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1. Executive Summary 
 

The project aim was to provide an understanding of, and practical exposure to, electronic power supply design, 

highlighting the importance of establishing a detailed specification at an early stage in order to produce a design that 

meets customer requirements. 

 

Following the generation of a suitable specification for a 12volt DC power supply to an automatic steam pressure 

reducing valve, the project began with the theoretical design. Additional challenges were presented by the nature of 

and proximity to the supplied device, requiring further environmental, health and safety and protection measure 

considerations. With the focal point being the final output, a ‘Bottom-Up’ design approach was used, starting from the 

regulator up, each component being selected based on its known behaviour and characteristics in order to meet the 

specification. A current boost circuit incorporating external pass transistors was added to increase the output current of 

the MC1723C regulator chip to achieve the required 1.0Amp, along with constant current limiting measures to protect 

from short circuiting or overload. As predicted with a ‘Bottom-Up’ approach, a number of adjustments were required to 

fine tune the design for optimal performance. Addition of a suitable capacitor and rectifier to the circuit was made, the 

Schade curve graph references alongside circuit reference values, used to calculate the required values. The final front 

end design element of the circuit was selection of a suitable transformer, rated higher than the design calculation of 

31.99VA. All components selected had been certified against safety standards, were from reputable manufacturers and 

suppliers, and rated for operation in humid conditions at temperatures up to 35  Cͦ i.e. suitable for the intended 

application. To ensure effective cooling of the transistor as a result of the significant heat generation with current boost, 

a heatsink with suitably rated thermal resistance was added to the overall design. 

 

The design was tested using Multisim to compare the performance against the original specification, and proved the 

design theory with the regulator output meeting the specification required to power the automatic steam pressure 

reducing valve. Combining the back end of the circuit (the regulator) with the front-end design successfully generated 

the required output of 12VDC and 1.0A. 

 

Following the above success, overall evaluation of the project design and execution was made to identify areas for 

further improvement. This included a review of project costings with the final design being 50% over-budget primarily 

as a result of higher than anticipated costs of the enclosure. 
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2. Researching Requirements & Compilation of the Specification 
 

A specification detailing the requirements of the power supply is initially drafted to provide clear instruction on 

performance, construction and quality standards that must be met during the design. Although it may not be possible 

to establish or define all specifications at the initial design stage, it is essential to confirm certain requirements and 

parameters before the process commences (Tech Web, 2022). Part of this process requires consideration of the 

intended application, which in this instance involves a 12volt DC supply to an automatic steam pressure reducing valve.  

 

 

Figure 1 - Automatic Steam Pressure Reducing Valve 

 

For the automatic steam pressure reducing valve, as illustrated in the image above, the power supply is required to have 

a standard European nominal incoming 230-volt, 50Hz, AC supply. Consideration of the power requirements of the 

output must also be made to inform the current requirements. In this case in order to operate internal instrumentation 

that utilise current to drive transmission of data (4 to 20mA nominal), a 1-amp output is required for the application.  
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The specification extends beyond physical electrical design details to include Health and Safety 

standards/considerations, with the need for all design elements and components to be certified. Given the time and 

cost associated with testing to the required standards it would be desirable to ensure all chosen components are already 

certified. As such it is important that relevant safety standards are referenced in the specification. (Mammano, 2005) 

Protection measures for the power supply also need to be considered. The supply will therefore be connected to the 

enclosure via suitably sized and rated barrier gland, sealing each cable core in order to provide a variety of protection 

measures, and must be in accordance with the required IP rating. The supply will have local isolation and a suitably rated 

fused connection for required component protection (Schweber, 2020). Given the nature of the application, there are 

further considerations regarding design requirements that need to be included in the specification, as the power supply 

will be mounted in close vicinity to the steam valve on plant and as such will need to be able to withstand hot and humid 

conditions. Temperatures significantly higher than ambient are likely to be reached and, as it is not possible to use forced 

air cooling due to the nature of the installation, enclosure and heat generated from the components, a temperature 

rating of up to 35°C needs to be specified to prevent the occurrence of any critical failures as a result of component 

damage (Tech Web, 2022). The emission of steam from the valve during operation presents a risk of water ingress and 

potential corrosion to the power supply, and therefore a degree of ingress protection to seal the electrical enclosure is 

required. This should be provided in accordance with defined international standards, in this case IP65 rating would be 

appropriate providing a protection level equivalent to water being projected from a nozzle (Enclosure Company, 2022).  

