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Preface

The Renewable Energy Club of the Department of Electrical and Electronics
Engineering, Sri Manakula Vinayagar Engineering College, serves as a dedicated
platform to promote awareness, innovation, and practical learning in the field of
renewable and sustainable energy systems. The club is established with the objective of
bridging the gap between theoretical knowledge and real-time applications in areas such
as solar energy, wind energy, energy storage systems, electric vehicles, smart grids, and
sustainable power generation technologies. The club actively encourages students to
explore emerging trends in renewable energy through hands-on demonstrations, technical
workshops, training programs, expert lectures, project development, and interdisciplinary
activities, including practical exposure to solar power generation, solar pumping systems,
solar trackers, autonomous solar-based robots, and sensor-based energy applications. By
fostering analytical thinking, problem-solving skills, environmental responsibility, and
teamwork, the club aims to prepare students to address global energy challenges and
contribute to sustainable development. The effective functioning of the club is supported
by a committed team of faculty coordinators and student office bearers, including the
President, Vice President, Secretary, and Technical Members, who work collaboratively
to plan, organize, and execute various technical and co-curricular activities. Through
continuous learning, innovation, and industry-oriented initiatives, the Renewable Energy
Club strives to develop technically competent, socially responsible, and professionally
skilled engineers, thereby contributing to the academic excellence and technological
advancement of the institution.
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I ABOUT THE INSTITUTE

Sri Manakula Vinayaga Educational Trust was founded to provide quality and affordable
education to the weaker sections of society. The trust established Sri Manakula Vinayagar
Engineering College (SMVEC) in 1999. SMVEC is an autonomous institution affiliated to
Pondicherry University. It offers 13 undergraduate, 8 postgraduate and 11 Research programs in
engineering. SMVEC has been accredited by NAAC with “A” grade and NBA. The institution is
also accredited by TATA consultancy services. The college has a good placement record with
students getting job offers from top companies in India and abroad. SMVEC students have won
many awards and accolades for their academic achievements. To be globally recognized for

excellence in quality education, innovation and research for the transformation of lives to serve
the society.

Vision
* To nurture the cornerstone of excellence in engineering education and drive

innovation by seamlessly integrating the fundamentals of Science and
Humanities

Mission

M1: Quality Education : To provide comprehensive academic system that
amalgamates the cutting edge technologies with best practices.

M2: Research and Innovation : To foster value-based research and innovation in
collaboration with industries and institutions globally for creating intellectuals with

new avenues.

M3: Employability and Entrepreneurship : To inculcate the employability and
entrepreneurial skills through value and skill based training.

M4: Ethical Values : To instill deep sense of human values by blending societal
righteousness with academic professionalism for the growth of society
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I DEPARTMENT VISION AND MISSION
Vision

To promote proficiency in trghe field of Electrical and Electronics Engineering by creating
a stimulating environment for research, innovation and entrepreneurship.

Mission

* Academic Excellence: To impart high quality technical education with
problem solving capabilities by innovative pedagogy in emerging
technologies

* Industrial and Societal Needs: To cater the dynamic needs of the
industry and society by strengthening industry - institute interaction.

* Research and Innovation: To nurture the spirit of research attitude by
carrying out innovative technologies pragmatically.

* Placement and Entrepreneurship: To inculcate the professionalism in career
by advancing synergetic skills to compete in the corporate world.




I ABOUT RENEWABLE ENERGY CLUB

Renewable energy systems are referred to as sustainable power solutions
designed to harness naturally replenished energy sources such as solar, wind,
biomass, hydro, and geothermal energy. Renewable energy technologies are
widely applied in areas such as power generation, electric vehicles, smart grids,
energy storage systems, green buildings, and rural electrification. Considering
the increasing global energy demand, environmental concerns, and the need for
sustainable development, renewable energy can be regarded as one of the most
significant technologies of the present and future.

The function of the Renewable Energy Club is to build strong fundamentals in
energy systems and sustainability concepts. This club aims to explore emerging
topics and practical applications that extend beyond the regular curriculum,
including recent advancements, policies, and real-world case studies. The club
supports students by integrating knowledge from electrical, mechanical,
electronics, and environmental engineering, enabling them to develop
innovative, eco-friendly solutions and prepare for challenges in the evolving
energy sector.

