capacitor 63V dc Datasheet (KEMET, 2020)
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8.3.4 GBUG6G Single Phase Bridge Rectifier Datasheet

N A
visHay, GBUG6A, GBU6B, GBU6D, GBU6G, GBUGJ, GBUGK, GBUEM

www.vishay.com

Vishay General Semiconductor

Glass Passivated Single-Phase Bridge Rectifier

Case Style GBU

el el
el | el
Ll Ll
l 1 -]
= = - +
Case Style GBU

PRIMARY CHARACTERISTICS

Package (=1=10]

Irgag 6.0 A

Versa 50V, mﬂa\gﬂzau“\gr;]aﬂ W, 600V,

lrsm 175 A

I 5yl
Vratlp=6.0A 1.0V
T, max. 150 "G
Diode variations In=Line

FEATURES

* UL recognition file number E54214
 ldeal for printed circuit boards

* High surge current capability
* High case dielectric strength of 1500 Veus

+ Solder dip 275 “C max. 10 5, per JESD 22-B106 Eﬂnﬁ

* Material categorization: For definitions of compliance
please ses www.vishay.com/doc?99912

&

TYPICAL APPLICATIONS

General purpose use in AG/DC bridge full wave rectification
for monitor, TV, printer, switching mode power supply,
adapter, audic equipment, and home appliances
applications.

MECHANICAL DATA

Case: GBU

Molding compound meets UL 94 V-0 flammability rating
Base P/N-E3 - RoHS-compliant, commercial grade

Terminals: Matte tin plated leads, solderable per
J-S5TD-002 and JESD 22-B102

E3 suffix meets JESD 201 class 1A whisker test

Polarity: As marked on body

Mounting Torque: 10 cm-kg (8.8 inches-Ibs) max.
Recommended Torque: 5.7 cm-kg (5 inches-lbs)

MAXIMUM RATINGS (T4 = 25 °C unless otherwise noted)

PARAMETER SYMBOL | GBUGA | GBUGB | GBUGD | GBUGG | GBUGJ | GBUGK | GBUGM | UNIT
Maxkmum repatitive peak reverse voltage VaEm 50 100 200 400 600 800 1000 W
Maximum RMS voltaga Vams 35 70 140 280 420 560 700 Vi
Maximum DC blocking veltaga Voo 50 100 200 400 BO0 800 1000 v
Maximum average forward Tc=80°CT o 6.0 A
rectified output current at {fig. 1) T, =40°C® TAM) ET)

Peak forward surge current single sine-wave I 175 A
superimposed on rated load =

Rating for fusing (t < 8.3 ms} Pt 127 Als
r(;;]p;r:ting |unction and storage temperatura TiTeis - 5510 + 150 e

Figure 33 - Vishay GBU6G Datasheet (Vishay, 2015)

T
visHay, GBUGA, GBU6B, GBU6D, GBU6G, GBU6J, GBUGK, GBUGM

v

www.vishay.com

Vishay General Semiconductor

ELECTRICAL CHARACTERISTICS (T, = 25 °C unless otherwise noted)

PARAMETER TEST CONDITIONS | sYMBOL | GBUsA | GBUSB | GBUED | GBUSG | GBUGJ | GBUGK | GBUGM | UNIT

Maximwum

instantanaous forward B.0A Vi 1.0 v

voltage drop per diode

Maximum DC reverse Ta=256°C 5.0

current at rated DC Ig T

blacking voltage per diode | T, =125 °C 500

Typical junction

capacitance per diode 4V, 1 Mz C 21 B pF

THERMAL CHARACTERISTICS (T = 25 “C unless otherwise noted)

PARAMETER symBoL | GBUsA | GBUSB | GBUSD | GBUSG | GBUSJ | GBUGK | GBUSM | UNIT
Rl 2 20 4

Typical thermal resistance Pous 1 55 W

Figure 34 - Vishay GBU6G Datasheet: Electrical and Thermal Characteristics (Vishay, 2015)
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8.3.5 RS PRO 100VA Panel Mount Transformer Datasheet

Datasheet Ad Al

DIN Rail control Panel isolation Transformers IP21 ““‘

=
RS Pro . eelzE

| gl
The standard 1 phase El panel transformers with IP21

degree of protection, DIN rail TS35 mount and screw mount :‘. \
sign according to the following specifications. i |

= High quality control, isolating and safety transformers A
designed for use in general applications

. . . . Specifications
+ Various oplions for pimary winding ===

« Optional +/-15V adjustments windings Powsr: 40-400 VA
Fi e 50/60 Hz
+ Optional dual output to be connected for double Praint. Horeed t10%
current or double voltage Secondary: See ordering details
. Conslruction. Class |
» Enclosed in box IP21 Protection: P21
Isolation: 4KV or 4.6 KV RMS
» Detailed product specification on permanent label Tm?;_“gm B(1 ;';.,}
; H : N According to:  BS/EN 61558-1,
» High efficiency, low regulation design AS/NZS 818581 and
* 100% electrical and flash tested kiR
BS/EN 61558-2.4
AS/NZS 61558.2.4
& ey

Figure 35 - RS PRO 100VA Panel Mount Transformer Datasheet (Components, 2021)

Features and Benefits

* Panel mount transformer

* Primary voltage rating of 230 V AC

* Secondary voltage rating of 24 V AC

* Power rating of 100 VA

+ Maounted by DIN rail

- Dimensions of 106 mm (L) x 90 mm (W) x 107 mm (D)

