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1. Summary of CDR Report
1.1. Team Summary
1.1.1. Name and Mailing Address

Tacho Lycos
911 Oval Drive
Raleigh, NC 27695

1.1.2. Location
Raleigh, NC
1.1.3. Mentors

Alan Whitmore
TRA Certification: 05945
In 2002, Alan was elected prefect of the East North Carchapter of TRA. In 2006, he
was made a member of TRAO6s grapthatdddsesltheARAVi sory Panel (TAP)
board of directors on technical aspectpmpellants, constructiomaterial, recovery techniques,
etc. and which supervises individual members during the pro€dssigning, construction, and
initial flig ht rockets used for TRA level@rtification. Alan has &vel 3 certification with
Tripoli.

James Livingston
TRA Certification:02204

In 1993, James joed Tripoli Rocketry Association and was certified level 3 in 1997. In
1998 James became a membehefTechnical Advisor Panel, TA@®mmittee. Since then,
James has assisted over 20 Tripodéimbers in their level 3 certifications. James has also been
involved in Tripoli research since 1997 and no manufactures all the motors he uses sizes |
throughN.

1.2.Launch Vehicle Summary
1.2.1. Vehicle Specifications

1.2.1.1. Size,Weight, Recovery, Motor, and RailSize

NORTH CAROLINA STATE UNIVERSITY
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Table 1 CDR Overview

CDR
Length 131 inches
Diameter 5.5 inches
Loaded Weight 75.1 Ibs
CP 0?1%22? from 95 59
CG (inches from 86.44
nose)
Stability 1.66 cal
Apogee 12500 feet
Max Velocity 1261 ft/s
Max Acceleration 618 ft/s"2
Recovery Three Main
Parachutes
Motor Cesaroni N5600W-P

Table 2 Weight Summary

. N5600WT- N100006
Weight (Ib) P VM -P
Launch 75.10 72.10
Burnout 61.00 60.30
Nose Cone 6.10 6.10
Body Tube 20.29 20.29
Fin Section 48.71 45.71
Launch
Fin Section 3461 3391
Burnout

Table 3 Recovery Data

Weight Descent Rate | Kinetic Energy (Ibf- | Parachute Size

(Ib) (ft/s) ft) (in)

Nose Cone 6.10 26.6 67.1 34

Body Section 20.29 15.3 73.8 112
Fin Section

N5600 34.61 11.8 74.9 180
Fin Section

N10000 33.91 11.9 74.6 180

AROLINA STATE UNIVERSITY
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Table 4 Motor Selections

Motor N560POWT- N\}ISIO%O
Total Impulse
(Ibf*s) 3065 2320
Average Thrust
(Ibf) 1264 2306
Maximum Thrust
(Ibf) 1517 2580
Burn Time (s) 2.42 1.01
Launch Weight (Ib) 24.9 21.9
Empty Weight (Ib) 10.8 10.1

Table 5 Launch Rail Selection

N100006
Motor N5600WT-P VM -P
Rail Length (in) 120 120
Rail Size 1515 1515
Rail Exit Velocity
(ft/s) 107 151

Figure 1. Rocket Assembly




NC STATE UNIVERSITY

i
i
i Pitot Tube
|
|
I

Fin Section
Body Tube Parachute Parachute and | Centt_‘.r'nl
and Shock Cord Payload Shock Cord i Gravity
|
!
7 \( “, i 7 % e
V) ol !
L i cas b gy P =
\ | |
Nose Cone |
Avionics Excitation Load Cell | Center of
Parachute and N ! Pressure
Shock Cord ~ B2F Thruster |

Figure 2: Labeling of Rocket Components

30.44"

24" 26"

13" 28.5"

E=eEs

Figure 3: Rocket Section Dimensions

1.2.2. Milestone Review Flysheet

Milestone Review Flysheet

Institution

North Carolina University |

First Stage (Both Stages Together or Single Stage)

Vehicle Properties

CDR

Second Stage (If Applicable)
Vehicle Properties

Stability Analysis

Center of Pressure (in from nose)

Total Length(in) 131 Total Length (in)
Diameter (in) 5.5 Diameter (in)
Gross Lift Off Weight (Ib) 75.1 Gross Weight (Ib)
Airframe Material Blue Tub(sagglkFiberglass Airframe Material
Fin Material 1/16;:;(\,3‘1 ;;c? " Fin Material
Motor Properties Motor Properties
Motor Manufacturer(s) Cesaroni Motor Manufacturer(s)
Motor Designation(s) N5600WT-P Motor Designation(s)
Max/Average Thrust (Ib) 1517/1264 Max/Average Thrust (Ib)
Total Impulse (Ibfsec) 3065 Total Impulse (Ibfsec)

Ignition Altitude (ft)

95.59

Ignition Timing (From 1st Stage

Burnout)
Center of Gravity (in from nose) 86.44 Igniter Location
Static Stability Margin 1.66 Stability Analysis
Thrustto-WeightRatio 20.2 Center of Pressure (in from nose)
Rail Size (in) 1515 Center of Gravity (in from nose)

Rail Length (in)

NORTH
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Rail Exit Velocity (ft/s) 107 Thrustto-Weight Ratio
Ascent Analysis Ascent Analysis
MaximumVelocity (ft/s) 1261 Maximum Velocity (ft/s)
Maximum Mach Number 1.14 Maximum Mach Number
Maximum Acceleration (ft/s"2) 618 Maximum Acceleration (ft/s)
Target Apogee (1st Stage if Multiple 12500
Stages) Target Apogee (ft)
Recovery SystenProperties Recovery System Properties
Drogue Parachute Drogue Parachute
Configuration No Parachute Configuration
Size N/A Size
Deployrgsz; Velocity Apogee Deployr?ﬂe}g; Velocity
Terminal Velocity (ft/s) 85 (From mentor's past flighata) Terminal Velocity (ft/s)
Fabric Type N/A Fabric Type
Shroud Line Material N/A Shroud Line Material
Shroud Line Length (in) N/A Shroud Line Length (in)
Thread Type N/A Thread Type
Seam Type N/A Seam Type
Recovery Harness Type 1/2" Tubular Kevlar Recovery Harness Type
Recovery Harness Lengt 20 Recovery Harness Lengtl
(f) (f)
HamessiAframe 5/16" Urbolts and 5/16" Quicklinks HamessiArframe
Main Parachute Main Parachute
Configuration RoundHemispherical Configuration
Size 34 112 180 Size
Deployment Velocity 85 Deployment Velocity
(ft/s) (ft/s)
Terminal Velocity (ft/s) 26.6 15.3 11.8 Terminal Velocity (ft/s)
Fabric Type MIL -C-44378 Type Il RipStop Nylon Fabric Type
ShroudLine Material MIL-T-C-2754 Type 1 Flat Dacron 3/1§  Shroud Line Material
Shroud Line Length (in) 51 168 270 Shroud Line Length (in)
Thread Type No. 69 Size E Nylon Thread Thread Type
Seam Type Needle Hem Seam Type
Recovery Harness Type 1/2" Tubular Kevlar Recovery Harness Type|
Recovery I(-flte;rness Lengtl 5 15 25 Recovery I(-;grness Lengtl
HamessArframe 5/16" Ubolts and 5/16" Quicklinks HamessArframe
Kinetic Nose Cone| BodyTube | Fin Section Kinetic Section 1 Section 2 Section 3 Section 4
Energy of Energy of
Each 67.1 73.8 74.9 Each
Section (ft Section (ft
Ibs) Ibs)

Milestone Review Flysheet

Institution North Carolina State University | CDR

First Stage (or Single Stage) Second Stage (If Applicable)

Recovery System Properties Recovery System Properties
PerfectFlite StratoLogger SL100 Altimeter(s)/Timer(s)
Entacore AIM 3 Make/Model

Altimeter(s)/Timer(s)
(Make/Model)

NORTH
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DIGI XV09/VK -900 MHz9v
Transmitters XBEE-Pro 900- 900MHz- 50mW Locators/Frequencies
(ModelFrequency (ModelFrequency
Power) Power)
Black Powder Charge 2.40 Black Powder Charge
Size Drogue Parachute Size Drogue Parachute
(grams) 2.40 (grams)
Black Powder Charge 2.75 Black Powder Charge
Size Main Parachute Size Main Parachute
(grams) 2.75 (grams)
Payloads
Overview
Mandatory

The dynamic modes of the vehicle are to be excited using a reaction thruster. Structural loading data from the vebatke, f

Payload from the motor, and atmospheric data will be relayed to the ground itimealln addition to facilitating realme prelimnary
data analysis, down linking the data ensures that data will be preserved in the unlikely event of a loss of vehicle ebeaatb|
a1 integration of the data down link and excitation thruster bring a suitable level of challenge to the payload.

Overview

Optional

Payload 1
Overview

Optional

Payload 2

Test Plans, Status, and Results

%E;trlgg Ejection charge tests will be performed as soon as soon as the parachute bays have been constructed in the rockes. C
Tests have been calculated using an equation provided by our mentor.
A successful sulscale tesflight has been conducted at Bayboro, NC. An apogee altitude of 2200 ft was achieved. All flight]
Subscale went as planned with the exception of nosecone separation frqm t_he main vehic_le_. This was due to a strl_JcturaI_ feplastiin
Test ring provided fronthe manufacturer under the Ioad_s from the ejection (_:ha_rge. Minimal damage to boat tail was induced &
Flights A second sufscale was launched on January 18th in Bayboro, NC. This flight successfully demonstrated the dual deploy}
technique. The faliwing are the results from the SL100 altimeter with the deviations from the expected results in paren
Apogee: 5079 ft-186ft) Max Velocity: 986 ft/s (+84 ft/s) Max Acceleration: 1100 ft/s"2 (+169 ft/s"2)
Full-scale Afull S » .
Test ul -scale. test flight is planned to be conducted on March 22nd at Bayboro, NC. Additional back up dateg include the

Flights April 12th and 13th and the weekend of April 26th and 27th. Each of these launch events are also in Bayboro, N{

Milestone Review Flysheet

Institution North Carolina University | CDR |

First Stage (Both Stages Together or Single Stage) Second Stage (If Applicable)

NORTH
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Vehicle Properties

Vehicle Properties

Total Length (in) 131 Total Length (in)
Diameter (in) 5.5 Diameter (in)
Gross Lift Off Weight (Ib) 72.1 Gross Weight (Ib)
Airframe Material Blue Tubg ng{(Fiberglass Airframe Material
Fin Material 1/16;:;?‘, :(;1? s Fin Material
Motor Properties Motor Properties
Motor Manufacturer(s) Cesaroni Motor Manufacturer(s)
Motor Designation(s) N1000GVM-P Motor Designation(s)
Max/Average Thrust (Ib) 2580/2306 Max/Average Thrust (Ib)
Total Impulse (Ibfsec) 2320 Total Impulse (Ibfsec)
Stability Analysis Ignition Altitude (ft)
Center of Pressure (in from nose) 95.59 Ignition T'”;S?ngirgm 1st Stage
Center of Gravity (in from nose) 85.54 Igniter Location
Thrustto-Weight Ratio 35.78 Center of Pressure (in from nose)
Rail Size 1515 Center of Gravity (in from nose)
Rail Length (in) 120 Static Stability Margin
Rail Exit Velocity (ft/s) 151 Thrustto-Weight Ratio
Ascent Analysis Ascent Analysis
Maximum Velocity (ft/s) 1058 Maximum Velocity (ft/s)
Maximum Mach Number 0.95 Maximum Mach Number
Maximum Acceleration (ft/s"2) 1189 Maximum Acceleration (ft/s)
Target Apogee (1st Stage if Multiple 9300
Stages Target Apogee

Recovery System Properties

Drogue Parachute

Recovery SystenProperties

Drogue Parachute

Configuration No Parachute Configuration
Size N/A Size
Deployment Velocity . Deployment Velocity
(fts) Apogee: 0 ft/s (ft's)

Terminal Velocity (ft/s)

85 (Figured from mentor's past flight

data) Terminal Velocity (ft/s)
Fabric Type N/A Fabric Type
Shroud Line Material N/A Shroud Line Material
Shroud Line Length (in) N/A Shroud Line Length (in)
Thread Type N/A Thread Type
Seam Type N/A Seam Type
Recovery Harness Type| 1/2" Tubular Kevlar Recovery Harness Type
Recovery Harness Lengtl 20 Recovery Harness Lengtl

Harness/Airframe

5/16" U-bolts and 5/16" Quicklinks

Harness/Airframe

Interface Interface
Main Parachute Main Parachute
Configuration RoundHemispherical Configuration
Size 34 112 180 Size
Deployment Velocity 85 Deployment Velocity
(ft/s) (ft/s)
Terminal Velocity (ft/s) 26.6 15.3 11.9 Terminal Velocity (ft/s)
Fabric Type MIL -C-44378 Type Il RipStop Nylon Fabric Type
ShroudLine Material MIL-T-C-2754 Type 1 Flat Dacron 3/1§  Shroud Line Material
Shroud Line Length (in) 51 168 270 Shroud Line Length (in)

NORTH
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Thread Type No. 69 Size E Nylon Thread Thread Type
Seam Type Needle Hem Seam Type
Recovery Harness Type 1/2" Tubular Kevlar Recovery Harness Type
Recovery Harness Lengtl Recovery Harness Lengtl
) 5 15 25 )
Harness/Airframe 5/16" Urbolts and 5/16" Quicklinks Harness/Airframe
Interface Interface
Kinetic Nose Cone| BodyTube | Fin Section Kinetic Section 1 Section 2 Section 3 Section 4
Energy of Energy of
Each 67.1 73.8 74.6 Each
Section (ft Section (ft
Ibs) Ibs)

Milestone Review Flysheet

Institution North Carolina State University | CDR

First Stage (or Single Stage) Second Stage (If Applicable)
Recovery System Properties Recovery System Properties
PerfectFlite StratoLogger SL100
Altimeter(s)/Timer(s) Entacore AIM 3 Altimeter(s)/Timer(s)
(Make/Model) Make/Model

