
2. Overview of the project 
2.1 Project Life Cycle 

I Background study and requirement analysis 

j Proposal of solutions and evaluation of Alternatives I 

~ Design of the embedded layer 

Design of the hardware interfacing 

Synchronizing and testing 

Employment of the system to the application 
I 

Documentation and submitting of the project to the 
university 

Figure 2. 0 I: Project Life cycle 
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2.2 Project timeline 
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Figure 2.02: Project Time line 

2.3 Design Requirements 
Parameters of the application for which the drive design is based on arc as follows. 

r·,
11

, . .~ = 240 v Motor is in delta connection 

Power= 370 W 
Power factor= 0.76 
Rated speed=1360 rpm 
Rated frequency=50 Hz 

2A Calculations 
According to the parameters of the selected motor for which requires drive 

design, the required DC bus voltage, hence required transformer capacity, and voltage 

arc calculated. 
With 5% of allowable over voltage margin of rated voltage 240V, the 

maximum required rms voltage is set to 252V. 

~naxrms = 240x 1 OSO/o 

= 252V 

• For Sinusoidal PWM Signals 

Thereby maximum peak voltage required was derived. 

{2 {2 
Vmax,pk = Vmax,rms X {3 = 252 X {3 = 206.76V 

Assuming a maximum of 0.9 amplitude modulation ratio, the maximum DC 

bus voltage was derived 

v Vdc = max,pk X 2 
ma 

205.76 X 2 = 45l.24V(~ 460V) 
0.9 
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• For the Six-step PWM Signals 
Thereby, the maximum DC bus voltage was derived 

Vmx,rms X -J3 _ 252 
X -J3 = 308.64V(310V) 

Vdc = -[2 - -[2 

2.4.1. Required Variac Calculation 
A three phase rectifier included in this rectification which is encapsulated in 

IGBT Module. So, to get the required output de voltage from the three phase rectifier 

a variac is used before the converter to reduce the supply voltage. 

Vdc, rectifier 
VLL, variac Output = 1.35 

For sinusoidal PWM 

460 
VLL, variacOutput = 1.35 = 341V 

V 
. . . . 341 

anac tappmg positwn=- = 85.25% 
400 

For six-step PWM 

310 
VLL,variac Output = 1.35 = 230V 

V 
. . . . 230 0/ 

anac tappmg positiOn=-= 57.5 ;o 
400 

r c rated current of the motor is calculated from the other name plate parameters of 

c11e motor. 
370 

! rated= J3 X 240x 0.76 = 1.17 A 

Taking the starting current of about 6~9 times the rated current 

I starting, max =7.03A 

2.5 Frequency Selection 
According to the name plate data, the maximum supply frequency that can he 

applied to the motor is 50Hz. To implement the v/f control, 5 to 50 Hz frequency 

range is being used. 
In switching frequency selection, due to the relative ease in filtering harmonic 

voltages at high frequencies, it is desirable to use as high a switching frequencies as 
possible expect for one drawback. It is switching losses in the inverter switches 
increase proportionally with the switching frequency f, . Therefore, in most 

applications, the switching frequency is selected to be either less than 6 kHz or 
greater than 20kHz to above the audible range. If the optimum frequency turns out to 
be somewhere in the 6-20 kHz range, then the disadvantage of no audible range, then 
the disadvantages of increasing it to 20kHz are often outweighed by the advantage of 
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no audible noise with of 20 kHz or greater. Therefore, in 50 Hz type applications. the 
fundamental frequency of the inverter output may be required to be as high as 200 l-Iz. 
In our case, 2 kHz switching frequency was used. 

2.6 Component Selection 
2.6.1. Selection of IGBT Module 

When using IGBT modules, it is important to select models which have the 
voltage and current ratings most suited for the intended application. In the selection of 
IGBT module, all six IGBTs and the converter circuits are considered. That is an N 
series IGBT module where all are inbuilt. The new package design has the connection 
terminals molded together with the casing, thereby reducing not only the number of 
parts needed for assembly but also the internal wiring inductance. 

