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1 Summary

1.1 TeamSummary
1.1.1 Team Information

1.1.1.1Team Name

This team has dedicatatself to laying the groundwork for continued yearlyrpeipation in
NASA Stueht Launch and expansion into experimental ligiudled engine devepment by
the parent AIAA chapter. To that end, the team has deemed ifiselfirstyear of FAMLFSU
I L !s to€ket development program, called the Zenith Program.

1.1.1.1Mailing Address
Mail to: FAMUFSU AIAA

2525 Pottsdamer Street, Suite B111
Tallahasse, FL 32310

1.1.2 Mentor Information

1.1.2.1Mr. Tom McKeown
1 Title: Board MemberSpaceport Rocketry AssociationARI #342 / TRA #73)
Email:
Phone:321-266-1928
NAR Flyer Numbet57205
TRA Flyer Nmber: 01922
NAR/TRA Certification Lelid evel 2

= =4 4 4 2
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1.1.3 Huntsville Travel Plas

The team intends to attend lawh week at NASA MSFC in Hunts\Mlle alternate launclsite

has been selectedhiPalm Bay, FL at the SRA Rocket Ranch should the team not be able to
travel to Huntsville.

1.1.4 FRRCompletionTime
The team spent approximateB00 hours working on the FRR dmgent.

1.1.5 STEM Engagement Summary

The Team had to engage a mmum of 250 participnts through the meanef Directeducation
engagementnd have aSTEMEngagemenactivity report submittedby Flight Readiness
Review As far 8 engagement is concerned the teamsaable to engage with Sail High School
and School of Astand Science locaten TallahasseeThis lbought us to a minimum a280
participarts engagedSail High School STEM Engagement was done &8thef February ad
March 2" this consisted ofa set of presentations tdfour of their engineering and physal
scienceclassesvith 25-30 students inead classand started discussionstaout the main
aspectsof our semor designproject and how the simplsubjects tlat are beingaughtthem
applyto projeds of acollegiate levelAs well as give general rundavwef the High School
Division offered by NASA Student Launch and how many scheoteupding as of nowThe
School ofArts and ScienceSTEMEngagement tooklace onthe 239 and 24" of February
whichwasdone due to the large summary pérticipants this consisted of groupsof 45 on
each dayThiseventinvolved a smalkecture/presentationon Aerodynamicshat would
eventually transition to dandson actiuty that wouldbetter explain thelecture to kids in ways
they woud understand.

Tablel-1. STEM Everfsummary

Event/Group Participant No. Engagement Type Description
Sail High Schodlass 1 50 Dired Engagement Presentation
Sail HigtschoolClass 2 50 DirectEngagement Presentation
Schod qf Arts and 180 DirectEngagement Aero Lectu-ref,-Hands on
Sciencs Activity
Present Total: 280 - -

11
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1.2 Launch Vehicle Summary

1.2.1 Target Altitude
The target altiide for the Zenith 1 is 4600 ft AGL.

1.2.2 Final Motor Selection
The final motor selected is the Aerotech D8%.

Table 1-1. Aerotech L850W Spifications

Motor Parameter Value
Average Thrust 850 N
Initial Thust 1,001 N
Maximum Thrust 1,866 N
Total Impulse 3,646 Ns
Burn Time 4.4 seconds

1.2.3 Vehicle Sections

Theflight vehicle design i87.75inches in length with a body tube diameter oiBinches and

a total weight of 3&8 Ibs. The static stability margof the vehicle is 3.43 calibers and the max
velocitythe vehicle reaches is 545 ft/Section 3.1 expandsifiler into the design of the
vehicle, its subsections, and their weight distributio

1.2.4 Vehicle Mass
Tablel-2. Vehicle Masses

Vehicle State Mass (lbm) Mass ()
Dry Mass 34.12 15273
Wet Mass 38.68 1752
Component Sre (inches) Weight (Ibs.)
Upper Payload Bay 35 12.718
Nose Cone 20 5.297
Avionics Bay 12 4.822
Fin Carw/ out propellants 40.05 14.341

12
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1.2.5 Recovery System

The recovery system consiststafo completelyindependent EntacoreAIM 3 altimeers. At

apoidSST  Hné KATIK aidNBy3IGK StfALIGAOF fundd NI OK dzi
Iy tpmoidal shapedparachute will deployThesystem will useCO2ejectionchargesto

lower the riskof damagng anyof the componentsin each payloadbay, whichis more likel/ to

occurwith the use oftraditional black powder charges. The recovery system araf @8
relevantmodulesare discussetlrther in Section 3.4.

Tablel-3. Recovery System Compents

Compment Part Selected
Primary Flight Computer AIM4 USB
Backup Altimeter AIM4 USB
GPS Tracker/Locator 1 EgdrinderRX
GPSTracker/Locator 2 Apple AirTag
Ejection Charges Tinder Rocketry Raptor QEjection Charge
Drogue Peachute Fruity Chute ClassictEf A LJi A O f
Main Parachute CNHzA G & / KdziS& L NAa

1.2.6 Rail Size
The launch vehicle will utilize 1515 rails.

1.3 Payload Summary

ThePaload hasSummaryhas stayedhe samesincethe critical desigrreview. The payload ia
static 3D printeccamera housing, which will contain an Arduino Mega microcontroller, ArduCam
mini amera, and stepper motaio drive the rotation of the cameraThe camera housing has
been designed as a pyramid, with a wide flat basprevent tipping orrolling as it ses down on

the ground under parachute. The microcontroller and camera are mourted 8D printed
turret, driven by the stepper motor, with theamera protruding from the top of the pyramid into

a protectiveLexanplexiglasssides of a B printed frame. The Pgload will be attached to the
shodk cordviafour eye bolts and wilbe pulled out by he shock cait during upper payload bay
separation

13
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2 Modifications since CDR

2.1 Modified vehicle criteria

Descriptionof Change

Reason for the Change

Aft removabk centering rindgholds aftralil
button

Preventsany movement from the entering
ring andassists in fixing #railbutton tothe
vehicle

Finstructure has beerhanged tceliminate
the canted profile. The @nted profile has
been substuted with a spintab postion at
the aft end of thefin and will beprinted as
one component with the firfdiscussed in
flight analysis

The @nted pofile required the use of abase
plate. The base plateesuted in deformation
isstes andfitment issueswith the airframe.

