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1.0 Information

1.1 Project Title
DANDE Drag Device

1.2 Project Customers

Marcin Pilinski

520 UCB, Boulder, CO 80309-0520
Phone:

Email: Marcin.Pilinski@colorado.edu

Space Grant DANDE Project Manager

Mike Grusin

520 UCB, Boulder, CO 80309-0520
Phone:

Email: Michael.Grusin@colorado.edu

Space Grant DANDE Systems Engineer

1.3 Group Members

Anna Brozna
303-870-7129
Anna.Brozna@gmail.com

Melina Tremblay
720-427-6923
MelinaTremblay@gmail.com

Patty Femmer
303-619-0610
Patty. Femmer@gmail.com

Amanda Heaton
720-352-4038
HeatonA@gmail.com

303-981-9325
Joseph.Trojan@colorado.edu

Laura Bush Jim Dotterweich
970-217-9197 720-985-6198
Laura.A.Bush@gmail.com jdotty@gmail.com
Jay Trojan Zach Greenwood

303-746-2606
GreenwoZ(@gmail.com

Matt Prentice
720-985-6799
Mathew.Prentice@gmail.com

Jacob Niece
720-352-2250
Jacob.niece@colorado.edu
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2.0 Background and Context

3.0

4.0

The DANDE (Drag and Atmospheric Neutral Density Explorer) satellite' is an experiment to measure upper
atmospheric conditions. The science done by DANDE will improve models of the upper atmosphere and
knowledge of how the density of the atmosphere varies with solar activity. Since this satellite is a mission of
opportunity, it will be a secondary payload on a launch vehicle and it will be released into an orbit much
higher than desired. The DANDE satellite is designed to have a one and a half year lifetime. Thus, the goal of
the DANDE-drag project is to design and construct a system which could provide the drag required to lower

t he sat el | dpgrogimasely @0 kimito 350 Enrwithim 300 days.

The DANDE satellite is constrained by the Air Force Research Laboratory requirements”, which discourages
the use of pressurized gasses on secondary payloads. Therefore, the use of acrodynamic drag is a feasible way
to | ower t he DA NDdllostaditimelpdriddt Aerobsaking liadbéert implemented on
interplanetary missions such as Magellan and Mars Odyssey, as well as a means to quickly de-orbit a
satellite. The DANDE satellite is unique in its proposed use of acrobraking to modify the orbit of a nano-
satellite in Earth’s atmosphere.
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Figure 1. Schematic view of the DANDE satellite

Goal

The goal is to design, build, and test a deployable device which will increase aerodynamic drag with the
intent of changing the orbit of the DANDE satellite from 600km to 350km within 300 days.

Objectives

The primary objective of this project is to develop a deployable drag device which could be used to lower the
orbit of the DANDE satellite. For this project to be considered successful, it will interface with the DANDE

! http://www.flyingcircuits.com/files/ DANDE/PDR_COLORADO_DANDE.pdf
2 http//www.flyingcircuits.com/files/ DANDE/UN5-0001_NS5UsersGuide Rev-.pdf
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satellite and demonstrate through testing the ability to survive launch conditions, environmental conditions,
and deployment. Testing will include thermal vacuum, vibration and mechanical operations testing.

The DANDE t eahnmdels wilbbauaetl ty derhonstrate to the customer the performance of the
deployable drag device if it were attached to their satellite.

5.0 Functional Block Diagram

Figure 2. Functional block diagram

The drag device and its related components can be divided into three subsystems:
1 Structures: Includes the parts that hold the drag device to the spacecraft.
1 Mechanisms:Includes structures with moving parts/high risk parts.
1 Controls: Includes control mechanisms and sensors for the drag device.

These subsystems can further be broken up into individual blocks representing physical structures on the
spacecratft.
9 Structural Bus: Refers to the primary structure of the containment vessel for the drag device. All
systems will be directly connected to the bus.
1 Physical Adapter: Refers to a hookup that connects the drag device to the DANDE spacecraft.
This will be the point at which the entire device will be jettisoned after mission success.
1 Electrical Adapter: Refers to the place through which wires run, in order for commands and
telemetry to be relayed back and forth from the DANDE satellite.
1 Deployment Mechanism:Refers to the device that shall release the drag device and allow it to
deploy.
Drag Device:Refers to the device that will increase the drag for the DANDE satellite.
State SensorsRefers to any sensors that detect the state of the deployment device.
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1 Electronics: Refers to any electronic components required to deploy the device.