Figure 2.03: Encapsulated IGBT Module (7MBR/5NF/20) 

Voltage rating 

An IGBT must have a voltage rating that is suitable for dealing with the input 
voltage of the unit in which it will be installed. The voltage rating of an IGBT module 
must be selected by considering the input voltage to the IGBT. This IGBT module 
t1as 1200V collector to emitter and ± 20 V across gate to emitter. 

Current rating 

An increase in the IGBT module's collector current will cause a rise in the 

V:e(sat) and the static power dissipation loss. At the same time the switching loss will 

grow, and as a result the module's temperature will rise. Despite the heat generated 
by the static loss and switching loss, the elements switching temperature should be 
maintained below 150 degree Celsius. Our IGBT module is selected by keeping the 
collector current at or below the maximum rating for the reasons, since this also 
reduces operation costs. This IGBT module has 15A collector to emitter current. 

2.6.2. Converter Selection 
The converter also is inbuilt inside 7MBR15NF120. A three phase rectifier 

included in this rectification. The terminals are molded together with the casing. 
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Figure 2.04: Internal diagram of7MBR/5NF120 IGBT Module 

2.6.3. Object Oriented PIC (OOPic) 

11' 
~--' ~ 

A new microcontroller called Object Oriented PIC (OOPic) is used to produce 
the six step waveforms. This module can be programmed using object orientation 
concept that is; all the methods or parameters have to be accessed through objects. 
There are preprogrammed multitasking Objects in the library of highly optimized 
Objects to do all the work of interacting with the hardware. The program can be 
\\Titten in Basic, C, or Java syntax styles to control the Objects. During operation, the 
Objects run continuously and simultaneously in the background while the scripts run 
in the foreground telling the objects what to do. 

Another unique feature of OOPic is the Virtual Circuits capability. These are 
software equivalence of an electronic circuit connecting together Objects in various 
ways. This allows the Objects to pass data to each other in the background, not 
taking much processing power from the microcontroller. 

Figure 2.05: OOPic Hardware Module 

• ec Network compatible 
• Compact size 
• Separate I/0 pins to drive LCD displays 
• Can be easily programmed using Serial or Parallel port 
• A Power Good LED to show the status of the EEPROM clock 
• Multiple power outputs available for different types of sensors 
• External EEPROM can be connected 
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2.6.4. 16F767 Microcontroller 
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Figure 2.06: Pin diagram of PIC16F767 

\1ain Features: 
• 3 in built hardware PWM modules with 1 O-bit resolution 

• 8K flash program memory 
• 16 Interrupts 
• 20MHz Operating frequency (Oscillator) 
• 3 Timers - TimerO, Timerl, Timer2 
• 11 Analog to digital conversion modules with 1 O-bit resolution 

• 28 pin DIP configuration 

Special Peripheral Features: 
• Two 8-bit Timers with Prescaler 
• 16-bit timer/counter with Prescaler 
• Three Capture, Compare, PWM modules: 

Capture is 16-bit, max. Resolution is 12.5 ns 
Compare is 16-bit, max. Resolution is 200 ns 
PWM max. Resolution is 10 bits 

• Power-on Reset (POR), Power-up Timer (PWRT) and Oscillator Start-up 

Timer (OST) 
• Programmable Code Protection 
• In-Circuit Serial Programming (ICSP) via two pins 

2.6.5. IR21094 IC 
The gate drive IC is a product of IR part named IR21 094 which is a high 

speed and high voltage IGBT driver with single input control signals. 

lures 
'~~ Fluating channel designed Cor bootstrap operation 

Fully operational to +600V (V,,nset) 
~' (iatc dri\c supply range from I 0 to 20V (Yout) 

<iJ llnclcr Yoltagc lockout for both channels 
.l.~V. 5V and 15V input logic compatible 
Shut dcl\\n input turns niT both channels 
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® Internal 540ns dead-time. and programmable up to 5us with otk· c~·:knt~d J(U I 
resistor 
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Figure 2.07: Pin diagram of IR21094 

2. 7 Heat Sink Design 

When the power devices such as IGBT are in operation it produces the 
temperature at the junction. Therefore the IGBT junction temperature must be within 
the acceptable limit. Therefore to design a better cooling system we need to calculate 
the power loss in the IGBT module. Therefore we need to remove the heat dissipated 
on the IGBT module as efficiently as possible. Otherwise the IGBT module heated up 
to a high temperature. Therefore to avoid such abnormal situation we need to 
assemble a heat sink with the proper value. Therefore the selection of the heat sink is 
very important. The power loss calculation is given below. 

