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Profile

Mechanical engineering graduate focused on robotics and aerial propulsion. Built a working
ESP32-CAM-based multipurpose surveillance robot (hardware + firmware) and completed
a literature-backed CFD study of quadrotor propeller aerodynamics. Hands-on with
AutoCAD, Arduino (embedded C), sensor integration and ANSYS Fluent.

Core Skills

CAD/CAE: AutoCAD; ANSYS Fluent (k-w SST, overset/rotating mesh); CATIA
Programming & Boards: Arduino IDE (embedded C), ESP32-CAM, FTDI USB-TTL
Electro-mechanical: DC motors, relays, IR & metal sensors, power systems (12V, 7.5Ah)
Other: Basic circuit design, prototyping, testing, documentation

Selected Projects

Projectile Motion — Numerical & Analytical Study (ME 5890, Apr 2024)

Solved projectile motion with and without linear air resistance using Laplace
transforms; derived closed-form expressions for range/height and verified parabolic
trajectory.

Implemented MATLAB simulations to generate trajectories and visualize effects of
complementary angles (6 and 90°-6) on equal sub-maximum range.

Worked examples at v0=300 ft/s for 6=38° and 6=52°; compared analytical results with
numerically simulated paths to validate theory.

Deliverables: clean derivation write-up, MATLAB scripts, and publication-quality plots.
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Fig:1 Projectile without air resistance
4. With Lincar Air Resistance
4.1 Salving the Modified System:

The system of linear differential equations describing the motion of the projectile with air
resistance, we'll use Laplace transforms. The given equations are:
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We'll apply Laplace transforms 1o boih equations and then solve for X(s) and ¥(s),
which represent the transformed functions of x(t) and y(t), respectively. Then, well
invert the Laplace transforms to obtain x(t) and y(r).

Step 1: Take the Laplace Transform
Taking the Laplace transform of equations (5) and (6). and applying the initial conditions
x(0) = 0,5'(0) = vocos 6, (0) = 0, and y*(0) = vosin 6, we get:

ms?X(s) — msx(0) — mx'(0) = —@sX(s) + fx(0)

ms?¥(s) —msy(0) —my'(0) = —mg — Bs¥(s) + fy(0)

Substituting the initial conditions and rearranging, we get:

ms2X(s) = vyeos B = —fsX(s)
ms2Y(s) — vsin @ = —mg — BsY(s)
Step 2 Solve for X(s) and ¥(s)

Solving for X(s) and ¥(s), we get:

Projectile Motion — Figure 1

__Vgcosl
== s(ms +p)
¥isy = 05" ] mg

S(ms+f)  s(ms+f)

Step 3 Tnvert the Laplace Transform
Now, we'll invert the Laplace iransforms to obtain x() and y(t). This involves finding
the inverse transforms of X(s) and ¥(s), which we can do using standard Laplace
transform tables or software,

To find x(t) and y(t), we need to compute the inverse Laplace transforms of X(s) and
¥(s). Using standard Laplace transform tables or software, we find:
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These are the expressions for x(£) and y(t) in terms of vy, 8,m, §. and ¢, where ¢ is the
base of the natural logarithm.

4.2 Calculation:

Now, you can substitute the given values of vg,8,m, and § 1 get the specific solutions
for x(t) and y(t).

To compute the specific solutions for x(t) and y(t), we'll substitute the given values:
s vy = 300ftfs
. 8=38"
s m = mass of the projectile

. B= constant proportional o air resistance
into the expressions we derived previously:
aity = T (1 - e’%’)
o
_ vgsiné
v === (1-

Giiven that 8 = 38°, v, = 300ft/s,

I For 0=38%v)=300ft/sm=> slig. g=32ft/s% and f=0.02
Substituting these values into the expressions:
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Arduino Tuner — Audio Frequency Analyzer & Uncertainty (ME 5890, May 2023)

Built an Arduino-based audio acquisition system (MAX4466 electret mic + SD module)
to capture 10-s tones at 110, 261 and 3520 Hz; 35 readings per tone in a controlled
room (source at 5 cm).

Processed spectra and statistics in MATLAB; confirmed near-normal samples via Q-Q
plots; performed two-tailed t-tests at 95% CI to evaluate sensor accuracy vs. true tone.
Found that random error grows with frequency while systematic error is lowest near
the speech band (~100-250 Hz); overall <0.01% full-scale error at low/mid frequencies
and <1% at high frequency.

Documented limitations (UNO 10-bit ADC and serial link throughput) and mitigations
(SD logging at 16 kHz).

to 250x, which is controlled via

ljustable X to 2 whic
r, the adjustable gain did not affect the sound capturing
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Samples data summary

109.76226 261.10186 3545.73057
0.2355262 0.2883506 3.56105565
-5.9717581 2.0897997 42.7469067

<0.0001 0.0442 <0.0001

Figure 13: Summary of statistical values at each frequency
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Modeling & Fabrication of a Multipurpose Surveillance Robot (Major Project, Jun
2022)

e Modeled a 3D chassis in AutoCAD and fabricated a metal frame; integrated ESP32-CAM
for live streaming with Wi-Fi/Bluetooth control.

e Implemented drive (DC motors), sensors (IR motion, metal detection), and relay-based
actuators; designed wiring harness and power system around 12 V/7.5 Ah battery.

e Prototyped, assembled and validated the robot; documented schematics, bill of
materials, and test runs.
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Turbulence Model of Drone Propeller (Mini Project — Dec 2021)

e Modeled a DJI-Spark-style propeller in CATIA; exported STEP; built fluid domain and
~200k-element mesh in ANSYS.

e Ran Fluent cases at 500/2500/5000 RPM; post-processed pressure contours, velocity
vectors/streamlines and turbulence kinetic energy to study thrust trends.
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Programming/Tools: MATLAB; Arduino IDE (embedded C); ESP32-CAM
Education

B.Tech in Mechanical Engineering — Anurag Group of Institutions, Hyderabad  Major
Project submitted June 2022



