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cvay Competition Rocket
e General Information
About the Competition Rocket General Information

Measure Measure
Length (mm): 3090 Takeoff Thrust/Weight Ratio: 7.69:1
Diameter (mm): 130 Ramp Ascent Speed (m/s): 33.00
Dry Weight of Rocket (g): 19781 Stability (for Mach 0.3): 1.57
Fuel Mass (g): 4349 Maximum acceleration (g) 9.29
Engine Dry Weight (g): 2683 Maximum Velocity (m/s): 280.43
Payload Weight (g): 4158 Highest Mach Number: 0.84
Total Takeoff Weight (g): 26813 Apogee (m): 3395.00
Table 1. EVA X-1 General Information.

Table 2. EVA X-1 Open Rocket Simulation Data.

Cesaroni M2020

Table 3. EVA X-1 Rocket Engine.

2022 TEKNOFEST ROCKET COMPETITION CRITICAL DESIGN
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EVAX

General Design

Rocket

Length 3090 mm, max. diameter 130 mm
Mass with motors 26813 ¢

Apoges:
Max. velocity:

Nose Cone 390 mm

Motor 936 mm

090 mm, max. diameter 130 mn
ith motors 26813 g

3363 m
city: 281 mis (Mach 0.84)
eleration: 90.9 m/s*

~ Apogee]
0= pax. vel

Avionics System Coupler
211 mm 195 mm Root chord 250 mm
Spin Height 120 mm
Rocket Diameter
130 mm
N P I eV O VO v O e 1 P PO TV | ot 1 N PO v WY e NN e POTN e YOV ForoR TP 7 MW Ferot TPV et PO 6 TN vt PV v RPN ] VRN ornWOPL v ""%!}_;}';af Stabilty: 1 57 cal
1759 mm
o83 & 051759 mm
A ® CP1983 mm
at kD30
R PPUEEDIRN [ ~ N
Kb I: Y RN s 7 e j’_@_’ Rocket Diameter
IS NN S Y . ‘ 130 mm
Tip Chord 50 :r
mm _
Boat Tail
100 mm

Separation Separation
System 300 mm  System 300 mm

Nose Cone PAYLOAD 148 mm
Shoulder 195 mm

3363 m
281 miz (Mach 0.84)

Max. acceleration; 20.9 mis®

Rocket Overall Length 3090 mm

Figure 1. CAD (Above) — Open Rocket (Below) Compression and Dimensions.
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EV
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Table 4. Flight profile.

i Time (s) | Altitude | Velocity
2200 (m) (m/s)
e [1] Launch 0.00 0.00 0.00
2900
2800 / [2] Rail Tip 0.40 6.00 33.02
2700
o [3] Motor Burn Out 432 756 274.79
2400
- (4] Apogee 26.30 3395.00 12.30
2200
2100 Drogue Parachute 26.30 3395.00 12.30
200 (5] Deployment
E 1300
- PAYLOAD/PAYLOAD
< [6] Parachute 29.30 3357.75 2021
2D Deployment
1400
- (7] Main Parachute 153.77 493.60 21.46
1100 Deployment
1000
500 (8] Rocket 211.00 0.00 849
B0 ' GroundHit
Jo0
S ) 9] PALOAD 37321 0.00 10.53
a00 GroundHit
—
300,
200 \[9]
100

o
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Time (s)

Figure 2. Altitude-Time Chart of EVA X-1 Rocket During Flight. ih;
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eveaX  PDR-CDR Changes -1

— _

Table 4.1. PDR - CDR Changes —

What Was The Content in What Happened to the
? ?
Subject of Change On Which Page in the PDR? _ Content in the CDR? On which Page in CDR?

Three members have been
replaced with new ones.

Team Structure Team members .

Competition Rocket

) 3 PDR Tables 1. and 2. CDR Tables 1. and 2. 3
General Information

Rocket general open rocket Rocket general open rocket

S RS 4 details. details. 4
Flight Profile Table 5 Table 4. Flight Profile. Table 4. Flight Profile. 5
PAYLOAD Parachute color 22 Brown. Black. 35
PAYLOAD mass 25 4000 g. 4158 g. 38

Recovery system 19 1 Piston used for recovery. 2 BB TN TS 31-34

dimensions are now used.

Recovery activation 19 Pyrobolt used to activate Servo Motor and CO, 33
system co, Inflators used to activate .
PAYLOAD 25 Dimensions Figure 15. Dimensions Figure 33. 38

2022 TEKNOFEST ROCKET COMPETITION CRITICAL DESIGN
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evaX  PDR - CDR Changes - 1

—

Table 4.2. PDR - CDR Changes - 1

What was the content in What happened to the
? ?
Subject of Change On which page in the PDR? _ content in the CDR? On which page in CDR?

Boat Tail Wall thickness Figure 10. Wall thickness Figure 14.
Spill Hole Area is now 20%
Parachute 22 Spill Hole Area. of the parachute open 36
diameter.
Main avionics and 26 BMP180 MPU6050 46
backup avionics sensors MPU6050 BMP180

Main avionics and

payload GPS 24,28 GY-NEO 6M GPS Grove - GPS (Air530) 39,49

Main avionics and
backup avionics 26
processor and card

ATmega328PU and Arduino  ATmega2560 and Arduino

Uno Mega Pro Mini 46

Backup Avionics

32 XBee S3B Pro DRF7020D27 55
Telemetry

05 May 2022, Thursday 2022 TEKNOFEST ROCIéElgg_Ir\/I(EEDE)TION CRITICAL DESIGN 7



eve{  PDR - CDR Changes -2nd

Table 5.1. PDR - CDR Changes -2nd

The IMU and pressure sensors between the

Main Avionics and Backup Avionics The main avionics pressure sensor was replaced two avionics were replaced, since it was
Sensors P with the IMU sensor and the backup avionics determined that the main avionics computer 46
IMU sensor with the pressure sensor. had triggers other than pressure, which

facilitated separation.

The GY-NEO 6M GPS in the main avionics and Since the GY-NEO 6M GPS module could not
Main avionics and payload GPS payload has been replaced by the Grove GPS operate at the desired performance, it was 39,49

(Air530). switched to the Grove GPS (Air530) module.

The Atmega328PU processors with Arduino Uno Since the ATmega328PU processor with

Main Avionics and Backup Avionics in the main avionics and backup avionics have Arduino Uno card do not have enough pins,

Processor and Card been replaced by the ATmega2560 with Arduino multi-pin the ATmega2560 processor with 46
Mega Pro Mini. Ardunio Mega Pro Mini are preferred.
_ Replaced the XBee S3B Pro module in the S.mce the Xbee S'Q.’B Pro module is not
Backup Avionics Telemetry backup avionics with the DRE7020D27 available in Turkey, it has been replaced to 55
P ' the DRF7020D27 module.
N Battery information has been added to the Detailed information was given about
Avionics Computers Battery . . . . 46
avionics computers section. avionics batteries.
Avionics Computers and PAYLOAD Antenna information has been added to the Detailed information about avionic antennas 39 46
Antenna avionics computers section. was given. ’
05 May 2022, Thursday 2022 TEKNOFEST ROCKET COMPETITION CRITICAL DESIGN
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evaX  PDR- CDR Changes -2nd

Table 5.2. PDR - CDR Changes -2nd

Subject of Change New Content Topic? Content Detail in CDR? Which Page in the CDR?

. Ground Station Processors types information Detailed information about ground station
Ground Station Processors . . . 60
has been added to the ground station section. processors was given.
. Ground Station Processors types information Detailed information about ground station
Ground Station Telemetry Modules N I o I. I nea! ! e u ! 60
has been added to the ground station section. telemetry modules was given.

The detailed activation system used to
activate the separation are servo motor and 32
CO, inflators

The activation system used to activate the

Separation Activation System .
P y separation has been changed

2022 TEKNOFEST ROCKET COMPETITION CRITICAL DESIGN
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EVAYX Flight Simulation Report (FSR)

Flight Simulation Report (FSR) is located in a zip file in pdf format.

TION CRITICAL DESIGN
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Eva( Mass Budget

Mass Budget is located in a zip file in excel format.

05 May 2022, Thursday 2022 TEKNOFEST ROCIéElgg_Ir\/I(EEDE)TION CRITICAL DESIGN 11
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Rocket Subsystem Detalls
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EVAX Nose Cone Mechanical View
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Eva Nose Cone —Detail

Table 6. Nose Cone Material Property [8,9,10].

