NASA/TM—2018-219758

Wind Tunnel and Hover Performance Test
Results for Multicopter UAS Vehicles

Carl Russell, Gina Willink, and Colin Theodore
Aeromechanics Office
Ames Research Center, Moffett Field, California

Jaewoo Jung
Aviation Systems Division
Ames Research Center, Moffett Field, California

Brett Glasner
Universities Space Research Association
Ames Research Center, Moffett Field, California

February 2018



NASA STI Program

Since its founding, NASA has been dedicated
to the advancement of aeronautics and space

science. The NASA scientific and technical
information (STI) program plays a key part in
helping NASA maintain this important role.

The NASA STI program operates under the

auspices of the Agency Chief Information Officer.
It collects, organizes, provides for archiving, and

disseminates NASA’s STI. The NASA STI

program provides access to the NTRS Registered

and its public interface, the NASA Technical

Reports Server, thus providing one of the largest
collections of aeronautical and space science STI
in the world. Results are published in both non-
NASA channels and by NASA in the NASA STI
Report Series, which includes the following report
types:

TECHNICAL PUBLICATION. Reports of
completed research or a major significant
phase of research that present the results of
NASA Programs and include extensive data
or theoretical analysis. Includes compila-
tions of significant scientific and technical
data and information deemed to be of
continuing reference value. NASA counter-
part of peer-reviewed formal professional
papers but has less stringent limitations on
manuscript length and extent of graphic
presentations.

TECHNICAL MEMORANDUM.
Scientific and technical findings that are
preliminary or of specialized interest,
e.g., quick release reports, working
papers, and bibliographies that contain
minimal annotation. Does not contain
extensive analysis.

CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored
contractors and grantees.

.. in Profile

CONFERENCE PUBLICATION.

Collected papers from scientific and
technical conferences, symposia, seminars,
or other meetings sponsored or
co-sponsored by NASA.

SPECIAL PUBLICATION. Scientific,
technical, or historical information from
NASA programs, projects, and missions,
often concerned with subjects having
substantial public interest.

TECHNICAL TRANSLATION.
English-language translations of foreign
scientific and technical material pertinent to
NASA'’s mission.

Specialized services also include organizing
and publishing research results, distributing
specialized research announcements and
feeds, providing information desk and personal
search support, and enabling data exchange
services.

For more information about the NASA STI
program, see the following:

Access the NASA STI program home page
at http://www.sti.nasa.gov

E-mail your question to help@sti.nasa.gov

Phone the NASA STI Information Desk at
757-864-9658

Write to:

NASA STI Information Desk
Mail Stop 148

NASA Langley Research Center
Hampton, VA 23681-2199



NASA/TM—2018-219758

Wind Tunnel and Hover Performance Test
Results for Multicopter UAS Vehicles

Carl Russell, Gina Willink, and Colin Theodore
Aeromechanics Office
Ames Research Center, Moffett Field, California

Jaewoo Jung
Aviation Systems Division
Ames Research Center, Moffett Field, California

Brett Glasner
Universities Space Research Association
Ames Research Center, Moffett Field, California

National Aeronautics and
Space Administration

Ames Research Center
Moffett Field, CA 94035-1000

February 2018



Acknowledgments

A large team was required to accomplish this test, and the authors would like to
acknowledge the contributions of all who were involved. In particular, the authors would
like to thank Nili Gold and the 7- by 10-ft Wind Tunnel test crew for all the hard work they
put in to ensure that the test ran smoothly. The NASA machine shop teams, led by Robert
Kornienko and Vincent Derilo, produced the vehicle mounting hardware, which was
absolutely critical to the success of the test. Tom Norman provided invaluable insights into
wind tunnel testing and data reduction. Straight Up Imaging provided the Endurance
vehicle for the wind tunnel test. The assistance of all of those who acted as safety loads
monitors during the test is greatly appreciated. Eduardo Solis provided the scanned
geometries of the various rotor blades. Three NASA projects supported this test: the UAS
Traffic Management (UTM) Sub-project, under the Safe Autonomous Systems Operations
(SASO) Project; the Design Environment for Novel Vertical Lift Vehicles (DELIVER)
Sub-project, under the Convergent Aeronautics Solutions (CAS) Project; and the
Revolutionary Vertical Lift Technology (RVLT) Project.

This report is available in electronic form at

https://ntrs.nasa.gov/



TABLE OF CONTENTS

TABLE OF CONTENTS ...ttt ettt e ettt ettt eeeee s e s et e taaaasseseseeetasasasaesssesesesssanansesesesesnsannnes 1
LIST OF FIGURES ...ttt e e e ettt eeee s e e e ettt s aasesesesetesaaasasesesesesanannsnesseeeesssnnnnes 1il
LIST OF TABLES ... oottt e e e e et ettt eeee e e e e e e st s aaresesesetesaaassesssesesanannsnesseesesssannnes 1il
ABSTRACT .ottt eeee s e s et et e s seaesesee et taasanaaesesesesasanaseseseeesasanannnseseessennnans 1
NOMENCLATIURE ...t et ettt eeee e s e s e e et taaaaassesesetesasenasesssesasasananneseseessennrans 1
INTRODUCGCTION ..ottt ettt e ee e e e e et ettt eseseseseeettsasanasesesesesssensssesssesesssnnnnnnseseessennrans 1
TEST OVERVIEW ...ttt e e e e e et ettt esesese s e e et taaasasesesetesaseaasesssesesasasannesessessennrans 2
TEST DETALLS ...ttt ettt ettt e e e e s e e et ettt asesesesee et taaaaaaaaesesetesssanasasesesesasnnannsseseessennrnns 6
Test Control and MeasuremMent SYSTEIMS .....cc.ueeerueerrierrieerieerteeeieeetteesteeestteesteeesseeesbeesbeesaseesnseessseesssseesaseessseesns 6
Mounting and interface NATAWATE ..........coocuiiiiieiiiiieiie ettt ettt et e ettt e et esbeesbee e bt e essteesnbeesabeesbeeans 8
Test matrix and tESING PIOCEAUIES ....c..vieruiieriteeiieeite ettt eriteertte e ettt esteesteeebtessbteesseeesnteesabeesnseesseessseeessseessseesnses 11
Data redUCTION ANA COTTECTIONS ....uueeeeeieiieieieeeeee et e ettt eeeeeeeeeeeetta e eeeeeeseeeeetsaaaaaaeseeeeeesssanansaeseseesssssmnnaaaseseaeenees 12
RE S UL S ettt e e et ettt e e e e s e e et e s e s aeaesesee et aaanaseseseeesasanassseseseeessnannnssssesesesssnnnns 14
Y (e N (o B D 7 1 W 14
Measurement UNCEITAINLY ........cceeriiiriterieerieeetteeittesstteertteestteesateesbeesbeeeseesseeessteesaseesaseesnseesnseesaseesssseesnseesnses 15
CONC CLUSTIONS .ottt ettt e e e e s e e e ettt s aseaeses et et aaasasesesesesasanaaseseseeessnannnssesesesssnnnns 17
ACKNOWLEDGMENTS ..ottt e et e ettt reee e e s e s ettt aaaasesesesesasaaaesesseessaannnsseseeesssnnans 17
REFERENCES ...ttt ettt ettt ettt e e e e s e e ettt aaeseaesesee et aaasasessseeesasanaassesseessnannnssssesesesssnnnns 18
APPENDIX A: ROLOT ZEOMELIIES ...uvveeeiiiiiiiieieiieesiteeeiteesteeesiteeesiteeesiteesiteesabeesabaeesabeeesaseessaseeesaseesnnes 19
APPENDIX B: TESt IMAITICES ...oeeeiiiiieeieeeeeeeetitetieeeeeeeeetetaaeeeeesesesesssanasseseseeesssannsesesssssssmmnssssssesesssmmnns 30
APPENDIX C: TSt Data TaDIES ...ccovvveneeiiieeiiieiieeeee ettt e et ettt taeeeee s e e e eetaaaseseseseeesasannsesesesessssnnns 35
WINA TUNNEL DATA.....coiiiiiieeeeiee ettt ettt ettt eee e e s e e et et aaaa e seeeeesasanassesseesssannnsesssssesesannns 35
FUIL VEIICLE .ottt e e e ettt e s e s e e et e aa s seseeeesasaanasseseeeeesssannnseseseeens 36
BDR SOLO it e ettt e e et e e e ettt e s ettt e bt bt ettaba———————ttorana_, 36
DILPRANTOM 3.ttt ettt e et ettt e e e s e e et eaaaaaaeseeeeesasanasaseseeesssananasssseeessssannnnnnnss 88

BIDR TIISH weuuueeieeeiiitteeeee ettt e e e e ettt e e e e s e e et e e aa e aesee et et aaaaasaeseeesasanannreseeetesrsaneseseean 101

DIrONE AINETICA X8 ....oiiiiiiieiieeeieeeeeeee e et ettt taaeeeeesee et ettaaaaaesesesesssasasesesesessssnansesssesesesssnnnnnss 114

SUTL ENAUIANCE ....ccoovvveieeeeieeeeeieeeeeee ettt e e e et ettt aaeseeeseeeeesaaaaaeseseeesesanansesesesesesssannnssessseeens 157

BaATe AITTTAINE .oeeveiiiiieeeeeeeeee ettt e e e e e ettt eee e e s e e ettt aa e eseseeeeesssannssessseeesssanannnseseeens 197
BDR SOLO it e e s e ettt reae s e e et e st b e ettt et a b ————aaeettetra———————aan 197
DILPRANTOM 3.ttt ettt et e e s e e et etaa e seseeesasasasasesesessssnansasssesesesssannnnnnss 206

BIDR IIISH weuuueeeeeieiiiiteeeee ettt e et et ettt e e e s e e et e s aa e aeseeeeesaaaaassseeetesaaansreseeetesrrannreseseean 209

DIrONE AINETICA X8 ....oiiiiiiieiieeee ittt e ettt tttaeeeeesee et ettaaaraesesesesasasasesesesessssnanseseseseserssnnnnnss 216

SUTL ENAUIANCE ....ccoovvveieeeeeeeeeieeeeeee ettt e e e et ettt aaeseeesee et et aaaaasesssesesesanansssesesesssssnnnnsessseeens 225
TSOLALEA ROTOT c.evueeiieieeiiiieeeeeee ettt ettt ettt e e e e e et ttaa e eesesee et aaaaaseseseeesssannssnsseeeesssannsnneseseeens 232
BDR SOLO it e e e e e ettt e e e e s e e et e bt s et ettt t b ————aaeeetetrr———————aans 232
DIrONe AINETICA X8 ...oiiiiiieiieeee ittt e ettt ettaeeeeesee et ettaaaaaeseseserasasansesesesssaransesesesesesssannnnnss 239

SUTL ENAQUIANCE ...coovvveiieeeieieeeieeeeeee ettt e e e et ettt aaesesesee et et aaaaaesssesesesanansesssesesesssannnsesssesens 244
HOVET DAL c.eiiveiieeeeeeeeeeeeeeee ettt e e e e e e ettt e b eseeeseeee et aaasaessseeetasssanassesesesesssanasnneseeeeens 247
FUIL VEIICIE ..ottt e e ettt e e e s e e et e b s s eseseeeeesaaanasesseeeesssanannnseseeans 247



ii

TABLE OF CONTENTS (CONTINUED)

BDR SOLO i e e e e e e e e e e taa e e ettt e e eetaraeeeetaeeeeenarraans 247
DITPRANtOIM 3 ..ottt e e ee e e e e e e e e e ettt baeeeeaeeeeesenarsrereeeeeeeennnrrnreees 254
BDR ITISH ooiiiiiieiiiiiiieee ettt e eeecc et e e e et eeeetarr e e e e e eeeeeetabbareaeeeeeeeatbraraaeaeeeeeaatrrrnreaeeeeeannnes 261
DIone AMETICA X8 ....uuuuviiiiiieieiieiiiiiieeeee e eeeecrree e e e e eeeeetaareeeeeeeeeeeearraaeeeaeeeeesesssseeeeeeeeeesnnssrereees 268
SUILENAUIANCE ...uvvviiiiiiiiiiiiiiiiieiee ettt eeeeetr e e e e e eeeeeabbeeeeeeeeeesstbsaseeeaeeeessessssnseeeeeesannnnes 275
ISOLAtEA ROLOT ...ciiiiiiiiiitieeeee ettt e e et e e e e e eee e taareeeeeeeeeseaassraeeeeseeeessnsrsreseaeeeens 282
BDR SOLO et e e e et e et e e e aa e e e e eaaa e e e eataaeeeearaaaeeenres 282
DITPRANtOIM 3 ..ottt eeee e e e e e e eeeeetbraaeeeaeeeeesntssrereeeeeeeesnnrrereeas 285
BDR ITISH ooiieiiiiiiiiiiieee ettt et e e e et e et etrar e e e e e e eeeeesttbbareaeeeeeesatbraraaeaeeeeeaattrrareaeeeeeannnes 288
DIone AMETICA X8 ....uuuvviiiiiiiiiiieiiiiiieeeee e eeeeectree e e e e eeeeerareeeeeeeeeeeearraaaeeaeeeessesrsrereeeeeeeesnnssrnneees 291
SUILENAUIANCE ...uvvviiiiiiiiiiieiiiiieeee ettt eeeeetr e e e e eeeeeeabrareeeeeeeessetsaseseaeeeeesesssseseeeeeesannnnes 294



LIST OF FIGURES

Figure 1. 3D RODOTICS SOLO .. ereeeeseeeesseessesseessesseesssssssssesssesssssesssesssssss s s st sssnsas 3
Figure 2. DJI Phantom 3 AdVAnCed.......oissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 4
Figure 3. 3D RODOUCS ITISH . s sas 4
Figure 4. Drone America DAXS ... s as 5
FIGUIE 5. SUIL ENAUIANCE ...cvuueruiruirssssssesssesssssssssssssssessssssssesssesssesssssssssssssssssssssss s sssssssess s ssssss s ssssssssasssssssssssssssssens 5
Figure 6. Isolated rotor — SUI ENUIANCE ... ssssssssssssssssssssssssssssssssssses 6
Figure 7. Schematic of data acquisition, control, and POWET SYSIEMS ... 7
Figure 8. Model mounting hardware ... s 8
Figure 9. Close-up of DJI Phantom 3 mounted on Sting Stand........sssss: 9
Figure 10. Model mounting plate for DJI Phantom 3 ... 9
Figure 11. Drone America x8 internal mounting hardWare .........o—ns 10
Figure 12. 3DR Iris+ hover test CONfIGUIatiON.......cuiiiisissss s 10
Figure 13. Variation of load cell static measurements with teMPErature.......ormmms—. 12
Figure 14. z-force for Run 63 — 3DR Iris+ with and without temperature drift COrrections .......cuerserenes 13
Figure 15. Full vehicle and bare airframe aerodynamic tare CONfiguration.......eesersseesssessessssssssssesnns 13
Figure 16. Isolated rotor acrodynamic tare CONfigUratioN.......cummemsmsmssmssssssssss s 14
Figure 17. Rotor numbering (L0P-AOWIN VIEW) ....uuriereereererseesseseessessessssssesseessessssssssssessessssssssssssssesssssssssssssssanes 15
Figure 18. Check 10ad TESULLS ... 16
Figure 19. x- and z-force for Run 63 — 3DR Iris+ including Uncertainty ... 17
Figure A 1. 3DR SOLO blade airfoil GEOMELIY ......oeriereereererreesseseesseesessesssssessssssessssssessessssssssssesssssssssssssssssssanes 20
Figure A 2. D]I Phantom 3 blade Qirfoil GEOMELIY ...t seessesses e sessssessssesaes 22
Figure A 3. 3DR Iris+ blade airfoil GEOMELTY ... sss e sses s ssasssaes 24
Figure A 4. Drone America DAx8 (T-Motor 11x3.7 CF) blade airfoil geometry ..........oooeneerreereeneennes 26
Figure A 5. SUI Endurance (T-Motor 15x5 CF) blade airfoil geometry ........ooeeneemeenseeneenreeneeseeseesseennns 28
LIST OF TABLES
Table 1. Multicopter test vehicle physical CharaCteriStiCS ... s 2
Table 2. Multirotor test vehicle hardwWare ... s 3
Table 3. Baseline vehicle thrust and rotor RPM........cssssssssssssssssssssssssssssssssssssssess 11
Table 4. TeSt MALITX SUMIMATY w.cuuerurersreeseesserssesssesssesssesssssssesssesssasssessssesssesssess s ssssssssesssessssss s s s sas s s sasssssesssens 11
Table 5. Force and moment measurement uncertainty CONriDULIONS .....cuuersersesssesssssssesssssssessssssssesssesssesssesssens 16
Table A 1. 3DR SOLO Dlade SEOMELIY ......ccriereereereeeesrereesseesessessseesesssessssssesssessesssesssssesssessssssessssssssssssssssssssssssessnees 21
Table A 2. DJI Phantom 3 blade GEOMELTY ......oereeneeereeresseesseesesssessessesssessssssesssssesssessssssesssssssssssssssssessssssssaeees 23
Table A 3. 3DR Iris+ Dlade GEOMELTY ...t see s s ss et s s 25
Table A 4. Drone America DAx8 (T-Motor 11x3.7 CF) blade geometry......ooenreeneeneensesneensesseessesseens 27
Table A 5. SUI Endurance (T-Motor 15x5 CF) blade Se0MELIY ......rcereeneeneenseereeseeseessseseesseesesseesseseees 29
Table B 1. Full vehicle teSt MAtTiX ..o sssssssssssssssssssssssssssssesssees 32
Table B 2. Bare airframe teSt MAatliX ... sessssssssssssssssssssssssssssssssssssssssssssssssssssesssens 33
Table B 3. Isolated rotor teSt MAtTiX ... sessens 33
Table C 1-88. Test data (full 1iSt ON NEXt PAZE) ...eeevuveeeruiieiiiieeiiieeieeeite ettt e s e sieees 28

iii



v

Cla

Clb

Clc

C2a

C2b

C2c

C3a

C3b

C3c

C4a

C4b

C4c

C5sa

C5b

C5c

Cb6a

C6b

Cé6c

C7a

C7b

CTc

C8a

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,
RPM = 4,600 to 6,800 (uniform) - Conditions . . ...........uuiuitiiii e et

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,
RPM = 4,600 to 6,800 (uniform) - Measurements . .. ... .........ouiuetnemn e e e ieiaaaannn

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,
RPM = 4,600 to 6,800 (uniform) - UnCertainty . ... ...........uuuettmmninee et

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,
RPM = 4,000 to 6,800 (uniform) - Conditions . ... ..........uuuierntne ettt ie e eie e

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,
RPM = 4,000 to 6,800 (uniform) - MEasurements . . .. ......ouuuutt ittt e

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,
RPM = 4,000 to 6,800 (uniform) - UnCertainty .. ............uueuunetunetrneeuneeneennneenneenn.

Full Vehicle: 3DR SOLO, nominal speed 80 ft/s, yaw = 0 deg, pitch = -40 to -20 deg,
RPM = 5,700 to 6,800 (uniform) - Conditions . .. ... ....... ... iuiinei ettt

Full Vehicle: 3DR SOLO, nominal speed 80 ft/s, yaw = 0 deg, pitch = -40 to -20 deg,
RPM = 5,700 to 6,800 (uniform) - MEasUurements . . ... ......uuueuneunetnene e e e neenennennnns

Full Vehicle: 3DR SOLO, nominal speed 80 ft/s, yaw = 0 deg, pitch = -40 to -20 deg,
RPM = 5,700 to 6,800 (uniform) - UnCertainty ... ............uuuuneinnetunnetneneeineenneenn.

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -5 deg, pitch = -40 to 40 deg,
RPM = 4,600 to 6,800 (uniform) - Conditions . .. ..........iuiuititi it

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -5 deg, pitch = -40 to 40 deg,
RPM = 4,600 to 6,800 (uniform) - Measurements . .. ... .........uuiueinemn e et ie e

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -5 deg, pitch = -40 to 40 deg,
RPM = 4,600 to 6,800 (uniform) - UNCertainty . ... ... ........uuuettmnnine et

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -5 deg, pitch = -40 to 40 deg,
RPM = 4,000 to 6,800 (uniform) - Conditions . .. ... ........uuuierntte ettt e ie e e

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -5 deg, pitch = -40 to 40 deg,
RPM = 4,000 to 6,800 (uniform) - Measurements . . .. ......ouuuutitn et e et e

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -5 deg, pitch = -40 to 40 deg,
RPM = 4,000 to 6,800 (uniform) - UnCertainty .. ............uueuuneuunetreetineneenneennennn.

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -30 deg, pitch = -10 to 10 deg,
RPM = 4,000 to 6,300 (uniform) - Conditions . .. ... ...........iuiinei ettt

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -30 deg, pitch = -10 to 10 deg,
RPM = 4,000 to 6,300 (uniform) - Measurements . .. ... ......uuuetntneeneeneeneeeneaennennennns

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -30 deg, pitch = -10 to 10 deg,
RPM = 4,000 to 6,300 (uniform) - UnCertainty . ..............ueuuneiunetinnetnetneeineenneenn.

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 4,000 to 6,300 (uniform) - Conditions . .. ..........uuititiiitn it e

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 4,000 to 6,300 (uniform) - Measurements . .. ... .........uueineinemn e ie e ie e

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 4,000 to 6,300 (uniform) - UNCertainty . ... ...........uuueeeumnine et

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 3,500 to 6,300 (uniform) - Conditions . ... ...........uuttntnete ettt ie e eie e



C8b

C8c

C9a

C9b

C9c

C10a

C10b

Cl10c

Clla

Cl11b

Cllc

Cl2a

C12b

Cl2c

Cl3a

C13b

Cl3c

Cl4a

C14b

Cl4c

Cl5a

C15b

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 3,500 to 6,300 (uniform) - Measurements . . .. ......uuuutt ittt e e e et et

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 3,500 to 6,300 (uniform) - UNCertainty . .............uuuuuitmunnnnee et

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -60 deg, pitch = -10 to 10 deg,
RPM = 3,500 to 6,300 (uniform) - Conditions ... .............. it

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -60 deg, pitch = -10 to 10 deg,
RPM = 3,500 to 6,300 (uniform) - Measurements . .. ... ......uuueretneeneeneeneenennennennennennns

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -60 deg, pitch = -10 to 10 deg,
RPM = 3,500 to 6,300 (uniform) - UnCertainty .. .............viuuneinnetinneeineneeineenneenn.

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,
RPM = 4,000 to 6,300 (uniform) - Conditions . .. ............iuireine ittt ittt et et

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -90 deg, pitch =-10 to 10 deg,
RPM = 4,000 to 6,300 (uniform) - Measurements . .. ... .........oouuiueinemne e ie et

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,
RPM = 4,000 to 6,300 (uniform) - UnCertainty . ...............oeeunieunetmnneenneneeneennaenn.

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,
RPM = 3,500 to 6,300 (uniform) - Conditions . . ... ........o.itutit et it

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,
RPM = 3,500 to 6,300 (uniform) - Measurements . . .. ......uuuuut ittt et et

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -90 deg, pitch =-10 to 10 deg,
RPM = 3,500 to 6,300 (uniform) - UNCertainty . .............uuuiitmunnneeetnineeeianeeeenn.

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Conditions .. ........... ...ttt

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Measurements . .............c..ouuiumeneeneeneunennennennennns

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Uncertainty . ............uiunniinneti i,

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Conditions ... ..........uuiiiinin e

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Measurements . ...............c.uuiuiinemnemneaiaeiaaaannn

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = 0 deg, pitch =-10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Uncertainty . ......... ...ttt

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -5 deg, pitch =-10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Conditions . ..............uiitninin et

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -5 deg, pitch =-10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - MeaSUrements .. .............ouutninenenenenernnn e,

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -5 deg, pitch =-10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Uncertainty . .. ...........uuititiunnn et

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -5 deg, pitch =-10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - ConditionS .. ........... ...t

Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -5 deg, pitch =-10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - Measurements . ...............couuinmeneenernennennennnnnennns
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Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -5 deg, pitch =-10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - Uncertainty . ............uiinnitn ettt

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - Conditions . ...............cotiiuiineie ittt

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - Measurements . .................ouniummnemnemne e,

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - Uncertainty .. ... ...ttt

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - Conditions ... ..........c.uiinin it

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - MeaSUrements . ... ..........uuuininonenenenene e,

Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -90 deg, pitch =-10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - Uncertainty . ... ...........utetiunnn et

Full Vehicle: DJI Phantom 3, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,200 to 6,400 (uniform) - Conditions . ... .........tuirirint ettt et et et et

Full Vehicle: DJI Phantom 3, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,200 to 6,400 (uniform) - MEasUrements . . .. ........uuuttn et et

Full Vehicle: DJI Phantom 3, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,200 to 6,400 (uniform) - UnCertainty .. ............uuiuunetnnetinetineneeineenneenn.

Full Vehicle: DJI Phantom 3, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,200 to 6,400 (uniform) - Conditions . ... ...........iuiitiinet ettt et et

Full Vehicle: DJI Phantom 3, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,200 to 6,400 (uniform) - MEasurements . . ... ... .......uueun e e et ee e i
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RPM = 4,200 to 6,400 (uniform) - UnCertainty . ..............ueuuneinnetunnetn e,
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RPM = 4,200 to 6,400 (differential) - Conditions. . . ...\ttt ittt e

Full Vehicle: DJI Phantom 3, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,200 to 6,400 (differential) - Measurements . ................uiuiineinernennennennenannnns

Full Vehicle: DJI Phantom 3, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,200 to 6,400 (differential) - UNCEItainty . . . ... ....oouunte ettt

Full Vehicle: DJI Phantom 3, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,200 to 6,400 (differential) - Conditions. . . .........cutuiiti ettt ie e

Full Vehicle: DJI Phantom 3, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,200 to 6,400 (differential) - Measurements . ...............oeuiuinenenenereenenenenanennn.

Full Vehicle: DJI Phantom 3, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to O deg,
RPM = 4,200 to 6,400 (differential) - Uncertainty . ... .........uiunneinnetiee i,

Full Vehicle: 3DR Iris+, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,300 to 6,500 (uniform) - Conditions . ... ......... ...ttt ittt

Full Vehicle: 3DR Iris+, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,300 to 6,500 (uniform) - Measurements . . ... ... .......ouueuneuene et ie e

Full Vehicle: 3DR Iris+, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
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Full Vehicle: 3DR Iris+, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,300 to 6,500 (uniform) - Conditions . . ... ........uuititiiit it e

Full Vehicle: 3DR Iris+, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,300 to 6,500 (uniform) - Measurements . .. ... .........ouiueinemn e e e e aiaaaannn

Full Vehicle: 3DR Iris+, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,300 to 6,500 (uniform) - UNCertainty . ... ...........uuuetemunine et
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RPM = 4,300 to 6,500 (differential) - Conditions. . ........ ..ottt ettt
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RPM = 4,300 to 6,500 (differential) - MeaSUremMents . .............c.uinininenenenemeeen e,

Full Vehicle: 3DR Iris+, nominal speed 20 ft/s, yaw = 0 deg, pitch = -10 to 0 deg,
RPM = 4,300 to 6,500 (differential) - UNCEItainty . . . ... ...couuuntittut ettt

Full Vehicle: 3DR Iris+, nominal speed 40 ft/s, yaw = 0 deg, pitch = -10 to 0 deg,
RPM = 4,300 to 6,500 (differential) - Conditions. . .. ...... ... ... .ttt et

Full Vehicle: 3DR Iris+, nominal speed 40 ft/s, yaw = 0 deg, pitch = -10 to 0 deg,
RPM = 4,300 to 6,500 (differential) - Measurements . ................uiuininenenenenenenennnnnnnn.
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RPM = 5,000 to 7,400 (uniform) - Conditions . . ... ...ttt

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 20 deg,
RPM = 5,000 to 7,400 (uniform) - Measurements . .. ... ........ueuetueinemn et ie e eie e

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 20 deg,
RPM = 5,000 to 7,400 (uniform) - UNCertainty . ... ...........uuuetemnninee et
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RPM = 5,000 to 9,200 (uniform) - UnCertainty .. ............ueiuunetunetrneetneeneennneenneenn.

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -5 deg, pitch = -40 to 20 deg,
RPM = 5,600 to 8,400 (uniform) - Conditions . .. ... ...........iiuiinei ettt

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -5 deg, pitch = -40 to 20 deg,
RPM = 5,600 to 8,400 (uniform) - Measurements . .. ... ......uuuetntneeneene e e e eaenennennns

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -5 deg, pitch = -40 to 20 deg,
RPM = 5,600 to 8,400 (uniform) - UnCertainty .. .............veuuneinnetunnetneneineeneenn.

Full Vehicle: Drone America x8, nominal speed 40 ft/s, yaw = -5 deg, pitch = -40 to 20 deg,
RPM = 5,600 to 9,200 (uniform) - Conditions . . ... ...ttt et

Full Vehicle: Drone America x8, nominal speed 40 ft/s, yaw = -5 deg, pitch = -40 to 20 deg,
RPM = 5,600 to 9,200 (uniform) - Measurements . .. ... .........eueiueinemne e e eie e
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RPM = 5,600 to 9,200 (uniform) - UNCertainty . ..............uuueeemtninee et

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -30 deg, pitch =-10 to 10 deg,
RPM = 5,600 to 8,400 (uniform) - Conditions . ... ..........uuuierete ettt ie e ie et
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Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -30 deg, pitch = -10 to 10 deg,
RPM = 5,600 to 8,400 (uniform) - MEasurements . . ... .....uuurut ittt e et

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -30 deg, pitch = -10 to 10 deg,
RPM = 5,600 to 8,400 (uniform) - UNCertainty . .............uuuutitounnnnee et

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 5,600 to 8,400 (uniform) - Conditions . ... ............. it

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -45 deg, pitch =-10 to 10 deg,
RPM = 5,600 to 8,400 (uniform) - Measurements . .. ... ......uuueretneeneeneeneenenennenennennns

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -45 deg, pitch =-10 to 10 deg,
RPM = 5,600 to 8,400 (uniform) - UnCertainty .. .............vuuuneinnetinnetine e,

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -60 deg, pitch = -10 to 10 deg,
RPM = 5,600 to 8,400 (uniform) - Conditions . .. ............iuiriite ettt ittt et

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -60 deg, pitch = -10 to 10 deg,
RPM = 5,600 to 8,400 (uniform) - Measurements . .. ... .........ouiueinemn e ie e it

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -60 deg, pitch =-10 to 10 deg,
RPM = 5,600 to 8,400 (uniform) - UnCertainty . ............c...eounionneemnnetnne e,

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -90 deg, pitch =-10 to 10 deg,
RPM = 5,600 to 8,400 (uniform) - Conditions . . ... ...ttt it e

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,
RPM = 5,600 to 8,400 (uniform) - Measurements . . .. ......uuuutt ittt ettt

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -90 deg, pitch =-10 to 10 deg,
RPM = 5,600 to 8,400 (uniform) - UNCertainty . .............uuuuiitmunnn ettt

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 5,000 to 7,400 (differential) - ConditionS. . . ... ...ttt

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = 0 deg, pitch =-10 to 10 deg,
RPM = 5,000 to 7,400 (differential) - Measurements . ................uiumeneeneunennennennennennnns

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = 0 deg, pitch =-10 to 10 deg,
RPM = 5,000 to 7,400 (differential) - Uncertainty . ... .........uutuniinnetin i,

Full Vehicle: Drone America x8, nominal speed 40 ft/s, yaw = 0 deg, pitch = -10 to 0 deg,
RPM = 5,600 to 6,800* (differential) - Conditions . .............uuininin i

Full Vehicle: Drone America x8, nominal speed 40 ft/s, yaw = 0 deg, pitch = -10 to 0 deg,
RPM = 5,600 to 6,800* (differential) - MeasUrements . ................ooueinemnemnemnenaanaanaannn.

Full Vehicle: Drone America x8, nominal speed 40 ft/s, yaw = 0 deg, pitch =-10 to 0 deg,
RPM = 5,600 to 6,800* (differential) - Uncertainty . .. ..........co.uituiennneine e,

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -5 deg, pitch = -10 to 10 deg,
RPM = 6,200 to 7,700 (differential) - Conditions. . . ...\ttt ittt

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -5 deg, pitch = -10 to 10 deg,
RPM = 6,200 to 7,700 (differential) - MeaSUremMents . .. .........c.uiuininenen et nennn.

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -5 deg, pitch = -10 to 10 deg,
RPM = 6,200 to 7,700 (differential) - UNCEItainty . . . ... ...oouunnt ittt

Full Vehicle: Drone America x8, nominal speed 40 ft/s, yaw = -5 deg, pitch =-10 to 0 deg,
RPM = 6,200 to 7,700 (differential) - ConditionS. . . . ... ... i

Full Vehicle: Drone America x8, nominal speed 40 ft/s, yaw = -5 deg, pitch = -10 to 0 deg,
RPM = 6,200 to 7,700 (differential) - Measurements . ...............uuiumeneenernennennennennennns
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Full Vehicle: Drone America x8, nominal speed 40 ft/s, yaw = -5 deg, pitch =-10 to 0 deg,
RPM = 6,200 to 7,700 (differential) - Uncertainty . ... .........vuuneinnetiee i,

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 6,200 to 7,700 (differential) - Conditions. . .. ...... ...ttt ittt et et

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 6,200 to 7,700 (differential) - Measurements . ................ouueunmuemnemneneaaaannann.

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -45 deg, pitch =-10 to 10 deg,
RPM = 6,200 to 7,700 (differential) - Uncertainty . ... ...... ..ottt

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -90 deg, pitch =-10 to 10 deg,
RPM = 6,200 to 7,700 (differential) - Conditions. . . ...\ttt

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,
RPM = 6,200 to 7,700 (differential) - Measurements . ................uiuiineinemnennennenaenannnnn

Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -90 deg, pitch =-10 to 10 deg,
RPM = 6,200 to 7,700 (differential) - UNCEItainty . . . ... ....oouunt ettt

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,
RPM = 2,800 to 4,200 (uniform) - Conditions . .. ...........uiueieinen ettt ieeianennnns

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,
RPM = 2,800 to 4,200 (uniform) - MEasurements . . .. ........uuutt et et et

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,
RPM = 2,800 to 4,200 (uniform) - UNCErtainty .. ............uueuuetnnetuieetine e eineenneenn,

Full Vehicle: SUI Endurance, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,
RPM = 2,800 to 4,200 (uniform) - Conditions . .. ... .........iuiitiinett ettt it

Full Vehicle: SUI Endurance, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,
RPM = 2,800 to 4,200 (uniform) - MEasUrements . . ... ... .......ouueun e et e ee e i

Full Vehicle: SUI Endurance, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,
RPM = 2,800 to 4,200 (uniform) - UnCertainty . ..............ueuunetnnmtunnetne e,

Full Vehicle: SUI Endurance, nominal speed 60 ft/s, yaw = 0 deg, pitch = -40 to -20 deg,
RPM = 4,200 to 5,000 (uniform) - Conditions . . ... ........uuiuiitit et

Full Vehicle: SUI Endurance, nominal speed 60 ft/s, yaw = 0 deg, pitch = -40 to -20 deg,
RPM = 4,200 to 5,000 (uniform) - Measurements . .. ... .........uuiueinemneeee e eaeaenaennns

Full Vehicle: SUI Endurance, nominal speed 60 ft/s, yaw = 0 deg, pitch = -40 to -20 deg,
RPM = 4,200 to 5,000 (uniform) - UNCertainty . ..............uuuetmmnnnnee i

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -5 deg, pitch = -40 to 40 deg,
RPM = 2,800 to 4,200 (uniform) - Conditions . .. ...........uineinetnen ettt ie e

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -5 deg, pitch = -40 to 40 deg,
RPM = 2,800 to 4,200 (uniform) - MEasUrements . . .. ........uuutttm et te e et

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -5 deg, pitch = -40 to 40 deg,
RPM = 2,800 to 4,200 (uniform) - UNCErtainty .. ...........uuttiunetnnetiiee e tneeineenneenn.

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -30 deg, pitch = -10 to 10 deg,
RPM = 2,800 to 4,200 (uniform) - Conditions . .. ... .........iuiiteinet ettt et et

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -30 deg, pitch = -10 to 10 deg,
RPM = 2,800 to 4,200 (uniform) - MEasurements . . ... ... .......ouueun ettt

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -30 deg, pitch = -10 to 10 deg,
RPM = 2,800 to 4,200 (uniform) - UnCertainty ... ............oeuunetnnmtunnetne e,
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Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 2,800 to 4,200 (uniform) - Conditions . .. ..........iuititii it e

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 2,800 to 4,200 (uniform) - Measurements . .. ... .........ouiueinemne e ie e e

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 2,800 to 4,200 (uniform) - UNCertainty . ... ... ........uuutettmtnine et

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -60 deg, pitch = -10 to 10 deg,
RPM = 2,800 to 4,200 (uniform) - Conditions . ... ..........uuittntne ettt ie e ie e iaennennns

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -60 deg, pitch = -10 to 10 deg,
RPM = 2,800 to 4,200 (uniform) - MEasurements . . .. ... ...ouuruttntn it e et et

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -60 deg, pitch = -10 to 10 deg,
RPM = 2,800 to 4,200 (uniform) - UNCErtainty .. ...........uuuiinnetunetineetineineeineennennn.