1 Thermal Control Device: Refers to an active or passive control device that will maintain a stable

thermal state.

6.0 System Operational Timeline (Concept of Operations)

Construction of drag device

Aerodynamic test of deployed device

Test of deployment mechanism at room temperature

Test of deployment mechanism in a variety of orientations

= |=a =2 ===

Test of deployment mechanism at extreme temperatures and following thermal
shock

Vibration testing of stowed drag device

Test of deployment mechanism following vibration testing

= =4 =

Demonstration of integration with DANDE

0

Attachment to DANDE

DANDE Packaging

DANDE Shipping

DANDE Unpacking

DANDE Attachment to primary payload housing

Launch

DANDE Deployment from side of primary payload housing

Deployment of drag device

o|0Oj0O|O|0O|O|O|O

Drag device mission

(0]

Ejection of drag device

Italics=Post Senior Projects
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7.0 Project Requirements (0.PRJ)

7.1 Safety Requirement. (0.PRJ.1)

7.1.1

7.1.2

7.1.3

7.1.4

Statement: The device shall adhere to the saf
Research Laboratory Space Vehicles Directorate (Nanosat-5 Us er ' s Gui de: Uni verl
Nanosat-5 Program).

Explanation: The United States Air Force is the customer for the DANDE satellite; therefore,
the drag device must adhere to the Air Force’

Parent: Air Force Research Laboratory Space Vehicles Directorate”.

Verification method: Inspection by customer.

7.2 Communication Requirement (0.PRJ.2)

7.2.1

7.2.2

7.2.3

7.2.4

Statement: The drag device shall receive commands and output telemetry.

Explanation: The DANDE team needs to be able to verify that the device has been activated
and is working properly.

Parent : Fr o memeceguseincatsner ' s sy s

Verification method: Electrical mock-up testing.

7.3 Device Requirement (0.PRJ.3)

7.3.1

7.3.2

7.3.3

7.3.4

Statement: The developed drag device shall fit within the dimensional, mass, and power
constraints prescribed by the DANDE satellite.

Explanation: The DANDE satellite has a prescribed budget that is necessary to meet in order
to be considered a viable secondary payload. Therefore, this budget is constraining the drag
device.

Parent: From customer’'s system requirements.

Verification method: Inspection.

7.4 Space Environment Requirement (0.PRJ.4)

7.4.1

7.4.2

7.4.3

7.4.4

Statement: The device shall be able to survive the extremes of the space environment
experienced throughout the duration of the DANDE mission.

Explanation: In to be useful for the DANDE mission, the device must be able to survive in the
satellite’s operational environment .

Parent: From customer’'s system requirements.

Verification method: Thermal vacuum and shake table testing.

7.5 Orbit Requirement. (0.PRJ.5)

7.5.1

Statement: The DANDE drag device shall produce the required amount of force to lower the
DANDE satellite from 600 km to 350 km within 300 days as demonstrated by the DANDE
STK modeling.

? http://www.flyingcircuits.com/files/ DANDE/UN5-0001_NS5UsersGuide Rev-.pdf
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7.5.2  Explanation: The satellite must be at this altitude in order to carry out its science mission.
DANDE’ s oper at i on alandlahalf, éhd siteifite neddsso loavds s initial a y ear
orbit in less time than the operational lifetime in order for the science mission to be
performed.

753 Parent: This requirement stems from the custo
7.5.4  Verification method: Wind tunnel testing and analytical modeling as prescribed by customer.

7.6 Deployment Requirement. (0.PRJ.6 )
7.6.1  Statement: The device shall deploy.

7.6.2  Explanation: The necessary drag area cannot fit within the launch vehicle when deployed,
requiring the drag device to be deployed after separation from the launch vehicle.

7.6.3 Parent: Thisr equi r ement stems from the customer’ s mi
7.6.4  Verification method: Testing and demonstration.
8.0 Top Level System Requirements (0.SYS)
8.1 English Measurement System Requirement (0.SYS .1)
8.1.1  Statement: The system, design and testing shall all be done in English units.
8.1.2  Explanation: The Air Force and the DANDE satellite use the English system of
measurements. This requirement is made so that there are not any conversion errors.
8.1.3  Parent: 0.PRJ.1
8.1.4  Verification method: Inspection.
8.2 Outgassing Material Constraints (0.SYS.2)
8.2.1  Statement: Use of non-metallic materials shall have a maximum collectable volatile
condensable material (CVCM) content of 0.1 %, and a total mass loss (TML) of no more than
1.0 %.
8.2.2  Explanation: These requirements are necessary for the safety of the Air Forces main payload,
as well as for the safety of the DANDE satellite.
8.2.3  Parent: 0.PRJ.1
8.2.4  Verification method: Inspection based on NASA specifications found at
(http://outgassing.nasa.gov).
8.3 Pyrotechnics Material Constraints (0.SYS.3)
8.3.1  Statement: The drag device shall contain no pyrotechnics.
832 Expl anation: These requirements are necessary

