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I ntroduction

This document serves to specify the technical requents for th®oubleSShot (DSS)

rocket vehicle and mission support infrastructilitee purpose of these requirements is to
define the desired configuration and functionaléguired to best achieve the DSS Mission
Statement and Objectives (Ref.1) within the scdgb@Sugar Shot to Space program. This
document is not intended to provide technical $ohstto these requirements.

The DSS requirements cover the following:

- General

- Vehicle

- Recovery

- Propellant

- Propulsion

- Avionics/Payload*
- Ground Support

* Provided in a stand-alone document, Reference 2.

Definitions

SHALL - This word means that the definition isa&wsolute requirement of the
specification.

SHALL NOT - This phrase means that the definiti®an absolute prohibition of the
specification.

SHOULD - The word "SHOULD", or the adjective “DESABLE”, means that

there may exist valid reasons in particular circiameses to ignore this
item, but the full implications must be underst@odl carefully weighed
before choosing a different course.

MAY - The word "MAY" or the adjective “OPTIONAL”means that this item
is one of an allowed set of alternatives.

References
1. DoubleSShot Mission Goals, rev. 2010/09/15
DoubleSshot Avionics Requirements, rev. 2010/11/26
Nose Cone Drag Study for tI$&tS Rocket, rev. 2005/10/7
DoubleSshot Mass Targets, rev. 2010/11/26
DoubleSshot Standard Atmosphere Properties, rev. 2010/9/30
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1. General Requirements

1.1.
1.2.

1.3.

1.4.
1.5.

Vehicle shall be designed to attain a minimum aeogf 33 km (108K ft).

Attaining minimum mass of the vehicle should ben@ridriving factor in all facets
of vehicle design and selection of off-the-shelfhpmnents (see 1.3).

Vehicle shall be designed and built to attain gpphant mass-fraction of 72% or
better (ratio of propellant mass to total vehiclesshat liftoff). A weight planning,
control and tracking system shall be implementeslfaport this requirement.

All components of the vehicle should meet their snasgets provided in Ref.4.

Systems and components critical to mission sucsles$ contain redundancies, to
the extent practicable, to minimize risk. Whereurgdhncy is not practical, a high
degree of reliability shall be the driving factaccomplished through:

1.5.1. simplicity of design to the extent practical to @ste required functionality

1.5.2. use of proven concepts

1.5.3. minimization of critical failure modes

1.5.4. sufficient testing to establish reliability

1.6.

1.7.

1.8.

1.9.
1.10.

Vehicle shall not incorporate any novel featured tould pose a significant risk to
approval of launch clearance.

An abort system shall be incorporated which wontdhit ignition of the second
burn if the trajectory, at time of planne® Burn ignition, deviates from true
vertical by more than 15 degrees.

Safety to all participants and general public shalconsidered as paramount in all

aspects of the project.

Project should have negligible detrimental envirental impact.

All applicable laws and regulations shall be foltmy

2. Vehicle Requirements

2.1

2.2.

. Vehicle shall be of approximately 2/3 scaled-dowension of the proposed full-

sizedExSShot (ESS) vehicle (Figure 1).

Vehicle shall consist of two distinct and separalbsigs, namely Booster and
Payload Capsule, consisting of the following basimponents (Figure 1):
Booster Propulsion unit, Aft Payload Bay and Fins

Payload Capsule Nosecone (housing the Forward Payload Bay) aub¥ery
Bay.
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2.3. Stability and minimization of trajectory dispersishall be achieved passively by
a combination of fins and natural vehicle roll ahgriascent.

2.4. Aerodynamic drag losses should be minimized by gtesign, fabrication and
finishing technique, and by minimizing protrusianto the airstream.

2.5. The primary choice for payload location should b the nosecone (Forward
Payload Bay); secondary choice for payload locagtoould be within the Aft
Payload Bay.

2.6. The Aft Payload Bay may be integral to the promriginit or may be a discrete
compartment.

2.7. Vehicle should be painted predominantly white colasing epoxy-based or
polyurethane-based paint for durability. Anotheloao may be chosen if deemed
more suitable for high-visibility on the ground. flRer shades should be avoided
in order to minimize solar heating. Logos or stiskeay be used as long as their
thickness is within the air flow boundary layer.