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,
RPM = 2,800 to 4,200 (uniform) - Conditions . ... .............iiuiinei ettt

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,
RPM = 2,800 to 4,200 (uniform) - MEasUur€ments . . ... ... ...uuueuneuneuneteeeeee e neenennennnns

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,
RPM = 2,800 to 4,200 (uniform) - UnCertainty ... ............ueuuneinnetuneetine e,

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 3,200 to 3,800 (differential) - ConditionS. . . ...ttt et

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 3,200 to 3,800 (differential) - Measurements . ................uiueinemnemnennenaanaanannnns

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 3,200 to 3,800 (differential) - UNCEertainty . . . ... .....ouuunett ittt

Full Vehicle: SUI Endurance, nominal speed 40 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 3,200 to 3,800 (differential) - Conditions. .. ...ttt ittt et

Full Vehicle: SUI Endurance, nominal speed 40 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 3,200 to 3,800 (differential) - MeaSUrements . .............c.uininenenonenemeennnenenennn.

Full Vehicle: SUI Endurance, nominal speed 40 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 3,200 to 3,800 (differential) - UNCEItainty . . . ... ...couuunttt ettt

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -5 deg, pitch =-10 to 10 deg,
RPM = 3,200 to 3,800 (differential) - Conditions. . .. .. ... ...ttt it

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -5 deg, pitch =-10 to 10 deg,
RPM = 3,200 to 3,800 (differential) - Measurements . ................uuumineinemnennennennennennnn

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -5 deg, pitch =-10 to 10 deg,
RPM = 3,200 to 3,800 (differential) - Uncertainty . ... ..... ... iuniiinnii i,

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 3,200 to 3,800 (differential) - ConditionS. . . ...ttt et

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 3,200 to 3,800 (differential) - Measurements . ................uiuiinemnemnennenaanaanannnn.

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 3,200 to 3,800 (differential) - UNCErtainty . . . ... ......uuunnttt ettt

Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,
RPM = 3,200 to 3,800 (differential) - Conditions. . . ...ttt ittt ie e ie i
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Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,

RPM = 3,200 to 3,800 (differential) - MeaSUremMents . .............ouuinineneneneneeen e, 195
Full Vehicle: SUI Endurance, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,

RPM = 3,200 to 3,800 (differential) - UNCEItainty . . . ... ...oouunnt ettt 196
Bare Airframe: 3DR Solo, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 40 deg - Conditions and
MEASUTEIMENLS . - .+« e vttt ettt et e et e e e e e e e e e e e e e e e e e e e e e e 198
Bare Airframe: 3DR Solo, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 40 deg - Uncertainty . ....... 199
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ABSTRACT

There is currently a lack of published data on the performance of multicopter unmanned aircraft system (UAS)
vehicles, such as quadcopters and octocopters, often referred to collectively as drones. With the rapidly increasing
popularity of multicopter UAS, there is interest in better characterizing the performance of this type of aircraft. By
studying the performance of currently available vehicles, it will be possible to develop models for vehicles at this
scale that can accurately predict performance and model trajectories. This data report describes a wind tunnel test
that was recently performed in the U.S. Army 7- by 10-ft Wind Tunnel at NASA Ames Research Center. During this
wind tunnel entry, five multicopter UAS vehicles were tested to determine forces and moments as well as electrical
power as a function of wind speed, rotor speed, and vehicle attitude. The test is described here in detail, and the
complete data are presented as an appendix.

NOMENCLATURE
BDAS Basic Data Acquisition System
DELIVER Design Environment for Novel Vertical Lift Vehicles
ESC Electronic Speed Controller
FFT Fast Fourier Transform
NDARC NASA Design and Analysis of Rotorcraft
RVLT Revolutionary Vertical Lift Technology
UAS Unmanned Aircraft System
UTM UAS Traffic Management
A Rotor disk area, ft
C, Thrust coefficient, T7/pA(QR)*
F.,F,F, X-, y-, and z-force, 1b
Ix Current for ESC number x, A
M, M, M, X-, y-, and z-moment, ft-1b
q Dynamic pressure, 1b/ft2
R Rotor radius, ft
T Thrust, Ib
Vesc ESC voltage, V
Xqgc Chordwise quarter chord location, in
Zgc Flapwise quarter chord location, in
a Pitch angle, deg
p Air density, slugs/ft’
Q Rotor rotation speed, rad/s

INTRODUCTION

Multicopter unmanned aircraft have seen a rapid rise in production and utilization in the past few years. As the use of these
vehicles continues to increase, research questions have emerged concerning their design, handling qualities, and control. In
particular, three NASA projects/sub-projects —UAS Traffic Management (UTM), Design Environment for Novel Vertical
Lift Vehicles (DELIVER), and Revolutionary Vertical Lift Technology (RVLT)—have an interest in determining the
aerodynamic performance characteristics of multicopters.



DELIVER and RVLT are focused on advancing the state of the art in design and analysis tools for vertical lift vehicles [Ref.
1]. DELIVER is particularly focused on small (less than 2-passenger) alternative propulsion concepts. Both DELIVER and
RVLT use a rotorcraft design software tool called NDARC (NASA Design and Analysis of Rotorcraft), which has been
extensively validated for large (above 2-passenger) rotorcraft [Ref.2]. Recent modifications to NDARC extended the
propulsion models to include electric propulsion systems [Ref. 3]. The NDARC models should, in theory, be extensible to
small multicopters, but have not yet been calibrated to existing aircraft. A research effort is currently underway to obtain data
on small (up to approximately 10 1b) multicopters to aid in this calibration. The necessary data include rotor performance,
airframe aerodynamics, battery and motor performance, and detailed component weights. The data gathered as part of this
test will provide calibration data for rotor performance and airframe aerodynamics.

The UTM Project is developing a prototype system consisting of technologies that will enable safe, efficient operations at
low-altitude, where a significant increase in unmanned aircraft flights is anticipated [Ref. 4]. One of the key requirements in
implementing the system is an understanding of the capabilities of unmanned aircraft under a range of environmental
conditions. In particular, there is a need to determine whether a given aircraft will be able to maintain control and/or station-
keeping within a pre-defined area of airspace under forecasted weather conditions. Information that is critical to this type of
understanding is the interaction between rotor RPM, vehicle air speed, and attitude on the forces and moments on the vehicle.
The data collected from the test described here will be used to help populate the vehicle performance database that defines
these interactions.

The vast majority of published research on multicopters focuses on dynamics and control of the vehicles, with little on
experimental performance data. In recent years, there have been some tests on the small propellers used for multicopters. In
particular, Brandt and Selig [Refs. 5 and 6] published a database of propeller performance data including thrust and shaft
power in axial flow in a wind tunnel as well as at static conditions. There have also been limited results published for small
quadcopter propellers in edgewise flight, such as Ref.7. Flight test data has also been used to estimate quadcopter
performance and enhance simulation models [Ref. §].

To meet the data needs of UTM, DELIVER, and RVLT research efforts, a jointly planned wind tunnel test was executed to
determine the aerodynamic performance characteristics of five different multicopter aircraft. The primary goal of the test was
to generate a high-quality set of data for multicopter performance that can be used for model development and validation.
The test took place in the U.S. Army 7- by 10-ft wind tunnel at NASA Ames Research Center. Measurements included forces
and moments on the multicopter rotors and airframes as well as electrical power as a function of speed, attitude, and rotor
RPM. Complementary testing was performed to measure hover performance of multicopter rotors and complete vehicles. The
results of the test were first presented in Ref. 9 along with an in-depth discussion of the results. This data report details the
methods and procedures used to collect the data and contains all of the collected data in tabular format.

TEST OVERVIEW

Five aircraft were tested as part of this wind tunnel entry: 3D Robotics (3DR) SOLO, DJI Phantom 3 Advanced, 3D Robotics
Iris+, Drone America x8 (DAXS), and Straight Up Imaging (SUI) Endurance [Refs. 10-14]. All five aircraft are commercially
available multicopters whose primary mission is photographic surveillance. Table 1 summarizes the pertinent details of the
five aircraft, and Figs. 1-5 show pictures of the vehicles installed in the wind tunnel. In addition to the full vehicles, three of
the isolated rotors were tested in the wind tunnel (time constraints didn’t permit testing all five isolated rotors), and this
configuration is shown in Fig. 6 for the SUI Endurance.

Table 1. Multicopter test vehicle physical characteristics

. Length, in Width, in Rotor Nominal Flight
Make/Model Configuration (incl.%‘otors) (incl. rotors) Diameter, in Weight, lb§‘
3DR SOLO Quadcopter 215 215 10.0 33
DIJI Phantom 3 Quadcopter 19.2 19.3 94 2.8
3DR Iris+ Quadcopter 20.0 25.7 9.6 2.8
Drone America x8 Octocopter 48.0 453 11.0 12.8
StralgE}Illt dgfalllrcneagmg Quadcopter 35.1 35.1 150 6.0

*Including cameral payload



All of the vehicles were modified from their typical consumer configuration to facilitate testing in the wind tunnel, with
internal electronic components being the most notable change. The brushless motors employed by all of the multicopters
tested here require a three-phase switched DC power signal provided by an electronic speed controller (ESC). On production
versions of the vehicles, the ESCs are typically embedded in custom circuit boards. Directly controlling the ESCs would
therefore require access to the programming interface for the custom circuitry for each vehicle, which was an unnecessary
complication for the test. Thus, the custom circuitry was removed and was replaced by off-the-shelf ESCs—one for each
motor—for the wind tunnel test.

Different sets of ESCs, motors, and propellers were used for the five different vehicles. While the ESCs were installed
specifically for the wind tunnel test, the motors and propellers used for each vehicle were those that came factory installed.

The ESCs, motors, and propellers used for each vehicle during the wind tunnel test are listed in Table 2.

Table 2. Multirotor test vehicle hardware

Make/Model ESC Motor Propeller
3DR SOLO Castle Creations Talon 35 3DR 880 kV Factory prop 10x4.5
DJI Phantom 3 Castle Creations Talon 25 DIJI 2312 960 kV Factory prop 9.4x5
3DR Iris+ Turnigy Plush 30 3DR 2213 950kV Factory prop 9.5x4.5
Drone America x8 KDE XF-UAS35 KDE Direct 2814 XF 775 kV ~ T-Motor 11x3.7 CF
Straight Up Imaging Turnigy Plush 30 T-Motor MN3508-29 380 kV  T-Motor 15x5 CF
Endurance

A laser scanner was used after the test to obtain the exact geometries of the rotors that were tested. These geometries are
given in Appendix A, including the blade cross sections, twist and chord distribution, and location of the quarter-chord of
each cross section. The x-coordinate of the quarter-chord location, Xqc, is defined as positive towards the trailing edge from
the leading edge. The z-coordinate, Zgc, is positive in the thrust direction. One notable difference between the blade airfoils
and those typically found on full-scale rotorcraft is the blunt trailing edge, particularly for the outboard blade sections. This
blunt trailing edge is due to manufacturing limitations and likely has an effect on performance. This effect is addressed in
some detail in Ref. 15.

The other primary modification was the removal of the camera gimbal in order to use the gimbal mounting holes to install the
vehicles in the wind tunnel test section. Both the interface with the ESCs and the physical interface with the test vehicles are
discussed further in the following section.

Figure 1. 3D Robotics SOLO



Figure 2. DJI Phantom 3 Advanced

Figure 3. 3D Robotics Iris+



Figure 5. SUI Endurance



Figure 6. Isolated rotor — SUI Endurance

TEST DETAILS

The objective of the test was to measure forces, moments, and motor power as a function of wind speed, attitude, and rotor
RPM for each test vehicle. Each of the five multicopter aircraft was run through a range of test conditions, including the full
vehicle and bare airframe. Three of the five vehicles’ rotors were also tested in isolation.

The following sections detail the data acquisition and model control systems that were used to meet the test objectives. Next,
the model mounting hardware is described, followed by an overview of the testing procedures. Finally, the steps taken to
reduce and correct the data are described.

Test Control and Measurement Systems

An overview of the test systems used for data acquisition, model control, and power delivery is shown in the schematic in
Fig. 7, and is described below. These aircraft normally fly either autonomously or under radio control with batteries
providing power. To eliminate battery safety concerns and eliminate testing downtime that would be required for battery
charging, power was provided by a 3,000-watt Sorensen DC power supply. The power supply is capable of supplying up to
20 V DC power at up to 150 A, which is sufficient to power each of the test vehicles up to their respective maximum power.
Power was delivered to the model via a pair of heavy-gauge welding cables and distributed through a wiring harness to each
of the ESCs.

Two different data acquisition systems were used to collect data for this test. The primary data system was the Basic Data
Acquisition System (BDAS), a LabVIEW-based system that can be configured to record tunnel conditions in addition to user
data signals [Ref. 16]. For this test, the user data included the model angle of attack, the model forces and moments, and the
voltage and current to each ESC. These signals were passed through a Pacific Instruments signal conditioning system to the
BDAS system, which collected data at a rate of 1,024 samples per second and then computed the average over a 30 second
data record.

The secondary data system contained both the software for commanding the ESC and a second LabVIEW program for
recording and monitoring rotor RPM. Rotor speed control inputs were made by a human in the loop (usually the test
engineer), to match the target RPM. Since radio control of the test vehicles was undesirable (due to concerns about radio
interference), control was accomplished via a Pololu Mini Maestro servo controller with a wired connection to the test article.
The servo controller has outputs for up to 12 servos, which can be controlled independently. The pulse-width modulated
(PWM) signal used by RC aircraft servos is the same as that used by the ESCs, so this servo controller provided a convenient
and low-cost means of sending commands to the ESC.
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Figure 7. Schematic of data acquisition, control, and power systems

Rotor RPM measurements were made with Eagle Tree brushless motor RPM sensors. These sensors tap into the motor power
leads and provide a sinusoidal output voltage signal with a frequency equal to the commutation frequency of the motor. All
of the motors used for this test are 7-pole motors, with a commutation frequency of 7 times the rotation speed. The LabVIEW
program mentioned above provides filtering on the signal and uses a Fast Fourier Transform (FFT) to isolate the
commutation frequency and record rotation speed for each motor. Based on the resolution of the FFT as well as comparison
with a handheld optical tachometer during test preparations, the accuracy of the RPM measurements was estimated to be
+30 rpm. A typical operating rotor speed for the vehicles tested here is around 5,000 rpm, so the relative accuracy of the
RPM measurements is better than +1%. Acquisition of the motor RPM data was triggered by a signal from the primary data
system so that the data collected by both systems was properly synchronized.

To match typical flight conditions, the power supply voltage was set to match the maximum voltage that is used for flight
versions of the five vehicles. For the DAx8, SUI Endurance, Phantom 3, and 3DR SOLO, the voltage was set to 16.8 V. For
the 3DR Iris+, voltage was 12.6 V. In order to account for voltage sag due to line losses, the actual voltage was measured at
the model, just before the power leads were split off to the individual ESCs. Electrical current to each ESC was measured by
splicing a 5 m€ current sense resistor into the ground side lead of the ESC and measuring the voltage drop across the resistor.
The resistor had a tolerance of 1%, which contributed a small amount of uncertainty to the electrical current measurements.

The forces and moments were measured using six-axis load cells manufactured by JR3, Inc. The majority of testing was
carried out using a JR3 model 30E15A4-140-EF-50L six-axis load cell, which has maximum loads of 50 Ib in the x- and y-
directions, 100 Ib in the z-direction, and maximum moments of 150 in-Ib in all three directions. Manufacturer-stated accuracy
of the load cells is 0.25% of full-scale. Sting balances typically have accuracies no worse than 0.1% of full-scale, so some
accuracy was sacrificed in favor of lower cost and hardware risk. Measurement uncertainty for this test is addressed later in
the Results section. The test plan originally called for a smaller 10-1b (x- and y-axis) load cell for the lighter quadcopters, but
early testing revealed significant vibrations that exceeded the capacity of the 10-Ib load cell. The 50-1b model was therefore
used for all five vehicles.



Mounting and interface hardware

In order to expedite pitch movement using existing wind tunnel hardware and control systems, the vehicles were installed on
the wind tunnel sting assembly (Figs. 1-6) at a 90-degree right roll angle, allowing the tunnel turntable to be used to vary the
vehicle angle of attack. This allowed parameter sweeps with arbitrary values of angle of attack without requiring access to the
model. Changing the model yaw angle required manual adjustment, but only a handful of yaw angles were tested per vehicle,
so making yaw angle changes did not have a significant impact on testing time.

The interface hardware between the vehicles and the sting stand was designed to allow quick model changes. A drawing of
the mounting hardware is shown in Fig. 8 and a close-up photograph of the mounting hardware is shown in Fig. 9. Note that
the viewing angle is flipped 180 degrees between Figs. 8 and 9 to show the details of the hardware. Also shown in both
images are the directions of the forces measured by the load cell and the direction of airflow relative to the model. The
measurement axes are discussed in further detail in the Results section.

The yellow sting attachment bar (parallel to the x-axis in Fig. 8) was installed on the sting stand and was bolted in place for
the duration of the test. The load cell is shown in gray, and the model interface plates were bolted on top of the load cell as
shown. Each model has its own mounting plate with a 1.25-inch-diameter boss that inserted into the interface plate and was
secured in place with four bolts. Figure 10 shows an example model mounting plate. Because each model has the same 1.25-
inch boss, model changes could be made very quickly during the test.

Yaw changes were made by rotating the yaw stub (shown in dark blue in Fig. 8) below the load cell inside of the yaw tube,
shown in orange. Two bolts could then be inserted into a series of threaded holes, allowing model yaw angles of
0,-5,-10,-30, -45,-60, and -90 deg (positive yaw defined as nose-right).

FlOWW

Sting
Attachment

™ Interface
Mz Fz Plate

Figure 8. Model mounting hardware



Figure 10. Model mounting plate for DJI Phantom 3



For the DJI and 3DR quadcopters, shown in Figs. 1-3, the camera gimbal mounting holes were used to support the vehicles
and serve as attachment points to the interface hardware. The DAx8 octocopter (Fig. 4) and SUI Endurance quadcopter (Fig.
5) are heavier vehicles, so the camera mounting holes did not provide sufficient strength to support the vehicle weight and
aerodynamic loads. For the latter two vehicles, the mounting hardware was attached directly to the vehicle chassis. For the
Endurance, it was possible to attach the DJI Phantom mounting plate to the bottom chassis plate of the vehicle. For the
DAXx8, a set of metal struts had to be fabricated to attach to the vehicle inner structure as shown in Fig. 11.

Struts

==

Figure 11. Drone America x8 internal mounting hardware

In addition to the wind tunnel measurements, the hover performance was measured for all five complete vehicles and all five
isolated rotors. The DAx8 and SUI Endurance were hover tested in the test section of the 7- by 10-ft wind tunnel mounted at
zero degrees pitch and yaw in the wind-on test configuration. The remaining three vehicles and all five isolated rotors were
tested on the sting stand in a lab, as shown in Fig. 12. A clone of the BDAS system used in the wind tunnel was used for data
acquisition in the lab. The range of hover test conditions is included with the full vehicle and isolated rotor test matrices in

Tables B1 and B3.

e

-
LT

RN
! 5;‘{.
|

Figure 12. 3DR Iris+ hover test configuration
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Test matrix and testing procedures

For each model, the test plan called for three different configurations to be tested in the wind tunnel: full vehicle, bare
airframe (rotors removed), and isolated rotor. Time constraints limited the number of isolated rotors tested to three of the five
vehicles. By testing the vehicles in these three configurations, it was possible to determine the performance of the rotors in
isolation as well as the full vehicle performance, where rotor-to-rotor and rotor-to-airframe interactions have an effect.
Additionally, the bare airframe runs provided measurements of the forces and moments on the vehicle structure, with the
airframe drag being the primary measurement of interest.

In hover, both the full vehicles and isolated rotors were tested. Again, these measurements made it possible to quantify the
isolated rotor performance as well as the effects of aerodynamic interactions between the rotors and airframe.

Rotor RPM was varied in two ways for the full vehicle configurations. First, the rotor speed was changed uniformly for all of
the rotors on the vehicle in order to quantify the effects of RPM on the vehicle forces and moments, particularly lift and drag.
Second, non-uniform rotor speeds were tested, where there was a difference in RPM either from front to back or from side to
side. These differential RPM runs will allow quantification of the pitch and roll moments that can be induced by the rotors as
well as provide estimates of the different rotor speeds required to trim pitching moment in forward flight. The uniform and
differential RPM results are split into separate tables and labeled as such in Appendix C.

The primary variables for each test run were model angle of attack and rotor RPM. Each run started with a set of static and
housekeeping points with wind off and wind on that were repeated at the end of the run to check for repeatability of
measurements. To facilitate the application of aerodynamic tares, speed was set based on dynamic pressure, g. With speed
and vehicle pitch fixed, RPM was swept from approximately 80 to 120 percent of the baseline RPM. All target rotor speeds
were rounded to the nearest 100 rpm to make RPM adjustments easier. Baseline RPM was selected based on a thrust
approximately equal to the manufacturers’ specified nominal flight weight. Table 3 gives the baseline thrust and rotor speed
for each of the five test vehicles.

Table 3. Baseline vehicle thrust and rotor RPM

Vehicle Baseline Baseline
Thrust (Ib) Rotor RPM
3DR SOLO 33 5,700
3DR Iris+ 2.8 5,400
DJI Phantom 3 Advanced 2.8 5,300
Drone America DAx8 12.8 7,000
SUI Endurance 6.0 3,500

RPM for each rotor was adjusted manually on the secondary data acquisition system as described earlier. After testing the
uniform RPM data points, differential rotor speed was tested to measure moments on the vehicles. The procedure was then
repeated for a series of pitch angles. The test matrix for all of the vehicles is summarized in Table 4. The specific test
matrices for each vehicle are presented in full in Tables B1-B3 in Appendix B. The bulk of testing concentrated on the full
vehicle configurations at nominal speeds of 20 and 40 ft/s, with a limited number of runs at 60 and 80 ft/s. Due to time
constraints, yaw sweeps as well as isolated rotor testing were limited to the 3DR SOLO, DAx8, and the SUI Endurance.

Table 4. Test matrix summary

Pitch Yaw  Airspeed RPM
(deg) (deg) (ft/s) (% baseline)
Full Vehicle -40-40 -90-0 20-80 80 - 120

Configuration

Bare Airframe -40-40 -90-0 20-80 N/A
Rotor Only -40-40 N/A  20-80 80 - 120
Hover N/A N/A 0 70 — 130

For the DAx8 and the Endurance, hover testing was done with the model mounted in the wind tunnel, due to limited
availability of those two vehicles. The remaining three vehicles were hover tested in a lab. In the wind tunnel, the rotors are
approximately six feet from the walls, so there is potential for recirculating air to affect the measurements. In the lab, the
models were mounted on the sting stand, with the nearest wall approximately 30 feet away. Recirculation should therefore
not be a problem for the data collected in the lab. The effects of recirculation for the hover tests in the tunnel have yet to be
quantified.

11



Data reduction and corrections

Most of the data processing was performed in real time by the BDAS system. The two post-processing tasks required were
temperature drift corrections and application of aerodynamic tares. During the test, it was observed that the final static points
were not matching well with the initial static points. In particular, the z-force for the final static point was often 0.1 — 0.3 Ib
less than that for the initial static point on a given run. This drift was found to be well correlated with temperature changes in
the test section. The measured drift with temperature is plotted in Fig. 13 along with the linear fit to the data for all six forces
and moments. The slope of the linear fit that was used to apply the temperature corrections is also given.

The temperature typically increased from the beginning of a run to the end, because testing was carried out in the morning
and early afternoon when exterior temperatures were rising. As the plots in Fig. 13 show, there is additional scatter in the data
not related to temperature drift. This scatter can provide a first approximation of the uncertainty in the test measurements and
is discussed further in the Measurement Uncertainty section.

The linear fit based on tunnel temperature was applied to the force measurements using the recorded temperature for each
data point. The results of these corrections for an example run are shown in Fig. 14. The data shown are for the 3DR Iris+ at
g = 1.9 Ib/ft*, with pitch ranging from -5 to 0 deg and RPM from 4,300 to 6,500, plus differential RPM. In this particular
case, the temperature increased from 54.6° F at the beginning of the run to 62.9° F at the end of the run. This temperature
change resulted in the uncorrected z-force measurement for the final static point being 0.2 1b below the initial static point
reading, or about 4% of the maximum force measured during this run. After application of the temperature drift correction,
the final static point only differs from the initial static point by 0.003 Ib.

AF, = 0.0068AT . AF =-0.0056aT L AF,=-00238AT
0.5 0.5 0.5
2 f 2 : 2
g § g
§ 0 § Of Sumeeego |5 O
- L : L
o o : (]
x > : N
w T T
-0.5 -0.5 -0.5
_1 H .1 H _1 H
-5 0 5 10 15 -5 0 5 10 15 -5 0 5 10 15
Temperature Change, °F Temperature Change, °F Temperature Change, °F
1 1 : 1 :
AM_ =-0.0120AT . AM =00378AT { AM_=0.0065AT
a 0.5 a 0.5 a 0.5
£ £ £
5y [} )
g o 2 0 2 o
© © «©
L £ N
[&] o (8]
» > N
= 05 = 05 = .05
-1 : -1 : -1 :
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Temperature Change, °F Temperature Change, °F Temperature Change, °F

Figure 13. Variation of load cell static measurements with temperature

12



41 J
3r J
Q
w 2F J
[T
1 —o— Corrected Data
i —>— Uncorrected Data i
0
_1 I I I I
0 10 20 30 40 50

Point

Figure 14. z-force for Run 63 — 3DR Iris+ with and without temperature drift corrections

Load cell aerodynamic tares for the full vehicles and bare airframes were measured with just the model interface plate
installed as shown in Fig. 15 (note that this photo was not taken in the wind tunnel, but does show the configuration as tested
for the aerodynamic tares). Not accounted for in the tares were the effect of the individual model mounting plates and the
cables that supplied power and RPM commands to the vehicles. The mounting plates were not included, because putting
them in the airstream in isolation would not be representative of their effects on the full model. The cables were not included,
because with the vehicle removed, there was nothing to attach them to. A separate set of aerodynamic tares was measured for
the isolated rotors, and this configuration is shown in Fig. 16. For the isolated rotor tares, all of the hardware shown in Fig. 6
was installed except for the rotor blade.

- sol | | |50

Figure 15. Full vehicle and bare airframe aerodynamic tare configuration
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Figure 16. Isolated rotor aerodynamic tare configuration

Typically, in this type of wind tunnel test, weight tares would be required to account for changes in the model center of
gravity relative to the load cell during model pitch changes. For this test, however, weight tares were not required, because
the model was mounted on its side and the load cell moved with the model. In this configuration, the gravity vector of the
model does not move relative to the load cell during pitch changes. The gravity vector does move relative to the load cell for
model yaw changes, but a new data run was started any time the model yaw was changed, at which point the load cell
measurements were re-zeroed.

RESULTS

Measured Data

An in-depth discussion of the results was given previously in Ref. 9. This data report presents the data corrected for
temperature drift and aerodynamic tares (where applicable) in tabular format in Appendix C. The load cell measurements
coincide with typical wind tunnel aircraft body axes [Ref. 17], as shown in Figs. 8 and 9. All of the data are reported in this
body axis system:

- F, - Axial force, positive aft

- F,—Side force, positive right

- F,—Thrust, positive up

- M, — Roll moment, positive right side down
- M, - Pitch moment, positive nose up

- M, - Yaw moment, positive nose right

Note that the M, and M, axes do not follow a right-handed convention with their respective axes. Since the model is mounted
at a 90 deg roll angle, the y- and z-directions of the load cell do not align with a typical wind tunnel coordinate system. The
six-axis load cell was fixed to the model, so no angle transformations were required to translate the load cell measurements to
body axes. The only transformation required then was a translation of the moments. For the measurements reported in
Appendix C, the moment center for the full vehicle and bare airframe configurations is in the rotor plane at the point
equidistant from all four (or eight) rotors. For the isolated rotor, the moment center is taken at the center of the rotor hub. The
numbering of the rotors is shown in Fig. 17.

In addition to the force and moment data, the tunnel and atmospheric conditions are given so that appropriate non-
dimensional values, such as thrust coefficient, can be calculated. Each data table is split into two or three sub-tables. For the
full vehicle data tables, the tunnel conditions, vehicle attitude, and rotor speed are given in Table (a). The measurements of
force, moment, ESC voltage, and ESC current are given in Table (b), and the calculated uncertainties for the force/moment
and voltage/current measurements are given in Table (c). For the bare airframe and isolated rotor tests, Table (a) gives the
tunnel and vehicle conditions as well as the force and moment and electrical voltage/current measurements, while the
measurement uncertainties are given in Table (b). The uncertainties given are based on the analysis presented in the following
section.
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Figure 17. Rotor numbering (top-down view)

Measurement Uncertainty

The majority of the uncertainty analysis focuses on the force and moment measurements. ESC voltage and current
measurement uncertainty is also briefly discussed in this section. As previously mentioned, the manufacturer’s stated
uncertainty for the load cell is 0.25% of full scale. For the load cell that was used for the majority of testing, the capacity in
the x- and y-directions is 50 1b. In the z-direction, the capacity is 100 1b, and the moment capacity is 150 in-1b in all three
directions. This translates to an uncertainty of 0.13 lb in the x- and y-force measurements, 0.25 1b in the z-force
measurements, and 0.38 in-1b in all three moment directions. Based on the error analysis presented below, the uncertainty is
believed to be less than the manufacturer’s stated uncertainty for the load ranges measured during this test. The contributions
to uncertainty for all six force and moment measurements are given in Table 5.

Check loads were performed both before and after the test in order to quantify the accuracy of the load cell over the load
range tested. The results for the post-test check loads are shown in Fig. 18. Measurements were taken with both increasing
and decreasing loads to check for hysteresis. If the load cell measurements were perfect, the measured loads would exactly
follow the black line, with a slope of 1. The relative error for all of the check loads is fairly constant for the non-zero
measurements, indicating that the slope of the sensitivity curve over this load range is slightly off. Based on the check load
data, the uncertainty due to calibration error is largest in the x-direction, with a value of +0.020F,. This uncertainty is listed as
“relative cal. error" in Table 5. As shown, the hysteresis is very small, with values in the hundredths of pounds or inch-
pounds. The uncertainty in the x-direction due to hysteresis, for example, was measured as +0.021 Ib.

The third source of force and moment measurement uncertainty that can be applied across all of the data runs is the
repeatability of measurements. Ideally, the temperature-corrected forces and moments measured for the static point at the end
of each run would be zero; however, there is scatter in these ending static points (previously shown in Fig. 13). The scatter of
these points was used to determine the measurement uncertainty due to repeatability (the final row in Table 5). The 95%
confidence interval for the uncertainty due to non-repeatability of data points is two times the standard deviation about the
mean of the errors for the ending static points.

The final source of uncertainty, which must be calculated separately for each measurement, is the fact that the force and
moment measurements are based on an average of unsteady load measurements. For each measurement taken during the test,
the standard deviation was recorded. The 95% confidence interval about the mean due to measurement unsteadiness is
20 /YN, where o is the standard deviation at a given data point and N is the number of samples. For the 30-second data
records at 1,024 samples per second collected for this test, N equals 30,720.

The total force and moment measurement uncertainty is then calculated as the root-sum-square of the four different
uncertainty sources. Figure 19 shows an example of the x- and z-force data with error bars for Run 63, which is the same run
shown in Fig. 14. The error bars represent the total uncertainty, including the contributions shown in Table 5, as well as the
95% confidence interval about the mean of the unsteady load measurements. The maximum calculated uncertainty in the z-
force for this run is 0.163 lb. For the x-direction, the maximum uncertainty is lower, at 0.127 b, but represents a higher
relative uncertainty. It should be noted that the majority of the force and moment measurement uncertainty comes from the
repeatability of the measurements.
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For the ESC voltage measurements, the standard deviation about the mean is the only quantifiable source of uncertainty. For

the ESC current measurements, there are two sources: standard deviation about the mean and a factor of +1% due to the
resistor tolerance.
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Figure 18. Check load results

Table 5. Force and moment measurement uncertainty contributions

Source F, F, F M, M, M
Relative Cal. - 050 0012 0002 0004 0003 0.008
Error

Hysteresis, 051 0011 0052 0010 0032 0018
Ib or in-1b

Repeatability,  nes 0055 0.123 0.148 0269 0.191
Ib or in-1b
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Figure 19. x- and z-force for Run 63 — 3DR Iris+ including uncertainty

CONCLUSIONS

The goal of this test was to generate a high-quality set of data for the performance of multicopter UAS vehicles. The intent is
to use this data to enhance software tools in use both inside and outside of NASA to design and analyze multicopter vehicles.
The applications targeted by this test are trajectory estimation and vehicle design and analysis, but there could certainly be
others that will be able to make use of the data.

The test generated data for five different vehicles in both forward flight and in hover. The data include forces and moments
and electrical power as a function of rotor RPM, airspeed, and vehicle attitude. This paper described the test setup and
procedure as well as summarized the results of the test at a select number of operating conditions. The complete results are
contained in Appendix C.