 

Taking into consideration the above, illustrated in the table is the summary specification and therefore design 

requirements of the power supply.  

 

Specification Requirements 

VAC Input 230V 

VDC Output 12v 

Input frequency 50Hz 

Ambient Temperature Rating Up to 35  Cͦ  

Ingress Protection Minimum of IP65 

Component cost Less than £500.00 

Table 1 - Design Requirements 

 

 

 

 

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


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




Page 9 of 44 
 

3. Design Method, Choices & Calculations 
 

3.1. Regulator Circuit 

 

The first stage of the design process involved design of the voltage regulator which is required to ensure the output 

voltages generated by the supply are in-line with that withstood by the electrical equipment i.e. as detailed in the design 

specification. A positive adjustable output IC regulator configuration (Scillc, 2002) was selected to produce the required 

12VDC supply, with the Motorola MC1723C chip (positive or negative regulator) determined to be a suitable chip, 

featuring 0 Cͦ to +70  Cͦ temperature protection, which meets the specification requirements of needing to be compatible 

in temperatures up to 35  Cͦ. However, it only has the capability to deliver output currents up to 150mAdc (see appendix 

7.1 for chip datasheet). In order to provide a greater output current than that provided by the standard regular circuit 

configuration, a current boost circuit can be used which incorporates external pass transistors (Scillc, 2002). In this case 

the NPN current boost connection was selected to be able to deliver an output of several ampers, the limit of which is 

determined by the external pass transistor (Scillc, 2002). Illustrated in the image below is the representative diagram for 

the MC1723C chip.  

 

 

Figure 2 - MC1723C Representative chip 

(Diode, 2020) 
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The VCC+ connection Pin 12, is connected to the 230VAC supply which is also connected to Pin 11. The VCC- connection 

Pin 7, is connected to ground. Constant current limiting is employed to protect the circuit (and power supply) from short 

circuiting or being subject to overload (Schweber, 2020). This feature examines the drop in voltage across RSC, Pins 2 and 

3, with an increase in output current resulting in a proportional increase in the former. Once the voltage drop is 

equivalent to the voltage of the base-emitter ON, the current remains static. In order to allow a higher current, the RSC, 

needs to therefore be adjusted accordingly from the current value of 0.33Ω. To minimise low-frequency noise a low 

capacitance capacitor to block low frequency signals is placed across Pins 5 and 6 (Scillc, 2002). The output of the chip, 

Pins 4 and 10, is determined by the balanced values of (R1+R2) behaving as a potentiometer. 

 

Figure 3 - MC1723C Chip NPN Current Boost Connection 

(Diode, 2020) 

Shown in the image above, is the MC1723C chip schematic for NPN current boost setup.  

 

Another safety protection feature that could be included in the design of the power supply is voltage over-protection, 

ensuring the supply is switched off or output clamped if voltage is in excess of that defined to prevent component /circuit 

damage/failure. Many approaches can be used however the simplest is a crowbar circuit, where the connection exists 

between the regulator output and load, involving SCR, Zener diode, resister and capacitor. Under normal operation there 

is no conduction through the diode, however excess voltage leads to conduction, eventually causing a short circuit and 

grounding of the output. The choice of Zener diode must provide a voltage higher than the output. (Sunpower 

Electronins , 2019) 
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Calculations for the regulator design component values were first calculated using the design requirements. The total 

sum of (R1+R2) is set to 30KΩ, whilst the value of VREF is a set value of 7v, a characteristic of the chip. The base-emitter 

junction volt drop is divided by the current sensing.  

 

𝑅2 =
𝑉𝑟𝑒𝑓

𝑉𝑜𝑢𝑡
(𝑅1 + 𝑅2) =

7.0

12 
(30,000) = 17,500𝛺 0𝑟 17.5𝐾𝛺 

Equation 1 - Regulator R2 Value 

 

𝑅1 = (𝑅1 + 𝑅2) − 𝑅2 = 30,000 − 17,500 = 12,500𝛺 𝑜𝑟 12.5𝐾𝛺 

Equation 2 - Regulator R1 Value 

 

𝑅𝑆𝐶 =
0.6

𝐼𝑐𝑠
=

0.6

1
= 0.6𝛺 

Equation 3 - Regulator RSC Value 

 

𝑉𝑖𝑛 = ≥ 12𝑣 + 2𝜙 + 3𝑣 = 12 + 1.2 + 3 = 16.2𝑣 

Equation 4 - Regulator Minimum Input Voltage 

 