Objectives of Renewable Energy Club

eTo create awareness about the importance of renewable energy and sustainable
development among students.

e To provide fundamental knowledge on various renewable energy sources such as
solar, wind, biomass, and hydro energy.

e To expose students to emerging technologies and recent advancements in the
renewable energy sector beyond the curriculum.

e To encourage hands-on learning through workshops, projects, and
demonstrations related to renewable energy systems.
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I DESIGN OF SOLAR VOLTAGE REGULATOR USING LM317

Title Design of Solar Voltage Regulator using LM317
Date 28.06.2025

Venue Power Electronics Laboratory
Nameortesant | MG Rt APEEE

Audience II Year and III Year EEE Students

No. of Students 235

Renewable Energy Club Dr.D.Sivaraj, AP/EEE

Incharges

checkin  Madagadipet, Puducherry,
4-«;1? India
\ XS Wij6m+xx, Madagadipet, Puducherry 605106, India
Lat 11.911791° Long 79.634749°

Googlg 28/06/2025 03:03 PM GMT +05:30

When the temperature rises above the threshold point, then the DC fan will rotate to regulate the
temperature.




INTRODUCTION:

This activity implements a solar voltage regulator using LM317 to produce a stable 5V DC
(USB-level) output from a 12V, 10W solar panel for low-power charging applications and
demonstrations in renewable energy systems. The regulator, input/output capacitors, and
protection diodes stabilize panel fluctuations and prevent reverse current, ensuring safe
charging of USB devices and Li-ion cells under variable irradiance.

COMPONENTS REQUIRED
S.No Components Specification Quantity

1 Solar Panel 12V, 10W 1

2 LM317 Regulator Adjustable Regulator 1

3 Diode 6A 1

4 Diode IN5408 1

5 Resistor (R1) 10kQ 1

6 Resistor (R) 220Q 1

7 Capacitor (C1) 1000uF, 25V 1

8 Capacitor (C2) 1000pF, 16V 1

9 USB Port Female type 1

10 | Connecting wires - As req.
FORMULA USED:

The output voltage of the LM317 is given by the formula:

R,
Vour = Vref (1 + ?)

Where, Vier=1.25

WORKING:

Incoming panel voltage (=10-17 V depending on sunlight) is fed to LM317 with a resistor
network that sets the desired output, while input/output capacitors smooth ripple and diodes
block backflow during low-light conditions. The output is tuned to about 5.1 V at the USB port
(accounting for diode drop after LM317), keeping device-side voltage within the USB
tolerance band under typical load.

CIRCUIT DIAGRAM:




Panel 12V 18U

]
D1 1NS408
+ LM317
L\,{sﬁ 3 In Out 2 + + M
Adj D
1 R
= . 220E |, *=1 sv
10K

APPLICATIONS:

* Cooling for power supplies, amplifiers, chargers, and small enclosures where temperature-
based automatic airflow is required.

* Smart ventilation for PCs, 3D-printer cabinets, battery packs, and automotive electronics
compartments.

* Educational demonstration of thermistor sensing, op-amp comparators, and transistor
switching for control systems labs.

DESIGN CALCULATION:

Requirement: Regulate a 12 V, 10 W solar panel to a USB-compatible output via LM317 with
an output protection diode, targeting approximately 5.1 V at the USB port under load
conditions.

Output diode drop: 1N5408 typically drops about 0.7-1.0 V at forward conduction, so set the
LM317 to about 5.8 V before the diode to obtain roughly 5.1 V at the USB port after the diode.

LM317 set-point formula: V_{out}=V_{ref}\left(1+\frac{R 1} {R}\right)+I {adj}\cdot R 1,
where V_ {ref}\approx1.25 and I {adj} is small and often neglected for initial sizing

Choose resistors per the report: R=220 (fixed) and R_1=10 (adjustable), then adjust R 1 so the
pre-diode set-point is V_ {set}\approx5.8.

Solve for the needed effective R_1: neglecting I {adj}, R 1=R\left(\frac{V_{set}}{V_{ref}}-
I\right)=220\left(\frac{5.8} {1.25}-1\right)\approx220\times3.64\approx801, so tune the 10 kQ
adjuster near 820 Q to achieve about 5.8 V before D2

Post-diode USB voltage: V_{USB}\approx V_{set}-V_{D2}\approx5.8, aligning with the
report’s target and measured outputs.