Elastic modulus
m“ (GPa)

E-Glass Fiber Nose cone (without

tip) Medium difficulty

Carbon Fiber - 230 Medium difficulty
7075 T6 Aluminum Nose cone tip 71.7 Hard and
expensive

When choosing the material for the nose cone, the strength, durability, and heat resistance that the material must
withstand during flight were all taken into consideration. As a result, we chose E-fiber glass as the primary material since

it outperformed carbon fiber in terms of not blocking RF signals and being robust enough to withstand flight pressures,
as well as having a lower density than carbon fiber and aluminum.

Because the tip of the nose cone absorbs the greatest heat during flight and aluminum is a superior material when it
comes to heat resistance, it was decided to go with a 7075 T6 Aluminum at the tip of the nose cone.

05 May 2022, Thursday 2022 TEKNOFEST ROCII:EESSTM(EEDT;)TION CRITICAL DESIGN 14



Eva Nose Cone —Detail

Table 7. Nose Cone Production Method.

CNC Aluminum Nose Cone An Aluminum cut of our nose cone shape would be produced by CNC cutting then a mold will be produced from fiber glass and
then produce a mold and Hard and Expensive polyester resin. Hand laying, with the number of layers desired, of Fiber Glass/Epoxy will then be done to the polyester mold
Vacuum. produced and vacuumed.

A mold has been made from the CAD of the nose cone and then 3D printed. The PLA printed mold had a 50% fill and a 1.2mm wall
thickness to make sure it can handle the vacuum process it will go through. Hand laying is then done, with the number of layers

Easy and Cheap desired, from Fiber Glass/Epoxy and finally vacuumed and placed in the oven to dry. This method is cheaper and easier as the mold
is immediately printed instead of producing an expensive Aluminum nose cone. For the nose cone tip however it will be CNC cut
from Aluminum as the part is small and wont cost much to manufacture.

3D Printed Nose cone Mold
and Vacuum.

To draw the nose cone curve, for the mold, in SolidWorks we used an equation driven curve using the parabolic nose cone
formula (1) shown below. The nose cone shoulder was then added at the end of the nose cone with a length of 1.5*diameter of

the rocket.
2(i)—1< ,(L)z L, (length of.nose cone) set as 390 mm 2(L) _1(L2) 1 g
y =R | "\&x i) | (1) [3], R, (Base radius of nose cone) set as 65 mm So, y =65| _\3%0/) ~\3%0) |,y = Zx-
2-K 2-1 3 2340

K’ (Parabola type constant) set as 1 /

05 May 2022, Thursday 2022 TEKNOFEST ROCI;S;;ICRJ_P/I(EEE)TION CRITICAL DESIGN 15
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EVAX Fins Mechanical Appearance
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Figure 5. Fin 3D View (CAD), Assembled. :
B B
|
|
I EVA X Rocket Team - Altinbas Universitesi
" Part Name:
I Fins
o EVAX
Scale: Material: Mass
I 1:5 Fiber Glass 809.4g
I SOLIDwaRKS Educational Product. Fol"_lnstru:tional Use Only. 4 3 2 ]
: Figure 7. Fin Technical Drawing.
Figure 6. Fin 3D View (CAD), Singular.
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EVAX Fins —Detall

Table 8. Fins Material Property [8,9,10,11].

Elastic modulus .
“ (G R

E-Glass Fiber 72.3 Medium difficulty
Carbon Fiber 230 Medium difficulty
7075 T6 Aluminum 71.7 Expensive
Plywood 8.30 Cheap and Easy

Because the fins will be subjected to significant drag forces during flight, the material utilized must be strong enough to
withstand such forces while yet being light enough to avoid causing damage to the frame body. E-Glass Fiber was chosen
with these considerations in mind.

A 3 mm block of E-Glass Fiber will be purchased, and water jet cut into the necessary shape as shown in Figure 7's
technical drawing. \Water jet cutting has been chosen as better suited to cutting fiber glass blocks than a CNC machines.
The generated Fins will have sharp edges, which will increase the drag acting on the fins. To reduce the drag acting on the

fins, we will add an epoxy fillet to the sharp edges.

05 May 2022, Thursday 2022 TEKNOFEST ROCI;EESEJTM(EET;)TION CRITICAL DESIGN 17



EV Vi Body Parts & Body Assembly Parts
N (STRUCTURAL) Mechanical View
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Figure 9. Main Frame 3D View (CAD). :
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I Figure 11. Main Frame
Technical Drawing.
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EV Vi Body Parts & Body Assembly Parts
N (STRUCTURAL) Mechanical View
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EVAX < Structural — Body Parts

Table 9. Structural — Body Parts Material Property [8,9,10].

E-Glass Fiber Rocket Frames Medium difficulty
Carbon Fiber - 230 Medium difficulty
7075 T6 Aluminum Boat Tail 71.7 Hard and Expensive

For the rocket frames' core material has been chosen as E-Glass Fiber since it has the lowest density of all the materials and
is still robust enough to withstand flight stresses. Furthermore, Fiber Glass will not interfere with the transmission of RF
signals from our avionics system to the ground station and sensor systems, which is critical to the success of our rocket.
Two samples of fiber glass and carbon fiber were manufactured and tested using compression testing to see if fiber glass
could resist the pressures of flight. Fiberglass was able to W|thstand a force of roughly 50 kN.

For the Boat Tail and Engine Retainer 7075 T6 e,
Aluminum was chosen since they will be influenced
by the heat generated by the motor during launch.

& S5t H]
8 Admin (2

eeeeeeeeeee

uuuuu

uuuuuu
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uuuuu

2
tension [mm]

Figure 16. E-Glass Fiber (1) — Carbon Fiber (2) Sample Compression Test.
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EV /\/ Structural — Body Parts

Table 10. Structural — Body Parts Production Method.

An aluminum tube with a outside diameter of 130 mm would be parachuted and prepared to make a 2 female molds from them
Male and Female Very Hard and

. using Fiber Glass and polyester resin. Once the molds are ready, we would hand lay, with the number of layers desired, on them
Mold Expensive . .
using Fiber Glass/Epoxy and vacuum after.

An aluminum tube with a outside diameter of 122 mm has been purchased to be used as our mold. After placing none stick plastic

Male Mold Hard and less cost on the mold hand laying of Fiber Glass/Epoxy is done with the desired number of layers to give us the outside diameter of 130
y mm. While the Fiber Glass/Epoxy is drying, the frame will be vacuumed to make it stronger. This method is cheaper and easier
than the one stated above so with that in mind we selected it.

CNC Aluminum Costy The boat tail and engine retainer will be made from aluminum and CNC cut as desired.

Two pressure holes with a diameter of 4 mm will be included in the Primary Frame. A pair of three M3 thread holes will
also be drilled for shear pins to be broken by the separation systems. Another set of four M5 thread holes will be drilled
into the rocket to mount the avionics system and separation systems. Two 6.8 mm holes will be drilled within the body to
accommodate rotating switches for the payload and avionics computer.

The Main Frame will include four M5 thread holes for mounting the coupler and eight M5 thread holes for mounting the
engine block. For pressure, another 4 mm diameter hole will be drilled between the fins. Finally, two 4 mm holes will be

drilled for the rail bottoms on each body, one at the beginning of the fins and the other under the avionics. Figures 10 and
11 show all these perforations.

2022 TE E E E L DE
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EV /\< Supports (Integration Bodies, etc.)
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Figure 20. Engine Block
Figure 18. Engine Block 3D View (CAD). Technical Drawing.
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EV i Structural — Body/In-Body Structural
2 Supports (Integration Bodies, etc.)
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Figure 22. Engine Block One-Piece Technical Drawing.

Figure 21. Engine Block One-Piece 3D View (CAD).
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EV VA Structural — Body/In-Body Structural
a Supports (Integration Bodies, etc.)

Table 11. Structural — Body/In-Body Structural Supports Material Property[8,9,10,11].

Elastic modulus

E-Glass Fiber Coupler Medium difficulty
Carbon Fiber - 230 Medium difficulty
7075 T6 Aluminum Engine Blocks and 71.7 Hard and
Centering Rings Expensive
Plywood Centering Ring 8.3 Cheap and Easy

* The coupler will be made of the same material (E-Fiber Glass/Epoxy) as the Primary and Main Frames for the same reasons, as
E-Glass Fiber is strong enough to handle the forces to it and light at the same time compared to other materials.

* The engine block, on the other hand, will be made of 7075 T6 Aluminum because it will have the motor right under it and will
hold the rocket together, using an M10 eyebolt screwed into it, so it must be strong and heat resistant.

* The engine tube will be constructed of E-Glass Fiber, and the centering rings will be mounted around it to hold the fins and
boat tail in place. A centering will be made of Plywood while the other two that will hold the fins and boat tail will be made of
7075 T6 Aluminum to assure a strong mount is done between the bodies.

05 May 2022, Thursday 2022 TEKNOFEST ROCII:EESEJTM(EEDT;)TION CRITICAL DESIGN 24



Structural — Body/In-Body Structural

EVAY n-5ody
a Supports (Integration Bodies, etc.)