DIGI XV09/VK -900 MHz9v

Transmitters XBEE-Pro 900- 900MHz- 50mw Locators/Frequencies
(Model-Frequency (Model-Frequency
Power) Power)
Black Powder Charge 2.4 Black Powder Charge
Size Drogue Parachute 24 Size Drogue Parachute
(grams) ) (grams)
Black Powder Charge 2.75 Black Powder Charge
Size Main Parachute 275 Size Main Parachute
(grams) | (grams)

Payloads

Overview
M;\ndlato dl’y The dynamic modes of the vehicle are to be excited using a reaction thruster. Structural loading data from the vetatke, f
ayloal from the motor, and atmospheric data will be relayed to the ground itimealin addition to facilitating redime prelininary
data analysis, down linking the data ensures that data will be preserved in the unlikely event of a loss of vehicle eDeaatb,
31 integration of the data down link and excitation thruster bring a suitable level of challenge to the payload.
Overview
Optional
Payload 1
Overview
Optional
Payload 2

Test Plans, Status, and Results
Ejection charge tests will be performed as soon as soon as the parachute bays have been constructed in the rockes. C

NORTH
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Charge have been calculated using an equation provided by our mentor.
Tests

A successful sulscale tesflight has been conducted at Bayboro, NC. An apogee altitude of 2200 ft was achieved. All fligh{]
Subscale went as planned with the exception of nosecone separation frqm t_he main vehic_le_. This was due to a strl_JcturaI_ feplastion
Test ring provided fronthe manufacturer under the Ioad§ from the ejection gharge. Minimal damage to boat tail was induced &
Flights A second sulscale was launched on January 18th in Bayboro, NC. This flight successfully demonstrated the dual deploy
technique. The fallwing are the results from the SL100 altimeter with the deviations from the expected results in paren

Apogee: 5079 ft-186ft) Max Velocity: 986 ft/s (+84 ft/s) Max Acceleration: 1100 ft/s"2 (+169 ft/s"2)

Fu!ll_—:sctale A full-scale test flight is planned to be conducted on March 22nd at Bayboro, NC. Additional back up dates include the

Flights April 12th and 13th and the weekend of April 26th and 27th. Each of these launch events are also in Bayboro, N(

1.3.Payload Summary
1.3.1. Payload Title

Effects of High Boost, Super Sonic Flight Environment, and Dynamic Excitation Response on
Electrical Systems and Structural Integrity of a Sounding Rocket

1.3.2. Payload Requirements Selected

3.2.1.3 Structural and dynarmaoalysis of air frame, propulsion, and electrical systems
during boost.

3.2.2.2 Aerodynaimn analysis of structural prdverances.
1.3.3. Experiment Summary

The experiment to be done in the flight vehicle has many facets reaching many aspects of
engineering. Thexperiment is designed to complete a multitude of tasks as requested from
NASA and some set forth by the team. During flight the payload will gather data including
structural stresses induced on different portions of the vehicle, motor performanceuand thr
output, telemetry and acceleratidata and the dynamic response to an explicit disturbance
produced by a cold gas reaction thrustdre data gathered is to be transmitted in real time to a
ground station for some real time processing and recofdirigter analysisin addition, an
experimental hazard detection system will be used to determine safe landing zones post main
parachute deploymenthe complexity of the experiment forces the team to exercise knowledge
in all aspects of STEM and will helto solidify concepts and techniques learned in the class
room in a real world environment.
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2. Changes Made Since PDR

The changes made to the flight vehicle, payload experiment, and project plan have been made to
ensure ease of construction, launch esw, reliability of systems and team, spectator, and
environmental safetyrhese changes include moddtions to the firsection,These changes will
be described in detail in the fin section subsystem section.

There have been no major modificationshte éxperimental payload or the project plan.
All minor modifications are a result of design refinement.

2.1.Vehicle Criteria

Theonly subsystem with major modifications since PDR is the fin section. The fin
section has been split into two pieces aft of the load cell. This modification was made in order to
allow access to the load cell after fin section construction. Previaymipcompletion, the load
cell would have been sealed inside. In the event of a failure from a broken wire or detached
strain gage, the fin section would have had to of been destroyed to repair the problem. Also, this
made it impossible to inspect the load peist flight for damage or fatigue. The new design
allows for easy access and increased structural strength with the addition of 5/16 threaded rod
from the aft most centering ring to the forward most bulkhead in the fin section assembly.
Additionally, allcouplers are now two times the diameter at 11 inches.

The interface between the load cell and the load bearing bulkhead has been reinforced as
requested by the RSO. The steps taken to ensure the safe transfer of thrust from the motor to the
flight vehiclei ncl ude the addition of two additional
fiberglass bulkheads. Post initial testing, it has been shown that this interface is more than
adequate to with stand the force exerted by the both motors proposed.

As mentionedgreviously, the new design will be detailed fully in the subsection
overview.

NORTH CAROLINA STATE UNIVERSITY
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Table 6 Overview of Changes to Rocket

PDR CDR
Motor N5600WT-P | N5600WT-P | N1000OVM-P
Length (in) 128 131 131
Diameter (in) 55 55 55
Loaded Weight 69 75.1 72.1
CP (inches from nose) 95.38 95.59 95.59
CG (inches from nose) 87.03 86.44 85.54
Static Margin (cal) 1.52 1.66 1.83
Apogee (ft) 13900 12500 9300
Max Velocity (ft/s) 1385 1261 1058
Max '?ff/‘;?\'ze)ra“o“ 678 618 1189
Thrust to Weight Ratio 21.99 20.20 35.78
Rail Length (in) 96 120 120
Rail Exit Velocity (ft/s) 102 107 151
Time to Apogee (s) 26.2 26.1 22.6
Recovery One Parachute for Nose, Body, and Fin Sect

2.2.Payload Criteria

No major changes have been made to the payload since PDR.

2.3.Project Plan
No major changes have been made to the project plan since PDR.




NC STATE UNIVERSITY

3. Vehicle Criteria
3.1. Selection, Design and Verification of Vehicle

3.1.1. Mission Statement

To design, manufacture, test, and launch a structurally sound rocket with integrated
systems specifically built to record data on varying aspe
keeping safety a priority.

3.1.2. Requirements
A successful mission involves:
The rocket must be reusable such that it is able to be launched again on the same day without any
repairs or modifications.
The rocket must stay under the 20,000 feet AGL apogee limit.
The parachute system must be manufactipy the team.
Each independent sectiomust be under a maximum kinetic energy of #bffand must all have
electronic tracking devices.
The rocket must contain redundant altimeters with separate power supplies for the recovery
system.
The recovery elgrical system must be separate from the payload.
A hazard detection system must transmit data in real time to the ground.
The payload must meet the requirements from the options listed in the NASA Student Launch
Handbook.
Launch and safety checklists mist used.

3.1.3. Mission Success Criteria
Intelligent application of research
Proper planning and scheduling
Critical analysis of design simulation and results of testing
Enforcement of mission requirements
Strict adherence to NASA requirements and criteria
Successful data acquisition

3.1.4. Major Milestone Schedule

Milestone Date
Project Initiation 12 September 2013
Initial Design Concepts (NCSU Senior | 24 September 2013
Design)
Initial Design Proposal (NCSU Senior 3 October 2013
Design)
Initial DesigrRefinement (NCSU Senior | 29 October 2013
Desing)
NASA SLI Program Announced 8 November 2013
Initial Experimental Designs (NCSU Seni 14 November 2013

NORTH CAROLINA STATE UNIVERSITY
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Design)

Design)

Preliminary Design Review (NCSU Senig

14 November 2013

Proposal Submitted to NASA @ivanged
from NCSU Senior Design)

20 November 2013

Stability Demonstration Launch (Senior
Design Configuration)

24 November 2013

With faculty support, replaced/combined
Senior Design requirements with SLI
requirements

2 December 2013

Revised Propos&ubmitted to NASA

6 December 2013

PDR Submitted to NASA 10 January 2014
Dual Deploy Demonstration Launch 18 January 2014
Review of (Re)Design Progress 28 January 2014

Further Experiments Designed for Full

11 February 2014

Scale Vehicle
CDR Submittetb NASA 28 February 2014
FFRR for Prime Launch Window 14 March 2014
Full Scale Launch Prime Window 22 March 2014
FFRR for Secondary Launch Window 4 April 2014

Full Scale Launch Secondary Window | 12 April 2014
FFRR for Contingency Launch Window | 18 April 2014
NCSU Senior Design Final Presentation | 23 April 2014
Contingency Launch Window 26 April 2014

3.1.5. Review by Subsystems

3.1.5.1. Nose Cone
The nose cone of the rocket can be optimized for a wide range of flight conditions.
Depending on the speed regime and mission, different nose cone shapes are better suited. From
an early phase of the design, it was determined that purchasing a noseclohigenoare cost
effective and time efficient than custom fabricating a nosecone. This constrained the nose cone
geometry to those available from commercial vendors. Based off preliminary estimates of the

rocketds top speed, i dvelocities wadle ioebe emconnderbd. Theat super soni
payload was located well aft of the nose cone and imposed no constraints on the geometry of the
nose cone.

A filament wound Von Karman nose cone was selected due to its low drag characteristics
and availabilityfrom vendors. The diameter of the nose cone is 5.5 inches and the length is 30.44
inches. The tip of the nose cone is a removable aluminum point that will be drilled out in order to
accommodate a Pitot tube. Figurskows the location of the Pitot tubebéilkhead will be
fitted in the aft portion of the nose cone. Abdlt and carabiner will attach the nosecone
bulkhead to a shock cord connected to the upper body tube bulkhead. A four inch shoulder will

NORTH CAROLINA STATE UNIVERSITY
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interface the nose cone and upper body tube. Sheawil secure the shoulder to the upper
body tube until parachute ejection.

Figure 4: Full Scale Nose Condssembly

3.1.5.2.Airframe
The body tube of the flight vehi clBuewi/| |
Tube offers greater strength than unreinforced cardboard while maintaining a lower weight than
standard filament wound fiberglass tubing. Some of the high strength attributes of fiberglass can
be imparted on the Blue Tube airframe by wrapping teelége with a single layer of fiberglass.
This can be easily accomplished by envelogagh section of the body tubea fiberglass
sleeve which also permits smoother finishing of the airframe.

Internally, the fiberglass wrapped Blue Tube will benfeiced by a number of bulkheads
and centering rings constructed of -&48h birch aircraftplywood. The bulkheads nearest to the
mator will be reinforced with flockor additional strength.

The motor itself will interface to the vehicle via a load cell securely mountedenes
of birch aircraft plywood and G10 FR4 fibergldsdkhead in the aft section of the rocket. A
fiberglass sleeve will surround the motor casing, providing addit&inectural strength as well
as heat mitigation.

The body tube fathe rocket is separated in thieeations. The farthest aft split, located
aft of theload cell. This interface is for ease of access to the load cell for inspection and repairs if
necessary. It is to be secured by 4 5/16 threaded rods run from the aft most centering ring to the
fin section bulkhead assembly. The next split occurs just forward of this bulkheadlldvel
secured by nylon shear pins and will allow for efasgection separation apogee. The aft
portion of the rocket at this connection is thedattionand has a length d@P.5inches. This
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section will include the fin configuration as well as the load cell, rocket motoh@usk one of
the main parachute¥hethird split is located near the middle of the body tubeiarsdcured

with stainless steel screws assihot designed to separate in flight. The aft portion of this
separation is the lower body tube and has a length of 26 inches. The lower body tabetaiitl
the payload bay. A Blue Tube coupler will hold the upper and lower body tubes together.
Disassembly of the rocket at this joint will provide convenient access to the payload bay for
installation and servicing. The upper body tube portion willrekfieom the second separatitan

the nose cone and will be B¥&thes long. The upper body tube will contain the excitation
thruster, avionics bay, and teecondmain parachute. During preparations for launch, a hatch
covering, an opening through the bddige, will provide access to the avionics bay and thruster.

Figure 5: Rocket Assembly
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Figure 6: Exploded Fin Section
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Figure 7: Exploded Rocket View

A conical boat tail was added to the initially proposed airframe in order to reduce drag on

therocket and move the center of pressure forward. The conical boat tail has a length of 6 inches,
fore diameter of 5.51ches, and an aft diameter of 4iB88hes. The addition of the boat tail will

also move the engine mount 6 inches aft where it was Igipakitioned. This will provide

additional room in the lower section of the body téibesection mairparachute is located.
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Figure 8: Boat Tall

3.1.5.3.Avionics

The vehicle avionics include the redundant altimeters responsible for setting off the black
powder charges that deploy the main and drogue parachutes. As a primary vehicle system, the
altimeters will be included on every flight of the rocket includingé¢hosc ar r yi ng t he customer 6s
payload. An avionics bay will also be included in the dual deploy subscale rocket. The avionics
bay includes two altimeters and two 9 volt batteries that are attached to a fiberglass sled. A
PerfectFlite StratoLogger SL100 andtEmtacore AIM 3.0 are the altimeters to be used. These
altimeters willbe connected to a charge for section separatioand the main parachutes. The
altimeters will also record maximum altitude.

