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1 - Executive Summary

This report contains the design process of a power supply unit (PSU). A specification states
the physical, electrical, health and safety and cost requirements which the PSU must meet. Following
that is the design method for each subsystem required to create a working PSU which meets the
specification.

The component values are then calculated for each subsystem, appropriate components are
selected using datasheets to obtain information on the operational parameters which are required by
the design.

Finally, the design is built using simulation software in which it will be tested thoroughly to
prove that it meets the specification requirements.




2 - Specification

The PSU is to be used to power a motor which will be used to power a hoist next to a furnace.
It should follow the requirements stated below;

2.1 - Electrical Requirements

The PSU for the motor must meet health and safety standards and be constructed to operate
safely. The PSU will be connected to 240V mains power and should be stepped down to an acceptable
level for regulation. It should meet these electrical requirements.

Output Voltage (Vy) = +15V + 0.1V
Output Current (l,) = 1.54, Current Limited + 0.054
Load Regulation < 0.1% for I, = 15mA to 1.1254
Line Regulation < 0.1%
Output Ripple < 2mVp_p

2.2 - Environmental Requirements
The PSU must be able to withstand harsh vibrations, high temperatures and be resistant to
moisture such as coolant and condensation:

Max Ambient Temperature (T,) < +100°C
Max Vibration Frequency (fy) < 1kHz

2.3 - External Body Requirements

Must provide ventilation along with enough room to fit fans and a heatsink to help withstand
the temperature requirement. It must be constructed from a hard-wearing material which will help
protect the PSU from vibrations and general usage.

2.4 - Maintenance and Life Expectancy
The PSU should not require maintenance for at least two years. It should also last an additional
two years with minimal maintenance or servicing giving it a four-year life expectancy.

2.5 - Cost Requirement

The price of design, testing and construction should not exceed £120. The cost of this project
can be reduced by using simulation software to design and test before any prototyping. Only a single
PSU 1s required to be built.

2.6 - Testing

The design will be initially tested using Multisim. Once the design is producing the desired
output it will be built and tested on a breadboard. If the physical build passes the test then the design
will be put on a PCB ready for enclosure and practical use.

2.7 - Health and Safety
The PSU must meet the major health and safety standards provided by the International (IEC)
and the International Organisation for Standardization.

“The International Electrotechnical Commission (IEC) and the associated International
Organization for Standardization (ISO) are the principle agencies responsible for electrical
safety standards. Agencies such as Underwriters Laboratories (UL) and Canadian Standards




Association (CSA) provide certification in North America, while similar bodies in Europe are
Verband der Elektrotechnik (VDE), Technischer Uberwachungs-Verein (TUV) and British
Standards Institution (BSI). A product meeting an IEC standard such as IEC 60950 or the
newer 62368-1 standard may be identified with the standard’s number prefixed instead by UL,
CSA or EN (European Norm) to indicate the country where it is certified e.g. UL 60950 or EN
62368-1. Standards like these with the same numbers but different prefixes are sometimes
referred to as “harmonized standards”. But while the IEC continues to pursue harmonization,
regional differences remain and consequently products intended for multiple markets will need
to show all of the required certifications.” States (CUI inc., 2018)
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3 - Design Method, Components and Calculations

There are two design methods that could be used to design the PSU; top-down or bottom-up.
Top-down looks at the system and breaks it down into smaller, more manageable subsystems,
whereas bottom-up pieces together systems in order to make a more complex system. The top-down
approach is typically better in the initial stage of projects that don’t include much uncertainty as every
subsystem that is required to make up the final design is certain, and can therefore each be assigned to
various teams to be completed. Bottom-up however is better in projects where there is uncertainty.
This is because innovation is required in order to build up from current technologies, to reach the
desired final system. The bottom-up approach often has a drawback that the mnitial stages of a project
take much longer than if a top-down approach was taken.

For these reasons a top-down approach will be used in the PSU design as breaking down a
PSU into subsystems is very simple and has no uncertainty. Figure 3.1 shows a top-down approach
for the PSU.

PSU
I
Electrical :
Components i
I
| I
Regulator
Input Stage Stage
I
| | |
Transformer Rectifier S‘én;gggggrg

Figure 3.1

As shown, there are two categories of subsystems that the PSU can be broken down into;
electrical components and the heatsink. The electrical component of the PSU can be further split into
two categories; input stage and regulator stage. Finally, the input stage is further broken down into
three subsystems; the transformer, rectifier and smoothing capacitor. Knowing the subsystems needed
to create the PSU allows the design process to begin. Figure 3.2 shows the order in which the
electrical components are within the system.

AC
Input 7|

Transformer

Rectifier

Smoothing
Capacitor

Regulator

Figure 3.2

Regulated DC
Output




3.1 - Regulator Stage Design
The regulator stage is used to regulate the output voltage and current so that it remains at the
desired values specified in the PDS.

3.1.1 - Selecting an IC Regulator

The IC regulator must meet the electrical and temperature requirements set in the PDS.
Through filtering various IC regulators on RS.com, the MC1723C showed that it met most
requirements, and provided a typical configuration used to regulate the voltage and current. However,
it did not meet the operating temperature requirements.

MC1723C
MAXIMUM RATINGS (T, = +25°C. unless otherwise noted.)
Rating Symbol Value Unit
Pulse Voltage from Vic e to VEE (50 ms) Vip) 50 Vipk
Continuous Voltage from Ve to VEE Vi 40 Vde
Input-Output Voltage Differential Vi-Vo 40 Vde
Maximum Output Current I 150 mAde
Current from Vpaf Iref 15 mAdc
Current from V Iz 25 mA
Voltage Between Noninverting Input and VEg Vie 8.0 Vde
Differential Input Voltage Vig +5.0 Vde
Power Dissipation and Thermal Characteristics
Ta = +25°C Pp 125 w
Derate above Tp = +25°C 1834 10 mW/C
Thermal Resistance, Junction—to—Air AT 100 “Chw
Operating and Storage Junction Temperature Range| T, Tatg 6510 +175 °“C
Operating Ambient Temperature Range Ta Oto+T0 o

ELECTRICAL CHARACTERISTICS (Tp = +25°C, Vi 12 Vde, Vg = 5.0 Vde, I|_= 1 0 mAde, R = 0. C1 = 100 pF, Cref = 0 and divider
impedance as seen by the error amplifier < 10 kf2 connected as shown in Figure 2, unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit
Input Voltage Range Vi 95 - 40 Vde
QOutput Voltage Range Vo 20 - 37 Vde
Input-Output Voltage Differential Vi-Vo 3o - 38 Vdc
Reference Voltage Vrief 6.80 715 750 Vide
Standby Current Drain ( I =0, Vj, =30V) hB - 23 4.0 mAdc
Output Noise Voltage (f = 100 Hz to 10 kHz) Vi HV(RMS)
Cref=0 - 20 -
Cref=5.0 uF = 25 -
Average Temperature Coefficient of Output TCVo - 0.003 0.015 %C
Voltage (Tiow < Ta < Thigh)
Line Regulation Regjina % Vo
=gyl 12V <Vip<15V - 0.01 0.1
(TA-2SC)[ 12V < Vi <40V - 0.1 05
(Tiow < TA < Thigh)
12V <Vj, <15V - - 0.3
Load Regulation (1.0 mA < I < 50 mA) Regload % Vo
Ta =25°C - 0.03 0.2
Tiow<Ta< Trug‘n - - 0.6
Ripple Rejection (f = 50 Hz to 10 kMz) RR dB
Cref=0 - 74 -
Cref=50uF - 86 -
Short Circuit Current Limit (Rge = 104}, Vo =0) Isc - 65 - mAdc
Long Term Stability oM - 0.1 - /1000 Hr.

NOTE: Tiggy 10 Thigh = 0" to +70°C

Figure 3.3 - (Motorola, 2016)




As Figure 3.3 shows, Ty = +25°C and Tygp = +70°C. Therefore, this is not a suitable IC for
the regulator stage. However, the LM723CN regulator is much more suited for operating at higher
temperatures exceeding 100°C while also meeting all the other regulator requirements.

ABSOLUTE MAXIMUM RATINGS"@

Pulse Voltage from V* to V™ (50 ms)

50V

Continuous Voltage from V* to V™ a0V
Input-Output Voltage Differential a0V
Maximum Amplifier Input Voltage

(Either Input) 8.5V
Maximum Amplifier Input Voltage

(Differential) sV
Current from Vz 25 mA
Current from Ve 15 mA
Internal Power Dissipation

Metal Can () 800 mW

coip 900 mW

poIP %) 660 mW
Operating Temperature Range

LM723 =55°C to +150°C

LM723C 0°C to +70°C
Sterage Temperature Range

Metal Can -65°C to +150°C

PDIP -55"C to +150°C
Lead Temperature (Soldering, 4 sec. max.)

Hermetic Package 300°C

Plastic Package 260°C
ESD Tolerance 1200V

{Human body model, 1.5 k() in series with 100 pF)

(1) “Absolute Maximum Ratings" indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for

which the device is functional, but do not ensure specific performance limits.

(2) A military RETS specification is available on request. Al the time of printing. the LM723 RETS specification complied with the Min and

Max limits in this table. The LM723E, H, and J may also be procured as a Standard Military Drawing.

(3) See derating curves for maximum power rating above 25°C.