Table 12. Structural — Body/In-Body Structural Supports Production Method.

A male Aluminum tube with an outside diameter of 75.31 mm will be prepared by a turning machine and
Male Mold Medium then once it’s ready hand laying of E-Glass Fiber/Epoxy will be done to reach the desired outer diameter
and then vacuumed to have a stronger frame.

Centering rings will be cut as desired using CNC machine and then mounted into the inner tube using
CNC Aluminum/Plywood Medium Araldite 2015. The two aluminum centering rings will have 3 cuts in them to insert the fins inside them. The
boat tail will then be mounted at the back of the inner tube and centering ring as well using Araldite 2015.

The coupler will hold the two frames together (Primary and Main). The coupler will have one part attached by shear pins to the
primary body while the other side will be inside the main body and mounted with M5 screws. Once the separation is activated
for the release of the main parachute the piston separation system will push the coupler breaking the shear pins and separating
the bodies (Primary and Main) from each other and releasing the main parachute.

05 May 2022, Thursday 2022 TEKNOFEST ROCIF({EE(S;JTM(EEDT;)TION CRITICAL DESIGN 75



EV \/{ Engine Section Mechanical
& View & Detall

Figure 24. Engine Section Side View (CAD).

Figure 23. Engine Inserted Last (CAD). /%H | : /|
As previously stated, the engine inner tube will be an E-fiber/Epoxy ASQ%H W T scem
tube that will be made by hand lying on a male aluminum mold, h
and then vacuumed. The centering rings will be CNC-cut, and all of

4.2

the pieces will be assembled as illustrated with Araldite 2015. The ° °
single-component will then be put into the main frame and L L

secured to the engine block with eight M5 screws. The engine will A EVAX :‘T’W;jj:‘“‘S“P;:j A

be fitted as depicted in Figure 23 and followed by a rotating engine s S S R N S _
retainer after the complete rocket has been built. Figure 25. Engine Section Side View Technical Drawing.

2022 TEKNOFEST ROCKET COMPETITION CRITICAL DESIGN
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EV Vi Engine Section Mechanical
W 7~ View & Detall

The fins and boat tail will also be mounted into the aluminum centering rings made. A video has been attached showing the
motor (in dark orange) being inserted last into the rocket.

Engine attachment video : https://youtu.be/X4Z-c_iVlyg

05 May 2022, Thursday 2022 TEKNOFEST ROCII:EESEJTM(EEDT;)TION CRITICAL DESIGN 27
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EVA)X Rocket Assembly Strategy

Figure 25. Exploded CAD of the rocket.

2022 TE E E E L DE
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EVAY Rocket Assembly Strategy

* The nose cone, primary frame, and main body are the three main components of the rocket. Two further elements will be
included in the Main Frame: a coupler and a one-piece engine block part.

* To start, the Avionics bay will contain the separation systems inside of it, they will be put into the primary body and secured
with four M5 screws. The Drogue parachute, which is linked to a 5 m shock chord, will then be placed into the primary body,
with the shock chord end secured to the separation system's M10 eyebolt with a locking carabiner.

e After that, the payload and its parachute will be fitted into the frame, behind the Drogue Parachute. Afterward, the other end
of the shock chord will be attached to the Nose Cone tips M10 eyebolt with a locking carabiner. The Nose Cone shoulder will
then be screwed into the Primary body with three M3 nylon shear pins. The main parachute will then be secured to the
opposite end of the separation system's M10 eyebolt using a locking carabiner, located on another 5 m shock cord, from the
other end of the primary body.

 The one-piece engine block part is constructed of an inner tube that houses the motor and is encircled by three centering
rings. The engine block ring will be fastened to one end of the inner tube, and the boat tail will be attached to the other. Two
centering rings will have cuts in them for the three fins that will be installed.

 When the one-piece engine block part is ready, it will be put into one end of the main body, where cuts for the fins will be
made. The coupler will be put in place with four M5 screws on the opposite end of the main body. After attaching the other
end of the Main Parachute to the M10 attached to the Engine block, the main body will be ready to be put into the primary
body, and three nylon shear pins will be screwed into the coupler and primary body to ensure that the two frames (Main and
Primary) are securely attached.

2022 TEKNOFEST ROCKET COMPETITION CRITICAL DESIGN
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EVA)X Rocket Assembly Strategy

* Finally, a revolving engine retainer is used to hold the motor into the inner tube. The avionics bay will contain an extra space
specifically for the Referee Altimeter.

We will not be using a hot gas generator for our separation instead we are using a CO,/Piston system to activate our separations.
Attached below is a video to further clarify our rocket assembly strategy.

Rocket assembly video: https://youtu.be/X4Z-c_iVlyg

2022 TE E E E L DE
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Figure 27. Parachute Section View,
Drogue and PAYLOAD Parachute Detailed CAD.

F—

igure 28. Parachute Section View,
Main Parachute Detailed (CAD).

Figure 26. Parachute Opening System.
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Recovery System—-Parachute
Opening System

EVAY

When it came to the separation system that would be employed, we weighed all of the choices before making a decision. When
we looked at hot gas generators, it appeared like it would be too dangerous to do, and we'd be limited in our testing since we'd
need a lot of gun powder. When we looked into mechanical spring systems, we found that they take too much weight and
volume to in the rocket, despite the fact that testing would be considerably easier. Finally, we settled on a cold gas
generators/Piston system, deciding that such a system would allow us to test without the risks of hot gas while also allowing us
to rerun tests easily.

We have purchased two 25 mm diameter aluminum pistons that will provide a force of roughly 260 N, which will be enough to
break the shear pins that are holding the nose cone and the main body to the primary body. Each system will be triggered using
a servo motor and a tiny CO, inflator, as shown in Figure 28. When the servo motor receives a signal from our avionic computer,
it will rotate, pushing the CO, inflator with a torque of 4.2 kgf.cm, which will release the compressed CO, into the piston, and
push an Aluminum plate towards either the coupler or the nose cone shoulder with the stated force, breaking the nylon shear
pins that hold the frames together. One piston has two servo motors and two CO, inflators linked to it; the other piston, on the
other hand, travels through the avionics bay and is mounted on the interior. The servo motor wires also pass through to connect
to the computers. The main parachute separation will be activated by the piston that travels through the avionics bay, while the
drogue and PAYLOAD parachute separation will be activated by the piston that has the servo motors and CO, inflators. The
separation system will take 448751.99 mm?3 of volume inside the rocket.

2022 TEKNOFEST ROCKET COMPETITION CRITICAL DESIGN
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EVAX

Recovery System—-Parachute

Opening System

CO, Cartridges and
Inflators

Aluminum Plates that will

break the shear pins

Servo motors that will
activate the separation
systems

25mm Diameter Piston that
will produce around 260 N

force

Figure 29. Parachute Opening System
Detailed (CAD).
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N Recovery System—Parachute
EVAX Opening System

e — -
=

Figure 30. 1t Recovery Phase
Detailed (CAD).

Figure 31. 2" Recovery Phase
Detailed (CAD).

Once the rocket reaches apogee, the first recovery
phase will begin. The avionics system will transmit
a command to the appropriate servo motor, which
will then push the CO, inflator, which will then
force the payload into the nose cone shoulder,
breaking the shear pins. The piston will
not separate the rocket, but will also force the
parachutes outside of it, kicking off the first phase
of recovery.

The second phase of recovery will begin about
500 meters high. The avionics system will send a
signal to the relevant servo motor to pressurize
the CO, inflator and push it with the
required force to break the shear pins attached to
the coupler. As a result of the shock chord's
descent, the main parachute is pushed outside
the rocket, initiating the second recovery phase.
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EV i Hot Gas Generator
4 Requirements

We will not be using a hot gas generator for our separation.
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EVA}‘( Recovery System—parachutes-one

Main Parachute (8 pieces) (R=270), Payload Parachute (6 pieces) (R=110)

Drogue Parachute (12 pieces) (R=120),

Because of its strong heat resistance and

4 R 4 4 T durability to bear flight forces while also being

light, Ripstop Nylon was chosen as our

‘ﬁ ‘ ;; ‘ﬁ " parachute material. For the production of each

of the parachutes, calculations were produced

Degree reos azr’ 2nr 2nr'/8=L" Degree reosa=r’ 2 2nr/12-1"

D i : e e as illustrated in Sheet 1. The results of the

. : e o i S calculations will be supplied to a tailor together

. ; S, D e e with the amount of fabric required for

. : v . e manufacturing.

. . o . Table 13. Parachutes Features.