3.1.5.4.Stability
While significant throughout the entirety of powered and coasting flight, the stability of the
flight vehicle is of particular concern during actuation of the cold gas thruster. The experimental
goal of predicting and observing the response of the veliealisturbance requires simulation
of the behavior of the flight vehicle after perturbation. In addition, the impact of the disturbance

on the vehiclebds flight path must be considered and any p
Initial analysis focused n det er mi ning the | ocation of the flight wvehi
Barrowmands method of normal force coefficients was used

Appendix7.1.]) written to accomplish the necessary operatiopsf@@ the whole flight vehicle
was predicted to be 10.6 with the aerodynamic center located 95.3 inches aft of the datum (tip of
the nosecone).
Preliminary analysis predicted the force required to perturb the flight vehicle by a desired
angl e o fTheardcketwaskireatet as a rigid body and aerodynamic forces were neglected.
Since thruster actuation will occur after motor burnout, a constant moment of inertia was used
for the calculation. The MATLAB script written for thrust predictionnsluded inAppendix
7.1.2 For amoment of inertia of 4407 skinf, a desired perturbation of 3A, and a
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of 0.61 s, 1240.3 b of torque is required. Given a moment arm of 35 in, 35.4 Ib of thrust is
required.
Preliminary prediction of the dynamiesponse of the vehicle to the 3° disturbance assumed
that the vehicle started from rest at its displaced position and was then allowed to oscillate freely.
The observed responsesisown as-igure9 The dynami c characteristics
response arincluded inTable 7

Pitch Response after 3 degree Disturbance

< [degrees)

time (3]
Figure 9: Dynamic Response to 3° Disturbance
Table 7: Flight Vehicle Dynamic Response Parameters

Parameter Value Unit
Frequency 22.5 (3.6) rad/s (Hz)
Damping Ratio 0.21 -

Period 0.28 S
Time-to-Half 0.15 S

Thetimeto-hal f of the vehicleds dynamic response i
sampling rate for the onboard systems that will record the behavior of the vehicle. Sufficient data
points must be taken over 0.145 s in order to reconstruct the cagmifeatures of the response.
The preliminary analysis allowed for sizing of the thruster and initial determination of the
requirements placed on the payload electronics.
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Obtaining a more complete simulation of the dynamic response of the vehicledetpair
the angle of attack be calculated both under forced and free oscillation. The dynamic system
represented by equatidrwas modeled in Simulink and subject to a stépe input equal to the
disturbing torque.

(1) U6 o 2/||‘_|'U oC M uc =

Note that in equatio and 3 C; is the damping moment coefficient; i8 the corrective
moment coefficient,li s t he |l ongi tudi n alsthesffenteventorquedcting ner t i a, and
to excite the vehicle. Equations for the damping and correttoraent coefficients are given
below.

%)) Ci= | *ACNZi W)

(3 C= | $[CNG, A mbcarponeni W)]

I'n the above equations, | i s ,igdteereferencgareaV i s fl i ght vehicl
Cn uepresents the normal force coefficient of the whole vehicle or of a particular component, if
so noted. Likewise, Z represents the center of pressure of the whole vehicle or a particular
component, if so noted. W represents the center of gravity of tine #ight vehicle during the
phase of flight being evaluated. The Simulink model constructed to represahbtlee
equations is included asgere 10.

* o L o L i N[
+ alpha "l s alpha Ll alpha ’[/ Ll
Targue/_L w1 %2 rag-»deg Seope
e

c2i_L simout

To Workspace

Figure 10: Simulink Model for Alpha Response Prediction

Using the Simulink model, the complete response of the vehicle to the perturbing moment
and subsequent free oscillation was simulated. Figlshows this response.
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Figure 11: Complete Response of Flight Vehicle to Disturbance

The full response simation reveals that the applied torque will only achieve a disturbance of
approximately 1.5°. Due to the fact that the thruster will be operated for nearly three times the
period of oscillation, the vehicle begins to oscillate under the constant torquéh&dhruster
before returning to a free oscillation state approximately 0.6 s from thruster activation (t = 0).
This finding suggests that thruster operation time could be decreased without affecting the
maximum displacement of the vehicle. Alternativéhe current time of 0.61 s allows
observation of the dynamic response both under forced and free oscillation.

From a safety standpoint, the net flight path change resulting from the thruster disturbance is
important. Intuition suggests thatthe 1.5°maxim @U woul d not produce
in flight path. This intuition was verified by estimating the flight path angle under a number of
assumptions. Velocity and density were assumed to be constant and the normal force was taken
to remain orthogordo the vertical flight direction. Zero roll rate was assumed and the constant
velocity was assumed to be in the vertical direction. Under these assumptions, the normal force

coefficients estimated with Barrowmands met hod

acceleration. Numeric integration by the trapezoid rule produced an estimate of velocity and
trajectory. Flight path angle was estimated by determining the angle between the constant
vertical velocity and the horizontal velocity after thruster actuatimuatiord shows the
trigonometric relationship used to estimate flight path angle.

a

significant

were used
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Figure12 and13 show the horizontal acceleration and velocity estimated from the angle of
attack profile and normal force coefficients. Note that the horizontal velocity asymptotically
approaches a constant value of 1-82dt/s. Vertical velocity was estimated to bestant at
550 ft/s (approximately 8.5 s after motor burnout). Using the approximation, the change in flight
path angle was estimated to be 0.11°. The assumptions made to enable the approximation also
introduce a range of potential error. As such, it ispussible to treat the estimated flight path
angle change as an exact value. Rather, the estimated flight path angle change of 0.11° suggest
that the perturbation from the thruster will have minimal impact on the flight path of the vehicle.
Especially whertompared with the potential effect of wind shift and gusts on the vehicle, the
flight path angle change due to the thruster actuation poses minimal risk to safety of flight.
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Figure 13: Horizontal Velocity Approximated via Numeric Integration

3.1.5.5.Exciter
The dynamic modes of the rocket are to be excited and its response recorded. This is to be
accomplished by utilizing afNjas fueled reaction thruster. Preliminary calculations have shown
that the rocket can support a thruster design capable of producin@bifosoof thrust without
becoming overly heavy and impractical. The general layout afxtbiéer can be seen Figure
14.

e
v

Figure 14: Exciter General Layout
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Figure 15: Exciter Cut View
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Figure 16: Exciter Location Above Payload




Figure 17: Exciter Layout

The rocket will have an on board pressure vessel to store the compressed nitrogen gas at
an estimated 00 psi. This pressure is sufficient to suppeisdbs of thrust utilizing a ©
nozzle with throat diidamé@toer s Trhaen giyrsg efmrr-ovm 1 0. D40 acti vat ed
flow solenoid valve controlled by the Arduino in the payload bay. In daderitigate valve
shutoff failure, the system is designed to exhaust the entire contents of its pressure vessel in
order to achieve the desired disturbance. Further testing is required to certify the exact mass of
propellant required for the desired diftance.

3.1.5.6.Fin Section
Many parameters have been taken into consideration during the design of the rockets fin
can. There are many options when designing the fin can, all of which can dramatically affect the
rockets stability, maximum velocity, maximualtitude, etcThe design rendered in Figure i£8
the product of careful consideration of these parameters and their effects on overall performance.
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Figure 18: Fin Section

Figure 19 Fin Composite Layers




Figure 20: Cut Fin Section

Figure 21: Exploded Bulkhead Design
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Strengthening fillet

Figure 22: Fin Section Layup

The fin shape and size design focused on drag reduction, tip impact damage reduction,
and aesthetics. The fins are trapezqidippped deltain shape with &1.8degree sweep on the
leading edgerad 79.7degree forward sweep on the trailingedgeda r oot and tip chords 120 and
4, respectively. Td$lé 500v.e rTahlel |sepaadn nogf etdhgee fsiwesepi i s includ
improve the aerodynamic performance of the fins by reducing the lateral inaitga of the
incoming flow on the leading edge of the fin. In addition to this leading edge sweep, all exposed
sides of the fins will be rounded to avoid stagnation as the flow impedes on the leading edge and
reduce turbulent trailing edge flow. The lirag) edge forward sweep reduces the chance of fin tip
impact upon fin can impact with the ground during recovery.

Due to the extreme conditions the fins will endure during supersonic flight, careful
consideration was taken to strengthen the fin desigmand i d Afin fl uttero which could | ec:
fin failure. They shall be constructed of multiple | ayers
fiberglass layers and two figirch plywood layers. Each ply of the fins will be epoxied together
prior to assembly of the fin section. Upon assembly the fins will be attached to the fiberglass
motor sleeve and wrapped-tip-tip with multiple layers of fiberglass cloth. The body tube,
notched out for theffis, will then be slid over thiener assembly and agaivrapped tigto-tip on
the exterior of the fin sectiomhough the extra fiberglass layers add unwanted weight to the
vehicle, the extra strength provided is most valuable to avoid catastrophic fin failure during
flight.

The fin can exploded view in Figei24 shows the internal structure of the fin can. The
internal structure consists of 2 centering rings positioning a fiber glass motor sleeve to the fin can
body tube. The motor will be mountedtothe 6061 al umi num | oad cel | via 3/ 806 threade
Thebad cell will then be attached to a 3/80 Birch plywood
tube. The fin can load cdiiulk headbody tube connection was designed specifically to ensure
the thrust produced by the rocket acts solely through the loadincettler to reduce failure
modes, the load cell was designed with two thicknesses such that it will bottom out, prior to
experiencing plastic deformation, on the bulk head forward of the load cell and on the fiberglass
motor sleeve aft of the load cell.
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Figure 23: Load Cell
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Figure 24: Exploded Fin Section
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Figure 25 Cut View of Fin Composite

The final component of the fin can is the aft boat tai
in diamete at the forward sectionand4®8 i n di emeteeadsa®d beyond the end of the
rocket. The addition of the boat tail greatly reduces the turbulent trailing flow reducing the

overall drag the rocket experiences and increasing apogee.

3.1.5.7.Motor

The current motor selected for the rocket is the Cesaronndtagy Incorporated
N5600WT-P. This motor was chosen after a full model of the rocket was made in Open Rocket.
Open Rocket calculated an estimate of the mass of the rocket and a motor was paired that would
propel it to supersonic speeds. The total impafsbe N5600WTP motor is 13633 Ns. The
average thrust is 5622 N with a maximum thrust of 6750 N. The burn time is expected to be 2.42
seconds. The launch weight of the rocket motor is 24.9 Ibs with an empty weight of 10.8 Ibs.
This means that 14.1 Ibs pfopellant is expelled during flight and should be accounted for when
determining parachute sizes. The maximum velocity from Open Rocket is 1385 ft/s (M=1.29)
with a maximum acceleration of 678 ft/s2. The projected apogee for the proposed rocket is
13900 Eet.

3.1.6. Subscale Flight Results

3.1.6.1.1. Overview
The subscale flight vehicle launch occurred on Janudty2®4 at approximately
4:00pm. Launch conditions were cool with a recorded temperature ppégly cloudy, and
brisk winds of 1812 mph. There was not any low cloud cover so conditions were favorable for a
good launch and recovery. The rocket was a (1:2.149) scale with a J350W motor and the
following specs:
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Table 8: Subscale Overview

Length 59.56 in.
Diameter 2.56 in.
Weight 5.6 Ibs.
Center of Gravity 38.2in.
Center of Pressure 42.7 in.
Static Margin 1.7 cal.
Recovery 24 in. main

The launch went off without major incident, the only concern being a 10 second delay
between the buttopushed and launch. This was later traced back to operator error and had
nothing to do with the rocket itself. After initial burn, the vehicle reached an apogee of 5079 ft.
and separation of the main body caused by black powder charge was witnessedss well
successful deployment of the main parachute. The rocket landed about a half mile away in a
water filled ditch in the surrounding field and was successfully recovered by the team.

3.1.6.1.2. Flight Data
Table 9: Initial Performance Predictions

Apogee 5260 ft. AGL
Max Velocity 816 fi/s
Max Acceleration 839 ft/s"2

Table 10: Recorded Performance
Apogee 5079 ft. (-186 ft.) difference
Max Velocity 986 ft/s (+84 ft/s) difference
Max Acceleration 1100 ft/s"2 (+169 ft/s"2) difference
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Figure 26 Chart of velocity and Acceleration vs. Tme

Legend
Red line: \&locityin ft/s
Pink line: Altitude in feet

3.1.6.1.3. Analysis

Differences in initial and recorded data were expected in some cases due to the volatility
of the atmosphere and the acceleration turned dag 8ightly higher than expected but still
within an acceptable range, meaning the rocket was still within 200 ft. of the predicted altitude.
After analysis of the acceleration, a -max force of 34 goés
186 ft. differencen altitude, +84 ft/s difference in maximum velocity, and +169 ft/s"2 difference
in maximum acceleration.

On the ground observations of the rocketds | anding | ed
data after it was found in a watfiited ditch completely saked. The avionics bay leaked water
when recovered and team members quickly worked to dry off both of the two altimeters inside to
prevent any loss of data. Enough data was found to ensure mission success but one of the
altimeters did fail and one of théalok powder charges responsible for separation also failed. The
black powder charge was connected to the failed altimeter and failed as a result of the first. The
cause of the altimeter failure has yet to be determined.

3.1.6.1.4. Conclusions
The launch went off wehnd a good separation occurred at apogee which led to a
successful parachute deployment and vehicle recovery. An unlucky landing that could not have
been avoided was slightly detrimental but did not cause a mission failure thanks to the data that
was laer collected from one of the altimeters and from observations of the flight made by the
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team on the ground. While the team was not able to determine a cause for the failure of the
altimeter, another success became apparent in the form of redundancyc kheo6s f | i gh't
demonstrated that multiple precautions built into the system worked perfectly and avoided what
could have proved disastrous. Both failed pieces of equipment were investigate d but there is no
clear answer to why either one failed. This sulestzaunch turned out to be excellent proof of a

strong design and correct application of redundancy to give the rocket every chance of

performing the way it was designed.

3.1.7.  Further Verification Testing

In order to further validate the aerodynamic parametaasl cul at ed from Barrowmanés
method of normal force coefficients, computational fluid dynamics simulation, and analysis of
the subscale flight, wind tunnel testing is planned. Both subsonic and supersonic tests will be
conducted in order to investigate fifight vehicle in both regimes. The subsonic wind tunnel
test will seek to validate the aerodynamic coefficients previously predicted. The supersonic test
will focus on overall shock geometry and seek to identify potential problem areas. Both tests will
seek to engage team members who have not yet experienced wind tunnel experimentation in
order to prepare them for later laboratory courses.

Initial sizing of the subsonic wind tunnel experiment was driven by both the geometric
constraints of the test semti as well as limitations on the Reynolds number that can be achieved
in the subsonic tunnel. In order to accommodate the 6DOF balance while remaining within the
confines of the test section, a 5/22lecmodel was selected. Tableskbws the velocitiesnal
corresponding Reynolds numbers for the computational fluid dynamics simulations conducted.