2.8. The venhicle shall not contain any features thatldoesult in items of significant
mass (>10 grams) being released to free-fall, atiame during the flight from
launch to recovery, that may pose a safety hapapéitsons or property on the
ground. Such items may be allowed to be separadedthe vehicle and descend
separately, but shall incorporate a descent vgltioiiting feature such as
parachute or streamer.

2.9. Assembled vehicle shall be designed to an ultiruate requirement of 200 Ibs
(90 kg) applied at the nosecone (just aft of thgih a direction perpendicular to
the longitudinal axis.

2.10. Assembled vehicle shall be proof load tested tdwstructural integrity, as
specified in Appendix A.

2.11. Nosecone

2.11.1. Nosecone shape should be 0.75 power with 5.5 fsseraio as described in
Reference 3.

2.11.2. Nosecone shall consist of a thin-walled structahalll suited to housing the
avionics bay.

2.11.3. The nosecone tip shall be made of lightweight hesitstant material of
sufficient robustness to withstand abuse proof-lasdetailed in Appendix
B.

2.11.4. Nosecone shell material shall be RF transpareptmEterial should also be
RF transparent.
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2.11.5. Nosecone shall be designed to be readily remoatdeae-installable to
allow unhindered access to the payload while vehglin the launch tower
or otherwise being prepped for launch.

2.11.6. Joint that secures nosecone to Recovery Bay shdlebmetically sealed to
prevent air seepage during flight.

2.11.7. Avionics support structure shall not be attacheedatly to the nosecone and
shall have sufficient clearance to avoid foulingidg nosecone installation
or removal.

2.11.8. Nosecone and nosecone joint shall be designedtihstand worst-case
structural aerodynamic loading at an angle of kttanging from zero to 10
degrees, with a safety factor of 1.5 applied.

2.11.9. Nosecone and nosecone joint shall be proof lodddegith compression
applied longitudinally, and with loading perpendauo the longitudinal
axis, applied at a point immediately aft of theewme tip, as described in
Appendix B

2.11.10. Nosecone shall be designed to withstand thermainggas detailed in
Appendix C, without loss of functionality (capabjlas an aerodynamic
fairing and ability to protect payload).

2.12. Fins
2.12.1. Four fins shall be fitted to the Booster for stepil

2.12.2. Fins should have a clipped-delta planform and d¥ealized to provide a
static stability margin of no less than 2 calibwesler most adverse
combination of c.g. & c.p. locations over the emexpected flight regime.

2.12.3. Fins shall be designed to be flutter-resistant wwinnay be achieved by a
combination of high stiffness and low mass.

2.12.4. Fins should be structurally bonded to the motomgasach fin equipped
with a suitably-sized, integral “foot”. Or fins még mounted by use of a
“fin can” arrangement. Penetrations (e.g. by fasteninto the motor casing
shall not be allowed.

2.12.5. For robustness, fins shall be designed to an uiéinwad requirement of 200
Ibs (90 kg) applied perpendicular to the planeheffin at the tip, as
installed on the vehicle.

2.12.6. Installed fins shall be proof-loaded to verify Btéss and structural integrity
of fins and joints, as described in Appendix D.

2.12.7. Fins shall be designed to withstand thermal heatingletailed in Appendix
C, without loss of functionality or structural igigty.
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2.13. De-spin

2.13.1. Vehicle shall be equipped with a de-spin systerithdesigned to damp out
vehicle roll (spin).

2.13.2. The de-spin system should be activated just poi@irogue deployment,
upon receiving activation signal from Flight Comgut

2.13.3. Maximum roll following activation of the de-spinsgm shall be 1 rotation
per second (RPS).

2.13.4. The complete de-spin system shall fit within théumee of the aftmost
section of the Forward Payload Bay as specifiefigpendix E
3. Recovery System Requirements

3.1. All key portions of the vehicle shall be recovefelly-intact (i.e. in flightworthy
condition following nominal refurbishment).

3.2. Booster and Payload Capsule shall be configureig@$ocend separately with no
physical interconnection between the two sections.

3.3. Booster shall be equipped with a single parachepoged at time of vehicle
separation.

3.4. Payload Capsule shall be configured for dual-depkayt. A drogue parachute
shall be deployed at vehicle separation. Main gargcshould be deployed at a
nominal altitude of 2000 feet (600 metres).