Sheet 1. Parachute Fabric Open spill Hole Sescent
Calculations Sheet. Parachute Geometry Dla(r:1e)ter Dla(rrnne)ter Velocity (m/s)

The parachutes were designed in Drogue Parachute 40?\15;2:’:0" Red  Hemispherical  115.00 1.20 0.24 1.0857 20.26

a hemispherical shape because it
is the easiest to manufacture and Main Parachute

40D Ripstop Orang

Nylon o Hemispherical 435.00 2.70 0.54 5.4965 8.57
calculate the fabric amount while g —
maintaining the desired fall rates. PAYLOAD Parachute Nylon Black  Hemispherical ~ 70.40 1.10 022 09123 10.53
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EVAX Recovery System—parachutes-2nd 3

Table 14. Parachutes Descent Calculations .

. . Open Spill Hole Calculated
Air Density at Descend . . .
Parachute Mass to carry (kg) . . Diameter Diameter Descent Velocity
Altitude (kg/m?3) [2]
(m) (m) (m/s)

Drogue

18.306 1.007 1.20 0.24 1.0857 20.26
Parachute
Main 18.306 1.112 2.70 0.54 5.4965 8.57
Parachute
FAHEAD 4.158 1.007 1.10 0.22 0.9123 10.53
Parachute

Using the velocity during recovery equation (2) [1] the descent velocity was calculated and recorded in Table 14. Where W is
the weight to be carried by the parachute in kg, C, is the coefficient of drag, p is the air density at descending altitude in

kg/m3, and A is the area of the parachute in m?.
2W
V= it
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EV@)(Z Recovery System—parachutes-3rd

Rocket Recovery Process
Table 15. Rocket Recovery Components.

Grove - GPS (Air530) Module
GY-NEO 8M GPS Module

Data of altitude, latitude and longitude information
needed for recovery.

LoRa SX1278 Telemetry Module
DRF7020D27 Telemetry Module

Transfer of data from GPS modules to ground
station.

433 MHZ TX433-JKD-20P Antenna Ensuring the operation of telemetry modules

5V Buzzer Assisting with sound

During the rescue, the main avionics and backup avionics GPS
modules, which play an active role in the rocket, will transmit
altitude, latitude, and longitude data to the ground station
with a 5 MHz frequency by LoRa SX1278 and DRF7020D27
telemetry modules, in line with ANNEX-8 requirements. The
data will be transferred to the ground station on the 433 MHz
band and with the data packaging on page 38. A 433 MHz
TX433-JKD-20P antenna will be used for the telemetry
modules to work. 5V Buzzer will be used to assist with sound
during recovery.

Payload Recovery Process

Table 16. PAYLOAD Recovery Components.

Data of altitude, latitude and longitude information

Grove - GPS (Air 530) Module
needed for recovery

Transfer of data from GPS modules to ground

LoRa SX1278 Telemetry Module .
station

433 MHZ TX433-JKD-20P Antenna Ensuring the operation of telemetry modules

The Grove - GPS (Air530) GPS module, which is in the payload
and plays an active role during the rescue, will transfer
altitude, latitude, and longitude data to the ground station
with a 5 MHz frequency the LoRa SX1278 telemetry module in
line with the ANNEX-8 requirements. The data will be
transferred to the ground station on the 433 MHz band and
with the data packaging on page 28. A 433 MHz TX433-JKD-
20P antenna will be used for the telemetry modules to work.
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EVAX

PaylLoad

Figure 32. PAYLOAD 3D View
(CAD).

The PAYLOAD will have a hole in the
plexiglass through which a rotating switch
will be linked to turn it on; the switch will
then be connected to another switch
located on the rocket's surface, allowing the
payload to be turned on from the outside.
As the first recovery phase begins at apogee,
the piston system will get a signal from the
avionics to push the PAYLOAD against the
nose cone shoulder, breaking the shear pins,
and pushing the PAYLOAD outside the rocket
with its parachute. The PAYLOAD will be
roughly 4158 g in weight.

MI0 EyeBolt] |, SECTION 1

EVAX
4 PartName:

E V M ) PAYLOAD

Scale: Material: Mass:
AuminiumPlexiGlass 4158 ¢

>

SOLIDWORKS Educational Praduct. For Instructional Use Only. 4 3 2 ]

Figure 33. Payload Technical Drawing.
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PaylLoad

Table 17. PAYLOAD Components .

Product Name/Code Purpose of Duty Payload Recovery

Processor ATmega328PU Processor Giving the necessary commands to the sensors and processing the data.

Pressure sensor BME280 Pressure Sensor Calculation of pressure, temperature and humidity data.

e sl | st S s e ey eel Enabling the transmission of data from the GPS module to the ground

station.
GPS module Grove - GPS (Air530) GPS Sending the necessary data for the recovery process to the ground
Module station with the help of the telemetry module.
Battery GP GP1604AU Alkaline Battery  Ensuring that the necessary power is supplied to the system.
Antenna TX433-JKD-20P 433 MHz Getting the telemetry module working.

The payload will transmit the BME280 sensor pressure, temperature, and humidity data, and the Grove - GPS (Air530) module
ANNEX-8 requirements of altitude, latitude, and longitude data via telemetry to the ground station with a frequency of 5 Mhz.
LoRa SX 1278 telemetry module and TX433-JKD-20P antenna operating in the 433 MHz band were selected for data transmission.
Data packet <PACKAGE NUMBER>;<TEAM ID>;<GPS ALTITUDE>;<GPS LATITUDE>;<GPS LONGITUDE>;<PRESSURE>;<TEMP>;
<HUMIDITY> will be in the form. The data received by the LoRa SX1278 in the ground station will be sent to the computer with
the Arduino Nano. The data will be displayed on the screen with the application designed by EVA X, Figure 56 on slide 61 .and
location data will be obtained for recovery. The data on the computer will be transferred to the RGS device with the packaging in
accordance with the ANNEX-8 requirements and the data will be transmitted to the referee ground station.
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Eva{ Recovery System Prototype Test

In the shared test calendar, green boxes indicate the tests that will be completed during the CDR phase. All tests will be held at
Altinbas University Mahmutbey Campus.

Table 18. Schedule of Recovery System Tests.
I "
May 15t May 6t May 8t May 11t

Prototype Manufacturing

Parachute Opening Test

Separation Activation Test

CO2 Recovery System Test

Parachutes Strength Test

Shock Chord Strength Test

2022 TEKNOFEST ROCKET COMPETITION CRITICAL DESIGN a1
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Eva{ Recovery System Prototype Test

As for the recovery system prototype tests, a prototype nose cone and frame are being prepared and will be ready on the 6t of
May for testing. Once the protypes are ready a video will be shot from the 61" to 11t of May.

* Prototype level assembly and setup stages of the recovery system and functionality tests:

In the video it will show how the separation system will be assembled into the primary frame with the parachutes and shock
chord and a test of the first and second recovery phase will be done showing the nose cone and coupler being separated from
the primary frame thanks to the CO, Piston system force that will break the nylon shear pins and releasing the parachute outside.

Success in this test will show that the parachutes will be released out of the rocket and will be functional for recovery and that
the separation will be also be successful.

* Parachutes Opening/Functionality Tests:

The parachutes opening tests will also be done by releasing the folded parachutes out a moving car and held to check if the
parachutes would open once released out the rocket. Also, another test will be done were around 4 kgs of weight will be
attached to the parachutes and released from a certain height showing it can handle descent forces. Once these tests are done
and finished it will proof the functionality of our systems.

Tests will be uploaded on YouTube on our channel and also uploaded into the system before the 12" of May Deadline:
Recovery Prototype Test: [Recovery Prototype Test YouTube link will be placed here]
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EVA): Analyzes

—

Structural/Mechanical Strength Analyses and Computational Fluid Dynamics Analysis were both performed using ANSYS
2020 R1. First, as shown in Figures 35 and 36, a mesh was created for the complete rocket as well as the nose cone. These
meshes were created using a specific body scaling technique in which the element size was reduced near our body. Our
boundary conditions have now been specified as a velocity intake and a pressure outlet, with walls on the other sides. We
created an inflated section surrounding the body, with sizes calculated based on the Y+ value of 100.

.......

5. Mesh of Entire rocket.

Figu " 3

Figur36. Mesh of Nose cone.
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EVAX Analyzes

e
i

For the structural/Mechanical strength Analyses, the CAD drawing of our rocket has been uploaded into ANSYS and materials

decided earlier in the reports were assigned. We applied some boundary conditions such as pressure effect at 3000-meter
altitude as 0,07 MPa and drag force which affects directly the front section area on X-axis.

The results demonstrate that our rocket, which is made up of 70% E-glass fiber and 30% Aluminum 7075-T6, has enough
durability at 3000-meter Altitude. On the engine block side, deformation was measured in fin plates, and stress was
measured in the engine block. For our rocket design, these values are acceptable.