Table 11 Conditions for CFD Simulations

Velocity (ft/s) Re
103 9.01E+05 velocity at tip of rail
arbitrary subsonic
550 4.81E+06 velocity

Table 12indicates the tunnel velocities that would be necessary to achieve the Reynolds numbers
used for CFD simulations.

Table 12 Required Tunnel Velocity for Comparable Re

Temperature Velocity Re @ 103
(deg F) (ft/s) ft/s Velocity (ft/s) Re @ 550 ft/s
65 1.39E+03 9.01E+05 7.42E+03 4.81E+06
70 1.41E+03 9.01E+05 7.55E+03 4.81E+06
75 1.44E+03 9.01E+05 7.67E+03 4.81E+06
80 1.46E+03 9.01E+05 7.80E+03 4.81E+06

The velocities required to achieve comparable Reynolds numbers are beyond the capabilities
of theNCSU subsonigvind tunnel. Table 1$dicates a tunnel velocity that is achievable in
the tunnel and its corresponding Reynolds number.
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Table 13 Wind Tunnel Test Conditions

Temperature (deg
F) Tunnel Velocity at 10psf Re
65 92.23 5.98E+04
70 92.67 5.91E+04
75 93.11 5.84E+04
80 93.54 5.77E+04

Application of this wind tunnel test data can be made due to the fact that the aerodynamic
coefficients would remain constant throughout the low subsonic flight regime. At transonic
velocities, the aerodynamic properties change and have no correlati@nstabsonic wind
tunnel test results. A comparison will be made between the wind tunnel test results and the
results from a CFD case run at the lower Re of the wind tunnel tests. If good correlation is
observed, more confidence can be placed in the CFDiaions at higher Re.

The test article for the subsonic wind tunnel experiment will be fabricated in three sections.
The nose cone and fin can/bdail will be rapidprototyped out of PLA plastic. The body tube
connecting these components will be 60Bdrenum tube. The angle of attack will be swept
from-10A to 10A following the U schedule from the CFD si mul ¢
Two data points wild.l be taken at each U in both an ascend
mitigate tysteresis error. Forces and moments about each of the three axes will be recorded and
the respective aerodynamic coefficients and stability derivatives will be calculateGy(Cw
etc.).

The supersonic wind tunnel experiment will be conducted atchMamber significantly
higher than that encountered by the flight vehicle (~ M2.0 as opposed to M1.15). This
discrepancy dictates that no direct transfer of information between wind tunnel and flight vehicle
can be made. However, the educational purpbeecexperiment will be maintained. In
addition, the overall structure of the shock pattern will be consistent even at the higher Mach
number. Preliminary sizing is underway for the supersonic test article, which will be fabricated
out of 6061 aluminum. Esign of the subsonic test article is nearly complete

3.2.RecoverySubg/stem

3.2.1. Mechanical Configuration

The hemispherical parachute was chosen because of its ease of manufacturing compared
to an ellipsoidal parachute and a higher coefficient of dragp@techute was created in 6
equilateral triangular panels because aysibe hexagonal parachute will create a large area
compared to the total diameter. Triangular shaped panels to create a symmetrical hemispherical
shape. Each panel was cut from MIt44378 Type Il RipStop Nylon Fabric chosen fosit
high strength and lightweight nature.

The six equal panels were cut from a pattern using a solderind hieredges of each
panel were laid flat oveone another and folded ovetithes at the edge weate ahick fold to
sew. The unfolded edges were moved apart from one another as to not get caught in the sewing
machine. No. 69 size E nylon thread was used for sewing all the parts of the parachutes.
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Figure 27: No. 69 Size E Nylon Thread
The panelsvere sewed algy their perimeter edges withirches overlap to maximize strength
along the panel connections and minimize excess fabric and weight. A French Fell stitch was
used to sew the panels together as this is a common stitch used in parachifdetoring.
After all six panels wre sewed together the bottom 2inchés t he parachuteds | arge opening
were folded inward and sewed together to create a hem. A Needle Hem stitch was used to create
the hem of the parachute, as this is a common stiteti in parachute manufactugi The
stitches were sewn ats8itches per inch because less than six would not be strong enough and
more than ten would sacrifice the strength of the fabri€idnre 28 Picture A shows the French
Fell seam, which is used sew the panels together and the outside of tteb\/Picture B shows
the needle hem which will hem the bottom edge of the parachute. Picture C demonstrates how
zig-zag stitching will be used in combination with French Fell to attach #taVThe finaview
in Picture D shows the-tab from the outside of the parachute.

Figure 28 Types of Stitching and Seams
Six V-Tabs made fromMIiT-C-2 754 Type 1 FIl at Dacron 3/160 were sewed
seams of the panels at the hemline to strengthen the weakesittha parachute. MHT-C-
2754 Type 1 Fl at Dacron 3/160 was chosen because of a ten
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Figure29 FIl at Dacron 3/ 160
Each tab s created by cutting twoisch straps of webbed nylon. The straps were crossed over
each other toreate an X shap&he top of the X was placed 2 inctiemm the edge of the hem
and folded over. The overlapping portion of the straps created a basket to thread the cord to the
parachute. The bottom of the X was placed on the backside of the paradhirtert¢that of the
front side. An initial framing French Fell stitch will be used to attach each side of the X straps to
each other and through the hem of the parachute.-Aagjcstitch will be used inside of the
French Fell outline. An outer French Feths used for initial attachment of thet&bs to the hem
and the zigzag stitch was used to reinforce the strength of the strapping. After assembly each
stitch was inspected using a light table to make certain that each seam was correctly folded and
sewn goperly and that there are no imperfections in the parachute. The shroud cord is threaded
through the opening created by theélgb basket. The two free ends of each shroud line will be
gathered and all twelve free ends will be tied together using a bdwloteA swivel will be
attached to the top of a 5/160 carabineer which
bowline knot for the parachutes and the loop created by the double alpine butterfly knot of the
i 0 Tubul ar Kevl ar the doobte kipire buttetfly kndt was aruastef o f
redundancy to ensure that a single point of failure in the knot would not cause a parachute
failure.

Figure 30 Assembly of \ATabs Attached to Parachute and Shroud Line
The shroud cord will be braided nyl@ord that is one and half times the diameter of the
parachute. The cord has to be long enough to separate from the parachute during deployment. If
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the cord is longer than required for the size of parachute the parachute will not fully open.
Further testare needed after construction of the parachute to find exact length of the shroud
lines for ideal deployment of the parachute for maximum drag.

Each parachute following the nosecone is housed in a Kevlar deployment bag. The
Kevlar bag was cut into two ggre sheets with a shallow semicircular top.hWéitmaximum
width of 5.36 inches, and a maximum length of 16 incheKevlar sheet was rolled around the
properly folded parachute and pinned for sewing. The Kevlar bag was turned inside out and sewn
using a zigzag stitch to create a fabric cylinder slightly smaller than the inner circumference of
the rocket body. Thedny was turned right side out and hashallnylon strap sewn to the top
portion. The deployment bag is open at the bottom for ease of removal of the parachute during
deployment. The deployment bag was designed to easily slide out of the inner bodyokéhe
thus avoiding parachute failure.

Y

A

Figure 31 Deployment Bag Design

Due to the low porosity of the MHC-44378 Type lll RipStop Nylon Fabric a low
amount of air passes through the fabric of the parachute. This required a vent hole at the top of
the dome with a diameter of 10% of the diameter of the paradheatdave found that the lift
coefficient and glide ratio increase when the vent hole size increased while causing a negligible
decrease in drad\ streamer is attached to the fin section thiditact as a drogue parachute to
reduce kinetic energy to an acceptable level for parachute deployment. The steamer will be made
from the waste material from the construction of the main parachute. The streamer will be fifteen
feet long and will give visal cues to the ground crew to the location of the rocket during
descent.

The three parachutes will be deployed in a nsitige event. The first deployment will
happen two seconds after apogee when the fin can section separates from the main body by a
black powder charge. This releases the streamer that will act as a drogue parachute while the
three sections are still attached by shock cord. When the rocket assembly reaches one thousand
feet above the ground a secdiidck powder charge will separate the nose cone from the main
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body tube. This separation will allow the nose cone parachute to be deployed. The nose cone
parachute is attached to the main body parachute deployment bag. Simultaneously, the AARD
will fire and separate the eyebolt that holds the shock cord connecting the fin can to the main
body. The main body is also attached to the fin can parachute deployment bag and the separation
will release the fin can parachute. These events leave the rocket inepagats pieces that will
return safely to the ground.

3.2.2. Electronics

Figure 32: Avionics Electronics
3.2.3. Kinetic Energy Analysis

Table 14 Kinetic Energy Analysis of Each Section

Weight Descent Rate | Kinetic Energy (Ibf- | Parachute Size

(Ib) (ft/s) ft) (in)

Nose Cone 6.10 26.6 67.1 34

Body Section 20.29 153 73.8 112
Fin Section

N5600 34.61 11.8 74.9 180
Fin Section

N10000 33.91 11.9 74.6 180

3.2.4. Test Results
The ARRD performed as hypothesized during experiments using only .1 grams of black
powder. The experiment initially called to add more black powder in each subsequent test, but
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that was impossible due to the inner design of the device. The device featuoéed cavity

designed to fit a maximum of .1 grams and by simply following the instructions on filling,

wiring, and preparing the device that are provided in the accompanying manual, a successful and
safe separation is guaranteed. Experiments were ctewduring a warm, dry day in open air

with limited wind with a 5 kilogram weight used to allow for forced separation of the eyebolt

from the stationary device.

3.2.5. Safety and Failure Analysis
The flight vehiclebds r ec ovpertiogofthgreckeewil i s desi gned such
fall with kinetic energy below 754bf. In order to accomplish this, the vehicle will separate into
three sections at 1000 ft. The following describes how this will be accomplished.
At apogee, the fin section of the rocketlvaié separated from the rest of the vehicle at
attached at set length via a shock cord tether. No drogue parachute will be used to reduce the
drift of the vehicle during descerithe tether will keep the fin section attached to the midsection
of the vehick from apogee to the main parachute deployment event at 1000 ft. Upon reaching
this altitude, two Rattworks ARRDOGs (Advanced Retention R
tether allowing the fin section to travel further away from the midsection of the eelmiaoing
so the midsection will then pull a deployment bag from within the fin section deploying the fin
sectionés main parachute and releasing the fin section to
rocket. In addition to this tether separation, theencone will be ejected. Connected to the nose
cone will another parachute attached to an additional deployment bag located inside the upper
portion of the midsection of the vehicle. As the nose cone separates, it will pull this deployment
bagoutoftheinds ecti on and deploy the midsectionds main parachut
deployment bags, parachutes and tethers wiittzeted can be seen in Figure B&low.

Fin Section Parachute Apogee Separation Tether Mid Section Parachute Nose Cone Parachute

—m—+ | 1%% //%z*sw—% m?\b\\ % —

Deployment Bag ARRD Black Powder Charge Deployment Bag

Figure 33 Recovery System Diagram
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Figure 34 Rattworks ARRD

3.3. Mission Performance Predictions

The mission will be a success if the rocket meets the predicted performance values such as
altitude and maximum velocity. Most importantly, the rocket must be stable and not sustain any
damage during the flight that would result in it not being able tebged on the same day. All
experiments must work as they were intended too and the data must be useful.

3.3.1. Mission Performance Criteria

The r ocket dgwaliptemalfclopredictions a&s close as possible. This includes
but is not limited to max attide, max speed, and safe flight. The rocket is to perform as
designed with no failure and meet design specifications. In doing so, it must reach the
predicted values as follows.

3.3.2. Flight Simulations
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Figure 35: Flight Simulation of Rocket with N5600WT-P
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Figure 36 Flight Simulation of Rocket with N1000GVM -P

3.3.3. Altitude Prediction
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Bonneville Salt Flats/NS600WT-P
Custom

Figure 37: Altitude Projection with NS600WT -P

Booneville salt Flats/N10000-VM-P
custom

Figure 38 Altitude Projection with N10000-VM -P

3.3.4. Final Vehicle Weight

Table 15 Final Weight of Vehicle with Different Motors

Loaded Weigtt (Ib)
Nose Cone 6.10
Body Section 20.29

Fin Section N5600 | 48.71
Fin Section N10000 | 45.71
Total with N5600 75.10
Total with N10000 72.10
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3.3.5. Motor Thrust Curve
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Figure 39: Thrust Curve for N5S600WT-P
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3.3.6. Drag Assessment
Assessment of the drag experienced by the flight vehicle was completed using

Barrowmands method of normal force coefficients as well a
software. In order to estimate the drag fromribamal force coefficients determined using

Barrowmands method, the United States Air Force Stability
proposed by Mandell et al in 1973 was combined with E. V.

formula equation .
(5) Cp = Cpocos ( U)nwir( @)
A MATLAB script was written to compute £, and pertinent aerodynamic

characteristics (C;Cuy). ForGand G, a r ange o0-10° tEJlQ?/vm$ axan@medf r om
Figures4l shows aplotofgover the range of U.

Coefficient of Drag for A0Afrom-10to 10 degrees

-10 -8 -6 <4 -2 0 2 4 [ 8 10
angle of attack (deq)

Figure 41: Variationof Cowi t h U
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Table 16 Drag Assessment of Rocket

Component Pressure Base @ Friction Total Cp
Co Cp
Nose Cone| 0.00 (0%) | 0.00 (0%) | 0.05 (8%)| 0.05 (8%)
0.19
0, 0, 0,
Body Tube | 0.00 (0%) | 0.00 (0%) (28%) 0.19 (28%)
Fin Section| 0.00 (0%) | 0.00 (0%) | 0.05(8%) | 0.05 (8%)
Fins 0.22 (32%) | 0.00 (0%) | 0.06 (9%)| 0.28 (40%)
Boat Tail | 0.00 (0%) | 0.08 (13%)| 0.02 (2%)| 0.10 (15%)
0.37
0, 0, 0,
Total 0.22 (32%) | 0.08 (13%) (55%) 0.67 (100%)

3.3.7. Scale Modeling Results
The data returned from the subscale flight on 18 Jarasaryisted of altitude, velocity, and
atmospheric temperature over time. The data was recorded by the SL100 altimeffighfPost
analysis of the data focused on estimating the actyekgerienced by the subscale vehicle.
Since the drag coefficient is scaled by vehicle reference area, correlation should be observed
between the actual results from the subscale vehicle and the predicted results fostizefull

vehicle.
Acceleration wagstimated at each time increment beginning when velocity started to

decreae. Equation @lustrates this estimation scheme. Note thas the acceleratiory/ the
velocity, andT the time.