The data that were collected for the full vehicles as well as for the bare airframes and isolated rotors will allow for
development and validation of analytical and numerical models at both the full vehicle and component levels. This breadth of
validation data was previously unavailable in the public domain. The data produced by this research effort represent a
significant step forward in advancing the understanding of multicopter UAS performance.
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Figure A 1. 3DR SOLO blade airfoil geometry




Table A 1. 3DR SOLO blade geometry

Stgﬁ;’“ /R Pitch (deg) C(}i‘z;d ilqs (Zjl §

0.320 0.064 11.693 0.680 -0.129 -0.051
0514 0.103 14212 0.860 -0.134 -0.054
0.708 0.142 16321 1.038 -0.136 -0.055
0.903 0.181 17.613 1.191 -0.136 -0.060
1.097 0219 18.329 1.268 -0.136 -0.065
1291 0.258 18.162 1.260 -0.142 -0.065
1.485 0.297 18.014 1224 -0.146 -0.062
1.679 0.336 17.695 1.180 -0.147 -0.058
1.873 0375 17.390 1.138 -0.146 -0.055
2067 0.414 16.971 1.091 -0.145 -0.051
2261 0.452 16.639 1.049 -0.144 -0.047
2.456 0.491 16.180 1.003 -0.143 -0.043
2650 0.530 15.786 0.958 -0.141 -0.039
2.844 0.569 15.325 0913 -0.139 -0.035
3.038 0.608 14.796 0.869 -0.136 -0.032
3232 0.646 14.120 0.822 -0.134 -0.029
3.426 0.685 13.447 0.780 -0.131 -0.026
3.620 0.724 12.668 0.735 -0.129 -0.023
3815 0.763 11.848 0.689 -0.126 -0.020
4009 0.802 10.802 0.642 -0.124 0017
4203 0.841 9713 0.600 -0.122 0013
4397 0.879 8.560 0.555 -0.119 -0.009
4591 0918 7720 0.509 -0.113 -0.002
4785 0.957 6.920 0.448 -0.097 0.006
4979 0.996 10.121 0.236 0.034 0.017

21



0.4
0.2

-0.2
-0.4
-0.6

0.4
0.2

-0.2
-0.4
-0.6

0.4
0.2

-0.2
-0.4
-0.6

0.4
0.2

-0.2
-0.4
-0.6

0.4
0.2

-0.2

-0.4
-0.6

22

r/R =0.1586

0 0.5 1

%
r/R = 0.3056

0 0.5 1

%
r/R =0.5016

0 0.5 1
r/R = 0.6976

0 0.5 1
r/R = 0.8936

0 0.5 1

0.4
0.2

-0.2
-0.4
-0.6

0.4
0.2

-0.2
-0.4
-0.6

0.4
0.2

-0.2
-0.4
-0.6

0.4
0.2

-0.2
-0.4
-0.6

0.4
0.2
0
-0.2
-0.4
-0.6

[ —
r/R = 0.2076

0 0.5 1

%
r/R = 0.3546

0 0.5 1

P
r/R = 0.5506

0 0.5 1
r/R = 0.7466

0 0.5 1
/R = 0.9426

0 0.5 1

0.4
0.2

-0.2
-0.4
-0.6

0.4
0.2

-0.2
-0.4
-0.6

0.4
0.2

0.2
-0.4
-0.6

0.4
0.2

-0.2
-0.4
-0.6

0.4
0.2
0
-0.2
-0.4
-0.6

%
r/R = 0.2566

0 0.5 1

%
r/R = 0.4036

0 0.5 1
r/R = 0.5996

0 0.5 1
r/R = 0.7956

0 0.5 1

G —
r/R =0.9916

0 0.5 1

Figure A 2. DJI Phantom 3 blade airfoil geometry
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Table A 2. DJI Phantom 3 blade geometry

Stgﬁ;’n /R Pitch (deg)  Chord (in) iﬂ; ﬁfg
0.745 0.159 15.576 0.868 -0.097 0.005
0.976 0.208 18.060 1.058 -0.095 0.005
1.206 0.257 20.130 1.192 -0.090 0.001
1.320 0.281 20.485 1219 -0.088 0.001
1.436 0306 19.822 1.199 -0.092 0.002
1.667 0355 18.234 1.119 -0.087 0.003
1.897 0.404 17.238 1.038 -0.076 0.009
2.127 0.453 16.053 0.965 0,072 0.013
2358 0.502 14972 0.902 -0.068 0.017
2588 0551 14.420 0.844 -0.065 0023
2818 0.600 13.787 0.790 -0.061 0.028
3.049 0.649 13.184 0.743 -0.059 0.031
3279 0.698 12.563 0.695 -0.056 0.033
3.509 0.747 12.037 0.648 -0.052 0.035
3.740 0.796 11535 0.600 -0.049 0.038
3.970 0.845 11.060 0.553 -0.046 0.039
4200 0.894 10.616 0511 -0.046 0.038
4.430 0.943 10.017 0.473 -0.041 0.036
4661 0.992 9.613 0.410 -0.033 0.048
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Figure A 3. 3DR Iris+ blade airfoil geometry

0.4 0.4 0.4 0.4
0.2 0.2 0.2 0.2
T~ e T | ]
-0.2 -0.2 -0.2 -0.2
r/R = 0.1096 -0.4 r/R = 0.1463 -0.4 r/R = 0.1830 -0.4 r/R = 0.2196 -0.4 r/R = 0.2563
-0.6 -0.6 -0.6 -0.6
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
0.4 0.4 0.4 0.4
0.2 0.2 0.2 0.2
R —— ol = Y I e — Y I — Y e —
-0.2 -0.2 -0.2 -0.2
r/R = 0.2930 0.4 r/R = 0.3296 0.4 r/R = 0.3663 0.4 1/R = 0.4030 0.4 r/R = 0.4396
-0.6 -0.6 -0.6 -0.6
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
0.4 0.4 0.4 0.4
0.2 0.2 0.2 0.2
S —— P s — R e — B s ——— B s ——
-0.2 -0.2 -0.2 -0.2
r/R = 0.4763 0.4 /R = 0.5130 0.4 r/R = 0.5496 0.4 1/R = 0.5863 0.4 /R = 0.6230
-0.6 -0.6 -0.6 -0.6
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
0.4 0.4 0.4 0.4
0.2 0.2 0.2 0.2
S — o) B e — ol cC— ———— o) B s — o C—————
-0.2 -0.2 -0.2 -0.2
r/R = 0.6596 -0.4 r/R = 0.6963 -0.4 r/R = 0.7330 04 r/R = 0.7696 -04 r/R = 0.8063
-0.6 -0.6 -0.6 -0.6
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
0.4 0.4 0.4 0.4
0.2 0.2 0.2 0.2
S ——— ol c— ———— | ol —C—————— ol cC———— | ot _ ———_———
-0.2 -0.2 -0.2 -0.2
1/R = 0.8430 0.4 1/R = 0.8796 0.4 /R = 0.9163 0.4 1/R = 0.9530 0.4 1/R = 0.9896
-0.6 -0.6 -0.6 -0.6
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1




Table A 3. 3DR Iris+ blade geometry

Stgﬁ;’“ 1R Pitch (deg) C(}i‘z;d ilqs (Zjl §
0.526 0.110 14.119 0.851 -0.158 0.030
0.702 0.146 16311 0.997 -0.163 0.041
0.878 0.183 17.685 1.116 -0.166 0.046
1.054 0.220 18.445 1.194 -0.167 0.047
1230 0.256 18.666 1220 -0.169 0.044
1.406 0.293 18.439 1.200 0171 0.044
1.582 0330 18.116 1.160 -0.172 0.046
1758 0366 17.524 1.115 -0.173 0.047
1.934 0.403 17.109 1.074 -0.173 0.049
2.110 0.440 16.727 1.028 -0.172 0.051
2286 0.476 16316 0.983 0171 0.051
2462 0513 15.698 0.941 -0.172 0.050
2638 0.550 15.086 0.900 -0.173 0.049
2814 0.586 14512 0.859 -0.174 0.048
2.990 0.623 14.001 0.819 -0.174 0.049
3.166 0.660 13.593 0.780 -0.173 0.049
3342 0.696 13.031 0.741 -0.172 0.048
3518 0.733 12562 0.701 0171 0.050
3.694 0.770 12.061 0.661 -0.169 0.051
3.870 0.806 11.468 0.619 -0.167 0.054
4046 0.843 10.830 0577 -0.164 0.057
4222 0.880 9.992 0.538 -0.162 0.061
4398 0916 9.423 0.496 -0.159 0.070
4574 0.953 9.209 0431 -0.141 0.081
4750 0.990 11.123 0273 -0.049 0.092
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Figure A 4. Drone America DAx8 (T-Motor 11x3.7 CF) blade airfoil geometry
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Table A 4. Drone America DAx8 (T-Motor 11x3.7 CF) blade geometry

Stgﬁ;’“ /R Pitch (deg) C(}i‘z;d ifs (le §
1.005 0.183 19.416 0.812 -0.128 0.029
1.190 0216 21.184 0.930 -0.119 0.025
1375 0250 21,087 1.024 -0.114 0.027
1.560 0.284 19.268 1.088 -0.108 0.032
1745 0317 17382 1.128 -0.108 0.038
1.930 0.351 15.641 1.143 -0.110 0.041
2.115 0385 14.545 1.145 0111 0.042
2300 0418 13.728 1.138 -0.110 0.043
2.485 0.452 12.935 1.124 -0.112 0.045
2670 0.485 12.023 1.108 -0.117 0.048
2.855 0519 11.191 1.082 -0.124 0.050
3.040 0.553 10.468 1.051 -0.129 0.052
3225 0.586 9.878 1.019 -0.136 0.056
3.410 0.620 9389 0.985 -0.143 0.059
3.595 0.654 8.866 0.948 -0.147 0.061
3.780 0.687 8378 0917 -0.149 0.061
3.965 0.721 7976 0.883 -0.153 0.061
4.150 0755 7740 0.846 -0.155 0.062
4335 0.788 7574 0.808 -0.157 0.063
4520 0.822 7359 0.764 -0.158 0.065
4705 0.855 7.137 0.719 -0.157 0.069
4.890 0.889 6.689 0.669 -0.151 0.073
5075 0.923 6511 0.612 -0.139 0.082
5260 0.956 6.497 0.533 -0.107 0.094
5.445 0.990 7317 0.354 -0.004 0.107
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Figure A 5. SUI Endurance (T-Motor 15x5 CF) blade airfoil geometry
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Table A 5. SUI Endurance (T-Motor 15x5 CF) blade geometry

Stgg;’“ /R 2;:; Chord (in) )(ﬁ; (Zfl;
1.240 0.165 17.171 0.982 -0.169 0.028
1.550 0207 17284 1.101 0.177 0.038
1.860 0.248 21264 1.349 -0.148 0.025
2.170 0.289 19.863 1.449 0141 0.026
2.480 0331 17.925 1.498 20135 0.027
2790 0372 16355 1511 -0.132 0.025
3.100 0413 15.090 1.497 20.132 0.025
3.410 0.455 13.921 1.467 -0.138 0.025
3.720 0.496 12.928 1.427 -0.145 0.028
4030 0.537 12.168 1379 -0.153 0.031
4340 0.579 11.468 1.329 20.159 0.031
5.890 0.785 9385 1.008 0175 0.039
6510 0.868 8.527 0.860 0.173 0.047
6.820 0.909 8.128 0.764 -0.164 0.059
7.130 0.951 7.833 0.633 20136 0.079
7285 0.971 7.629 0.530 20.102 0.092
7.440 0.992 7.987 0310 0011 0.100
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APPENDIX B: Test Matrices
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Table B 1. Full vehicle test matrix

Nominal Yaw Pitch Angle® P
Model Speed, ft/s  Angle, deg RPM
3DR SOLO 20 0 -40 - 40 4,600 — 6,800 +A
40 0 -40 - 40 4,600 — 6,800 +A
80 0 -40 - -20 5,700 — 6,800
20 -5 -40 - 40 4,600 — 6,800 +A
40 -5 -40 - 40 4,600 — 6,800 +A
40 -30 -10-10 4,000 - 6,300
20 -45 -10-10 4,000 - 6,300 +A
40 -45 -10-10 4,000 - 6,300
40 -60 -10-10 4,000 - 6,300
20 -90 -10-10 4,000 - 6,300 +A
40 -90 -10-10 4,000 - 6,300
0 (hover) 0 0 3,500 — 8,000 +A
DIJI Phantom 3 20 0 -40-0 4,200 — 6,400 +A
40 0 -40-0 4,200 — 6,400 +A
0 (hover) 0 0 3,500 — 7,500 +A
3DR Iris+ 20 0 -40-0 4,300 - 6,500 +A
40 0 -40-0 4,300 - 6,500 +A
0 (hover) 0 0 2,500 — 8,000 +A
Drone America x8 20 0 -40 - 20 5,000 — 7,400 +A
40 0 -40-0 5,000 — 7,400 +A
20 -5 -40 - 20 5,600 — 8,400 +A*
40 -5 -40-0 5,600 — 8,400 +A*
20 -30 -10-10 5,600 — 8,400*
20 -45 -10-10 5,600 — 8,400 +A*
20 -60 -10-10 5,600 — 8,400*
20 -90 -10-10 5,600 — 8,400 +A*
0 (hover) 0 0 4,500 — 9,000 +A
SUI Endurance 20 0 -40 - 40 2,800 — 4,200 +A
40 0 -40 - 40 2,800 — 4,200 +A
60 0 -40 - -20 4,200 - 5,000
20 -5 -40 - 40 2,800 — 4,200 +A
20 -30 -10-10 2,800 — 4,200
20 -45 -10-10 2,800 — 4,200 +A
20 -60 -10-10 2,800 — 4,200
20 -90 -10-10 2,800 — 4,200 +A
0 (hover) 0 0 1,500 — 4,600 +A

¢ Pitch angle is the angle of the tunnel turntable, so in terms of vehicle Euler angles, the pitch rotation would be executed
first and the yaw angle second

* +A next to the RPM entries indicates that differential RPM values were tested in addition to the uniform RPM sweeps

* During testing of the DAx8, the baseline RPM was changed from 6,200 to 7,000 to better represent the baseline weight of
the vehicle
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Table B 2. Bare airframe test matrix

Nominal Yaw Angle,

Model Speed, fis deg Pitch Angle® RPM
3DR SOLO 20 0 -40 - 40 N/A
40 0 -40 - 40 N/A
80 0 -40 - 40 N/A
20 -90 -10-10 N/A
40 -90 -10-10 N/A
DJI Phantom 3 40 0 -40 — 40 N/A
3DR Iris+ 20 0 -40 - 40 N/A
40 0 -40 — 40 N/A
Drone America x8 20 0 -40 - 40 N/A
20 0 -40 - 40 N/A
20 -45 -10-10 N/A
40 -90 -10-10 N/A
SUI Endurance 20 0 -40 - 40 N/A
40 0 -40 - 40 N/A
20 -90 -10-10 N/A

¢ Pitch angle is the angle of the tunnel turntable, so in terms of vehicle Euler angles, the pitch
rotation would be executed first and the yaw angle second

Table B 3. Isolated rotor test matrix

Nominal Yaw Angle,

Model Speed, fis deg Pitch Angle RPM
3DR SOLO 20 N/A -40 — 40 4,600 — 6,300
40 N/A -40-0 5,700 - 6,800
80 N/A -40 —-20 5,700 - 8,600
0 (hover) N/A 0 2,500 - 8,000
DJI Phantom 3 0 (hover) N/A 0 2,500 — 8,000
3DR Iris+ 0 (hover) N/A 0 2,500 — 8,000
Drone America x8 20 N/A -10-0 6,200 — 8,400
40 N/A -20-0 6,200 — 8,400
0 (hover) N/A 0 2,500 — 8,500
SUI Endurance 20 N/A -20-0 2,800 — 4,200

0 (hover) N/A 0 2,000 — 4,500
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APPENDIX C: Test Data Tables
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Wind Tunnel Data - 3DR SOLO Full Vehicle



Table Cla. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,

RPM = 4,600 to 6,800 (uniform) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (slug/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
25 5 19.70 0.48 0.00246 0 -39.94 4600 4600 4600 4600
25 6 20.05 0.49 0.00246 0 -39.94 5100 5100 5100 5100
25 7 20.05 0.49 0.00246 0 -39.94 5700 5700 5700 5700
25 8 20.04 0.49 0.00246 0 -39.94 6300 6300 6300 6300
25 9 20.17 0.50 0.00246 0 -39.94 6800 6800 6800 6800
25 10 19.91 0.49 0.00246 0 -19.91 4600 4600 4600 4600
25 11 19.96 0.49 0.00246 0 -19.91 5100 5100 5100 5100
25 12 20.15 0.50 0.00246 0 -19.91 5700 5700 5700 5700
25 13 20.18 0.50 0.00246 0 -19.91 6300 6300 6300 6300
25 14 20.22 0.50 0.00246 0 -19.91 6800 6800 6800 6800
25 15 19.24 0.45 0.00245 0 -9.90 4600 4600 4600 4600
25 16 19.21 0.45 0.00245 0 -9.90 5100 5100 5100 5100
25 17 19.21 0.45 0.00245 0 -9.90 5700 5700 5700 5700
25 18 19.22 0.45 0.00245 0 -9.90 6300 6300 6300 6300
25 19 19.14 0.45 0.00245 0 -9.90 6800 6800 6800 6800
26 6 20.26 0.50 0.00243 0 -4.98 4600 4600 4600 4600
26 7 19.82 0.48 0.00243 0 -4.98 5100 5100 5100 5100
26 8 19.95 0.48 0.00243 0 -4.98 5700 5700 5700 5700
26 9 19.82 0.48 0.00243 0 -4.98 6300 6300 6300 6300
26 10 19.98 0.48 0.00243 0 -4.98 6800 6800 6800 6800
26 17 19.89 0.48 0.00242 0 -1.98 4600 4600 4600 4600
26 18 19.88 0.48 0.00242 0 -1.98 5100 5100 5100 5100
26 19 19.95 0.48 0.00242 0 -1.98 5700 5700 5700 5700
26 20 19.92 0.48 0.00242 0 -1.98 6300 6300 6300 6300
26 21 19.85 0.48 0.00242 0 -1.98 6800 6800 6800 6800
26 28 19.12 0.44 0.00242 0 -0.04 4600 4600 4600 4600
26 30 20.45 0.50 0.00241 0 -0.04 5100 5100 5100 5100
26 31 20.42 0.50 0.00241 0 -0.04 5700 5700 5700 5700
26 32 20.44 0.50 0.00241 0 -0.04 6300 6300 6300 6300
26 33 20.29 0.50 0.00241 0 -0.04 6800 6800 6800 6800
27 6 20.46 0.50 0.00239 0 2.04 4600 4600 4600 4600
27 7 20.29 0.49 0.00239 0 2.04 5100 5100 5100 5100
27 8 20.04 0.48 0.00239 0 2.04 5700 5700 5700 5700
27 9 20.03 0.48 0.00239 0 2.04 6300 6300 6300 6300
27 10 19.99 0.48 0.00239 0 2.04 6800 6800 6800 6800
27 17 20.23 0.49 0.00238 0 5.03 4600 4600 4600 4600
27 18 20.25 0.49 0.00238 0 5.03 5100 5100 5100 5100
27 19 20.11 0.48 0.00238 0 5.03 5700 5700 5700 5700
27 20 19.81 0.47 0.00238 0 5.03 6300 6300 6300 6300
27 21 19.84 0.47 0.00238 0 5.03 6800 6800 6800 6800
28 5 20.30 0.48 0.00235 0 9.95 4600 4600 4600 4600
28 6 20.24 0.48 0.00235 0 9.95 5100 5100 5100 5100
28 7 20.04 0.47 0.00235 0 9.95 5700 5700 5700 5700
28 8 19.61 0.45 0.00235 0 9.95 6300 6300 6300 6300
28 9 19.45 0.44 0.00235 0 9.95 6800 6800 6800 6800
28 16 20.23 0.48 0.00234 0 19.96 4600 4600 4600 4600
28 17 19.95 0.47 0.00234 0 19.96 5100 5100 5100 5100
28 18 19.62 0.45 0.00234 0 19.96 5700 5700 5700 5700
28 19 20.48 0.49 0.00234 0 19.96 6300 6300 6300 6300
28 20 20.34 0.48 0.00234 0 19.96 6800 6800 6800 6800
28 21 20.04 0.47 0.00234 0 39.99 4600 4600 4600 4600
28 22 19.43 0.44 0.00234 0 39.99 5100 5100 5100 5100
28 23 20.34 0.48 0.00234 0 39.99 5700 5700 5700 5700
28 24 18.60 0.40 0.00234 0 39.99 6300 6300 6300 6300
28 25 20.40 0.49 0.00234 0 39.99 6800 6800 6800 6800
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Table C1b. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,

RPM = 4,600 to 6,800 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

25 5 0.238 -0.002 1.663 0.033 0.633 0.013 16.827 1.468 1.645 1.518 1.510
25 6 0.286 -0.013 2.207 0.109 0.915 -0.018 16.799 1.888 2.135 2.075 1.922
25 7 0.323 -0.002 2.849 0.110 1.315 -0.073 16.761 2.582 2.917 2.737 2.639
25 8 0.369 -0.006 3.532 0.197 1.477 -0.079 16.715 3.488 3.861 3.632 3.535
25 9 0.427 0.003 4.268 0.161 1.788 -0.137 16.669 4.296 4.801 4.503 4.361
25 10 0.347 -0.015 2.266 0.235 1.788 -0.023 16.826 1.507 1.590 1.588 1.556
25 11 0.371 -0.028 2.743 0.214 2.089 -0.026 16.797 1.998 2.095 2.124 2.065
25 12 0.425 -0.020 3.441 0.143 2.667 -0.070 16.760 2.615 2.850 2.840 2.682
25 13 0.476 -0.010 4.221 -0.010 3.283 -0.055 16.715 3.454 3.778 3.644 3.510
25 14 0.519 0.004 4.918 0.083 3.431 -0.068 16.668 4.434 4.680 4.596 4.395
25 15 0.339 -0.026 2.397 0.164 2.329 -0.026 16.823 1.528 1.655 1.581 1.595
25 16 0.380 -0.020 2.952 0.138 2.707 0.019 16.796 1.930 2.124 2.113 1.952
25 17 0.420 -0.010 3.594 0.257 3.161 0.036 16.761 2.611 2.873 2.737 2.691
25 18 0.473 -0.004 4.379 0.095 3.709 0.017 16.713 3.609 3.805 3.538 3.585
25 19 0.507 0.013 5.071 0.234 3.977 -0.069 16.666 4.475 4.806 4.426 4.411
26 6 0.358 -0.019 2.545 -0.052 2.993 0.055 16.817 1.490 1.738 1.558 1.564
26 7 0.388 -0.024 3.027 -0.039 3.184 0.071 16.794 2.005 2.207 2.115 2.051
26 8 0.440 -0.004 3.732 -0.045 3.751 0.064 16.758 2.767 3.007 2.728 2.605
26 9 0.506 0.008 4.551 0.055 4.333 0.066 16.711 3.715 3.938 3.557 3.481
26 10 0.557 0.006 5.252 -0.027 4.723 0.074 16.664 4.654 4.893 4.398 4.271
26 17 0.328 -0.023 2.530 0.062 3.294 0.004 16.820 1.628 1.729 1.654 1.470
26 18 0.368 -0.026 3.021 0.062 3.572 0.031 16.791 1.999 2.298 2.115 2.037
26 19 0.428 -0.017 3.743 0.007 4.117 0.019 16.758 2.811 2.985 2.698 2.554
26 20 0.499 -0.002 4.537 0.045 4.670 0.016 16.711 3.744 3.945 3.519 3.421
26 21 0.542 0.002 5.262 -0.039 5.099 0.034 16.662 4.702 5.025 4.374 4.284
26 28 0.297 -0.032 2.503 0.094 3.495 -0.013 16.818 1.490 1.735 1.534 1.536
26 30 0.370 -0.039 3.084 0.034 4.005 0.002 16.794 2.020 2.249 2.048 1.973
26 31 0.422 -0.024 3.771 -0.021 4.478 -0.031 16.756 2.830 2.998 2.748 2.569
26 32 0.493 -0.013 4.564 -0.070 5.018 0.003 16.711 3.745 3.941 3.534 3.364
26 33 0.551 -0.010 5.263 -0.111 5.376 0.019 16.662 4.689 4.955 4.398 4.171
27 6 0.350 -0.016 2.606 0.006 3.810 0.020 16.816 1.594 1.774 1.653 1.580
27 7 0.397 -0.021 3.113 -0.027 4.144 0.051 16.791 2.103 2.353 2.042 2.016
27 8 0.448 -0.003 3.770 -0.093 4.610 0.001 16.756 2.865 3.043 2.703 2.563
27 9 0.522 0.004 4.574 -0.221 5.066 0.056 16.710 3.809 3.971 3.543 3.328
27 10 0.582 0.003 5.278 -0.281 5.450 0.074 16.662 4.753 4.967 4.364 4.100
27 17 0.345 -0.015 2.630 -0.051 4.390 0.011 16.814 1.678 1.920 1.614 1.537
27 18 0.390 -0.021 3.109 0.014 4.685 0.040 16.792 2.169 2.332 2.004 1.987
27 19 0.442 0.002 3.807 -0.001 5.218 -0.001 16.754 2.894 3.146 2.691 2.581
27 20 0.516 0.003 4.609 -0.126 5.677 0.056 16.708 3.816 4.121 3.519 3.299
27 21 0.566 0.008 5.280 -0.155 6.024 0.104 16.662 4.832 5.100 4.259 4.113
28 5 0.352 -0.001 2.617 -0.031 5.227 0.046 16.814 1.746 1.902 1.583 1.419
28 6 0.410 -0.000 3.087 0.016 5.720 0.070 16.791 2.206 2.374 2.009 1.895
28 7 0.465 0.018 3.751 -0.119 6.247 0.050 16.755 2.932 3.126 2.637 2.499
28 8 0.537 0.020 4.559 -0.248 6.377 0.104 16.708 3.897 4.152 3.429 3.259
28 9 0.584 0.010 5.223 -0.450 6.610 0.165 16.662 4.854 5.096 4.221 4.028
28 16 0.327 0.025 2.835 -0.110 5.885 0.136 16.814 1.788 1.935 1.575 1.496
28 17 0.380 0.029 3.263 -0.157 6.985 0.153 16.788 2.299 2.518 1.990 1.903
28 18 0.439 0.033 3.820 -0.309 8.047 0.159 16.753 3.054 3.290 2.551 2.482
28 19 0.509 0.035 4.610 -0.458 9.050 0.191 16.704 4.060 4.252 3.407 3.204
28 20 0.516 -0.001 5.551 -0.270 11.634 0.242 16.653 5.265 5.478 4.102 4.044
28 21 0.230 0.032 3.334 -0.251 2.969 0.120 16.813 1.666 1.777 1.739 1.654
28 22 0.242 0.034 3.827 -0.305 3.011 0.114 16.788 2.146 2.269 2.181 1.922
28 23 0.260 0.023 4.650 -0.221 3.206 0.067 16.746 2.901 3.114 2.964 2.930
28 24 0.274 0.031 5.258 -0.281 6.130 0.188 16.693 4.039 4.207 3.803 3.726
28 25 0.319 0.037 6.175 -0.623 6.833 0.251 16.645 5.032 5.068 4.706 4.578




Table Clc. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,

RPM = 4,600 to 6,800 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
25 5 0.088 0.057 0.134 0.150 0.272 0.192 0.001 0.028 0.031 0.029 0.028
25 6 0.089 0.058 0.135 0.156 0.289 0.208 0.001 0.035 0.039 0.037 0.035
25 7 0.089 0.057 0.134 0.149 0.277 0.197 0.001 0.045 0.049 0.047 0.045
25 8 0.091 0.056 0.134 0.149 0.279 0.197 0.001 0.056 0.061 0.058 0.056
25 9 0.105 0.057 0.135 0.151 0.306 0.194 0.001 0.065 0.071 0.067 0.065
25 10 0.088 0.057 0.134 0.150 0.274 0.193 0.001 0.029 0.031 0.030 0.029
25 11 0.091 0.059 0.136 0.157 0.299 0.213 0.001 0.036 0.038 0.038 0.037
25 12 0.091 0.057 0.135 0.150 0.282 0.200 0.001 0.045 0.049 0.048 0.046
25 13 0.094 0.057 0.135 0.151 0.285 0.201 0.001 0.056 0.060 0.058 0.056
25 14 0.126 0.058 0.139 0.154 0.345 0.197 0.001 0.065 0.071 0.068 0.066
25 15 0.088 0.057 0.134 0.151 0.274 0.193 0.001 0.029 0.031 0.030 0.030
25 16 0.091 0.060 0.137 0.158 0.301 0.217 0.001 0.036 0.039 0.038 0.036
25 17 0.092 0.057 0.135 0.150 0.285 0.199 0.001 0.045 0.049 0.046 0.046
25 18 0.098 0.057 0.135 0.151 0.291 0.203 0.001 0.057 0.060 0.057 0.057
25 19 0.129 0.058 0.139 0.155 0.350 0.198 0.001 0.066 0.072 0.067 0.066
26 6 0.088 0.058 0.134 0.151 0.276 0.193 0.001 0.029 0.032 0.030 0.030
26 7 0.091 0.060 0.136 0.160 0.297 0.218 0.001 0.037 0.039 0.038 0.038
26 8 0.092 0.057 0.135 0.150 0.284 0.202 0.001 0.047 0.050 0.047 0.045
26 9 0.100 0.057 0.136 0.152 0.297 0.204 0.001 0.059 0.062 0.057 0.055
26 10 0.141 0.058 0.140 0.155 0.376 0.199 0.001 0.069 0.072 0.067 0.065
26 17 0.088 0.057 0.134 0.151 0.277 0.193 0.001 0.030 0.033 0.031 0.029
26 18 0.091 0.060 0.136 0.160 0.294 0.220 0.001 0.038 0.040 0.038 0.037
26 19 0.091 0.057 0.135 0.150 0.283 0.203 0.001 0.048 0.050 0.047 0.045
26 20 0.101 0.057 0.136 0.151 0.301 0.202 0.001 0.058 0.062 0.057 0.055
26 21 0.128 0.058 0.139 0.154 0.346 0.200 0.001 0.069 0.074 0.067 0.064
26 28 0.088 0.058 0.134 0.152 0.275 0.193 0.001 0.029 0.032 0.030 0.029
26 30 0.092 0.060 0.137 0.160 0.304 0.219 0.001 0.037 0.040 0.037 0.037
26 31 0.091 0.057 0.135 0.150 0.284 0.202 0.001 0.047 0.050 0.047 0.045
26 32 0.102 0.057 0.136 0.151 0.302 0.202 0.001 0.059 0.062 0.057 0.054
26 33 0.143 0.058 0.140 0.155 0.381 0.200 0.001 0.069 0.073 0.067 0.064
27 6 0.088 0.057 0.135 0.152 0.278 0.193 0.001 0.031 0.033 0.030 0.030
27 7 0.092 0.061 0.136 0.161 0.302 0.226 0.001 0.038 0.041 0.038 0.036
27 8 0.091 0.057 0.135 0.151 0.283 0.202 0.001 0.048 0.051 0.046 0.045
27 9 0.110 0.057 0.138 0.152 0.323 0.199 0.001 0.059 0.062 0.057 0.054
27 10 0.143 0.058 0.141 0.154 0.381 0.200 0.001 0.070 0.073 0.066 0.063
27 17 0.089 0.057 0.135 0.151 0.285 0.193 0.001 0.031 0.035 0.031 0.030
27 18 0.092 0.061 0.136 0.161 0.294 0.228 0.001 0.039 0.041 0.038 0.036
27 19 0.092 0.057 0.135 0.150 0.285 0.201 0.001 0.049 0.052 0.047 0.045
27 20 0.107 0.057 0.137 0.151 0.314 0.201 0.001 0.060 0.064 0.057 0.054
27 21 0.116 0.060 0.136 0.159 0.328 0.211 0.001 0.070 0.075 0.066 0.063
28 5 0.089 0.058 0.136 0.153 0.288 0.195 0.001 0.033 0.035 0.030 0.028
28 6 0.093 0.060 0.137 0.158 0.301 0.224 0.001 0.039 0.042 0.037 0.035
28 7 0.092 0.057 0.135 0.151 0.285 0.203 0.001 0.049 0.052 0.046 0.044
28 8 0.108 0.057 0.137 0.151 0.317 0.202 0.001 0.060 0.064 0.056 0.054
28 9 0.146 0.058 0.140 0.158 0.380 0.204 0.001 0.070 0.075 0.064 0.062
28 16 0.089 0.058 0.136 0.152 0.287 0.194 0.001 0.033 0.035 0.030 0.029
28 17 0.093 0.060 0.136 0.157 0.296 0.217 0.001 0.041 0.044 0.037 0.036
28 18 0.093 0.058 0.136 0.151 0.289 0.205 0.001 0.051 0.054 0.045 0.043
28 19 0.109 0.057 0.137 0.152 0.318 0.204 0.001 0.062 0.066 0.056 0.053
28 20 0.155 0.060 0.141 0.161 0.398 0.207 0.001 0.075 0.079 0.064 0.062
28 21 0.088 0.058 0.135 0.152 0.279 0.194 0.001 0.032 0.033 0.032 0.031
28 22 0.090 0.059 0.135 0.156 0.284 0.209 0.001 0.039 0.041 0.039 0.037
28 23 0.092 0.057 0.135 0.153 0.283 0.203 0.001 0.049 0.052 0.050 0.049
28 24 0.099 0.057 0.138 0.153 0.298 0.199 0.001 0.063 0.066 0.060 0.059
28 25 0.133 0.059 0.142 0.157 0.358 0.204 0.001 0.073 0.075 0.071 0.068
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Table C2a. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,

RPM = 4,000 to 6,800 (uniform) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (sluq/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
29 4 40.37 1.90 0.00233 0 -39.95 4600 4600 4600 4600
29 5 40.38 1.90 0.00233 0 -39.95 5100 5100 5100 5100
29 6 40.42 1.90 0.00233 0 -39.95 5700 5700 5700 5700
29 7 40.67 1.93 0.00233 0 -39.95 6300 6300 6300 6300
29 8 40.82 1.94 0.00233 0 -39.95 6800 6800 6800 6800
29 9 40.11 1.87 0.00233 0 -19.91 4600 4600 4600 4600
29 10 40.44 1.91 0.00233 0 -19.91 5100 5100 5100 5100
29 11 40.04 1.87 0.00233 0 -19.91 5700 5700 5700 5700
29 12 39.88 1.85 0.00233 0 -19.91 6300 6300 6300 6300
29 13 40.10 1.87 0.00233 0 -19.91 6800 6800 6800 6800
29 14 40.53 1.91 0.00233 0 -9.92 4600 4600 4600 4600
29 15 40.24 1.89 0.00233 0 -10.03 5100 5100 5100 5100
29 16 40.19 1.88 0.00233 0 -9.90 5700 5700 5700 5700
29 17 40.06 1.87 0.00233 0 -10.05 6300 6300 6300 6300
29 18 39.95 1.86 0.00233 0 -9.93 6800 6800 6800 6800
29 25 40.83 1.94 0.00233 0 -4.98 4600 4600 4600 4600
29 26 40.76 1.94 0.00233 0 -4.98 5100 5100 5100 5100
29 27 40.55 1.92 0.00233 0 -4.98 5700 5700 5700 5700
29 28 40.73 1.93 0.00233 0 -4.98 6300 6300 6300 6300
29 29 40.60 1.92 0.00233 0 -4.98 6800 6800 6800 6800
29 36 39.70 1.84 0.00233 0 -1.98 4600 4600 4600 4600
29 37 39.55 1.82 0.00233 0 -1.98 5100 5100 5100 5100
29 38 40.49 1.91 0.00233 0 -1.98 5700 5700 5700 5700
29 39 40.29 1.89 0.00233 0 -1.98 6300 6300 6300 6300
29 40 40.15 1.88 0.00233 0 -1.98 6800 6800 6800 6800
31 5 39.32 1.89 0.00244 0 -0.04 4600 4600 4600 4600
31 6 38.89 1.85 0.00245 0 -0.04 5100 5100 5100 5100
31 7 39.36 1.89 0.00245 0 -0.04 5700 5700 5700 5700
31 8 39.11 1.87 0.00245 0 -0.04 6300 6300 6300 6300
31 9 38.97 1.86 0.00245 0 -0.04 6800 6800 6800 6800
31 18 39.54 1.91 0.00245 0 2.03 4600 4600 4600 4600
31 19 39.34 1.89 0.00245 0 2.03 5100 5100 5100 5100
31 20 39.57 1.92 0.00245 0 2.03 5700 5700 5700 5700
31 21 39.21 1.88 0.00245 0 2.03 6300 6300 6300 6300
31 25 38.86 1.85 0.00245 0 5.03 4000 4000 4000 4000
31 27 39.16 1.88 0.00245 0 5.03 4600 4600 4600 4600
31 28 39.13 1.87 0.00245 0 5.03 5100 5100 5100 5100
31 29 38.92 1.85 0.00245 0 5.03 5700 5700 5700 5700
31 30 38.95 1.86 0.00245 0 5.03 6300 6300 6300 6300
32 5 39.70 1.92 0.00244 0 9.95 4000 4000 4000 4000
32 6 39.66 1.92 0.00244 0 9.95 4600 4600 4600 4600
32 7 39.57 1.91 0.00244 0 9.95 5100 5100 5100 5100
32 8 39.55 1.91 0.00244 0 9.95 5700 5700 5700 5700
32 9 39.47 1.90 0.00244 0 9.95 6300 6300 6300 6300
32 13 39.86 1.94 0.00244 0 19.96 4000 4000 4000 4000
32 14 39.77 1.93 0.00244 0 19.95 4600 4600 4600 4600
32 15 39.86 1.94 0.00244 0 19.95 5100 5100 5100 5100
32 16 39.70 1.92 0.00244 0 19.96 5700 5700 5700 5700
32 17 39.42 1.89 0.00243 0 19.96 6300 6300 6300 6300
32 18 39.40 1.89 0.00243 0 39.98 4000 4000 4000 4000
32 19 39.65 1.91 0.00243 0 39.98 4600 4600 4600 4600
32 20 39.22 1.87 0.00243 0 39.98 5100 5100 5100 5100
32 22 39.93 1.94 0.00243 0 39.99 5700 5700 5700 5700




Table C2b. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,

RPM = 4,000 to 6,800 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

29 4 0.528 -0.008 0.383 -0.093 -0.241 0.045 16.842 1.026 1.263 1.187 1.128
29 5 0.559 -0.004 0.773 -0.098 -0.022 0.030 16.818 1.603 1.722 1.673 1.518
29 6 0.608 0.000 1.311 -0.066 0.339 0.045 16.787 2.156 2.321 2.248 2.205
29 7 0.661 0.003 1.881 -0.059 0.777 0.055 16.747 2.809 3.138 2.962 2.861
29 8 0.703 0.004 2.386 -0.226 1.031 0.107 16.710 3.515 3.886 3.720 3.541
29 9 0.832 -0.029 1.892 0.042 1.522 0.159 16.823 1.393 1.574 1.521 1.419
29 10 0.907 -0.034 2.382 -0.005 2.015 0.167 16.797 1.813 2.182 1.994 2.006
29 11 0.970 -0.027 3.044 -0.033 2.918 0.146 16.764 2.479 2.725 2.668 2.565
29 12 1.026 -0.031 3.760 -0.027 3.742 0.103 16.721 3.196 3.592 3.478 3.373
29 13 1.078 -0.034 4.372 -0.105 4.234 0.115 16.681 4.012 4.312 4.255 4.078
29 14 0.838 -0.026 2.582 0.011 3.175 0.028 16.820 1.545 1.655 1.657 1.596
29 15 0.897 -0.032 3.131 0.022 3.995 0.059 16.794 1.922 2.162 2.054 1.946
29 16 0.988 -0.037 3.790 -0.071 4.982 0.118 16.757 2.679 2.885 2.718 2.676
29 17 1.075 -0.039 4.535 0.082 6.038 0.139 16.712 3.534 3.803 3.492 3.454
29 18 1.143 -0.036 5.165 0.092 6.521 0.199 16.669 4.418 4.692 4.269 4.197
29 25 0.787 -0.020 2.876 0.079 4.446 0.087 16.817 1.622 1.810 1.583 1.514
29 26 0.841 -0.015 3.455 -0.034 5.387 0.107 16.789 2.171 2.344 2.061 1.993
29 27 0.921 -0.011 4.163 -0.050 6.799 0.116 16.750 2.994 3.108 2.705 2.618
29 28 1.040 -0.020 4.884 -0.050 7.647 0.179 16.703 3.940 4.045 3.487 3.465
29 29 1.101 -0.022 5.578 0.102 8.377 0.144 16.654 4.871 5.156 4.285 4.253
29 36 0.719 -0.006 3.022 -0.017 5.219 0.108 16.814 1.733 1.906 1.577 1.592
29 37 0.764 -0.007 3.604 -0.069 6.313 0.113 16.786 2.360 2.429 2.154 1.888
29 38 0.875 -0.007 4.346 -0.076 7.736 0.117 16.746 3.118 3.261 2.735 2.643
29 39 0.987 -0.012 5.098 -0.033 8.978 0.160 16.696 4.133 4.319 3.529 3.495
29 40 1.044 -0.017 5.768 0.011 9.796 0.163 16.649 5.017 5.358 4.292 4.239
31 5 0.750 0.014 3.295 0.055 5.741 0.067 16.813 1.859 2.100 1.641 1.564
31 6 0.770 0.007 3.906 0.016 7.053 0.024 16.779 2.196 2.694 2.054 2.061
31 7 0.855 0.012 4.713 0.028 8.819 0.034 16.740 3.364 3.508 2.893 2.782
31 8 0.961 0.011 5.494 0.136 10.032 -0.002 16.690 4.437 4.593 3.787 3.729
31 9 1.049 0.006 6.237 0.247 11.138 -0.019 16.637 5.434 5.762 4.623 4.553
31 18 0.728 -0.000 3.346 0.172 6.231 0.011 16.810 1.938 2.126 1.589 1.594
31 19 0.755 -0.001 3.968 0.035 7.720 0.004 16.781 2.658 2.689 2.221 2.052
31 20 0.822 0.004 4.781 0.062 9.671 0.015 16.739 3.446 3.596 2.851 2.844
31 21 0.919 0.004 5.600 0.144 11.396 -0.001 16.685 4.532 4.780 3.737 3.670
31 25 0.617 -0.022 2.759 0.115 5.142 -0.037 16.836 1.446 1.518 1.177 1.179
31 27 0.675 -0.015 3.415 0.188 6.873 -0.008 16.807 2.028 2.248 1.529 1.663
31 28 0.714 -0.029 4.025 0.185 8.634 -0.060 16.779 2.690 2.960 2.189 2.028
31 29 0.762 -0.014 4.825 0.136 10.837 -0.000 16.736 3.536 3.784 2.780 2.738
31 30 0.852 -0.016 5.718 0.096 13.104 0.014 16.681 4.778 4.972 3.667 3.666
32 5 0.598 0.004 3.145 0.018 4.560 0.006 16.834 1.503 1.622 1.153 1.258
32 6 0.643 0.020 3.828 -0.044 6.744 0.064 16.805 2.059 2.314 1.585 1.581
32 7 0.694 0.008 4.384 -0.065 8.722 0.009 16.773 2.461 2.962 2.016 2.072
32 8 0.748 0.009 5.091 -0.090 11.953 0.051 16.731 3.803 3.995 2.742 2.704
32 9 0.847 0.002 5.972 -0.048 15.087 0.059 16.674 5.073 5.305 3.683 3.595
32 13 0.461 0.004 3.714 -0.039 3.172 0.030 16.827 1.466 1.635 1.404 1.286
32 14 0.483 0.012 4.574 -0.065 4.926 0.039 16.797 2.111 2.331 1.785 1.888
32 15 0.546 0.017 5.240 -0.082 6.666 0.069 16.768 2.871 2.890 2.293 2.253
32 16 0.624 0.014 5.955 -0.130 10.162 0.059 16.726 3.800 4.093 2.839 2.811
32 17 0.699 0.019 6.800 -0.108 13.620 0.095 16.667 5.188 5.421 3.809 3.719
32 18 0.379 -0.003 4.149 -0.020 2.372 0.036 16.822 1.624 1.712 1.552 1.490
32 19 0.364 -0.001 5.115 0.053 2.589 0.020 16.796 2.042 2.261 2.049 2.054
32 20 0.359 0.008 6.025 0.009 3.245 0.036 16.762 2.795 2.804 2.671 2.847
32 22 0.389 0.011 7.120 -0.076 5.729 -0.003 16.716 3.602 3.768 3.376 3.522
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Table C2c. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 40 deg,