Input current from panel at rating: [=\frac{P}{V}=\frac{10} {12} \approx0.83, noting panel
voltage varies with irradiance (=10-17 V), so regulation margin depends on available
headroom.

Dropout headroom check: LM317 requires several volts of headroom between input and
output; ensure panel voltage under load exceeds V_ {set} by a safe margin to maintain
regulation, especially at lower irradiance.

Capacitor selection: C1 = 1000 pF, 25 V to filter panel ripple with rating above panel
open-circuit voltage; C2 = 1000 pF, 16 V to smooth regulator output and load steps, per the
report.

Protection diodes: D1 (6 A class) before the regulator to block reverse current into the panel in
low light; D2 = I1N5408 at output to prevent back-feed from the USB load and provide the
required forward drop to reach =5.1 V.

Example thermal check: With Vi, ~ 12,V approx5.8 (pre-diode) and Ijpaq =

0.5, regulatordissipationPy = (12 — 5.8) x 0.5 = 3.1, which necessitates a heatsink as noted
in the safety/precautions section of the report.

Result alignment: Using R=220 and dialing R 1 near 820 Q yields the designed 5.8 V
pre-diode set-point and =5.1 V USB output, matching the tabulated simulated and practical
readings in the report.

SUMMARY OF DESIGN
Spec1ﬁcat10n Des1gn
Solar Panel 12V, 10W Power source HOGY =Bl
current
» D, 6A Diode Block's reverse current from I> 1A, VR > 20V
capacitor
3G 1000pF, 25V iiSmooths solar input iRipple reduction
4 HL.M317 - Regulates voltage 8121tput = .8V before
5 i#R 220Q Voltage set resistor el
formula
L6 iRy £10kQ iiVoltage set resistor Output ~ 5.8V |
L7 G 1000uF, 16V iiSmooths output voltage [Ripple filter |
8 Dy IN5408 Drops 0.7V to 'reach 5.1V, I> 1A, drop = 0.7V
reverse protection
| 9 HUSB Port 5V standard  Connect USB devices Compatible interface |

PRECAUTIONS:




Ensure correct polarity when connecting the solar panel and battery.

Do not exceed the input voltage or current ratings of the LM317.

Always use a heatsink with LM317 when drawing higher current to prevent overheating.
Avoid charging batteries beyond their rated voltage to prevent damage or hazards.

Use reverse protection diodes to prevent backflow of current from the battery to the panel.
Work in a well-ventilated area and avoid short circuits while handling batteries.

Do not adjust the potentiometer while the battery is connected; set the voltage first.

SIMULATION DIAGRAM OF SOLAR VOLTAGE REGULATOR USING LM317

U1
LM317EMP
D1 D2
N * 3 dv Vo |2—o ° N
BZX85COV1AL 3 BZX85COVIRL l
<
cE 5 R2 8
=+ BAT1 bob
P == C1
i 1000uf =02  +9.57 ]
1 1000uf Volts
. —
L
o |
* 0K ?
OUTPUT:
THEORETICAL | SIMULATION PRACTICAL
S.No VALUE VALUE VALUE
M (A% )
1 12 5 53
2 10 5 5.2
3 9 5 5.2
4 8 5 5.1
APPLICATIONS:

1. To Use Solar Energy for Charging Devices
Solar panels produce 12V DC, but most USB-powered devices (like smartphones) require
5V DC.
Direct connection of a 12V solar panel to a USB device would damage the device.

This circuit converts 12V to a stable 5V, enabling safe solar charging for USB devices.
2. To Regulate and Stabilize Voltage
Solar panels output fluctuate depending on sunlight.




TN

o The LM317 regulator ensures that the output remains steady at ~5V, even if the input varies
between 10-16V.

e This is crucial for protecting sensitive electronics (e.g., phones, power banks).

3. To Prevent Reverse Current Flow

e Diodes (D1 and 1N5408) prevent backflow of current:

o From capacitor to solar panel during low light.

o From USB device back into the circuit.

o This improves safety and efficiency, especially in battery-less systems.

4. To Provide a USB-Compatible Output

e Most modern gadgets charge via USB (5V).

e The circuit offers a standard USB output, making it universally compatible with:

e Mobile phones

e USB lights/fans

e Bluetooth devices

e Portable speakers

o Power banks

5. To Enable Off-Grid and Portable Charging

o Useful in rural areas, disaster zones, or during outdoor trips where power is not available.
Can be used as an emergency backup charger.