©6) a= dv/dT = (Vi Vi)/(Tii T

Drag was calulated according to equatiornwhereD is the vehicle drag forcepis the massa
the acceleration, and/ the vehicle weight.

()

From the drag force, ©Owvas calculated under the assumptiogaristant density. In equation 8
} is densityandA is the reference area of the flight vehicle.

D =-ma-W

(8) Co= D/ (6A)5 | V
Due to signal noise in the ab&s medsrwisdea exmd ded

clearly erroneous. Data points at low dV values were excluded in order to reruaasively

high G values (in excess of 100). The remaining data points were averaged and the resultant C

values reported in Table 17

vel ocity

Table 17 Averaged G, Values from Subscale Flight 18 January

Nsamples

79
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0.83 129
0.73 179

Table 18reveals that the average@ Gecreased as more samples were included in the
average. Samples were included in the average in temporal order (e.g. the 100 samples added
between the first and third averages were taken at a later time step than the 79 isaopled
in the first average). It is possible that the vehicle experienced a changing angle of attack as it
approached apogee that accounted for the changg Fr@n the subscale results, the range of
Cobs predicted by t he nigdasreasonabdenTheg@ngesfrommi s is conf ir
approximately 0.56 to 0.87 over an angle of attack range of 0° to 10°

3.3.8. Wind Drift Calculations

Table 18 Wind Drift with N5S600WT -P
N5600WT-P
Wind Speed in MPH
5 10 15 20
Nose Cone| 1268 | 2536 | 3804 | 5071

Body
Section

Fin Section | 1614 | 3227 | 4841 | 6455

Drift
in
Feet

1471 | 2943 | 4414 | 5886

Table 19 Wind Drift with N10000 -VM -P
N10000GVM -P

Wind Speed in MPH

5 10 15 20

Nose Cone| 954 | 1908 | 2862 | 3816

Body
Section

Fin Section | 1226 | 2453 | 3679 | 4905

Drift
in
Feet

1117 | 2234 | 3350 | 4467

3.3.9. Stability
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Figure 42 CP and CG Locations through Flight with NS600WT-P
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Figure 43 CP and CG Locations through Flight with N1000GVM -P
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Bonneville Salt Flats/ N5600WT-P
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Figure 44 Stability Margin throu'gh Flight with NS600WT -P
Booneville Salt Flats/N10000-VM-P
f

Stability margin calibers

Figure 45 Stability Margin througlh Flight with N10000-VM -P

Table 20 CP and CG Locations with Each Motor

Center of Pressure | Center of Gravity Stability
(in) (in) (cal)
N5600WT-P 95.59 86.44 1.66
NlOOgOVM - 95.50 85.54 1.83
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Figure 46 Static Margin Calculation with N5600WT-P
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Figure 47. Static Margin Calculation with N1000GVM -P

3.4.Interfaces and Integration

The launch vehicle and payload have been designed with compatibility in mind. The
location of the payload electronics bay has been determined to permdgiceasg and servicing
between launches. The payload bay will be located just aft of the center split in the two mid
sections of the vehicle.

Figure 48 Empty Full Scale Cross Sectional View

3.5.Launch Concerns andOperation Procedures
3.5.1. Recovery Preparation
Prior to Arrival at the Launch Site
Retrieve following materials
Do not proceed to step one until all materials are accounted for.
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0 p aRinLantonuThirg Parachute
2 0 pMid Sectibnwot Second Parachute
0 p-&osa Coheauot Farst Parachute
One 156 sHinfCana mer
Six Shroud cords per parachute - Different lengths for each parachute. Each set of
cords should be bundled with those of the same length and tagged for each
parachute.
1 One Shroud cord for the streamer
1 Three Swivels
1 One dozen or more Rubber bands
FIN CAN PARACHUTE

=a —a —a —a -a
o
=1
[¢]

Lay the 1800 parachute out flat on the ground.

Shroud Lines

Thread each of the six shroud cords through their basket created by the V-Tabs at the hem
of the parachute. You will finish with 12 cord ends pointed in straight parallel lines away
from the canopy of the parachute.

Make sure these are the cords specific to the 1 8 (padrachute.

Gather each of the twelve lines, ensuring that they remain equal length, and thread through
the swivel.

Tie a simple bowline knot with the 12 threaded ends.

Starting at the base of the swivel fold the lines of cord in a zig-zag pattern into your hand.
Make sure the cords do not get tangled during this process.

Wrap a rubber band around the base of the bundle making sure that upon deployment the
bundle will unravel.

Canopy

Fold the canopy of the parachute so each seam of the equilateral triangles lay flat on top of
each other.

Fold the seam side over in half to meet the unseamed side in a fan fashion. This step will be
complete when the parachute is roughly the width of the compartment.

Starting at the top and working towards the bundle of shroud line, fold the parachute
downwards in a fan fashion. This may take more than one person as this is a rather large
parachute.

Secure the bundle using a rubber band that will be removed before launch.

Streamer

Thread the streamer specific shroud line through the basket created by the V-Tab at the
end of the streamer.

Fold the streamer in a fan fashion from the end towards the V-Tab.

This may take more than one person as this is a rather large streamer.

Secure the folded streamer using a rubber band that will be removed before launch.
STOP: Before proceeding asses the work youobve

MID SECTION PARACHUTE

Lay the 11206 parachute out flat on the ground.

Shroud Lines
Thread each of the six shroud cords through their basket created by the V-Tabs at the hem
of the parachute. You will finish with 12 ends of cord pointed in straight parallel lines away
from the canopy of the parachute.

Make sure these are the lines specific to the 1 1 Jdrachute.

NORTH CAROLINA STATE UNIVERSITY
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Gather each of the twelve lines, ensuring that they remain equal length, and thread through
the swivel.

Tie a simple bowline knot with the 12 threaded ends.

Starting at the base of the swivel fold the lines of cord in a zig-zag pattern into your hand.
Make sure the cords do not get tangled during this process.

Wrap a rubber band around the base of the bundle making sure that upon deployment the
bundle will unravel.

Canopy

Fold the canopy of the parachute so each seam of the equilateral triangles lay flat on top of
each other.

Fold the seam side over in half to meet the unseamed side in a fan fashion. This step will be
complete when the parachute is XX across.

Starting at the top and working towards the bundle of shroud line, fold the parachute
downwards in a fan fashion. This may take more than one person as this is a rather large

parachute.
Secure the bundle using a rubber band that will be removed before launch.
STOP: Before proceeding asses the work youdve just compl et ec

NOSE CONE PARACHUTE
Lay the 340 parachute out flat on the ground.
Shroud Lines
Thread each of the six shroud cords through their basket created by the V-Tabs at the hem
of the parachute. You will finish with 12 ends of cord pointed in straight parallel lines away
from the canopy of the parachute.
Make sure these are the cords specific to the 3 4 garachute.
Gather each of the twelve lines, ensuring that they remain equal length, and thread through
the swivel.
Tie a simple bowline knot with the 12 threaded ends.
Starting at the base of the swivel fold the lines of cord in a zig-zag pattern into your hand.
Make sure the cords do not get tangled during this process.
Wrap a rubber band around the base of the bundle making sure that upon deployment the
bundle will unravel.
Canopy
Fold the canopy of the parachute so each seam of the equilateral triangles lay flat on top of
each other.
Fold the seam side over in half to meet the unseamed side in a fan fashion. This step will be
complete when the parachute is the width of the compartment.
Starting at the top and working towards the bundle of shroud line, fold the parachute
downwards in a fan fashion.
STOP: Before proceeding asses the work youdbdve just completec
At the Launch Site
Retrieve following materials
Do not proceed to step one until all materials are accounted for.

1 Bundled Fin Can Parachute
Bundled Mid Section Parachute
Bundled Nose Cone Parachute
Bundled Fin Can Streamer
Two Kevlar deployment bags - One for the third (largest) and second parachute only
Three 5/ 160 Carabiners

1
1
1
1
1
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1 One dozen or more Rubber bands
f XX 106 Tubul ar Kevl armhockoordds of | ength XX
1 XX black powder charges
1 Flat head screw driver
FIN CAN
Thread the |0 Tuthroughatie Nfom Webhimg loopaat the top of the Fin
Can parachute deployment bag.
Use a bowline knot to secure.
With the free cord tie a double alpine butterfly knot near the center of the cord.
Thread the free end of the cord through the U-bolt bulkhead of the middle section and tie a
bowline knot.
Have another member check the strength of the knot around the bulkhead.
Tuck the folded third parachute into the largest deployment bag and tuck the package into
the fin section.
It is alright if a portion is revealed past the coupler.
Connect E-match that is connected to black powder canister to ignitor block.
Connect the shroud line for the stream to the double alpine butterfly knot at the center of the
shock cord.
At this time remove the rubber band holding the streamer together.
Piece together the fin can section and the middle section.

STOP: Before proceeding, asses the work youdve just compl et e

streamer, third parachute, deployment bag and black powder charges are within the
structure.

MID SECTION

Thread the | 0 Tuthroughate UiBetwflthe exposed sedtion of the
bulkhead of the middle section of the rocket.

Secure using a bowline knot.

Have another team member check the strength of your knot and the bulkhead.
Thread the free end through a 5/1606 carabiner and
Bundle the cords as before and tie a rubber band.

Connect E-match that is connected to black powder canister to ignitor block.

Remove the rubber band securing the mid section parachute.

Tuck the second parachute into the smaller parachute deployment bag.

Tuck the second parachute package into the open mid section.

tie a bowl

STOP: Before proceeding, asses the work youdve just compl et e
second parachute, deployment bag and black powder charges are within the

structure.

NOSE CONE

Thread the final i 0 Tubul ar Kevlar cord through the Nyl on We

smaller parachute deployment bag.

Secure using a bowline knot.

Tie a double alpine butterfly knot off set from the center of the cord.

Thread the free end of the cord through the U-Bolt at the bulkhead of the nose cone of the

rocket.

Secure using a bowline knot.

Attach the 5/160 carabiner through both |l oops of t
Bundle the shock cord and secure using a rubber band.

Tuck the bundled shock cord into the exposed section of the nose cone.

NORTH CAROLINA STATE UNIVERSITY
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Attach the first parachute swivel to the carabiner.
Tuck all parts into the nose cone cavity.
Piece the middle section and nose cone together.

Beforeproceedi ng, asses the work youdve just completed.

parachute is within the structure.

3.5.2. Motor Preparation

Motor Casing

(Pro75

Forward Closure

Tracking Srmoke
Element

S L0 [ e
Retaining R Disk Trocking Smoke  Retaining Ring
. —— sultos
h Fuel Grains
Nozzle O-ing
-
= Q Q Grain spacer o-ings

Igniter

Figure 49: Cesaroni Motor
(Image dbtained from the Cesaroni Pro 98mm Motor Assembly Kit
Instructions)

1. Forward Closure Assembly

1.1 Apply a light coating of aing lubricant or grease to the inside of the cavity
in the forward closure. Insert the smoke tracking charge insulator into this
cavity and ensure it is seated fully.

1.2 Apply a liberal layer of grease ofring lubricantto one end of the smoke
tracking grain. Be sure the entire face is coated.

1.3 Insert the smoke tracking grain into the smoke tracking charge insulator,
coated endirst. Push the grain in with sufficient force to fully seat it and
spread the lubricarats shown. The excess lubricant will help prevent gas
leakage forward as well as protecting the forward closure from heat and
combustion products from the smoke tracking charge.

2. Pro98 Hardware
2.1 Check both ends of the phenolic case liner to ensatehhb inside ends have
been chamfered or deburred. If not, use a hobby knife or coarse sandpaper to
remove the sharp inner edge to allow components to be inserted easily.
2.2 Fit the nozzle to one end of the paper/phenolic case liner tube. It may be a

Ma k e
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srug fit. Push it carefully but with sufficient force to seat the shoulder on the
nozzle all the way into the insulator tube.

2.3 Locate the smaller-dng in the P98ORK o-ring kit. Fit the ering to the
internal groove of the nozzle holder. Push the reokplder over the nozzle
until fully seated. Apply additional lubricant to the nozzle exit section if
necessary to facilitate assembly.

2.4. For steps 2-8.6 work with the nozzle/case liner assembly and motor case
horizontally on the work surface.

2.5. Irsert one propellant grain into the forward end of the case liner and push it a
short way into the tube. Fit one grain spaceing to the top face of the grain,
ensuring it sits flat on the end of the grain. Insert the second grain, push itin a
short wag, then add another grain spacer, and so on until you have loaded all
propellant grains into the case liner.

2.5.1There should be sufficient space after the last grain is inserted to fit
the forward insulator in place and seat it to the tube with liglsispre.
If there is less clearance than this, you may remove the last gran spacer
and recheck the fit. Only this spacer may be omitted and only if
necessary to fit.

2.6. Carefully install the two largernings into the external grooves of the nozzle
holder and forward closure. Handle these components with care from this
point on so as not to damage or contaminate thiegs.

2.7. Place the case liner/nozzle assembly on your work surface with the nozzle
end down, and slide the motor case down rear estd&nd with thrust ring)
over the top of the liner towards the nozzle. Note: a light coat of grease on the
liner exterior will aid assembly, disassembly and cleanup!

2.8. Lay the motor case assembly down horizontally, and push on the nozzle ring
until theassembly is far enough inside the case that the threads are partly
exposed and the screw ring can be threaded into th
push on the nozzle itself as you will push it out of the nozzle holder.