RPM = 4,000 to 6,800 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
29 4 0.089 0.057 0.135 0.151 0.284 0.193 0.001 0.021 0.024 0.023 0.022
29 5 0.091 0.059 0.135 0.156 0.289 0.216 0.001 0.029 0.032 0.030 0.029
29 6 0.091 0.057 0.134 0.150 0.280 0.201 0.001 0.038 0.041 0.039 0.038
29 7 0.103 0.057 0.135 0.150 0.310 0.196 0.001 0.047 0.051 0.049 0.047
29 8 0.145 0.057 0.137 0.154 0.387 0.196 0.001 0.055 0.060 0.058 0.055
29 9 0.091 0.058 0.137 0.154 0.297 0.195 0.001 0.027 0.030 0.029 0.028
29 10 0.096 0.061 0.137 0.160 0.311 0.234 0.001 0.034 0.038 0.036 0.036
29 11 0.097 0.059 0.135 0.152 0.292 0.216 0.001 0.043 0.047 0.046 0.044
29 12 0.117 0.057 0.138 0.153 0.340 0.200 0.001 0.052 0.058 0.056 0.054
29 13 0.153 0.060 0.136 0.162 0.403 0.205 0.001 0.061 0.066 0.065 0.061
29 14 0.091 0.060 0.138 0.157 0.301 0.197 0.001 0.029 0.031 0.031 0.029
29 15 0.098 0.062 0.138 0.162 0.318 0.236 0.001 0.036 0.039 0.037 0.036
29 16 0.098 0.059 0.136 0.153 0.295 0.223 0.001 0.046 0.049 0.047 0.046
29 17 0.133 0.058 0.141 0.154 0.377 0.200 0.001 0.057 0.060 0.057 0.055
29 18 0.191 0.060 0.144 0.161 0.487 0.208 0.001 0.066 0.070 0.066 0.063
29 25 0.091 0.061 0.138 0.160 0.303 0.197 0.001 0.031 0.034 0.030 0.029
29 26 0.098 0.065 0.139 0.169 0.332 0.250 0.001 0.039 0.041 0.038 0.037
29 27 0.100 0.059 0.136 0.154 0.301 0.225 0.001 0.049 0.052 0.047 0.045
29 28 0.141 0.058 0.141 0.156 0.402 0.207 0.001 0.061 0.063 0.057 0.056
29 29 0.211 0.063 0.141 0.168 0.532 0.221 0.001 0.072 0.075 0.066 0.065
29 36 0.092 0.058 0.143 0.154 0.333 0.196 0.001 0.033 0.035 0.030 0.030
29 37 0.099 0.064 0.139 0.167 0.342 0.245 0.001 0.042 0.043 0.038 0.036
29 38 0.099 0.060 0.136 0.154 0.300 0.229 0.001 0.051 0.053 0.048 0.045
29 39 0.130 0.058 0.139 0.156 0.375 0.209 0.001 0.063 0.066 0.058 0.056
29 40 0.195 0.061 0.145 0.163 0.503 0.216 0.001 0.073 0.078 0.066 0.064
31 5 0.091 0.064 0.136 0.165 0.290 0.198 0.001 0.034 0.038 0.032 0.030
31 6 0.099 0.073 0.140 0.185 0.340 0.294 0.001 0.041 0.045 0.038 0.038
31 7 0.102 0.059 0.137 0.153 0.316 0.225 0.001 0.053 0.056 0.049 0.047
31 8 0.122 0.059 0.137 0.158 0.342 0.235 0.001 0.066 0.069 0.060 0.058
31 9 0.184 0.061 0.153 0.164 0.476 0.207 0.001 0.077 0.081 0.069 0.068
31 18 0.091 0.060 0.139 0.158 0.308 0.197 0.001 0.035 0.037 0.031 0.030
31 19 0.098 0.066 0.140 0.172 0.338 0.253 0.001 0.045 0.046 0.040 0.037
31 20 0.102 0.059 0.138 0.153 0.313 0.219 0.001 0.054 0.058 0.049 0.048
31 21 0.148 0.059 0.139 0.159 0.404 0.208 0.001 0.068 0.072 0.059 0.058
31 25 0.090 0.068 0.137 0.164 0.279 0.199 0.001 0.027 0.029 0.023 0.024
31 27 0.091 0.061 0.140 0.160 0.313 0.198 0.001 0.036 0.039 0.031 0.031
31 28 0.101 0.067 0.142 0.172 0.359 0.258 0.001 0.046 0.048 0.039 0.037
31 29 0.102 0.059 0.137 0.153 0.316 0.221 0.001 0.057 0.059 0.048 0.047
31 30 0.147 0.059 0.139 0.160 0.407 0.232 0.001 0.070 0.074 0.060 0.058
32 5 0.089 0.072 0.137 0.167 0.287 0.201 0.001 0.028 0.030 0.023 0.024
32 6 0.090 0.060 0.141 0.159 0.314 0.198 0.001 0.038 0.041 0.031 0.030
32 7 0.110 0.064 0.151 0.165 0.437 0.235 0.001 0.044 0.050 0.038 0.038
32 8 0.109 0.058 0.140 0.152 0.340 0.207 0.001 0.059 0.062 0.049 0.046
32 9 0.143 0.060 0.139 0.162 0.405 0.243 0.001 0.074 0.077 0.060 0.058
32 13 0.089 0.059 0.138 0.153 0.279 0.194 0.001 0.029 0.031 0.027 0.026
32 14 0.089 0.063 0.137 0.160 0.287 0.197 0.001 0.038 0.041 0.035 0.035
32 15 0.098 0.061 0.141 0.159 0.345 0.224 0.001 0.048 0.050 0.042 0.041
32 16 0.097 0.058 0.137 0.152 0.301 0.205 0.001 0.060 0.063 0.050 0.048
32 17 0.107 0.058 0.136 0.155 0.320 0.234 0.001 0.075 0.078 0.062 0.060
32 18 0.089 0.061 0.135 0.155 0.275 0.197 0.001 0.030 0.032 0.029 0.028
32 19 0.089 0.059 0.135 0.154 0.279 0.195 0.001 0.038 0.040 0.037 0.037
32 20 0.093 0.063 0.137 0.163 0.305 0.228 0.001 0.047 0.048 0.046 0.046
32 22 0.095 0.058 0.136 0.152 0.298 0.206 0.001 0.058 0.061 0.056 0.056




Table C3a. Full Vehicle: 3DR SOLO, nominal speed 80 ft/s, yaw = 0 deg, pitch = -40 to -20 deg,

RPM = 5,700 to 6,800 (uniform) - Conditions

. Speed densit Yaw Pitch
Run Point (Et/s) (llt?/ft ) (slug/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
57 9 79.98 7.56 0.00236 0 -39.95 5700 5700 5700 5700
57 10 80.33 7.62 0.00236 0 -39.95 6300 6300 6300 6300
57 11 80.39 7.63 0.00236 0 -39.95 6800 6800 6800 6800
57 12 80.17 7.58 0.00236 0 -29.94 5700 5700 5700 5700
57 13 80.44 7.63 0.00236 0 -29.95 6300 6300 6300 6300
57 14 80.46 7.63 0.00236 0 -29.95 6800 6800 6800 6800
57 15 80.04 7.54 0.00235 0 -19.92 5700 5700 5700 5700
57 16 79.87 7.51 0.00235 0 -19.92 6300 6300 6300 6300
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Table C3b. Full Vehicle: 3DR SOLO, nominal speed 80 ft/s, yaw = 0 deg, pitch = -40 to -20 deg,

RPM = 5,700 to 6,800 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)
57 9 1.671 -0.103 -3.035 0.332 -4.667 -0.051 16.812 0.455 0.724 0.937 0.891
57 10 1.749 -0.114 -2.820 0.420 -4.332 -0.086 16.785 0.944 1.279 1.482 1.373
57 11 1.804 -0.109 -2.580 0.439 -4.140 -0.034 16.757 1.380 1.814 1.987 1.840
57 12 2.295 -0.006 -0.802 0.443 -2.291 0.156 16.762 1.488 1.825 1.754 1.722
57 13 2.362 -0.014 -0.382 0.604 -1.572 0.108 16.727 2.119 2.561 2.421 2.345
57 14 2.423 -0.022 0.075 0.632 -1.200 0.091 16.691 2.787 3.283 3.012 2.932
57 15 2.792 -0.035 1.972 0.717 0.202 0.280 16.716 2.368 2.752 2.459 2.434
57 16 2.873 -0.032 2.644 0.598 1.357 0.325 16.675 3.135 3.541 3.291 3.189




Table C3c. Full Vehicle: 3DR SOLO, nominal speed 80 ft/s, yaw = 0 deg, pitch = -40 to -20 deg,

RPM = 5,700 to 6,800 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
57 9 0.097 0.057 0.135 0.150 0.285 0.201 0.000 0.011 0.014 0.017 0.016
57 10 0.111 0.057 0.135 0.150 0.321 0.195 0.000 0.019 0.024 0.026 0.024
57 11 0.163 0.057 0.135 0.156 0.418 0.200 0.001 0.026 0.031 0.033 0.031
57 12 0.103 0.058 0.135 0.152 0.289 0.214 0.001 0.028 0.032 0.030 0.031
57 13 0.127 0.057 0.137 0.153 0.352 0.202 0.001 0.037 0.042 0.040 0.039
57 14 0.236 0.059 0.139 0.166 0.577 0.209 0.001 0.045 0.051 0.048 0.047
57 15 0.115 0.061 0.138 0.155 0.318 0.245 0.001 0.041 0.046 0.042 0.041
57 16 0.193 0.058 0.144 0.157 0.540 0.204 0.001 0.050 0.055 0.052 0.051
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Table C4a. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -5 deg, pitch = -40 to 40 deg,

RPM = 4,600 to 6,800 (uniform) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (slug/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
33 6 19.93 0.48 0.00241 -5 -39.95 4600 4600 4600 4600
33 7 20.28 0.50 0.00241 -5 -39.95 5100 5100 5100 5100
33 8 19.32 0.45 0.00241 -5 -39.95 5700 5700 5700 5700
33 9 19.64 0.47 0.00241 -5 -39.95 6300 6300 6300 6300
33 10 19.89 0.48 0.00241 -5 -39.95 6800 6800 6800 6800
33 11 19.87 0.48 0.00241 -5 -19.92 4600 4600 4600 4600
33 12 19.73 0.47 0.00241 -5 -19.92 5100 5100 5100 5100
33 13 20.04 0.48 0.00241 -5 -19.92 5700 5700 5700 5700
33 14 20.08 0.49 0.00241 -5 -19.92 6300 6300 6300 6300
33 15 20.11 0.49 0.00241 -5 -19.92 6800 6800 6800 6800
33 16 19.82 0.47 0.00240 -5 -9.90 4600 4600 4600 4600
33 17 19.72 0.47 0.00240 -5 -9.91 5100 5100 5100 5100
33 18 19.87 0.47 0.00240 -5 -9.91 5700 5700 5700 5700
33 19 19.83 0.47 0.00240 -5 -9.91 6300 6300 6300 6300
33 20 19.81 0.47 0.00240 -5 -9.91 6800 6800 6800 6800
33 27 19.74 0.47 0.00240 -5 -4.98 4600 4600 4600 4600
33 28 19.78 0.47 0.00240 -5 -4.98 5100 5100 5100 5100
33 29 19.74 0.47 0.00239 -5 -4.98 5700 5700 5700 5700
33 30 19.73 0.47 0.00239 -5 -4.98 6300 6300 6300 6300
33 31 19.55 0.46 0.00239 -5 -4.98 6800 6800 6800 6800
33 38 19.77 0.47 0.00239 -5 -1.98 4600 4600 4600 4600
33 39 19.68 0.46 0.00238 -5 -1.98 5100 5100 5100 5100
33 40 19.55 0.46 0.00238 -5 -1.98 5700 5700 5700 5700
33 41 19.45 0.45 0.00238 -5 -1.98 6300 6300 6300 6300
33 42 19.63 0.46 0.00238 -5 -1.98 6800 6800 6800 6800
33 49 19.88 0.47 0.00237 -5 -0.05 4600 4600 4600 4600
33 50 19.69 0.46 0.00237 -5 -0.04 5100 5100 5100 5100
33 52 19.86 0.47 0.00237 -5 -0.04 5700 5700 5700 5700
33 53 19.65 0.46 0.00237 -5 -0.04 6300 6300 6300 6300
33 54 19.73 0.46 0.00237 -5 -0.05 6800 6800 6800 6800
34 6 20.61 0.49 0.00233 -5 2.04 4600 4600 4600 4600
34 7 20.47 0.49 0.00233 -5 2.03 5100 5100 5100 5100
34 8 20.36 0.48 0.00233 -5 2.03 5700 5700 5700 5700
34 9 20.21 0.47 0.00233 -5 2.03 6300 6300 6300 6300
34 10 20.21 0.47 0.00232 -5 2.03 6800 6800 6800 6800
34 17 20.53 0.49 0.00232 -5 5.03 4600 4600 4600 4600
34 18 20.35 0.48 0.00232 -5 5.03 5100 5100 5100 5100
34 19 20.31 0.48 0.00232 -5 5.03 5700 5700 5700 5700
34 20 20.09 0.47 0.00232 -5 5.03 6300 6300 6300 6300
34 21 20.02 0.46 0.00232 -5 5.03 6800 6800 6800 6800
34 28 20.39 0.48 0.00232 -5 9.95 4600 4600 4600 4600
34 29 20.12 0.47 0.00232 -5 9.95 5100 5100 5100 5100
34 30 20.00 0.46 0.00232 -5 9.95 5700 5700 5700 5700
34 31 19.74 0.45 0.00232 -5 9.95 6300 6300 6300 6300
34 32 20.17 0.47 0.00232 -5 9.95 6800 6800 6800 6800
34 39 19.82 0.45 0.00231 -5 19.96 4600 4600 4600 4600
34 40 19.20 0.43 0.00231 -5 19.96 5100 5100 5100 5100
34 41 20.37 0.48 0.00231 -5 19.96 5700 5700 5700 5700
34 42 20.26 0.48 0.00231 -5 19.96 6300 6300 6300 6300
34 43 19.94 0.46 0.00231 -5 19.96 6800 6800 6800 6800
34 44 21.05 0.51 0.00231 -5 39.99 4600 4600 4600 4600
34 45 19.80 0.45 0.00231 -5 39.99 5100 5100 5100 5100
34 46 19.15 0.42 0.00231 -5 39.99 5700 5700 5700 5700
34 47 17.50 0.35 0.00231 -5 39.99 6300 6300 6300 6300
34 48 20.36 0.48 0.00231 -5 39.99 6800 6800 6800 6800




Table C4b. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -5 deg, pitch = -40 to 40 deg,

RPM = 4,600 to 6,800 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

33 6 0.237 -0.015 1.720 -0.155 0.812 0.065 16.826 1.407 1.617 1.509 1.466
33 7 0.277 -0.023 2.194 -0.152 1.018 0.028 16.799 1.762 2.072 1.982 1.888
33 8 0.302 -0.019 2.847 -0.274 1.430 0.033 16.764 2.535 2.842 2.682 2.588
33 9 0.341 -0.021 3.535 -0.244 1.821 0.013 16.718 3.407 3.738 3.574 3.403
33 10 0.385 -0.023 4.177 -0.282 2.031 -0.005 16.674 4.264 4.648 4.373 4.227
33 11 0.323 -0.036 2.272 -0.271 1.828 0.064 16.824 1.377 1.583 1.598 1.502
33 12 0.356 -0.028 2.753 -0.384 2.123 0.049 16.799 1.847 2.062 2.072 1.976
33 13 0.405 -0.025 3.412 -0.445 2.553 0.062 16.763 2.546 2.785 2.793 2.593
33 14 0.447 -0.029 4.171 -0.461 3.081 0.080 16.717 3.372 3.734 3.611 3.431
33 15 0.484 -0.023 4.871 -0.658 3.381 0.146 16.670 4.277 4.639 4.511 4.215
33 16 0.338 -0.040 2.528 -0.178 2.361 -0.048 16.822 1.450 1.648 1.624 1.532
33 17 0.372 -0.034 3.010 -0.253 2.732 -0.078 16.796 1.909 2.163 2.045 1.921
33 18 0.423 -0.024 3.630 -0.373 3.164 -0.096 16.760 2.655 2.854 2.801 2.576
33 19 0.457 -0.027 4.371 -0.402 3.704 -0.033 16.714 3.464 3.788 3.625 3.415
33 20 0.509 -0.037 5.074 -0.476 4.055 0.045 16.670 4.420 4.662 4.425 4.216
33 27 0.344 -0.039 2.605 -0.131 2.647 -0.002 16.820 1.484 1.717 1.617 1.598
33 28 0.377 -0.028 3.093 -0.267 3.080 -0.008 16.794 1.933 2.226 2.112 2.009
33 29 0.419 -0.017 3.716 -0.463 3.673 -0.031 16.759 2.714 2.939 2.769 2.584
33 30 0.455 -0.032 4.476 -0.616 4.377 0.082 16.714 3.674 3.842 3.602 3.327
33 31 0.501 -0.044 5.157 -0.714 4.637 0.138 16.667 4.504 4.869 4.374 4.158
33 38 0.339 -0.046 2.647 -0.146 2.946 -0.017 16.819 1.567 1.685 1.644 1.616
33 39 0.371 -0.049 3.112 -0.208 3.383 -0.056 16.794 1.994 2.213 2.046 1.983
33 40 0.411 -0.019 3.738 -0.572 4.004 0.007 16.760 2.703 2.920 2.779 2.492
33 41 0.449 -0.040 4.505 -0.628 4.726 0.065 16.713 3.607 3.901 3.594 3.314
33 42 0.502 -0.056 5.180 -0.717 4.983 0.124 16.667 4.582 4.911 4.384 4.079
33 49 0.337 -0.053 2.698 -0.033 3.286 -0.028 16.817 1.541 1.741 1.569 1.559
33 50 0.370 -0.040 3.187 -0.236 3.722 -0.013 16.793 2.112 2.292 2.031 2.131
33 52 0.409 -0.022 3.783 -0.553 4.534 0.016 16.759 2.736 2.978 2.694 2.502
33 53 0.449 -0.031 4.535 -0.702 5.165 0.105 16.712 3.674 3.917 3.534 3.271
33 54 0.504 -0.050 5.216 -0.789 5.416 0.150 16.666 4.577 4.887 4.328 4.008
34 6 0.376 -0.001 2.607 -0.363 3.237 0.090 16.821 1.565 1.743 1.485 1.587
34 7 0.420 0.001 3.104 -0.312 3.508 0.075 16.794 2.106 2.311 1.960 2.088
34 8 0.446 0.030 3.664 -0.694 4.296 0.094 16.762 2.752 2.975 2.682 2.477
34 9 0.502 0.033 4.401 -0.886 4.953 0.183 16.717 3.675 3.910 3.459 3.139
34 10 0.555 0.004 5.048 -0.924 5.169 0.195 16.670 4.572 4.932 4.201 3.916
34 17 0.382 0.023 2.636 -0.470 3.663 0.162 16.819 1.630 1.785 1.566 1.585
34 18 0.422 0.012 3.118 -0.454 4.031 0.132 16.794 2.032 2.333 1.948 2.026
34 19 0.451 0.036 3.700 -0.810 4.772 0.130 16.760 2.838 3.035 2.685 2.468
34 20 0.501 0.040 4.439 -0.982 5.395 0.229 16.715 3.743 3.986 3.456 3.176
34 21 0.550 0.018 5.076 -1.076 5.744 0.297 16.669 4.644 4.957 4.180 3.890
34 28 0.357 0.030 2.659 -0.555 4.732 0.193 16.819 1.641 1.850 1.454 1.558
34 29 0.403 0.038 3.126 -0.574 5.153 0.235 16.795 2.104 2.307 1.941 1.958
34 30 0.433 0.055 3.721 -1.003 6.104 0.232 16.760 2.822 3.066 2.626 2.381
34 31 0.481 0.040 4.453 -1.153 6.557 0.296 16.715 3.803 4.063 3.401 3.149
34 32 0.539 0.025 5.121 -1.362 7.247 0.359 16.670 4.759 4.994 4.204 3.834
34 39 0.296 0.066 2.831 -1.208 5.395 0.210 16.818 1.753 1.834 1.613 1.494
34 40 0.335 0.065 3.189 -1.441 6.525 0.197 16.792 2.185 2.460 1.993 1.794
34 41 0.398 0.064 3.850 -1.705 8.037 0.215 16.756 3.011 3.258 2.626 2.304
34 42 0.445 0.038 4.541 -1.662 8.926 0.287 16.711 3.967 4.209 3.448 3.099
34 43 0.426 -0.015 5.490 -0.655 10.766 0.325 16.656 5.108 5.436 4.178 4.023
34 44 0.179 0.061 3.371 -1.040 3.473 0.175 16.816 1.596 1.771 1.669 1.620
34 45 0.196 0.046 3.797 -1.060 3.524 0.149 16.790 2.059 2.324 2.195 2.038
34 46 0.179 0.026 4.388 -1.317 3.203 0.285 16.753 2.772 3.028 2.931 2.820
34 47 0.154 0.017 4.901 -1.119 5.910 0.295 16.705 3.704 4.023 3.684 3.567
34 48 0.239 -0.005 6.038 -1.357 8.644 0.484 16.648 5.128 5.349 4.444 4.322
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Table C4c. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -5 deg, pitch = -40 to 40 deg,

RPM = 4,600 to 6,800 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
33 6 0.088 0.057 0.134 0.150 0.272 0.192 0.001 0.027 0.030 0.028 0.028
33 7 0.089 0.058 0.134 0.154 0.278 0.206 0.001 0.034 0.037 0.036 0.034
33 8 0.089 0.057 0.134 0.149 0.276 0.197 0.001 0.044 0.048 0.045 0.045
33 9 0.092 0.056 0.135 0.149 0.281 0.197 0.001 0.055 0.059 0.057 0.055
33 10 0.104 0.057 0.136 0.150 0.303 0.195 0.001 0.064 0.070 0.067 0.064
33 11 0.088 0.057 0.134 0.150 0.274 0.193 0.001 0.028 0.030 0.030 0.029
33 12 0.090 0.060 0.135 0.158 0.283 0.215 0.001 0.035 0.038 0.037 0.035
33 13 0.091 0.057 0.135 0.150 0.280 0.196 0.001 0.044 0.048 0.048 0.044
33 14 0.095 0.057 0.135 0.151 0.286 0.203 0.001 0.055 0.059 0.057 0.055
33 15 0.120 0.059 0.136 0.153 0.336 0.198 0.001 0.063 0.070 0.068 0.064
33 16 0.088 0.057 0.134 0.151 0.275 0.193 0.001 0.029 0.031 0.031 0.029
33 17 0.091 0.060 0.135 0.157 0.289 0.216 0.001 0.036 0.039 0.037 0.036
33 18 0.091 0.057 0.135 0.150 0.282 0.197 0.001 0.045 0.049 0.048 0.045
33 19 0.105 0.057 0.137 0.151 0.310 0.198 0.001 0.055 0.060 0.058 0.055
33 20 0.146 0.058 0.141 0.152 0.382 0.200 0.001 0.065 0.071 0.067 0.063
33 27 0.088 0.059 0.134 0.154 0.276 0.193 0.001 0.029 0.032 0.031 0.029
33 28 0.092 0.060 0.136 0.158 0.290 0.220 0.001 0.037 0.039 0.038 0.036
33 29 0.092 0.057 0.135 0.151 0.283 0.200 0.001 0.047 0.049 0.047 0.045
33 30 0.106 0.057 0.137 0.151 0.313 0.199 0.001 0.057 0.060 0.057 0.055
33 31 0.130 0.059 0.139 0.155 0.352 0.204 0.001 0.067 0.073 0.067 0.063
33 38 0.088 0.059 0.134 0.153 0.275 0.194 0.001 0.030 0.033 0.030 0.030
33 39 0.091 0.064 0.135 0.166 0.285 0.241 0.001 0.036 0.040 0.038 0.036
33 40 0.091 0.057 0.135 0.150 0.280 0.198 0.001 0.047 0.049 0.047 0.044
33 41 0.100 0.057 0.136 0.151 0.296 0.203 0.001 0.057 0.061 0.058 0.054
33 42 0.146 0.059 0.140 0.153 0.383 0.200 0.001 0.069 0.072 0.067 0.063
33 49 0.088 0.059 0.134 0.154 0.276 0.195 0.001 0.030 0.033 0.030 0.029
33 50 0.091 0.063 0.135 0.165 0.292 0.234 0.001 0.038 0.041 0.038 0.037
33 52 0.091 0.057 0.135 0.151 0.281 0.201 0.001 0.047 0.049 0.047 0.044
33 53 0.100 0.058 0.136 0.152 0.301 0.201 0.001 0.058 0.062 0.057 0.054
33 54 0.162 0.058 0.141 0.153 0.418 0.201 0.001 0.069 0.072 0.066 0.063
34 6 0.088 0.059 0.135 0.156 0.277 0.195 0.001 0.030 0.033 0.029 0.030
34 7 0.093 0.061 0.135 0.161 0.292 0.226 0.001 0.038 0.041 0.037 0.037
34 8 0.092 0.057 0.135 0.151 0.283 0.204 0.001 0.046 0.050 0.046 0.043
34 9 0.112 0.057 0.138 0.151 0.327 0.199 0.001 0.058 0.062 0.056 0.052
34 10 0.144 0.059 0.138 0.155 0.380 0.205 0.001 0.068 0.073 0.064 0.060
34 17 0.089 0.059 0.135 0.155 0.280 0.195 0.001 0.031 0.034 0.030 0.030
34 18 0.092 0.061 0.135 0.160 0.291 0.226 0.001 0.037 0.041 0.036 0.037
34 19 0.095 0.057 0.136 0.151 0.292 0.200 0.001 0.048 0.051 0.047 0.042
34 20 0.103 0.057 0.136 0.151 0.308 0.202 0.001 0.059 0.062 0.057 0.053
34 21 0.153 0.059 0.140 0.157 0.395 0.206 0.001 0.068 0.075 0.065 0.060
34 28 0.089 0.058 0.135 0.154 0.283 0.195 0.001 0.032 0.035 0.028 0.030
34 29 0.092 0.060 0.135 0.160 0.290 0.221 0.001 0.038 0.041 0.036 0.036
34 30 0.094 0.057 0.136 0.151 0.291 0.201 0.001 0.048 0.052 0.046 0.042
34 31 0.119 0.057 0.138 0.151 0.342 0.199 0.001 0.060 0.063 0.056 0.053
34 32 0.178 0.059 0.144 0.156 0.447 0.207 0.001 0.069 0.074 0.065 0.060
34 39 0.089 0.058 0.135 0.153 0.281 0.195 0.001 0.033 0.034 0.031 0.029
34 40 0.092 0.060 0.135 0.158 0.288 0.215 0.001 0.040 0.043 0.037 0.034
34 41 0.096 0.058 0.137 0.152 0.294 0.206 0.001 0.050 0.054 0.046 0.042
34 42 0.117 0.057 0.139 0.151 0.334 0.201 0.001 0.062 0.065 0.056 0.052
34 43 0.175 0.059 0.144 0.157 0.432 0.206 0.001 0.074 0.079 0.065 0.062
34 44 0.088 0.058 0.134 0.152 0.276 0.195 0.001 0.031 0.033 0.032 0.030
34 45 0.090 0.059 0.135 0.156 0.281 0.208 0.001 0.038 0.041 0.039 0.037
34 46 0.092 0.057 0.135 0.153 0.283 0.202 0.001 0.048 0.051 0.049 0.047
34 47 0.097 0.057 0.137 0.154 0.293 0.199 0.001 0.059 0.063 0.059 0.057
34 48 0.145 0.060 0.144 0.160 0.379 0.207 0.001 0.074 0.078 0.069 0.066




Table C5a. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -5 deg, pitch = -40 to 40 deg,

RPM = 4,000 to 6,800 (uniform) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (sluq/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
36 5 39.26 1.89 0.00245 -5 -39.95 4600 4600 4600 4600
36 6 39.35 1.90 0.00245 -5 -39.95 5100 5100 5100 5100
36 7 39.34 1.90 0.00245 -5 -39.95 5700 5700 5700 5700
36 8 39.35 1.90 0.00245 -5 -39.95 6300 6300 6300 6300
36 9 39.53 1.91 0.00245 -5 -39.95 6800 6800 6800 6800
36 10 39.85 1.94 0.00245 -5 -19.91 4600 4600 4600 4600
36 11 39.99 1.96 0.00245 -5 -19.92 5100 5100 5100 5100
36 12 38.91 1.85 0.00245 -5 -19.92 5700 5700 5700 5700
36 13 38.91 1.85 0.00245 -5 -19.92 6300 6300 6300 6300
36 14 38.78 1.84 0.00245 -5 -19.91 6800 6800 6800 6800
36 15 39.89 1.95 0.00245 -5 -9.91 4600 4600 4600 4600
36 16 39.35 1.90 0.00245 -5 -9.90 5100 5100 5100 5100
36 17 39.43 1.90 0.00245 -5 -9.91 5700 5700 5700 5700
36 18 38.84 1.85 0.00245 -5 -9.90 6300 6300 6300 6300
37 5 39.18 1.88 0.00245 -5 -4.98 4600 4600 4600 4600
37 6 39.60 1.92 0.00245 -5 -4.98 5100 5100 5100 5100
37 7 39.63 1.92 0.00245 -5 -4.98 5700 5700 5700 5700
37 8 39.51 1.91 0.00244 -5 -4.98 6300 6300 6300 6300
37 12 39.49 1.90 0.00244 -5 -1.98 4600 4600 4600 4600
37 13 39.40 1.90 0.00244 -5 -1.98 5100 5100 5100 5100
37 14 39.36 1.89 0.00244 -5 -1.98 5700 5700 5700 5700
37 15 39.23 1.88 0.00244 -5 -1.98 6300 6300 6300 6300
37 25 39.62 1.91 0.00244 -5 0.12 4000 4000 4000 4000
37 19 39.65 1.92 0.00244 -5 -0.05 4600 4600 4600 4600
37 20 39.21 1.87 0.00244 -5 0.12 5100 5100 5100 5100
37 21 39.07 1.86 0.00244 -5 0.12 5700 5700 5700 5700
37 23 39.04 1.86 0.00244 -5 0.12 6300 6300 6300 6300
38 5 39.56 1.90 0.00243 -5 2.03 4000 4000 4000 4000
38 6 39.20 1.86 0.00243 -5 2.03 4600 4600 4600 4600
38 7 38.84 1.83 0.00243 -5 2.03 5100 5100 5100 5100
38 8 40.13 1.95 0.00242 -5 2.03 5700 5700 5700 5700
38 9 39.96 1.93 0.00242 -5 2.03 6300 6300 6300 6300
38 13 39.98 1.93 0.00242 -5 5.03 4000 4000 4000 4000
38 14 39.57 1.89 0.00242 -5 5.03 4600 4600 4600 4600
38 15 39.56 1.89 0.00242 -5 5.03 5100 5100 5100 5100
38 16 39.23 1.86 0.00242 -5 5.03 5700 5700 5700 5700
38 17 39.52 1.89 0.00242 -5 5.03 6300 6300 6300 6300
39 5 39.81 1.91 0.00241 -5 9.95 4000 4000 4000 4000
39 6 39.75 1.90 0.00241 -5 9.95 4600 4600 4600 4600
39 7 39.17 1.85 0.00241 -5 9.95 5100 5100 5100 5100
39 8 39.32 1.86 0.00241 -5 9.95 5700 5700 5700 5700
39 9 39.12 1.84 0.00241 -5 9.95 6300 6300 6300 6300
39 13 40.15 1.94 0.00241 -5 19.95 4000 4000 4000 4000
39 14 39.80 1.90 0.00241 -5 19.95 4600 4600 4600 4600
39 15 39.71 1.90 0.00240 -5 19.95 5100 5100 5100 5100
39 16 39.68 1.89 0.00240 -5 19.95 5700 5700 5700 5700
39 17 39.62 1.89 0.00240 -5 19.95 6300 6300 6300 6300
39 19 39.63 1.89 0.00240 -5 39.98 4000 4000 4000 4000
39 20 39.16 1.84 0.00240 -5 39.98 4600 4600 4600 4600
39 21 39.59 1.88 0.00240 -5 39.98 5100 5100 5100 5100
39 22 39.20 1.84 0.00240 -5 39.98 5700 5700 5700 5700
39 23 39.67 1.89 0.00240 -5 39.98 6300 6300 6300 6300
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Table C5b. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -5 deg, pitch = -40 to 40 deg,