3.5. Booster target touchdown velocity shall be 80 femtsecond (24 metres/sec).

3.6. Payload Capsule target touchdown velocity shaBbéet per second (9.1
metres/sec).

3.7. Payload Capsule drogue descent rate should berchmsdow for simultaneous
touchdown (with respect to time) with Booster id@rto minimize dispersion
between the Capsule and the Booster.

3.8. All parachutes shall be housed solely within thedery Bay.

3.9. The complete recovery system shall fit within tloéuwmne of the Recovery Bay as
specified in Appendix F.

3.10. Recovery Bay shall be hermetically sealed with splenings to ambient air to
be 6 static ports of 1. mm (0.040”) diameter, lodagqually spaced around the
perimeter of the airframe, located at the aft-npoattical location of the
Recovery Bay.

Author: Richard Nakka 6



3.11. Booster parachute, Payload drogue chute, attachietiietrs and airframe

anchors shall be capable of withstanding a dyngmassure resulting from
opening at a velocity of 500 ft/sec (150 m/se@raaltitude of 115k ft (35 km)
(consult Ref. 5).

3.12. Chute deployment system shall be capable of operatder conditions

equivalent to an altitude of 115k ft (35 km) (coh&ef.5).

3.13. Chute deployment system shall incorporate redunelantrical initiators.

3.14. Verification testing of complete recovery systeralsbonsist of both ground and

flight testing, simulating as close a practicable tonfiguration to be flown
during theDoubleSShot mission.

4. Propellant Manufacturing/Casting/Stor age Requirements

4.1.

4.2.

4.3.

4.4.

4.5.

4.6.

4.7.

4.8.

4.9.

Propellant shall be potassium nitrate/sugar basesnall percentage of additives
may be incorporated, as deemed necessary, altibaghquirement of suitable
characterization shall be imposed.

Potassium nitrate oxidizer shall have a nearlyna¢ot slightly acidic pH.
Sample testing of each purchased lot shall be img@ied by dissolving a 10
gram sample of oxidizer in 50 ml distilled watedgyH measured at 20°C. The
resulting pH shall be in the range 5.5-7.0.

Propellant manufacture method shall be capabl@eifation at a remote site with
minimal of infrastructure (see 6.7).

Safety of personnel involved in propellant pregaraand casting shall be of
paramount consideration in selecting manufactuaimg) casting method.

Method of propellant manufacture should be capabjgoducing 200 Ibs (90
kg) of propellant per motor firing, considering amimum of 3 firings.

Principle of propellant manufacture should be daal#o ExSShot, which will
require approximately 1000 Ibs (450 kg) per firfagminimum of 2 firings are
anticipated).

Casting method shall incorporate suitable featlite(sninimize inclusion of air
bubbles or porosity into propellant (e.g. vacuumibration may be used).

Casting method shall be capable of producing ctergipropellant grains with
no less than 97% theoretical mass density.

Manufacture and storage of cast propellant shathmenodate the shelf-life limit
of the propellant.
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4.10. Quality control procedures shall be in place toimire likelihood of disbonding
of inhibitor and a quality control check shall beed to verify positive bonding
(e.g. tap test).

4.11. Quality control procedure shall be in place to measind record grain density
and all grain masses and pertinent dimensions.

5. Propulsion Requirements

5.1. Motor shall deliver total impulse to achieve prajapogee goal. Effort should be
made to achieve the goal with the least quantifyropellant that can be
practically utilized to achieve all project objees.

5.2. Motor should have dual-phase operation with a dp&yod of no more than 20
seconds between first-phase burn out and secorse hiiation. Total impulse
delivered per phase need not be equal.

5.3. Grain configuration shall provide for an approxigigtneutral kn (klemmung).
5.4. Pyrogen-motor ignition shall be used for both mateambers.

5.5. Both motor casings shall incorporate a minimumtgetector of 1.5 x MEOP
relative to failure pressure.

5.6. A minimum of two successful static firings shall@@nducted. One may be with
a “boilerplate” motor of the approximate dimensiafshe flight motor. The
second shall be of identical (to the extent pratiie) to the flight motor. Both
tests shall verify dual-phase operation. Both sf#&ings shall incorporate a
water dousing system to cool down motor interiomiediately following firing,
in order to preserve post-firing condition of motomponents.