ELECTRICAL CHARACTERISTICS"@®@

Parameter Conditions LM723 Lm723C Units
Min | Typ | Max | Min | Typ | Max

Line Regulation Vin =12V 1o Viy = 15V 0.01 0.1 0.01 01 | % Vour
=65°C £ Ty, £ +125°C 03 % Vour
0°C s Ty s +70°C 03 | % Vour
Vin = 12V 1o Vi = 40V 0.02 0.2 0.1 05 | % Vour

Load Regulation lL=1mA | =50 mA 003 | 0.15 0.03 0.2 (% Vour
-55°C £ Ta s +125°C 06 % Vour
0°C s Ty s +70°C 0.6 | % Vour

Ripple Rejection f=50 Hz to 10 kHz, Crgr =0 74 74 dB
f = 50 Hz to 10 kHz, Crer = 5 uF 86 86 dB

(1) Unless otherwise specified, Ty = 25°C. Viy =V* = Ve = 12V. V" =0, Vour =5V. I = 1 mA, Rgc = 0, Cy = 100 pF. Crer = 0 and divider
impedance as seen by error amplifier s 10 kQ connected as shown in Figure 4. Line and load regulation specifications are given for the

condition of constant chip temperature. Temperature drifts must be taken into account separately for high dissipation conditions.

(2) A military RETS specification is available on request. Al the time of printing, the LM723 RETS specification complied with the Min and

Max limits in this table. The LM723E, H, and J may also be procured as a Standard Military Drawing.

(3) Specified by correlation to other tests.

(4) L is 40 tums of No. 20 enameled copper wire wound on Ferroxcube P36/22-387 pot core or equivalent with 0.009 in. air gap.

Figure 3.4 - (Texas Instruments, 2013)




ELECTRICAL CHARACTERISTICS!"2R)X) (continued)

Parameter Conditions LmM723 LM723C Units
Min | Typ Max | Min Typ Max
Average Temperature Coefficient of |[=55°C =T, s +125°C 0.002 | 0.015 %I"C
Output Voltage ()
0°C s Tas +70°C 0.003 | 0.015 | %/"C
Short Circuit Current Limit Rge = 100, Vour =0 65 65 mA
Reference Voltage 695 | 715 | 735 (680 715 | 750 v
Output Noise Voltage BW = 100 Hz to 10 kHz, Crgsr =0 86 86 pVrms
BW = 100 Hz to 10 kHz, Cgee = 5 pF 25 25 pVrms
Long Term Stability 0.05 0.05 %1000
hrs
Standby Current Drain IL=0, Vi = 30V 1T 3.5 1.7 4.0 mA
Input Veltage Range 95 40 | 85 40 v
Output Voltage Range 20 37 2.0 3r v
Input-Output Voltage Differential 3.0 38 3.0 38 v
B4 PDIP 105 “C/W
B coiP 150 “Ciw
B4 H10C Board Mount in Still Air 165 165 “C/IW
B H10C Board Mount in 400 LF/Min Air Flow 66 66 “Ciw
B 2 22 “Ciw

As shown above;

Figure 3.5 - (Texas Instruments, 2013)

9.5V < Viy < 40V
2V <V, < 37V

Ip = 150mA but can be amplified using an external transistor

Load Regulation = 0.03% (Typical)
Line Regulation = 0.01% (Typical)
—55°C £ T, < +150°C

Therefore, the LM723CN is a suitable IC regulator for this design. Using the configuration
found on the MC1723C datasheet (Figure 3.6) it can be seen that there are external components being

used.
at Rg Vo
A
ams | 20
v —— 120
+Vin 12 10 Isc = 0.5A
+20V O_| |
1| |2
| 2 |
|
| | 3
ﬁ)—-
| mci723C | l
| | >
6 | ' Ry = 12k
% | |
5.1k 5 | 13 j\ 100pF
“-‘"Ficr«'L“{—J o
= 7

Figure 3.6 - (Motorola, 2016)




3.1.2 - Calculating Resistor and Capacitor Values
Using the following equations, the component values for Rge, Ry, R, R3 and C,ef can be
found. (ON Semiconductor, 2014)

Ry + R, = 10kQ
0.7

Ry =3~ % (Ry +R;)
Q

R, = 10k — R,
Ry 2
I
Ry =Ry || R,

0 < Cpey < 0.14F

Therefore;

0.7
R, = T x 10k = 4666.6(

R, = 10k — 4666.6 = 5333.3Q
Ry = 2kQ

0.6
Ry = 7z = 040

Crer = 0.1uF
A value of 0.1uF was chosen for Cyepas according to Figure 3.7 at the value the noise is
lowest within the range of 0 to 0.1uF.
Noise
VS
Filter Capacitor

Crer In Circuit of Figure 4)
» (Bandwidth 100 Hz to 10 kHz)

80
§ 60 \\
3 ANl
[V}
b 40 AN
=z \\

20

\-_
P,
ok
0 001 .01 1 1 10
Crer (1F)

Figure 14.

Figure 3.7 - (Texas Instruments, 2013)




With these component values caleulated, the next step of the regulator stage is to calculate the
required input voltage (V;y). This is the voltage provided to the regulator stage from the input stage.
There are two requirements that the input voltage must adhere to; The mmimum input-output voltage
differential. and the required minimum and maximum input voltage.

95V <V, < 40V

.Inpul\.l'iyllage Range ] i9.5 | 40 iQ.ﬁi | 40 | \ |
Figure 3.8 - (Texas Instruments, 2013)

Input — Output Voltage Dif ferential = 3 to 38

Pt e L I o= i L= = I
Input-Output Voltage Differential | EY 38 | 30| | 38 | v |
. ; P I T T T - T I - L
Figure 3.9 - (Texas Instruments, 2013)
Therefore;

Veey = 95V < Viy < 40V and (Viy — Vo) = 3.0V
Wiw = Vo) = [Viv — (Vo + 26)] = 3.0V, where ¢ = Vggon ~ 0.6V
Viv = Vo +2¢ + 3.0V = 15V + 1.2V + 3V = 19.2V
Vewey = 19.2V + 5V = 24.2V

+5V is added to ensure enough input voltage and the final value is rounded down to 24V for
simplicity. This value satisfies both criteria since the output of the regulator is 15V, the input-output
differential is greater than 3.0V, and is between both minimum and maximum input voltage values.

The final step of the regulator stage design is to find a suitable transistor to amplify the current to
a desired value. The transistor required for this design must follow these requirements;

VCEO = VIN(m ax)

IC(max) = Isc
I
hre = ;—:@ Ver = Vin — Vo — @, where ¢ = Vgon ~ 0.6V

Ppamax) = Vin X Ise
B)c such to allow practical heatsinking
SOA so that it can withstand Ve = Viy @ I = I,
Therefore;
Vego = 24V
Icmaxy = 2.04
hfe >25@ Ve =84V @1, = 24
Ppimax) = 36W
6;c = at least 1.5°C/W
SOA = 1.5A @ 24V
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- Choosing a Suitable Transistor

The 2N3055A is a suitable transistor for this application as the datasheet confirms that all the
requirements are met;

2N3055AG (NPN),
MJ15015G (NPN),
MJ15016G (PNP)

Complementary Silicon
High-Power Transistors

These PowerBase complementary transistors are designed for high
power audio, stepping motor and other lincar applications. These
devices can also be used in power switching circuits such as relay or
solenoid drivers, de—to—dc converters, inverters, or for inductive loads
requiring higher safe operating arca than the 2N3055.

Features

® High Current—Gain
® Safe Operating Area
® These Devices are Pb—Free and are RoHS Compliant*

Bandwidth

MAXIMUM RATINGS (Note 1)

Rating Symbol Value Unit
Collector-Emitter Violtage Veeo Vde
2N3055AG 60
MJ15015G, MJ15016G 120
Collector-Base Voltage Veso Vide
2N3055AG 100
MJ15015G, MJ15016G 200
Collector-Emitter Voltage Base Veev Vdc
Reversed Biased
2N3055AG 100
MJ15015G, MJ15016G 200
Emitter-Base Voltage Veso 7.0 Vde
Collector Current - Continuous Ig 15 Adc
Base Current I 7.0 Adc
Total Device Dissipation Po
@Te=25°C
2N3055AG 15 w
MJ15015G, MM5016G 180 w
Derate above 25°C
2N3055AG 0.65 wrC
MJ15015G, MM5016G 1.03 wrC
Operating and Storage Junction Ty Tag | —6510 +200 °C
Temperature Range

Stresses exceeding Maximum Ratings may damage the device. Maximum
Ratings are stress ratings only. Functional op ion above the Rec ded
Operating Conditions is not implied. Extended exposure o stresses above the
Recommended Operating Conditions may affect device reliability.

1. Indicates JEDEC Registered Data. (2N3055A)

THERMAL CHARACTERISTICS
Charactaristics Symbol | Max | Max | Unit
Thermal Resistance, Junction-to~Case Ruc 1.52 | 0.98 | *C/W

*For additional information on our Pb~Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Technigues
Reference Manual, SOLDERRM/D.

ON Semiconductor”

http:/lonsemi.com

15 AMPERE
COMPLEMENTARY SILICON
POWER TRANSISTORS
60, 120 VOLTS - 115, 180 WATTS
PNP NPN

CASE3 CASE 3
BASE @ BASE @
1 1
EMITTER 2 EMITTER 2

TO-204 (TO-3)
CASE 1-07
STYLE 1

MARKING DIAGRAMS

2N3055AG MJ1501xG
AYWW AYWW

MEX MEX

2N3055A = Device Code
MJ1501x = Device Code
x=50r6
G = Pb-Free Package
A = Assembly Location
Y = Year
ww = Work Week
MEX = Country of Origin
ORDERING INFORMATION
Saa datailad ordering and shi in the packags

dimensions section on page 5 of this data sheet.