RPM = 4,000 to 6,800 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

36 5 0.558 -0.049 0.585 0.141 -0.235 0.013 16.842 1.189 1.428 1.298 1.265
36 6 0.587 -0.045 1.011 0.101 -0.007 0.016 16.820 1.744 1.883 1.740 1.718
36 7 0.642 -0.046 1.607 0.081 0.414 0.053 16.784 2.222 2.547 2.430 2.341
36 8 0.692 -0.059 2.257 0.056 0.996 0.076 16.740 3.108 3.441 3.223 3.117
36 9 0.744 -0.056 2.838 0.089 1.315 0.100 16.699 3.790 4.305 3.987 3.845
36 10 0.867 -0.088 2.097 0.130 1.537 0.033 16.825 1.456 1.679 1.631 1.554
36 11 0.936 -0.080 2.616 0.060 2.129 0.080 16.801 1.921 2.136 2.087 2.110
36 12 0.958 -0.101 3.319 0.050 3.158 0.039 16.764 2.594 2.854 2.826 2.713
36 13 1.006 -0.104 4.120 -0.161 4.067 -0.001 16.721 3.413 3.701 3.703 3.538
36 14 1.036 -0.097 4.817 -0.136 4.721 0.031 16.676 4.186 4.574 4.542 4.319
36 15 0.891 -0.112 2.873 0.143 2.872 -0.106 16.823 1.535 1.732 1.671 1.558
36 16 0.954 -0.114 3.451 0.043 3.487 -0.041 16.797 2.044 2.249 2.143 2.195
36 17 1.034 -0.135 4.167 -0.013 4.580 0.000 16.758 2.723 3.006 2.809 2.833
36 18 1.074 -0.106 4.909 -0.240 5.854 0.072 16.712 3.726 3.994 3.713 3.561
37 5 0.794 -0.086 3.101 -0.093 4.227 -0.030 16.817 1.668 1.928 1.611 1.560
37 6 0.866 -0.092 3.700 -0.182 5.138 0.008 16.790 2.167 2.459 2.081 2.053
37 7 0.941 -0.106 4.425 -0.389 6.470 0.108 16.751 3.047 3.231 2.807 2.782
37 8 1.044 -0.104 5.212 -0.365 7.335 0.116 16.702 4.012 4.202 3.710 3.706
37 12 0.785 -0.079 3.283 -0.172 4.962 -0.040 16.813 1.980 1.954 1.599 1.616
37 13 0.826 -0.091 3.876 -0.249 6.047 -0.048 16.786 2.504 2.554 2.038 2.191
37 14 0.890 -0.113 4.633 -0.373 7.417 0.036 16.748 3.151 3.401 2.788 2.798
37 15 0.989 -0.108 5.421 -0.553 8.666 0.066 16.696 4.275 4.432 3.768 3.713
37 25 0.690 -0.089 2.606 0.011 4.109 -0.090 16.842 1.424 1.508 1.149 1.146
37 19 0.760 -0.086 3.356 -0.112 5.456 -0.058 16.811 1.901 2.058 1.596 1.556
37 20 0.791 -0.093 3.973 -0.315 6.694 -0.060 16.780 2.511 2.695 2.205 2.356
37 21 0.849 -0.119 4.729 -0.459 8.185 -0.007 16.744 3.301 3.440 2.802 2.883
37 23 0.956 -0.126 5.540 -0.543 9.396 0.040 16.691 4.387 4.578 3.731 3.801
38 5 0.689 -0.061 2.735 -0.102 4.390 -0.018 16.841 1.356 1.521 1.159 1.149
38 6 0.734 -0.059 3.406 -0.191 5.763 0.011 16.813 1.896 2.058 1.642 1.551
38 7 0.769 -0.081 4.040 -0.339 7.162 -0.053 16.784 2.601 2.631 2.178 2.065
38 8 0.858 -0.103 4.849 -0.584 9.067 -0.011 16.742 3.399 3.568 2.856 2.778
38 9 0.964 -0.101 5.691 -0.776 10.561 0.060 16.688 4.494 4.764 3.717 3.738
38 13 0.661 -0.061 2.838 -0.078 4.646 -0.082 16.841 1.460 1.531 1.190 1.144
38 14 0.714 -0.055 3.506 -0.230 6.287 -0.059 16.812 1.943 2.142 1.645 1.529
38 15 0.763 -0.054 4.116 -0.386 7.869 -0.016 16.782 2.649 2.762 2.114 2.154
38 16 0.788 -0.085 4.906 -0.581 10.230 -0.069 16.738 3.569 3.736 2.840 2.726
38 17 0.900 -0.098 5.799 -0.800 11.941 -0.041 16.684 4.678 4.928 3.727 3.663
39 5 0.613 -0.040 3.146 -0.040 4.282 -0.083 16.836 1.452 1.670 1.142 1.292
39 6 0.664 -0.043 3.839 -0.273 6.372 -0.144 16.807 2.073 2.311 1.683 1.780
39 7 0.696 -0.046 4.394 -0.609 8.361 -0.207 16.776 2.607 3.097 2.117 1.993
39 8 0.737 -0.062 5.121 -1.164 11.112 -0.204 16.732 3.698 3.913 3.012 2.575
39 9 0.852 -0.086 5.962 -1.629 13.825 -0.193 16.677 4.905 5.201 3.910 3.430
39 13 0.482 -0.041 3.741 -0.297 2.803 -0.059 16.830 1.502 1.616 1.403 1.324
39 14 0.521 -0.026 4.534 -0.461 4.613 -0.118 16.801 2.108 2.279 1.908 1.819
39 15 0.567 -0.022 5.155 -1.013 6.655 -0.143 16.773 2.812 2.945 2.379 1.969
39 16 0.628 -0.018 5.928 -1.443 9.801 -0.096 16.729 3.811 3.998 3.017 2.601
39 17 0.714 -0.036 6.752 -1.988 12.935 -0.079 16.672 5.121 5.333 4.010 3.353
39 19 0.390 -0.077 4.188 -0.185 2.383 -0.133 16.825 1.530 1.594 1.468 1.459
39 20 0.375 -0.061 5.092 -0.352 2.620 -0.099 16.798 2.180 2.112 2.178 1.968
39 21 0.375 -0.047 6.034 -0.564 3.364 -0.076 16.767 2.778 2.655 2.607 2.622
39 22 0.398 -0.028 6.977 -1.189 6.063 -0.167 16.724 3.574 3.708 3.478 3.150
39 23 0.472 -0.020 8.025 -1.925 8.346 -0.169 16.671 4.783 4.800 4.408 3.881




Table C5c. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -5 deg, pitch = -40 to 40 deg,

RPM = 4,000 to 6,800 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
36 5 0.089 0.057 0.134 0.150 0.277 0.192 0.001 0.023 0.026 0.025 0.024
36 6 0.091 0.061 0.135 0.161 0.290 0.223 0.001 0.031 0.034 0.032 0.031
36 7 0.091 0.057 0.134 0.150 0.282 0.200 0.001 0.039 0.044 0.042 0.040
36 8 0.094 0.057 0.134 0.150 0.283 0.205 0.001 0.049 0.055 0.052 0.050
36 9 0.143 0.057 0.136 0.151 0.386 0.195 0.001 0.058 0.065 0.061 0.058
36 10 0.090 0.057 0.136 0.152 0.291 0.193 0.001 0.028 0.032 0.031 0.029
36 11 0.096 0.065 0.138 0.167 0.317 0.241 0.001 0.035 0.038 0.038 0.036
36 12 0.098 0.057 0.136 0.151 0.301 0.204 0.001 0.045 0.048 0.048 0.046
36 13 0.108 0.058 0.136 0.154 0.315 0.209 0.001 0.054 0.058 0.058 0.056
36 14 0.160 0.059 0.141 0.155 0.431 0.202 0.001 0.063 0.068 0.069 0.065
36 15 0.091 0.058 0.138 0.153 0.305 0.195 0.001 0.029 0.032 0.031 0.030
36 16 0.099 0.067 0.139 0.174 0.331 0.252 0.001 0.037 0.040 0.039 0.038
36 17 0.098 0.057 0.137 0.151 0.303 0.205 0.001 0.047 0.050 0.048 0.047
36 18 0.121 0.059 0.137 0.157 0.340 0.219 0.001 0.058 0.062 0.059 0.056
37 5 0.092 0.059 0.139 0.155 0.314 0.196 0.001 0.032 0.035 0.031 0.030
37 6 0.099 0.079 0.138 0.198 0.325 0.306 0.001 0.040 0.043 0.038 0.038
37 7 0.102 0.060 0.137 0.154 0.312 0.220 0.001 0.050 0.053 0.048 0.046
37 8 0.130 0.060 0.136 0.158 0.364 0.244 0.001 0.062 0.065 0.059 0.058
37 12 0.092 0.058 0.140 0.154 0.322 0.196 0.001 0.035 0.035 0.031 0.031
37 13 0.099 0.068 0.139 0.177 0.328 0.248 0.001 0.042 0.045 0.037 0.039
37 14 0.109 0.059 0.139 0.154 0.337 0.215 0.001 0.052 0.056 0.048 0.047
37 15 0.135 0.060 0.138 0.159 0.377 0.229 0.001 0.065 0.068 0.060 0.058
37 25 0.090 0.066 0.136 0.164 0.281 0.198 0.001 0.027 0.028 0.023 0.023
37 19 0.091 0.061 0.138 0.161 0.299 0.198 0.001 0.034 0.036 0.031 0.031
37 20 0.099 0.065 0.138 0.172 0.331 0.239 0.001 0.043 0.046 0.039 0.040
37 21 0.104 0.059 0.138 0.153 0.320 0.215 0.001 0.053 0.056 0.049 0.048
37 23 0.141 0.060 0.140 0.157 0.393 0.218 0.001 0.066 0.070 0.060 0.060
38 5 0.090 0.067 0.136 0.164 0.279 0.199 0.001 0.026 0.028 0.023 0.023
38 6 0.091 0.063 0.138 0.165 0.300 0.200 0.001 0.035 0.037 0.031 0.030
38 7 0.099 0.072 0.139 0.183 0.326 0.276 0.001 0.044 0.046 0.039 0.039
38 8 0.103 0.059 0.137 0.153 0.317 0.221 0.001 0.055 0.057 0.049 0.047
38 9 0.161 0.060 0.141 0.157 0.442 0.211 0.001 0.067 0.071 0.059 0.059
38 13 0.090 0.067 0.137 0.164 0.280 0.199 0.001 0.027 0.029 0.024 0.023
38 14 0.091 0.062 0.138 0.162 0.305 0.200 0.001 0.036 0.038 0.032 0.030
38 15 0.101 0.071 0.141 0.181 0.346 0.268 0.001 0.044 0.047 0.039 0.038
38 16 0.108 0.059 0.139 0.152 0.334 0.208 0.001 0.057 0.059 0.049 0.047
38 17 0.160 0.060 0.142 0.156 0.446 0.225 0.001 0.069 0.074 0.060 0.058
39 5 0.090 0.065 0.138 0.162 0.280 0.198 0.001 0.028 0.031 0.023 0.025
39 6 0.091 0.061 0.139 0.160 0.313 0.200 0.001 0.038 0.041 0.032 0.032
39 7 0.096 0.067 0.139 0.172 0.321 0.254 0.001 0.046 0.051 0.040 0.038
39 8 0.105 0.059 0.138 0.152 0.327 0.207 0.001 0.059 0.062 0.051 0.045
39 9 0.168 0.061 0.142 0.158 0.468 0.218 0.001 0.072 0.077 0.063 0.056
39 13 0.089 0.061 0.135 0.157 0.277 0.197 0.001 0.029 0.030 0.028 0.027
39 14 0.089 0.060 0.137 0.156 0.292 0.196 0.001 0.038 0.041 0.036 0.034
39 15 0.093 0.065 0.137 0.166 0.304 0.242 0.001 0.047 0.049 0.043 0.037
39 16 0.098 0.059 0.136 0.152 0.302 0.206 0.001 0.060 0.063 0.052 0.046
39 17 0.121 0.058 0.139 0.153 0.347 0.211 0.001 0.075 0.078 0.064 0.055
39 19 0.089 0.059 0.135 0.154 0.275 0.196 0.001 0.029 0.031 0.029 0.028
39 20 0.089 0.058 0.136 0.154 0.284 0.195 0.001 0.038 0.038 0.038 0.036
39 21 0.092 0.064 0.136 0.167 0.293 0.236 0.001 0.047 0.047 0.045 0.044
39 22 0.094 0.058 0.136 0.152 0.294 0.205 0.001 0.059 0.060 0.057 0.052
39 23 0.106 0.057 0.137 0.154 0.315 0.202 0.001 0.071 0.073 0.068 0.061
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Table Cé6a. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -30 deg, pitch = -10 to 10 deg,

RPM = 4,000 to 6,300 (uniform) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (sluq/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
40 6 40.39 1.95 0.00239 -30 -9.90 4000 4000 4000 4000
40 7 40.22 1.93 0.00239 -30 -9.90 4600 4600 4600 4600
40 8 40.40 1.95 0.00239 -30 -9.90 5100 5100 5100 5100
40 9 40.01 1.91 0.00239 -30 -9.91 5700 5700 5700 5700
40 10 39.84 1.90 0.00239 -30 -9.90 6300 6300 6300 6300
40 11 40.17 1.93 0.00239 -30 -4.98 4000 4000 4000 4000
40 12 39.71 1.88 0.00239 -30 -4.98 4600 4600 4600 4600
40 13 39.58 1.87 0.00238 -30 -4.98 5100 5100 5100 5100
40 14 39.48 1.86 0.00238 -30 -4.99 5700 5700 5700 5700
40 15 39.66 1.87 0.00238 -30 -4.98 6300 6300 6300 6300
41 5 40.27 1.92 0.00237 -30 -1.98 4000 4000 4000 4000
41 6 40.10 1.91 0.00237 -30 -1.98 4600 4600 4600 4600
41 7 40.03 1.90 0.00237 -30 -1.98 5100 5100 5100 5100
41 8 40.06 1.90 0.00237 -30 -1.98 5700 5700 5700 5700
41 9 39.77 1.87 0.00237 -30 -1.98 6300 6300 6300 6300
41 10 40.11 1.91 0.00237 -30 -0.04 4000 4000 4000 4000
41 11 40.01 1.90 0.00237 -30 -0.05 4600 4600 4600 4600
41 12 39.86 1.88 0.00237 -30 -0.05 5100 5100 5100 5100
41 13 40.37 1.93 0.00237 -30 -0.04 5700 5700 5700 5700
41 14 40.37 1.93 0.00237 -30 -0.05 6300 6300 6300 6300
41 15 40.32 1.92 0.00237 -30 2.03 4000 4000 4000 4000
41 16 40.19 1.91 0.00237 -30 2.03 4600 4600 4600 4600
41 17 40.31 1.92 0.00236 -30 2.03 5100 5100 5100 5100
41 18 40.31 1.92 0.00236 -30 2.03 5700 5700 5700 5700
41 19 40.09 1.90 0.00236 -30 2.03 6300 6300 6300 6300
41 20 40.09 1.90 0.00236 -30 5.03 4000 4000 4000 4000
41 21 40.42 1.93 0.00236 -30 5.03 4600 4600 4600 4600
41 22 40.17 1.91 0.00236 -30 5.03 5100 5100 5100 5100
41 23 40.05 1.90 0.00236 -30 5.03 5700 5700 5700 5700
41 24 39.74 1.87 0.00236 -30 5.03 6300 6300 6300 6300
41 25 40.22 1.91 0.00236 -30 9.95 4000 4000 4000 4000
41 26 40.01 1.89 0.00236 -30 9.95 4600 4600 4600 4600
41 27 40.17 1.91 0.00236 -30 9.95 5100 5100 5100 5100
41 28 39.90 1.88 0.00236 -30 9.95 5700 5700 5700 5700
41 29 40.35 1.92 0.00236 -30 9.95 6300 6300 6300 6300




Table C6b. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -30 deg, pitch = -10 to 10 deg,

RPM = 4,000 to 6,300 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

40 6 0.695 -0.477 2.161 -0.368 2.111 -0.000 16.846 0.954 1.273 1.175 1.153
40 7 0.756 -0.529 2.807 -0.745 2.886 -0.026 16.818 1.436 1.889 1.691 1.653
40 8 0.810 -0.582 3.378 -1.004 3.534 0.007 16.795 1.942 2.327 2.144 2.095
40 9 0.843 -0.625 4.098 -1.496 4.607 -0.026 16.757 2.610 3.085 2.816 2.697
40 10 0.896 -0.668 4.828 -1.920 5.483 -0.131 16.710 3.559 4.100 3.721 3.503
40 11 0.650 -0.440 2.519 -0.708 2.481 -0.029 16.841 1.190 1.302 1.264 1.154
40 12 0.680 -0.472 3.130 -1.102 3.262 -0.066 16.818 1.559 1.886 1.570 1.600
40 13 0.721 -0.504 3.715 -1.440 3.916 -0.014 16.787 2.132 2.427 2.227 2.016
40 14 0.783 -0.566 4.495 -1.827 4.818 -0.043 16.747 2.916 3.346 3.067 2.800
40 15 0.842 -0.618 5.347 -2.346 5.833 -0.047 16.697 3.885 4.343 3.976 3.629
41 5 0.666 -0.407 2.714 -0.721 2.058 -0.134 16.702 1.264 1.396 1.304 1.167
41 6 0.710 -0.437 3.386 -1.197 2.804 -0.211 16.673 1.783 2.006 1.818 1.661
41 7 0.761 -0.462 3.989 -1.597 3.449 -0.151 16.644 2.285 2.566 2.425 2.139
41 8 0.811 -0.527 4.736 -2.177 4.402 -0.070 16.605 3.067 3.468 3.148 2.737
41 9 0.867 -0.569 5.638 -2.589 5.595 -0.122 16.552 4.089 4.682 4.041 3.664
41 10 0.657 -0.399 2.850 -0.784 2.039 -0.202 16.700 1.293 1.443 1.337 1.195
41 11 0.707 -0.422 3.540 -1.337 2.793 -0.267 16.671 1.791 2.085 1.806 1.616
41 12 0.735 -0.452 4.135 -1.834 3.508 -0.281 16.642 2.417 2.650 2.477 1.977
41 13 0.806 -0.508 4.925 -2.409 4.540 -0.185 16.601 3.180 3.584 3.127 2.800
41 14 0.870 -0.541 5.829 -2.911 5.635 -0.170 16.547 4.191 4.782 4.105 3.660
41 15 0.654 -0.379 2.967 -0.807 1.954 -0.085 16.697 1.320 1.535 1.402 1.163
41 16 0.688 -0.392 3.705 -1.436 2.779 -0.210 16.670 1.857 2.141 1.912 1.540
41 17 0.731 -0.426 4.338 -1.971 3.710 -0.239 16.640 2.297 2.744 2.508 2.128
41 18 0.791 -0.483 5.117 -2.715 4.776 -0.242 16.596 3.299 3.661 3.143 2.761
41 19 0.856 -0.524 6.028 -3.156 5.802 -0.292 16.542 4.358 4.917 4.119 3.675
41 20 0.628 -0.363 3.120 -0.853 1.990 -0.127 16.696 1.397 1.549 1.374 1.176
41 21 0.672 -0.389 3.920 -1.506 2.790 -0.273 16.665 2.065 2.193 1.992 1.635
41 22 0.708 -0.398 4.593 -2.106 3.653 -0.297 16.639 2.674 2.849 2.507 1.918
41 23 0.755 -0.426 5.421 -2.994 4.972 -0.319 16.591 3.529 3.835 3.257 2.930
41 24 0.805 -0.473 6.316 -3.617 6.072 -0.423 16.536 4.517 5.094 4.182 3.727
41 25 0.572 -0.333 3.378 -1.160 1.923 -0.261 16.695 1.472 1.657 1.528 1.154
41 26 0.611 -0.341 4.245 -1.741 2.552 -0.360 16.662 2.036 2.268 2.164 1.667
41 27 0.664 -0.358 4.998 -2.249 3.458 -0.374 16.628 2.751 2.968 2.760 2.227
41 28 0.713 -0.389 5.896 -3.243 4.756 -0.441 16.581 3.659 4.053 3.505 2.975
41 29 0.781 -0.425 6.929 -4.366 6.022 -0.540 16.522 4.766 5.349 4.639 3.849
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Table Céc. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -30 deg, pitch = -10 to 10 deg,

RPM = 4,000 to 6,300 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
40 6 0.091 0.066 0.135 0.168 0.275 0.198 0.001 0.021 0.025 0.023 0.022
40 7 0.091 0.060 0.137 0.158 0.297 0.200 0.001 0.028 0.034 0.031 0.031
40 8 0.098 0.069 0.138 0.178 0.302 0.267 0.001 0.036 0.041 0.038 0.037
40 9 0.095 0.063 0.136 0.161 0.295 0.212 0.001 0.045 0.052 0.048 0.046
40 10 0.151 0.088 0.142 0.224 0.426 0.205 0.001 0.057 0.064 0.059 0.056
40 11 0.090 0.062 0.135 0.161 0.275 0.197 0.001 0.023 0.026 0.024 0.023
40 12 0.091 0.060 0.136 0.160 0.292 0.202 0.001 0.030 0.035 0.032 0.030
40 13 0.096 0.063 0.137 0.167 0.304 0.236 0.001 0.039 0.043 0.040 0.037
40 14 0.096 0.062 0.136 0.162 0.295 0.217 0.001 0.049 0.054 0.051 0.047
40 15 0.132 0.078 0.141 0.199 0.376 0.219 0.001 0.060 0.067 0.063 0.057
41 5 0.090 0.064 0.136 0.162 0.274 0.198 0.001 0.025 0.027 0.025 0.023
41 6 0.092 0.061 0.137 0.162 0.301 0.204 0.001 0.033 0.037 0.034 0.031
41 7 0.097 0.066 0.138 0.172 0.305 0.243 0.001 0.041 0.045 0.042 0.038
41 8 0.099 0.063 0.136 0.165 0.299 0.218 0.001 0.052 0.056 0.052 0.047
41 9 0.139 0.084 0.142 0.205 0.403 0.218 0.001 0.062 0.070 0.063 0.058
41 10 0.091 0.065 0.135 0.165 0.275 0.198 0.001 0.025 0.028 0.026 0.024
41 11 0.092 0.060 0.136 0.159 0.293 0.200 0.001 0.034 0.038 0.034 0.031
41 12 0.097 0.063 0.137 0.166 0.302 0.231 0.001 0.043 0.045 0.043 0.038
41 13 0.097 0.061 0.136 0.161 0.291 0.223 0.001 0.052 0.058 0.052 0.046
41 14 0.139 0.082 0.141 0.210 0.395 0.211 0.001 0.064 0.072 0.064 0.058
41 15 0.090 0.061 0.135 0.158 0.275 0.198 0.001 0.026 0.029 0.027 0.023
41 16 0.091 0.059 0.136 0.156 0.290 0.201 0.001 0.035 0.038 0.035 0.031
41 17 0.096 0.064 0.136 0.168 0.293 0.244 0.001 0.042 0.047 0.043 0.038
41 18 0.095 0.061 0.136 0.159 0.290 0.219 0.001 0.054 0.059 0.053 0.048
41 19 0.149 0.084 0.145 0.222 0.414 0.205 0.001 0.066 0.073 0.064 0.058
41 20 0.090 0.063 0.136 0.163 0.274 0.198 0.001 0.027 0.030 0.027 0.024
41 21 0.091 0.059 0.136 0.158 0.292 0.201 0.001 0.037 0.039 0.036 0.031
41 22 0.095 0.065 0.136 0.169 0.289 0.245 0.001 0.046 0.049 0.044 0.037
41 23 0.096 0.062 0.136 0.163 0.293 0.213 0.001 0.058 0.061 0.054 0.049
41 24 0.130 0.077 0.140 0.201 0.370 0.209 0.001 0.068 0.075 0.065 0.059
41 25 0.090 0.062 0.135 0.161 0.275 0.197 0.001 0.028 0.031 0.029 0.023
41 26 0.091 0.059 0.135 0.158 0.287 0.200 0.001 0.037 0.041 0.039 0.032
41 27 0.093 0.063 0.136 0.167 0.286 0.227 0.001 0.046 0.050 0.047 0.041
41 28 0.095 0.062 0.136 0.161 0.292 0.219 0.001 0.058 0.064 0.058 0.050
41 29 0.118 0.071 0.138 0.187 0.338 0.214 0.001 0.072 0.079 0.070 0.061




Table C7a. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,

RPM = 4,000 to 6,300 (uniform) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (sluq/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
42 6 20.55 0.50 0.00237 -45 -9.90 4000 4000 4000 4000
42 7 20.29 0.49 0.00237 -45 -9.90 4600 4600 4600 4600
42 8 20.23 0.48 0.00237 -45 -9.90 5100 5100 5100 5100
42 9 20.11 0.48 0.00237 -45 -9.90 5700 5700 5700 5700
42 10 20.09 0.48 0.00237 -45 -9.90 6300 6300 6300 6300
42 15 20.18 0.48 0.00237 -45 -4.98 4000 4000 4000 4000
42 16 20.13 0.48 0.00237 -45 -4.98 4600 4600 4600 4600
42 17 20.00 0.47 0.00237 -45 -4.98 5100 5100 5100 5100
42 18 20.10 0.48 0.00237 -45 -4.98 5700 5700 5700 5700
42 19 20.01 0.47 0.00237 -45 -4.98 6300 6300 6300 6300
42 24 20.40 0.49 0.00237 -45 -1.98 4000 4000 4000 4000
42 25 20.39 0.49 0.00237 -45 -1.98 4600 4600 4600 4600
42 26 20.27 0.49 0.00237 -45 -1.98 5100 5100 5100 5100
42 27 20.15 0.48 0.00237 -45 -1.98 5700 5700 5700 5700
42 28 20.12 0.48 0.00237 -45 -1.98 6300 6300 6300 6300
43 5 20.51 0.50 0.00237 -45 -0.04 4000 4000 4000 4000
43 6 20.61 0.50 0.00237 -45 -0.04 4600 4600 4600 4600
43 7 19.99 0.47 0.00237 -45 -0.04 5100 5100 5100 5100
43 8 19.99 0.47 0.00237 -45 -0.04 5700 5700 5700 5700
43 9 19.77 0.46 0.00237 -45 -0.04 6300 6300 6300 6300
43 14 20.24 0.49 0.00237 -45 2.03 4000 4000 4000 4000
43 15 20.07 0.48 0.00237 -45 2.03 4600 4600 4600 4600
43 16 20.00 0.47 0.00237 -45 2.03 5100 5100 5100 5100
43 17 19.79 0.46 0.00237 -45 2.03 5700 5700 5700 5700
43 18 19.68 0.46 0.00237 -45 2.03 6300 6300 6300 6300
45 5 19.64 0.47 0.00245 -45 5.03 4000 4000 4000 4000
45 6 19.60 0.47 0.00245 -45 5.03 4600 4600 4600 4600
45 7 19.63 0.47 0.00245 -45 5.03 5100 5100 5100 5100
45 8 19.49 0.47 0.00245 -45 5.03 5700 5700 5700 5700
45 9 19.57 0.47 0.00245 -45 5.03 6300 6300 6300 6300
45 14 19.58 0.47 0.00245 -45 9.95 4000 4000 4000 4000
45 15 19.57 0.47 0.00245 -45 9.95 4600 4600 4600 4600
45 16 19.42 0.46 0.00245 -45 9.95 5100 5100 5100 5100
45 17 19.44 0.46 0.00245 -45 9.95 5700 5700 5700 5700
45 18 19.28 0.46 0.00245 -45 9.95 6300 6300 6300 6300
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Table C7b. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,

RPM = 4,000 to 6,300 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

42 6 0.234 -0.189 1.899 -1.020 1.560 -0.011 16.711 0.959 1.222 1.167 1.050
42 7 0.261 -0.211 2.407 -1.309 1.880 0.009 16.687 1.417 1.668 1.616 1.519
42 8 0.277 -0.234 2.871 -1.602 2.132 -0.013 16.661 1.857 2.176 2.082 2.028
42 9 0.305 -0.249 3.518 -2.058 2.561 -0.009 16.627 2.549 2.900 2.731 2.561
42 10 0.354 -0.278 4.220 -2.511 2.856 -0.200 16.582 3.355 3.725 3.534 3.402
42 15 0.215 -0.170 2.021 -1.162 1.786 0.015 16.710 1.057 1.274 1.150 1.114
42 16 0.245 -0.201 2.568 -1.523 2.140 0.014 16.684 1.424 1.727 1.614 1.547
42 17 0.262 -0.230 3.028 -1.788 2.514 -0.000 16.660 1.927 2.262 2.057 1.974
42 18 0.277 -0.255 3.659 -2.170 2.886 -0.020 16.623 2.620 2.950 2.764 2.662
42 19 0.323 -0.266 4.363 -2.655 3.100 -0.191 16.579 3.498 3.793 3.583 3.431
42 24 0.208 -0.159 2.092 -1.305 1.901 0.039 16.710 1.035 1.272 1.148 1.088
42 25 0.242 -0.200 2.634 -1.566 2.296 -0.028 16.684 1.515 1.805 1.593 1.536
42 26 0.260 -0.225 3.093 -1.857 2.632 -0.017 16.660 1.931 2.279 2.002 1.952
42 27 0.276 -0.253 3.714 -2.254 3.020 -0.035 16.624 2.636 2.963 2.699 2.602
42 28 0.312 -0.271 4.440 -2.725 3.431 -0.219 16.579 3.524 3.850 3.475 3.417
43 5 0.198 -0.158 2.115 -1.444 1.903 -0.004 16.709 1.051 1.292 1.110 1.069
43 6 0.235 -0.194 2.662 -1.687 2.341 -0.037 16.683 1.545 1.858 1.583 1.546
43 7 0.251 -0.215 3.091 -1.887 2.646 -0.010 16.661 1.934 2.232 1.980 1.845
43 8 0.272 -0.253 3.724 -2.278 3.153 -0.045 16.623 2.698 3.057 2.647 2.671
43 9 0.304 -0.281 4.412 -2.607 3.491 -0.265 16.579 3.560 3.924 3.459 3.405
43 14 0.186 -0.143 2.135 -1.483 1.956 -0.005 16.709 1.071 1.316 1.094 1.095
43 15 0.219 -0.183 2.662 -1.755 2.381 -0.033 16.685 1.539 1.875 1.596 1.565
43 16 0.244 -0.221 3.137 -1.923 2.881 -0.061 16.659 1.992 2.370 1.935 2.009
43 17 0.268 -0.256 3.779 -2.215 3.519 -0.084 16.622 2.717 3.105 2.634 2.659
43 18 0.289 -0.275 4.475 -2.708 3.932 -0.256 16.578 3.586 3.995 3.396 3.464
45 5 0.195 -0.157 2.245 -1.528 2.034 -0.061 16.812 1.150 1.373 1.132 1.143
45 6 0.230 -0.196 2.827 -1.727 2.620 -0.093 16.788 1.554 1.960 1.578 1.494
45 7 0.253 -0.219 3.359 -2.070 3.077 -0.101 16.761 1.918 2.429 1.960 2.022
45 8 0.288 -0.277 3.974 -2.314 3.684 -0.134 16.725 2.808 3.224 2.680 2.754
45 9 0.313 -0.315 4.730 -2.658 4.327 -0.299 16.679 3.716 4.157 3.428 3.563
45 14 0.180 -0.143 2.377 -2.122 1.947 -0.087 16.813 1.132 1.324 1.135 1.124
45 15 0.209 -0.169 2.979 -2.289 2.618 -0.138 16.786 1.750 1.810 1.615 1.601
45 16 0.233 -0.197 3.512 -2.258 3.423 -0.204 16.759 2.091 2.465 1.988 2.203
45 17 0.269 -0.249 4.133 -2.598 4.107 -0.230 16.724 2.914 3.209 2.654 2.730
45 18 0.293 -0.304 4.840 -2.704 4.915 -0.417 16.677 3.780 4.293 3.330 3.523




Table C7c. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,

RPM = 4,000 to 6,300 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
42 6 0.089 0.058 0.134 0.152 0.273 0.197 0.001 0.021 0.024 0.023 0.021
42 7 0.089 0.059 0.135 0.156 0.282 0.198 0.001 0.028 0.032 0.030 0.029
42 8 0.092 0.060 0.135 0.159 0.282 0.204 0.001 0.035 0.039 0.037 0.036
42 9 0.091 0.060 0.135 0.159 0.283 0.199 0.001 0.044 0.049 0.047 0.044
42 10 0.096 0.066 0.136 0.174 0.291 0.201 0.001 0.054 0.059 0.056 0.054
42 15 0.089 0.058 0.134 0.153 0.273 0.197 0.000 0.022 0.024 0.022 0.022
42 16 0.090 0.059 0.135 0.155 0.284 0.197 0.001 0.029 0.032 0.030 0.029
42 17 0.092 0.060 0.135 0.162 0.285 0.204 0.001 0.036 0.040 0.037 0.035
42 18 0.093 0.061 0.136 0.164 0.287 0.201 0.001 0.045 0.050 0.047 0.045
42 19 0.101 0.072 0.136 0.183 0.301 0.205 0.001 0.056 0.060 0.056 0.054
42 24 0.089 0.058 0.134 0.153 0.273 0.197 0.001 0.022 0.025 0.022 0.022
42 25 0.090 0.058 0.135 0.155 0.285 0.196 0.001 0.030 0.033 0.030 0.029
42 26 0.092 0.060 0.136 0.160 0.287 0.204 0.001 0.036 0.041 0.037 0.036
42 27 0.091 0.061 0.135 0.160 0.282 0.200 0.001 0.046 0.050 0.046 0.045
42 28 0.100 0.073 0.135 0.181 0.305 0.200 0.001 0.056 0.061 0.056 0.054
43 5 0.089 0.058 0.134 0.153 0.273 0.198 0.001 0.022 0.025 0.022 0.021
43 6 0.090 0.060 0.135 0.158 0.283 0.197 0.001 0.030 0.034 0.029 0.029
43 7 0.091 0.061 0.135 0.161 0.282 0.204 0.001 0.037 0.040 0.036 0.034
43 8 0.091 0.061 0.136 0.162 0.285 0.198 0.001 0.046 0.050 0.046 0.045
43 9 0.105 0.075 0.137 0.200 0.309 0.199 0.001 0.056 0.061 0.056 0.055
43 14 0.089 0.059 0.134 0.154 0.273 0.197 0.001 0.022 0.025 0.022 0.022
43 15 0.089 0.059 0.135 0.157 0.281 0.196 0.001 0.030 0.034 0.030 0.029
43 16 0.093 0.061 0.135 0.161 0.282 0.209 0.001 0.036 0.042 0.036 0.037
43 17 0.091 0.061 0.135 0.161 0.284 0.200 0.001 0.047 0.052 0.046 0.045
43 18 0.101 0.071 0.137 0.186 0.300 0.205 0.001 0.056 0.063 0.055 0.054
45 5 0.089 0.059 0.134 0.155 0.274 0.197 0.001 0.023 0.026 0.022 0.022
45 6 0.090 0.059 0.134 0.157 0.280 0.196 0.001 0.030 0.034 0.030 0.029
45 7 0.092 0.062 0.136 0.165 0.287 0.208 0.001 0.037 0.042 0.036 0.037
45 8 0.092 0.061 0.135 0.161 0.285 0.203 0.001 0.047 0.052 0.046 0.046
45 9 0.105 0.074 0.137 0.200 0.304 0.210 0.001 0.059 0.064 0.056 0.056
45 14 0.089 0.058 0.134 0.153 0.274 0.197 0.001 0.023 0.025 0.023 0.022
45 15 0.090 0.059 0.135 0.157 0.281 0.196 0.001 0.032 0.034 0.031 0.030
45 16 0.093 0.061 0.135 0.163 0.284 0.212 0.001 0.038 0.042 0.036 0.038
45 17 0.093 0.063 0.136 0.168 0.288 0.202 0.001 0.049 0.053 0.046 0.046
45 18 0.109 0.080 0.138 0.212 0.317 0.211 0.001 0.060 0.066 0.055 0.057
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Table C8a. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,

RPM = 3,500 to 6,300 (uniform) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (sluq/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
46 5 38.69 1.83 0.00245 -45 -9.91 4000 4000 4000 4000
46 6 39.53 1.91 0.00245 -45 -9.91 4600 4600 4600 4600
46 7 39.52 1.91 0.00245 -45 -9.91 5100 5100 5100 5100
46 8 39.46 1.91 0.00245 -45 -9.91 5700 5700 5700 5700
46 9 39.56 1.92 0.00245 -45 -9.91 6300 6300 6300 6300
46 10 39.25 1.89 0.00245 -45 -4.99 4000 4000 4000 4000
46 11 39.33 1.89 0.00245 -45 -4.98 4600 4600 4600 4600
46 12 39.39 1.90 0.00245 -45 -4.99 5100 5100 5100 5100
46 13 39.30 1.89 0.00245 -45 -4.98 5700 5700 5700 5700
46 14 39.15 1.88 0.00245 -45 -4.99 6300 6300 6300 6300
46 15 39.48 1.91 0.00245 -45 -1.99 4000 4000 4000 4000
46 16 39.63 1.92 0.00245 -45 -1.98 4600 4600 4600 4600
46 17 39.48 1.91 0.00245 -45 -1.99 5100 5100 5100 5100
46 18 39.31 1.89 0.00245 -45 -1.99 5700 5700 5700 5700
46 19 39.19 1.88 0.00245 -45 -1.99 6300 6300 6300 6300
46 20 39.15 1.87 0.00245 -45 0.11 3500 3500 3500 3500
46 21 39.09 1.87 0.00245 -45 0.12 4000 4000 4000 4000
46 22 39.10 1.87 0.00245 -45 0.10 4600 4600 4600 4600
46 23 39.65 1.92 0.00244 -45 0.12 5100 5100 5100 5100
46 24 39.51 1.91 0.00244 -45 0.12 5700 5700 5700 5700
46 25 39.75 1.93 0.00244 -45 2.03 3500 3500 3500 3500
46 26 39.75 1.93 0.00244 -45 2.03 4000 4000 4000 4000
46 27 39.66 1.92 0.00244 -45 2.03 4600 4600 4600 4600
46 28 39.62 1.92 0.00244 -45 2.03 5100 5100 5100 5100
46 29 39.49 1.90 0.00244 -45 2.03 5700 5700 5700 5700
46 30 39.63 1.92 0.00244 -45 5.03 3500 3500 3500 3500
46 31 39.56 1.91 0.00244 -45 5.03 4000 4000 4000 4000
46 32 39.43 1.90 0.00244 -45 5.02 4600 4600 4600 4600
46 33 39.23 1.88 0.00244 -45 5.03 5100 5100 5100 5100
46 34 38.86 1.84 0.00244 -45 5.03 5700 5700 5700 5700
46 35 39.50 1.90 0.00244 -45 9.95 3500 3500 3500 3500
46 36 39.50 1.90 0.00244 -45 9.95 4000 4000 4000 4000
46 37 38.84 1.84 0.00244 -45 9.95 4600 4600 4600 4600
46 38 39.36 1.89 0.00244 -45 9.95 5100 5100 5100 5100
46 39 39.03 1.86 0.00244 -45 9.95 5700 5700 5700 5700