𝑉𝑖𝑛 = ≤ 12𝑣 +  2𝜙 + 38𝑣 = 12 + 1.2 + 38 = 51.2𝑣 
Equation 5 - Regulator Maximum Input Voltage 

The input minimum and maximum voltage is calculated by the required design output voltage, 2φ, which are volt loses 

to the transistors, as well as (VIN – VOUT) voltage differential values taken from the component datasheet (set at 3v 

minimum value and 38v maximum). CREF is set at 0.1µF, which is required for minimising low-frequency noise to maintain 

the signal integrity. With the component values selected and calculated, the circuit was designed using Multisim and the 

datasheet configuration for the MC1723C Chip NPN Current Boost Connection. Component values were subsequently 

altered through trial and error to fine-tune the circuit in an attempt to optimise the performance.  

 

Component  Selected/Calculated Values 

VCC 20V 

R1 12.5KΩ 

R2 17.5KΩ 

RSC 0.6Ω 

CREF 0.1 µF 

Table 2 - Regulator Component Values 
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Shown in the table above are the initial component values for the regulator circuit that were selected after using the 

above calculations. In the image below is the final design of the regulator circuit, which includes the final adjusted 

component values for achieving optimal performance.   

 

 

Figure 4 - MultiSim Regulator Circuit 
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3.2. Circuit Smoothing Capacitor Design 

 

Parameter Value 

VC (VIN) 20v 

V ripple 3V 

Frequency 50hz 

VM (VIN + (0.5xVIN)) 30v 

IO (IMAX) 1A 
Table 3 - Circuit Rectifying & Smoothing Values 

 
The circuit values as shown in the table above, are required along with the use of the Schade curve graph references, as 

shown in appendix 7.2, to calculate capacitor and rectifier values for the design. 

 

To calculate the value for Ripple Factor (RF): 

 

𝑟𝐹 =
𝑉 𝑅𝑖𝑝𝑝𝑙𝑒 (𝑝𝑝)

2√2𝑉𝑐 (𝐷𝐶)
𝑥 100% =

3

2𝑥√2𝑥 20
 𝑥 100 = 5.303% 

Equation 6 - Circuit Rectifying & Smoothing Ripple Factor Value 

 

Using the root-mean-square ripple voltage for capacitor-input circuit graph, (shown in appendix 7.2), a suitable value 

between the minimum and maximum values was selected, as shown in the table below.  

 

𝜔𝐶𝑅𝐿 Min & Max Values Selected  𝜔𝐶𝑅𝐿 Value 

𝜔𝐶𝑅𝐿 𝑀𝑖𝑛 = 8 
𝜔𝐶𝑅𝐿 = 10 

𝜔𝐶𝑅𝐿 𝑀𝑎𝑥 = 17 
Table 4 - ωCRL Values from Schade Curve Graph 

 

From the selected valve of ωCRL, the smoothing capacitor can be calculated, where: 

 

𝑅𝐿 =
𝑉𝐶

𝐼𝑂
=

20

1
= 20Ω 

Equation 7 - Smoothing Capacitor RL Value 

 

𝐶 =
(𝜔𝐶𝑅𝐿)

2𝜋𝑓𝑅𝐿
 =

10

2𝜋 𝑥 50 𝑥 (
20
1 )

=  1.59𝑚𝑓 𝑜𝑟 1591𝜇𝑓 

Equation 8 - Smoothing Capacitor Value 
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Smoothing capacitors are electrolytic, and have a working voltage. For the capacitor, the working voltage is required to 

be double (2 x Vm) the maximum expected voltage for safety,  (2 x Vm = 2 x 30 = 60V).  The selected capacitor is a 63VDC 

1800 µF Electrolytic Capacitor, see below for details and appendix 7.2 for selected capacitor data sheet.   

 

 

Figure 5 - Capacitor Datasheet Details 
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3.3. Bridge Rectifier 

 

For the bridge rectifier stage of the design, the Vc/Vm is to be calculated as a percentage: 

𝑉𝐶

𝑉𝑚
100% =

20

30
× 100 = 67% 

Equation 9 - Bridge Rectifier Vc/Vm Percentage Value 

 

From the relationship of applied alternating peak voltage to direct output voltage in full-wave capacitor-input circuit’s 

Schade Graph (see appendix 7.3) the %RS/RL is obtained.  With the %RS/RL obtained, the rectifier requirements are able 

to be determined.  