2.9. Screw in the nozzle retaining ringing the wrench, pushing the
nozzle/nozzle ring/case liner assembly forward as you proceed. Screw it in
only until the retaining ring is exactly even with the end of the motor-cdse
not thread it in as far as it will go. Then, back the retainingairigopne half of
a turn.

2.10. Fit the forward insulating disk to the top of the case liner, checking that the
top grain spacer (if used) is still properly in place.

2.11. Fit the forward insulating disk to the top of the case liner, checking that the
top gain spacer (if used) is still properly in place.

2.12. Insert the assembled forward closure into the top of the motor case, pushing
it down carefully with your fingers until you can thread in the retaining ring.
Thread in the forward retaining ring ugithe wrench, until you feel it take up
a load against the top of the case liner. At this point the ring should be
approximately flush with the end of the motor case, or slightly submerged. If
it extends out the case at this point by more than about d¢free tian, check
the nozzle end to make sure the ring is not screwed in too far forward. If so,
unscrew the nozzle retaining ring another half turn and screw the forward
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closure retainer in further.

NOTE: it is best to have the forward closure retaining ring flush or slightly
submerged and the nozzle retaining ring protruding by a half turn or so, than
vice versa. There is more tolerance fairg location at the nozzle end.

There will always be@me minor variation in the length of internal
components due to manufacturing tolerances.

3.5.3. Igniter Installation
The igniter will be installed by designated personnel who are properly trained.

3.5.4. PostFlight Inspection
1. Post Flight Cleanupf Motor
Do not try to dismount or disassemble your motor until it has thoroughly
cooled down after firing. Some components such as the nozzle may be
extremely hot for some time after firing.

Perform motor cleanup as soon as possible after firing, however, as
combustion residues are corrosive to motor components, and become very
difficult to remove after several hours.

1.1. Unthread and remove the forward asar closures. Remove the nozzle
holder from the nozzle.

1.2. Remove the phenolic tracking smoke changalator from the forward
closure.

1.3. Remove all gings.

1.4. Discard all reload kit components witch regular household waste, once they
have returned to room temperature.

1.5. Use wet wipes, or paper towels or rags dampened with water or vinegar to
thoroughly clean all residue, grease etc. off all hardware components. Pay
close attention to internal and externairmmy grooves. A cotton swab or
smallstick of balsa is an erllent tool for cleaning these grooves.

1.6. Apply a light coat of grease osrimg lubricant to all threaded sections and
reassemble threaded components for storage.

Launch operations procedures are to be followed at all times by all members aftth&deal

TRA or NAR, whichever the host maybe, regulations shall be reviewed by all attending team
members prior to launch day as part of prelaunch preparations. While at the launch site members
of the team are to keep in mind that the team is a gu#se tocal rocketry club hosting the

launch.
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3.6. Safety and Environment

3.6.1. Safety Officer

Collin Bolton

3.6.2. Failure Mode Effects and Criticality Analysis (FMECA)

1 3 4
Catastrophic Critical Major Minor

Failure Effects
Failure Mode  Causal Factors Hazard Recommendations

Function /

Component Subsystem System

ANSYS structural
analysis and
compression failurg
tests

Poor Design 1

ANSYS structural

Manufacturing 1 analysis and
Defect compression failurg
tests
Loss of .
containment Separation
Blue Tube Cracks or for other or
airframe breaks . destruction
vehicle ;
t of vehicle o )
Loads beyond | components Maintain vehicle
design 1 within design
specification specifications
Damaged 1 Adhere to proper
during handling handling procedurg
Improper 1 Pre/post launch

Maintenance inspections
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Failure Effects

FuiEhoT g Failure Mode  Causal Factors
Component Subsystem System
Poor Design
Manufacturing
Defect
Separation of Loads beyond Increased
bullfhead from design Unable to loads on
specification transfer other
other structural load |
members oads structural
members
Bulkheads
Damaged
during handling
Improper
Maintenance
Poor Design Unable to
Damage/separdg Supbort Loss of safe
ion from Ioa%g of and effective
parachute chute recovery
deployment deployment system
Manufacturing
Defect

TATE UNIVERSITY

Hazard Recommendations

ANSYS structural
analysis of
bulkhead fixed
support

QC of
manufacturing
process

Maintain vehicle
within design
specifications

Ensure analysis
includes handling
loads. Adhere to
proper handling

procedure

Pre/post launch
inspections

ANSYS structural
analysis of
bulkhead stress

QC of
manufacturing
process




NC STATE UNIVERSITY

. Failure Effects
Function /

Failure Mode  Causal Factors Hazard Recommendations
Component Subsystem  System

Loads beyond M?‘”ta'” -
: operations within
design ;
P design
specification N
specifications
Improper Pre/post launch
Maintenance inspections
ANSYS structural
Poor Design 4 analysis of
bulkhead stress
Manufacturing QC of .
4 manufacturing
Defect
process
Non- Potential for| No system -
compromising | Loads b d future level safet; Maintain
oads beyon y . -
cracks desi damage effect operations within
esign g 4 desian
specification esign
specifications
Damaged 4 Adhere to proper
duringhandling handling procedure
Improper 4 Pre/post launch
Maintenance inspections
ANSYS structural
Poor Design EC: Motor is 1/2 analysis of fixed
. i forced Supports
Separation o Unable to | through the
loadcell from -
Loadcell transfer | vehicle body
other structural R
bers loads nFC: Loss o )
mem Loads beyond of stabilized Maintain vehicle
design flight 1/2 within design
specification specifications

NORTH CAROLINA STATE UNIVERSITY
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Function /
Component

Failure Mode

Causal Factors

Failure Effects

Subsystem

System

Hazard

Recommendations

Damaged

Adhere to proper

Maintenance

during handling 2 handling procedure
Improper 12 Pre/post launch
Maintenance inspections
Poor Design 1 ANSYS strL_JcturaI
analysis
Manufacturing QC Of.
Defect 1 manufacturing and
process
Loss of
Breaks due to Retention | Stabilized Design bulkhead tg
loads from Loads beyond loss of flight/ stop load cell
design .| destruction 1 before critical
motor motor casin
specification 9 of other deflection is
components reached
Damaged 1 Adhere to proper
during handling handling procedure
Improper 1 Pre/post launch
Maintenance inspections
. Test material
Poor Design J through test launc
Increased
. Melting from Deformation| drag/loss of
Boattail .
heat of exhaust Manufacturing of structure | motor casing QCof
Defect protection 3 manufacturing
process
Improper 3 Pre/post launch

inspections
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Function /

Failure Effects

Failure Mode  Causal Factors Hazard Recommendations
Component Subsystem  System
Poor Design 3 ANSYS strgctural
analysis
Manufacturing 3 man%g((:)tfurin
Defect 9
process
Possible Maintain
. Loads beyond . -
Cracking from OeY Loss of damage to operations within
) design future 3 ;
Impact specification | tailcone use other design
components specifications
Damaged 3 Adhere to proper
during handling handling procedurg
Improper 3 Pre/post launch
Maintenance inspections
. ANSYS structural
Poor Design -
analysis
Manufacturing QC of -
manufacturing
Defect
process
Possible
Damage from Loss of damage to
Fins mag future fin 9 Adhere to proper
impact other -
use components handling procedure
Damaged p
during handling
Maintain
operations within
e
design p
specification

NORTH CAROLINA STATE UNIVERSITY
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Failure Effects

Function / Failure Mode  Causal Factors Hazard Recommendations
Component Subsystem  System
Improper Pre/post launch
Maintenance inspections
Manufacturing 3 QC of parts
Defect received
Breaking before Loose Separgtlon
Shear Pins charge assembly of| of vehicle o )
detonation Loads beyond [ compartmen| compartmen Maintain vehicle
design t ts 3 within design
specification specifications
Improper 3 Use of new pins
Maintenance after each launch
Design to ensure
Poor Design 3 secure sled with
redundancy
Damage
Avionics Detaches from to/loose r'égf:/é)f
secured Manufacturing | wiring of Y QC of
Sled o Defect e system .
pOSlthn erec avionics initiation 3 manufacturmg
COmpOnentS process
Damaged
during handling 3 Adhere to proper
handling procedure
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Function /
Component

Failure Mode

Causal Factors

Failure Effects

Subsystem

System

Hazard

Recommendations

Loads beyond Mglntaln I
: operations within
design 3 desi
o esign
specification PN
specifications
Improper 3 Pre/post launch
Maintenance inspections
Manufacturing .
Defect 4 QC of part receiveq
Damaged . 4 Adhere to proper
Nor- | during handling| Potential for [ No system handling procedure
compromising future level safety
cracks damage effect
Loads beyond Maintain vehicle
Nose Cone design 4 within design
specification specifications
Improper 4 Pre/post launch
Maintenance inspections
Loss of No system
Damage from | Manufacturing future .
impact Defect nosecone Iev:flrzgg‘ety ? QC of partreceived

use
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Function /
Component

Failure Mode

Causal Factors

Failure Effects

Subsystem

System

Hazard

Recommendations

Damaged

Adhere to proper

during handling J handling procedurg
Loads beyond Maintain vehicle
design 3 within design
specification specifications
Improper 3 Pre/post launch
Maintenance inspections
Damaged 1 Adhere to proper
during handling handlingprocedure
Premature Loss of
] Potential for| controlled
separation from
structural and
other structural .
damage stabilized
members .
flight
Improper 1 Pre/post launch
Maintenance inspections
Manufacturing 4 Q? of .
Defect Potential for manufacturing
] inati process
Fiberglass Dele_lmmatlon Damage to other
. of fiberglass fiberglass structural
Covering ;
layering layup member
damage
Damaged 4 Adhere to proper

during handling

handling procedurg

NORTH CAROLINA STATE UNIVERSITY
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Failure Effects

Function / Failure Mode  Causal Factors Hazard Recommendations
Component Subsystem  System
Loads beyond Maintain vehicle
design 4 within design
specification specifications
Improper 4 Pre/post launch
Maintenance inspections
Payload/Exciter
Function / Failure Effects
Componen  Failure Mode  Causal Factors Hazard Recommendations
t Subsystem System
Install pressure
gauges and
PSttoo large . perform preflight
checks
Electrical signal 4 Check Arduino
too low output
. Unable to
Exciter Solenoid Valve eF:tcllturgStc:)n perform
System Fails Not installed Jectg 4 | excitation Checkmanual and
properly comman action 4 perform preflight
checks
Inspect
Improper connections often
maintenance . and perform pre
flight checks of
system
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Function /

Component

Failure Mode

Causal Factors

Failure Effects

Subsystem

Hazard
System

Recommendations

Damage during

Inspect
connections often
and perform pre

handling flight checks of
system
Check tubing
specifications and
Improper perform preflight
connections checks to ensure a
Gasis connections are
ejected into correct
Gas Leak avionics bay
and loss of
pressure in
system
Check tubing
PSI too large spfemfl_catlons and
maintain proper ps
in system
Install pressure
PSl too large 4 gauges and
Unable to perform preflight
Loss of ) perform checks
C/D Nozzle pressure in s
excitation
system :
action
Poor design 4 AnaIyS|_s of flow
and airspeed
displacemen Test valve
ve d Thruster p h operation. Design
Excessive force Valve oes not produces tog tthan 1 so all the gas is
close on time expected.
much thrust needed for the
Dangerous "
- excitation
trajectory .
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Function /
Component

Failure Mode

Causal Factors

Failure Effects

Subsystem

System

Recommendations

Poor design

Complete
experiment to
determine thrust
produced

Intake blockage]|

Wires crossing

Perform preflight
checks on sensorg

Bundle wires
together and
perform preflight

SensoOutput Failureto | No effgct on checks on all
Failure collect vehicle wiring
sensor data flight
Wrong During preflight
) check, ensure all
connection port connections are
on Arduinounit
Sensor correct
Input
Ensure pressure
Pressure input Failure to | No effect on transducers are
IMU Overload t0o lar. ep collect vehicle installed properly
9 sensor data flight during preflight
checks
Arduino Data input too Failure to | No effgct on During design,
Overload large collect vghlcle check all sensor
sensor data flight output packet size
Software does| Data is not | Experimenta CO".‘P'ete
Data Arduino freezes not work collected | payload is experiment to
Collection . ) payk ensure Arduino car
properly during flight a failure

handle data
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Failure Effects

Function / Failure Mode Causal Factors Hazard Recommendations

Component Subsystem System

Dead battery/ Use new batteries|
Loss of power battery 3 and inspect battery
disconnects installment
Vibration and Construct sensor
Remote sensor . =~ .
. . forces during 3 wiring to withstand
disconnection A
flight forces
Realtime Complete

Interference and Data is not experiment to test
. . data L
obstruction of | transmitted . 4 transmission
. . h transmission - -
transmitter during flight | ~. . efficiency with
is a failure .
obstruction

Loss of radio
signal

Recovery
Function / Failure Effects
Componen  Failure Mode  Causal Factors Recommendations
Subsystem System
Deployment Charge is too 1
failure small Complete
Black Unsuccessfu  Rocket is experimental
powder | parachute | not safely testing to ensure
charges deployment | recovered proper charge
i iecti sizin
Violent eje_ctlonr Charge ig00 9
causes accidentd bi 1
separation 9
No power to Rocket is Use new batteries
Avionics avionics or Dead battery | No ejections| not safely 1
P for each launch
ignitors recovered




Function /
Component

Failure Mode

Causal Factors

NC STATE UNIVERSITY

Failure Effects

Subsystem

System

RF transmitter

Interference from

Improper design

Damage
from high
velocity
ejection

Hazard Recommendations

Complete testing o
electronic devices

Parachute bags
do not fully
open

No ejections
or mistimed
ejections
Bug in altimeter [ Manufacturer L drift
coding defect arge ar Test two altimeterg
from early
A for redundancy
ejection
U-bolt failure e:g]a%rr?npwirnt Separation Rocket is Make sure
Bulkhead of rocket components are
. not safely
and Ubolt section from adequately
recovered
parachute constructed
Bulkhead failure| MProPer
attachment
Ensure that
Parachute parachutes and
tangling shock cord are
folded correctly
Parachutes (3) | Remote senso Parachutes Rocket is Construct the
Parachute | ' deploy | Of rocketsection|  do not not safely rocket so the wireg
deployment) o ctly from parachuteg ngpelgt)lly recovered are out of the way