8.3.3 Parent: 0.PRJ.1

8.3.4  Verification method: Inspection.



http://outgassing.nasa.gov/
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8.4 Mass Requirement. (0.5YS.4)
8.4.1  Statement: The device shall have a mass of no more than 1.2 kg (2.65 Ibm).
8.4.2  Explanation: The mass is dictated by the launch requirements.
8.43  Parent: 0.PRJ.3
8.44  Verification method: Direct physical measurement.
8.5 Size Requirement. (0.SYS.5)

851 Statement: The device shall have stowed di men
in the plane of the Light Ring and accommodate the bottom of the spacecratft.

8.5.2  Explanation: The device has to fit on the satellite in the available space allotted to the drag
device.

8.5.3  Parent: 0.PRJ.3
8.5.4  Verification method: Geometric dimensioning and tolerancing.

8.6 Power Requirement. (0.SYS.6)

8.6.1  Statement: The device shall be able to connect to the main power supply of the DANDE
spacecraft and require no greater than 15 W of power at 12 V.

8.6.2  Explanation: The deployment mechanism needs to receive power from the satellite and verify
success in addition to fitting in DANDE's pow

8.6.3  Parent: 0.PRJ.3
8.6.4  Verification method: Electrical testing and demonstration.
8.7 Temperature Constraints (0.SYS.7)
8.7.1  Statement: The drag device shall be operable between -280 and +300°F.

8.7.2  Explanation: This requirement is so that the device shall operate in the temperature range that
it could experience in orbit around the Earth.

8.7.3  Parent: 0.PRJ.4
8.7.4  Verification method: Testing by thermal cycling.

8.8 Vibration Requirement (0.SYS.8)

8.8.1  Statement: The drag device shall be able to withstand the launch vehicle shock environment
without premature deployment or structural failure.

8.8.2  Explanation: The secondary payload will experience vibrations from the rocket launch which
the device must be able to survive.

8.8.3  Parent: 0.PRJ.4
8.8.4  Verification method: Vibration testing.

8.9 Deployment Requirement (0.SYS.9)
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8.9.1  Statement: The drag device shall deploy to a TBD operational state.

89.2 Explanatio: The drag device must be effective as
modeling.

8.9.3 Parent: 0.PRJ.6

8.9.4  Verification method: Testing and demonstration.

9.0 Minimum Requirements for Success
9.1 Deployment Requirement (0.P RJ.6)
9.1.1  The device shall deploy once.
9.2 Orbit Requirement (0.PRJ.5)
9.3 Device Requirement (0.PRJ.3)
9.4 Space Environment Requirement (0.PRJ.4)

9.4.1  The deployment device must operate at the testing location.

10.0 Deliverables
10.1 Functional Prototype and Design of Drag Device (0.DEL.1)

10.1.1 The DANDE drag team will deliver a physical device with documentation to operate and
recreate the drag device.

10.2 Verification of Performance (0.DEL.2)

10.2.1 The DANDE-drag team will provide verification that the device can withstand the effects of
solar wind, radiation, as well as the thermal extremes of a space environment. In addition, the
DANDE-drag device will be able to withstand the loads experienced during a rocket launch.

11.0 Technical Risk

11.1 Testing Facilities (0.RSK.1)

11.1.1 To thoroughly verify the design, the device will require testing in a large wind tunnel, thermal
vacuum testing and vibration testing.

11.1.2 To minimize this risk, effort will be made early in the project to secure access to the necessary
testing facilities. Also, scale models can be constructed to be used in University of Colorado
testing facilities. If a thermal vacuum chamber is not available, the Bioserve freezer could be
utilized. If vibration testing facilities are not available, a crude shaking table could be
constructed.

11.2 Deployme nt Mechanism (0.RSK.2)

11.2.1 The DANDE drag device needs a reliable deployment mechanism. An off-the-shelf space
rated mechanism may cost more than the project budget.

det
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11.2.2 Research various deployment mechanisms, borrow a device to use for testing, raise additional
funds, and work with Space Grant

11.3 Materials (0.RSK.3)

S

resour ces.