 

For full wave rectification, the average current is half the output current: 

𝐼𝑓(𝑎𝑣𝑔) =
𝐼𝑜

2
=

1

2
= 0.5𝐴 

Equation 10 - Bridge Rectifier If Average Value 

 

Root mean squared (RMS) and Peak repetitive rectifier current ratings can be determined from the relationship of RMS 

and Peak, to the average diode current in capacitor input circuit’s Schade graph, see appendix 7.3, the nωCRL value is 

obtained.  

From the relationship of RMS and Peak to average diode current in capacitor input circuit’s Schade graph: 

𝐼𝑓(𝑟𝑚𝑠) = 𝐹 𝑥 𝐼𝑓(𝑎𝑣𝑔) = 2 𝑥 0.5 = 1𝐴 

Equation 11 - Bridge Rectifier If RMS Value 

 

𝐼𝑓(𝑝𝑒𝑎𝑘) = 𝐹 𝑥 𝐼𝑓(𝑎𝑣𝑔) = 5.2 𝑥 𝑜. 5 = 2.6𝐴 

Equation 12 - Bridge Rectifier If Peak Value 

 

The rectifier peak inverse voltage rating (PIV rating) equals Vm for the full-wave bridge circuit. In addition, a minimum 

safety margin of 50% is advisable due to the possibility of line transients. 

𝑃𝐼𝑉 = 𝑉𝑀 = 30𝑣 𝑑𝑜𝑢𝑏𝑙𝑒 𝑓𝑜𝑟 𝑠𝑎𝑓𝑒𝑡𝑦 𝑚𝑎𝑔𝑖𝑛 = 2𝑥30 = 60𝑣   

Equation 13 - Bridge Rectifier PIV Value 

To calculate maximum surge current: 

𝐼𝑠𝑢𝑟𝑔𝑒 =
𝑉𝑚

𝑅𝑠 + 𝑅𝑆𝑅
=

30

4
=   7.5𝐴 

Equation 14 - Bridge Rectifier Surge Current  Value 
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Calculated Bridge Rectifier Details 

PIV 60v 

I Peak 2.6A 

I Surge 7.5A 

I average 5.2A 

Table 5 - Calculated Bridge Rectifier Details 

Using the bridge rectifier calculated values as illustrated in the table above, the selected bridge rectifier is the 

Multicomp Pro KBPC3502 suitable for PIV of 200v and surge current of 35A. See below for details and appendix 7.3 for 

selected full wave bridge rectifier data sheets.  

 

 

Figure 6 - Bridge Rectifier Datasheet Details 
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3.4. Transformer Design 

 

The values of the supply transformer can now be calculated: 

Secondary Voltage: 

𝑉𝑠 =  
𝑉𝑚 + 𝑛(2: 0)

√2
 =  

30 + 2

√2
= 22.627𝑣 

Equation 15 - Transformer Secondary Voltage 

 

Secondary Current: 

𝐼𝑜 𝑥 √2 = 1 𝑥 √2 = 1.414𝐴 

Equation 16 - Transformer Secondary Current 

 

Secondary Resistance: 

𝑅𝐿 𝑥 0.2 = 20 𝑥 0.2 = 4𝛺 

Equation 17 - Transformer Secondary Resistance 

 

VA Rating: 

𝑉𝑠 𝑥 𝐼𝑠 = 22.627 𝑥 1.414 = 31.99𝑉𝐴 

Equation 18 - Transformer VA Rating 

 

Turns Ratio: 
𝑁𝑝

𝑁𝑠
=

𝑉𝑝

𝑉𝑠
=

230

22.627
= 10.16𝑣 =   10: 1 

Equation 19 - Transformer Turns Ratio 

 

Calculated Transformer Details 

VA Rating 32VA 

V secondary 23v 

I secondary 1.4A 

Ω Secondary  4Ω 

 

From the transformer calculated values as illustrated in the table above, a 230v to 24VAC din rail mounted transformer 

was chosen. See below and appendix 7.4 for full data sheet for the selected transformer.  
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Figure 7 - Transformer Datasheet Details 

(RS Components, 2022) 

Characteristic Value 

Primary Voltage 230v 

Secondary Voltage 24v 

Power Rating 35VA 

Mounting Type Din Rail 

Maximum operating temperature +130  Cͦ 
Table 6 - Transformer Details 

(RS Components, 2022) 

