a2 h X
i a an GSTN ATAGTFS31100126G
o ry IEC CODE: 2615901246

AN 150 0001-200D EEHIIII[FE EUTF:.JI{{‘:'! —
& Development of Electronic Projects, FLE DES!
Mig: Domestic E:::J:Ilﬂlil! LED Lightlng, AC LED Street Lights, Solar LED Street Lights

Dt: 05.04.2021

To,
The Principal,
Avanthi Institute of Engineering and Technology,

Makavarapalem, Andhra Pradesh.

Attention: Dr. T Srinivasa Rao, Prolessor and HOD of Department of Electrical &
Electronics Engineering

Subject: Design and hardware Implementation of Solar Powered Induction Motor Drive
Water Pumping Applications - Regarding
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To,
The Surva Vardhan Integrations,
Narsipatnam

Visakhapatnam

Sub: Submission of detailed proposal of Design and hardware Implementation
of Solar Powered Induction Motor Drive Water Pumping Applications,

Respected Sir,

With reference to letter received from your end regarding Design
and hardware Implementation of Selar Powered Induction Motor Drive Water
Pumping Applications. We are happy to submit detailed proposal along with the
milestones of Design and hardware Implementation of Solar Powered Induction Moter
Dnve Water Pumping Applications. We request you Lo discuss with vour internal R &
D team and communicate for further discussion.

Thank you and looking forward for vour collaboration,
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section A2 General Information

{ l'n-rjt'l'l Title Design anid hardware Implementation of Solar Powered Induction

Motor Drive Water Pumping Applications

'_I';llj eel Type
Rescarcly Design &

Dvmnistrastion of controf of

Design and hardware Tmplenentation of Solar Powe red Induction
}_'F.-Hr:';‘u.l' 'I-"q."J‘J.q,'liL'

Mator Drive Water Pumping Applicationy
Rirsery M'q.'ufl { Jljﬂ.'r

| Project Location’s | AVANTHIINS [TTUTE OF ENGINEERING AND TECHNOLOGY., |
(District State)(Must be in Tamaram (V), Makavarapalem (M), Visakhapatnam-531113 |

| Feniticai

Stage of ﬂm;lupmeul | Proof of concept - Demonstration |
furitial comrcept preoaf of '
cetcE
demaonstration scale up
Leaid Implementing AVANTHUINSTITUTE OF ENGINLERING AND 1LCHNOLOGY,
Organization Famaram{ V), Makavarapalem (M), Visakhapatnam-331113

Any l'artnering |
Orpanization: -Ni- i
I INDIA

(1) Todal Funding ItcE]uest Ry~ 5,25,000.00
(ENK B fakdy 1

i (1) Contribution in Cash

| fkind from -NO-
lead/partneringinstitution

Al any

Total cost (1+11) = Re/-8,25,000,00
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Section BB: Project Information: Report submitted

Project Deseription:

DC machines were widely used for svarishle speed applications a long time ago because of their simple
controller and fast response, unlike any other machine, Whereas AC induction machines were used in constamt specd
applications when they are operated at constant input voltage and supply frequency. In recent years, large
developments have taken place in vanable speed drives for AC induction machines, because of wide developments
in power electronics technology and power semiconductor devices, which lead to replacing the O machine with 2n
AC induction machine for major variable speed applications. This is due 1o many advantages of using AC induction
machines over DC machines like lower cost, lightweight (20% 1o 40% lighter than an equivalent DC machine),
rugged construction provides to operate the AC induction machine in harsh environments like dirt and mois
environments. Like DC machings, an AC induction machine does not have a commutator and brushes problems
Now these AC drives are widely used in many industrial and domestic applications [1]. 13]), [4]). There zre many
ways of controlling the speed of an AC induction machine in industrial applications and one of the popular methods
of controlling the speed is the constant V/F ratio, in this method the speed is controlled by varying the input voltage
and frequency of the three-phase supply using an inverter with pulse width modulation (PWM) technigue. In this
proposed paper the speed of the AC induction motor is varying with the implementation of the SVPWA technique
in the STM32F4 microcontroller by maintaining the V/F constant. The synchronous speed of the input supply

frequency of the induction moter is given by

N o= 120

(1

where N, @ Syachronous speed (r.p.m), 2 Fundamental frequency (Hz), p: Number of poles,
The difference between the synchronous speed and the rotor speed of the induction motor is called as slip,