Figure 3.10 - (ON Semiconductor, 2013)




ELECTRICAL CHARACTERISTICS (T = 25°C unless ctherwise noted)

Characteristic | Symbol | Min Max Unit |
OFF CHARACTERISTICS (Note 2)
Collector-Emitter Sustaining Voltage (Note 3) 2N3055AG | Veeojsus) 60 - Vde
(I = 200 mAdc, I = 0) MJ15015G, MJ15016G 120 B
Collector Cutoff Current lego mAdc
(Ve =30 Vdc, Vg o = 0 Vdc) 2N3055AG - 0.7
(Vce = 60 Vde, Vg = 0 Vdc) MJ15015G, MJ15016G = 0.1
Collector Cutoff Curmrent (Note 3) 2N3055AG legv - 5.0 mAde
(Veev = Rated Value, Vigg(om = 1.5 Vde) MJ15015G, MJ15016G - 1.0
Collector Cutoff Curmrent legv madc
(Vcev = Rated Value, Vgg(om = 1.5 Vde, INI0SEAG - 30
T¢ = 150°C) MJ15015G, MJ15016G - 6.0
Emitter Cutoff Current IN30SSAG | lgmo - 5.0 mAdc
(Veg = 7.0 Vide, I = 0) MJ15015G, MJ15016G - 0.2
SECOND BREAKDOWN (Note 3)
Second Breakdown Collector Current with Base Forward Biased lgp Ade
(t = 0.5 s non-repetitive) 2N3055AG 195 =
(Ve = 60 Vde) MJ15015G, MJ15016G 30 -
ON CHARACTERISTICS (Note 2 and 3)
DC Current Gain heg -
(Ic = 4.0 Ade, Ve = 2.0 Vde) 10 70
(I = 4.0 Adc, Ve = 4.0 Vdc) 20 70
(Ic = 10 Ade, Ve = 4.0 Vde) 50 -
Collector-Emitter Saturation \Voltage Vee(eay Vide
(Ic = 4.0 Ade. Ig = 400 mAdc) = 1.1
(Ic = 10 Adc, Iz = 3.3 Adc) = 3.0
{Ic = 15 Adc, Ig = 7.0 Adc) - 5.0
Base-Emitter On Voltage Vag(on) ida
(lc = 4.0 Adc. Vice = 4.0 Vdc) 0.7 1.8
DYNAMIC CHARACTERISTICS (Note 3)
Current-Gain — Bandwidth Product 2N3055AG, MJ15015G fr 0.8 6.0 MHz
(Ic = 1.0 Adc, Vg = 4.0 Vdc, = 1.0 MHz) MJ15016G 232 16
Output Capacitance Can pF
{Veg = 10 Vdc, Ig = 0, 1= 1.0 MHz) 60 600
SWITCHING CHARACTERISTICS (2N3055AG only) (Note 3)
RESISTIVE LOAD
Delay Time ts = 0.5 us
Rise Time (Vee = 30 Vde, I = 4.0 Adc. 1, - 40 us
lg1 = laz = 0.4 Adc,
Storage Time tp = 25 us Duty Cycle = 2% t = 3.0 us
Fall Time 1 - 6.0 us

2. Pulse Test: Pulse Width = 300 us, Duty Cycle = 2%.

3. Indicates JEDEC Registered Data. (2N3055A)

As shown from the datasheet;

Vego = 60V
Te(max) = 154
10 < hy, < 70

Pp(max) = 115W

6,c = 1.52°C/W

Figure 3.11 - (ON Semiconductor, 2013)
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Figure 3.12 - {ON Semiconductor, 2013)

3.1.4 - Choosing Suitable Resistors and Capacitors
The remaining; Rg., Ry, Rz, R3,Ciand Crer are the final components to be found a suitable
physical counterpart before the design can be begin.

Rse = 0.40 so therefore, the Arcol AP851 Series TO-220 Radial Fixed Resistor 400m€ £5%
S0W is a suitable resistor. Rsc is the current sensing resistor and is required to be able to handle high
power since almost all the current is flowing through it.

AP851 50 Watts TO-220 High
Power Resistors

220

on at +105°C

veitage not to wceed 1.5 UMes MIEMUM Corbnucus

g waltage lor 1000 haurs with 15 hours “ON” and

Electrical Specifications Derating Curve
':\-s r.E-:m erance & Pred. p
[Tl -IH. g ] “
1R02 - 3R “

[
A0 08 |KI210%]

WIRZ - 10K

Prafered value ranges:
File1%)-E96, J(=5%) - E24, K (200%) - E12

Figure 3.13 - (ARCOL, 2015)




As shown from the datasheet, the operating voltage is 420V which is more than enough for
this design. The thermal shock 1s rated between —65°C and 150°C which is suitable for the
environmental requirements. However, it has a load life of 20002 which might imply that
maintenance will be required to be done much earlier than desired.

R; = 5.4k which is a rather obscure value, so the neared value resistor will be used. The
Vishay MRS25 Series Axial Thin Film Fixed Resistor 5.36kQ) £1% 0.6W £50ppm/°C is a suitable

match.

MRS16, MRS25

Vishay BCcomponents

Professional Thin Film Leaded Resistors

Py 4

DESCRIPTION

A homogeneous film of metal alloy is deposited on a high
grade ceramic body. After a helical groove has been cut in
the resistive layer, tinned connecting wires of electrolytic
copper are welded to the end-caps. The resistors are coated
with lacquer which provides electrical, mechanical, and
climatic protection. Four or five color code rings designate
the resistance value and tolerance according to IEC 60062.
Suitable replacements for MRS16 and MRS25 are
MBA/SMA 0204 and MBB/SMA 0207 professional,

FEATURES
* Technology: Metal film

* Professional resistors in small outlines

* Low noise
+ Lead (Pb)-free solder contacts

Poatras

RoHS

COMPLIANT

* Pure tin plating provides compatibility with lead (Pb)-free
and lead containing soldering processes
* Compatible to RoHS Directive 2002/95/EC

APPLICATIONS

» All general purpose applications

TECHNICAL SPECIFICATIONS

DESCRIPTION UNIT MRS16 MRS25
R Range 0 4.99 10 1M 1to 10M
Resistance Tolerance % =1 =1
Resistance Seres E24, E96 E24, E9%6
Rated Dissipation, Pry W 0.4 0.6
Thermal Resistance (Rs) KW 170 150
Temperature Coefficient ppm/K + 50 + 50
Operating Voltage, Uy, AC/DC v 200 350
Basic Specifications |IEC 60 115-1 IEC 60 115-1
Climatic Category (IEC 60068-1) 55/155/56 55/155/56

Max. Resistance Change for Resistance Range,
AR max., after:

Load (1000 h, Pz

Long Term Damp Heat Test (56 Days):

MRS16: 4.99 00 < R <332 k0); MRS25:1 0= AR =1 M
MRS16: A > 332 ke, MRS25: R > 1 MO

Seldering (260 *C, 10 ):

MRS16: 499 00 < A <332 ki); MRS25: 1 1< R=1 M2
MRS16: A > 332 ke, MRS25: R > 1 MO

Short Time Overload:

MRS16: 4.99 0= R =332k, MRS25: 1 Q< R=1 MQ
MRS16: R > 332 ke, MRS25; R > 1 M)

+(0.5% R +0.050)

+(0.5 % R +0.05 )
+(2% R+ 0.050)

=(0.1% R + 0.050))
+(0.5 % R +0.050)

=(0.1%R+0.01)
+ (0.5 % R + 0.05 )

=(0.5% R+0050)

+(05% R+0050)
+2%A+0.050)

+(01 % R+0050)
+(05% AR +0050)

=(0.1 %R +0010)
+(05 % R+ 0.050)

Figure 3.14 - (Vishay, 2011)

As the datasheet shows, the maximum operating voltage 1s 350V, It has a low power
dissipation of 0.4W which is ideal as the less power lost through heat, the better. The thermal




resistance for this resistor is once again more than adequate at a maximum 150°C. The fact that it has
a film of metal alloy increases stability under load and helps increase longevity in harsh

environmental conditions.

R; = 4.60) is once again an obscure value and therefore the closest value will be used. The

TE Connectivity R Series Axial Fixed Resistor 4. 64k() +£0.1% 0.25W £15ppm/°C is a suitable resistor

for this design.

tyco
Electronics

Type R Series

Precision Metal Film Fixed Resistors

NEOHM

Type R Series

Characteristics -

Electrical
YR8 | ERS | CR8 | YR1 | ER1 | CR1 | YR2 | ER2 | CR2
Rated Power & 70 °C (W) 0125 025 05
P o I Resistance Range (ahms) Min 51R1 10R 10R
/ Max 511K M0 MO
/// (%) 0.1 0.25 0.5
- / Code Letter B C 0
’ Temperature Coefticlent (ppm/°C) | £15 | 225 [ 250 [ 215 [ 225 [ 250 [ =15 | 225 [ =50
Selection Series E96
. Limiting Element Valtage - Nominal (V) 200 | 250 | 350
The resistive element Comprises a thin Maximum Dverload ‘.nm {'ﬂ 400 l 500 I 700
film of nickel-chrome alloy evaporated — = Range (C) 1015
onto a high thermal conductwvity Dieleciric Strength (V) 500
caramic element. Metal end caps & Wsulation Resistanee Min Dry (Mohms) 10000
forca fitted to tha element pricr o Voliage Cosflicient Max (ppmiV) '5
spiralling to value. Tirned copper lead
wires are welded 10 the end caps and
Dimensions

the components are then coaled. One
coat of phencic resn is followed by
three coats of epoxy resin. All resistors
are tested for value and tolerance.