 

The selected transformer is the 8055310 rated for 35VA, which is higher than the design calculation of 31.99VA. As the 

pressure reducing valve only requires 1A, the transformer rating is suitable. The transformer is suitable for working 

temperatures of +130  Cͦ, more than adequate for the maximum temperatures likely to be experienced of the installation.   
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3.5. Heatsink Design 

 

As the 2N3055 NPN transistor (see appendix 7.5 for full transistor datasheet) chosen for the design requirement is being 

used to boost current, a large quantity of heat will be generated with the increasing current. To effectively cool the 

transistor to ensure performance longevity and reliability, a heatsink will be required, providing a large surface area to 

efficiently remove and dispel the heat into the surrounding environment. Heatsink performance depends on several 

factors relating to the concept of heat transfer, which are accounted for in the standard equation for heatsink (Lee, 

1995) (see below):  

∅𝐽𝐴 = ∅𝐽𝐶 + ∅𝐶𝑆 + ∅𝑆𝐴 

Equation 20 - Standard Heatsink Equation 

Characteristic  

J Junction 

C Case 

A Atmosphere 

S Heatsink 

Table 7 - Heatsink Equation Characteristics 

In order to determine if a heatsink was required to ensure equipment is operated within its temperature rating, the 

equation below was used, incorporating the values of maximum ambient temperature (TA) and power dissipated (PD): 

 

𝑇𝐴 =  ∅𝑇𝐽 − (𝑃𝐷 𝑥 ∅𝐽𝐴) =    ∅𝑇𝐽 =  𝑇𝐴 − (𝑃𝐷 𝑥 ∅𝐽𝐴) 

= 35 + (16.8 𝑥 100) = 1715 ͦ𝐶   

Equation 21 - Heatsink Requirement  

 

∅𝑆𝐴 =  
∅𝑇𝐽 − 𝑇𝐴

𝑃𝐷
−  ∅𝐽𝐶 −  ∅𝐶𝑆  =   ∅𝑆𝐴 =  

100 − 35

16.8
−  1.5 −  1.6 = 0.769  ͦC/W 

Equation 22 - Heatsink Thermal Resistance 

The calculations illustrated above support the use of a heatsink in the design. The heatsink will be required to have a 

thermal resistance below 0.769  Cͦ/W. The selected heatsink for the application, as shown below, and in full in appendix 

7.5, features a thermal resistance of 0.75  Cͦ/W, less than the required specification of 0.769  Cͦ/W, when placed with an 

insulator and heatsink compound.  
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Figure 8 - Heatsink Datasheet 

(Wakefield-vette, 2021) 

 

As the power supply will be placed within an IP68 rated enclosure, the junction with the inclusion of the heatsink and 

the installation ambient temperature will reach temperatures of 99.68  Cͦ, as illustrated in the calculations below.  Given 

this is comfortably within the range specified in the 2N3055G data sheet, the heatsink inclusion will satisfy temperature 

rating requirements of the device.   

 

∅𝐽𝐴 = 𝑃𝐷(∅𝑆𝐴 + ∅𝐽𝐶 + ∅𝐶𝑆) = 16.8 (0.75 + 1.5 + 1.6) =  64.68  ͦC 

∅𝐽𝐴 + 𝐴𝑚𝑏𝑖𝑒𝑛𝑡 𝑇𝑒𝑚𝑝 = 64.88 + 35 = 99.68  ͦC  

Equation 23 - Junction Calculated Operating Temperature 

 

Figure 9 - Transistor Junction Operating Temperature 

(STMicroelectronics, 2013) 
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3.6. Design Choices  
 

 An additional consideration to the regulated power supply design, is also that of the enclosure for all the required 

components to be housed. As the installation is required to be within proximity to the automatic steam pressure 

reducing valve, the enclosure will have to be sufficiently rated to the withstand the anticipated environmental 

conditions.  

 

The selected enclosure chosen for the designed supply is the Slayson ASM404020, with the addition of the ASPI1212 

back plate to suit enabling dedicated mounting of the required components, preventing any compromise of the IP68 

ingress rating (sufficient protection against moisture steam and dust, as per design specification). The decision to make 

use of an enclosure made of stainless steel was made as, although not an initial design requirement, the environment is 

not suitable for plastic or glass reinforced plastic enclosures, and steel enclosures would likely eventually rust (see 

appendix 7.6 for enclosure data sheet)   

 

Shown in the table below is a final list of all the components selected for the regulated power supply design. Although 

the selected components are not necessarily an exact match for the calculated component values, values stated in the 

components’ data sheets (specifications) are compatible with the minimum or maximum permitted values as 

appropriate.  