Promotes green energy usage and reduces dependency on mains power.

RESULT:
The solar battery charger circuit successfully regulated the 12V solar input to a stable output voltage
using the LM317. The output was adjustable and matched the required charging voltage. The battery
charged safely, and the circuit components functioned as expected without overheating or
instability.




INSTRUMENTS LM31T
W tLcom SWVEMAT — EEPTEMEBER 1987 — REVISED AFRIL 20135

5 Pin Configuration and Functions
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Figure 5-1. DCY Package, 4-Pin S0T-223 (Top View)
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Figure 5-3. KTT Package, 3-Pin TO-263 (Top View)

Fin Functions, Metal Can Packages

FIN
TO-2 [ ¥] DESCRIPTION
MHAME TO-263 S0T-223
(Legacy Chip)
oS _ Curput waliage adusiment pin. Conmect 10 3
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INPUT 3 3 3 ] Input woitage pin for e reguiator.

QUTPUT 2, TAB 2, TAB 2, B o CURpUt woltage pin for Me reguiator.
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5 Pin Configuration and Functions
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Figure 5-3. KTT Package, 3-Pin TO-263 (Top View)

Fin Functions, Metal Can Packages

PN
TO-220 L) DESCRIPTION
HAME TO-263 SOT-223
(Legacy Chip)
- _ Ouput volage adjustment pin. Comnect 1o 3
DT ! ! ! resision divider 1o 561 Vo,
INFUT 3 3 3 | Input woitage pin for e reguiator.
OUTPUT 2, TAB 2, TAS 2, TAS L] Ourput woltage pin fior Te reguiator.
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IN5400 - IN5408 a
Power Diode

1A to JA, Standard Axial Rectifiers

| min 1254}

LXirmeeibascsre ini

Features: ™ inches jmes)
= 3.0 amp=re operabion at Ty = 75°C with no thermal runaway. 4375 953
= High cument capability. 1285 7.4
» Low leakags.

i e e
2 555

B 1HE (4 K3

0s2 (1.3
s (1220

Ampere General Purpose Rectifiers

Absolute Maximum Ratings® T, = Z5°C wnless otherwise nobed

Symbod Paramater Valus Units
L Awerage Recied Currens ;.

- 0375 lead length at Ty = T5°C =

Peal Forward Surge Cument A
L Fre—— £.3ms single ha-gins—wave 200
Superimposed on raied load (JEDEC method)

= Total Device Dissipation 6.25 W

. Derate above 25°C =0 mwirc
REJA Thermmal Reslstance, Juncion to AmiMent 20 T
T Storage Temperature Range

o8 = P J -55 o +150 o
T, Cperating Junction Temperatiane

“These ratings are Imiting walues abowe which he serdcaabliity of any semicondudion device may b2 impaired.

Electrical Characteristics T, = 25'C uniess othensise noted
Device
Paramster unita
5400 | 5401 | 5402 | 5404 | 5406 | 5207 | 5408
Peak Repelitve Reverss Voltage 50 [ 100 | 200 | 400 | €00 | &00 | 1000
Maximum RMS Voitage 35 | 70 [ 140 | 280 | 220 | se0 | 7oo W
DG Reversa Valtage {Rated Vg) 50 | 100 | 200 | 400 | so0 | s00 | 1000
Mamdmum Reverse Cument -
at rated Wy, Ty = 25°C Eﬁ[r:: "
Ty = 100°C
Maximum Forward Voitage at 3.04 12 W
Maximum Full Load Reverse Clamedt, 0.5 mA
Full Cycie Ty = 105°C =
Typical Junciion Capaciance = o
Vg = &0V, = 1.0MHz

Page 1 0SS V1.0




IN5400 - IN5408 a
Power Diode

Typical Characteristics

Forward Current Deraling Curve Forward Characleristics

\ wAmn LESD LENGTH
N L7
: <

N

| N ‘B

FORWARD CLRRENT (A)
=]

FORWARD CURAENT (&)