» Minimum operating frequency of 50 Hz

* Maximum operating frequency of 60 Hz

« Maximum temperature of +130°C

+ Weight of 2.3 kg

« IP27 rated for protection against condensation, objects over 12 mm
+ Meets standard EN 671558-1 for safe power transformers and power supplies

Figure 36 - RS PRO 100VA Panel Mount Transformer Features and Benefits (Components, 2021)
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8.3.6 576403B00000G Heatsink Datasheet

Specifications -~
Product Attribute Attribute Value Search Similar
Manufacturer: Aavid ]
Product Category: Heat Sinks
Rohis: Eﬁ‘:z Details

Product: Heat Sinks W
Designed for: TO-3 53
Heatsink Material: Aluminum ]

Fin Style: Slanted Vane O
Thermal Resistance: 51CW W
Length: 4597 mm E
Width: 45.97 mm ]
Height: 31.75 mm El
Brand: Aavid

Color: Black

Product Type: Heat Sinks

Series: 5761/5762/5763/5764

Factory Pack Quantity: 250

Subcategory: Heat Sinks

Part # Aliases: 002432

Show Similar

Figure 37 - 576403B00000G Heatsink Datasheet (Mouser, 2021)
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8.4 Load Regulation Calculation

Figure 38 shows that the no-load voltage of the power supply is 12.087Vdc.

Q2
2N3055A

c4
100pF

—=

R8
5.1kQ

l

I c5
0.1pF

J: LM723CN

XMMS5

S

Multirneter-XMM5

XMM4
:ﬁ & Set.
Rsc1 Ty =
0.30Q
R5
8.2kQ R7
6Q
Key=A
R6 100 %
11kQ

Figure 38 - Load Regulation Test, No-load Voltage

Figure 39 shows that the full-load voltage of the power supply is 12.00Vdc.

Cc4
100pF

_|

R8
5.1kQ

| C5
—=0.1uF

Figure 39 - Load Regulation Test, Full-load Voltage
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8.5 Full Power Supply Circuit with 4 Channel Oscilloscope

XscCl

v

r~, 240Vrms
~ )50Hz
-/ e

Figure 40 - Full Power Supply Circuit with 4 Channel Oscilloscope

1l

J
,{H"OOUF

c3

-

XMM1 XMM2
a1 = A
2N3055A e e g
e A 1 I
0.30
C1 12 13
100pF P -
o o "a.zm R4
=L ] 6Q  100%
R3 el | Key=A
5.1kQ l LM723CN R2
émcn
c2 - '
==0.1yF

Page 56 of 57




Page 57 of 57



1809799

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

Instructor

/100

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10

PAGE 11

PAGE 12

PAGE 13

PAGE 14

PAGE 15

PAGE 16

PAGE 17




PAGE 18

PAGE 19

PAGE 20

PAGE 21

PAGE 22

PAGE 23

PAGE 24

PAGE 25

PAGE 26

PAGE 27

PAGE 28

PAGE 29

PAGE 30

PAGE 31

PAGE 32

PAGE 33

PAGE 34

PAGE 35

PAGE 36

PAGE 37

PAGE 38

PAGE 39

PAGE 40

PAGE 41

PAGE 42

PAGE 43




PAGE 44

PAGE 45

PAGE 46

PAGE 47

PAGE 48

PAGE 49

PAGE 50

PAGE 51

PAGE 52

PAGE 53

PAGE 54

PAGE 55

PAGE 56

PAGE 57

GRADING FORM: CSG-RUBIC

THOMAS GRENNAN

85

RESEARCH-INFORMED LITERATURE

[

f There was evidence of considerable further
reading and research from highly credible and
reliable sources. Your interpretation and
understanding of the additional research was




exceptional and demonstrated a deep underlying
appreciation of the subject. Your references were
consistently applied to a high level of competency
and your reference list was extensive for this
assignment.

KNOWLEDGE AND UNDERSTANDING

[

y‘ The knowledge and understanding of the subject

demonstrated by this assignment was exceptional.
There were no gaps in your knowledge of the basic
principles and the higher level concepts were
extremely well explained. Your explanation of the
design process and calculations was also excellent
and you have demonstrated an exceptionally
detailed knowledge and critical understanding of
the main concepts and expanded your knowledge
beyond that contained in the course notes.

ANALYSIS

27

[

y" Your analysis of the task was outstanding, you

have demonstrated highly competent analytical
skills and your approach to the task was highly
logical. You carried out a detailed evaluation of the
results and included an excellent conclusion
connecting ideas and providing logical and
persuasive arguments. You have demonstrated a
considerable capacity for independent thought and
the ability to see beyond the question and your
interpretation of the quantitative and qualitative
data was exceptional with sound judgements
based on wholly valid arguments.

27



PRACTICAL APPLICATION AND DEP.

[

y‘ Your application of practical skills for this task was

generally exceptional. You used both the basic and
advanced features of the resources appropriately
when designing the circuit and you used
appropriate advanced options for testing and
evaluating the circuit performance. You managed
to design an effective circuit that functioned well
within the specification and achieved this by rarely
asking for assistance thus demonstrating some
advanced problem solving skills. Your results were
comprehensive and allowed for a detailed
conclusion to be attempted.

SKILLS FOR PROFESSIONAL PRAC.

18

[

y‘ In this assignment you have demonstrated skills in

working individually and also collaboratively. Your
written report was exceptionally well structured
and written in a highly coherent and logical way.
The report was presented in a professional
manner using appropriate language and
formatting, good diagrams in appropriate places,
good sentence/paragraph structure and clear
calculations. The word count was however
exceeded.