 

No Component  Manufacturer Component Details Component Units Component Cost 

1 Transformer RS Pro 8055310 1 £54.85 

2 Bridge Rectifier Multicomp Pro   KBPC3502 1 £8.51 

3 Heatsink Wakefield-Vette 125520 1 £60.62 

4 NPN Chip Motorola MC1723C 1 £4.63 

5 Transistor ON Semiconductor 2N3055 1 £6.24 

6 Capacitor Panasonic 63VDC 1800 µF  50 £110.85 

7 Enclosure Slayson ASM404020 1 £495.54 

8 Resistor 1 12.5KΩ Ohmite B20J12K5E 1 £5.42 

9 Resistor 2 Arcol MRA020717K4BTA015  £4.73 

10 Resistor 3 Tyco Electronics YR1B11K3CC 5 £2.04 

11 Resistor Sensing Current  KOAglobal MOSX3CT521RR47J  1 £0.32 

Total Build Cost £753.75 
Table 8 - Component List & Costings  
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4. Testing, Results & Analysis 
 

To begin the circuit build, as with the design stage, the regulator was first constructed and tested to ensure the specified 

output of the design was being met.  

 

Building the circuit using the initial calculated values for the design components, resulted in the circuit output values not 

meeting the design specification. As a result, the circuit was the fine-tuned and through trial-and-error methods of 

testing, the correct components values were found that provided the desired voltage and current outputs. A summary 

of the calculated and tuned component values is shown in the table below.  

 

Calculated Component Values Circuit Tuned Component Values 

R1 12.5KΩ R1 12.5KΩ 

R2 17.5KΩ R2 17KΩ 

RSC 0.6Ω RSC 0.45Ω 

Table 9 - Regulator Component Value Comparison 

 

Illustrated in the image below is the revised circuit with the component values for the desired design specifications. 

 

Figure 10 - Simulated Regulator Circuit 
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Once the simulation of the voltage regulator had been achieved, the load, R3, was varied in order to provide an 

assessment of the circuit performance. The load was varied to determine the working region of the regulator for the 

required output.  

Shown in the graph below, as the voltage (blue trend line) rises to the required specification value of 12v, the current 

(red trend line) is at its maximum value of 1.357A. When the voltage reaches the required specified value of 12v, the R3 

load resistance value is 8.75Ω.  As the load value is increased, the current value decreases; when the load value reaches 

11.25Ω, the current output is then 1.069A, while the voltage remains at 12v (see appendix 7.7 for circuit working region 

values). Between these points the regulator is within its optimum working region. As the load continues to increase, the 

relationship between resistance, current and voltage (Ohm’s law) is demonstrated, with an increase in resistance, 

resulting in a steady decline of current while the voltage remains constant. The graph demonstrates that the simulation 

output has met the design specification, as the output values are as required to power the automatic steam pressure 

reducing valve. 

 

Figure 11 - R3 Minimum & Maximum Load  Value for Design Working Region 

 

 

 

Working Region 
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Following the successful design and simulation of the regulator (back-end) circuit, the front-end was then simulated in 

MultiSim, using the design specified and calculated component values. As illustrated in the image below, a 10:1 turns 

ratio transformer is supplied by a simulated 230VAC power supply. The secondary of the transformer then supplies the 

bridge rectifier, which converts the AC voltage to a rippled DC voltage. The rippled DC voltage is then smoothed by the 

capacitor.  

 

Figure 12 - Design Front End 

On successfully simulating the circuit’s front end, both the regulator and the front end were then combined, as illustrated 

in the image below, to simulate and evaluate the full circuit (see appendix 7.7 for larger illustration). The designed and 

simulated circuit successfully met the design specification. Providing the load of the power supply is kept at 11.25Ω (i.e. 

optimal operation range/working region, as shown in figure 11), the integrated circuit has a stable 12VDC output, and 

results in the desired output current of 1.0A by switching the NPN transistor. For lower resistance loads, the current will 

gradually increase to a maximum value of 1.357A, whist the voltage will drop off. For higher resistance loads, the voltage 

will remain at a constant 12VDC, whilst the current will decrease.  