Tailcone hasbeeneliminated Thrustplate
remainsin the design

Tail Cone desigwasdetrimental to vehicle
performance and personneifay (discussed
in flight analysis

2.2 Changes made to payloattiteria

Description of Change

Reason for the Chage

For thePayloadHousingncreased the
materialaroundthe eyebolts to incease
strengthand decreasehe likely hood of
breaking

Had an ovesite that afterprinting the
Interior Ekctronics Frame couldn@side into
the top.

Changéd dimensionsof Camera Housing

Designed the Cametdousingoefore
receivingthe part.

Changé designto allowfor the Arduino
Mega tobe put inside thelnterior Electronics
Frame

Had anoversite in the ability to put the
ArduinoMegacontrollerinto the Frameafter
it was printed.

Changed the desigof the Lexantop to be
more like gpicture frame There isnow a 3D
printed Frame and havefour panes ofLexan
epoxied to the inside

During manufacturingthere was trouble
moldingit to form the correct shape.

14
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2.3 Charges mae to project plan

There are no notablehanges to the project plasince lasreported on.Manufacturing, testing,
and testflight timelines ae holding firm STEM engagement was executed as expected, and
budgeting and actual expenditures remaieasonaby close.

3 Vehicle Criteria

3.1 Design and Construction of Vatie

3.1.1 Launch Vehicle Design

The launchvehiclewill be 98 inches long witha loaded weight of 3868 poundsand an
unloaded weght of 34.12 pounds Diussed in later sectionshangesnade to the launch
vehide includefin designand rose cone couplig mehod. The vehicle will sepata between
the lower payload bay and the avionics laypogee (dogue separatio)y and betweerthe
upper payload bay and avionics bay (maingaaute sgaration). Se figure3.3for visual
representation

15
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Main Parachute CO2 Ejection DrogueParachute
& ShockChord Chargr & ShockChord

Main Drogue
Separation Parachute
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3.1.1.1 Nosecone Configuration
The final design for the nosecone ¢iguration has notchangedandwill be an LEHaack Series
with threaded shouldr attachment

Mathematically Derived Profile

Upper Profile Lower Profile

Figure3-1. LDHaack Series Nosecone Astbly

Thenosecone configuration is separated into three sections: ugpefile, lower profile, and
shoulder. The configuration of the nosecone was ultehaseparated into three seans for
ease of manufeturing.Discussed further below isection5.5.2, the upper pofile andlower
profile separatediue to the coupler annector being too thin towithstand theground hit
impact. Thesolution to thisissue wil be to increasethe thicknessof the coupling connetor
between the upper and lower profilén the previous desigpresentedin CDRthe oupling
piece between the uppeand lowernose coneprofiles was one sidkand 1 inch longrhe
updateddesign sbwn in the engineering dnaings bebw shows the cupleris now0.8 inches
thickand 2 inches long with ibch ofthe coupler in the lower section and 1 inch in the upper
sedion. 3D printing specifications and notes have also been included in the drawihgdadc
in the drawings.

17



2023 NASA Studentlwach | FAMUFSU College of Engineering

Mathematically Derived Profile
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Figure 3-2. LDHaack Nosecom Assembly CAD Drawing
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Figure3-3. Nosecone Shoulder CAD Drawing
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Figure3-4. Noseone Lower Profile CAD Dramg
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Figure3-5. Nosecone Upper Profile CAD Drawing

3.1.1.2 Upper PayloadBay

The upper payload bajesignhas remained the same since CDR aemakists of a 3&nch-long
bluetube airframe with a forward bulkheathat sits flush against the nosecone shouldene
manufactured @nensionsare shown below along with their manufaced weights The
weights havealtered sightly, eachcomponent was wighed postmanufacturing for aaerate
simuktions andaccurate docmentation.
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BULKHEAD
AIRFRAME

Figure3-6. Upper Payload Bay Assembly
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Figure3-7. Upper Payload Bay Assembly CAD Drawing

(a) Upper Payload Bay Airframe
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Figure 3-8. Upper Payload BaAirframe CAD Drawing

(b) Nose Cone Bulkhead

Alldesign aspects of theasecone bulkhead have remained the sasitece CDRith a

p K M cBolt ahd fastener plate configuration attachealthe bulkhead for main
parachute shock chord connect2 Y LJdzNJ J2 Bulkh@ad is ¢akriSatedyffom Baltic
Birch Plywood. Shown below are dinsioned CAD drawings of the nosecone
bulkhead design and each of its componemé&ights have been updated faccurate

postmanufactringweights
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5/16 - 18 STAINLESS STEEL U-BOLT

BULKHEAD

STAINLESS STEEL FASTENER PLATE

HEX NUT X 2

Figure3-9. Nosecone Bulkheadlssembly
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Figure3-10. Nosecone Bulkhead CAD Drawing
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Figure3-11. U-Bolt CAD Drawing

3.1.1.3 Avionics Bay

The avionics bagesignand layoutis relativelyunchanged sice CDRThe changes madeere

the positioning of theholes in he bulkhead thasccommodatehe threaded rodsThe

bulkheads wereommergally ordered and cane with the hole locations shown iigures 317
and 318.The avimics coupler is 12 inches in length and made from bl twith a inch-

long outer airframe ring hugging the externakface of the coupler to provide a flush

connecton point between the copler andthe 8 KA Of SQa | ANF N} YSd ¢KS

expected to weigh.83Ibs.
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AVIONICS BAY TOTAL MASS [GRAMS)
ASSEMBLY ATMPT 1| ATMPT 2 | ATMPT 3 | ATMPT 4 | ATMPT 5
20 Fobrt In fa frAe fe
PRE-MNFG N/A N/A N/A N/A N/A
POST-MNFG 2187 N/A N/A N/A N/A
PART # PART NAME QUANTITY| PART # PART NAME QUANTITY
1 5/16" U-BOLT 2 7 INNER AVIONICS BAY RING 2
2 U-BOLT PLATE 2 8 AVIONICS WIRING SLED 1
3 1/4" HEX NUT 8 9 THREADED ROD 2
4 OUTER AVIONICS BAY BULKHEAD 2 10 AIRFRAME SPACER |
5 INNER AVIONICS BAY BULKHEAD 2 11 AVIONICS COUPLER 1
6 CO2 EJECTION CHARGES 4
_ PROPRIETARY AND CONpDENTiAL | T EHERE HECRES: — FE':C':"\EB. DATE '.":F{e Zenith Program
/| THE IMFORMATION CONTAINED N THIS TOLERANCES: - -
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OF ENIGNEERING 15 PROHIBITED. VARIOUS

SCALE: 1:9  WEIGHT: 483 LBS. SHEET 1 OF 1

Figure3-12. AV Bay Transparent Assembly
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Figure 3-13. AV Bay Solid CAD-&wing

Figure3-14. AV Bay Exploded Assembly
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3.1.1.4 Fin CahlLower Ryload Bay

The lower paylod baydesign has few minordesgn changesn regardto fin design and
centeringring design These cangesare discussd bdow. Aside from firand centeringring
design the rest of the conponents renain thesame from CDR he lower paylad bayas a
whole is 43.50 inches in length.