—mm 0,019522 Max
0,018128
0,016733
0,015339
0,01304
0,01255
0011156
0,0007611
0,0083667
0,0069722
0,0055778
0,0041833

0,0027889

o e

0,14036 Min =/ LT

0,00 500,00 1000,00 (mm)
— )

250,00 750,00 100,00 300,00

400,00 (mm)

Figure 37. Total Deformation on Rocket. Figure 38. Equivalent Stress acting on the Rocket.
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EVAX Analyzes

We used velocity inlet boundary conditions on the Z-axis for the nose cone. We utilized SST-k omega as a viscosity model and
280 m/s as an inlet value, both of which were supplied through open rocket simulation. Because the rocket is the interval in
the atmosphere, we chose 1 atm as a pressure exit. We choose 1.007 kg/m?3 as a reference number since it is the density at
apogee, and the front sectional area is 0.03 m? as computed from the SOLIDWORKS CAD model. We employed pressure
velocity as a solution approach, with the solar gradient determined using the least-squares method and the pressure and
momentum gradients chosen in the second order. This case is iterated 500 times and is taken as one state of the flight.

. — ANSYS
2020 R1 “HSYS

2020 R1

0.000e+00
[ms*-1]

Figure 40. Nose Cone Velocity Streamline.

Figure 39. Nose%onelﬁc’\m/elocity Contour.
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37108) (0.08022044 0.0008€156013

s2407683)

72.953828 &s.52 141.48366 9.0:

Figure 41. Drag Force Results.
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The values of the tests were determined to
be roughly 140 N of drag force with a drag
coefficient of 0.05. For our design and flight,
the values are deemed acceptable. The flow
around the rocket at the backend is
where the least velocity occurs, which is seen
in the velocity contour. For the pressure
contour, it can be observed that our rocket’s
1 atm is sufficient to manage flight pressures,
with the majority of pressures occurring at
the rocket tips.

ANSYS

2020 R1

[msh-1]

Figure 43. Rocket Velocity Contour.

SYS
2020 R1

Figure 44. Rocket Pressure Contour.
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EVAX Avionics— Summary

C

Avionic computers are originally designed by us. Table 18 shows the components of each system used in our avionics.
Table 18. Main and Backup Avionics Comparison.

Main Avionics System Backup Avionics System - S

Processing and application

The processors used are the

ATmega2560 Processor ATmega2560 Processor  Processing and application of data. -

of data. same.
MPUG050 IMU Sensor Acceleration and axis BMP180 Pressure Pressure, temperature and humidity One is for acceleration and It’s used for the same goal
measurement. Sensor measurement. the other is for pressure. of activating separation.

Pressure, temperature and BME 280 Pressure Pressure, temperature and humidity U0 (YIRS @S

BME 280 Pressure Sensor .. = pressure sensors are the
humidity measurement. Sensor measurement.
same.
LoRaSX 1278 Data transmission to ground  DRF7020D27 Telemetry _— . Data transmission distances  It's used for the same goal
. Data transmission to ground station. . -
Telemetry Module station. Module are different. of data receiving.

Making a position It's used for the same goal

Grove-GPS (Air530) GY-NEO 8M GPS Making a position measurement. Different sensitivity of dBm.
measurement. of ground recovery.
5V Buzzer Helping to recovery. 5V Buzzer Helping to recovery. - 'Sl'al'lre:]:uzzers used are the
GP GP1604AU Alkaline . GP GP1604AU Alkaline . The batteries used are the
Powering the system. Powering the system. -
Battery Battery same.

The antennas used are the

TX433-JKD-20P Antenna Telemetry communication. TX433-JKD-20P Antenna  Telemetry communication. - came
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Evay( Avionics— Summary

The MPU6050 IMU sensor and BME280 pressure sensor will be used by
the main avionics computer to trigger the servo motors linked to the 9th
and 10th pins of the main avionics' computer, which will execute the
separation procedures. The backup avionics computer's BMP180 and
BME280 pressure sensors will be in charge of activating the servo motors
attached to the backup avionics computer's 9th and 10th pins and
executing the backup separation procedure if the main computer fails.
Because there will be no electrical or cable connection between the two
avionic computers, the backup avionic computer will perform the first and
second separations at a 5-second delay from the main computer, that is, if
there is no deviation in the data of the backup avionics BME280 pressure
sensor and the BMP180 pressure sensor within the specified 5-second
period, it will determine that the main avionic computer has failed to
start the separation. If the backup avionic computer detects a variation in
the sensor data within the 5-second time frame, it will cancel its own
separation process and the servo motor will not execute the separation
process, allowing the main avionics computers to complete the
separation procedures without issue.

Figure 45. Avionics Bay 3D View (CAD).
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EVAX  Avionics — 1.System Detail/1

C

Table 19.1. Recovery Roles of Main Avionics Components.

Product Name / Code / Type Is Data Used in Recovery Algorithm? The Function of the Data Used in the Recovery Algorithm

Processor ATmega2560 Processor (It will be left blank for the processor) -

According to the acceleration data for the Y axis, the
acceleration value after the previous acceleration value

IMU Sensor MPU6050 IMU Sensor Yes will be subtracted, and the minimum acceleration in the Y
axis will be determined and the necessary condition for
the first separation will be met.

In the incoming data, the pressure value after the previous
pressure value will be subtracted and the separation will
be performed according to the sign of the result. For the
second separation, separation will be carried out
according to the pressure value at 500 meters altitude,
which was calculated beforehand.

Pressure Sensor BME280 Pressure Sensor Yes
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EVAX  Avionics — 1.System Detail/1

C

Table 19.2. Recovery Roles of Main Avionics Components.

Product Name / Code / Type Is Data Used in Recovery Algorithm? The Function of the Data Used in the Recovery Algorithm

Communication Module LoRa SX 1278 Telemetry Module No -
GPS Module Grove - GPS (Air530) GPS Module No -
Buzzer 5V Buzzer No -

Battery GP GP1604AU Alkaline Battery No -

Antenna TX433-JKD-20P No i
433 MHz Antenna
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EVAX Avionics — 1.System Detail/2nd

|
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Figure 45. Main Avionics Block Diagram and Schematic.
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EVA)\/ Avionics — 1.System Detail/2nd

We started with the main avionics system's first schematic
design. Due to various defects in the PCB when produced,
the PCB designs were drawn and soldered on the perforated
plate instead. Main avionic board with 1 battery input, 2
servo inputs, Arduino Mega Pro Mini with Atmega2560 CPU,
MPU6050 IMU sensor, BME8O pressure sensor, LoRa SX1278
telemetry module, Grove GPS (Air530), and Buzzer are
all soldered in a specific order on a perforated plate. Later,
the perforated plate's short-circuited section was utilized as
a power distribution block, and power connections were
built using soldering to ensure that the data link between
the Arduino Mega Pro Mini and the sensors was maintained.
PCB cutting will later be made to replace the perforated
plate. Additional connectors for servo motors and the GP
GP1604AU Alkaline Battery are added, which is only used in
the main avionics as each computer will have its own
battery. Finally, the main avionics system is up and running.

)

a

o a

Q

(o] o

o —

RN 4 _l

“ lo —

Figure 46. Main Avionics Photo. Figure 47. Main Avionics PCB Design.
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Avionics — 1.System Detail/3
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Figure 48. Main Avionics Algorithm.

When the rocket reaches the apogee point, the BME280 pressure sensor will
compare the next data to the previous one and determine whether the pressure has
decreased. When the lowest point on the Y-axis acceleration is reached, the MPU6050
IMU sensor will recognize that it has reached its peak. Once both conditions are met the
first parachute will be opened. Otherwise, separation will be done according to the
apogee departure time that has been pre-calculated. The BME280 pressure sensor will
calculate an altitude value based on the pressure at a predefined distance of roughly
500 meters for the rocket's second parachute, once that calculated value is defined the
rocket to separation will activate. When the rocket lands and the recovery procedure
starts, the Grove GPS (Air530) will broadcast position data to the LoRa SX1278 telemetry
module to allow us to locate it The buzzer will be used to assist during the recovery

process. All data that will trigger the separation will be ran through Kalman Filter.
Table 20. Separation Activation Parameters List (Main).

Parameters to Trigger the System Reason of Choosing Sensors from Which Data is Received

Pressure can accurately reflect the altitude of the

Pressure .
rocket as they are proportional.

BME280 Pressure Sensor

Y-axis Acceleration Y-axis acceleration is zero at the apogee. MPUG6050 IMU Sensor

To be used as a last resort in the event of a

Calculated Time From Simulation e
possible inability to leave.