Total povver 
loss of IGBT 
n-.odule (Ptotal) 

Transistor 
loss (P-rr) 

F\AID loss 
(PFVVD) 

{

Steady state 
loss (Psat) 

{ 

Turn-on loss 

(Pon) 

S\Nitching 

loss (Psvv) 
Turn-off loss 
(Pofl) 

{ 

Steady state loss 
(PF) 

S\Nitching (reverse recovery) 

loss (Prr) 

!Gl3T power dissipation loss (W) 

loss 

= Steady state loss+ Turn-on loss +Turn-off 

FWD Power Dissipation loss (W) 
Steady Power 

= [tl/t2*Vce(sat)*Ic]+ [fc* (Eon+Eoff)] 

Dissipation Loss (W) + 
Reverse 

Recovery Loss 

= [(l-(tl/t2))*IF* VF] + [fc* Err] 
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IF~:~ ! I l l l J ~-
OA J D D __ L __ _ 

ttl 1 J D 
Carrier frequency (fc) = i /l2[H.-::] 
IGBT on duty --. t1 /t2 
FWD on duty= (1-(!1 /t2)) 

Figure 2.08: Duty Cycles in one leg two /GETs 

As the maximum allowable junction temperature of an IGBT module is fixed, 
, 11 appropriate heat sink must be designed to keep it at or below this value. When 
, k:-,igning appropriate cooling, first calculate the loss of a single IGBT module then 
11ascd on that loss, select a heat sink that will keep the junction temperature within the 

, \.'qui red limits. 
If the IGBT module is not sufficiently cooled, the junction temperature may 

, ·~cecd the junction temperature during operation and destroy the module. 

According to the above two equation the values of the variables have found 

,\ hich is given below. 

- = 0.9, fc =2kHz, Vee= 3.3V, lc = lOA 
, 

l t = l.SV, 

. 1.0mj 
/:' '' = cycle 

lr =SA 

l.Bmj 
Earr = cycle 

0.75mj 
Err= cycle 

I ,,
11 

= 1.0mJ I cycle EotT = 1.8mJ I cycle Err= 0. 75mJ I cycle 

I he IGBT power dissipation loss = 0.9 x 3.3 x 10 + 2 x 1000 x (1.0 + 1.8) x 0.001 

= 35 .3W 

I WD power dissipation loss 

I he total power loss 

=0.1xl.5x5+2xl000 x0.75x0.001 

= 2.25 
=35.3+2.25 =37.55 

l he thermal resistance between the heat sink and the ambient air will be calculated as 

l·ullows. 

Ii = \V (Rth(j-c) + Rth(c-f) + Rth(f-a)) + Ta .................... (A) 

-Maximum junction temperature (125 °C) 
\\ -Total power loss (88.4 W) 
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R111 (j-c) -Thermal resistance betweenjunction and case (1.04 °C/W) 
R11 ,( c-t) -Thermal resistance between case and the heat sink (0.05 °C/W) 
R11 ,(f-a) -Thermal resistance between the heat sink and ambient air 
la - Ambient temperature (25 °C) 

\ccording to the equation (A), 

125 = 37.55 ( 1.04 + 0.05 + Rth, heatsink) + 25 

l'hereby,Rth. heatsink = 1.57oC/W 

2.8 System Block diagram 

PIC16F767 

L 1 

[ Supply 

Driver 
circuit 

Control 
Signals 

3rp 
Converter 

IGBT 
Inverter 

V.f 
OOPic / 111 controlled 

3r.;J supply 

Speed feedback 

Figure 2.09: System Block diagram 
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