S and is given by

and the rotor speed, N, of the induction machine is given by
e DR (3)

P
The inverter drive input is fed with the DC source obtained from the solar PY array to penerate the three-phase

AC output voltage which wall drive the three-phase AC induction machine for water pumping applications a1 remote
areas where there is non-availability of distribution power. The speed of the AC imduction machine depends on the
frequency of the input AC supply which is a function of the input DC voltage of the solar PV amav, The inverter
output voliage, Vy, is given by [8]

Vo = 2 % MI x 2 % Une tine (1)
where MI: Modulation Index, Vise ! Input DC voltage from the solar 'V array,

The inverter outpul power, P, is given by [8]

Pous = V3%V, 24,0 % PF {5
whereVo: Inverter line 10 line output voltage, §,., Maximum load of the inverter, I'F Power factor,

To maximize elliciency, the solar array has 1o operate at maximum power point (M%), which extracts the
maximum power and delivers 1o the load. An incremental conductance control algorithm is used in this project as it
has more efficient and goud stability over perurb and observe control algoritm |2,

Hardware is designed, implemented amd o control algorithm s developed in the STM32F based

micrecontroller to contral the deive Tor the required application,
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L. DESIGN AND IMPLEMENTATION OF SOLAR MOTOR DRIVE
A Mam Compronents of Solar hinverter Drive

In this solar inverter drive, a DC input voltage is supplied to the inverter with a capacitor filter used at the inpu
side of the inverter. The six PWM gating signals are fed to the power electronic switches such as IGBT, MOSFET,

GTO, etc. The inverter output feeding induction motor and the concept of the process are explained as follows,
a  Solar PV Array

Some solar panel are connected in series to form a salar PV array of rated voltage 576V (16 pancls of rated

voltage of 36V each and open-cireuit voltage of 44V each) is supplied to the inverter as the input source.
b DC Link

The capacitoris connected in shunt across the inverter and this type of topology is called avoltage source

inverter (Figure 1). The capacitor acts as a DC link and compensates the transient voltages across the inverter [1].

u |1 " i

¥ ¥ L

Figurel. Voliage Source Inverter

. fnverlier

The main pan of the inverter is the power electronic switches such as IGBT is coupled with a parallel diode, An
integrated power module (IPM) FSBBIOCHI20D [6] is wsed as an inverter which comprises a 3 phase fully
controlled 1GBT-based inverter bridge integrated with high-speed 1GBT drivers. These integrated power modules
have inbuill [GBT drivers that can be operated directly by the 3.3 microcontroller. With the latest developments in
power ¢lectronics, integrated power modules reduce the size and are compact for designing the 3 phase low power
drives up to 7.3kW with reduced EMI and losses. And also these are integrated with lemperature sensing and fault
sensing protection features. These integrated power modules are capable of developing different motor applications
with a wide variety of control algorithms [6] [8].

d  STMI2FA based Microconroller

In this project, STM3I2F411RE microcontroller board (NUCLEO-FA1IRE development board) [10]]1 8] is used
to implement the control algorithm to drive the induction motaor,

e DCto DC Coverter Control Supply

Control supply is derived from the input DC source voltage by using DC/DC SMPS power supply to run the
microcontroller and other control circuits which are at low voltages. Mainly the control supplies required are <15V
DC for IGBT Driver control, =5V DC for the microcontroller, and +3.3V DC for Op-Amp circuit for vallage and
current signals magnitication [6](8].

B Hardware Implementation

A LSKW solar induction moter drive is designed and implemented using the integrated power module
FSBBIOCH 1200 with minimum circuitry [6]]7](8).

C. Control Strategy

In this proposed system, a voltage source inverter is fed with the solar input DC voltage and the gating pulses of
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the V81 are generated by the microcontroller. A block diagram is shown in Figure 2.

