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  Design specification 

 
The requirement of this task is to design a power supply based on a preexisting design specification for an 
industrial application, the application for this assignment is a power supply unit to a load cell controller 
used in an integrated paper mill mounted in an operator panel. The technical specifications demand an 
output of 24VDC with an operational current of 1.5A, due to the nature of the industry there are several 
environmental factors to consider.  
 

Variable Chosen Parameter 

VAC Input 240V 

Input Frequency 50Hz 

VDC Output 24V 

IDC Output 1.5A 

Temperature Rating 25 - 40Co 

Ingress Protection (IP) Rating IP66 

Environmental Considerations Heat, Dust and Pressurized Water 

 
The supply will rectify mains 240V AC at 50Hz and output steady 24VDC for use in a load cell controller 
that uses a standard instrumentation current range of 4-20mA. Due to the hot and humid environment of 
the paper mill the panel will be exposed to pressurized water, as well as excessive amounts of paper dust 
as well as an ambient temperature of approx. 25-30Co with tolerance as the mill can reach temperatures 
into the 40Co range.  Therefore, an ingress rating of 66 was chosen from Fig.1 as to totally protect against 
dust and any pressurized water.  
 

Fig.1 – IP Rating Chart -   (Rainford Solutions, 2014)

Michael Hall




6  

  Design Method Choices and Calculations 

 

Choosing a Suitable Voltage Regulator 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.2 – LM723C Voltage Regulator Chip - (Texas Instruments , 2013) 
 
To easily satisfy the output criteria the regulator was designed first, despite being the back end of the 
system it is easier to establish a working regulator first then design a power supply due to the complexity 
of the regulator design. The regulator chip chosen is the LM723C, it has a suitable operating temperature 
suitable for the environment it will be placed in. The actual configuration of the design can be seen below 
in Fig.3, this configuration is an NPN current boost configuration.  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.3 – Typical NPN Current Boost Connection -  (Motorola, 1996)
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There is an in-built current monitoring feature that monitors the voltage drop across Rsc as it increases 
proportional to output current, if said voltage drops exceeds 0.66V the transistor will cease to conduct 
due to an equal base-emitter voltage which holds output current. This prevents over current damage 
to the circuit. As seen from Fig.3 the default value for this is 0.33ohms. A reduction of this value 
increases the current flow. A Zener diode may be implemented into the design to prevent over voltage 
damage. Using the layout above the following simulation of the circuit was built as a first iteration  in 
Fig.4.  
 

 
 

Fig.4 – Voltage Regulator 1st Iteration   
 

To achieve the desired output the components must be calculated individually to give a refined 2nd 
iteration.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



8  

Voltage regulator component calculations 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 – Voltage Regulator Datasheet Reference - (Motorola, 1996)   

 

Using the datasheet as a reference, Cref were set to 0.1µF to achieve minimal noise.  

 

The output of the regulator comes from pin 4 and 10, the two resistors R1 and R2 act as a variable 

resistor and must balance. Using Vref from the datasheet. 

 

𝑅2 =
𝑉𝑟𝑒𝑓 𝑋 (𝑅1 + 𝑅2)

𝑉𝑜𝑢𝑡
 

 

25000 =
7.0 𝑋 (𝑅1 + 25000)

24
 

 
𝑅2 = 0.2916 𝑋 25000 = 7291.6 

 
𝑅1 = 𝑅2 −  7291.6 = 17.7𝑘Ω 

To calculate Rsc the base emitter junction voltage drop is divided by the sensing current,  

 

𝑅𝑠𝑐 =
0.66

1.5
= 0.44Ω 
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To find R3, 

𝑅3 = 𝑅1||𝑅2 

𝑅3 = 1770||7291 

𝑅3 = 5.17𝑘Ω 

 

 

To determine the input voltage the transistor volt drops must be accounted for, 

 

𝑉𝑖𝑛 ≥ 24 + (2 𝑋 0.66) + 3 = 28.2𝑉 
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Input stage component selection  
 

To find the capacitor parameters. 