Key Features

u Precision metal film resistors
with lolerance to 0.1% and
temperature coefficients to
15ppm.

m Metal film resistors have
excellent stability under load
and severe environmental
conditions. They exhibit very
low moise current and vollage
coeficients. Precision melal
film resistors are particularly
suitable in all applications
where long-term stability is
important.

d D
Style L* D d nom
Re 33z01 1702 045
R1 63203 23202 0.6
R2 95205 35405 0.6

* Length is measured in accordance with IEC 294

Derating Curve

Pemen Rated Power

L]
M UTm W 1A e 1.

\z

Ambiest Temgirstura ("C)

Figure 3.15 - (Tyco Electronics, 2014)

Once again this is a metal film resistor which has low power dissipation at 0.125W and has a

suitable operating voltage of 200V, It also has a suitable operating temperature range of —65°C to

155°C.
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R3=2kQ and can easily be found at that exact value. The RS PRO 0623 Wire Lead Metal
Film Fixed Resistor 2k(2 #0.5% 0.6W £25% 1s a suitable resistor.

FRO

[ Electrical specifications

|

Power Operating Resistance
Type Rating Temp. Max. Max. Dielectric Range TCR
Operating  Owerload Withstandin
at 70°C Range Voltage Violtage q +0.05% +0.1% +0.25% +0.5% +1% (PPM/*C)
Voltage
100-1M0 100-4.99M0 =15
. %25
o0s 04w -55 ~ +155"C 200V 400V 300V L0G-1M0 L00-10M0 =
+
10-1M0 1010MC  0.10-10M0 100
100-1M0 100-4.99M0 =15
100-1M0 100-10MD +25
0623 06w -55 ~ +1557C 300V 500V SO0V
100-1M0 104-10M0 10-10M0) *50
10-140 1010MC  0.10-10M0 100
100-1M0 - %5
100-1M0 =10
+15
0932 1w -55 = +155°C 400V 600V SO0V 100- 140 100-10M0 =
®
100-1M0 100-10M0 450
10-1M0 1010M0  0.10-10MO 100
100-1M0 10034 99M0 %15
. 25
1145 W -55 ~ +155%C 500V 700V 700V 100-1M0 100-10M0
<50
10-140 1010M0  0.10-10MO £100
100-1M0 100-4.99M0 =15
- 285
1550 w 55 — +155%C SO0V 1000V 1000V 102-1M0 100-10M0 i
10-140 1I010MC  0.10-10M0 +100

Figure 3.16 - (RS, 2016)

Once again, this is a metal film resistor which gives it greater stability and resistance to harsh
conditions. The power dissipation is once again low at 0.4W, and the max operating voltage is more
than enough for this design. The operating temperature range is between —55°C and+155°C which is
more than enough for the temperature resistance requirement.

Crer = 0.1uF is the smallest capacitance available on RS.com, but is definitely obtainable.
The Nichicon Aluminium Electrolytic Capacitor 100nF 50V de Smm JIS C 5101-1 VY Series,
Through Hole Electrolytic, £20% is a suitable capacitor for the design. It has an operating temperature
range of =55°C to+105°C which is just over the maximum ambient temperature. The rated operating
voltage is from 6.3V to 450V, and the dielectric material is an aluminium oxide electrolyte. This
means that the capacitor has a relative permittivity of 9.6 which is much lower than other dielectric
capacitor types.




ALUMINUM ELECTROLYTIC CAPACITORS

. .
nl(:l'l icon

\'/

seres

Wide Temperature Range

cJ

Graler  AnBobart
Faatisa

m
i

@ One rank smaller case sizes than VZ series.

@ Compliant to the RoHS

directive (2002/95/EC).

VK
MSpecifications
Iem P Cl
Calegory Temperstrs Rangs | —55 o +105'C (6.3 10 100V), —40 o +105°C {160 1o 400V), — 25 to +105'C (450V)
Rated Voltage Range 6.3 to 450V
Raled Capacilance Range 0.1 to GB000pF
Capscitance Tolerance +20% at 120Hz, 20°C
Raded voltage (V) 6310 100 160 1o 450

Leakage Current

Alter | minule’s tion of rated

8 not more than 0.03CV of HMLwNmmia;f?mr.

Aler 2 minules’ application of rated voltage. leakage
i not more than 0.01CV o 3 (pA). whichever is grester.

leak; cument

cument

After 1 minute's application of rated voltage.
CV 2 1000: | =0.1CV+40 (uA) or loss

After 1 minute's application of rated voltage,
CV > 1000: | =0.04CV+100 (wA) of less

For capacitance of more than 1000uF_ acdd 0.02 for every increase of 1000F 31 - 120Hz, Termperature : 20°C
Tangent of loss angle (tan 5)| | Rated V) 6.3 10 16 | 25 | 35 | so | &3 100
tan & (MAX. 0.28 0.24 0.20 0.18 014 | o012 0.10 D
N Meaziwement frequency - 120Mz
Rated voltage (V B3 10 18|25 ] 351050 | 63 1o 100] 180 1o 200]250 1o 350] 400 | 450
CHACHIy atLOW: TR0 Tmpedance rabo l:::stc}: Z0C] 5 [ 3 2 z z 3 1l 4 ] e i
ZT 1 220 (MAX.) | Z=40°C { Z+20°C 10 8 [ [ 3 3 | 4 | 8 | 10 _—

The specifications listed at right shall be met when

‘Capacitance change

hin of the initial capacitance value

Endurance the capacitors are restored to 20°C afier the rated tan & 200% or less than the inital specified value
voltage is applied for 1000 hours at 105°C. Leakage current Less than of squal 15 he inlal specified value
Shelf Lile After storing the capacitors under no load at 105°C for 1000 hours and then performing voltage treatment based on JIS C 5101-4
clausa 4.1 at 20°C, they shall meeat the ified values for the end istics listed above.
Marking Printed with white color letter on black sleeve.
MRadial Lead Type Type numbering system (Example : 10V 330uF)
Some {PET L 123 486 678 8 BN
/_ u v Y [AJAEIE[TIMEID]
i T 50
Configuration s
' ] 3
e / 2 [——lT \’ Capaatarce werance | <20
Rated capaciance [3300F)
| Rated woltage (10V)
165 5p) LS o 15v Iw" B oo s
-
tren)
# Confguraton
o0 | 8 a3 a |10 J125] 16 [ 18 [20 | 22| 28 ———
P |20 [2s [as]so|so|rs]|vs Joofroo]12s *0 Phoiree PE T sioeve
od Jos |os Jos|os]os|oa [osfr1o0]io] 10 5 0b
# |os [osJosfos]os|os[osos]10] 10 - -]
810 PO
12510 18 HD
2010 25 RD

+ Please refer to page 20 about the end seal configulation.

Figure 3.17 - (Nichicon, 2010)

C1=100pF is the final component which was used simply used a very small value for
frequency compensation on pin 13 of the LM723CN. A suitable capacitor for this would be the
Vishay Multilayer Ceramic Capacitors MLCC - Leaded Axial 100pF 100volts COG +/-10%. Once
again it has an operating temperature range of —55°C to+125°C. This capacitor is a multilayer ceramic
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capacitor, Ceramic capacitors allow for much lower capacitances than electrolytic which is why it was

chosen for this design.

Mono-Axial

Vishay

Dipped Axial Multilayer Ceramic Capacitors

N _____A
VISHAY.

&)

for 50 - 100 Vdc
DIMENSIONS
. :-.‘; mm %“ RoHS
e'am':rnmpe e
eos Lb l_o.f
! t
5241215
CAPACITOR DIMENSIONS AND WEIGHT
SizE LDy © Dy b
38 25
o (0.150) (0.100) s
5.0 3.0
= (0.200) (0.120) i
Note
1. Dimensions between the parentheses are in inches
QUICK REFERENCE DATA
DESCRIPTION VALUE
Capacitance range 10 to 5600 pF 100 pF 1o 1.0 pF 0.1 pFto 1.0 pF
Rated DC voltage 50V [ 100V 50V | 100V 50V | 100V
I::f;iﬁ;’ﬁ;" +5%, +10% +10%, £20 % +80/-20%
Dielectric Code COG (NFO) X7R Y5V
ORDERING INFORMATION
A 103 K 15 X7R F 5 TAA
PRODUCT CAPACITANCE CAP SIZE CODE TEMP RATED LEAD DIA. PACKAGING
TYPE CODE TOLERANCE CHAR  VOLTAGE
A = Mono-Avial| [ Two significant J=25% |[15-88(0.15)max || C0G | [ F=50Vpg |[5=05mm (0207)|| TAA=T &R
digits followed by K=+210% 20=50(020) max.| | X7R | | H=100 Vpe| UAA = AMM
the number of M=220% Y5V
z8ros. Z=+80/-20%
[For eamgplee:
473 = 47000 pF

Ordering Example: A-103-K-15-X7R-F-5-TAA

Figure 3.18 - (Vishay, 2006)

All of the components chosen have been axial or radial which allows them to be put on a PCB

and soldered in place which adheres by what the specification requires. With all the component values
calculated, a design can be built in Multisim.
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Q1

ENCRSR Rsc Qutput
Cref —AAN———O
| 0.4Q
L
v R3 0.1pF
—24V 2kQ 1
R1
$5.4k0
C1 100pF 7 LM723CN 1
R2
%4.&(9
L GND

Figure 3.19
This regulator stage will be tested in Section 4.

3.2 - Input Stage
The input stage of the PSU includes a transformer, a rectifier and a smoothing capacitor.