Input DC voltage and current from the solar PV array are measured using the microcontroller ADC input and
wsed 1o estimate the maximum power using incremental conductance algorithm (MPPT ) algoriilim] 2],
INC algorithm is used to estimate the frequency of the inverter output. From the estimated frequency, the

microcontroller generates the required gating pulses for the inverter using constant VO F principle and SVIPWM

techmecgue.

=

W

-

Figure 2. Block Dingram
VF ratio 15 o be maimained constant to have a constant stator magnetic ux. If varying only the frequency to
control the speed at fixed rated voliage leads to the saturation of the magnetic core results in low performance of the

mistor or even may cause damage to the motor due to overheating [1J[3].

'pn = A4k fND, (6]
"{ = 4.44kNO,, (mn

And
T = k0,1, (K)

Where O, Mapnetizing (Tux, N: Number of ums per phase, Ve Stator vollage, ki constant depend on the machine
desien, T Shaft Torgue, 1:: Rotor Current depends on the load.

From the above relaton, o 15 evident that the V/'F ratio must be maimained 1o be constam 1o aveid the
safuration of the core at all speeds below the rated speed.
B SUPICN imglementanion

The SV PWM control algorithm is implemenied based on the sector selection method [ 1] and the equations for

switching time duration ai any sector 1s given by the equations 9, 10, and 11.

T, =v3 _:nzé T,sin(Z-0) {9)
- ii “rll—'liﬂ‘

T, = V3 Tysin (0 - 25) (10)

T|!=T|"T1_'T2 i1y

Where Ty, Ty and T, are the switching time durations, Ty is the sampling time period of the switching frequency (f).
Vi 18 the solar PV array input DC voltage, V., is the space reference voltage, n is the sector number ranges from |

to & and O is the sub-sector angle varies from [ 1o 60 degrees. The modulation index is given by

ViR, y
- — ¥
Mf = = (123

After calculating the switching time durmtions T\, T; and Ty, determine the switching time of each IGBT from
S| oo S6 (1) The switching sequence paltern for cach IGRT is shown in Figure 5. The switching tme for cach

sector s shown in Table 1.

(% CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

E

.  Upper Lower
Sector switching Switching
inl (51, S1. S4) (S Sae S0
- = By~ 1o
T T T2 e
: g T+ T2
[+ Tol2 i
5= Ty2 T+ Tot T2
5 = e
THT,2 T+4+Ty2
5 i S = Tu2
Ty Ty T2 5=
S, =T,2 T+ T+ Ty
B Sy = To2 =
S, = T+T++Tw
3 T+ Ty T2 S T
5 = %=
-T2 I+T,2
~ =7 5
:r g, = Ty+T~T1,2
4 T+Te2 S =
5y = T+1.2
1 Ti=Ts+ T2 §:= Tol2
H —_— e ﬂ.l 54= -
T+To2 T+Ta2
5 5= Ta2 Sy =
g, - Ty T Ta2
T+Ty*To2 S:= T
“SF - 8, T2
T+ T 1,2 S
6 5 =Ty2 T T
g = §y=
[ +To2 TotTwd

Sofrware fmypleanertition

Table 1. 5w th1il11.t'I ime for Each Seclor

Software embedded C cimde has been wetten i the STMI2CubelDE sofisare using HAL libraries [16]

Peripheral initislization codes are penerated for ADC inputs sl ontpit Timer channels are done through
STMVIZCubel D software [17],

microcoatfoller. The Now charn of the comml algorithm & given in Figure 4,

routing (1S progrom will execute Tor every sumpling period

The comrol algorithm developed for this application is writ in © code Mat lab and uploaded to the

The comtrol alporithm siruciore s as folliows:

he program execution starts with the imitialization of peripherals, ADCs and Timers, The intermupt service
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Fhe microcomtroller is sel 1o operate al BIMH2 clock trequency o mun the program code [17) [18). Initially, the
imer of the microcontroller is set 1o § kHe switching frequency and the duty of the pulse width is determined by

using the equations W, 10, and 11 with proper choice of sector developed from the constant V/F principle and
SVPWM technigue.
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Figure 3. WM Signals generation for gating in Sector-1

The Timer channels are configured in center-aligned PWM mode with complementary channels made active for
generating the required pating FWM signals for the inverier. The Timer must be configured in Advanced Timer
mode with trigger mode made active 1o synchronize the other timer for the periodic sampling of analog to digial
converter (ADC) signals. When the Timer is in center-aligned mode, up-counting starts from zero reaches to the
ARR value (Auto Reload Register) and an update event is generated, and then down-counting starts from the ARR
value reaches the zero value. This update event is used o trigger o start the ADC conversion process, Adter the
completion ef down-counting, an interrupt is generated 10 start the next period at which the calculations start again,

Figure 3 represents the switching time durations of the 1GBTs of the sector <1 in relate 1o the Timer counter.