Al
4U.00U

Figure 3-18. Lower Payload Bay/Fin Canafrsparent Assembly

(a) UpdatedAirframe
Thefin cut-outs far the lower paylod bay airframe have been changed to
accommodatehe new fin designTheairframedesignpresenedin CDRhad fin
slots cutat the aft end of thevehiclethat were 13 inches irehgthand werecut to
the end of theairframe. he new and udated fin deggn sdesign for the fins tde
insertedvertically in and out of tlke vehicle, similar tdraditional fin designs.
Previousfin desgnswere modekd to havea base platevith asurface arve
followingthe outer airrame diameterandwere prirted from PETGThecurved
plate in the original design of the fimgould frequently deformregardless of the
materialused forprinting, and oftendid not properlyalign with theairframe.The
base pate wasimplementedto allow the fins to be anted off verticalto induce
spinning stabilizationDue to structural printing deformaton and fitment, the fin
design wasnodified to a verticalstature with spin tabslocated the end of the fins
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to replicatethe @anted feature in the last desgn. The new configiation is stown
below along withan engineering drawing

Spin &b

Figure3-19. Lower Payload Bay Airframand Fin Configuration
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Figure3-20. Lower Payload BayidArame w/ 1515 Rail Buttonhte
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(b) Updated Thrust Structure

The thrust structure presented I@RIs relatively snilar to the updated design, but
with afew small changes.

CLIPPED DELTA FIN W/
SPIN TABS

HEX NUT X 8
5/16"-18 THREADED ROD X 4
FWD MOTOR TUBE

CENTERING RING (EPOXIED)
FLANGED MOTOR

RETAINER
3/8-16
FORGED EYEBOLT
75 mm MOTOR TUBE THRUST PLATE
CONFIGURATION
FWD FIN-CUT (REMOVABLE)
CENTERING RING
(EPOXIED)

AFT END FIN-CUT
CENTERING RING
(REMOVABLE)

T-NUT X 4

Figure3-21. Labeled Fin Can Assbly

The fintabs have been dggned differently to fit intcslots that were cut in the

centering ringsThe firsvertically slidanto the slotsandthe centering ringsheld n by

the threaded rals, sandwich the fin tabs between the two centering ringkeep the

fins fixed in placeThe fin tabs extend to the motor tube for extra structural stabilization
and totransfer thrust loads to the centergirings.
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Figure3-22. Fin Can Assembly

The fin assemblghown abovas theupdated thrust sructure configuration The fins will be 3D
printed using ABS filament and tea&n estimated weight of 4 pounds @ch (0grams).The
spin tabsare vertically ofset 8 degrees and aranplemerted to causethe vehicleto spin and
positively affectthe vehicle@ stability. Shown below are dimensioned CAD drawings of the
clipped dela fins.
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Figure3-24. Canted Clipped Delta Fin CAD Drawing Sheet 2 of 2

As mentioned in both PR and DR, a leadingoncernwith the vehicleQ fins wasthe fins
reaching he fin futtering speedwhichcould lead tahe fins shearing dumg fight. The newfin
design has the sae dimension as the desigghownin CDRaside fronthe base plateThefin
flutter speed shown below wasakulatedin MATLAB and givethe fin structure anicefactor of

safetyrange
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Table3-1. Fin Flutter Spee®arameters

Fin Flutter Speed
Parameter Symbol Value Unit
Seed of Sound @ 1098.9 ft/s
Shear Modulus O 151920 Ib/in"2
Aspect Ratio 0'Y 1.0714
Pressure 0 12.44 Ib/in”2
Taper Ratio o 0.2727
Fin Thickness 0 0.47 inches
Root Chord @ 11 inches
Fin Flutter Speeg W 1446.3 ft/s

Table3-2. Fin Flutter Speed Results

Max Vehicle Speed 545 ft/s
FinFlutter Speed 1446.3 ft/s
Percent FlutterSpeed Achieved 38%
Factorof Safety 2.65
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The centering rings used for the thrust structin@vekept the sane general desyn snce CDR
The cut-outs in he @ntering rings have been modified &mcommodatehe new fin design
with skinrier tabs The aft end cetering ringhas also been modified to allow the 1515 rail
button to be screwed ito for final assemblyThe rail buttan placement notonly fixes the aft
end rail kutton to the vehicle butalsoprevents theremovable @ntering ringfrom rotating
during flight Show below are update@ngineering drawings for theentering ringsandan
image of how theaft endrail button i fixed to thecentering ring.
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Figure3-25. Forward Centering Ring CAD Drawing
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The thrust plate and tail cone configuratidmschangedsince CR, withthe tail cone being
removed fromthe design and the componehiavingatotal weight 0f0.41 pounds Shown
below areimages of how the t&cone is assabled tothe thruststructure along with
engineeringdrawingsof the componentMentioned in sectior#, the tail cone detachedfrom
the launchvehicle during the fuliscaletest launch To avoid ay furtherissue regardingthe tail
cone it has been eliminad from the design asawhole.
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THREADED ROD
HOLES

FLANGED MOTOR
RETAINER CAFP

SOCKET HEAD CAP
SCREW

FLANGED MOTOR
RETAINER

Figure3-28. Thrust Phte CAD Model
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Figure3-29. Tail Cone 3 Drawing

3.1.1.5 Vehicle Component Weidgh

Table3-3. Vehicle Weight Components

SCALE: 112 WEIGHT: 0.41 LBS. SHEET1 OF 1

Component

Weight (Ibs.)