Fold bags correctly
and make sure
nothing can snag
the parachutes
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Failure Effects

Hazard Recommendations

FuiEhoT g Causal Factors

Component

Failure Mode
Subsystem System

Check all shock

Shock cord
connections 1 cord
come loose
Improper Make sure
wiring/attachme 1 componentsl are
nt Lowerand | o . adequately
Eyebolts (2) fail middle ocket1s constructed
. not safely
to detonate airframes do
recovered
not separate
Manufacturer 4 Test two eyebolts
defect for redundancy
Exploding
eyebolts
Improper Make sure
wiring/attachme| Premature 3 componentsire
nt separation of Large adequately
connections|  drifting constructed
Premature .
: between distance of
detonation
lower and lower
middle airframe
airframe 3 Complete testing o
electronic devices

RF interference

Aerodynamics

Failure Effects

Recommendations

Function /
Componen  Failure Mode Causal Factors Hazard

t Subsystem System

- Aerodynami Use fin i
' Ins are not c forces | Trajectory is sefin Jig to
i Fins layout causq  attached at the| from fins are|  different ensure angles are
Fins unexpected correct angle | not the samd than correct
trajectory from each expected
fin
Fins are not Shape fins to
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Function /

Component

Failure Mode

Causal Factors

Failure Effects

Subsystem

System

Hazard

Recommendations

Function /

Componen
t

Bulkhead
and
loadcell

through load cell

Failure Mode

Motor breaks

and bulkhead

Causal Factors

Material or
construction
flaws

Failure Effects

Subsystem

Motor
system is
compromise

System

Motor
damages
rocket frame

symmetric specifications
before installation
Aerodynami
Nose cone c forces are| Trajectory is Inspect nose cond
Nose cone imperfections Manufacture greater on different 4 and sand to correc
lead to altered defect one side of than
. shape
trajectory the nose expected
cone
Boat tail Aerodynami Trajectory is .
. imperfections Manufacture | © forces are different Inspect boat tail
Boat tail | greater on 4 and sand to corred
ead to altered defect - than
trajectory one side O.f expected shape
the boat tail
Thruster
Thruster causes| Thruster force iq force cause 4§ Large effect Complete
Thruster too large of a greater than greater on trajectory 1 experiments to
disturbance expected disturbance| of rocket measure the thrus
angle
High
velocity 1
separation
Rocket sections . Sections Make sure shear
Rogket separate before Deceleration of separate pins and screws
sections charges ignite the rocket early Premature can hold
parachute
deployment 4
at high
altitudes
Propulsion

Hazard

Recommendations

Inspect bulkhead
and loadcell prior
to launch
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Function /

Component Failure Mode

Causal Factors

Failure Effects

Subsystem

System

Hazard Recommendations

d or contents
Superficial 4
damage
Motor
inoperable Motor is not | ROSketis Check motor
. ) not safe to casing before
Motor Damage to moto safe if major .
. . launch if launch, remove
casing casing damage damage is foreign objects
; occurs .
Motor casing major 1 from motor area.
fracture
Rocketfails to
launch
Reduced | Rocket does] ritocg)er ?unéjl mriln;er\llr
Contamination off Overoxidized | performance| not launch [uel properly
Fuel ) and in isolation.
fuel reaction of rocket or perform Order from
motor as expected reputable source.
Reduced fuel 3
efficiency
Construction or
measurement Thrusti ) 1 Check mot
. error rust is no . eck motor
Constructio _ M_otor in expected Unp_redlcted alignment during
n misalignment S trajectory )
direction construction
Rocket frame 1
fracture
Urll(predlc_table 3 Launch in an open|
Launch rocket trajectony area, wait for cleal
Launch interference from Launch when clear airs' ace before
foreign object FI) h
Rocket frame aunc|
fracture

Function /
Componen
t

Failure Mode

Stability

Causal Factors

Failure Effects

Subsystem

System

Hazard Recommendations
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Failure Effects

System

Hazard

Recommendations

PUTERTa Failure Mode  Causal Factors
Component Subsystem
Cg
Stability
Cp Expected Error characteristi
numbers are rror in cs are
different from calculations ang different
actual measurements than
projected
Static
Margin
Large Static
. Weight shift acceleration or margin
Weight . change due
: causes center ol deceleration e
Shift : . ; to shift in
gravity shift forces an object
. center of
to shift .
gravity

Natural
frequency,
damping
ratio,
thruster
sizing, and
stability are
all effected

Physically measure
the location of the
center of gravity

Use Barrowman's
method to
determine location
of center of
pressure

Calculate by using

the locations of the

center of gravity
and pressure

Ensure all rocket
components are
secure during
construction
process

3.6.3. Personnel Hazards
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ALCOA
Material Safety Data Sheet
Product Name: 6061/AL203/22P-T6P ID: 807
*** Saction 1 - Chemical Product and Company ldentification * ** |

Chemical Formula: Mixture, metal matrix with particulate reinforcement
Product Use: Various fabricated aluminum parts and products
Other Designations: €291, 6061/AL203/20P-T6P

Alcoa Inc. Phone: Health and Safety: 1-412-553-4649

201 Isabella Street
Pittsburgh, PA 15212-5858

Emergency Information:

USA: Chemtrec: 1-800-424-9300 or 1-703-527-3887 Alcoa: 1-412-553-4001
Website:
For a current MSDS, refer to Alcoa websites: www.alcoa.com or Internally at my.algoa.com EHS Community
| *** Section 2 - Composition / Information on Ingredients * **
Complete composition is provided below and may include some components classified as non-hazardous.
CAS # Component Percent
7429-80-5 Aluminum >76
1344-28-1 Aluminum oxide (non-fibrous) 20-24
7440-47-3 Chromium <0.23

Component Information
Additional compounds which may be formed during processing are listed in Section 8

| *** Saction 3 - Hazards Identification ** * |

EMERGENCY OVERVIEW
Solid. Silvery. Odorless Non-combustible as supplied  Small chips, fine turnings and dust from processing may

be readily ignitable.

Explosion/fire hazards may be present when (See Sections 5, 7 or 10 for additional information):
* Dust or fines are dispersed in the air.

* Chips, dust or fines are in contact with water.

* Dust or fines are in contact with certain metal oxides (e.g. rust)

* Molten metal is in contact with water/moisture or certain metal oxides (e.g. rust).

Dust and fume from processing can cause irritation of eyes, skin and upper respiratory tract.

POTENTIAL HEALTH EFFECTS

(If dusts or fumes are generated by processing)

Eyes
Can cause irritation

Skin
Can cause irritation

Inhaiation
Can cause irritation of upper respiratory tract and other health effects listed below. Cancer hazard.

Page 1 cf 10 Issue Date: 01/20/06 Revision: 2.0000 Print Date:  1/20/2006
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Material Safety Data Sheet

Product Name: 6061/AL203/22P-T6P ID: 807

Health Effects of Ingredients
Chromium dust and mist Can cause initation of eyes, skin and respiratory tract. Chromium and trivalent
chromium JARC/NTP: Not classified by IARC.

Aluminum dust, fines and fumes Low health risk by inhalation. Generally considered to be biologically inert
(milling, cutting, grinding).

Alumina (atuminum oxide) Low health risk by inhafation. Generally considered to be biologically inert

Some products are supplied with a lubricant/oil coating or have residual oil from the manufacturing process. Oil
Can cause irritation of skin. Skin contact (prolonged or repeated). Can cause dermatitis. Mineral oils,
untreated or mitdly refined |ARC/NTP: Listed as "known fo be a human carcinogen" by the NTP. Listed as
carcinogenic to humans by IARC (Group 1)*, Additional information: Studies with experimental animals by skin
contact have found skin tumors.

Health Effects Of Additional Compounds That May Be Formed During Processing
(The following could be d if welded, r Ited or otherwise pr d at elevated temperatures.)

Hexavalent chromium (Chrome Vi) Can cause irritation of eyes, skin and respiratory tract, Skin contact: Can
cause irritant dermatitis, allergic reactions and skin ulcers. Chronic overexposures: Can cause perforation of the
nasal septum, respiratory sensitization, asthma, the accumulation of fluid in the lungs (puimonary edema), lung
damage, kidney damage, lung cancer, nasal cancer and cancer of the gastrointestinal tract. JARC/NTP: Listed
as "known to be a human carcinogen” by the NTP. Listed as carcinogenic to humans by IARC (Group 1)*

If the product is heated well above ambient temperatures or machined, oil vapor or mist may be generated. Qil
vapor and mist Can cause irritation of respiratory tract. Acute overexposures: Can cause bronchitis, asthma,
headache, central nervous system effects (nausea, dizziness and loss of coordination) and drowsiness (narcosis)

Welding, plasma arc cutting, and arc spray metalizing can generate ozone. Ozone Can cause irritation of eyes,
nose and upper respiratory tract. Acute overexposures: Can cause shortness of breath, tightness of chest,
headache, cough, nausea and narrowing of airways. Effects are reversible on cessation of exposure. Acute
overexposures (high concentrations): Can cause respiratory distress, respiratory tract damage, bleeding and the
accumulation of fluid in the lungs (pulmonary edema). Effects can be delayed up to 1-2 hours. Additional
information: Studies with experimental animals by inhalation have found genetic damage, reproductive harm,
blood cell damage, lung damage and death

Welding fumes JARC/NTP: Listed as possibly carcinogenic to humans by IARC (Group 2BY*. Additional
Information: In one study, occupational asthma was associated with exposures te fumes from aluminum welding

Plasma arc cutting can generate oxides of nitrogen. Oxides of nitrogen (NO and NO;) Can cause irritation of
eyes, skin and respiratory tract Acute overexposures: Can cause reduced ability of the blood to carry oxygen
(methemaglobin). Can cause cough, shortness of breath, the accumulation of fluid in the lungs (pulmonary
edema) and death. Effects may be delayed up to 2-3 weeks, Nitrogen dioxide (NO;) Chronic overexposures:
Can cause scarring of the lungs (pulmonary fibrosis)

*IARC Classification Definitions
Group 1: The agent is carcinogenic to humans. There is sufficient evidence that a causal relationship existed
between exposure to the agent and human cancer
Group 2B: The agent is possibly carcinogenic to humans. Generally includes agents for which there is limited
evidence in humans and less than sufficient evidence in experimental animals.

Medical Conditions Aggravated By Exposure to the Product and/or Components
Dust or fume from processing: Asthma, chronic lung disease, and skin rashes
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Material Safety Data Sheet
Product Name: 6061/AL203/22P-T6P ID: 807

1 *** Section 4 - First Aid Measures *** ]

First Aid: Eyes
Dust or fume from processing: Flush eyes with plenty of water or saline for at least 15 minutes. Consult a
physician

First Aid: Skin
Dust or fume from processing: Wash skin with soap and water for at least 15 minutes. Consult a physician if
irritation persists

First Aid: Inhalation
Dust or fume from processing: Remove to fresh air. If unconscious or severely injured, check for clear airway,
breathing and presence of pulse. Perform CPR if there is no pulse or respiration. Consult a physician.

| *** Section 5 - Fire Fighting Measures *** |

Flammable/Combustible Properties
Non-combustible as supplied. Small chips, turnings, dust and fines from processing may be readily ignitabie.
Fire/Explosion
May be a potential hazard under the following conditions:
* Dust or fines dispersed in the air can be explosive. Even a minor dust cloud can explode violently
* Chips, dust or fines in contact with water can generate flammable/explosive hydrogen gas Hydrogen gas could
present an explosion hazard in confined or poorly ventilated spaces.
* Dust or fines in contact with certain metal oxides (e.g., rust), A thermite reaction, with considerable heat
generation, can be initiated by a weak ignition source.
* Molten metal in contact with water/moisture or other metal oxides (e.g., rust, copper oxide). Moisture entrapped
by molten metal can be explosive. Contact of molten aluminum with other metal oxides can initiate a thermite
reaction. Finely divided metals (e.g., powders or wire) may have enough surface oxide to produce thermite
reactions/explosions.

Extinguishing Media
Use Class D extinguishing agents on dusts, fines or molten metal. Use coarse water spray on chips and turnings.
Unsuitable Extinguishing Media
DO NOT USE:
* Halogenated agents on smail chips, dusts or fines.
* Water around molten metal.
These agents will react with the burning material
Fire Fighting Equipment/Instructions
Fire fighters should wear NIOSH approved, positive pressure, self-contained breathing apparatus and full
protective clothing when appropriate.

! *** gection 6 - Accidental Release Measures ** * ]

Small/Large Spill
If molten: Contain the flow using dry sand or salt flux as a dam. Do not use shovels cr hand tools to halt the flow
of molten aluminum. Allow the spill to cool before remeiting as scrap.

| *** Section 7 - Handling and Storage *** |

Handling/Storage
Product should be kept dry. Avoid generating dust. Avoid contact with sharp edges or heated metal. Hot and cold
aluminum are not visually different. Hot aluminum does not necessarily glow red.
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Material Safety Data Sheet
Product Name: 6061/AL203/22P-T6P ID: 807

Requirements for Processes Which Generate Dusts or Fumes
If processing of these products includes operations where dust or extremely fine particulate is generated, obtain
and follow the safety procedures and equipment guides contained in Aluminum Association Bulletin F-1 and
National Fire Protection Association (NFPA) brochures listed in Section 16. Cover and reseal partially empty
containers. Use non-sparking handling equipment. Provide grounding and bonding where necessary to prevent
accumulation of static charges during dust handling and transfer operations. (See Section 15).

Local ventilation and vacuum systems must be designed to handle explosive dusts. Dry vacuums and
electrostatic precipitators must not be used. Dust collection systems must be dedicated to aluminum dust only
and should be clearly labeled as such. Do not co-mingle fines of aluminum with fines of iron, iron oxide (rust) or
other metal oxides

Do not allow chips, fines or dust to contact water, particularly in enclosed areas.

Avoid all ignition sources. Good housekeeping practices must be maintained.