A ripple rejection value of -74db was obtained from the datasheet. 
 

𝑅𝑖𝑝𝑝𝑙𝑒 𝑅𝑒𝑗𝑒𝑐𝑡𝑖𝑜𝑛 =
𝑅𝑖𝑝𝑝𝑙𝑒 𝑜𝑢𝑡

𝑅𝑖𝑝𝑝𝑙𝑒 𝑖𝑛
− 74𝑑𝐵 

𝑅𝑖𝑝𝑝𝑙𝑒 𝑅𝑒𝑗𝑒𝑐𝑡𝑖𝑜𝑛 =
1𝑚𝑉

𝑅𝑖𝑝𝑝𝑙𝑒 𝑖𝑛
− 74𝑑𝐵 

 
𝑅𝑖𝑝𝑝𝑙𝑒 𝑅𝑒𝑗𝑒𝑐𝑡𝑖𝑜𝑛 = 5.011𝑉 

 
 

Halving this value gives us the peak-to-peak value of 2.5V.  

Capacitor input value.  

 

𝑉𝑚 = (𝑉𝑖𝑛 +
1

2
𝑉𝑖𝑛) = 40𝑉 

 

Using the Schade curve in Fig.6 the rf value can be found to obtain 𝜔𝐶𝑅𝐿.  

 

 

𝑟𝑓 =
𝑉𝑟𝑖𝑝𝑝𝑙𝑒(𝑝 − 𝑝)

2√2𝑉𝑐
 𝑋 100 

 

 

𝑟𝑓 =
25

2√2 𝑋 28.2
= 0.0313 𝑋 100 = 3.134% 
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Fig.6 –Schade Curve RMS Voltage for Capacitor Input Circuits - (On Semiconductor, 2002) 

 

Due to being a full wave rectifier the curve bandwidth is 15 to 202 at approximately 3.124% ripple 

factor. Therefore, the average value of 20 is taken for 𝜔𝐶𝑅𝐿. Using this value in Fig.7 Rs/Rl can be found.  

 

 

 

 

 

 

 

 

 

 

Fig.7 – Schade Curve of AC peak to DC peak Relationship for Full Wave Rectifier- (On 
Semiconductor, 2002) 
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𝑉𝑐

𝑉𝑚
 

 
28.2

40
=  0.705 𝑋 100 = 70.5% 

 
 

Using the Schade Curve Rs/Rl can be found to be 15% 
 

𝜔𝐶𝑅𝑙

2𝜋𝑓 (
𝑉𝑐
𝐼𝑎

)
 

 
20

2𝜋 𝑋 50 (
28.2
20

)
= 4.515𝑚𝐹 

 
 

𝑅𝑠 = 0.15 𝑋 𝑅𝑙  
 

 

𝑅𝑠 = 0.15 𝑋 (
28.2

20
) = 2115Ω 

 
 

 

𝜔𝐶𝑅𝐿 is doubled for a full wave rectifier, therefore 20 X 2 = 40.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.8 – Schade Curve of RMS to Peak to Average Diode Current in Capacitor Input Circuits. - (On 
Semiconductor, 2002) 
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Fig.8 allows the calculation of.  
 

𝐼𝐹 𝑅𝑀𝑆 =  2.3 
 

𝐼𝐹 𝑃𝑒𝑎𝑘 =  5.3 𝑥 𝐼𝑎𝑣𝑔 =  5.3𝐴 
 

𝐼𝑆𝑢𝑟𝑔𝑒 =
𝑚𝑉

𝑅𝑠 + 𝐸𝑆𝑅
 

 
𝐼𝑆𝑢𝑟𝑔𝑒 = 40/2.115 =  18.9𝐴 

 
ESR considered negligible value. Therefore, Peak inverse voltage is.  
 

𝑃𝐼𝑉 =  𝑉𝑚 ×  2 →  40 ×  2 =  80  
 
A suitable bridge rectifier for this application would be the Vishay VS-KBPC101, it has a surge current of 
55A and peak inverse voltage rating of 100V, an extra 20V is chosen for tolerance, it also adheres to our 
operational temperature parameters.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig.9 - Vishay VS-KBPC101 Datasheet - (RS Components, 2022)
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To calculate the transformer.  
 