Upper Payload Bay

12.718

Nose Cone

5.297

Nose Cone Bulkhead

0.319

Plae

U-Bolt with HexNuts/WashersFastener

0.137

Quick Link

0.079

Airframe

2.2156

Main Parachute

1.188

Shock Chord

0.172

Payload

3.307
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Avionics Bay 4.822
AirframeCoupler 0.069
Avionics Sle@xThrealed rods 1.788
Inner Bulkheack 2 0.503
Outer Bulkheac 2 0.53%
U-Bolt with HexNuts/WashersFasener

0.53
Plate
Quick link 0.079
CO2 Cargesx 4 Loaded 0.811
Electronics 0.58
Fin Can 14.341
Airframe 2764
Motor Tube 0.388
Hanged Motor Reention System 0.306
Motor Tube Centering Ring 0.238
FinCutCentering Rngs x 2 0.476
PETGFinx 4 5194
Shock Chord 0.172
Drogue Parache 0.137
Eyebolt 0.149
1515Rail Button x 2 0.0423
Threaded Rod x 4 0.434
Thrust Plate 0.410
Motor Case (w/oupropellants) 3.63L
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3.1.2 Manufacturingand Assenbly for Tested Vehicle

3.1.2.1Upper Payload 8/ and Nose @m Configuration

@

[ doad

UPPER PAYLOAD BAY TOTAL MASS [GRAMS)
ASSEMBLY ATMPT 1 [ ATMPT 2 | ATMPT 3 | ATMPT 4 | ATMPT §
SIMULATED/DRAFTED 4305 N/A N/A N/A NJSA
PRE-MNFG N/A N/A NJ/A N/A NSA
POST-MNFG 3408 N/A N/A N/A N/A
PART # PART NAME QUANTITY| PART # PART NAME QUANTITY
1 UPPER NOSE CONE PROFILE 1 8 UFPPER PLB AIRFRAME 1
LOWER NOSE COME PROFILE 1 e
NOSE CONE SHOULDER 1 o— _—
STANDARD 5/16" HEX NUT 2 e
U-BOLT FASTENER PLATE 1 —
UPPER PLB BULKHEAD 1 _— 0
STANDARD 5/16" U-BOLT 1 — —
| PROPRIETARY AND CONFIDENTIAL et e — -'-Er:::fu_ — ':"“E_I - Tf{f‘_{ijﬂ‘b ngr:i:)“ B
4 HLE.'I:‘:I?G;A;k_l.ln‘?':oclirf::o;i;#;:S 'IO)I;E?.:W;C. = REVIEWED IACHARY . 02/02/2023 T -
ALALA PAMI.FEL COLEGE OF X0k £001 ENG. LEAD - DEFT. FETON B. - PAND 02/02/2003 FS - UPPER PAYLOAD BAY
EN;IGN [AE:PTG .?'I\\’ !IE"RGEI!LCJ’ION I’V:l FART N K_)Hlé)( 3 :jDF:G JE— SIE WG, O REV
iifﬁorllg:ﬁ.rlﬁrm;vrgmuﬁ: -'M'EM-NGL e A N/A A'
‘OF ENIGNEERING IS PROHIBITED. VARIOUS

Figure3-30. UPB and Nose Cone Configumati

3.1.2.1.1 Nose Cone
The nose cone will be manufactured into three sections tduémited build volume on
our 3D printer. The nose conedBinches inéngth with a 4.5inch shoulder coupler.
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Mathematically Derived Profile

Upper Profile Lower Profile Shoulder

Figure3-31. Nose ©ne Configiration

Thenosecone configuration is separated into three sections: uppefilp, lower
profile, and shoulder. The cogfiration of the nosecore was ultimately separated into
three sections for ease of maradturing. The upper profile is connected to the lower
profile by a cylindrical shoulder. The shoulder, receiving end, andection faces
between the two sections wible epoxied togther. The lower profile is connected to
the shoulder coupler by a thread cylindrical shoulder and the two sections (Lower
Profile and Shoulder) will also be epoxied togett&dD. printing specificationand notes
havebeen included in the hwings includd in thedrawings.While printing, the
specifications on the drawingsill be implenented into the 3D printing softward-or
this componentUltimaker Curavas usedsthe crossfunctional 3D printing software.

; -

Figure3-32. 3D Printed Nose Cone

The printing orientation stwn below for each coponent is in accordance with the
printing ecifications on thengineering drawings'he print orientation of the object
affects the placement and amautof structure was usedo support overhanging
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sections othe component. The printing support is ngiewable in the image below
due to an internal ovehand suppotr structure.

Figure3-33. NoseCone 8ctions Printhg Orientation

Table3-4. 3D Printing Spefications

Ultimaker Cura Printing Specifications
Material ABS
Layer Height 0.15 mm
Infill Density 85%
Infill Pattern Triangular
NozzleTemperature 235°C
Build Pate Temperature 110°C
Print Sped 60 mm/s
Support Stucture Tree Structure at 450verhang
Support Pattern Zigzag
Support Density 10%
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| Build Plate Adhesion Type | 10 mm thick Brim |

3.1.2.1.2 Upper Payload Bay Airframe

The upperpayload bay consistsf a 35inch-long blue tube airframe with a farard
bulkhead that g5 flush against the nosecone shoulder.

/AIRFRAME

BULKHEAD

Figure3-34. Upper Payload Bay Airframe

Thebulkhead and tbolt configurationis located at thefront of the arframe, this allows
the nose cone shoulder coupler to sit flush against the bulkhead ancatoesthe
main parachuteshock chord will hava connection point to the vehicle (viaBblt). The
upper payload bay airframis cut fromone ofthe two 48inch airframesusing a Dremel
and cutting diskThe holeof the nose condulkheadare radially off seand weremade
usinga power drillanda5/16¢ bit. Allresidual woodsplitting surraunding theholeswas
sanded down fora smoothsurface.

Figure3-35. Bulkhead Wbolt Interface
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Theshoulderwasepoxiel into the airframe until thdip waspressed firmly against the
top of the airframe tibe. Theepoxywas eft to curefor 1 hour and thersandpger was
usedto remove excesepoxy belowthe nosecone shouldenside the ainfame,

Figure3-36. Nose Conéo UPB Interface

After the nosecone epoxy has seind the resdual epoxy has beesandeddown, a 1¢
ring ofepoxywas applieddirectly below the nogconeshoulderanda layer wasapplied
aroundthe foreword bukheadsuface. Thebulkhead wasthe oriented suchthat the U
bolt is facingaway from the noseconandthen pushed throughthe airfranme until it
contacted the nosecone shoulde’ring of instan-cure gap filler (purple super glue)
was then appliedt the bulkhead to &frame interface to seal the gap.