Table C8b. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,

RPM = 3,500 to 6,300 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

46 5 0.581 -0.595 2.299 -0.705 1.727 -0.326 16.813 1.060 1.266 1.158 1.090
46 6 0.660 -0.655 2.935 -1.170 2.384 -0.301 16.785 1.510 1.821 1.632 1.658
46 7 0.702 -0.681 3.505 -1.652 2.954 -0.324 16.760 1.901 2.438 2.211 2.057
46 8 0.769 -0.704 4.190 -2.290 3.675 -0.326 16.722 2.712 3.144 2.984 2.725
46 9 0.840 -0.758 4.921 -2.908 4.183 -0.353 16.673 3.640 4.237 3.857 3.601
46 10 0.575 -0.564 2.612 -1.248 1.941 -0.299 16.810 1.129 1.399 1.224 1.169
46 11 0.621 -0.592 3.304 -1.821 2.607 -0.317 16.781 1.703 2.049 1.797 1.571
46 12 0.676 -0.599 3.865 -2.295 3.059 -0.322 16.754 2.140 2.572 2.319 1.992
46 13 0.697 -0.689 4.665 -2.960 4.126 -0.232 16.714 3.051 3.463 3.089 2.725
46 14 0.761 -0.688 5.350 -3.404 4.440 -0.065 16.662 3.908 4.520 4.047 3.572
46 15 0.572 -0.532 2.793 -1.428 1.930 -0.231 16.806 1.257 1.486 1.359 1.158
46 16 0.626 -0.546 3.507 -2.131 2.540 -0.263 16.777 1.798 2.070 1.805 1.619
46 17 0.655 -0.583 4.103 -2.646 3.214 -0.324 16.751 2.282 2.618 2.340 1.954
46 18 0.690 -0.632 4.888 -3.439 4.154 -0.262 16.709 3.143 3.548 3.182 2.720
46 19 0.722 -0.675 5.675 -3.962 4.847 -0.182 16.657 4.100 4.704 4.126 3.632
46 20 0.530 -0.520 2.341 -1.011 1.603 -0.202 16.824 0.952 1.036 0.974 0.859
46 21 0.546 -0.513 2.913 -1.575 2.217 -0.215 16.805 1.263 1.484 1.312 1.171
46 22 0.592 -0.537 3.635 -2.351 2.652 -0.281 16.777 1.834 2.099 1.910 1.577
46 23 0.648 -0.554 4.307 -3.043 3.306 -0.307 16.749 2.342 2.756 2.289 2.114
46 24 0.680 -0.606 5.103 -3.843 4.248 -0.279 16.705 3.228 3.639 3.260 2.772
46 25 0.528 -0.535 2.476 -1.056 1.749 -0.184 16.823 0.926 1.174 0.953 0.840
46 26 0.550 -0.530 3.053 -1.591 2.207 -0.232 16.803 1.313 1.573 1.296 1.180
46 27 0.588 -0.526 3.803 -2.465 2.755 -0.279 16.774 1.864 2.167 1.947 1.558
46 28 0.621 -0.552 4.487 -3.276 3.506 -0.341 16.743 2.389 2.808 2.425 1.965
46 29 0.653 -0.593 5.283 -4.096 4.412 -0.371 16.704 3.348 3.710 3.221 2.701
46 30 0.504 -0.533 2.631 -0.923 1.911 -0.235 16.820 0.891 1.213 1.034 0.843
46 31 0.515 -0.529 3.213 -1.508 2.254 -0.263 16.803 1.366 1.531 1.476 1.132
46 32 0.547 -0.525 3.969 -2.467 3.032 -0.284 16.775 1.964 2.239 1.931 1.617
46 33 0.576 -0.526 4.658 -3.397 3.668 -0.367 16.742 2.554 2.781 2.416 1.999
46 34 0.606 -0.542 5.494 -4.596 4.458 -0.420 16.699 3.486 3.803 3.271 2.752
46 35 0.470 -0.492 2.818 -0.916 1.834 -0.126 16.819 0.942 1.168 1.070 0.748
46 36 0.464 -0.481 3.398 -1.530 2.267 -0.248 16.797 1.419 1.673 1.540 1.217
46 37 0.486 -0.488 4.235 -2.441 2.975 -0.309 16.768 2.016 2.451 2.091 1.702
46 38 0.536 -0.519 4.985 -3.352 3.771 -0.364 16.734 2.600 2.910 2.762 2.095
46 39 0.562 -0.545 5.842 -4.654 4.855 -0.421 16.692 3.613 3.933 3.413 2.859
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Table C8c. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,

RPM = 3,500 to 6,300 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
46 5 0.092 0.063 0.135 0.160 0.277 0.202 0.001 0.022 0.024 0.023 0.022
46 6 0.092 0.062 0.137 0.162 0.301 0.204 0.001 0.029 0.033 0.031 0.030
46 7 0.099 0.063 0.136 0.168 0.298 0.217 0.001 0.036 0.042 0.039 0.036
46 8 0.101 0.066 0.137 0.181 0.305 0.205 0.001 0.046 0.052 0.049 0.046
46 9 0.126 0.097 0.141 0.249 0.362 0.215 0.001 0.058 0.065 0.060 0.056
46 10 0.092 0.062 0.136 0.161 0.279 0.201 0.001 0.023 0.026 0.024 0.023
46 11 0.093 0.061 0.137 0.161 0.303 0.203 0.001 0.032 0.037 0.033 0.030
46 12 0.098 0.066 0.138 0.177 0.310 0.214 0.001 0.039 0.044 0.041 0.036
46 13 0.100 0.070 0.140 0.190 0.317 0.203 0.001 0.050 0.056 0.051 0.047
46 14 0.126 0.098 0.138 0.253 0.356 0.210 0.001 0.060 0.068 0.062 0.057
46 15 0.091 0.061 0.136 0.158 0.278 0.202 0.001 0.025 0.028 0.026 0.023
46 16 0.093 0.065 0.138 0.170 0.307 0.203 0.001 0.034 0.037 0.033 0.031
46 17 0.096 0.064 0.137 0.173 0.301 0.213 0.001 0.041 0.046 0.042 0.036
46 18 0.102 0.071 0.140 0.194 0.321 0.204 0.001 0.052 0.057 0.052 0.047
46 19 0.155 0.122 0.141 0.329 0.424 0.212 0.001 0.063 0.070 0.065 0.057
46 20 0.090 0.085 0.136 0.207 0.281 0.197 0.000 0.020 0.021 0.019 0.018
46 21 0.093 0.064 0.136 0.164 0.280 0.203 0.001 0.025 0.029 0.025 0.023
46 22 0.092 0.062 0.136 0.164 0.294 0.204 0.001 0.034 0.037 0.035 0.030
46 23 0.097 0.066 0.140 0.179 0.310 0.212 0.001 0.042 0.047 0.042 0.038
46 24 0.098 0.069 0.138 0.184 0.309 0.203 0.001 0.052 0.059 0.053 0.047
46 25 0.090 0.088 0.135 0.210 0.279 0.201 0.000 0.019 0.023 0.020 0.018
46 26 0.093 0.066 0.137 0.168 0.278 0.203 0.001 0.026 0.029 0.026 0.023
46 27 0.092 0.064 0.137 0.166 0.294 0.202 0.001 0.035 0.039 0.035 0.030
46 28 0.095 0.066 0.137 0.176 0.286 0.224 0.001 0.043 0.047 0.042 0.038
46 29 0.094 0.068 0.138 0.178 0.297 0.209 0.001 0.055 0.059 0.053 0.047
46 30 0.091 0.079 0.137 0.180 0.283 0.204 0.000 0.019 0.023 0.021 0.018
46 31 0.092 0.064 0.136 0.166 0.279 0.204 0.001 0.027 0.030 0.028 0.023
46 32 0.093 0.063 0.136 0.166 0.296 0.204 0.001 0.036 0.040 0.036 0.031
46 33 0.094 0.065 0.137 0.176 0.292 0.210 0.001 0.044 0.048 0.043 0.038
46 34 0.096 0.066 0.137 0.179 0.297 0.211 0.001 0.057 0.061 0.054 0.047
46 35 0.091 0.075 0.139 0.174 0.280 0.201 0.000 0.021 0.023 0.021 0.017
46 36 0.092 0.062 0.136 0.161 0.278 0.200 0.001 0.027 0.031 0.029 0.025
46 37 0.092 0.062 0.136 0.162 0.290 0.200 0.001 0.037 0.042 0.038 0.032
46 38 0.095 0.065 0.137 0.174 0.292 0.214 0.001 0.047 0.050 0.047 0.038
46 39 0.093 0.066 0.136 0.177 0.293 0.209 0.001 0.059 0.063 0.056 0.048




Table C9a. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -60 deg, pitch = -10 to 10 deg,

RPM = 3,500 to 6,300 (uniform) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (sluq/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
47 6 39.74 1.91 0.00242 -60 -9.91 4000 4000 4000 4000
47 7 39.71 1.91 0.00242 -60 -9.91 4600 4600 4600 4600
47 8 39.47 1.88 0.00242 -60 -9.91 5100 5100 5100 5100
47 9 39.40 1.88 0.00242 -60 -9.91 5700 5700 5700 5700
47 10 39.02 1.84 0.00242 -60 -9.91 6300 6300 6300 6300
47 11 39.59 1.89 0.00242 -60 -4.99 4000 4000 4000 4000
47 12 39.43 1.88 0.00242 -60 -4.99 4600 4600 4600 4600
47 13 39.26 1.86 0.00242 -60 -4.99 5100 5100 5100 5100
47 14 39.44 1.88 0.00241 -60 -4.99 5700 5700 5700 5700
47 15 39.53 1.89 0.00241 -60 -4.98 6300 6300 6300 6300
47 16 39.45 1.88 0.00241 -60 -1.99 4000 4000 4000 4000
47 17 39.78 1.91 0.00241 -60 -1.99 4600 4600 4600 4600
47 18 39.28 1.86 0.00241 -60 -1.98 5100 5100 5100 5100
47 19 40.25 1.95 0.00241 -60 -1.99 5700 5700 5700 5700
47 20 39.76 1.91 0.00241 -60 -1.99 6300 6300 6300 6300
48 5 39.96 1.92 0.00240 -60 -0.05 3500 3500 3500 3500
48 6 39.68 1.89 0.00240 -60 -0.05 4000 4000 4000 4000
48 7 39.62 1.88 0.00240 -60 -0.04 4600 4600 4600 4600
48 8 39.50 1.87 0.00240 -60 -0.05 5100 5100 5100 5100
48 9 39.66 1.89 0.00240 -60 -0.05 5700 5700 5700 5700
48 10 40.22 1.94 0.00240 -60 2.03 3500 3500 3500 3500
48 11 39.82 1.90 0.00240 -60 2.03 4000 4000 4000 4000
48 12 39.61 1.88 0.00240 -60 2.03 4600 4600 4600 4600
48 13 39.73 1.89 0.00240 -60 2.03 5100 5100 5100 5100
48 14 39.75 1.89 0.00239 -60 2.03 5700 5700 5700 5700
48 15 39.83 1.90 0.00239 -60 5.02 3500 3500 3500 3500
48 16 39.98 1.91 0.00239 -60 5.03 4000 4000 4000 4000
48 17 39.23 1.84 0.00239 -60 5.03 4600 4600 4600 4600
48 18 39.39 1.85 0.00239 -60 5.02 5100 5100 5100 5100
48 19 39.62 1.88 0.00239 -60 5.03 5700 5700 5700 5700
48 20 39.73 1.89 0.00239 -60 9.95 3500 3500 3500 3500
48 21 39.55 1.87 0.00239 -60 9.95 4000 4000 4000 4000
48 22 39.54 1.87 0.00239 -60 9.95 4600 4600 4600 4600
48 23 39.25 1.84 0.00239 -60 9.95 5100 5100 5100 5100
48 25 39.79 1.89 0.00238 -60 9.95 5700 5700 5700 5700
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Table C9b. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -60 deg, pitch = -10 to 10 deg,

RPM = 3,500 to 6,300 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

47 6 0.468 -0.710 2.161 -1.007 1.383 -0.376 16.814 0.990 1.188 1.161 1.095
47 7 0.526 -0.750 2.750 -1.608 1.781 -0.388 16.788 1.526 1.728 1.718 1.487
47 8 0.572 -0.811 3.284 -2.197 2.126 -0.400 16.762 1.919 2.232 2.226 2.065
47 9 0.634 -0.857 3.924 -3.008 2.486 -0.297 16.726 2.651 2.931 2.932 2.620
47 10 0.692 -0.901 4.675 -3.884 2.827 -0.316 16.680 3.535 3.835 3.858 3.400
47 11 0.452 -0.711 2.481 -1.216 1.554 -0.318 16.810 1.235 1.327 1.347 1.080
47 12 0.484 -0.754 3.113 -1.982 1.670 -0.285 16.781 1.655 1.856 1.843 1.600
47 13 0.528 -0.795 3.678 -2.522 1.902 -0.266 16.752 2.225 2.478 2.357 2.246
47 14 0.602 -0.862 4.394 -3.291 2.249 -0.238 16.716 2.899 3.123 3.225 2.735
47 15 0.663 -0.918 5.126 -4.255 2.657 -0.169 16.667 3.865 4.015 4.211 3.529
47 16 0.432 -0.713 2.666 -1.371 1.520 -0.369 16.807 1.200 1.399 1.352 1.098
47 17 0.478 -0.763 3.328 -2.165 1.807 -0.370 16.779 1.742 1.975 1.848 1.665
47 18 0.507 -0.771 3.945 -2.903 1.924 -0.308 16.752 2.280 2.457 2.376 2.252
47 19 0.586 -0.885 4.737 -3.784 2.159 -0.342 16.708 3.105 3.220 3.340 2.821
47 20 0.645 -0.927 5.470 -4.561 2.469 -0.242 16.659 4.003 4.189 4.314 3.706
48 5 0.392 -0.692 2.341 -0.768 1.510 -0.315 16.824 0.864 1.040 0.959 0.793
48 6 0.413 -0.687 2.854 -1.611 1.731 -0.311 16.805 1.303 1.424 1.405 1.131
48 7 0.457 -0.728 3.535 -2.445 1.885 -0.387 16.777 1.851 1.909 1.910 1.666
48 8 0.493 -0.751 4.156 -3.280 2.053 -0.312 16.750 2.323 2.459 2.419 2.095
48 9 0.550 -0.812 4.949 -4.212 2.324 -0.308 16.707 3.170 3.256 3.325 2.894
48 10 0.389 -0.683 2.478 -0.878 1.626 -0.268 16.824 0.972 1.045 1.062 0.843
48 11 0.402 -0.678 2.976 -1.685 1.881 -0.279 16.805 1.334 1.447 1.397 1.148
48 12 0.439 -0.706 3.710 -2.548 2.016 -0.316 16.775 1.852 2.021 1.970 1.607
48 13 0.491 -0.737 4.343 -3.479 2.251 -0.360 16.745 2.503 2.487 2.515 2.126
48 14 0.538 -0.806 5.114 -4.494 2.447 -0.387 16.706 3.268 3.326 3.259 2.885
48 15 0.357 -0.668 2.576 -0.975 1.763 -0.258 16.822 0.890 1.068 1.070 0.735
48 16 0.387 -0.673 3.157 -1.777 1.939 -0.233 16.801 1.378 1.478 1.460 1.025
48 17 0.411 -0.668 3.883 -2.961 2.144 -0.304 16.774 1.988 2.036 2.062 1.652
48 18 0.462 -0.696 4.540 -3.959 2.378 -0.382 16.744 2.667 2.649 2.524 2.238
48 19 0.527 -0.758 5.354 -5.120 2.627 -0.427 16.703 3.433 3.375 3.263 2.837
48 20 0.334 -0.617 2.757 -1.265 1.773 -0.080 16.822 0.991 1.118 1.133 0.766
48 21 0.343 -0.624 3.319 -2.081 2.151 -0.137 16.801 1.447 1.536 1.477 1.111
48 22 0.376 -0.643 4.160 -3.110 2.612 -0.252 16.769 2.109 2.086 1.984 1.575
48 23 0.406 -0.650 4.839 -4.345 2.742 -0.353 16.741 2.589 2.570 2.666 1.984
48 25 0.467 -0.713 5.742 -6.141 2.782 -0.455 16.699 3.646 3.278 3.512 2.756




Table C9c. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -60 deg, pitch = -10 to 10 deg,

RPM = 3,500 to 6,300 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
47 6 0.092 0.059 0.135 0.152 0.278 0.202 0.001 0.021 0.024 0.022 0.021
47 7 0.096 0.062 0.137 0.164 0.309 0.209 0.001 0.029 0.032 0.031 0.029
47 8 0.096 0.068 0.136 0.183 0.288 0.204 0.001 0.036 0.039 0.039 0.037
47 9 0.093 0.066 0.137 0.175 0.286 0.202 0.001 0.045 0.048 0.048 0.044
47 10 0.107 0.098 0.139 0.252 0.314 0.209 0.001 0.056 0.060 0.059 0.054
47 11 0.092 0.059 0.136 0.154 0.278 0.203 0.001 0.025 0.025 0.024 0.022
47 12 0.098 0.064 0.139 0.167 0.319 0.211 0.001 0.031 0.033 0.033 0.031
47 13 0.108 0.068 0.142 0.180 0.302 0.218 0.001 0.039 0.042 0.041 0.039
47 14 0.093 0.075 0.140 0.197 0.297 0.203 0.001 0.049 0.051 0.052 0.046
47 15 0.107 0.102 0.142 0.258 0.325 0.220 0.001 0.061 0.062 0.063 0.056
47 16 0.093 0.059 0.137 0.155 0.280 0.201 0.001 0.024 0.026 0.026 0.022
47 17 0.097 0.066 0.138 0.174 0.321 0.215 0.001 0.033 0.035 0.034 0.031
47 18 0.098 0.066 0.138 0.178 0.291 0.207 0.001 0.040 0.042 0.041 0.039
47 19 0.093 0.074 0.140 0.200 0.293 0.203 0.001 0.051 0.053 0.054 0.048
47 20 0.110 0.108 0.141 0.269 0.323 0.226 0.001 0.062 0.064 0.065 0.058
48 5 0.089 0.075 0.136 0.184 0.278 0.202 0.000 0.019 0.020 0.019 0.017
48 6 0.093 0.059 0.137 0.155 0.279 0.202 0.001 0.025 0.027 0.026 0.023
48 7 0.098 0.065 0.140 0.171 0.331 0.220 0.001 0.034 0.035 0.034 0.031
48 8 0.098 0.068 0.137 0.185 0.286 0.209 0.001 0.040 0.043 0.042 0.038
48 9 0.097 0.074 0.138 0.202 0.293 0.205 0.001 0.052 0.054 0.053 0.048
48 10 0.089 0.081 0.136 0.189 0.278 0.204 0.000 0.019 0.021 0.020 0.017
48 11 0.093 0.059 0.137 0.156 0.281 0.204 0.001 0.026 0.027 0.026 0.023
48 12 0.096 0.066 0.138 0.175 0.310 0.208 0.001 0.035 0.036 0.034 0.031
48 13 0.102 0.068 0.138 0.183 0.288 0.217 0.001 0.043 0.043 0.043 0.038
48 14 0.097 0.073 0.139 0.198 0.296 0.205 0.001 0.054 0.055 0.052 0.048
48 15 0.089 0.081 0.136 0.192 0.277 0.202 0.000 0.019 0.021 0.020 0.016
48 16 0.094 0.060 0.136 0.155 0.282 0.207 0.001 0.027 0.028 0.027 0.023
48 17 0.095 0.065 0.138 0.172 0.303 0.206 0.001 0.036 0.037 0.036 0.031
48 18 0.102 0.069 0.140 0.183 0.290 0.219 0.001 0.046 0.045 0.043 0.040
48 19 0.096 0.070 0.138 0.191 0.288 0.207 0.001 0.056 0.056 0.053 0.047
48 20 0.089 0.077 0.136 0.183 0.277 0.201 0.000 0.021 0.022 0.021 0.017
48 21 0.092 0.059 0.136 0.155 0.278 0.205 0.001 0.027 0.028 0.028 0.023
48 22 0.093 0.065 0.137 0.173 0.290 0.202 0.001 0.037 0.038 0.036 0.030
48 23 0.097 0.068 0.139 0.179 0.285 0.211 0.001 0.045 0.045 0.045 0.038
48 25 0.094 0.071 0.137 0.196 0.287 0.207 0.001 0.058 0.054 0.056 0.047
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Table C10a. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,

RPM = 4,000 to 6,300 (uniform) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (sluq/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
51 5 20.08 0.47 0.00235 -90 -9.90 4000 4000 4000 4000
51 6 19.53 0.45 0.00235 -90 -9.91 4600 4600 4600 4600
51 7 19.46 0.44 0.00235 -90 -9.91 5100 5100 5100 5100
51 8 20.49 0.49 0.00235 -90 -9.90 5700 5700 5700 5700
51 9 20.11 0.47 0.00235 -90 -9.90 6300 6300 6300 6300
51 14 20.11 0.47 0.00235 -90 -4.98 4000 4000 4000 4000
51 15 19.96 0.47 0.00235 -90 -4.98 4600 4600 4600 4600
51 16 20.01 0.47 0.00235 -90 -4.98 5100 5100 5100 5100
51 17 19.84 0.46 0.00235 -90 -4.98 5700 5700 5700 5700
51 18 19.98 0.47 0.00235 -90 -4.98 6300 6300 6300 6300
51 23 20.16 0.48 0.00235 -90 -1.98 4000 4000 4000 4000
51 24 20.10 0.47 0.00235 -90 -1.98 4600 4600 4600 4600
51 25 19.93 0.47 0.00235 -90 -1.98 5100 5100 5100 5100
51 26 19.85 0.46 0.00235 -90 -1.98 5700 5700 5700 5700
51 27 19.76 0.46 0.00235 -90 -1.98 6300 6300 6300 6300
51 32 20.54 0.50 0.00235 -90 0.12 4000 4000 4000 4000
51 33 19.59 0.45 0.00235 -90 0.12 4600 4600 4600 4600
51 34 19.55 0.45 0.00235 -90 0.12 5100 5100 5100 5100
51 35 20.28 0.48 0.00235 -90 0.12 5700 5700 5700 5700
51 36 20.35 0.49 0.00235 -90 0.12 6300 6300 6300 6300
51 41 20.68 0.50 0.00235 -90 2.03 4000 4000 4000 4000
51 42 20.11 0.48 0.00235 -90 2.03 4600 4600 4600 4600
51 43 19.91 0.47 0.00235 -90 2.03 5100 5100 5100 5100
51 44 19.71 0.46 0.00235 -90 2.03 5700 5700 5700 5700
51 45 19.78 0.46 0.00235 -90 2.03 6300 6300 6300 6300
51 50 20.28 0.48 0.00235 -90 5.03 4000 4000 4000 4000
51 51 20.00 0.47 0.00235 -90 5.03 4600 4600 4600 4600
51 52 20.02 0.47 0.00235 -90 5.03 5100 5100 5100 5100
51 53 19.74 0.46 0.00235 -90 5.03 5700 5700 5700 5700
51 54 19.74 0.46 0.00235 -90 5.03 6300 6300 6300 6300
53 5 20.16 0.50 0.00244 -90 9.95 4000 4000 4000 4000
53 6 19.64 0.47 0.00244 -90 9.95 4600 4600 4600 4600
53 7 20.06 0.49 0.00244 -90 9.95 5100 5100 5100 5100
53 8 19.96 0.49 0.00244 -90 9.95 5700 5700 5700 5700
53 9 19.69 0.47 0.00244 -90 9.95 6300 6300 6300 6300




Table C10b. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,

RPM = 4,000 to 6,300 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

51 5 0.025 -0.309 1.675 -1.414 -0.158 0.110 16.818 1.001 1.119 1.094 1.112
51 6 0.037 -0.316 2.226 -1.761 -0.180 0.115 16.795 1.439 1.554 1.503 1.527
51 7 0.049 -0.334 2.732 -2.053 -0.357 0.105 16.770 1.786 2.115 1.908 1.927
51 8 0.064 -0.384 3.398 -2.637 -0.432 0.138 16.733 2.476 2.818 2.566 2.677
51 9 0.089 -0.400 4.125 -3.088 -0.620 0.117 16.689 3.254 3.681 3.390 3.474
51 14 0.016 -0.295 1.727 -1.638 -0.174 0.115 16.815 1.053 1.191 1.142 1.073
51 15 0.028 -0.325 2.309 -1.995 -0.225 0.120 16.790 1.495 1.701 1.586 1.581
51 16 0.033 -0.343 2.832 -2.355 -0.279 0.141 16.765 1.990 2.133 2.113 2.087
51 17 0.049 -0.384 3.508 -2.806 -0.359 0.102 16.728 2.602 2.870 2.769 2.700
51 18 0.070 -0.403 4.239 -3.418 -0.495 0.132 16.683 3.455 3.728 3.559 3.534
51 23 0.015 -0.296 1.777 -1.955 -0.156 0.118 16.814 1.048 1.186 1.200 1.102
51 24 0.027 -0.328 2.358 -2.287 -0.258 0.136 16.788 1.527 1.668 1.642 1.578
51 25 0.037 -0.344 2.876 -2.589 -0.391 0.128 16.764 2.000 2.155 2.068 2.079
51 26 0.057 -0.376 3.564 -3.100 -0.466 0.120 16.727 2.657 2.851 2.802 2.740
51 27 0.076 -0.409 4.303 -3.791 -0.500 0.052 16.681 3.495 3.690 3.656 3.509
51 32 0.016 -0.293 1.820 -2.291 -0.126 0.144 16.815 1.024 1.145 1.165 1.061
51 33 0.031 -0.316 2.415 -2.444 -0.234 0.125 16.790 1.508 1.562 1.606 1.532
51 34 0.037 -0.339 2.907 -2.715 -0.384 0.088 16.765 1.944 2.108 2.139 2.043
51 35 0.059 -0.379 3.602 -3.380 -0.409 0.144 16.725 2.693 2.917 2.838 2.759
51 36 0.078 -0.413 4.355 -4.085 -0.490 0.100 16.680 3.531 3.736 3.688 3.582
51 41 0.016 -0.290 1.858 -2.454 -0.156 0.138 16.814 1.061 1.148 1.192 1.120
51 42 0.026 -0.321 2.470 -2.720 -0.198 0.128 16.787 1.433 1.679 1.664 1.554
51 43 0.038 -0.333 2.987 -2.960 -0.220 0.134 16.764 1.984 2.189 2.168 2.011
51 44 0.056 -0.354 3.632 -3.583 -0.340 0.164 16.726 2.696 2.890 2.802 2.723
51 45 0.072 -0.386 4.368 -4.292 -0.502 0.098 16.680 3.523 3.762 3.692 3.558
51 50 0.011 -0.272 1.924 -2.776 -0.112 0.138 16.813 1.079 1.202 1.250 1.170
51 51 0.024 -0.304 2.529 -2.913 -0.204 0.107 16.790 1.585 1.620 1.675 1.538
51 52 0.038 -0.322 3.051 -3.095 -0.253 0.094 16.762 2.035 2.165 2.119 2.045
51 53 0.051 -0.349 3.672 -3.558 -0.398 0.146 16.726 2.623 2.906 2.793 2.774
51 54 0.061 -0.382 4.383 -4.328 -0.390 0.084 16.680 3.529 3.810 3.611 3.614
53 5 0.008 -0.304 2.115 -2.853 -0.283 0.078 16.811 1.115 1.237 1.266 1.111
53 6 0.021 -0.334 2.695 -3.104 -0.309 0.092 16.786 1.546 1.741 1.695 1.618
53 7 0.031 -0.369 3.241 -3.323 -0.502 0.089 16.760 2.113 2.285 2.192 2.210
53 8 0.043 -0.396 3.933 -3.736 -0.636 0.100 16.723 2.745 3.120 2.854 2.837
53 9 0.051 -0.447 4.655 -4.218 -0.624 0.025 16.675 3.658 4.038 3.724 3.729
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Table C10c. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,

RPM = 4,000 to 6,300 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
51 5 0.089 0.058 0.134 0.152 0.273 0.197 0.000 0.020 0.022 0.021 0.021
51 6 0.092 0.064 0.134 0.169 0.281 0.211 0.001 0.027 0.030 0.028 0.029
51 7 0.094 0.059 0.135 0.158 0.274 0.195 0.001 0.034 0.038 0.035 0.035
51 8 0.089 0.066 0.135 0.179 0.272 0.197 0.001 0.043 0.048 0.044 0.045
51 9 0.089 0.078 0.135 0.203 0.274 0.201 0.001 0.053 0.059 0.054 0.055
51 14 0.089 0.059 0.134 0.154 0.272 0.198 0.001 0.022 0.023 0.022 0.021
51 15 0.093 0.063 0.134 0.168 0.282 0.208 0.001 0.029 0.032 0.029 0.029
51 16 0.094 0.062 0.135 0.165 0.275 0.197 0.001 0.037 0.038 0.037 0.036
51 17 0.089 0.067 0.135 0.180 0.273 0.198 0.001 0.045 0.048 0.046 0.045
51 18 0.089 0.087 0.136 0.224 0.275 0.204 0.001 0.056 0.059 0.057 0.056
51 23 0.089 0.059 0.134 0.154 0.273 0.200 0.001 0.022 0.023 0.023 0.022
51 24 0.097 0.062 0.135 0.165 0.293 0.203 0.001 0.029 0.031 0.030 0.029
51 25 0.094 0.061 0.135 0.163 0.274 0.197 0.001 0.037 0.039 0.037 0.036
51 26 0.089 0.067 0.135 0.181 0.273 0.198 0.001 0.045 0.048 0.046 0.046
51 27 0.089 0.088 0.136 0.229 0.276 0.204 0.001 0.055 0.059 0.057 0.056
51 32 0.090 0.059 0.135 0.155 0.274 0.198 0.001 0.022 0.023 0.022 0.021
51 33 0.095 0.063 0.135 0.167 0.287 0.208 0.001 0.030 0.030 0.030 0.029
51 34 0.092 0.062 0.135 0.166 0.273 0.200 0.001 0.036 0.039 0.038 0.036
51 35 0.089 0.068 0.135 0.184 0.272 0.200 0.001 0.046 0.049 0.047 0.046
51 36 0.089 0.079 0.137 0.200 0.275 0.200 0.001 0.056 0.059 0.057 0.056
51 41 0.089 0.060 0.135 0.156 0.274 0.199 0.001 0.022 0.023 0.022 0.022
51 42 0.093 0.063 0.135 0.167 0.285 0.206 0.001 0.029 0.031 0.030 0.029
51 43 0.094 0.063 0.136 0.167 0.275 0.200 0.001 0.036 0.040 0.037 0.036
51 44 0.089 0.066 0.135 0.180 0.273 0.198 0.001 0.046 0.048 0.047 0.046
51 45 0.090 0.095 0.136 0.244 0.276 0.207 0.001 0.056 0.059 0.057 0.056
51 50 0.089 0.059 0.135 0.154 0.274 0.198 0.001 0.022 0.023 0.024 0.022
51 51 0.095 0.062 0.135 0.166 0.287 0.206 0.001 0.030 0.031 0.031 0.029
51 52 0.096 0.061 0.136 0.162 0.275 0.198 0.001 0.037 0.039 0.038 0.037
51 53 0.090 0.066 0.136 0.179 0.273 0.199 0.001 0.045 0.049 0.047 0.047
51 54 0.089 0.079 0.137 0.204 0.276 0.201 0.001 0.056 0.059 0.057 0.056
53 5 0.089 0.061 0.136 0.162 0.275 0.201 0.001 0.023 0.024 0.024 0.022
53 6 0.092 0.069 0.135 0.180 0.286 0.224 0.001 0.031 0.033 0.031 0.030
53 7 0.100 0.063 0.137 0.167 0.276 0.201 0.001 0.038 0.040 0.038 0.038
53 8 0.090 0.072 0.136 0.198 0.274 0.198 0.001 0.048 0.052 0.047 0.047
53 9 0.089 0.093 0.136 0.251 0.276 0.209 0.001 0.058 0.063 0.057 0.058




Table C11a. Full Vehicle: 3DR SOLQO, nominal speed 40 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,

RPM = 3,500 to 6,300 (uniform) - Conditions

. Speed aq density Yaw Pitch
Run Point (ft/s) (lb/ft7) (sluq/ft3)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
49 6 39.70 1.87 0.00237 -90 -9.91 4000 4000 4000 4000
49 7 40.53 1.95 0.00237 -90 -9.91 4600 4600 4600 4600
49 8 39.72 1.87 0.00237 -90 -9.91 5100 5100 5100 5100
49 9 40.60 1.95 0.00237 -90 -9.91 5700 5700 5700 5700
49 10 39.84 1.88 0.00237 -90 -9.91 6300 6300 6300 6300
49 11 39.61 1.86 0.00237 -90 -4.99 4000 4000 4000 4000
49 12 39.54 1.85 0.00237 -90 -4.98 4600 4600 4600 4600
49 13 40.39 1.93 0.00236 -90 -4.98 5100 5100 5100 5100
49 14 39.80 1.87 0.00236 -90 -4.98 5700 5700 5700 5700
49 15 40.39 1.93 0.00236 -90 -4.98 6300 6300 6300 6300
50 5 40.63 1.94 0.00235 -90 -1.98 4000 4000 4000 4000
50 6 40.26 1.91 0.00235 -90 -1.98 4600 4600 4600 4600
50 7 40.24 1.90 0.00235 -90 -1.98 5100 5100 5100 5100
50 8 39.99 1.88 0.00235 -90 -1.98 5700 5700 5700 5700
50 9 39.79 1.86 0.00235 -90 -1.99 6300 6300 6300 6300
50 10 40.32 1.91 0.00235 -90 -0.05 3500 3500 3500 3500
50 11 40.33 1.91 0.00235 -90 -0.05 4000 4000 4000 4000
50 12 40.16 1.89 0.00235 -90 -0.05 4600 4600 4600 4600
50 13 40.44 1.92 0.00235 -90 -0.05 5100 5100 5100 5100
50 14 40.16 1.89 0.00235 -90 -0.05 5700 5700 5700 5700
50 15 40.41 1.92 0.00235 -90 -0.04 6300 6300 6300 6300
50 16 40.24 1.90 0.00235 -90 2.03 3500 3500 3500 3500
50 17 40.03 1.88 0.00235 -90 2.03 4000 4000 4000 4000
50 18 40.34 1.91 0.00235 -90 2.03 4600 4600 4600 4600
50 19 39.87 1.86 0.00235 -90 2.04 5100 5100 5100 5100
50 20 39.99 1.87 0.00234 -90 2.03 5700 5700 5700 5700
50 21 40.02 1.88 0.00234 -90 2.03 6300 6300 6300 6300
50 22 40.24 1.90 0.00234 -90 5.03 3500 3500 3500 3500
50 23 40.06 1.88 0.00234 -90 5.03 4000 4000 4000 4000
50 24 40.50 1.92 0.00234 -90 5.03 4600 4600 4600 4600
50 25 40.45 1.92 0.00234 -90 5.03 5100 5100 5100 5100
50 26 40.06 1.88 0.00234 -90 5.03 5700 5700 5700 5700
50 27 40.05 1.88 0.00234 -90 5.03 6300 6300 6300 6300
50 28 40.35 1.91 0.00234 -90 9.95 3500 3500 3500 3500
50 29 40.55 1.93 0.00234 -90 9.95 4000 4000 4000 4000
50 30 40.35 1.91 0.00234 -90 9.95 4600 4600 4600 4600
50 31 40.19 1.89 0.00234 -90 9.95 5100 5100 5100 5100
50 32 40.42 1.91 0.00234 -90 9.95 5700 5700 5700 5700
50 33 39.91 1.87 0.00234 -90 9.95 6300 6300 6300 6300
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Table C11b. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,