Figure 3.20 - (ON Semiconductor, 2014)

Using the parameters from the regulator design, the ratings and values for these components
can be calculated.

VC(DC) = 15V

Input Vripple(p—p) =2V(p—p)

Vin = 24V

I, = 1.54

f =50Hz
3.2.1 - Smoothing Capacitor Calculations

Firstly, the minimum capacitance value must be calculated in order to obtain sufficient ripple
attenuation.
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= Vripp!e(p—p) % 100%
4 2\/2 X VC(DC)

2v

rp = — % 100% = 4.7%
Iz x15

Figure 8-5. Root-Mean-Square Ripple Voltage for Capacitor-Input Circuits

s ! R EEee
g% Circuit Parameter  H—
N Rs/Ry (%)  HA
.
30 A Lo (1
20 — .c.+10 [T
Hall-Wave -
-0
'\\\\:\ === 4
"y
g0 ™ Full-Wave e o=
5 10 =~ Y o
E 5o SRS ~ A .
g > SRS
4 .0 i
g * R
z NS
& S
ISNORL TR
1.0 \.:
0.7 ol
A
05 N,
A AN\ SN
S AN
' SN N
0.1 \QR\‘\
1.0 20 30 50 70 10 20 30 50 70 100 200 300 500 1000

wCR
Figure 3.21 - (ON Semiconductor, 2014)

By cross referencing the result for 77 on the Schade curve in Figure 3.21 it can be seen that

wCR, = 10~, This value can be used to obtain the range of B8 using the following Schade curve in

Ry
Figure 3.22.

Vewo) 15
o 00 0 = —— 0 = 0
v % 100% T 100% = 62.5%
R V.
—= = 20% or Rs = 0.2 (ﬂ) =02 %15
L Io
e 15 100
2l A5
Rg =20
The smoothing capacitor value can now be calculated:
_ OJCRL
" ey ()
0
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18.257
€ = ————— =5811uF

" 2150 (11—55)

Figure 8-3. Relation of Applied Alternating Peak Voltage to
Direct Qutput Voltage in Full-Wave Capacitor-Input Circuits

100 I 1 —
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1

1
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30

0.1 1 10 100 1000

wCRy (CIN FARADS, Ry IN OHMS)
w = 2nf,{= Line Frequency

Figure 3.22 - {ON Semiconductor, 2014)

3.2.2 - Rectifier Calculations
The rectifier ratings can now be calculated beginning with the average current per diode

Ir(avg) = lo for half — wave rectification

I
= iofor full — wave rectification

1.5
"F(av_g) = T = 0.754

Next RMS and PEAK repetitive rectifier current ratings can be determined:
Ipermsy = 2 X Ip(avg) = 2 X 0.75 = 1.54
Irpeaiy = 5-2 X Ip(avg) = 5.2 X 0.75 = 3.94

Rectifier PIV rating for a full wave bridge circuit 1s equal to Vm. It should be increased by at
least 20% as a safety precaution.

PV =V, = 24V = 40V for safety




Maximum surge current [surge can be calculated using the ESR from the capacitor
datasheet. Therefore, a capacitor must be selected. The United Chemi-Con Aluminium Electrolytic
Capacitors - Radial Leaded 5600uF 25 Volts 20% is a suitable capacitor with a close enough value to
5811uF. It has an operating temperature range of —40°C to+125°C and an operating voltage range of
25V to 400Vde. It is once again an aluminium oxide electrolytic capacitor which is an ideal choice for

such a high capacitance value.

High ripple, 125°C

MINIATURE ALUMINUM ELECTROLYTIC CAPACITORS

G XFseries

@Downsizing and high-ripple current version of GXE seres
©For automobile modules and networking equipment and other high lemperature applications

@Endurance with ripple current : 3,000 hours at 125°C

@ Solvent resistant type axcept 160 to 400Vd:

@RoHS2 Compliant

@ AEC-0200 compliant : Pleasa contact Chami-Con for mora details, test data, information.

e —
o F e g

@SPECIFICATIONS
ems Characteristics
 Tempertauee Fange | 4010 +125%
Rated Voltage Range | 25 to 400V,
Car 120%(M) (20°C. 120Hz)
Leakage Current 25 to 100Va 160 to 400V
I=0.03CV or 4 A, whichewver is greater, CV=1.000 [I=0.1CV+40
CV>1,000 [I=0.04CV+100
Whera, | - Max. leakage current (i A), C : b citance (u F). V : Rated voltage (V) (st 20°C after 1 minute)
Dissipation Factor | Rated voltage (Va) |25v1§v | sov | e3v | sov [100v 160 to 250v | 350 10 400V
(tand) tan 4 (Max) [o1a]o12 o100 ooa|0o8] 015 | 020
When nominal capacitance exceads 1,000 F, add 0.02 o the value above for each 1,000  F increasa. (at 20°C, 120Hz)
Low Temperature Rated voltaga (V.) 25v | 3sv [ sov | eav | sov [100v 160 to 250v] 350 10 400V
Characteristics  |"7(257C)Z(+20C) szl |2]|a]|s 3 5
(N * | 2(40C)2(+20C) 4 4 4 4 4 4 & 12 (at 120Hz)
Endurance The following specifications shall be satisfied when the capacitors are restored to 20°C after subjected to DG voltage with the rated
ripple current is applied (the peak voltage shall not exceed the rated voltage) for the 3,000 hours at 125TC.
Rated Voitage 25 o 100V 160 to 400V
Capacitance change =230% of the initial value = £20% of the initial value
D.F. (tand ) S300% of the initial specified value S200% of the initial specified value
Leakage current = The initial specified value = The initial specified value
Shelf Life The following specifications shall be satisfied when the capacitors are restored to 20°C after exposing them for 1,000 hours
(500hours for 160 to 400V=) at 125°C without voltage applied. Before the measurement, the capacitor shall be preconditioned by
applying voltage according to Item 4.1 of JIS C 51014,
Rated Voitage 25 to 100V, 160 to 400V,
Capacitance change S 1 30% of the initial value = +20% of the initial value
D.F.(tand) Z300% of the initial specified value =200% of the initial specified value
Leakage current = The initial specified value =500 of the initial specified value
@®DIMENSIONS [mm]
@Terminal Code : E
Sleave (PET : Brown| oy wy
,,_.5 3 ¥ bl [eb] 10 [125[1as] 16 | 18
i HEE @ d | 0.6 | 0.6 | 08 0.8 0.8
3| A P ] = F |50(50]75]|75]75
PP 11 L1 ED+0.5max.
Vant L 15min. | Arvin, ®10) {12510 18) - oL °

Gas escape end ssal

Figure 3.23 - (Nippon Chemi-Con, 2009)

From the Figure 3.2.4 it can be seen that the ESR for a 5600pF capacitor at 25V at 20°C is
0.02000max/100kHz. Therefore, Isurge can be calculated.

Isurge =

Vin

24

= 11.884

Rs+ESR 240

.02
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3.2.3 - Transformer Calculations

Fally, the transformer ratings can be calculated starting with the secondary leg RMS voltage
where n = 2 for full-wave;
_ (Vi + (n)1.0)

V2

24 +2
V= \/5 = 18.38Vyms

Secondary resistance was previously calculated to equal 2€), the secondary rms current is
caleulated,

Ve

Secondary RMS current = V2 x Loms = 2.124
The VA rating can now be calculated using [rms from the primary;
VA = Vo X s % V2
VA =18.38 x 1.5 x V2 = 38.99VA

3.2.4 - Sclecting a Transformer

The smoothing capacitor was already selected in the previous stage. This leaves the
transformer and the rectifier to be selected. The transformer should step down the voltage from 230V
to 24V as that is the required voltage for the regulator to output correctly. It must also have a VA
rating of at least 38.99VA, +10VA for safety. The RS PRO 50VA 2 Output Chassis Mounting
Transformer, 24V ac transformer suits this requirement perfectly. It being chassis mounted makes it
easy to mount within an enclosure keeping it secure and safe from the environment.

RS
=

Datasheet

Clamp Mount Transformer series, 230V

RS Pro

The Clamp Mount Transformers 6VA to 50VA are high
quality isolating transformers designed for use in general
applications. The two independent secondary windings may
be connected in series or parallel to give a wide range of
output voltage and current options. Designed according to
the following specifications.

» Low noise laminalions
» Double section bobbin construction
+ Fully shrouded bobbins

- i Powar: 6-50 VA
2-hole clap fixing Fraquency: 50/60 Hz
. 1 Pr - VAG
*  Solder lag terminations s«:ﬂmaq. 2;’ 2% 6,2x0, 212,
i ! 2x152x18 2 x 0 2524V
Full vamish impregnation e e %
+  Optional terminal shrouds Temp class:  Ta (70%) /B
Protection cl.: IP0D
+ Detailed product specification on permanent label Acoording to: EN61558-1 and
ENG1558-2-6
+ High efficiency. low regulation design
*  100% electrical and flash tested
e

Figure 3.24 - (RS Pro, 2014)
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3.2.5 - Seclecting a Bridge Rectifier

The rectifier has a requirement of a PIV of 40V, and an I (peqx) of 3.9A. The rectifier will
convert the stepped down AC voltage from the secondary to DC ready to be smoothed by the
capacitor. The Vishay GBPC606-E4/51, Bridge Rectifier, 6A 600V, 4-Pin GBPC fits these
requirements and is also through hole making it easy to mount on the PCB.