Arduino Mega Pro Mini Function
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Data filtering is a mathematical algorithm for predicting the next data by modeling data when the data read is uncertain. The
main avionics uses the Kalman Filter. The Kalman Filter, by including certain noises, provides more precise data after
mathematical operations are done. The data from the BME280 sensor and the MPU6050 sensor is processed using the Kalman
Filter. The BME280 sensor measures the data in real-time and provides the system with real-time pressure data. The data is put
through the Kalman filter and precise data is generated and used instead because the incoming data is fluctuating, and not
exactly near to reality. The MPU6050 sensor returns data values into the system by calculating instantaneous acceleration
changes. Since the data constantly takes different values under different conditions, sharper values are obtained and used
bypassing the data from the sensor through the Kalman filter as well.

evaX  Avionics — 1.System Detail/3  SAx

measurment
—— kalman
= TrUth

Kalman Filter Formulization
Formula : x, = K,..Z, + (1-K,).X, ; (3)[4].
The formula (3) contains the estimated value of the X value, x,. The Z, value
is the measured value and does not give the correct output before filtering.
K¢ is the Kalman gain value multiplied by the measured value. %, is the &_
estimated value of X in its previous state and is multiplied by (1-K,). i, 8
After the actual values of the main avionics' computer sensors are found
with the Kalman filter formula, their data is used for separation.

h

Figure 49. Kalman Filtered 6utput Chart Example [5].
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Table 21.1. Recovery Roles of Backup Avionics Components.

Product Name / Code / Type Is Data Used in Recovery Algorithm? | The Function of the Data Used in the Recovery Algorithm

(It will be left blank for the processor)

Processor ATmega2560 Processor
Signal status will be determined by subtracting the
previous data from the next data in the calculated
r re values, and the first separation will take place
Pressure Sensor BMP 180 Pressure Sensor Yes pressure vaiue P P

when it is sense that the apogee point has been reached.
The second separation will take place using a
predetermined 500 meters altitude pressure.

Received data will be calculated from the previous
pressure value difference and separated according to the

Pressure Sensor BME280 Pressure Sensor Yes sign of the result. In the second separation, it will be
separated according to the pressure value at 500 meters
previously calculated.
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Table 21.2. Recovery Roles of Backup Avionics Components.

Product Name / Code / Type Is Data Used in Recovery Algorithm? The Function of the Data Used in the Recovery Algorithm

Communication Module DRF7020D27 Telemetry Module No -
GPS Module GY-NEO 8M GPS Module No -
Buzzer 5V Buzzer No -

Battery GP GP1604AU Alkaline Battery No -

Antenna TX433-JKD-20P No i
433 MHz Antenna
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Figure 50. Backup Avionics Block Diagram and Schematic.
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Figuré .51. Backup Avionics Photo.

05 May 2022, Thursday

We started with the backup avionics system's first
schematic sketch. The soldering of the cable
connections between the sensors was then
completed on the perforated plate. A perforated
plate has been soldered with a backup avionics
board, 1 battery input, 2 servo inputs, Ardunio Mega
Pro Mini with Atmega2560 CPU, BME280 pressure
sensor, BMP180 pressure sensor, DRF/7020D27
telemetry sensor, GY-NEO 8M GPS, and Buzzer. The
sensors were powered by the short-circuited
portion, which also served as a power distribution
system. The Arduino Mega Pro Mini was then
soldered for features such as a signal exchange.
Additional connectors for servo motors have been
added, as well as a GP GP1604AU Alkaline Battery
for the backup computer. As a result, the backup
avionics system is ready for operation.
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TEKND!
i 1A

Figure 48. Backup Avionics Algorithm.

Launch BME280 and Use Kalman Filter
»| BMP180 apogee »| for BME280 and
Rocket measurement BMP180 data
3 v
Desired altitude | NO Comparlson of
not reached < previous and next
data values
| Apogee !: J
Main No Activation BME280, No
P avionics first of backup P BMP180data [—
seperation avionics calculation l
First seperation Launching the
done rocket in the pre-
* calculated time
Main avionics No Activation BME280,
second opening of backup | BMP180 data
with BME280 avionics calculation
* Launching the Use Kalman
Second seperation rocket in the _No Filter for
done D pre-calculated BME280,
time BMP180
\ 4
Main avionic No . Activation Rescue with
rocket recovery > of t?aclfup —> GPS, Telemetry,
avionics Buzzer qNO
\ 4 -
Rocket | Recovering
Rescue  |¢ based on the
latest data

By subtracting the data from the prior data, the BME280 and BMP180 sensors will
identify if the pressure is dropping once the rocket reaches the apogee point. The
backup computer will start 5 seconds after the main computer fails to produce
separation at the apogee point, hence starting the separation. Otherwise, separation will
be done according to the apogee departure time that has been pre-calculated. The
BME280 and BMP180 sensors will allow the rocket to open according to the pressure at
a predefined distance of around 500 meters if the main computer is unable to complete
the second parachute opening. Finally, If the main avionics fail to deliver data for
recovery after the rocket has landed, the DRF7020D27 telemetry module will receive
location data from the GY-NEO 8M GPS and the recovery procedure will start. During the
recovery phase, the buzzer will be used to help. All data that will activate separation will

be ran through Kalman Filter. paple 22. Separation Activation Parameters List (Backup).

Parameters to Trigger the System Reason of Choosing

Pressure can reflect the altitude of the rocket as
they are proportional.

Sensors from Which Data is Received

Pressure BME280, BMP180 Pressure Sensor

Using a second pressure sensor gives our data

- BME280, BMP180 Pressure Sensor
more reliability

Pressure

To be used as a last resort in the event of a

possible inability to leave. Arduino Mega Pro Mini Function

Calculated Time From Simulation

05 May 2022, Thursday
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Data filtering is a mathematical algorithm for predicting the next data by modeling data when the data is uncertain. The Kalman
Filter basically includes certain noises, allowing us to obtain sharper and more precise data after mathematical operations. The
spare avionics computer uses the Kalman Filter. Kalman Filtration is used in the BME280 pressure sensor and the BMP180
pressure sensor. BME280 pressure sensor and BMP180 pressure sensor work in similar logic as filtering. In pressure sensors, the
data is measured instantly and gives instant pressure data to the system. Since the pressure data obtained varies and can be far
from realistic, the data is passed through the Kalman Filter and precise results are obtained.

Kalman Filter Formulization

Formula: X, = K.ZK + (1-K,).x, ; [4] (3).

Formula (3) contains the predictive value of X value, Xx,. The Z, value is the
measured value and does not give the correct value before filtering. K, is the
Kalman gain value multiplied by the measured value. X, , is the estimated value
of X in its previous state and is multiplied by (1-K,). After calculating the actual
values of the redundant avionics' computer sensors with the Kalman filter
formula, their data is used for separation.

Figure 54.

2.5
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Kalman Filtered Output Charts Example [6].
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Figure 56. Telemetry
Interface.

In the ground station, there are three Arduino Nanos. There
is no link between the processors, which ensures that the
data does not get jumbled up. The main computer sends
pressure, acceleration, and location data to the LoRa
SX1278s’ ground station, while the backup computer sends
pressure and position data to the DRF7020D27 ground
station. The data for the referee ground station will be sent
by connecting the RGS device to the computer with data
from the avionics. As a result of the telemetry band
calculations [12], the main avionics will use the LoRa
SX1278 module with an 8-kilometer range running in 433
MHz bands, while the backup avionics will use the
DRF7020D27 module with a 5-kilometer range working in
433 MHz bands. Antennas TX433-JKD-20P are used.

Telemetry Package Structure

<PACKAGE NUMBER>;< TEAM ID >;<ALTITUDE>;<GPS ALTITUDE>;<GPS LATITUDE>;<GPS LONGITUDE>;
<MAIN AVIONIC PRESSURE>;<MAIN AVIONIC Y-AXIS ACCELERATION>;<BACKUP AVIONIC PRESSURE>
(ANNEX-8 RGS has been taken into account in the package structure, the requested data will be forwarded to
| RGS.) The data packet is the final packet consisting of a combination of avionics.