Michael Hall




Page 25 of 44 
 

 

 

Figure 13 - Regulated Power Supply 
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5. Conclusions 
 

The benefits of preparing a comprehensive specification when designing any electrical system are well understood. Time 

spent considering the intended use, performance and construction requirements, along with any quality and standards 

that must be met, often results in a timelier, and more satisfactory project delivery. In addition, it can help the project 

costing process. 

 

This was successfully demonstrated in this project, with the initial specification requirements effectively used to inform 

the design of a power supply. Although a number of design methods can be employed which can influence the simulation 

process, given the focal point of the design in this instance was to achieve the desired output, a ‘Bottom-Up’ design 

process was used. Using this, beginning with the regulator, each component part of the system was individually chosen 

to meet the calculated requirements, based on established behaviour and data sheet information. However, one of the 

known disadvantages of using this process is that when combined, the overall performance is not often exactly as 

predicted, which became evident during the project, with trial and error adjustments being required to generate an 

optimal design and performance. 

 

Although initial costings specified the project to be less than £500, the finished design of the power supply was 

significantly over budget by approximately 50%. This was primarily a result of the decision to use stainless steel, over 

steel, for the enclosure. Significant savings therefore could be made here if the customer deemed the cost overrun too 

high. However, given the nature of the equipment the power supply is feeding, consideration and discussion should be 

had over the long-term costs benefits of opting for the stainless steel, the initial outlay likely to outweigh the cost of 

early replacement of steel due to rusting. To improve the aesthetics and reduce overall costs further consideration could 

be given to the proposed location of the power supply as positioning it further away from the pressure reducing valve 

would reduce the temperature rating requirements, and therefore likely reduce the need for such a large heatsink, or 

possibly remove the need at all, and also the need for a stainless-steel enclosure. 

 

Although considered in the design process, the final simulated circuit lacked the inclusion of a Zener diode for voltage 

over-protection and therefore the effectiveness of could not be tested. Including the diode in the circuit design would 

allow testing of Zener voltage regulator calculations by simulating over-voltage and operation of the protection 

mechanism. 

 

Although potential improvements to the power supply circuit design could be made, overall the project was considered 

a success, demonstrating the ability to create and simulate a circuit design to meet a required specification. 
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7. Appendix 
 

7.1. Regulator Circuit 

 

 
Figure 14 - MC1723C Chip 

(Diode, 2020) 
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7.2. Smoothing Capacitor Circuit 

 

 
Figure 15 - Capacitor Schade Graph 

(Sauriol, 2003) 

 
Figure 16 - Smoothing Capacitor Datasheet 

(RS Components, 2021) 
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Figure 17 - Smoothing Capacitor Datasheet 

(RS Components, 2021) 
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7.3. Bridge Rectifier Circuit 

 

 
Figure 18 - Bridge Rectifier Schade Graph 

(Sauriol, 2003) 

 
Figure 19 - Bridge Rectifier Schade Graph 

(Sauriol, 2003) 

Using full wave  

bridge rectifier  

From Value 

From Value 

From Value 



Page 33 of 44 
 

 
Figure 20 - Bridge Rectifier Datasheet 

(Multicomp Pro, 2019) 
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Figure 21 - Bridge Rectifier Datasheet 

(Multicomp Pro, 2019)  
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7.4. Circuit Transformer  

 

 
Figure 22 - Transformer Datasheet 

(RS Components, 2022)  
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7.5. Circuit Heat Sink  

 

 
Figure 23 - Heatsink Datasheet 

 

(Wakefield-vette, 2021) 

 

 
Figure 24 - Transistor Thermal Datasheet 
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Figure 25 - Transistor Datasheet 

(STMicroelectronics, 2013) 
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7.6. Design Choices  

 

 
Figure 26 - Enclosure Datasheet 

(Slayson, 2022) 
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Figure 27 - Resistor R1 Datasheet 

(Ohmite, Unknown) 
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Figure 28 - Resistor R2 Datasheet 

(Arcol, 2014) 
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Figure 29 - Resistor R3 Datasheet 

(Tyco Electronics , 2005) 
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Figure 30 - Resistor RSC Datasheet 

(Koaglobal, 2021) 
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7.7. Testing, Results & Analysis 

 

 

 
Figure 31 - R3 Minimum Load  Value for Design Working Region 

 

 

 
Figure 32 - R3 Maximum Load  Value for Design Working Region 
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Figure 33 - Regulated Power Supply 
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