VI-SHA\!. GBPC6005, GBPC601, GBPC602, GBPC604, GBPC606, GBPC608, GBPC610

v vaww.vishay.com Vishay General Semiconductor

Glass Passivated Single-Phase Bridge Rectifier

FEATURES
- 3 — UL recognition file number E54214
- * Ideal for printed circuit boards
% % * Typical I less than 0.5 pA
* High surge current capability
E b RoHS
i » High case dielectric strength 1500 Vaus COMPLIANT
‘ e - » Solder dip 275 *C max. 10 s, per JESD 22-B106
Case Style GBPC6 * Material categorization: For definitions of compliance
please see www.vishay.com/doc?39912
PRIMARY CHARACTERISTICS s
Package GBPCS General purpose use in AC/DC bridge full wave recti.rication
) oA for power supply, home appliances, office equipment,
v industrial automation applications.
o 50V, 100 V, 200 V, 400 V, 600V,
. 800V, 1000V
I MECHANICAL DATA
e 175 A
n 5 A Case: GBPC6G
Veallr=30A 0V Molding compound meets ‘UL 94 V-0 ﬂa_mrnability rating
s 150°C Base P/N-E4 - RoHS-compliant, commercial grade
e Termi Silver plated leads, solderable per
Diode vexletions Cuad J-8TD-002 and JESD22-B102

Polarity: As marked, positive lead by beveled corner
Mounting Torque: 10 cm-kg (8.8 in-lbs) maximum
Recommended Torque: 5.7 cm-kg (5 in-lbs) maximum

MAXIMUM RATINGS (T, = 25 °C unless otherwise noted)

PARAMETER e | e [ | | oo [ | Ses=| N | e
Maximum repetitive peak voltage Veam 50 100 200 400 600 800 1000 v
Maximum AMS bridge input voltage Veass a5 70 | 140 | 280 | 420 | se0 | 700 | v
Maximum DC blocking veltage Voe 80 100 200 400 600 800 1000 v
Maximum average forward Te=50"Ci@ i 6.0 A
rectified output current at Ta=d0°CA ) 3.0

e e —— | )
Rating for fusing (t = 8.3 ms) 12 127 AZs
Operating junction and storage temperature range | Ty, Tere - 5510 + 150 *C

Notes

% Bolt down on heat-sink with silicone thermal compound between bridge and mounting surface for maximum heat transfer with #6 screw
@ Unit mounted on 5.5" x 6.0" x 0.11" thick (14 ¢m x 15 cm x 0.3 em) aluminum plate

® Unit mounted on PCB at 0.375" (9.5 mm) lead length with 0.5" x 0.5° (12 mm x 12 mm) copper pads

Figure 3.25 - (Vishay, 2013)
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3.3 - Heatsink Design

A heatsink is required to help direct heat away from the transistor to prevent it from being
damaged. This heatsink will be a single fin of metal which will be calculated below;

The package dissipation of a transistor is essentially the power dissipated vs power output.
From looking at Figure 3.10 it can be seen that P, = 0.65°C /W . The junction-tfo-case thermal
resistance 8] C can also be found on the data sheet as 1.52°C. This can then be used to calculate the
required heatsink-to-ambient (65 A4) thermal resistance.

For a desired maximum junction temperature 8j(;mqy) = 125°C the equation to calculate the
heatsink-to-ambient temperature is;

Os4 = (T" —Ta

SA P,

8¢s can be found from Figure 3.26.

) —Bes — Gy

Table 15-1. 6¢g For Various Packages & Mounting Arrangements

Ocs
Metal-to-Metal* Using an Insulator*
With Heatsink With Heatsink
Case Dry Compound Compound Type
i g 0.36°C/W 3 mil MICA

10-204 UDIC 0APC/W 0.28°C/wW Anodized Aluminum
TO-220 1.2°C/w 1.0°CIw 1.6°Cw 2 mil MICA

Figure 3.26 - (ON Semiconductor, 2014)

Therefore;
125 — 100 .
o= (W) — 1.6 — 1.52 < 35.34°C/W (Required)

In order to design a heatsink for this design multiple variables must be found to be used on a
nomograph. This will show how efficient the heatsink will be and if it meets the requirement of
35.34°C/W.

A = Area of the Heatsink Surface
n = Heatsink Ef fectiveness
F. = Convective Correction Factor
h. = Convection Heat Transfer Coef ficient
€ = Emissivity
H, = Normalized Radiation Heat Transfer Coefficient

Using the values already known, these variables can be found. Firstly, h,.
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Figure 15-1. Convection Coefficient (h.)
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By cross referencing Ts — Ty = 25, with the curve where L. = 27, h, can be found to equal

Ts - Tp, FIN TEMPERATURE RISE OF PLATE (°C)

Figure 3.27 - (ON Semiconductor, 2014)

4.5 x 1073, F, can be found using Figure 3.28.

*If greater precision is desired, or
more information on heat flow and
heatsinking is sought, consult the
references list at the end of this

Significant Dimension L

Correction Factor F.

Surface Position L Position Fe
Vertical Height (max 2 ft) Vertical Plane 1.0
Rectangular Plane ) length x width Horizontal Plane
Horizontal m both surfaces 1.35
exposed
Circular Plane Vertical n /1 x diameter Top only exposed 0.9

For this design a rectangular fin placed vertically will be used. Therefore F. = 1.0.

Hy , NORMALIZED RADIATION COEFFICIENT
W/in2 - °C) x10 -2

Figure 3.28 - (ON Semiconductor, 2014)

Figure 15-2. Normalized Radiation Coefficient (H,)
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Figure 3.29 - (ON Semiconductor, 2014)
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H,. can be found using Figure 3.29. T, = 100°C therefore H, = 0.8 X 1072, Finally, the

emissivity can be found using Figure 3.30. For an anodized aluminium heatsink. the emissivity is 0.7

to 0.9. For this design an emissivity of 0.8 will be used.

Table 15-4. Typical Emissivities of Common Surfaces

Surface Emissivity ()

Alodine on Aluminum 0.15
Aluminum, Anodized 0.7t0 0.9
Aluminum, Polished 0.05
Copper, Polished 0.07
Copper, Oxidized 0.70
Rolled Sheet Steel 0.66

Air Drying Enamel (any color) 0.8510 0.91
Qil Paints (any color) 0.92 to 0.96
Varnish 0.89 10 0.93

Figure 3.30 - {ON Semiconductor, 2014)

Using these variables in the following formula the fin effectiveness of the heatsink can be
found using a nomograph.

hy = F.h, + €H,
hy = (1x45x1073) + (0.8 x 0.8 x 10~%) = 0.0514

Since the heatsink is rectangular D can be found;

T
P— b—"‘sl‘(

A
D=\ ifapb>ss&b<2a

Figure 3.31 - (ON Semiconducitor, 2014)

For a heatsink with a thickness (S) of 0.1 inches, width (b) of 2 inches and a height of (a) 5 inches:

D=

V4 x3

Fmally, the nomograph can be plotted;
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Fin Thickness
For For hy = Fehe+e H,
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Figure 3.32

The nomograph shows that with the previously stated dimensions, and being constructed out
of anodized aluminium, the heatsink will have a fin effectiveness of 94%. With the fin effectiveness,
the heatsink-to-ambient thermal resistance of this heatsink can be calculated;

1
9 = e—
47 An(F.h. + €H,.)

1
O54 = 12x 0.94((1 x 4.5 x 10-3) + (0.8 x 0.8 x 10~2))

= 17.248°C/W

17.248°C/W 1s quite far off from the required 35.34°C/W. 4"X3" is too large of a fin and needs to
be reduced m order to mcrease its effectiveness; A = 4x2 = 8"

1
bsa = 8x0.94((1 x 45 x 1073) + (0.8 x 0.8 x 1073)) 25871°C/W
The heatsink is still too large. 4 = 4" x 1" = 4"
1
= 51.74°C/W

Bou =
347 4% 0.94((1 x 4.5 x 10-3) + (0.8 x 0.8 x 10-3))
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The heatsink is slightly too small now and needs to be increased: A = 5" x 1" = 5"

1
B, =
A7 5% 0.94((1 x 4.5 x 10~3) + (0.8 X 0.8 x 10-3))

= 41.394°C/W

The heatsink now has an ideal heatsink-to-ambient thermal resistance. Since this designed
heatsink 1s just a single fin instead of multiple, it would be more practical to find a heatsink with an
identical heatsink-to-ambient thermal resistance. A SPREADFAST Heatsink, 20.3 °C/W (@ 400 lfm,
38.7 °C/W (@ 100 1fmm, 19 x 19 x 6mm would be an ideal candidate as it has a thermal resistance of
38.7°C /W when under an airflow of 100 Ifin (linear feet per minute).

Specifications

Attribute

Length

Width

Height

Dimensions 19 x 19 x 6mm

Thermal R 20.3 "C/W @ 400 Ifm, 38.7 “C/W @ 100 fm
Mounting Adhesive, Screw

Colour White

Application Chipset, Cooling, IC Cooling, LED, Metal Heat Sink Replacement,
Power Modules

Spedial Features Good EMC, Good Heat Spreader, Good Thermal Cyding Stability,
High Breakdown Voltage, High Volume Resistivity, Ideal for Direct
Metalisation, Lower Density

Series Ceramic Heat Spreader Circular Pin Fin

Figure 3.33 - (SPREADFAST, 2001)

3.4 - Enclosure

As the specification states, the enclosure must be made of a hard-wearing material to ensure it
is protected from vibrations, general use, fluids and the temperature. The Schneider Electric Steel
Wall Box IP66, 200mm x 400 mm x 400 mm is a suitable enclosure for the design. It is made out of
steel which will withstand the environmental requirements, and 1s wall mounted which allows for
convenience and easier maintenance when the time comes.