Link Budget Calculation [7]
Pex = Prx + Gy~ L - Les - Ly + Gy - Ly
Prx (dBm) = Received Power
P1x (dBm) = Transmitter Power Output
Gyy (dBm) = Transmitter Antenna Gain
L (dBi) = Loses from Transmitter (Cable)
L;s (dB) = Free-Space Loss
L,, (dB) = Polarization Losses
Gy (dBi) = Receiver Antenna Gain
Liy (dB) = Loses from Receiver (Cable)
L= 32.48*|og(Frequency(Mhz) + 20 log(Distance(km))
L, (dB) = 6 dBm (default accepted)
Main Avionic Link Budget:
Free-Space Loss=32.48*log(433)+20log(10) = 103.6
Pey (dBM)=20+4-1-103,6-6+4—1=-83.6dBm
(Since the LoRa SX1278 used can go up to -138 dBm,
the distance can be increased.)
Backup Avionic Link Budget:
Free-Space Loss=32.48*log(433)+20log(5) = 99.6
Pey (dBmM)=27+4-1-99,6-6+4—-1=-72.6 dBm
(DRF7020DRF can go up to -117 dBm, the distance can
be increased.)
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Avionics Prototype Test

Avionic Algorithm Test

Card Functionality Test

Communication Distance
and Speed Test

Activation of Seperation
System Test

Altinbas University
Mahmutbey Campus

Altinbas University
Mahmutbey Campus

Open area

Altinbas University
Mahmutbey Campus

Table 23.1. Avionics Prototype Test.

Test Location Test Method Test Rigs Data from the Test Interpretation of Test Data

The coding and components of the
main avionics and spare avionics
computer components will be installed
on the perforated plate, and the
pressure will be reduced by vacuuming
in the airtight container, and then air
will be slowly reintroduced. The
assembly will also slowly move
upwards with 0 horizontally at its apex.

The test setup to be used in the Avionic
Algorithm test will also be sent to the
ground station by telemetry and the
data outputs of the components will be
displayed on the computer screen.

Telemetry of the main avionics and
backup avionics computers will be
placed at a distance of kilometers from
the ground station.

Parachute components are brought to
a certain distance, the pins to which
the servo motor is connected will be
activated at the time of fall, and the
process of opening a parachute with
the servo motor will be performed.

Avionic computer components,
Airtight container, Vacuum
machine, Buzzer.

Avionic computer components,
Airtight container, Vacuum
machine, Buzzer, Laptop

2 LoRa SX1278 and 2
DRF7020F27 telemetry
modules (two each for avionic
computers and ground
station), Laptop

Avionics computer
components, parachute, servo
motor

The data of the sensors at minimum and
500 meters pressure, the data of the
IMU sensor on the Y-axis and the buzzer
data.

Data outputs of the data in the
application in the Avionic Algorithm Test
on the computer screen.

LoRa SX1278 maximum distance and
maximum speed data, DRF7020D27
maximum distance and maximum speed
data.

Servo motor 1 and 0 data.

The success of the BME280, BMP180
pressure sensors in the separation
processes and the first separation success
with the Y-axis acceleration of the
MPUG6050 IMU sensor will be observed by
the operation of the 5V Buzzer if the
outputs are correct.

By observing the data outputs in the
Avionic Algorithm Test on the computer
screen, it will be observed how fast the
incoming data comes and how well the
components work.

It will be observed how far the telemetry
modules can receive maximum data in the
open area and how fast they receive the
data.

With the command given to the avionics
computers, it will be observed whether the
servo motor is successful in opening the
parachute, how many degrees of angle and
rotation time the servo motor will be
successful.
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Table 23.2. Avionics Prototype Test.

Test Location Test Method Test Rigs Data from the Test Interpretation of Test Data

Tests to be Performed After the Critical Design Report

It will be observed how healthy the data

Ground Station Interface Altinbas University The data sent to th.e gr.ound SElen vl 2 Arduino Nano, LoRa SX1278, displayed Or.] the serial §creen at t.he .
Test Mahmutbev Campus be sent to the application prepared by DRE7020D27. Lapto In-app data made for telemetry. ground station appear in the application
¥ PUS- " the EVA X Team. , Laptop made by the EVA X team, and how

accurate and fast the application works.

Batteries to be used separately in

. . . avionic computers V\.”” Tema'“ 2 GP GP1604AU Alkaline Data on battery operation on the serial It will be observed how long the batteries
. Altinbas University connected to the avionic computers . . . . . -
Battery Duration Test . . . ) Batteries, main avionics, screen of the main avionics and backup connected to the avionic computers work
Mahmutbey Campus.  and in working condition and will . .. .
. . backup avionics avionics computers. differently.
output to the serial screen as long as it
remains on.
o 2 GP GP1604AU Alkaline With the value read from the
. . . The temperature of avionic computers . L .
. Altinbas University . . . . Batteries, main avionics thermometer, it will be observed how hot
Avionic Temperature Test connected with batteries with different . Thermometer data L
Mahmutbey Campus. L. . computer, backup avionics the avionic computers are and what
wiring will be measured. .
computer, thermometer precautions should be taken.
Table 24. Avionics Prototype Test Schedule. In the shared test calendar, green boxes indicate
April May June :
Test Name e — Y ——the tests completed during the CDR phase, and
L Avionic Algorithm Test the red-colored boxes indicate the tests to be
2 Card Functionality Test
3 |Communication Distance and Speed Test performed after the CDR'
4 Activation of Seperation System Test . . . .
5 Ground Station Interface Test Avonics Prototype Video Test: [Avionics Prototype
6 Battery Duration Test . .
Avionic Temperature Test Test YOUTU be Ilnk Wl” be p|aCEd hEFE]

~
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E-Glass Fiber/Epoxy and

Nose Cone 600 TL
Lora module SX 1278 - 222TL Aluminum
Primary Frame E-Glass Fiber/Epoxy 1 3500 TL
ATmega2560 = 2 333 7L
Main Frame E-Glass Fiber/Epoxy 1 3500 TL
MPU6050 IMU Sensor - 1 43 TL
Fins E-Glass Fiber 3 1000 TL
BMP180 Barometer - 1 57 TL
DRF7020D27 Telemetry , 3L Coupler E-Glass Fiber/Epoxy 1 900 TL
Module Boat-Tail and Retainer Aluminum 1 800 TL
GY-NEO 8M GPS = 1 426 TL ;
M2020 Motor - 1 (Pr"’(v'dfed by
BME280 Sensor - 2 201TL teknofest)
Grove - GPS (Air530) - 1 263 TL Inner Motor Tube E-Glass Fiber/Epoxy 1 1500 TL
Buzzer - 2 6TL Engine Block Aluminum 1 200 TL
TX433-JKD-20P 433 MHz = 4 106 TL Lora module SX 1278 - 2 222 TL
GP GP1604AU Alkaline Battery - 2 47 TL ATmega328PU - 1 193 TL
Parachutes R;iﬁ;:,?,p 3 1570 TL TX433-JKD-20P 433 MHz - 2 106 TL
GP GP1?3011?U Alkaline i . e
CO,/Piston System Aluminum 2 900 TL S
BME280 Sensor = 1 201 TL
- - - - Around 2600 TL Grove - GPS (Air530) : 1 263 7L
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Checklist

No

Requirement

Iltem No
1 3.1.6.
2 3.1.9
3 3.1.11.
4 3.1.17.
5 3.1.22.
6 3.1.24.7.
7 3.1.25.
8 3.2.1.3.

Requirement

Mixed teams comprising members from
different education/training institutions
can participate in the competition.

Teams shall comprise a minimum of six (6)
and a maximum of ten (10) people. A
maximum of 6 members can be present in
the area.

Each team must participate in the
competition with one (1) advisor. The
requirements related to the team advisor
are given in the relevant article.

A flight simulation report shall be prepared
and delivered in both the PDR and CDR
stages.

The teams are responsible for listing all
team members that will participate in the
competition and the team advisor in all the
reports (PDR, CDR, LRR, PLER) they
prepare.

The faculty member/academic advisors to
university teams must be an academician
(research assistant, lecturer) in any faculty
in the field of Engineering and Science, or
an academician of any field who has
previously participated in rocket
competitions in the country or abroad.
The team must have a team captain.

The rockets in the Medium- and High-
Altitude Categories must carry out the
operation concept given in Figure 1 as an
example.

EVA X Checklist

Recompense
Status

PDR Slide Number Explanation

Slide 2.
Slide 2.
Advisor requirements are
Slide 2. attached in the zip file in
PDF format.

. FSR is attached in the zip
eSS file in PDF format.
Slide 2.

Slide 2.
Slide 2.
Operation concept shown
Slide 3 to 5. in slide 5 with all the

competition rules in mind.

10

11

13

14

15

3.2.1.4

3.2.15

3.2.1.20

3.2.1.21.

3.2.1.23.

3.2.3.1.

3.2.2.2.

Rockets must release the payload at the
apogee point and deploy the drogue
parachute (yellow drag

parachute in Figure 1).

Main parachute will be deployed at a
maximum of 600 m and a minimum 400 m
from the ground.

The payload will be recovered separately
from the rocket, whereas the rocket parts
will all be recovered together. There shall be
a system (GPS, radio transmitter) pinpointing
the locations of both the payload and the
parts in question.

Teams are required to make flight
simulations in accordance with the “Open
Rocket Simulation” menu (Figure 3). Teams
that have not included the simulation
described in Figure 3 in their Open Rocket file
shall not be evaluated.