5.7. Second-phase chamber shall be hermetically seathchwsuitable burst
diaphragm at the aft end. Diaphragm to be desigmedthstand a pressure
differential of 200 psi (1.38 MPa), and shall bbrfeated from a frangible
material that will not pose a threat of nozzle kkge.

5.8. A removable, electrical safety shunt shall be ditte parallel with the ¥ phase
motor initiator for the flight motor.

5.9. Both forward and aft motor casings shall be hydadis proof tested to 125%
MEOP with no indication of permanent detrimentaindge and no detectable
pressure leakage. Optional for boiler plate motor.

5.10. Motor design should place emphasis on re-use ofaag/ components as
possible following static firing, with nominal refaishment.

5.11. Motor design shall consider relative ease of feddembly.
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6. Ground Support Requirements

6.1. A tower or rail launch platform shall be used tport the vehicle and to guide
the vehicle following liftoff.

6.2. The guide length shall provide for a minimum guidetbcity of 70 ft/sec (21
m/sec).

6.3. Launch angle shall be 5° £1 ° from true vertical.

6.4. Orientation (compass direction) of launch elevasball be chosen, based on
rational analysis, to minimize downrange touchdaligtance, taking into
account drift due to winds-aloft.

6.5. A shunt-ejection device (see 5.8) shall be usezhtely remove the"2phase
initiator shunt prior to launch. The device mayrbmotely actuated or may
utilize a timer to activate after a pre-set delayiqd.

6.6. FRS radios should be used for launch and recoeams primary
communication.

6.7. A portable power supply capable of delivering ahimimum of 2 kilowatt power
at 120VAC @ 60 hz. shall be available.

6.8. Suitable safety equipment and supplies shall beepitefor all ground operations.

7. Avionics/Payload Requirements

The avionics and payload requirements are spedifi®eference 2
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28.5ft 8703 mm

ExSShot

10.78 inch

274 mm

1761t
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Figure 1 — DSS and ESS vehicles
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Appendix A — Complete vehicle structural proof loegrequirement

(Paragraph 2.10)

/Fully restained aft of motor coupler
<l || | = [
P

P = 25% ultimate load = 0.25 x 200 = 50 Ib (23 kg
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Appendix B — Nosecone structural proof loading regruent

(Paragraph 2.11.9)

fn

Py

Fully
/ constrained

Nosecone Shell - Proof loading

Nosecone to be joined to an airframe section reptasive of the Recovery Bay, and fully
restrained as shown to react applied loadariRl R,. Loads to be applied separately.

Vertical, R, = 25% ultimate load
Lateral, R, = 25% ultimate load x sin 10°
This proof load test is intended for nosecone st} and as such tip need not be installed.

Note Lateral proof loading may be performed in conjiorcwith complete vehicle proof
loading (ref. 2.10)
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Appendix B — (continued)
Nosecone Tip - Proof loading

(Paragraph 2.11.3)

Nosecone tip to be joined to nosecone shell. Nosetmbe fully restrained as shown to
react applied loads

P = abuse (handling) load of 15 Ibs (6.8 kg) ampas shown.

Fully
constrained

ki 2/3Ltip ——»|

P

TIP Nosecone She

Ltip

A
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Appendix C — Nosecone/Fins thermal loading requénetm
(Paragraph 2.11.10, 2.12.7)
TBD
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Appendix D - Fin proof loading requirement

(Paragraph 2.12.6)

PT2
| “ sopart bioe i TABLE TOP
TABLETOP . ! .

P

o

W =100 Ibf (45 kg) acting over 2 fins = 25% ultitedin design load
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Appendix E — Available volume for complete de-sgystem

(Paragraph 2.13.4)

2 1.0"
32" (813 mm)
360 cu.in
(5900 cc)
,’/ Cylindrical volume reservea\\ 57 cu.in
' primarily for de-spin system , (927 cc)
/
N \a?d camera. Vi 4 2 6.0" (152 mm)
———————— ISOMETRIC 2.0" (51 mm)

Forward Payload Bay volumes

Note: Above figure excerpted from Ref. 2.
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Appendix F— Available volume for complete RecovBgstem

(Paragraph 3.9)

>

19" (483 mm)

630 cu.in
(10332 cc)

>

ISOMETRIC @ 6.5" (165 mm)

Recovery Bay volume
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