$n &1 75 100 195 150 178 qm a9 04 o8 1 1 14 1§ 1A
AWBIENT TEMPERATURE ("4 FORMARD VOLTAGE i)
Overoad Surge Current Reverse Characteristics
200 100
3 \ )
E 160 F
& E mw
o 120 ¥
ol |
E [, § 1
A 8o C Ty= 21"
g \.""u Tar GG i !
g i i
& :"""--... t T
. ™ 01 "'"F—‘ L 1 1
L T W i b a0 40 @@ @D 100 12 4o
HUMIEER OF CYCLES AT 00M: HORMALIZED REVERSE WILTAGE %)

Junction Capacilance

CAPAL ITANL E (pF)

bi ! 510 PR
REVERSE VOLTAGE (V)

mulficomp
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6A Power Diodes

)
P600 Series multicomp

Standard Axial Rectifiers Features:
. s Hign surge cument capabily
s Vol-fres plastic In 2 PEOD package
s High cument operation & Amperes at Ty, = 55°C
Pﬁﬂﬂ « Eupsads environmental standands of

=

'G MIL-5-13500/228
0.3673.1
T34@E

_ Mechanical Data

ElE

)

1 Wimieaum (25 4) Case : Moulded FIIEEHG. PEO0
Temminals - Aulal leads, solgeraie per MIL-3TD-202, Method 208
J_ Polarity : Cokur band denotes cathode
0361 Mounting Position - Any
2400 1R Veignt 219
1 Minimurm [25.4)
005213
MMEH 7~ H-

Dimensions : nches (Milmeires)

Maximum Ratings and Electrical Characteristics

Al Ty = 25°C unless otheratse specified. Single phase, half-wawe, 60 Hz, reslstive or Inductive load
Al values except masimum RMS voltage are registered JEDEC parameters

PEODA | PEOOD | PEOOG | PSODK | PEOM | Unlis
Maximum Recurment Peak Reverse Voliage Bl 200 00 EO0 1,000
waximum RMS Voiage E 140 280 550 70 ¥
Maximum de Blocking Valzge 50 200 200 E 1,000
Maximum Average Forward Recifiad Cumeni T, = 55°C B
Maximum Overioad Swge Cument at 1 Cycie (Note 1) 00 A
Maximum Forward Vollage 3t 6 Ade 1 "
MaxXITLm dc Revarse CLTent ai T, = 25°C 0 PA
Rated tc Blocking Volmge at T, = 100°C 1 A gz
Typleal Junclion Capaciance (Note 3) CJ 150 FF
Typical Themal Resistance (Note 2) RAJA M W
Typleal Thesmal Reststance (Noie 2) Rall 4
Operating Temperaturs Range o150 o
Siorage Temperature Rangs

Motes

1. Peak forward SUTQE cuent, per 8.3 ms single haltsine-wave supenmposed on rated load (JEDEC method)
2. Thermal resistance rom Junstion o amalent and fom |unchon to l2ad at 0.375 Nches (9.5 mm) i2ad lengin PCE mounted win 1.1
£ 1.1 Inches (30 & 30 mm) copger pads

3. Maasured at 1 MHZ ang applled reverss voitage of 4 voRs

M— ml.ilflacomp
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6A Power Diodes

7]
P600 Series multicomp

Rating and Characteristic Curves

Flg. 2-Forward Darating Curve

Fig. 1-Typlcal Revarse Charactaristics E =
100 I
I G
'53' ‘L"“H :.:-/[n-:n Lovad LE nogtir
< 12 S
-
| La g .
§ 110 ? =
3 Ha
B S0 TE o0 1A a0 17E 200
é Amiblent Tamparaturs [T,) - °C
- 25 o |
2 : Flg. 4-Typézal Instantanaous
2 —F Forward Characteristics
B =
2 - 1o
—
0.1 BB 7
0 20 40 ED B0 100 120 140 3 o=t
-] =
Parcent of Rated Peak Revarss Voltage = E
2 [
Flg. 3-Typical Translent Thermal Impedance g 1 =
e I
R e
- i Fulze Misth= 300 =
E~ — 1% Dty Cyela
2] omlf |1 1 1 | |
EE DBDE 1 11141618
E
§if - % Instantansous Forward
8 E E Woltaga, Vilts
'_
i
a1 01 1 1 1m Flg. S-Maximum Overload Surge Current
I, Pulzs Duration, & o
. 4
£~ \
£ E 320
=] ™,
L <]
%H 180
g ]
- THIL emee
i
12 B 10 20 40 B0 400
Mumber of Cyclss at 80 Hz
WL e e o