Figure3-37. Mostly Assembled Vehlie
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3.1.2.2AvionicsBay

AVIONICS BAY TOTAL MASS [GRAMS)
ASSEMBLY ATMPT 1| ATMPT 2 | ATMPT 3 | ATMPT 4 | ATMPT 5
SIMULATED/DRAFTED 2054 N/A N/A N/A N/A
PRE-MNFG N/A N/A N/A N/A N/A
POST-MNFG 2187 M/A N/A N/A N/A
PART NAME QUANTITY| PART # FART NAME QUANTITY
/16" U-BOLT 2 7 INMER AVIONICS BAY RING 2
U-BOLT PLATE 2 8 AVIONICS WIRING SLED 1
1/4" HEX NUT 8 9 THREADED ROD 2
OUTER AVIONICS BAY BULKHEAD 2 10 AIRFRAME SPACER 1
INNER_AVIONICS BAY BULKHEAD 2 11 AVIONICS COUPLER 1
CO2 EJECTION CHARGES 4
_ | PROPRIETARY AND CONFIDENTIAL S L — E’::C’:’h — c:e:::ea T"{f‘_ E‘z:)ilh Program
,.o:, 4 maal‘r-i:)wan‘?n carirA NED 1N THS IOLER.:\NCIE p— Fv— p— TE
:j ::, 'G‘z'l'l"-’"sg'jugs’w - xxii ;E:Dl ENG. LEA - DEP. PEYTON B. - PAYD Q202 F$ - AVIONICS BAY ASSEMBLY
msniz:?e. e EIE?ROE?LCWTIGN |:1 PART (L e pp— wre S O wEv
PSS OF AL TAMLFSUCOUEGE (ST A N/A A-
OF ENIGNEERING IS PROHIBITED. VARIOUS SCALE: 11 | WEIGHT: 453  LBS. SHEET 1 OF 1

Figure 3-38. Exploded View of ¥ionicsBay

3.1.2.2.1 Avionics Sled
Using a CAD model, the avionics skebe printed fromPLAfilament, as this component
takes no load duringdight. The sled model inclues a flat grido zip-tie avionics
components on to, supported by two longitudinal tubes through which the avionics bay
threaded rodswere ran The print orientation is crucial for this component.

O000000000000000000
O000000000000000000

DDDDDDDDDDDDDDDDDED

Figure3-39. CADModel of Aviorics Bay

The avionics slediasprinted verticallysuch tha no supportswere generated within the
longitudinal tubes Supportsmustbe generatedn the voids of thegridded plate in
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orderto execute this print orientationResidal material within the longitudinal tubes
may prevent the threade rods from passing through, and cannot easily be removed
thus the requirement for a vertical print orientation

- S Temporary
SupportStructure

(Removable)

Avionics Sled

Figure3-40. Printing Confjuration of Avonics Sled

3.1.2.2.2 Avionics Plaement and Wring
The 3.4V LiPo batteries ordered for the program came with only change cables pre
installed. To make thbatteries useful, lead®ere installed to the terminalsThe outer
protective casing (gy plasic material)was peeled awato expose the battery
terminals. The red chargifgad runs to the positive (+) terminal and the black to the
negative {) terminal Two jumper wires, one red and one black, aadvire strippemwas
usedto remove one enaf thewiresuchthal/y ¢ 2 F 0 NB urReathddNI ¢ A NB
soldering iron and electrically conductive ntmad soldemassubstituted to attach the
red jumper wie to the (+) terminal and the black jumper to the termind, ensuring
that the charging leasiwere not meked off in the processThekill switchwasplaced
betweenone of theleads and the flight computer by stripping the end of the lead and
the switdh lead.Thetwo expo®d copper wiresvere twistedtogetherandwrapped
firmly with electrical tge. The two alimeter circuits are independent and run down
opposite sides of the avionics sled. The GPS circuit is centrally located and does not
include a kilswitch, as it does not command gechnics or energetics.
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6 s EJ
A
Altimeter 1 ;
.
~
(-
Altimeter 2
v,

Figure3-41. Avionics Wiring Diagram

The wiring diagam excludes the GPS circuit as it is fully-cetftained and inert. Each
flight computer is wired to a drogue chute ejection charge (A line) and a main chute
ejection chargeHR line), tobe fired at diferent points in the flight. The And B lines are
both (+) channels that share a commaehchannel, shown in green and labeled GND.
The altimeters are activated by deactivating the kill switch on fheefminal of their
respective batteies(refer to section 3.2.1).

3.1.2.2.3 AvioricsBay Assem@l
¢CKS FANFNIYS aLI OSNIAa | mé gARS NAy3a H6KAO
avionics bay, creating a gap between the upper payload bay and lower payload bay
airframe sectionsThelength of theavionics baywithout bulkheads)was measured
andconfimedtom v ¢ A YAnfakwadniael 0 (G KS OSy (i $hNandd2 Ay G c ¢
the coupler. Amarkwas then maden @ fiogn the central markingo create a £ inch
outline ofwherethe ringshould be phced. Athin layer of epoxyvas then aplied
coveling the measuredé The ringwas then slidbver thecoupler to line upwith the
initial markings and leftto set for1 hour.
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All Bulkhead modifications for the avionics bay were miaylracingl:1 engneering
drawings on the bulkhead and slowdgoring the wood in thdraced areas. For future
manufacturing CAD models of both the inner and outer bulkheads wilibed to
program a CNC router in ourirouse manufacturing shop. The scoringsna
supplemental method usedin the absence of theouter forthe CNC wood routeAfter
bulkheadswvere manufacture the airframe bulkheads were stackexh top of the
coupler bulkheado align the predrilled holes for the tholt. Thebulkheadswverethe
clamped frmly together andfirmly affixed to a worktable A power drillwas usedto
enlargethe predriledUo 2 f 0 K2t Sa G GKS OSYyGSNI 2F (KS
ease of assemblyfhe threaded ends of the Wolt were passed through their respiee
holes aml the fastenea plate waspositioned appropriatelyon the Ubolt legs A wrench
was then used to tighten the hexts of the Ubolts. The twoflanged bases dhe CO2
ejection systenwere fed through thenoles cutm the bulkhead and screwedtmplace
using hex headsaews. The flangesits flushagainstthe inner bulkhead andylindrical
tower extends throughthe outer bulkhead.This process was repeated urttial
bulkheadassemblies were created.
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The spacing rings are rings of blue tpproximatey 07¢ A yh wldich Rre epoxied
inside the aviaics bay for the inner bulkhead to rest agaimstualbulkhead assembly
was placed at e end of the couplefThe inner bulkheaditsinside the tube and the
outer bulkheadactsas a stoppersitting flushagainst theouter edge of the bay. From
the openend of the baya sharpiewas usedo mark out thelocation of the base of the
inner bulkheadThe bulkheads were the®moved anda light ring of epoxyas
applied to the narkedarea The ringvas then insrted into the coupler and the dual
bulkhead assmbly was insert behind the ringptensure the ring wagositioncorrectly.
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After the epoxywas setsandpapemas usedo remove excess epoxy between spacing
ring and edge of tube to lalw for cleanseating ofmner bulkheadThis process/as
repeated onboth sides of the avionics coupler.
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Theavionics sled andelectronicswere loadednsidethe coupler andthe dual bulkhead
assemhbkswere attachedon each side of theoupler. Eectricalwireswere routed
throughholesin the bulkhead assefly. The téble below summarizeshe holes that
must be drilled in the avionics bay for various purposes
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Hole Size (Drill Quantity Location Purpose
Bit)
Pass wiresrom
No exad .
. flight computers
requirement. though
1/4" 1 perbulkhead | Midway between
o bulkheadsto
ejection charges
optimal connect to e-
' matches