Teams shall not enter their Payload as
"Unspecified Mass". The payload shall be
named "PAYLOAD", and its mass shall be
entered as 4000 grams (4 kg) minimum as a
single piece. The values on the "Launch
Simulation" screen seen in Figure 3 should be
entered into the simulation. Teams that fail
to carry out the simulation using these values
shall be disqualified.

The system of parachute must be used for
the recovery system.

In order to prevent damage to the rocket and
its parts, the velocity of the loads carried by
the main parachute must be 9 m/s maximum
and 5 m/s minimum.

Slide 5,33.

Slide 5.

Slide 37.

Slide 5.

Slides 3,38.

Slide 35,36 .

Slide 36.

An ork. file has also been
attached in the zip file with
figure 3 simulation applied.
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Checklist

16 3.2.2.3.

17 3.2.25

18 3.2.2.13.

19 3.2.3.1.

20 3.2.3.4.

21 3.241

22 3.2.4.3.

23 3.2.4.7.

24 3.2.5.1.

The drogue parachute must be able to prevent the rocket
from tumbling. This parachute must reduce the descent rate
of the rocket to a rate not be less than 20 m/s.

The Payload must be landed “independently” with its own
parachute, without any connection to the rocket parts (no
equipment such as shock cord connecting to any point).

Each parachute will be distinctly colored and easily
distinguished by the naked eye from a distance (it is of
crucial importance that the parachutes not be white, blue or
any shades of these colors).

The payload must have a mass of at least four (4) kilograms.

The payload, which is separated from the rocket at the
apogee in the Medium-Altitude category, must transmit the
pressure, temperature, and humidity data of the
atmosphere to the ground station at a frequency of 5 Hz (5
units of data every second for each data group).

Rockets that will compete in the High School, Medium-
Altitude and Challenging Task categories must fly at subsonic
(below Mach 1) speeds.

The maximum outer diameters of all parts of the rocket must
be of the same value (Stages of different diameters and
diameter changes between stages are not allowed. Boat-Tail
use is allowed in line with rail positioning restrictions.)

The minimum rail exit velocities are as follows: 15 m/s in the
High School Category, 25 m/s in the Medium-Altitude
Category, 30 m/s in the High-Altitude Category and 20 m/s in
the Challenging Task Category.

The internal and external pressure of the rocket must be in
balance. To ensure pressure balance, a minimum of three (3)
holes with diameters of 3.0-4.5 mm must be located
between the nose cone and the frontal part of the body
tube, in the body tube part housing the avionics systems,
and in the body tube section between the rear part of the
body tube and the engine.

Slide 35.

Slide 33.

Slide 35.

Slide 38.

Slide 37.

Slide 4.

Slide 4.

Slide 5.

Slide
17,20.

25 3.2.5.5.

26 3.2.5.7.

27 3.2.5.10.

28 3.2.6.1.

29 3.2.6.2.

30 3.2.6.7.

31 3.2.6.9.

32 3.2.6.10.

33 3.2.6.11.

34 3.2.6.12.

Nose cone shoulder must have a diameter of at least one and a half (1.5)
times the outer diameter of the body tube. Couplers are expected to have
a diameter of at least 0.75 times each of the outer diameter of the body
tubes into which they will be integrated. Failure to comply is grounds for
disqualification. A sample nose cone shoulder is provided in Figure 4 and
sample coupler is provided in Figure 5.

The rail buttons must be attached to the structurally reinforced parts of
the body tube. Each rocket must have a minimum of two (2) rail buttons.
One should be located on the engine area, between the engine centre of
gravity and the end of the body tube. The centre of gravity of the rocket
must be between the two rail buttons.

The flight computer and all switches on the payload must be located at
most 2500 mm ahead of the rocket nozzle (Figure 6).

The deployment and recovery systems found on the rocket are managed
by the flight control computer.

The communication computer that ensures the transmission of telemetry
data to the ground station can operate either standalone or integrated
with the Flight Control Computer.

In the Medium-Altitude category, the use of at least two (2) flight control
computers is mandated. At least one (1) of these flight control computers
must be an authentic flight-control computer. At least one (1) of the flight
control computers used must provide the utility of a communication
computer.

No electrical or wireless connection is permitted between the flight
control computers used in the system.

The flight control computers must be completely independent of each
other. Each computer must have its own processor, sensors, power source
and cabling.

The flight control computers used are connected to the deployment
system actuator via electric lines, cables etc. (each line should be
independent).

In the event of the partial or complete failure of one of the flight control
computers and/or one of the systems to which they are connected, the
others must be able to perform the rocket's recovery functions without
interruption.

Slide 12..

Slide 20.

Slide 17,20.

Slide 33.

Slide 60.

Slide 46.

Slide 47.

Slide 46,47.

Slide 37.

Slide 52,58.
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The flight control computers must have at least two (2)

The link bandwidth must be budgeted by assessing the power of the RF

35 3.2.6.13. sensors, and data from these sensors must be Slide 46. G Sl module, and this must be presented in the relevant design reports. Slidel60.
used in the flight control algorithm.
. . In the design and production of the rocket, it must be ensured that power can
There must be at least one (1) barometric pressure sensor in . ; . .
36 3.2.6.14. 1196 i i) G Slide 46. be supplied to the flight control computers from outside the body tube (for
. . . 47 3.2.6.26. example, there should be an accessible switch on the body tube). The starting Slide 20.
In the event of two (2) barometric pressure sensors being . . . -
i - of systems by using tools with ropes, shunts or screwdrivers etc. will not be
37 32615 used in the flight control computers, the sensors must be Slide 46 I
7T different from each other (Sensors used in different flight ’ ’
control computers may be the same as each other). Design and production must be done in such a way that power can be supplied
In the flight control algorithm, the deployment system must ) 48 3.2.6.28 to the electronic circuits on the Payload from switches on the body tube of the Slide 38.
38 3.2.6.16. ; Slide 47,49,55. ol
not be triggered by data from GPS. : o o ) ) ) )
I - All teams must have a ground station to receive real-time Slide 60 49 3.2.6.33. At least two cr|.ter|a that will trigger split sequences in the flight algorithms Slide 52,58.
“© %7 data from their rockets and payloads. : must be determined.
To launch the recovery of the rockets, the location data of 50 3.2.6.34. Decision-making parameters must be based on the data read from the sensors. Slide 52,58.
40 3.2.6.21.1 the rocket must have been transmitted to the Ground Station Slide 60.
in real time. The data read from the sensors must not be used directly, and any incorrect
The fact that rocket parts will land far away from the ground reading or sensor error must be taken into account. The measures to be taken .
. . 51 3.2.6.35. . . . .. . . L Slide 53,59.
station should be considered, and the range of the . in such situations (such as filtering) must be explained in detail in the relevant
41 3.2.6.22. . . . Slide 60. X
transceiver antennae should be chosen taking the flight design reports.
trajectory of the rocket into account.
The link bandwidth must be budgeted by assessing the power The teams are responsible for carrying out and providing the results of all the
42 3.2.6.23. of the RF module, and this must be presented in the relevant Slide 60-. sy 434 necessaryanalysesand tests in the Critical Design Report (CDR), demonstrating Slide 42 to 45
design reports. - that their designs are ready to proceed to the final production, integration and ’
In the design and production of the rocket, it must be testing phases.
ensured that power can be supplied to the flight control
43 3.2.6.96 computers from outside the body tube (for example, there Slide 20 The system should be explained with an integration scheme (i.e. assembly
T should be an accessible switch on the body tube). The ’ details of the systems must be presented with supporting visuals from the CAD
starting of systems by using tools with ropes, shunts or program, answering such questions as “How the stages are connected to each .
. . . 53 436 . . o . Slide 28.
screwdrivers etc. will not be permitted. other, in the Challenging Task category”, “How the nose cone is connected to
To launch the recovery of the rockets, the location data of the body tube", “How the parachute is connected to the body tube”, “How the
44 3.2.6.21.1 the rocket must have been transmitted to the Ground Station Slide 60. motor is fixed inside the body tube in such a way that it can be removed”).
in real time.
The fact that rocket parts will land far away from the ground 54 4312, Open. RockeF files with an “.ork” extension supporting the report must be Slide 3 to 5.
45 3.2.6.22 station should be considered, and the range of the Slide 60 submitted with the report.
trapsceiver antennae 'fho”Id be chosen taking the flight | asim All electronic components on the system powered by batteries shall be Slidel50/56
trajectory of the rocket into account. =" specified in the CDR, which should include switching circuit schematics. e
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EV N FMEA
A Error Types and Effects analysis

A Failure Modes and Effects Analysis (FMEA) is located in a zip file in excel format.
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