——— &
m—— multicomp
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LM31T
SLVEMAT - EEFTEMEER 1387 - REVISED AFRIL 125

LM317 3-Pin Adjustable Regulator

1 Features

Ouiput voltage range:

— Adjustable: 1.25V to 37V

Output current: 1.54

Line regulation: 0.01%M (typ)

Load regulation: 0.1% {typ)

Intemal shori-circuit current limiting
Thermal owerdoad protection

Output safe-ares compensation (new chip)
FPSRA: B0dB at 120Hz for Cap, = 10pF (new chip)
Fackages:

—  d-pim, SOT-223 (DCY)

—  J-pim, TO-282 (KTT}

— 3-pim, TO-220 (KCS, KCT), legacy chip

2 Applications

Multifunction printers

AC drive power stage modules
Electricity maters

Servo drive control modules
Merchant network and server PSU

3 Description

The LM317 is an adjustable three-pin, positive-voltage
regulator capable of supplying more than 1.54 over
an output voltage range of 1.25V to 37V The device
requires only two extemal resistors io st the output
woltage. The device features a typical line regulation
of 0.01% and typical lead regulation of 0.1%. The
LM317 includes curmment limiting, thermal owverosd
protection, amd safe operating area protection.
Cweroad protection remains functonal ewen if the
ADJUST pin is disconnected.

Typically, no capacitors are needed unless the device
is situated more than @ inches from the input filter
capacitors. In that case, an input bypass is needed.
Add am opticnal output capacitor to improve transient
response. Bypass the adjustment pin to achieve veny
high ripple rejection ratics that are dificult to achieve
with standard 3-pin regulators.

Package Information
PART HUMEER PACKAGE!"! PACKAGE SIZE-
DCY (S0T-223, 4) E.Smm X Tmm
LM2T KTT (TC-283, 3) A0L16mm ¥ 15.24mm
KIS, KETITO-220 30 45 y6mm » 4 55mm

LM317
Vg = 28V Vo™
= Vin Vour =
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"Mieaged If the device s mor than & iInches from filer
capacihors.
+Optonal, IMproves transient response.

t#Sea Equation 1.
Vourr = L5V x .:1 + 1';*.15} + Lapy % {R2) i1
Typical Application

[1)  For more Infomation, see the Mechanical, Packaging, and
Cwnderabie Infbrmation.

[2) The package size {Iength ¥ width) s a nominal vaue and
INGELGES pifes, whare applicanie.

{3 Legacy cip.
Rg
LMIT 020
W — INFUT OUTPUT e .
ADJUST R1
2404
—
R2
24 k2
Battery-Charger Circuit

An IMPORTANT NOTICE at the end of this data sheet aodresses avalablity,

wamanty, changas, (e In safety-crtical applications,

-1k Imelectual property matiers and other Important discialmers. PRODUCTION DATA




I3 TeExas

LMM7 INSTRUMENTS
ELVEMAT - EEFTEMEER 1557 — REVIEED AFRIL 02 wWww tcom
4 Device Comparison Table
ot PARAMETER ILBBBth1£|iH puLu:BcEm LMEIT-N LMETA LvziTHY | umim
InoLt voEgE range 225 1o 20 3251040 225040 | 223men | s28-60 W
Loaa reguiation aczuracy 1= 5 s i s =
PSRA [120Mz) A1 ED 0o a0 = =
Recammendad apesaing Dio 125 Oio 125 Diw 125 -0 125 iz 125 c
15A TC-220 [NDE) T e =2 e = T
TO-200 (KCT) Tos 9 N A e
TozT, A = ET] =W
TO2E3 To 3 n N MiA "W
EOT AT, BB E =3 =T 0B T
ToEE T NI 185 188 e
TERE
Inout vortage range 37510 20 v
Loag reguistion 302acy 15 =
D5A PSRR (120Hz) A E
Recammendad opesating —40 40 125 G
SoTZmIT, i W
To2E2 T, 50 W
OMETTL DMETTLN
Inout vaEge range 375 o A0 4251040 n
Loaa reguistion aczracy 1 15 =
PSRA |120rz) a2 0o ®=
[qa | ESOMMENdS opersing —a01n 122 40t 125 o
SOTEIT,, w8 A T
S0ETa NI 165 “Cw
DSSGA T, WA 70 oW
T T A 180 W
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