11.3.1 Due to the mass requirements, cost of materials, and performance in space, it may be difficult
to acquire the materials necessary to construct the drag device.

11.3.2  If necessary, lower performance materials can be used.

12.0 Anticipated Engineering Expertise

Technical Area

Anticipated Need

Team Member Interest

Aerodynamics Drag and resulting aecrodynamic forces from the drag | Zach Greenwood
device Laura Bush
Anna Brozna
Melina Tremblay
Structures Design a structure to support the drag device once Zach Greenwood

deployed Melina Tremblay
Patty Femmer
Control Systems Design a means to deploy the drag device once the Jay Trojan

command is relayed

Jim Dotterweich
Zach Greenwood

Thermodynamics Modeling of the thermal cycle experienced by the Matt Prentice
drag device and subsequent systems Amanda Heaton

Anna Brozna

Materials Use of a non-composite material (0.PRJ.1) for the Anna Brozna

drag device

Zach Greenwood
Patty Femmer

Orbital Mechanics

Modeling of the orbit degradation from initial orbit
to final prescribed orbit as a final demonstration to
the customer, using their analytical models

Matt Prentice
Jim Dotterweich
Amanda Heaton

Laura Bush
Jay Trojan
Software Design Design of software to run the deployment and Matt Prentice
verification for the drag device Patty Femmer
Jay Trojan
Data Acquisition Verification of successful deployment Jay Trojan
Matt Prentice
Electronics Design Design of the electronics necessary to deploy and Zach Greenwood
verify the drag device Jay Trojan

Anna Brozna

Electronic Fabrication

Construction of necessary electronic systems for
deployment and verification of drag

Zach Greenwood
Anna Brozna

Mechanical Design

Design of deployment system of drag device

Melina Tremblay
Amanda Heaton

Mechanical Fabrication

Construction of deployment system for drag device

Amanda Heaton
Zach Greenwood

10
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13.0 Resources

131

13.2

13.3

Facilities

13.1.1 Shake Table — Ball

13.1.2 Thermal/Thermal Vacuum test facility — Ball, LASP, BIO-SERV
13.1.3 Wind Tunnel — CU, Air Force Academy, University of Kansas

13.1.4 Microgravity environment - Microgravity Experiment

Additional Advisors

13.2.1 Jack Ghalam — Frontier Astronautics (Boulder, CO)
Phone: (303) 931-4544

Funds

The DANDE drag team plans to stay under the provided $4,000 Aerospace budget with hardware
donations from the customer, Space Grant. Additional funding will be pursued.

14.0 Ackno wledgements

14.1

14.2

Customer contacts

14.1.1 Marcin Pilinski
520 UCB, Boulder, CO 80309-0520
Email: Marcin.Pilinski@colorado.edu

14.1.2 Mike Grusin
520 UCB, Boulder, CO 80309-0520
Email: Michael.Grusin@colorado.edu

Faculty members

Scott Palo

Office: ECOT 617

Office Phone: 3031924289
EMail: palo@ Coloado.edu

Dennis Akos

Office: DLC 209

Office Phone: 303352987

Email: dennisakos@colorado.edu

Robert Culp

Office: ECAE 155

Office Phone: 3031927974
Email: culp@Colorndo.edu
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14.3

14.4

14.5

Donna Gerren

Office: ECAE 189

Office Phone: 303354870

Email: donna.gerren@colorado.edu

Mahmoud Hussein

Office: ECAE 198

Office Phone: 303192-3177
Email: mih@colorado.edu

Lakshmi Kantha

Office: ECAE 117

Office Phone: 303192-3014

Email: lakshmi.kantha@colorado.edu

Jean Koster

Office: ECNT 118

Office Phone: 3031926945
Email: jean.koster@colorado.edu

Kamran Mohseni

Office: ECAE 175

Office Phone: 30%455513
Email: mohseni@colorado.edu

Hanspeter Schaub

Office: ECNT 321

Office Phone: 3031922767

Email: hanspeter.schaub@colorado.edu

Ryan Starkey

Office: ECAE 115

Office Phone: 3031920871
Email: rstarkey@colorado.edu

Trudy Schwartz

Office: ECAE 1B16 (temporary lodan)
Office Phone: 303352986

Email: Trudy.Schwartz@colorado.edu

Matt Rhode

Office: ECAE 1B35

Office Phone: 3031927556

Email: Matthew.Rhode@coloradedu

Graduate Students

None.

Undergraduate Students

None.

Others

None.
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