Requirements for Remelting of Scrap Material and/or Ingot
Molten metal and water can be an explosive combination. The risk is greatest when there is sufficient molten
metal to entrap or seal off the water. Water and other forms of contamination on or contained in scrap or remelt
ingot are known to have caused explosions in melting operations. While the products may have minimal surface
roughness and internal voids, there remains the possibility of moisture contamination or entrapment. If confined,
even a few drops of water can lead to violent explosions.

All tooiing and containers which come in contact with molten metal must be preheated or specially coated and
rust free. Molds and ladles must be preheated or oiled prior to casting. Any surfaces that may contact molten
metal (e.g., concrete) shouid be specially coated.

Drops of molten metal in water (e.g. from plasma arc cutting), while not normally an explosion hazard, can
generate enough flammable hydrogen gas to present an explosion hazard. Vigorous circulation of the water and
removal of the particles minimize the hazards.

During melting operations, the following minimum guidelines should be observed:

* Inspect all materials prior to furnace charging and completely remove surface contamination such as water, ice,
snow, deposits of grease and oil or other surface contamination resuiting from weather exposure, shipment, or
storage

* Store materials in dry, heated areas with any cracks or cavities pointed downwards.

* Preheat and dry large or heavy items such as ingot adequately before charging into a furnace containing molten
metal. This is typically done by use of a drying oven or homogenizing furnace. The drying cycle should bring the
internal metal temperature of the coldest item of the batch to 400°F and then hold at that temperature for € hours.

| *** Section 8 - Exposure Controls / Personal Protection * * * |

Engineering Controls
If dust or fumes are generated through processing: Use with adequate explosion-proof ventilation to meet the
limits listed in Section 8, Exposure Guidslines.

Respiratory Protection
If dust or fumes are generated through processing: Use NIOSH-approved respiratory protection as specified by
an Industrial Hygienist or other qualified professional if concentrations exceed the limits listed in Section 8,
Exposure Guidelines. Suggested respiratory protection: P95

Eye Protection
Wear safety glasses/goggles to avoid eye injury

Skin Protection
Wear impervious gioves to avoid repeated or prolonged skin contact with residual oils and to avoid any skin injury.
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Material Safety Data Sheet
Product Name: 6061/AL203/22P-T6P ID: 807

General
Personnel who handle and work with molten metal should utilize primary protective clothing like polycarbonate
face shields, fire resistant tapper’s jackets, neck shades (snoods), leggings, spats and similar equipment to
prevent burn injuries. In addition to primary protection, secondary or day-to-day work clothing that is fire resistant
and sheds metal splash is recommended for use with moiten metal. Synthetic materials should never be worn
even as secondary clothing (undergarments)

Minimize breathing oil vapors and mist Remove oil contaminated clothing; launder or dry-clean before reuse.
Remove oil contaminated shoes and thoroughly clean and dry before reuse. Cleanse skin thoroughly after
contact, before breaks and meais, and at the end of the work period. Oil coating is readily removed from skin with
waterless hand cleaners followed by a thorough washing with soap and water

Exposure Guidelines

A: General Product Information
Alcoa recommends an Occupational Exposure Limit for Oil Mist of 0.5 mg/m3 TWA
Alcoa recommends an Occupational Exposure Limit for Chromium (V1) Compounds [both soluble and insoluble
forms] of 0.25 ug/m3 TWA as chromium

B: Component Exposure Limits
Aluminum (7429-90-5)
ACGIH 10 mg/m3 TWA (metal dust)
OSHA 15 mg/m3 TWA (total dust); 5 mg/m3 TWA (respirable fraction)
Aluminum oxide (non-fibrous) (1344-28-1)
ACGIH 10 mg/m3 TWA (particulate matter containing no asbestos and < 1% crystalline silica)
OSHA 15 mg/m3 TWA (total dust); 5 mg/m3 TWA (respirable fraction)
Chromium (7440-47-3)
ACGIH 0.5 mg/m3 TWA
OSHA 1 mg/m3 TWA

C: Exposure Limits for Additional Compounds Which May Be Formed During Processing
Chromi is (Not Avaitable)

(I comp
OSHA 0.5 mg/m3 TWA (as Cr)
Chromium (VI) compounds- water soluble (Not Available)

ACGIH 0.05 mg/m3 TWA (as Cr)

Chromium (VI} compounds (certain water insotuble forms) (Not Available)

ACGIH 0.01 mg/m3 TWA (as Cr)

Chromic acid and chromates (7738-94-5)
OSHA 0.1 mg/m3 Ceiling
Ozone (10028-15-6)

ACGIH 0.05 ppm TWA (heavy work); 0.08 ppm TWA (moderate work); 0.10 ppm TWA (light
work); 0.20 ppm TWA (heavy, moderate or light workloads, less than or equal to 2
hours)

OSHA 0.1 ppm TWA; 0.2 mg/m3 TWA
Nitrogen dioxide (10102-44-0)

ACGIH 3 ppm TWA

ACGIH 5 ppm STEL

OSHA 5 ppm Ceiling; 9 mg/m3 Ceiling
Nitric oxide (10102-43-9)

ACGIH 25 ppm TWA

OSHA 25 ppm TWA; 30 mg/m3 TWA
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NC STATE UNIVERSITY

Material Safety Data Sheet

Product Name: 6061/AL203/22P-T6P ID: 807
*** Section 9 - Physical & Chemical Properties * * *
Y
Physical State: Solid Appearance: Silvery
Boiling Point: Not applicable Melting Point: Range: generally 895-1220°F
P
(480-660°C}
Vapor Pressure: Not applicable Vapor Density: Not applicable
Solubility in Water: None Specific Gravity: See Density
Density: Range: generally 2.50-3.0 g/cm3 pH Level: Not applicable
(0 090-0.108 ib/in3)
Odor: None Odor Threshold: Not applicable
Octanol-Water Coefficient: Not applicable
[ * ** Section 10 - Chemical Stability & Reactivity Information ** * |
Stability

Stable under normal conditions of use, storage, and transportation.

Conditions to Avoid
Chips, fines, dust and molten metal are considerably more reactive with the foliowing:
* Water: Siowly generates flammable/explosive hydrogen gas and heat. Generation rate is greatly increased
with smaller particles (e.g., fines and dusts). Molten metal can react violently/explosively with water or moisture,
particularly when the water is entrapped.
* Heat: Oxidizes at a rate dependent upon temperature and particle size.
* 8trong oxidizers: Violent reaction with considerable heat generation. Can react explosively with nitrates (e.g.,
ammonium nitrate and fertilizers containing nitrate) particularly when heated or molten
* Acids and alkalis: Reacts to generate flammabie/explosive hydrogen gas. Generation rate is greatly
increased with smaller particles (e.g., fines and dusts)
* Halogenated compounds: Many halogenated hydrocarbens, including halogenated fire extinguishing agents,
can react violently with finely divided aluminum.
* Iron oxide (rust) and other metai oxides (e.g., copper and lead oxides): A viclent thermite reaction
generating considerable heat can occur. Reaction with aluminum fines and dusts requires only very weak ignition
sources for initiation Molten aluminum can react vioiently with iron oxide without external ignition source
* Iron powder and water: An explosive reaction forming hydrogen gas occurs when heated above 1470°F
(800°C)

{ *** Section 11 - Toxicological Information * * * |

Health Effects of Ingredients
A: General Product Information
No information available for product.
B: Component Analysis - LD50/LC50
Aluminum oxide {non-fibrous) (1344-28-1)
Oral LD50 Rat: >5000 mg/kg
Carcinogenicity
A: General Product information
No information available for product
B: Comp t Carcinogenicity
Aluminum oxide (non-fibrous) (1344-28-1)
ACGIH A4 - Not Classifiable as a Human Carcinogen
Chromium (7440-47-3)
ACGIH A4 - Not Classifiable as a Human Carcinogen
IARC  Monograph 49, 1990 (listed under Chromium and Chromium compounds); Supplement
7,1987
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| *** Section 12 - Ecological Information *** ]

Ecotoxicity
A: General Product Information
No information available for product
B: Component Analysis - E: icity - Aquatic Toxicity
No ecotoxicity data was found for this product’s components
Environmental Fate
No information available for product

| **+* Section 13 - Disposal Considerations *** |

Disposal Instructions
Reuse or recycle material whenever possible. Material may be disposed of at an industrial landfill.

US EPA Waste Number & Descriptions

A: General Product Information
RCRA Status: Not federally regulated in the U.S. if disposed of "as is”. Otherwise, characterize in accordance with
applicable regulations (40 CFR 261 or state equivalentin the U S.)

B: Component Waste Numbers
RCRA waste codes other than described under Section A may apply depending on use of product. Refer to 40
CFR 261 or state equivalent in the U S

*** Saction 14 - Transportation Information *** B

Special Transportation

PSN #1 PSN #2 PSN #3 PSN #4
Notes: (1)

Proper Shipping Name: Not regulated
Hazard Class: -
UN NA Number: -
Packing Group: -

RQ:
Other - Tech Name:
Other - Marine Pollutant:

Notes:
(1) When "Not regulated", enter the proper freight classification, "MSDS Number", and "Product Name" on the
shipping papsrwork.

Canadian TDG Hazard Class & PIN: | Not regulated ]
[ *** Section 15 - Regulatory Information *** |

US Federal Regulations

A: General Product Information
All electrical equipment must be suitable for use in hazardous atmospheres involving aluminum powder in
accordance with 29 CFR 1910.307. The National Electrical Code, NFPA 70, contains guidelines for determining
the type and design of equipment and installation that will meet this requirement
In reference to Title VI of the Clean Air Act of 1990, this material does not contain nor was it manufactured using
ozone-depleting chemicals.
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Product Name: 6061/AL203/22P-T6P ID: 807

B: Component Analysis

This material contains one or more of the following chemicals required tc be identified under SARA Section 302

(40 CFR 355 Appendix A), SARA Section 313 (40 CFR 372.65) and/or CERCLA (40 CFR 302 4)

Aluminum (7429-90-5)

SARA 313: 1.0 % de minimis concentration (dust or fume only)
Chromium (7440-47-3)
CERCLA: 5000 Ib final RQ (no reporting of releases of this hazardous substance is required if the

diameter of the pieces of the solid metal released is equal to or exceeds 0.004 inches);
2270 kg final RQ (no reporting of releases of this hazardous material is required if the
diameter of the pieces of the solid metal released is equal to or exceeds 0.004 inches)

SARA 311/312 Physical and Health Hazard Categories:
Immediate (acute) Health Hazard: Yes, if particulates/fumes generated during processing.
Delayed (chronic) Health Hazard: Yes, if particulates/fumes generated during processing.
Fire Hazard: No
Sudden Release of Pressure: No
Reactive: Yes, if molten

State Reguiations
A: General Product Information
PENNSYLVANIA "Special Hazardous Substance": Chromium
Chemical(s) known to the State of California to cause cancer: Chromium (hexavalent compounds)

B: Component Analysis - State

The following compeonents appear on one or more of the following state hazardous substances lists:
Component CAS # CA |FL MA |[MN [ NJ PA
Aluminum 7429-90-5 Yes o Yes |Yes [Yes |Yes
Aluminum oxide (non-fibrous) 1344-28-1 No o Yes |Yes |Yes |Yes
Chromium | 7440-47-3 Yes [} Yes [Yes |[Yes |Yes

Other Regulations
A:G i Product
No information available for product.

B: Component Analysis - WHMIS IDL

The following components are identified under the Canadian Hazardous Products Act Ingredient Disclosure List:

Component CAS# Minimum Concentration

Aluminum 7429-90-5 1%

Aluminum oxide (non-fibrous) 1344-28-1 1%

Chromium 7440-47-3 0.1%
C: Component Analysis - Inventory
Component CAS # TSCA DSL EINECS AUST. MITH
Aluminum 7428-90-5 Yes Yes Yes Yes No
Aluminum oxide {non-fibrous) 1344-28-1 Yes Yes Yes Yes Yes
Chromium 7440-47-3 Yes Yes Yes Yes No

MITI Inventory: Pure metals are not specifically listed by CAS or MITI number on the MITI Inventory, However,
the class of compounds for each of these metals is listed
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*** Saction 16 - Other Information * * *

MSDS History
Original: Cctober 14, 1992
Supersedes: December 20, 1999
Revised: January 20, 2006
MSDS Status
01/20/06: Reviewed on a periodic basis in accordance with Alcoa policy.
Changes in Sections 1, 2, 3,4, 5,8 and 15
12/20/98: New Format
Prepared By
Hazardous Materials Control Committee
Preparer: Jon N Peace, 412-553-2293
MSDS System Number
132892
Other Information
* Aluminum Association’s Bulletin F-1, "Guidelines for Handling Aluminum Fines Generated During Various
Aluminum Fabricating Operations. " The Aluminum Association, 900 18th Street, N.W , Washington, DC 20006,
* Aluminum Association, "Guidelines for Handling Molten Aluminum, The Aluminum Association, 800 19th Street,
N.W., Washington, DC 20006.
* NFPA 65, Standard for Processing and Finishing of Aluminum (NFPA phone: 800-344-3555)
* NFPA 651, Standard for Manufacture of Aluminum and Magnesium Powder
* NFPA 70, Standard for National Electrical Code (Electrical Equipment, Grounding and Bonding)
* NFPA 77, Standard for Static Electricity
* Guide to Occupational Exposure Values-2005, Compiled by the American Conference of Governmental
Industrial Hygienists (ACGIH).
* Documi tion of the Threshold Limit Values and Biological ure Indices, Sixth Edition, 1991, Compiled by
the American Conference of Governmental Industrial Hygienists, Inc. (ACGIH).
* NIOSH Pocket Guide to Chemical Hazards, U S. Department of Health and Human Services, February 2004
* Patty's Industrial Hygiene and Toxicology: Volume II: Toxicology, 4th ed . 1994, Patty, F. A ; edited by Clayton,
G. D. and Clayton, F. E : New York: John Wiley & Sons, inc.
* expub, www.expub com, Expert Publishing, LLC
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