It is by far big enough to house the entire design. By far the largest component is the
transformer which has dimensions of 79 x 62 x 65mm. The extra room within the enclosure would
allow for future fan installations, or even the housing of another system. The enclosure is also
lockable to ensure no health and safety risks while locked. It also meets IEC62208 standards for
health and safety.
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Product datasheet

NSYS3D4420P

Characteristics Spacial S3D plain door with mount.plate.
H400xW400xD200 1P66 IK10 RAL7035.
. Main
Fr— Range Spacial
Product name Spacial S3D
Device application Multi-purpose
Produd or component type Compact enclosure
. Enclosure nominal height 400 mm
Enclosure nominal width 400 mm
Enclosure nominal depth 200 mm
Door type Plain
Mounting plate description Plain
Type of gland plate Standard
Installalion accessory lype Wall-mounting
Device compaosition Body 1

Complementary

Mounting plate 1
Door with lock 1

Cable gland plate 1

Variant particularity

Gutter-shaped front rail double sheel thickness

Single plece body

Number of doors

1 front face

Door opening

Reversible 120 *

Lock type

3 mm double-bar lock

Accessibility for operation

Front

Removabile parns

Door by hinges

Cable gland plate by screws
Mounting plate by fixing element

Material Galvanised steel lor mounting plate
Sieel for enclosure
Surface finish Epaxy-polyester powder enclosure
Colour Gray RAL 7035 enclosure :
Standards |EC 62208
Product certifications BY
CuL
DNV
GL
LR
uL

Figure 3.34
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Overall Size Fixing

LxDxH [mm] C [mm] Slot size

45x40x 37 535 4x55

59 x 50 x50 70 4.7x8.7

59x57x50 70 4.7x8.7

79x62x65 92 4.709.5
Figure 3.35

Weight

0.55

1.0

(5]
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4 - Testing, Results and Analysis

In order to test the design, both the input stage and the regulator stage will be built in
Multisim using the component values calculated previously. They’ll both be individually tested, and
then combined to see if the final output meets the specification.

4.1 - Input Stage Testing

D2 D3 RS1 v+
] e AN : o
2Q c1 RL1

+5811MF 10Q

Figure 4.1

The output for the input stage should be a d.c. voltage of 24V. This is because the transformer
is stepping the input a.c. voltage down to 24V, and the bridge rectifier is rectifying it to d.c. The
smoothing capacitor is smoothing the output waveform by charging / discharging as the d.c. voltage
increases then decreases.

Oscilloscope-X5C1 X

s :

Ll D o i bt et M Al et an ey B At

< >
1€ Time Channel_A Channel_B
— 21.693s 24,111V Reverse
+ *| 216895 25,772V -

< ave
271 -4,545 ms 1.661V e
Timebase Channel A Channel B Trigger
Scale: =] Scale: |20 V/Div Scale: | 5 V[Div Edge: [£]%] El B |Ext

X pos. (Div): E Y pos.(Div): | 0 Y pos.(Div): | O Level: |[p I'u
[v/T]/add| [B/a |[AB | [Ac] 0 |[DC] ac|[ 0 |[oc][- Single | Normal | Auto :

Figure 4.2

As Figure 4.2 shows the output of the input stage is roughly 24V d.c. and is rippling slightly.
This ripple is peak to peak voltage of 1.6V which is less than the 3V specified for the nput stage.
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Therefore, the input stage meets the specification. Figure 4.3 shows the effect removing the
smoothing capacitor has on the output waveform.

Oscilloscope-XSC1

<

a @ Time Channel_A Channel_B
s OB 59745 3.838V

*%| 29745 9,838V | |
T2T1 0.000s 0.000V Save Ext. trigger
Timebase Channel A Channel B Trigger
Scale: | 10 ms/Div El Scale: |—20 V/Div Scale: |—5 V/Div Edage: [£] %] E 8 |lExt
X pos.(Div): | 0 | ¥ pos.(Div): | 0 Y pos.{Div): | 0 Level: v
[v/r]add| B/al[am | [ac] o |[oc] ac|[o |[oc][- | |single | |Normal | Auto [None .

Figure 4.3

Without the smoothing capacitor the output voltage would fluctuate way too much to be
useful to the regulator circuit.

4.2 - Regulator Stage Testing
Q1
EHOSEOA Rsc Output
Cref ' AN o
It 0.4Q
] 1z U1
v R3 0.1pF ~eerve
—24V 2kQ e ]
T waco ) R1
b 5.4kQ
€1 100pF 7 LM723CN ;
R2
4.6kQ
o
1 GND
Figure 4.4




To test the regulator circuit alone a 24V d.c. source is being used. The output from this stage
should be a steady 15V, and 1.5A.

Oscilloscope-X5C1 X
< >
Time Channel_A Channel_B
E € ¥l 257 574ms 15,053V Reverse
* || 257.574ms 15,053V -
L5 ave
T2-T1 0.000 s 0.000V Ext. trigger
Timebase Channel A Channel B Trigger
Scale: Scale: |10 V/Div Scale: |5 V[Div Edge: [F]%E El B ||Ext
X pos. (Div): E Y pos.(Div): | 0 Y pos.(Div): |0 Level: |[p I v
add|[s/al[am] [ac| o ac [0 |[oc][- Single |Normal ||Auto |[None |

Figure 4.5

Multimeter-XMM1

1.537 A

X

~ ] [=]

Set...

Figure 4.6

Both requirements for the regulator were accurately met with a inaccuracy of 0.23% for the
current and 0.004% inaccuracy for the voltage.




4.3 - Combined Stages Testing

1 - D2 D3 RS
V1 — : A
/Jr\ 230Urms 2 ) ] 20
{ = J8OHz ‘||§
e _%_ e D1 D4 ‘

+1]

ZN?PEEA Rsc1 Output
Crefl ¢ £ 4 —AAN -
\ ‘ 0.40
+
Ter LRL . [ —||—: e #
& : 5.4k0
==s811yF Z100 €2 100pF © T LM723CN 5
1 } I
:ﬁgt.sk.ﬂ
GND

Figure 4.7

This test is to see if the input stage provides a suitable input for the regulator to produce a

15V d.c., 1.5A output.

Oscilloscope-XSC1 X
y2 ¥ ,
@ 5
< >
I Time Channel_A Channel_B
E * | 51085 15,050 V Reverse
**| 95005 15,050 V -
- ve
T2T1 1,392s -40,361uV 20 S
Timebase : Channel A Channel B Trigger
Scale: : Scale: | 10 V/Div Scale: [5 V{Div Edge: [F]%] El B Ext
X pos.(Div): | 0 | ¥ pos.(Div): | 0 ¥ pos.(Div): |0 Level: |U | v
[v/7)add|[e/a| aB | [ac][ 0 |[oc] ac|[o|[oc] - |Single | Normal | Auto [None |

Multimeter-XMM1 X

Figure 4.8
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Figure 4.9




These readings prove that both the input stage and regulation stage designs work as intended
and adhere to the specification. To show the importance of the smoothing capacitor, it has been
removed and Figure 4.10 shows the output waveform.

Oscilloscope-X5C1 X
L3 h2.d "

< >
Ti (¢ Time Channel_A Channel_B

T2 L 3.035s 15.043V

€ ?| 30545 15,051V -
T S

T2-T1 18,182 ms 8.557 mV ave Euk i
Timebase Channel A Channel B Trigger

Scale: Scale: | 10 v/Div Scale: r5 V/Div Edge: 2| [a]B]Ext
¥ pos.(Div): | O Y pos.(Div): | 0 Y pas. (Div): \ 0 Level: |[p I v
Add..BfA |AB| |AC| O AC | O @ - Single || Normal | Auto .

Figure 4.10

As shown. the PSU no longer provides a steady voltage and instead fluctuates. This provides
a much lower average voltage which no longer meets the specification;

Multimeter-XMM1 X

11946V

Dinloic
~r] =]

Set... =

Figure 4.11
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Conclusion

The first part of the assignment was to design each part of the PSU so that it met the
requirements set by the specification. For each subsystem calculations were done which provided
component values that coincided with those provided in course material and theory. This provided
very accurate simulation results. Both the voltage and current requirement were extremely close to

those provided in the specification.

The choosing of components took some time as there were a lot of various models for each
component type. However, the most economical were chosen for each that also fit the requirements
for the PSU. All of the chosen components have a operating temperature range which exceeds the
required temperature resistance while also meeting the operating voltage and any other parameter
requirements. Below is a table of all the components and their prices;

Transformer, 24V ac

Component Price per Individual (£)
Schneider Electric Steel Wall Box 75.04

SPREADFAST Heatsink, 20.3 °C/W (@ 400 0.92

Ifm, 38.7 °C/W (@ 100 Ifm, 19 x 19 x 6mm

Vishay GBPC606-E4/51, Bridge Rectifier, 6A 1.359

600V, 4-Pin GBPC

RS PRO 50VA 2 Output Chassis Mounting 15.83

Nichicon Aluminium Electrolytic Capacitor
100nF 50V de Smm JIS C 5101-1 VY Series,
Through Hole Electrolytic, £20%

0.43 (Box of 10)

RS PRO 0623 Wire Lead Metal Film Fixed
Resistor 2k +0.5% 0.6W £25%

0.90 (Box of 100)

Arcol AP851 Series TO-220 Radial Fixed
Resistor 400m £5% S0W

6.83

Vishay MBB0207 Series Axial Thin Film Fixed
Resistor 4.64kQ £1% 0.6W £50ppm/°C

1.00 (Box of 50)

Vishay MRS25 Series Axial Thin Film Fixed
Resistor 5.36k() £1% 0.6W £50ppm/°C

1.00 (Box of 25)

Capacitors — Radial Leaded 5600uF 25 Volts
20%

Vishay Multilayer Ceramic Capacitors MLCC — | 0.14
Leaded Axial 100pF 100V COG +/-10%
United Chemi-Con Aluminium Electrolytic 1.74

TE Connectivity R Series Axial Fixed Resistor
4.64kQ #0.1% 0.25W £15ppm/°C

3.85 (Box of' 5)

Total:

108.119

The specification stated that the price should not exceed £120 which as the table shows, has
not been exceeded. However, the bulk of the price comes from the enclosure. This could be replaced
by a smaller, cheaper enclosure however that would reduce the chance for future developments being
made. or fans being added to help deal with the heat.