RPM = 3,500 to 6,300 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

49 6 -0.029 -0.917 1.825 -1.196 -0.028 -0.055 16.814 1.017 1.172 1.144 1.111
49 7 -0.025 -1.021 2.329 -1.928 -0.029 -0.048 16.789 1.395 1.677 1.591 1.596
49 8 -0.017 -1.030 2.812 -2.730 -0.185 0.070 16.766 1.854 2.135 2.054 2.080
49 9 -0.008 -1.131 3.463 -3.683 -0.274 0.116 16.730 2.581 2.812 2.755 2.683
49 10 0.026 -1.161 4.205 -4.483 -0.356 0.171 16.685 3.450 3.647 3.575 3.499
49 11 -0.024 -0.901 2.116 -1.773 -0.107 -0.002 16.811 1.198 1.164 1.284 1.121
49 12 -0.011 -0.964 2.614 -2.793 -0.210 -0.023 16.784 1.660 1.691 1.806 1.551
49 13 -0.006 -1.025 3.107 -3.681 -0.240 0.066 16.759 2.165 2.175 2.264 2.137
49 14 0.011 -1.060 3.764 -4.748 -0.440 0.167 16.718 2.944 2.829 3.085 2.702
49 15 0.027 -1.156 4.503 -5.679 -0.627 0.197 16.670 3.912 3.772 4.058 3.573
50 5 -0.011 -0.910 2.329 -2.339 -0.418 0.042 16.808 1.239 1.226 1.363 1.139
50 6 0.007 -0.960 2.832 -3.705 -0.393 0.068 16.783 1.776 1.756 1.921 1.571
50 7 0.014 -1.016 3.297 -4.586 -0.604 0.090 16.756 2.305 2.084 2.423 2.112
50 8 0.026 -1.058 3.915 -5.741 -0.794 0.150 16.714 3.128 2.839 3.253 2.719
50 9 0.049 -1.115 4.646 -6.629 -1.160 0.164 16.666 4.047 3.760 4.174 3.613
50 10 0.008 -0.886 1.914 -1.343 -0.399 0.068 16.827 0.860 0.905 0.987 0.829
50 11 0.008 -0.880 2.482 -2.545 -0.601 0.094 16.809 1.221 1.130 1.349 1.135
50 12 0.013 -0.944 2.978 -3.965 -0.683 0.085 16.779 1.768 1.679 1.956 1.556
50 13 0.016 -1.000 3.472 -5.153 -0.786 0.150 16.754 2.400 2.194 2.474 2.003
50 14 0.025 -1.052 4.090 -6.416 -0.829 0.156 16.712 3.213 2.901 3.389 2.771
50 15 0.045 -1.115 4.785 -7.536 -1.130 0.247 16.663 4.136 3.754 4.329 3.559
50 16 0.011 -0.869 2.014 -1.425 -0.509 0.063 16.826 0.884 0.844 1.072 0.876
50 17 0.022 -0.838 2.592 -2.757 -0.711 0.102 16.807 1.221 1.154 1.432 1.136
50 18 0.007 -0.920 3.150 -4.312 -0.803 0.109 16.779 1.899 1.653 2.011 1.559
50 19 0.020 -0.956 3.639 -5.511 -0.764 0.179 16.750 2.358 2.221 2.621 2.169
50 20 0.028 -1.024 4.288 -7.012 -0.964 0.190 16.709 3.263 2.914 3.502 2.735
50 21 0.051 -1.094 4.942 -8.285 -1.094 0.179 16.659 4.235 3.767 4.457 3.565
50 22 0.030 -0.850 2.208 -1.400 -0.542 0.010 16.825 0.934 0.908 0.986 0.970
50 23 0.035 -0.873 2.677 -2.760 -0.694 0.054 16.806 1.306 1.214 1.468 1.167
50 24 0.047 -0.879 3.405 -4.660 -0.943 0.144 16.778 1.900 1.673 2.062 1.644
50 25 0.027 -0.934 3.942 -5.932 -1.119 0.191 16.750 2.493 2.137 2.666 2.074
50 26 0.034 -1.004 4.572 -7.629 -1.293 0.242 16.706 3.318 2.872 3.537 2.765
50 27 0.058 -1.047 5.268 -9.240 -1.345 0.269 16.652 4.418 3.839 4.661 3.659
50 28 0.049 -0.798 2.513 -1.485 -0.529 0.101 16.823 0.833 0.869 1.044 0.897
50 29 0.052 -0.834 2.991 -2.754 -0.653 0.146 16.805 1.374 1.189 1.427 1.155
50 30 0.053 -0.869 3.643 -4.813 -0.841 0.170 16.775 1.955 1.720 2.144 1.635
50 31 0.058 -0.849 4.340 -6.502 -1.131 0.235 16.746 2.558 2.189 2.704 2.227
50 32 0.071 -0.927 5.132 -8.302 -1.340 0.386 16.703 3.470 2.885 3.618 2.818
50 33 0.064 -0.979 5.894 -10.050 -1.546 0.278 16.646 4.559 3.883 4.780 3.858




Table Cl1c. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,

RPM = 3,500 to 6,300 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
49 6 0.092 0.061 0.136 0.156 0.278 0.201 0.001 0.021 0.023 0.022 0.021
49 7 0.100 0.069 0.136 0.177 0.303 0.224 0.001 0.028 0.031 0.029 0.029
49 8 0.105 0.071 0.138 0.187 0.275 0.206 0.001 0.035 0.038 0.036 0.036
49 9 0.090 0.071 0.137 0.195 0.274 0.203 0.001 0.044 0.047 0.045 0.045
49 10 0.090 0.093 0.138 0.236 0.277 0.205 0.001 0.055 0.058 0.055 0.055
49 11 0.092 0.064 0.136 0.163 0.280 0.212 0.001 0.023 0.023 0.024 0.022
49 12 0.101 0.078 0.136 0.205 0.301 0.247 0.001 0.031 0.031 0.032 0.029
49 13 0.108 0.069 0.140 0.185 0.277 0.206 0.001 0.039 0.039 0.039 0.037
49 14 0.091 0.074 0.137 0.203 0.274 0.203 0.001 0.049 0.048 0.049 0.045
49 15 0.091 0.107 0.139 0.266 0.280 0.214 0.001 0.060 0.060 0.062 0.056
50 5 0.093 0.062 0.136 0.160 0.278 0.204 0.001 0.024 0.024 0.025 0.023
50 6 0.107 0.079 0.138 0.207 0.325 0.238 0.001 0.033 0.033 0.034 0.030
50 7 0.115 0.073 0.141 0.194 0.278 0.206 0.001 0.041 0.039 0.041 0.037
50 8 0.092 0.072 0.138 0.195 0.275 0.203 0.001 0.052 0.048 0.051 0.046
50 9 0.091 0.110 0.140 0.278 0.282 0.209 0.001 0.062 0.060 0.063 0.056
50 10 0.089 0.070 0.136 0.172 0.276 0.207 0.000 0.018 0.018 0.019 0.017
50 11 0.092 0.066 0.137 0.168 0.280 0.219 0.001 0.025 0.023 0.025 0.022
50 12 0.111 0.072 0.136 0.193 0.323 0.229 0.001 0.033 0.032 0.034 0.029
50 13 0.127 0.068 0.145 0.178 0.285 0.205 0.001 0.043 0.039 0.042 0.036
50 14 0.092 0.074 0.138 0.204 0.276 0.202 0.001 0.053 0.049 0.053 0.047
50 15 0.091 0.114 0.141 0.292 0.283 0.209 0.001 0.063 0.059 0.065 0.057
50 16 0.089 0.074 0.135 0.180 0.276 0.202 0.000 0.019 0.017 0.020 0.017
50 17 0.093 0.063 0.137 0.163 0.279 0.210 0.001 0.025 0.023 0.026 0.023
50 18 0.105 0.081 0.136 0.214 0.312 0.248 0.001 0.035 0.031 0.035 0.030
50 19 0.115 0.068 0.143 0.183 0.281 0.206 0.001 0.042 0.039 0.044 0.038
50 20 0.091 0.073 0.138 0.198 0.275 0.208 0.001 0.053 0.049 0.055 0.047
50 21 0.091 0.106 0.141 0.260 0.283 0.210 0.001 0.065 0.060 0.066 0.056
50 22 0.089 0.074 0.135 0.183 0.276 0.203 0.000 0.019 0.018 0.019 0.018
50 23 0.093 0.062 0.137 0.159 0.282 0.204 0.001 0.026 0.024 0.027 0.023
50 24 0.109 0.072 0.138 0.191 0.325 0.223 0.001 0.035 0.032 0.037 0.031
50 25 0.112 0.068 0.141 0.180 0.282 0.206 0.001 0.044 0.039 0.044 0.037
50 26 0.095 0.071 0.138 0.198 0.276 0.201 0.001 0.055 0.050 0.056 0.046
50 27 0.091 0.112 0.142 0.279 0.284 0.215 0.001 0.067 0.060 0.068 0.057
50 28 0.089 0.078 0.135 0.187 0.274 0.206 0.000 0.019 0.018 0.020 0.018
50 29 0.092 0.064 0.137 0.163 0.279 0.215 0.001 0.027 0.024 0.027 0.023
50 30 0.101 0.076 0.137 0.200 0.302 0.234 0.001 0.036 0.033 0.037 0.031
50 31 0.113 0.069 0.142 0.184 0.281 0.202 0.001 0.044 0.040 0.046 0.039
50 32 0.096 0.072 0.140 0.195 0.276 0.201 0.001 0.057 0.050 0.057 0.048
50 33 0.091 0.101 0.143 0.251 0.285 0.203 0.001 0.068 0.062 0.070 0.060
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Table C12a. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (sluq/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
25 20 18.83 0.43 0.00245 0 -9.90 6800 4600 6800 4600
25 21 19.95 0.49 0.00245 0 -9.90 6300 5100 6300 5100
25 22 20.33 0.51 0.00245 0 -9.90 6800 6800 4600 4600
25 23 20.45 0.51 0.00245 0 -9.90 6300 6300 5100 5100
25 24 20.29 0.50 0.00245 0 -9.90 5100 5100 6300 6300
25 25 20.12 0.50 0.00245 0 -9.90 4600 4600 6800 6800
26 11 19.39 0.46 0.00243 0 -4.98 6800 4600 6800 4600
26 12 20.14 0.49 0.00243 0 -4.98 6300 5100 6300 5100
26 13 19.84 0.48 0.00243 0 -4.98 6800 6800 4600 4600
26 14 20.35 0.50 0.00243 0 -4.98 6300 6300 5100 5100
26 15 20.56 0.51 0.00243 0 -4.98 5100 5100 6300 6300
26 16 20.50 0.51 0.00242 0 -4.98 4600 4600 6800 6800
26 22 19.91 0.48 0.00242 0 -1.98 6800 4600 6800 4600
26 23 19.80 0.47 0.00242 0 -1.98 6300 5100 6300 5100
26 24 19.96 0.48 0.00242 0 -1.98 6800 6800 4600 4600
26 25 19.95 0.48 0.00242 0 -1.98 6300 6300 6100 6100
26 26 19.97 0.48 0.00242 0 -1.98 5100 5100 6300 6300
26 27 20.03 0.48 0.00242 0 -1.98 4600 4600 6800 6800
26 34 20.48 0.51 0.00241 0 -0.04 6800 4600 6800 4600
26 35 19.79 0.47 0.00241 0 -0.04 6300 5100 6300 5100
26 36 19.92 0.48 0.00241 0 -0.04 5100 6300 5100 6300
26 37 20.02 0.48 0.00241 0 -0.04 6800 4600 6800 4600
26 38 19.84 0.47 0.00241 0 -0.04 6800 6800 4600 4600
26 39 19.86 0.47 0.00241 0 -0.04 6300 6300 5100 5100
26 40 19.89 0.48 0.00241 0 -0.04 5100 5100 6300 6300
26 41 19.86 0.47 0.00240 0 -0.04 4600 4600 6800 6800
27 11 20.08 0.48 0.00239 0 2.04 6800 4600 6800 4600
27 12 20.11 0.48 0.00239 0 2.03 6300 5100 6300 5100
27 13 20.09 0.48 0.00239 0 2.03 6800 6800 4600 4600
27 14 20.16 0.48 0.00239 0 2.04 6300 6300 5100 5100
27 15 20.07 0.48 0.00238 0 2.03 5100 5100 6300 6300
27 16 20.12 0.48 0.00238 0 2.04 4600 4600 6800 6800
27 22 20.02 0.48 0.00238 0 5.03 6800 4600 6800 4600
27 23 20.05 0.48 0.00238 0 5.03 6300 5100 6300 5100
27 24 20.01 0.48 0.00238 0 5.03 6800 6800 4600 4600
27 25 19.89 0.47 0.00238 0 5.03 6300 6300 5100 5100
27 26 20.03 0.48 0.00238 0 5.03 5100 5100 6300 6300
27 27 20.07 0.48 0.00238 0 5.03 4600 4600 6800 6800
28 10 19.76 0.46 0.00234 0 9.95 6800 4600 6800 4600
28 11 19.89 0.46 0.00234 0 9.95 6300 5100 6300 5100
28 12 19.80 0.46 0.00234 0 9.95 6800 6800 4600 4600
28 13 19.91 0.46 0.00234 0 9.95 6300 6300 5100 5100
28 14 20.02 0.47 0.00234 0 9.95 5100 5100 6300 6300
28 15 20.07 0.47 0.00234 0 9.95 4600 4600 6800 6800




Table C12b. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

25 20 0.389 0.134 3.711 -7.876 3.012 0.383 16.745 4.380 1.675 4.485 1.575
25 21 0.428 0.052 3.608 -4.349 3.286 0.260 16.755 3.518 2.101 3.583 2.041
25 22 0.432 0.008 3.671 0.080 11.753 0.027 16.743 4.471 4.684 1.571 1.508
25 23 0.444 0.003 3.612 0.228 7.740 0.056 16.755 3.543 3.715 2.022 1.927
25 24 0.455 -0.023 3.720 0.032 -1.063 -0.026 16.753 2.082 2.213 3.625 3.548
25 25 0.465 -0.026 3.812 0.085 -5.338 -0.101 16.744 1.528 1.678 4.535 4.436
26 11 0.394 0.130 3.891 -7.829 3.786 0.390 16.739 4.617 1.795 4.480 1.544
26 12 0.424 0.058 3.793 -4.262 3.881 0.260 16.752 3.714 2.234 3.628 1.942
26 13 0.425 0.004 3.826 -0.074 12.239 0.111 16.739 4.633 4.877 1.597 1.509
26 14 0.444 0.002 3.756 0.009 8.437 0.069 16.750 3.733 3.952 1.996 2.016
26 15 0.452 -0.012 3.816 0.030 -0.715 -0.027 16.754 2.127 2.257 3.611 3.411
26 16 0.461 -0.007 3.966 -0.045 -4.559 -0.051 16.746 1.617 1.756 4.459 4.269
26 22 0.401 0.116 3.930 -7.664 4.131 0.373 16.740 4.609 1.868 4.319 1.608
26 23 0.406 0.049 3.793 -4.114 4.204 0.242 16.751 3.707 2.263 3.480 2.058
26 24 0.414 -0.007 3.850 -0.033 12.530 0.080 16.736 4.701 4.949 1.605 1.541
26 25 0.429 -0.008 3.787 0.025 8.729 0.035 16.749 3.812 3.994 2.015 2.017
26 26 0.421 -0.021 3.810 0.091 -0.369 -0.047 16.753 2.044 2.352 3.526 3.427
26 27 0.434 -0.015 3.939 0.085 -4.049 -0.107 16.745 1.619 1.782 4.352 4.227
26 34 0.406 0.100 3.944 -7.524 4.527 0.384 16.740 4.590 1.832 4.358 1.566
26 35 0.396 0.028 3.799 -4.035 4.470 0.233 16.752 3.699 2.336 3.491 2.005
26 36 0.411 -0.092 3.821 4.121 4.400 -0.302 16.752 2.120 3.908 2.080 3.393
26 37 0.405 -0.164 3.936 7.681 4.245 -0.435 16.742 1.692 4.824 1.640 4.236
26 38 0.403 -0.030 3.843 -0.054 12.649 0.062 16.737 4.646 4.995 1.528 1.478
26 39 0.412 -0.030 3.756 -0.047 8.823 0.019 16.751 3.665 4.002 1.989 1.805
26 40 0.405 -0.030 3.802 0.008 -0.033 -0.075 16.755 2.131 2.272 3.545 3.342
26 41 0.411 -0.026 3.900 0.013 -3.610 -0.098 16.746 1.634 1.785 4.327 4.108
27 11 0.438 0.113 3.993 -7.511 4.624 0.436 16.739 4.594 1.897 4.295 1.580
27 12 0.444 0.042 3.867 -4.134 4.683 0.325 16.751 3.738 2.288 3.423 1.967
27 13 0.455 -0.004 3.908 -0.177 12.656 0.130 16.737 4.643 4.920 1.594 1.576
27 14 0.465 -0.004 3.831 -0.162 8.913 0.090 16.748 3.756 4.005 1.966 1.955
27 15 0.465 -0.022 3.870 -0.017 0.330 0.006 16.750 2.167 2.371 3.557 3.451
27 16 0.458 -0.006 3.932 -0.084 -3.122 -0.066 16.747 1.646 1.865 4.312 4.136
27 22 0.422 0.122 3.998 -7.506 5.091 0.438 16.739 4.631 1.920 4.253 1.544
27 23 0.434 0.037 3.890 -4.029 5.304 0.341 16.749 3.779 2.377 3.377 1.939
27 24 0.450 -0.000 3.959 -0.138 13.089 0.139 16.733 4.741 5.032 1.562 1.459
27 25 0.463 -0.003 3.866 -0.106 9.373 0.097 16.747 3.852 4.126 1.992 1.847
27 26 0.458 -0.014 3.817 -0.058 1.240 0.016 16.752 2.151 2.391 3.449 3.362
27 27 0.456 -0.003 3.930 0.056 -2.274 -0.043 16.743 1.692 1.881 4.299 4.187
28 10 0.449 0.128 3.944 -7.292 5.799 0.485 16.740 4.675 1.979 4.131 1.488
28 11 0.470 0.045 3.835 -4.055 6.156 0.458 16.749 3.845 2.457 3.367 1.909
28 12 0.475 0.017 3.947 -0.194 13.414 0.223 16.733 4.811 5.001 1.471 1.451
28 13 0.485 0.020 3.829 -0.182 9.821 0.193 16.747 3.872 4.105 2.036 1.858
28 14 0.484 0.017 3.751 -0.108 2.390 0.073 16.752 2.324 2.486 3.406 3.295
28 15 0.472 0.023 3.844 -0.049 -0.840 0.048 16.744 1.778 1.981 4.136 4.072

71



72

Table C12c¢. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
25 20 0.110 0.058 0.137 0.156 0.314 0.196 0.001 0.064 0.037 0.065 0.034
25 21 0.094 0.059 0.136 0.156 0.296 0.210 0.001 0.055 0.042 0.056 0.040
25 22 0.107 0.058 0.138 0.154 0.306 0.197 0.001 0.065 0.068 0.035 0.034
25 23 0.096 0.059 0.137 0.155 0.300 0.213 0.001 0.055 0.058 0.039 0.039
25 24 0.095 0.058 0.135 0.154 0.292 0.208 0.001 0.039 0.042 0.056 0.055
25 25 0.127 0.057 0.135 0.153 0.356 0.195 0.001 0.034 0.037 0.066 0.064
26 11 0.109 0.058 0.137 0.156 0.312 0.196 0.001 0.065 0.038 0.064 0.035
26 12 0.094 0.059 0.137 0.157 0.298 0.210 0.001 0.057 0.043 0.056 0.039
26 13 0.112 0.058 0.139 0.153 0.314 0.197 0.001 0.067 0.070 0.036 0.034
26 14 0.093 0.060 0.136 0.157 0.289 0.219 0.001 0.057 0.061 0.039 0.039
26 15 0.098 0.058 0.135 0.157 0.298 0.213 0.001 0.040 0.043 0.056 0.053
26 16 0.134 0.057 0.135 0.154 0.372 0.196 0.001 0.036 0.039 0.065 0.062
26 22 0.114 0.058 0.137 0.156 0.321 0.197 0.001 0.067 0.039 0.064 0.034
26 23 0.093 0.058 0.137 0.155 0.293 0.205 0.001 0.057 0.043 0.054 0.039
26 24 0.106 0.058 0.137 0.153 0.305 0.198 0.001 0.067 0.071 0.036 0.034
26 25 0.097 0.060 0.136 0.157 0.293 0.220 0.001 0.058 0.061 0.039 0.039
26 26 0.103 0.058 0.135 0.157 0.311 0.208 0.001 0.039 0.043 0.055 0.053
26 27 0.141 0.057 0.135 0.155 0.388 0.196 0.001 0.034 0.040 0.064 0.062
26 34 0.115 0.058 0.137 0.155 0.324 0.197 0.001 0.067 0.040 0.064 0.034
26 35 0.094 0.059 0.136 0.156 0.295 0.213 0.001 0.058 0.043 0.055 0.038
26 36 0.097 0.058 0.136 0.156 0.300 0.208 0.001 0.040 0.060 0.040 0.053
26 37 0.102 0.057 0.136 0.155 0.297 0.196 0.001 0.036 0.069 0.036 0.062
26 38 0.120 0.058 0.139 0.153 0.329 0.197 0.001 0.067 0.072 0.035 0.034
26 39 0.097 0.059 0.136 0.156 0.295 0.218 0.001 0.057 0.061 0.039 0.037
26 40 0.099 0.058 0.135 0.156 0.302 0.209 0.001 0.040 0.043 0.055 0.052
26 41 0.139 0.057 0.135 0.155 0.385 0.196 0.001 0.035 0.038 0.063 0.061
27 11 0.116 0.058 0.137 0.156 0.325 0.199 0.001 0.067 0.039 0.064 0.035
27 12 0.095 0.059 0.137 0.156 0.297 0.213 0.001 0.058 0.043 0.054 0.038
27 13 0.127 0.058 0.140 0.153 0.340 0.198 0.001 0.067 0.071 0.035 0.035
27 14 0.096 0.059 0.136 0.155 0.295 0.214 0.001 0.058 0.061 0.039 0.038
27 15 0.099 0.059 0.135 0.156 0.303 0.209 0.001 0.041 0.044 0.055 0.054
27 16 0.121 0.057 0.135 0.157 0.342 0.199 0.001 0.036 0.039 0.064 0.061
27 22 0.109 0.058 0.137 0.156 0.309 0.199 0.001 0.067 0.039 0.063 0.035
27 23 0.095 0.059 0.137 0.156 0.298 0.215 0.001 0.058 0.044 0.054 0.038
27 24 0.135 0.058 0.141 0.154 0.357 0.198 0.001 0.068 0.072 0.035 0.034
27 25 0.099 0.059 0.137 0.155 0.299 0.216 0.001 0.059 0.063 0.039 0.037
27 26 0.099 0.060 0.135 0.158 0.302 0.218 0.001 0.041 0.044 0.054 0.052
27 27 0.132 0.057 0.135 0.158 0.369 0.198 0.001 0.038 0.040 0.063 0.061
28 10 0.112 0.058 0.137 0.156 0.315 0.200 0.001 0.067 0.039 0.062 0.034
28 11 0.099 0.059 0.137 0.156 0.306 0.216 0.001 0.059 0.045 0.054 0.038
28 12 0.128 0.059 0.139 0.156 0.345 0.203 0.001 0.069 0.071 0.035 0.034
28 13 0.102 0.058 0.137 0.153 0.306 0.211 0.001 0.059 0.063 0.039 0.037
28 14 0.104 0.058 0.136 0.155 0.320 0.208 0.001 0.042 0.045 0.054 0.052
28 15 0.137 0.057 0.135 0.159 0.376 0.201 0.001 0.036 0.042 0.062 0.060




Table C13a. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Conditions

. Speed aq density Yaw Pitch
Run Point (ft/s) (lb/ft7) (sluq/ft3)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
29 19 40.23 1.89 0.00233 0 -9.99 6800 4600 6800 4600
29 20 40.18 1.88 0.00233 0 -9.91 6300 5100 6300 5100
29 21 40.27 1.89 0.00233 0 -9.99 6800 6800 4600 4600
29 22 40.34 1.90 0.00233 0 -9.96 6300 6300 5100 5100
29 23 40.09 1.87 0.00233 0 -10.01 5100 5100 6300 6300
29 24 40.36 1.90 0.00233 0 -10.01 4600 4600 6800 6800
29 30 40.61 1.92 0.00233 0 -4.98 6800 4600 6800 4600
29 31 40.65 1.93 0.00233 0 -4.98 6300 5100 6300 5100
29 32 40.52 1.91 0.00233 0 -4.98 6800 6800 4600 4600
29 33 40.58 1.92 0.00233 0 -4.98 6300 6300 5100 5100
29 34 40.69 1.93 0.00233 0 -4.98 5100 5100 6300 6300
29 35 40.77 1.94 0.00233 0 -4.98 4600 4600 6800 6800
29 41 40.61 1.92 0.00233 0 -1.98 6800 4600 6800 4600
29 42 40.42 1.91 0.00233 0 -1.98 6300 5100 6300 5100
29 43 40.48 1.91 0.00233 0 -1.98 6800 6800 4600 4600
29 44 40.51 1.91 0.00233 0 -1.98 6300 6300 5100 5100
29 45 40.63 1.92 0.00233 0 -1.98 5100 5100 6300 6300
29 46 40.49 1.91 0.00233 0 -1.98 4600 4600 6800 6800
31 10 39.26 1.88 0.00245 0 -0.04 6800 4600 6800 4600
31 11 39.40 1.90 0.00245 0 -0.05 6300 5100 6300 5100
31 12 39.42 1.90 0.00245 0 -0.04 5100 6300 5100 6300
31 13 39.36 1.89 0.00245 0 -0.04 4600 6800 4600 6800
31 14 39.19 1.88 0.00245 0 -0.04 6800 6800 4600 4600
31 15 39.31 1.89 0.00245 0 -0.04 6300 6300 5100 5100
31 16 39.39 1.90 0.00245 0 -0.04 5100 5100 6300 6300
31 17 39.62 1.92 0.00245 0 -0.04 4600 4600 6800 6800
31 22 39.49 1.91 0.00245 0 2.03 6300 5100 6300 5100
31 23 39.40 1.90 0.00245 0 2.03 6300 6300 5100 5100
31 24 39.36 1.89 0.00245 0 2.03 5100 5100 6300 6300
31 30 38.95 1.86 0.00245 0 5.03 6300 6300 6300 6300
31 31 39.07 1.87 0.00245 0 5.03 6300 5100 6300 5100
31 32 39.08 1.87 0.00245 0 5.03 6300 6300 5100 5100
32 10 39.59 1.91 0.00244 0 9.95 6300 5100 6300 5100
32 11 39.61 1.91 0.00244 0 9.95 6300 6300 5100 5100
32 12 39.58 1.91 0.00244 0 9.95 5100 5100 6300 6300
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Table C13b. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

29 19 1.001 0.031 3.907 -7.233 4.807 0.869 16.743 4.332 1.762 4.284 1.611
29 20 0.993 0.014 3.840 -3.935 5.060 0.555 16.752 3.555 2.210 3.527 2.086
29 21 1.020 -0.050 3.850 0.040 13.342 0.252 16.741 4.380 4.601 1.558 1.576
29 22 1.017 -0.046 3.793 0.039 9.589 0.196 16.750 3.508 3.767 2.072 2.063
29 23 0.974 -0.028 3.833 0.035 0.406 0.026 16.756 2.116 2.190 3.527 3.468
29 24 0.956 -0.025 3.961 0.053 -3.618 -0.012 16.748 1.532 1.742 4.246 4.154
29 30 0.947 0.009 4.185 -7.110 6.284 0.916 16.736 4.678 1.889 4.324 1.508
29 31 0.939 0.007 4.145 -3.860 6.581 0.671 16.745 3.824 2.440 3.508 2.106
29 32 0.966 -0.033 4.186 0.008 15.072 0.194 16.731 4.830 5.006 1.631 1.568
29 33 0.963 -0.022 4.148 -0.003 11.147 0.193 16.744 3.808 3.979 2.115 1.919
29 34 0.914 -0.009 4.171 0.012 1.833 0.086 16.749 2.243 2.373 3.497 3.421
29 35 0.918 0.001 4.309 0.006 -2.286 0.045 16.744 1.833 1.901 4.247 4.233
29 41 0.913 0.000 4.391 -7.143 7.236 0.945 16.731 4.842 1.967 4.343 1.492
29 42 0.900 -0.002 4.358 -3.863 7.666 0.673 16.741 4.009 2.537 3.544 2.056
29 43 0.932 -0.031 4.433 -0.164 16.397 0.204 16.724 5.062 5.213 1.601 1.624
29 44 0.906 -0.020 4.359 -0.088 12.336 0.179 16.737 4.093 4.262 2.103 2.081
29 45 0.884 -0.006 4.379 0.002 2.800 0.103 16.746 2.405 2.509 3.478 3.478
29 46 0.876 -0.004 4.464 0.011 -1.651 0.027 16.740 1.809 1.980 4.219 4.219
31 10 0.917 0.037 4.807 -7.662 7.970 0.863 16.724 5.327 2.211 4.735 1.649
31 11 0.880 0.010 4.711 -4.190 8.535 0.498 16.736 4.324 2.684 3.753 2.085
31 12 0.880 -0.024 4.692 4.436 8.427 -0.540 16.735 2.532 4.526 2.206 3.662
31 13 0.907 -0.026 4.795 8.026 7.881 -0.814 16.724 1.989 5.587 1.666 4.671
31 14 0.941 0.013 4.810 0.138 18.030 0.103 16.717 5.293 5.653 1.665 1.608
31 15 0.892 0.010 4.762 0.062 13.632 0.067 16.730 4.443 4.576 2.160 2.232
31 16 0.862 0.003 4.666 0.211 3.530 -0.057 16.740 2.582 2.639 3.707 3.623
31 17 0.865 -0.013 4.751 0.180 -1.397 -0.106 16.735 1.990 2.137 4.527 4.504
31 22 0.852 -0.016 4.792 -4.060 9.393 0.433 16.731 4.537 2.817 3.729 2.199
31 23 0.853 -0.014 4.872 0.142 14.750 0.004 16.726 4.535 4.770 2.122 2.088
31 24 0.831 -0.015 4.729 0.144 4.235 -0.072 16.738 2.773 2.772 3.732 3.617
31 30 0.852 -0.016 5.718 0.096 13.104 0.014 16.681 4.778 4.972 3.667 3.666
31 31 0.800 -0.019 4.869 -4.113 10.594 0.494 16.729 4.623 2.985 3.830 2.140
31 32 0.795 0.002 5.013 0.061 16.177 0.089 16.722 4.705 4.982 2.215 2.144
32 10 0.775 -0.009 5.180 -3.467 11.794 0.658 16.725 4.962 3.021 3.544 1.933
32 11 0.768 0.011 5.332 -0.104 17.936 0.134 16.713 5.024 5.309 2.126 2.121
32 12 0.766 0.009 5.047 -0.124 5.556 -0.001 16.737 2.733 2.869 3.431 3.725




Table C13c. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = 0 deg, pitch = -10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
29 19 0.165 0.060 0.141 0.160 0.424 0.208 0.001 0.064 0.038 0.064 0.034
29 20 0.109 0.061 0.139 0.160 0.334 0.226 0.001 0.056 0.042 0.056 0.039
29 21 0.172 0.061 0.148 0.161 0.434 0.205 0.001 0.064 0.067 0.035 0.034
29 22 0.115 0.062 0.143 0.1l61 0.345 0.232 0.001 0.055 0.058 0.040 0.039
29 23 0.152 0.059 0.139 0.159 0.444 0.208 0.001 0.040 0.042 0.055 0.053
29 24 0.205 0.058 0.137 0.163 0.532 0.200 0.001 0.034 0.038 0.063 0.061
29 30 0.107 0.061 0.140 0.161 0.313 0.209 0.001 0.068 0.039 0.064 0.034
29 31 0.119 0.062 0.141 0.161 0.358 0.226 0.001 0.059 0.045 0.056 0.040
29 32 0.114 0.063 0.141 0.164 0.335 0.217 0.001 0.069 0.072 0.037 0.034
29 33 0.110 0.064 0.141 0.164 0.338 0.245 0.001 0.059 0.061 0.041 0.039
29 34 0.160 0.060 0.140 0.161 0.467 0.212 0.001 0.042 0.044 0.055 0.053
29 35 0.140 0.059 0.135 0.167 0.379 0.206 0.001 0.037 0.039 0.063 0.061
29 41 0.191 0.062 0.146 0.164 0.496 0.206 0.001 0.069 0.041 0.064 0.034
29 42 0.124 0.063 0.141 0.164 0.373 0.233 0.001 0.061 0.046 0.057 0.040
29 43 0.149 0.065 0.145 0.166 0.394 0.219 0.001 0.071 0.074 0.037 0.036
29 44 0.118 0.063 0.144 0.163 0.365 0.239 0.001 0.062 0.064 0.041 0.040
29 45 0.160 0.060 0.140 0.162 0.469 0.216 0.001 0.044 0.046 0.055 0.054
29 46 0.108 0.059 0.134 0.172 0.309 0.208 0.001 0.037 0.040 0.063 0.062
31 10 0.177 0.064 0.144 0.168 0.451 0.216 0.001 0.074 0.043 0.069 0.036
31 11 0.106 0.063 0.140 0.167 0.341 0.239 0.001 0.064 0.048 0.058 0.040
31 12 0.116 0.065 0.138 0.171 0.345 0.260 0.001 0.045 0.067 0.043 0.056
31 13 0.170 0.062 0.145 0.172 0.457 0.205 0.001 0.040 0.078 0.037 0.066
31 14 0.133 0.067 0.146 0.170 0.362 0.217 0.001 0.073 0.078 0.038 0.037
31 15 0.120 0.064 0.143 0.168 0.372 0.243 0.001 0.065 0.068 0.042 0.042
31 16 0.141 0.062 0.137 0.166 0.398 0.224 0.001 0.045 0.048 0.057 0.056
31 17 0.250 0.060 0.141 0.169 0.636 0.200 0.001 0.039 0.042 0.065 0.064
31 22 0.112 0.062 0.140 0.166 0.344 0.229 0.001 0.066 0.050 0.059 0.041
31 23 0.127 0.064 0.144 0.168 0.384 0.241 0.001 0.066 0.070 0.043 0.041
31 24 0.130 0.061 0.137 0.161 0.376 0.233 0.001 0.047 0.049 0.058 0.056
31 30 0.147 0.059 0.139 0.160 0.407 0.232 0.001 0.070 0.074 0.060 0.058
31 31 0.120 0.063 0.140 0.167 0.367 0.244 0.001 0.068 0.052 0.059 0.041
31 32 0.114 0.064 0.143 0.167 0.378 0.254 0.001 0.069 0.072 0.043 0.041
32 10 0.114 0.066 0.140 0.170 0.360 0.248 0.001 0.072 0.053 0.057 0.040
32 11 0.119 0.064 0.146 0.166 0.407 0.252 0.001 0.072 0.076 0.043 0.042
32 12 0.127 0.062 0.137 0.165 0.376 0.235 0.001 0.048 0.051 0.056 0.056
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Table C14a. Full Vehicle: 3DR SOLQO, nominal speed 20 ft/s, yaw = -5 deg, pitch = -10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (sluq/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
33 21 19.86 0.47 0.00240 -5 -9.91 6800 4600 6800 4600
33 22 19.74 0.47 0.00240 -5 -9.91 6300 5100 6300 5100
33 23 19.69 0.47 0.00240 -5 -9.90 6800 6800 4600 4600
33 24 19.77 0.47 0.00240 -5 -9.91 6300 6300 5100 5100
33 25 19.80 0.47 0.00240 -5 -9.91 5100 5100 6300 6300
33 26 19.85 0.47 0.00240 -5 -9.90 4600 4600 6800 6800
33 32 19.60 0.46 0.00239 -5 -4.98 6800 4600 6800 4600
33 33 19.64 0.46 0.00239 -5 -4.98 6300 5100 6300 5100
33 34 19.63 0.46 0.00239 -5 -4.98 6800 6800 4600 4600
33 35 19.72 0.46 0.00239 -5 -4.98 6300 6300 5100 5100
33 36 19.80 0.47 0.00239 -5 -4.98 5100 5100 6300 6300
33 37 19.90 0.47 0.00239 -5 -4.98 4600 4600 6800 6800
33 43 19.69 0.46 0.00238 -5 -1.99 6800 4600 6800 4600
33 44 19.68 0.46 0.00238 -5 -1.98 6300 5100 6300 5100
33 45 19.95 0.47 0.00238 -5 -1.98 6800 6800 4600 4600
33 46 20.14 0.48 0.00238 -5 -1.98 6300 6300 5100 5100
33 47 20.08 0.48 0.00238 -5 -1.98 5100 5100 6300 6300
33 48 20.12 0.48 0.00238 -5 -1.98 4600 4600 6800 6800
33 55 20.64 0.50 0.00237 -5 -0.05 6800 4600 6800 4600
33 56 20.71 0.51 0.00237 -5 -0.04 6300 5100 6300 5100
33 57 19.97 0.47 0.00237 -5 -0.04 5100 6300 5100 6300
33 58 20.16 0.48 0.00236 -5 -0.04 4600 6800 4600 6800
33 59 19.93 0.47 0.00236 -5 -0.04 6800 6800 4600 4600
33 60 19.96 0.47 0.00236 -5 -0.05 6300 6300 5100 5100
33 61 19.98 0.47 0.00236 -5 -0.05 5100 5100 6300 6300
33 62 19.99 0.47 0.00236 -5 -0.05 4600 4600 6800 6800
34 11 20.36 0.48 0.00232 -5 2.03 6800 4600 6800 4600
34 12 20.30 0.48 0.00232 -5 2.04 6300 5100 6300 5100
34 13 20.39 0.48 0.00232 -5 2.03 6800 6800 4600 4600
34 14 20.27 0.48 0.00232 -5 2.04 6300 6300 5100 5100
34 15 20.29 0.48 0.00232 -5 2.03 5100 5100 6300 6300
34 16 20.53 0.49 0.00232 -5 2.04 4600 4600 6800 6800
34 22 20.08 0.47 0.00232 -5 5.03 6800 4600 6800 4600
34 23 20.16 0.47 0.00232 -5 5.03 6300 5100 6300 5100
34 24 20.13 0.47 0.00232 -5 5.04 6800 6800 4600 4600
34 25 20.01 0.46 0.00232 -5 5.03 6300 6300 5100 5100
34 26 20.11 0.47 0.00232 -5 5.03 5100 5100 6300 6300
34 27 20.16 0.47 0.00232 -5 5.03 4600 4600 6800 6800
34 33 20.67 0.49 0.00232 -5 9.95 6800 4600 6800 4600
34 34 20.79 0.50 0.00232 -5 9.95 6300 5100 6300 5100
34 35 20.68 0.50 0.00232 -5 9.95 6800 6800 4600 4600
34 36 20.68 0.49 0.00232 -5 9.95 6300 6300 5100 5100
34 37 20.74 0.50 0.00232 -5 9.95 5100 5100 6300 6300
34 38 20.64 0.49 0.00232 -5 9.95 4600 4600 6800 6800