Equallyspaced Vent holedor

1/4¢ 3 aroundairframe | flight computers
spacer ring to read pressure
Mount avionics
Adjacenton kill switches
3/8¢ 2 airframe space internal. Pas
ring push hutton
throughholes

3.1.2.3Lower Ryload Bay and Fin Can

Figure3-42. CAD Model of LPB and Fin Can
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3 DEMINSIOINS [N INCHES
<7 THE INFORMATION CONTAINED I THIS TOLERANCES:
DEAWING IS THE SOLE PROPERTY OF
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O AS A WHOLE WITHOUT THE WRITTEN
PERMISSION OF ALAA. FAMU-FSU COLLEGE | MATERLL
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VARIOUS
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SCALE: 1112 WEIGHT: 10.4

Figure3-43. Exploded View of LPB and Fin Can

3.1.2.3.1 Lower Paylad Bay Airframe
Thelower payl@ad bay for the originledesign was cut usingzremelfor specific
dimensions nogd in the engineeringlrawing andthen sanded downto fit a 3D prirted
fin plate.

LBS.

LOWER PAYLOAD BAY TOTAL MASS (GRAMS)
ASSEMBLY ATMPT 1 [ ATMPT 2 [ ATMPT 3 | ATMPT 4 | ATMPT 5
SIMULATED/DRAFTED 4706 N/A N/A N/A N/A
PRE-MNFG MN/A N/A MN/A MN/A N/A
POST-MNFG 4779 MN/A MN/A MN/A MNA
PART # PART NAME QUANTITY | PART # PART NAME QUANTITY
1 LOWER PAYLOAD BAY AIRFRAME 1 8 1/4" HEX NUTS
2 CLIPPED DELTA FIN 4 9 FLANGED MOTOR RETAINER SCREWS 12
3 MOTOR TUBE 1 10 FLANGFD MOTOR RETAINER 1
4 FWD MOTOR TUBE CENTERING RING 1 11 5/16" FORGED EYE BOLT 1
5 1/4" T-NUT 4 12 PRO 75/3840 MOTOR CASE 1
b FIN-CUT MOTOR TUBE CENTERING RING 2 13 FLANGED MOTOR RETAINER CAP 1
7 THREADED ROD 4 14
PROPRIETARY AND CONFIDENTIAL | U'HESS CTHERWISE SPECIFED. HAME DATE The Zenith Program

FS - LOWER PAYLOAD BAY

B

=

A-

SHEET1 OF 1

61



2023 NASA Studentlwach | FAMUFSU College of Engineering

Figure3-44. Old FinSlotson Airframe

The new airframe design shown belowwill be cut using the same method

Figure3-45. New Fin Slots on Airframe

3.1.2.3.2 FHn Manufacuring
The firsare 3D printed using PETflament Previousfin desgnswere modeéd to have

a base platavith asurface cuve followingthe outer airframe diaméer andwere
printed from ABS

[Troubleshooting ABSexhibitsdrastic defornation which ruined several prirg. The
increasedayer adhesion in PETG solved this problem.
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[Troubleshooting] The curvedlate in the originadesign of the finsvould frequently
deform, and ofterdid not properlyalign with theairframe.The new fin desigwill
implement finsin whichthe entire fin passeslirectly through theairframe Modeling
claywill be usedo create a mooth fin root filet at the junction of fin and aireme.

Base Plate of Fin

Airframe Surface

Figure3-46. New Fin Can Degi

The base platevasimplemertedto allow the fins to be anted off verticalto induce
spinnng stabilizationDue to structural printing deformaton and fitment, the fin design
was modfied to averticalstature with spintabslocated the end of the finsto replicate
the anted feature in the last desgn.
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Spin Tab

Figure3-47. CAD Model of New Fin Can

Thefinswere printed verticallyand sipportswere generatedin the over-hanging
section of the fin. All residual material wasgentlyremoved to ensure the fin tabs dlid
smoothly into the airframe and fircut entering rings Thefollowing print orientation
and printingspecificationsvere executed
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Figure3-48. New Hn Design Print Qentation

Table3-5. Fin 3D Printing Specifications

Ultimaker Cura Printing Speciitions

Material PETG

Layer Height 0.15 mm

Infill Density 2%

Infill Patiern Triangular

Nozzle Temperature 250°C

Build PlateTemperature 85°C

Print Speed 100mml/s

Support Struture Tree Structure at 450verhang
Support Ptern Zigzag

Support Density 10%

Build Plate Adhesion Type

10 mm thick Brim
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3.1.2.3.3 Certering Ring Manufaitiring
The fin can is comprised of 3 centering rindge forward motor tue centering ring is
shipped with a hole cut through the middle to accommodate tuter diameter of the
motor tube. Thefollowing two centering rings are shipped the same way wdtligonal
cutouts along the inner diameter of the riagrhe slots in theentering rings prevent the
fins from rotating and sandwich the fins togetherlace. This not only prevents thim$
from moving, but also ensures the fin tabs are in constantadrwith the motor tube
surface, which helps transkathrust to the airfame.Manufacturing méhods specified in
section3.1.22.3were used tomanufactue the fin-cut centeringringsper the
enginesring drawings