Dead-time or blanking time is set and inseried between the complementary signals o avoid inverter leg short
during the transition between ON and OFF of the 1GBTs of the same leg, A dead time of around 2 microscconds [6)

is sel an the control algorithm.

Two analog 1o digital converterf ADC) channels are configured to measure the solar PV array voliage and
current signals for evaluation of maximum power using the INC algorithm, ADCs are 1o be irigeered at the center of
the current switching period for the sampling of the signals. After completion of the ADRC sampling comversion,
ADC conversion process s made inactive up to the next riggering, These conversion values are stored a1 the

respective memiory locations and are fetched during the caloulations imstructions,
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Figure 4. Flow Chart for PWM 1SR Program

The solar PV array voltage and current are having high potential and are not direetly used to measure by the
microconiroller. These values must be brought down 1o sutficiently lower values at which the microcentroller can
measure. Bus voltage of 600V scaled to 2.5V and bus current of 10A scaled to 3.0V fed 10 the microcontroller ADC

mnprut which is measured up o 3,3V with 12-bit resolution.

Sine value lookup table is implemented with a resolution of 0.23 deg (60 degrees / 256 entries) are preloaded in
o the doa memory which are used in caleulating the switching time durmions, This lookup table will belps in
minimize the calculations burden on the CPL thus by improves the performance [19), The range of the sine value is

himited to 60 degrees afier which the sector change will take plage in case off SVIWA techinigue.

The wdle starting of the motor has set to pick up the speed gradually up 0 the maximum output spead in a
emping fashion such that mo hunting will eccur, The ramping time has 1o set aceording the stable motor speed and

current chamges. In the similar way, the motor has w be stopped gradually by reducing the speed reaches 1o rero
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Section C: Financial requirement ( all figure must be INIR)

SN

l:_{.':“_li'll.ll Component

| liem Hesl |
|
(

Ist Year

2md Year

Tuital

in lakh)

—

I Permanent Equipment SO,000,00 - SO.000 10
(focated in lab’ implementing
. ! arganization | s per bilfing
i |_|";1."I.r.l'|.';h:d svstems/ 1.25.000.00 1.25.000 o
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It

| Suh rovd (Goneral)

I ,uu,uﬁuﬂl_

| .TD.mm_nul

T

| Total cost of the project (A*+B")

L. Project cost: Rs: 5,25.000.00

11 Contribution of consortinm (if ary): -

Total Budger (1 +17) @ Rs. 5,25,000,00/-

3.23.000.00
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“Applicant Type —
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Lead Principal investigator (PI) | Designation PROFESSOR |
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Telephone: “[osvazaaasss —
Mobile: 09963000511
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Information on Lead 11

IEspertise available with the Principle Investigator ]

Prof. P Mallikarjuna  Rao, Dept. OfF Electrical Engineering,
Andhira University is the Research supervisor for the doctoral
research of the P, he would mentor the proposed research
project from timeto fime,

Ihe Principle Investigator has gained good knowledge on EV

systems and its related areas.

1) P1 as an Instructor guided one students during his course of
study (IPhID) in Andhira University,
» Guided two M.Tech project students based on his
research area,
» Guided two B.Tech project students out of his research I
areil.
2) During his research, Pl has acquired knowledze of many

simulation software’s used them for the above said project works, |

The tools learned by 'l are as follows:
Computational skills:
Simulation Software: MATLAB and Lab-View |

Word Processing: M5 Office

e i
(l'_’r}u |}|r.',lrﬁ; igator

Head of the Department

Depariment of Electrical & Electronics Engg.