𝑉𝑠 =
𝑉𝑚 +  2

√2
 

 

𝑉𝑠 =
40 +  2

√2
 

 
 

𝑉𝑠 = 29.7𝑉 
 
Calculated Ratio.  
 

𝑅𝑎𝑡𝑖𝑜 =
𝑉𝑚 +  240

𝑉𝑠
=

8.08: 1

29.7
 

 
𝑉𝐴 𝑅𝑎𝑡𝑖𝑛𝑔 = 2 𝑋 𝑉𝑠 𝑋 𝐼𝑟𝑚𝑠  

 
𝑉𝐴 𝑅𝑎𝑡𝑖𝑛𝑔 = 2 𝑋 29.7 𝑋 23 = 136.62𝑉𝐴  

 
 
A suitable transformer for this application would be the RS PRO 150VA to 24VAC Transformer. It has a 
power rating slightly higher than needed for tolerance purposes and outputs enough AC to be rectified.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.10 - RS PRO 150VA to 24VAC Transformer Datasheet - (RS Components, 2022) 
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Heatsink and thermal management 

The calculation for a heatsinks performance is. 

∅𝐽𝐴 =  ∅𝐽𝐶 + ∅𝐶𝑆 + ∅𝑆𝐴  

𝐽 =  𝐽𝑢𝑛𝑐𝑡𝑖𝑜𝑛  

𝐶 =  𝐶𝑎𝑠𝑒  

𝑆 =  𝐻𝑒𝑎𝑡𝑠𝑖𝑛𝑘   

𝐴 =  𝐴𝑡𝑚𝑜𝑠𝑝ℎ𝑒𝑟𝑒 

 
As seen earlier the chosen transistor is a 2N3055, using the datasheet form Fig.11 and Fig12 the 

heatsink needed to cool the component can be calculated.  

 
 

Fig.11 – 2N3055 Thermal Characteristics from Datasheet - (Motorola, 1995) 
 
 

 

Fig.12 – T0 -204 Case Characteristics with Heatsink Compound from Datasheet - (On 
Semiconductor, 2002) 

 

𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑜𝑟 𝐽𝐶 𝑖𝑠 1.52. 

 

 𝑇𝑂 − 204 𝐶𝑎𝑠𝑒 𝑊𝑖𝑡ℎ ℎ𝑒𝑎𝑡𝑠𝑖𝑛𝑘 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑  ∅𝐶𝑆 =  0.36 

 

Rearranging     𝑇𝑗 = 𝑇𝑎 + 𝑃𝑑  ∅ JA 

 

𝐽𝐴 =
𝑇𝐽 − 𝑇𝐴

𝑃𝐷
 

 

 

𝑇𝐴 = Ambient temperature and 𝑃𝐷 = Power dissipated can be ascertained from the specification.  

 
𝑷𝑫 =  (𝟐𝟒𝑽 ×  𝟏. 𝟓𝑨)  =  𝟑𝟔𝑾 
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200 − 30

432
= 3.935 

200 − 30

432
= 3.935 − 0.28 − 152 = 2.135𝐶ᶱ/𝑊 

 
 
 
 

A heatsink suitable for this application would be the RS Pro Heatsink TO-3 as seen below in Fig.13 it has a 
thermal resistance of 2C/W which is desirable as it is below the calculated.

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.13 – T0 -3 Heatsink Datasheet - (RS Components, 2022) 
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Analysis and Results 

Fig.14 – Voltage Regulator 2nd Iteration  
 

The final iteration of the circuit can be seen above in Fig.14, adding the DC voltage source to simulate 

the rectified input I was able to achieve an output voltage of 23.3VDC, and an output current of 1.53A. 

The current is certainly adequate however the voltage could be more accurate optimally speaking. 