3.1.2.3.4 TailCone and Thrust Pla@onfigurationManufacturing
The thrust plée and tailconewere printed as one compnentfrom ABSAs all printers
have aprinting tolerance the tail cone and thrust plate configuration wasinted with a
smallercenter holeneedto allow the team to and out the hole for a flushfit with the
motor ca®. Toaccount for ABSdeformation the thrust plate was printed 1/8longer
than need so the teangould sand lie plate down to a flush surfa@. Thefollowing print
orientation and printing specificationaere executed

——
e

=t _———

Figure3-49. Tail Cone 3D Printing Orientation
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Table3-6. Tail Coe Printing Specifications

Ultimaker Cura Primg Specifications
Material ABS
Layer Heigh 0.15 mm
Infill Density 90%
Infill Pattern Triangular
NozzleTemperature 235°C
Build Plate Temperature 110°C
Print Speed 60 mm/s
SupportStructure Tree Structure at 450verhang
Supprt Pattern Zigzag
Support Density N/A
Build Plate Adhesion Type 10 mm thick Brim

Figure3-50. Tail Cone

3.1.2.3.5 Motor Retairer Installation
The motor retaineinstalation iscomprisedof the flanged motor retainerthreaded
adapters,and socket head cap screws.
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75 mm MOTOR RETAINER
CAP

TAILCONE PROFILE

6#-32 X 1/2" STAINLESS STEEL
SOCKET HEAD SCREWS

THREADED ROD HOLES

Figure3-51. LabeledTail Cone

After sanding, the diameter of the hole in the thrst plae is slghtly larger han thePRO
75 motor casadiameter to ensure thenotor can slide in and out of the thst structure
To ensure the threaded adapters gresitioned correctly arond the hole in the trust
plate, the motor casewas fed throughthe thrust plate tocenter theflangedmotor
retainerand mark thesocket headcap screw holems the motor retainer lipPower
toolswere used todrive the threaded alapters into the thug plate. Theholes in the
retainer lip shoud align with each threaded adsgy and the sockethead cap screws
should have nassue being screwed in and ot layer offiberglass wasepoxied to the
inner surfaceof the tail coneby epoxying stackedber glass séets together and then
epoxying theshees insic ofthe tail cone
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Figure3-52. Mounted Tail Cone

3.1.2.3.6 Forward andCentralRing Installation
The motor tube igabricated from the same material as thefeame andwasdelivered
longer thanneeded. The sane cuttingmethodsmentioned insection3.1.2.2.3 were
usedto cut themotor tube to the desired lengthof 17 inchesAring of epoxywas then
spreadl inch down from theop of the motor tube and the forward mat tube
centering ring was slide on the motor tube and set in place to Tngmiddle centering
ring must befixedin placeaccuratelyfor thefinsto fit in the airframe correctly. Thering
was epoxied 11 incheaup fromthe after end of theairframe.After the forward motor
tube entering ring and the forward fieut centering ringwere epoxiedto the nmotor
tube andthe epoxywas sefthe structurewas emxied into he airframe A generous
ring of gpoxy was applied to bothemtering rings after insertedhithe arframe. The
motor tube lays flush against thesurface ofthe thrust plate 0 the bottomend of the
motor tube was aligedwith the aft end sirface of theairframe before epoxying the
structure irto the airframe Once the epoxys set, from the tof the lower payload
bay, applyinstantcure gap fillelat the interface of thdorward bukheadand the
airframeto fill any voids left by the epoxfip the airframeanddo the sane at the
interface of the naldle centemg ring

3.1.2.3.7 Fin and Tail @e Ingallation
Theforward tab ofeach fin was clippednto the middle centering ring via the cutouts in
the airframe. FFom the ba® of the vehicle, the aft end centering rirg (removable
centering ring)is pushel againsthe back endof the fin tab. The threadd rods are fed
through thar respectve holesandtightened viahex nus. Around 1.5 of threaded rod
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wasleft protruding from the base oflie vehicle. This wago allow the tail cone and
thrust plate corfiguration to beplaced on the threaded rods. 1/4" hex nutswere used
to tighten the thrust plate agang the airframe surface

Figure3-53. Assembled Fin Can

3.2 Recovery Subsystem

The recovery sgtem will ensuresafety ofthe launch ehicle and albf its canponentsupon
descent.There are two recovery events, drogue parachute deployment and paschute
deployment. The two recovery events will be controlled\yyg completelyindependent
Entacoe AIM3 altimeters. Each altimeter draws power fronegarate 37 V rechargeabkl
Lithium-lon batteries andare both armed withpushbutton kill switchesfor powering of the
altimeters during preflight constructionof the vehicle The ejectiorcharges wilboth be CO2
gas charges that are manufactured bydeénRockety. Theg ejection chages werenot only
chosen to limit theextremity of the pyro events but alsato lower the sdety concens of using
black powdetthat couldseverelydamagecomponents ineither paylocad bay The CO2 charge
still requires theuse ofblack powder, bubnly asmall amount dit is housed in @ealedcharge
cup. Approximately @ grams of 4F black powderused to propel guncture piston that
penetratesthe CO2 cdridge and eleases gginto the payload bays. The black powder i
loaded nto acharge cp that has an ematchin it with the wire unning throughthe bottom of
the cup Thecharge cusits at the openend ofa pyro housinginit that holdsit, alongwith the
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puncture pistonand springhat is placed on top of theup. TheCOZ2charges are desigedto
have thegascartridgeplacedin the avionics bagindthread through giecebolted tothe outer
bulkhead of thebay. On the other ed of this lulkhead mount iswherethe pyro housing
componentisthreaded onb it. Theend d the bulkhead mount piee interfaced with the pyro
housinghasfour equally distant vent holes to allv the CO2jas toescape into the payload bay.
The figure below shows thaterface between the pyro housing, thebulkhead mount piece

and the ater bulkhead of the avionics bay

Pyro housing

CO2 Vent hole | Bulkhead mount

(x4 each)