Avanthi Institute of Engg & Tech.
Maksvarapater, Visakhapatnam - 531113

——

I’ il

Avanthi Institute of En=~n, & Technalogy
Temaram, Makavo o ~=lam e
Misakhepatnam Distilz!, 10021113
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AVANTHTINSTITUTE OF ENGINEERING AND TECHNOLOGY,
MAKAVARAPALEM, VISAKHAPATNAM, INDIA

[ SNo. [ Infrastructural F.'h.‘li“}' Yes/No/ N{;{_ri:ﬁilcd Full or sharing
| basis |
B Workshop Facility Yes
2 _T. ater & Elec t;::._ﬁ\ | Yes
g _j—mﬁu:ﬁq—h:r} Space Fumiture Yes B
4| Power Generator [ Yes
E  |ACRoomor AC Yes -
(6| Telecommunication including e-mail & fax Yes o
T Transportation _-_ l_"r't:'a‘_-_'- =
N Administrative: Secretarial Supporn Yes
0 information facilities like Intemet Library | Yes
;F I Computational facilities Yes
i L Animal Glass House Not Required
|12 Any other special facihiy being provided Dedicated Renewable Energy Systems
! J e laboratory
P e j—'"""‘h“
Printiple Investigator
g Avanthi Institutz o ¢ ':_;Ij & Technalog
Head of the Department Tamaram, Makzves ootz v,
Department of Electncal & Electronics Engg. Visakhapatnam Dizlict, Pin-531113
Avanthi Institute of Engg & Tech.

. Visakhapatnam- 531113,
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(Approved by AICTE, Permanently Affillated to JNT University, Kakinada,
Accredited by NBA & Recognized Under 2({f) and 12(b) by UGC, New Delhl)

Tamaram, Makavarapalem, Marsipatnam Revenua Division, Visakhapatnam Dist - 531 113
Administrative Office | 51-8-402172, RythuBazaar Streel. Deside Eenadu Office,
Makkavanpalem, Vaskhapatnam - 530013 (A P)Ph 08012748231, 652012240
e-mail principal_set@yahoo com Websile www avanthi edu in

Dt: 19.04.2021

AIETM/03/2021 /EEE/PROJECT/02

To,
The Surya Vardhan Integrations,
Narsipatnam

Visakhapatnam

Sub: Details of Project coordinator of Design and hardware Implementation of
Solar Powered Induction Motor Drive Water Pumping Applications.

Respected Sir,

We are pleased to appoint faculty for coordination of Design and
hardware Implementation of Solar Powered Induction Motor Drive Water Pumping
Applications. We are happy to submit detailed proposal along with the milestones of
EV Controller Design and Prototype.,

Details of the Faculty:

Petla Varahala Dora, Assistant Professor
Department of EEE

Phone Number: 83520028666

Thank you and looking forward for yvour collaboration,

: _,.,-'—' s \ \l \.\\\.\'-
Pr!nc!plc Inve tignl:nr
Head of the Department
of Electncal § Electronics
Avanthi Inslitute of Engg & Tech.

Makavarapalem, Visakhapatnam - 531113

Commétted for ackéesing Excellence in Technical Education
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[ENST E-GiR-A-TiILOINS/ IEC CODE: 2615901346

AN 150 9001-2008 CERTIFIED COMPANY
Design & Development of Electronic Projects, PCB Design
Mig: Domestic & Industrial LED Lighting, AC LED Street Lights, Solar LED Street Lighlz

Dt: 22.04.2021
To,
The Principal,

Avanthi Institute of Engg & Tech,
Tamaram, Makavarapalem,

Narsipatnam.

Sub: Communication for detailed discussion of Design and hardware Implementation
of Solar Powered Induction Motor Drive Water Pumping Applications proposal.

Respected Sir,

With reference to communication along with detailed submission of
project milestones. We are pleased to invite for an internal discussion on execution of
the project and other design and implementation regarding development of Solar
Powered Induction Motor Drnive Water Pumping Applications. We are deputing
Engineer for the above state of project,

Details of the Engineer:
Petla Vishnu Vardhan
Phone Number: 9550175252

Thank vou and looking forward for your response,

m%;fﬁ-ﬂ

| Sesh kumar Petla)
Managing Partner
The Surva Vardhan Integrations,
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