Further tuning of the system may yield this result however this is the closest I could attain. Using the 

potentiometer see in Fig.14 the load value was able to be varied, the current stayed consistently above 

20mA, the required signal voltage used in the load cell controller, this is more than an adequate 

performance of the system and can be said to have met the specification. Fig.15 shows the input stage 

simulation, because of the limitations of Multisim the whole circuit cannot be tested at once. 

Regardless we can observe the circuit working as intended by stepping down the   AC supply into a 

manageable DC input, therefore it can be said to have met the specification.
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Fig.15 – Input Stage Simulation 
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   Conclusion and Recommendations 

 
Using the bottom-up approach, in accordance with the pre outlined specification the power supply 

unit for the load cell controller was successfully designed, built, and tested. Doing the design this way 

allowed me to design the system so that it met the specification outright and work backwards using 

approximate calculated values and then via tuning get the desired result. This is the advantage of this 

system over a top-down approach. Overall, the desired specifications were met or exceeded with 

tolerance except for the output voltage which was a little low. Something going on there.  

 

The system was designed to be as safe as possible, with over current and over voltage precautions 

taken in the regulator side and the supply side, all components were selected from up-to-date 

websites from reputable sources, they were also selected with a limited tolerance in mind. A further 

recommendation would put a bleed LED into the regulator design to allow the system to de-energize 

when the supply is turned off. The chip is protected via transistor that sinks the full load current and 

bypasses the chip protecting it from currents exceeding 150mA. This method generates a lot of heat 

which perhaps the heatsink cannot manage. To improve upon these two transistors could be used to 

share the load. Overall if the circuit was built in real life better components could be used to improve 

shelf life, it would also be interesting to see the circuit built entirely physically to see how the whole 

unit performs under real life stresses and to evaluate the whole circuit as one which was unobtainable 

due to the nature of multisim. The smoothing capacitor is one large unit and perhaps could be 

remedied by using various smaller capacitors to utilize maximum space efficiency and to remove high 

frequency spikes emanating form the DC signal. 

In conclusion, the overall assignment was a success in exploring the bottom-up approach to circuit 

design allowing a system of approximation based on desired results bolstered by eventual fine tuning 

of the circuit.  
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RESEARCH-INFORMED LITERATURE
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KNOWLEDGE AND UNDERSTANDING

GRADING FORM: CSG-RUBIC

IWAN COSTELLODOWNS 60

There was some evidence of further reading and
research and your interpretation and
understanding of the additional research was
satisfactory and demonstrated an underlying
appreciation of the subject. Your references still
rely on a small selection of mostly credible sources
and you need to be more consistent with your
referencing conventions e.g. citing diagrams as
well as text.

The knowledge and understanding of the subject
demonstrated by this assignment was reasonably
detailed and mainly accurate. There were very few
gaps in your knowledge of the basic concepts and
your understanding of the higher level concepts
was demonstrated to a limited degree - you could
have explained in more detail how the circuit



18

ANALYSIS

12

PRACTICAL APPLICATION AND DEP.

evolved. Further work – Your explanations need to
be more detailed and written with a greater
emphasis on critical evaluation rather than
description.

Your explanation of the design process was good
and the conclusions showed that you can interpret
quantitative and qualitative data, although this was
often descriptive. You could have evaluated the
results and specified whether they concurred with
theory suggesting reasons for any discrepancies.
You have however demonstrated good analytical
skills and your approach to the task was logical.
Arguments made in the conclusions were mostly
valid and demonstrated a good understanding of
the topic. Further work – in your conclusion, you
should relate the results to the original
specification and to accepted theory.

Your application of practical skills for this task was
generally good. You used the resources available
appropriately when designing the circuit and you
used appropriate options for testing and
evaluating the circuit performance. You managed
to design an efficient circuit that functioned within
the specification and achieved this by only asking
for assistance when appropriate. Your results were
comprehensive and allowed for a good conclusion
to be attempted.



7

SKILLS FOR PROFESSIONAL PRAC.

Your written report was reasonably well presented
in terms of content and layout and was mostly
structured in a coherent way, however you should
endeavour to use the available word count more
effectively in future.