Figure 3-54. CO2 Ejection Systeand Bulkhead Interface

At apogee, therimaryaltimeter will send a current throdgthe ematch that will fire the first
ejection charge. The C@2s Wil rapidly pressurie thelower payload bay and shear the-#0
nylon pins that connects it to the AV bay, deploying the drogue parachitiesecondary
altimeter will fire thesecondcharge on @ime delayto ensure propeseparation of the vehicle
sectionsand also to notover pressurizeéhe vehicle Deployment of the main parachute is
similar, with the only differencebeingthat the payload will also be tethered to the recovery
harnes. The primary ejection charge for the main parachute is setléploy at 59 ft AGL, and
the redundant secondary charge wiilte two secondsafterwards.Each parachutevasbought
off-shelf froma cmmpany called-ruity ChutesAH ndassicelliptical paachute willbe used for
the drogue parachute andny n ¢  Xalfrdlardiatl lie used @ the main parachute Both
parachutes a& tethered to16 ft of3000Ib rated 9/16-inch webbed Nylon, and7 ft of 15001b
rated tubular Kevlarshock cords thawill be joinedtogetherto makeup a totalof 23 ft of shak
cord. All connectionpoints on the recovel harnessare accomplished with the use of/4-inch
quick links except forthe comection point to theeyebolton the motor tube which requires
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the use ofa 3/8-inch qui link. Thetwo figuresbelow illustratesthe length and connecton
points on each ecoveryharness

Tubular Kevlar

Drogue Parachute

1 7 ft l 16 ft ! 7 ft !

Figure3-55. Drogue Parachute RecoweHarness Diagram

Tubular Kevlar

Main Parachute

Payload
[

1 7 ft | 16 ft

Webbed Nylon
i
I

Figure3-56. Main Parachue and Payload Recovery Hagss Diagram

7 ft

Thevehicle should take approximate®) secondso recover about 50 seconds under the
drogue parachute an80 secmds under the main parachute. The final descent Gftéhe
vehicleunder the mainparachute is aboul8.6 ft/s. Further detalis on descent spegs and
times are discussed in secti@rB.2.

3.2.1 Altimeters

As nentioned previoudy the flight events will be mondred and controlled bywo Entacore
AIM 3 altimeters.Each altimetewill have its own set of batteries, wireand push-button kill
switchesfor redundang. Thepushbutton switcheswill intersecteachwire between the
negative terminals of the litery andaltimeter. The AIM is equipped witlivo pyro chamels, A
and B, chanel Afor apogee andchannelBfor main.Channel Af eachaltimeter will send 6
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amps ofcurrent to theCO2ejection charges in the losv payload baywvhenthe vehiclehas
reached apogeeChamel Bof each will send theameamount of current to the chargan the
upper payload bawpt 550 ft AGLEFor eachejectionchannelwire there is aground wire paired
to it, to allowcurrent to flow through andfire-off the chargesThe important characteristict
note of the AIM 3s that ithas asmall form factorjt can storeup to 30 min of flight data, it
readsin data up toa max of 3&%15ft, and each comes wittwo pyro channels for ejection
chargesAnothergood thing about the AIM 3itha the softvare used taconfigureit is free
andfairly simple to useThe following table lists the charactestics ofsaidaltimeter:

Table3-7. AIM 3 Altimeter Specifiations

Entacore AIM USB 3.0

Form factor 70mm x 25mm x 15mm
Sensors Pressure antemperature
Voltage nput
range (V) 3.7-12
Max Altitude (ft) 38,615
Ejection

channels 2 (gpogee and main)

Trackeddata | Output status / continuity / battery voltagetemp. / time / altitude / velocity

Storage capacity 30 min of flight time
Sanpling 10 Hz
frequency

Time delay options for pyro events / freeftware to alter setting / altitude

Other beeps

3.2.2 GPSIraclers

There will be twaseparateGPS trackingevices usedo locatethe vehicleonce it ha fully
recovered Theprimary GPSnodule isan Apple AirTadevicethat will be placed at the ceet
of the avionics sledAirTagdevies are equipped with\pple®@ U1 chip foultra-wideband
precision trackinghat operatesat a frequency of 6.24 GHEhe velicle@ location carbe
monitoredin real time with the ATag through the&fFind My app on anyiPhonethat is
Bluetoothpaired to the device.The AirTag alscomes with auilt-in CR2032 Lithiurbattery
that lastsover a year before needingreplacementlt also omes with a builtin speaker for
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soniclocating. Thesecondary GPS ung theEggfindermX tansmitter andwill act as a
redundant trackingdeuicein the case that the primary GPS ufails. TheEggfinder TX requires
aseparate Eggfinder RX receiver moéuhat hooksup to a aptop to track the vehileQ

location. The receiverconnectsto alaptop with aUSB ableandwill be configured with either
Google Earth oMapSphere to trackhe vehiclein real time The Eggfider TXoperatesat a
frequency of 900 Mizand requiresLtO0 m\W to power. The Eggfindewill be ppwered by3.7V
rechageablelithium-ion battery. The electromagetic fields generated byhe GPS transmitters
should notinterfere with thealtimeters and their functionalityThefigures below are irages of
each GP8nit.

Figure3-57. Apple AiTag GPS Tracking Diee

Transmitter Receiver

FHgure 3-58. Eggfinder GP$racking Device

3.3 Mission Perbrmance Predictions

3.3.1 Target Altitude

As mentioned in both PDR and COR,ZeniK LINR2 ANJ YQ& RSOf I NSR | f GAld
altitude was chosen basesh multiple flight sinmlations at10-15 MPHwind speeds at the

coordinaes of the launch competition.

3.3.2 FlightProfile and Stability Margin

Afterimplementingaccurate vehicle weigbtmultiple flight simulations were raan a 12foot
launch rail with a5-degreelaunch angle unde windspeedconditions rangigfrom 5to 15MPH
to obtain an updted flight profile.
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3.3.2.1 Hight Profile

Full- Scale Vehicle Altitude vs Windspeed
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Figure3-59. Altitude vs WindSpeed

The imageabove shows thenaximum altitude of thevehicledecreasesvith increasing

windspeed As the ehicle® weidit and component configuratiodeviaes from the design used

to predict the @ S K A dpdgse R BDR, the tearaxpects thevehicleQd O2 YLISGAGA 2y | L2
slightly under the declared ditide depending orthe wind conditions. If the wind contibns

stay within5-11 mph, the vehicle will be able o reachwithin 100 feetof the proposedltitude.

Shown bdow isthe vertical/total velocity and acceleratiorversustime, along with thethrust

curve simulated in OperRocket Simulation softwee.

Full Scale ¥hicle Vel vs Time
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Figure3-60. Velocity vs Time

Full Scale ¥hicle Acelvs Time

Figure3-61. Acceleration v§ime
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