All the components and design configurations used in the assignment meet the health and

safety standards provided by the IEC.
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A broad understanding of different design methods such as top-down and bottom-up has been
achieved along with an appreciation for what actually goes in to picking components needed for a
project. There are a lot of parameters that require attention so that the right choices are made.

The design for the heatsink could have been done better using more complex theory to derive
a method of designing a suitable heatsink with more than one fin. A physical circuit would also have
been a valuable learning exercise to conduct a practical test and compare with theory and simulation.

40




6 - Reference List

ARCOL. (2015). AP851 50 Watts TO-220 High Power Resistors. Retrieved from RS Components:
https://docs-emea.rs-online.com/webdocs/130£/0900766b8130ffcd. pdf

CUI inc. (2018, June). Power Supply Safety Standards, Agencies, and Marks. Retrieved from CUI :
https:/Avww.cui.com/catalog/resource/power-supply -safety-standards-agencies-and-marks.pdf

Health and Safety Executive. (2018). Electrical Safety at Work. Retrieved from HSE:
http://www. hse. gov.uk/electricity/

Motorola. (2016). MC1723C Toltage Regulator. Retrieved from Datasheet Catalog:
http://www.datasheetcatalog. com/datasheets_pdf/M/C/1/7/MC1723C.shtml

Nichicon. (2010). Ahuminium Electroivtic Capacitors. Retrieved from RS Components: https:/docs-
emea.rs-online.com/webdocs/143e/0900766b8143e698 pdf

Nippon Chemi-Con. (2009). Miniature Aluminium Electrolytic Capacitors. Retrieved from Mouser
Electronics: https:/Avww.mouser.co.uk/datasheet/2/420/United-Chemi-Con-1016798.pdf

ON Semiconductor. (2013, September). Complementary Silicon High-Power Transistors. Retrieved
from Onsemi: https:/www.onsemi.com/pub/Collateral/2N3055A-D PDF

ON Semiconductor. (2014, April 4). Switch-Mode Power Supply Reference Manual. Retrieved from
Onsemi: https://www.onsemi.com/pub/Collateral/SMPSRM-D.PDF

RS. (2016). Datasheet: Metal Film Resistor. Retrieved from RS Components: https://docs-emea.rs-
online.com/webdocs/1655/0900766b81655eb0. pdf

RS Pro. (2014). Clamp Mounted Transformer Series, 230V. Retrieved from RS Components:
https://docs-emea.rs-online.com/webdocs/15¢2/0900766b8 15¢22dd.pdf

Shah, S. (2012). Writing a Product Design Specification. Hitchin: Jensen Consulting.

SPREADFAST. (2001). Heatsink Datasheet. Retrieved from RS Components: https:/uk.rs-
online.com/web/p/heatsinks/123563 1/

Texas Instruments. (2013, April). LM723/LM723C Voltage Regulator. Retrieved from Texas
Instruments: http:/Avww. ti.com/lit/ds/symlink/Im723 .pdf

Tyco Electronics. (2014). Type R Series Precision Metal Film Fixed Resistors. Retrieved from RS
Components: https://docs-emea.rs-online.com/webdocs/1070/0900766b810706¢2. pdf

Vishay. (2006, Januvary 17). Dipped Axial Multilayer Ceramic Capacitors. Retrieved from Mouser
Electronics: https:/Avww.mouser.co.uk/datasheet/2/427/maseries-1211360.pdf

Vishay. (2011, August 17). MRS16, MRS25 Professional Thin Film Leaded Resistors. Retrieved from
RS Components: https://docs-emea.rs-online.com/webdoes/0d9a/0900766b80d9a016.pdf

Vishay. (2013. July 08). Glass Passivated Bridge Rectifier. Retrieved from RS Components:
https://fuk.rs-online.com/web/p/bridge-rectifiers/1657035/

41




7 - Bibliography

ARCOL. (2015). AP851 50 Watts TO-220 High Power Resistors. Retrieved from RS Components:
https://docs-emea.rs-online.com/webdocs/130£/0900766b8130ffcd. pdf

CUI inc. (2018, June). Power Supply Safety Standards, Agencies, and Marks. Retrieved from CUI
https:/Avww.cul.com/catalog/resource/power-supply -safety-standards-agencies-and-marks.pdf

Health and Safety Executive. (2018). Electrical Safety at Work. Retrieved from HSE:
http://www. hse. gov.uk/electricity/

Motorola. (2016). MC1723C TVoltage Regulator. Retrieved from Datasheet Catalog:
http://www.datasheetcatalog. com/datasheets_pdf/M/C/1/7/MC1723C.shtml

Nichicon. (2010). Aluminium Electrolytic Capacitors. Retrieved from RS Components: https:/docs-
emea.rs-online.com/webdocs/143e/0900766b8143e698 . pdf

Nippon Chemi-Con. (2009). Miniature Aluminium Electrolytic Capacitors. Retrieved from Mouser
Electronics: https:/Avww.mouser.co.uk/datasheet/2/420/United-Chemi-Con-1016798.pdf

ON Semiconductor. (2013, September). Complementary Silicon High-Power Transistors. Retrieved
from Onsemi: https:/Avww.onsemi.com/pub/Collateral/2N3055A-D PDF

ON Semiconductor. (2014, April 4). Switch-Mode Power Supply Reference Manual. Retrieved from
Onsemi: https://www.onsemi.com/pub/Collateral/SMPSRM-D.PDF

RS. (2016). Datasheet: Metal Film Resistor. Retrieved from RS Components: https://docs-emea.rs-
online.com/webdocs/1655/0900766b81655eb0. pdf

RS Pro. (2014). Clamp Mounted Transformer Series, 230V. Retrieved from RS Components:
https://docs-emea.rs-online.com/webdocs/15¢2/0900766b8 15¢22dd.pdf

Shah, S. (2012). Writing a Product Design Specification. Hitchin: Jensen Consulting.

SPREADFAST. (2001). Heatsink Datasheet. Retrieved from RS Components: https:/uk.rs-
online.com/web/p/heatsinks/123563 1/

Texas Instruments. (2013, April). LM723/LM723C Voltage Regulator. Retrieved from Texas
Instruments: http:/Avww. ti.com/lit/ds/symlink/Im723 .pdf

Tyco Electronics. (2014). Type R Series Precision Metal Film Fixed Resistors. Retrieved from RS
Components: https://docs-emea.rs-online.com/webdocs/1070/0900766b8 10706¢2.pdf

Vishay. (2006, Januvary 17). Dipped Axial Multilayer Ceramic Capacitors. Retrieved from Mouser
Electronics: https:/Avww.mouser.co.uk/datasheet/2/427/maseries-1211360.pdf

Vishay. (2011, August 17). MRS16, MRS25 Professional Thin Film Leaded Resistors. Retrieved from
RS Components: https://docs-emea.rs-online.com/webdoes/0d9a/0900766b80d9a016.pdf

Vishay. (2013. July 08). Glass Passivated Bridge Rectifier. Retrieved from RS Components:
https://fuk.rs-online.com/web/p/bridge-rectifiers/1657035/

42




Sam Harries - Electronic Design - Final

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

84/1 00

Instructor

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




GRADING FORM: ASSIGNMENT RUBRIC 2018

DAVID HARRIES

84

ENGAGEMENT WITH LITERATURE

[

y‘ There was evidence of extensive further reading

and research from credible and reliable sources.
Your interpretation and understanding of the
additional research was very good and
demonstrated a deep underlying appreciation of the
subject. Your references were consistently applied
and appropriate to the task and your reference list
was of an appropriate length for this assignment.

KNOWLEDGE AND UNDERSTANDING

[

I‘ The knowledge and understanding of the subject

demonstrated by this assignment was generally
excellent. There were very few gaps in your
knowledge of the basic principles and your
understanding of the higher level concepts was
demonstrated to a high degree. You have
demonstrated a highly competent critical
understanding of the main concepts and expanded
your knowledge well beyond that contained in the
course notes.

COGNITIVE AND INTELLECTUAL

27

(




yﬁ

Your analysis of the task was excellent, both in
class and as shown in this assignment. 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 relating your
practical results to accepted theory. You have
demonstrated a capacity for independent thought
and your interpretation of the quantitative and
qualitative data was exceptional with sound
judgements based on wholly valid arguments.

PRACTICAL APPLICATION

25

[

yﬁr

Your application of practical skills for this task was
generally excellent. 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 written.

TRANSFERABLE SKILLS FOR LIFE

18

[

i#

In this assignment you have demonstrated skills in
working individually and also collaboratively. Your
written report was written in a professional and

confident style, however you still need to be more



efficient with your word count. The report was very
well presented, with excellent diagrams in
appropriate places, good sentence/paragraph
structure and clear calculations. | would however
recommend putting datasheets etc in the annexes
to aid the readability of the main report.
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