Table C14b. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -5 deg, pitch = -10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

33 21 0.407 0.090 3.784 -7.938 3.168 0.478 16.743 4.337 1.567 4.508 1.457
33 22 0.406 0.033 3.677 -4.517 3.262 0.274 16.756 3.499 2.188 3.600 1.968
33 23 0.428 -0.031 3.720 -0.384 11.401 0.133 16.742 4.344 4.650 1.607 1.503
33 24 0.415 -0.027 3.627 -0.366 7.695 0.037 16.756 3.475 3.762 2.048 1.778
33 25 0.407 -0.011 3.724 -0.380 -1.056 -0.075 16.756 1.916 2.134 3.559 3.484
33 26 0.424 -0.050 3.906 -0.109 -4.929 -0.065 16.745 1.533 1.695 4.511 4.431
33 32 0.396 0.062 3.861 -7.785 3.655 0.378 16.743 4.451 1.808 4.498 1.571
33 33 0.396 0.010 3.776 -4.344 3.920 0.268 16.755 3.584 2.291 3.500 2.013
33 34 0.420 -0.056 3.795 -0.396 11.900 0.111 16.741 4.527 4.792 1.555 1.514
33 35 0.413 -0.043 3.725 -0.495 8.214 0.078 16.752 3.653 3.891 2.023 1.940
33 36 0.417 -0.036 3.820 -0.281 -0.585 -0.073 16.754 2.012 2.224 3.584 3.423
33 37 0.451 -0.053 3.999 -0.148 -4.534 -0.011 16.746 1.588 1.685 4.340 4.473
33 43 0.400 0.057 3.892 -7.765 4.079 0.401 16.743 4.449 1.817 4.276 1.556
33 44 0.398 -0.001 3.795 -4.298 4.167 0.244 16.754 3.571 2.251 3.478 1.855
33 45 0.424 -0.049 3.861 -0.523 12.303 0.169 16.740 4.566 4.886 1.543 1.379
33 46 0.425 -0.049 3.786 -0.494 8.662 0.055 16.752 3.701 3.895 2.099 1.923
33 47 0.439 -0.049 3.901 -0.185 -0.196 -0.051 16.753 2.014 2.227 3.495 3.543
33 48 0.462 -0.063 4.063 -0.070 -4.025 0.005 16.743 1.562 1.753 4.266 4.450
33 55 0.421 0.066 3.974 =7.722 4.638 0.503 16.744 4.492 1.788 4.215 1.576
33 56 0.420 0.000 3.876 -4.297 4.782 0.329 16.754 3.640 2.258 3.417 1.895
33 57 0.428 -0.110 3.887 3.644 4.605 -0.284 16.754 2.049 3.919 2.003 3.336
33 58 0.413 -0.178 3.960 7.058 4.479 -0.376 16.744 1.661 4.703 1.668 4.110
33 59 0.419 -0.043 3.896 -0.530 12.567 0.192 16.741 4.432 4.861 1.563 1.389
33 60 0.414 -0.033 3.809 -0.629 8.929 0.119 16.752 3.662 3.901 2.037 1.780
33 61 0.431 -0.038 3.941 -0.226 0.168 -0.006 16.753 2.038 2.251 3.490 3.533
33 62 0.452 -0.050 4.084 -0.104 -3.526 0.041 16.743 1.587 1.808 4.272 4.464
34 11 0.453 0.119 3.828 =7.709 4.272 0.585 16.746 4.411 1.857 4.145 1.507
34 12 0.451 0.054 3.722 -4.330 4.352 0.428 16.756 3.650 2.315 3.376 1.917
34 13 0.469 -0.000 3.754 -0.650 11.964 0.229 16.742 4.562 4.804 1.608 1.405
34 14 0.465 0.021 3.668 -0.801 8.404 0.207 16.756 3.634 3.890 1.988 1.710
34 15 0.488 0.012 3.811 -0.356 -0.245 0.129 16.754 2.036 2.302 3.409 3.544
34 16 0.503 0.003 3.929 -0.280 -3.613 0.166 16.746 1.643 1.785 4.158 4.421
34 22 0.436 0.134 3.845 -7.755 4.754 0.617 16.745 4.483 1.927 4.138 1.502
34 23 0.448 0.066 3.752 -4.416 4.849 0.504 16.756 3.630 2.354 3.295 1.902
34 24 0.462 0.020 3.814 -0.829 12.519 0.338 16.740 4.567 4.916 1.564 1.380
34 25 0.457 0.034 3.714 -0.886 8.862 0.284 16.754 3.681 3.969 2.017 1.851
34 26 0.472 0.020 3.838 -0.432 0.451 0.181 16.753 2.075 2.392 3.399 3.548
34 27 0.484 0.012 3.932 -0.314 -2.726 0.212 16.746 1.698 1.854 4.147 4.368
34 33 0.430 0.122 3.927 -7.804 6.172 0.672 16.745 4.548 1.989 4.051 1.392
34 34 0.447 0.069 3.814 -4.731 6.427 0.612 16.754 3.787 2.418 3.350 1.854
34 35 0.458 0.023 3.913 -0.977 13.646 0.413 16.738 4.715 5.020 1.547 1.378
34 36 0.451 0.037 3.811 -1.027 10.217 0.345 16.751 3.779 4.066 1.971 1.738
34 37 0.454 0.038 3.792 -0.791 2.521 0.239 16.755 2.225 2.476 3.321 3.253
34 38 0.460 0.013 3.899 -0.543 -0.599 0.198 16.746 1.771 1.926 4.024 4.231
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Table C14c. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -5 deg, pitch = -10 to 10 deg,
RPM = 4,600 - 6,800 (differential) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
33 21 0.099 0.058 0.137 0.156 0.293 0.197 0.001 0.063 0.036 0.066 0.033
33 22 0.094 0.060 0.136 0.158 0.289 0.213 0.001 0.055 0.042 0.056 0.038
33 23 0.113 0.058 0.139 0.152 0.315 0.198 0.001 0.063 0.067 0.036 0.034
33 24 0.096 0.059 0.136 0.155 0.291 0.212 0.001 0.054 0.058 0.040 0.036
33 25 0.105 0.058 0.135 0.154 0.314 0.206 0.001 0.038 0.042 0.056 0.054
33 26 0.157 0.058 0.135 0.152 0.418 0.196 0.001 0.035 0.037 0.066 0.064
33 32 0.100 0.058 0.136 0.157 0.289 0.198 0.001 0.065 0.038 0.066 0.034
33 33 0.092 0.058 0.136 0.155 0.283 0.207 0.001 0.056 0.042 0.056 0.038
33 34 0.105 0.058 0.138 0.152 0.300 0.200 0.001 0.065 0.069 0.035 0.034
33 35 0.092 0.059 0.135 0.156 0.281 0.220 0.001 0.056 0.060 0.040 0.038
33 36 0.107 0.059 0.135 0.155 0.321 0.209 0.001 0.039 0.042 0.056 0.053
33 37 0.158 0.058 0.135 0.153 0.419 0.196 0.001 0.034 0.039 0.065 0.064
33 43 0.125 0.059 0.138 0.157 0.338 0.198 0.001 0.065 0.040 0.063 0.033
33 44 0.094 0.059 0.136 0.156 0.288 0.209 0.001 0.056 0.043 0.055 0.037
33 45 0.105 0.059 0.137 0.153 0.304 0.201 0.001 0.066 0.071 0.035 0.033
33 46 0.095 0.058 0.136 0.154 0.289 0.211 0.001 0.057 0.060 0.040 0.038
33 47 0.117 0.059 0.136 0.156 0.348 0.207 0.001 0.039 0.043 0.055 0.054
33 48 0.164 0.058 0.135 0.155 0.433 0.197 0.001 0.036 0.039 0.064 0.064
33 55 0.097 0.058 0.137 0.157 0.287 0.198 0.001 0.066 0.038 0.063 0.034
33 56 0.096 0.060 0.136 0.157 0.293 0.214 0.001 0.057 0.043 0.055 0.038
33 57 0.098 0.058 0.136 0.154 0.295 0.210 0.001 0.040 0.060 0.040 0.052
33 58 0.101 0.058 0.136 0.156 0.293 0.198 0.001 0.036 0.068 0.035 0.061
33 59 0.130 0.058 0.141 0.152 0.348 0.199 0.001 0.065 0.070 0.035 0.033
33 60 0.092 0.059 0.135 0.154 0.283 0.215 0.001 0.056 0.060 0.040 0.036
33 61 0.114 0.059 0.136 0.156 0.340 0.208 0.001 0.040 0.043 0.055 0.055
33 62 0.163 0.059 0.135 0.157 0.431 0.198 0.001 0.036 0.040 0.063 0.064
34 11 0.124 0.059 0.138 0.157 0.339 0.198 0.001 0.065 0.040 0.062 0.033
34 12 0.093 0.059 0.136 0.155 0.287 0.209 0.001 0.056 0.044 0.054 0.038
34 13 0.092 0.060 0.135 0.157 0.283 0.207 0.001 0.066 0.069 0.036 0.033
34 14 0.097 0.058 0.137 0.153 0.293 0.210 0.001 0.056 0.060 0.040 0.036
34 15 0.116 0.059 0.136 0.154 0.347 0.206 0.001 0.040 0.043 0.055 0.055
34 16 0.188 0.059 0.135 0.156 0.486 0.198 0.001 0.036 0.039 0.063 0.064
34 22 0.127 0.059 0.138 0.160 0.338 0.201 0.001 0.065 0.039 0.062 0.033
34 23 0.093 0.058 0.136 0.155 0.286 0.208 0.001 0.057 0.044 0.053 0.037
34 24 0.118 0.059 0.138 0.157 0.326 0.206 0.001 0.066 0.071 0.035 0.033
34 25 0.092 0.058 0.135 0.153 0.283 0.212 0.001 0.057 0.061 0.040 0.037
34 26 0.110 0.059 0.136 0.154 0.330 0.206 0.001 0.040 0.044 0.055 0.055
34 27 0.175 0.059 0.135 0.159 0.458 0.200 0.001 0.037 0.040 0.063 0.064
34 33 0.146 0.059 0.139 0.160 0.373 0.205 0.001 0.066 0.041 0.062 0.032
34 34 0.097 0.059 0.136 0.157 0.295 0.213 0.001 0.058 0.044 0.054 0.037
34 35 0.151 0.060 0.142 0.156 0.386 0.207 0.001 0.068 0.072 0.035 0.033
34 36 0.103 0.058 0.138 0.153 0.306 0.211 0.001 0.058 0.062 0.039 0.036
34 37 0.110 0.059 0.136 0.155 0.331 0.209 0.001 0.041 0.045 0.053 0.051
34 38 0.191 0.059 0.136 0.159 0.494 0.202 0.001 0.037 0.040 0.060 0.061




Table C15a. Full Vehicle: 3DR SOLQO, nominal speed 40 ft/s, yaw = -5 deg, pitch = -10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - Conditions

. Speed densit Yaw Pitch
Run Point (Et/s) (H?/fty) (sluq/lf/t3)(deg) (deq) RPM 1 RPM 2 RPM 3 RPM 4
36 19 39.27 1.89 0.00245 -5 -9.90 6300 5100 6300 5100
36 20 39.12 1.87 0.00245 -5 -9.90 6300 6300 5100 5100
36 21 39.18 1.88 0.00245 -5 -9.90 5100 5100 6300 6300
37 9 39.62 1.92 0.00244 -5 -4.98 6300 5100 6300 5100
37 10 39.55 1.91 0.00244 -5 -4.98 6300 6300 5100 5100
37 11 39.61 1.92 0.00244 -5 -4.98 5100 5100 6300 6300
37 16 39.28 1.88 0.00244 -5 -1.99 6300 5100 6300 5100
37 17 39.01 1.86 0.00244 -5 -1.99 6300 6300 5100 5100
37 18 39.11 1.87 0.00244 -5 -1.98 5100 5100 6300 6300
37 26 39.11 1.86 0.00243 -5 0.12 6300 5100 6300 5100
37 27 38.80 1.83 0.00243 -5 0.12 5100 6300 5100 6300
37 28 39.47 1.89 0.00243 -5 0.12 6300 6300 5100 5100
37 29 39.25 1.87 0.00243 -5 0.11 5100 5100 6300 6300
38 10 39.45 1.89 0.00242 -5 2.03 6300 5100 6300 5100
38 11 39.87 1.93 0.00242 -5 2.03 6300 6300 5100 5100
38 12 39.58 1.90 0.00242 -5 2.03 5100 5100 6300 6300
38 18 39.79 1.91 0.00242 -5 5.03 6300 5100 6300 5100
38 19 39.16 1.85 0.00242 -5 5.03 6300 6300 5100 5100
38 20 39.82 1.92 0.00242 -5 5.03 5100 5100 6300 6300
39 10 39.41 1.87 0.00241 -5 9.95 6300 5100 6300 5100
39 11 39.02 1.83 0.00241 -5 9.95 6300 6300 5100 5100
39 12 39.33 1.86 0.00241 -5 9.95 5100 5100 6300 6300
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Table C15b. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -5 deg, pitch = -10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

36 19 1.007 -0.057 4.126 -4.364 4.924 0.391 16.754 3.712 2.196 3.708 2.030
36 20 1.016 -0.117 4.168 -0.165 9.421 0.057 16.754 3.643 3.915 2.270 1.981
36 21 0.998 -0.124 4.148 -0.005 0.102 -0.052 16.757 2.053 2.231 3.641 3.607
37 9 0.964 -0.070 4.414 -4.479 6.421 0.517 16.745 4.024 2.535 3.599 2.299
37 10 0.987 -0.096 4.485 -0.396 10.773 0.108 16.744 4.009 4.136 2.180 2.126
37 11 0.917 -0.102 4.419 -0.260 1.718 0.054 16.749 2.406 2.470 3.708 3.668
37 16 0.914 -0.079 4.580 -4.577 7.393 0.517 16.743 4.206 2.529 3.690 2.117
37 17 0.930 -0.103 4.683 -0.443 11.908 0.034 16.741 4.164 4.315 2.204 2.043
37 18 0.870 -0.109 4.598 -0.337 2.451 0.005 16.743 2.389 2.519 3.655 3.659
37 26 0.882 -0.091 4.657 -4.624 8.050 0.495 16.739 4.321 2.702 3.616 2.218
37 27 0.857 -0.120 4.727 3.966 7.703 -0.559 16.739 2.558 4.481 2.209 3.725
37 28 0.909 -0.097 4.785 -0.401 12.880 0.011 16.735 4.324 4.569 2.122 2.138
37 29 0.848 -0.119 4.702 -0.277 2.999 -0.040 16.745 2.652 2.602 3.705 3.695
38 10 0.875 -0.077 4.799 -4.745 8.875 0.534 16.737 4.432 2.779 3.672 2.129
38 11 0.902 -0.083 4.966 -0.625 13.753 0.026 16.728 4.421 4.758 2.182 2.267
38 12 0.857 -0.086 4.784 -0.505 3.539 -0.024 16.742 2.495 2.754 3.728 3.518
38 18 0.847 -0.101 4.922 -4.763 9.945 0.422 16.732 4.680 2.821 3.671 2.037
38 19 0.837 -0.079 5.079 -0.701 15.116 -0.017 16.724 4.721 4.935 2.118 2.237
38 20 0.840 -0.062 4.828 -0.666 4.580 -0.056 16.741 2.750 2.756 3.756 3.567
39 10 0.777 -0.087 5.190 -4.741 11.078 0.389 16.725 4.850 3.022 3.759 2.036
39 11 0.781 -0.093 5.312 -1.064 16.706 -0.195 16.718 4.903 5.160 2.248 2.050
39 12 0.767 -0.063 5.029 -1.146 5.072 -0.259 16.736 2.952 3.050 3.879 3.217




Table C15c. Full Vehicle: 3DR SOLO, nominal speed 40 ft/s, yaw = -5 deg, pitch = -10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
36 19 0.102 0.061 0.138 0.163 0.313 0.217 0.001 0.057 0.043 0.057 0.039
36 20 0.114 0.065 0.140 0.168 0.342 0.252 0.001 0.057 0.060 0.042 0.039
36 21 0.110 0.060 0.135 0.160 0.321 0.241 0.001 0.039 0.042 0.057 0.055
37 9 0.100 0.066 0.138 0.172 0.313 0.255 0.001 0.060 0.046 0.057 0.041
37 10 0.112 0.069 0.140 0.176 0.342 0.272 0.001 0.061 0.063 0.042 0.041
37 11 0.144 0.063 0.137 0.163 0.407 0.227 0.001 0.043 0.045 0.057 0.056
37 16 0.105 0.067 0.139 0.175 0.330 0.249 0.001 0.063 0.046 0.057 0.041
37 17 0.115 0.069 0.141 0.176 0.354 0.259 0.001 0.062 0.065 0.042 0.040
37 18 0.151 0.064 0.138 0.166 0.425 0.229 0.001 0.044 0.047 0.057 0.056
37 26 0.108 0.066 0.138 0.172 0.333 0.251 0.001 0.064 0.048 0.057 0.041
37 27 0.124 0.063 0.138 0.167 0.359 0.251 0.001 0.045 0.067 0.042 0.057
37 28 0.123 0.068 0.143 0.175 0.368 0.258 0.001 0.064 0.068 0.042 0.041
37 29 0.132 0.062 0.137 0.162 0.380 0.233 0.001 0.046 0.047 0.058 0.056
38 10 0.117 0.069 0.139 0.177 0.354 0.263 0.001 0.065 0.050 0.058 0.041
38 11 0.120 0.066 0.145 0.170 0.382 0.241 0.001 0.066 0.070 0.043 0.042
38 12 0.130 0.063 0.137 0.163 0.374 0.240 0.001 0.046 0.049 0.058 0.055
38 18 0.118 0.067 0.139 0.173 0.355 0.258 0.001 0.068 0.050 0.058 0.041
38 19 0.127 0.062 0.146 0.164 0.400 0.222 0.001 0.069 0.072 0.042 0.042
38 20 0.160 0.063 0.139 0.161 0.459 0.227 0.001 0.048 0.050 0.059 0.055
39 10 0.120 0.063 0.140 0.166 0.356 0.241 0.001 0.070 0.053 0.059 0.041
39 11 0.123 0.069 0.144 0.176 0.377 0.271 0.001 0.071 0.075 0.044 0.041
39 12 0.127 0.061 0.137 0.158 0.374 0.221 0.001 0.050 0.053 0.060 0.052
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Table C16a. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (H?/fty) (sluq/lf/t3)(deg) (deq) RPM 1 RPM 2 RPM 3 RPM 4
42 11 20.27 0.49 0.00237 -45 -9.90 6300 5100 6300 5100
42 12 20.12 0.48 0.00237 -45 -9.90 5100 6300 5100 6300
42 13 19.93 0.47 0.00237 -45 -9.90 6300 6300 5100 5100
42 14 20.16 0.48 0.00237 -45 -9.91 5100 5100 6300 6300
42 20 20.04 0.48 0.00237 -45 -4.98 6300 5100 6300 5100
42 21 19.84 0.47 0.00237 -45 -4.98 5100 6300 5100 6300
42 22 20.25 0.48 0.00237 -45 -4.98 6300 6300 5100 5100
42 23 20.28 0.49 0.00237 -45 -4.98 5100 5100 6300 6300
42 29 20.15 0.48 0.00237 -45 -1.98 6300 5100 6300 5100
42 30 20.11 0.48 0.00237 -45 -1.98 5100 6300 5100 6300
42 31 20.13 0.48 0.00237 -45 -1.98 6300 6300 5100 5100
42 32 20.21 0.48 0.00237 -45 -1.98 5100 5100 6300 6300
43 10 20.09 0.48 0.00237 -45 -0.05 6300 5100 6300 5100
43 11 19.77 0.46 0.00237 -45 -0.04 5100 6300 5100 6300
43 12 19.70 0.46 0.00237 -45 -0.04 6300 6300 5100 5100
43 13 20.05 0.48 0.00237 -45 -0.05 5100 5100 6300 6300
43 19 19.92 0.47 0.00237 -45 2.03 6300 5100 6300 5100
43 20 19.90 0.47 0.00237 -45 2.03 5100 6300 5100 6300
43 21 19.76 0.46 0.00237 -45 2.03 6300 6300 5100 5100
43 22 19.80 0.46 0.00237 -45 2.03 5100 5100 6300 6300
45 10 19.11 0.45 0.00245 -45 5.03 6300 5100 6300 5100
45 11 19.71 0.48 0.00245 -45 5.03 5100 6300 5100 6300
45 12 19.74 0.48 0.00245 -45 5.02 6300 6300 5100 5100
45 13 19.41 0.46 0.00245 -45 5.03 5100 5100 6300 6300
45 19 19.45 0.46 0.00245 -45 9.95 6300 5100 6300 5100
45 20 19.43 0.46 0.00245 -45 9.95 5100 6300 5100 6300
45 21 19.25 0.45 0.00245 -45 9.95 6300 6300 5100 5100
45 22 19.38 0.46 0.00245 -45 9.94 5100 5100 6300 6300




Table C16b. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

42 11 0.317 -0.220 3.551 -6.386 2.688 0.128 16.622 3.450 2.123 3.469 1.947
42 12 0.312 -0.310 3.616 2.249 2.614 -0.254 16.623 1.891 3.718 2.081 3.334
42 13 0.301 -0.280 3.582 -2.273 6.724 -0.169 16.621 3.366 3.744 2.027 1.928
42 14 0.315 -0.245 3.588 -1.884 -1.562 0.074 16.622 1.892 2.225 3.532 3.415
42 20 0.284 -0.205 3.655 -6.444 2.787 0.074 16.619 3.384 2.264 3.542 1.995
42 21 0.296 -0.300 3.753 1.996 2.863 -0.215 16.620 2.007 3.830 2.085 3.421
42 22 0.281 -0.259 3.640 -2.362 6.712 -0.187 16.619 3.446 3.740 2.081 2.025
42 23 0.307 -0.238 3.714 -2.107 -1.327 0.077 16.619 1.912 2.282 3.536 3.405
42 29 0.272 -0.191 3.706 -6.598 3.083 0.085 16.619 3.509 2.315 3.548 2.014
42 30 0.288 -0.297 3.834 1.852 3.078 -0.235 16.620 2.058 3.872 2.059 3.394
42 31 0.263 -0.273 3.716 -2.309 7.056 -0.281 16.619 3.465 3.839 2.060 1.924
42 32 0.298 -0.239 3.800 -2.100 -1.061 0.047 16.620 2.015 2.333 3.505 3.387
43 10 0.266 -0.203 3.683 -6.572 3.084 0.078 16.619 3.557 2.363 3.449 2.052
43 11 0.279 -0.295 3.826 1.949 3.137 -0.270 16.618 2.067 3.989 2.006 3.436
43 12 0.257 -0.270 3.715 -2.322 7.125 -0.301 16.618 3.491 3.893 2.031 2.013
43 13 0.298 -0.240 3.791 -2.072 -0.965 0.023 16.619 2.018 2.334 3.433 3.414
43 19 0.250 -0.203 3.731 -6.495 3.440 0.042 16.620 3.588 2.362 3.327 1.949
43 20 0.277 -0.282 3.912 1.781 3.399 -0.288 16.617 2.060 4.048 1.969 3.473
43 21 0.250 -0.282 3.797 -2.422 7.392 -0.371 16.616 3.583 3.991 2.040 2.064
43 22 0.287 -0.215 3.823 -2.072 -0.672 0.070 16.621 1.993 2.456 3.267 3.408
45 10 0.252 -0.222 3.930 -6.569 3.687 -0.034 16.721 3.671 2.434 3.424 2.067
45 11 0.294 -0.312 4.131 2.054 3.720 -0.373 16.718 2.200 4.180 2.075 3.596
45 12 0.278 -0.306 4.039 -2.496 7.924 -0.413 16.718 3.714 4.176 2.046 2.082
45 13 0.302 -0.249 4.034 -2.021 -0.592 -0.002 16.724 2.159 2.435 3.443 3.596
45 19 0.242 -0.221 4.049 -6.651 4.293 -0.113 16.722 3.741 2.501 3.253 2.065
45 20 0.272 -0.276 4.326 1.653 4.059 -0.520 16.715 2.159 4.298 2.058 3.540
45 21 0.262 -0.294 4.112 -2.692 8.225 -0.504 16.716 3.723 4.295 2.026 2.086
45 22 0.279 -0.231 4.160 -2.059 -0.010 0.029 16.723 2.291 2.431 3.349 3.540
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Table C16c¢. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -45 deg, pitch = -10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
42 11 0.095 0.064 0.135 0.176 0.283 0.200 0.001 0.054 0.041 0.054 0.037
42 12 0.099 0.065 0.136 0.167 0.297 0.212 0.001 0.037 0.058 0.039 0.052
42 13 0.094 0.063 0.137 0.167 0.288 0.203 0.001 0.054 0.058 0.039 0.037
42 14 0.099 0.070 0.135 0.179 0.302 0.201 0.001 0.037 0.042 0.055 0.053
42 20 0.095 0.067 0.136 0.181 0.287 0.201 0.001 0.054 0.042 0.055 0.038
42 21 0.098 0.065 0.136 0.168 0.296 0.211 0.001 0.039 0.059 0.040 0.053
42 22 0.096 0.064 0.137 0.169 0.289 0.207 0.001 0.054 0.058 0.040 0.039
42 23 0.100 0.071 0.135 0.183 0.305 0.201 0.001 0.038 0.043 0.056 0.054
42 29 0.095 0.065 0.136 0.177 0.284 0.202 0.001 0.055 0.043 0.055 0.038
42 30 0.098 0.065 0.137 0.170 0.296 0.210 0.001 0.039 0.060 0.039 0.053
42 31 0.098 0.066 0.138 0.175 0.293 0.208 0.001 0.054 0.059 0.039 0.038
42 32 0.101 0.070 0.135 0.187 0.302 0.199 0.001 0.039 0.044 0.055 0.053
43 10 0.091 0.062 0.136 0.166 0.279 0.202 0.001 0.055 0.044 0.054 0.038
43 11 0.098 0.066 0.137 0.172 0.296 0.210 0.001 0.039 0.061 0.039 0.053
43 12 0.097 0.067 0.138 0.176 0.297 0.202 0.001 0.055 0.060 0.039 0.038
43 13 0.096 0.065 0.135 0.173 0.289 0.202 0.001 0.039 0.044 0.054 0.053
43 19 0.096 0.066 0.136 0.178 0.286 0.201 0.001 0.056 0.044 0.053 0.038
43 20 0.099 0.067 0.137 0.175 0.300 0.213 0.001 0.039 0.062 0.039 0.054
43 21 0.096 0.066 0.136 0.172 0.291 0.210 0.001 0.056 0.061 0.040 0.039
43 22 0.097 0.067 0.135 0.172 0.295 0.203 0.001 0.039 0.045 0.052 0.053
45 10 0.094 0.064 0.136 0.174 0.281 0.205 0.001 0.057 0.044 0.054 0.039
45 11 0.101 0.069 0.136 0.179 0.302 0.219 0.001 0.041 0.064 0.040 0.056
45 12 0.099 0.068 0.137 0.179 0.297 0.215 0.001 0.057 0.063 0.040 0.040
45 13 0.095 0.065 0.135 0.174 0.288 0.206 0.001 0.040 0.044 0.055 0.055
45 19 0.094 0.066 0.136 0.178 0.284 0.207 0.001 0.058 0.046 0.052 0.039
45 20 0.103 0.070 0.136 0.182 0.306 0.224 0.001 0.041 0.065 0.040 0.055
45 21 0.101 0.070 0.137 0.184 0.304 0.217 0.001 0.058 0.065 0.040 0.040
45 22 0.095 0.065 0.135 0.174 0.287 0.207 0.001 0.042 0.045 0.053 0.055




Table C17a. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (H?/fty) (sluq/lf/t3)(deg) (deq) RPM 1 RPM 2 RPM 3 RPM 4
51 10 20.25 0.48 0.00235 -90 -9.91 6300 5100 6300 5100
51 11 20.15 0.48 0.00235 -90 -9.91 5100 6300 5100 6300
51 12 20.02 0.47 0.00235 -90 -9.90 6300 6300 5100 5100
51 13 20.18 0.48 0.00235 -90 -9.91 5100 5100 6300 6300
51 19 20.02 0.47 0.00235 -90 -4.98 6300 5100 6300 5100
51 20 19.98 0.47 0.00235 -90 -4.98 5100 6300 5100 6300
51 21 19.89 0.46 0.00235 -90 -4.98 6300 6300 5100 5100
51 22 19.94 0.47 0.00235 -90 -4.98 5100 5100 6300 6300
51 28 19.97 0.47 0.00235 -90 -1.98 6300 5100 6300 5100
51 29 19.91 0.47 0.00235 -90 -1.98 5100 6300 5100 6300
51 30 19.92 0.47 0.00235 -90 -1.98 6300 6300 5100 5100
51 31 19.78 0.46 0.00235 -90 -1.98 5100 5100 6300 6300
51 37 20.36 0.49 0.00235 -90 0.12 6300 5100 6300 5100
51 38 20.41 0.49 0.00235 -90 0.12 5100 6300 5100 6300
51 39 20.45 0.49 0.00235 -90 0.12 6300 6300 5100 5100
51 40 20.39 0.49 0.00235 -90 0.12 5100 5100 6300 6300
51 46 19.91 0.47 0.00235 -90 2.03 6300 5100 6300 5100
51 47 19.88 0.46 0.00235 -90 2.03 5100 6300 5100 6300
51 48 19.87 0.46 0.00235 -90 2.03 6300 6300 5100 5100
51 49 20.00 0.47 0.00235 -90 2.03 5100 5100 6300 6300
51 55 19.71 0.46 0.00235 -90 5.03 6300 5100 6300 5100
51 56 19.90 0.47 0.00235 -90 5.03 5100 6300 5100 6300
51 57 19.87 0.46 0.00235 -90 5.03 6300 6300 5100 5100
51 58 19.82 0.46 0.00235 -90 5.03 5100 5100 6300 6300
53 10 19.94 0.49 0.00244 -90 9.95 6300 5100 6300 5100
53 11 19.99 0.49 0.00244 -90 9.94 5100 6300 5100 6300
53 12 19.98 0.49 0.00244 -90 9.94 6300 6300 5100 5100
53 13 19.84 0.48 0.00244 -90 9.95 5100 5100 6300 6300
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Table C17b. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

51 10 0.065 -0.320 3.407 -6.873 -0.379 0.214 16.729 3.274 2.232 3.343 2.117
51 11 0.060 -0.429 3.434 1.490 -0.529 0.037 16.727 1.891 3.688 1.955 3.448
51 12 0.012 -0.382 3.425 -2.620 3.796 0.024 16.729 3.216 3.705 1.909 1.950
51 13 0.120 -0.382 3.429 -2.557 -4.721 0.160 16.729 1.882 2.085 3.387 3.538
51 19 0.061 -0.309 3.510 -7.009 -0.359 0.204 16.724 3.394 2.206 3.502 2.063
51 20 0.055 -0.425 3.526 1.128 -0.519 0.046 16.725 1.945 3.650 2.114 3.473
51 21 0.010 -0.396 3.527 -2.902 3.769 0.000 16.724 3.407 3.734 2.120 1.927
51 22 0.108 -0.373 3.532 -2.815 -4.701 0.207 16.724 1.960 2.119 3.579 3.586
51 28 0.060 -0.301 3.584 -7.426 -0.411 0.167 16.722 3.492 2.209 3.614 2.138
51 29 0.056 -0.430 3.605 0.735 -0.454 0.023 16.724 2.002 3.668 2.162 3.486
51 30 0.015 -0.390 3.610 -3.356 3.959 0.053 16.722 3.531 3.766 2.155 1.965
51 31 0.110 -0.374 3.598 -3.180 -4.829 0.211 16.723 2.018 2.109 3.626 3.651
51 37 0.061 -0.307 3.643 -7.634 -0.329 0.177 16.720 3.580 2.193 3.640 2.134
51 38 0.056 -0.428 3.649 0.371 -0.494 0.076 16.723 2.051 3.672 2.162 3.537
51 39 0.022 -0.400 3.675 -3.568 3.899 0.085 16.721 3.514 3.780 2.165 1.910
51 40 0.109 -0.385 3.643 -3.503 -4.732 0.231 16.722 2.016 2.098 3.658 3.634
51 46 0.054 -0.306 3.657 =7.722 -0.347 0.139 16.721 3.475 2.164 3.662 2.053
51 47 0.056 -0.418 3.686 0.310 -0.442 0.041 16.722 2.002 3.708 2.175 3.526
51 48 0.019 -0.391 3.681 -3.678 3.887 0.030 16.721 3.568 3.796 2.191 2.047
51 49 0.102 -0.372 3.679 -3.686 -4.665 0.243 16.721 2.014 2.065 3.731 3.660
51 55 0.053 -0.297 3.665 -7.836 -0.345 0.182 16.724 3.458 2.150 3.602 1.970
51 56 0.054 -0.391 3.724 0.062 -0.406 0.061 16.721 2.047 3.723 2.190 3.496
51 57 0.020 -0.380 3.717 -3.911 3.878 0.013 16.721 3.565 3.827 2.188 1.982
51 58 0.103 -0.354 3.701 -3.891 -4.542 0.294 16.720 1.996 2.044 3.704 3.619
53 10 0.049 -0.359 3.905 -7.748 -0.374 0.097 16.719 3.553 2.380 3.647 2.163
53 11 0.056 -0.450 4.025 0.111 -0.554 -0.020 16.716 2.144 3.958 2.212 3.712
53 12 -0.001 -0.441 3.964 -4.023 3.760 -0.144 16.715 3.778 4.045 2.237 2.112
53 13 0.104 -0.422 3.951 -3.850 -4.948 0.219 16.717 2.131 2.237 3.776 3.887




Table C17c. Full Vehicle: 3DR SOLO, nominal speed 20 ft/s, yaw = -90 deg, pitch = -10 to 10 deg,
RPM = 5,100 - 6,300 (differential) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
51 10 0.090 0.072 0.135 0.191 0.273 0.199 0.001 0.052 0.041 0.052 0.038
51 11 0.091 0.071 0.135 0.187 0.275 0.201 0.001 0.037 0.057 0.038 0.053
51 12 0.095 0.071 0.137 0.184 0.273 0.200 0.001 0.052 0.057 0.037 0.037
51 13 0.090 0.072 0.134 0.193 0.275 0.199 0.001 0.037 0.040 0.053 0.054
51 19 0.091 0.084 0.135 0.222 0.274 0.205 0.001 0.054 0.041 0.054 0.038
51 20 0.091 0.075 0.135 0.197 0.275 0.204 0.001 0.038 0.057 0.040 0.053
51 21 0.092 0.076 0.136 0.197 0.274 0.201 0.001 0.054 0.058 0.039 0.038
51 22 0.091 0.079 0.135 0.212 0.276 0.204 0.001 0.038 0.040 0.055 0.055
51 28 0.091 0.080 0.136 0.209 0.274 0.203 0.001 0.054 0.041 0.056 0.039
51 29 0.092 0.069 0.136 0.181 0.275 0.201 0.001 0.039 0.057 0.040 0.054
51 30 0.094 0.079 0.137 0.204 0.274 0.205 0.001 0.055 0.058 0.040 0.038
51 31 0.091 0.064 0.135 0.167 0.277 0.197 0.001 0.039 0.040 0.056 0.056
51 37 0.091 0.077 0.136 0.211 0.275 0.203 0.001 0.055 0.042 0.056 0.040
51 38 0.091 0.074 0.136 0.198 0.276 0.203 0.001 0.039 0.057 0.040 0.054
51 39 0.092 0.076 0.137 0.199 0.273 0.205 0.001 0.055 0.059 0.040 0.038
51 40 0.091 0.065 0.135 0.171 0.276 0.198 0.001 0.039 0.041 0.056 0.055
51 46 0.091 0.087 0.135 0.232 0.275 0.207 0.001 0.055 0.041 0.056 0.039
51 47 0.091 0.074 0.136 0.198 0.276 0.204 0.001 0.039 0.058 0.040 0.054
51 48 0.097 0.075 0.139 0.192 0.276 0.201 0.001 0.055 0.058 0.040 0.039
51 49 0.091 0.064 0.135 0.166 0.276 0.197 0.001 0.039 0.040 0.057 0.056
51 55 0.091 0.084 0.136 0.221 0.275 0.205 0.001 0.054 0.042 0.055 0.038
51 56 0.092 0.077 0.136 0.206 0.276 0.203 0.001 0.040 0.058 0.040 0.054
51 57 0.093 0.077 0.137 0.200 0.274 0.204 0.001 0.056 0.059 0.041 0.038
51 58 0.091 0.063 0.135 0.163 0.276 0.197 0.001 0.039 0.040 0.056 0.055
53 10 0.091 0.083 0.136 0.224 0.275 0.207 0.001 0.055 0.044 0.056 0.040
53 11 0.094 0.070 0.137 0.191 0.276 0.202 0.001 0.041 0.061 0.041 0.057
53 12 0.100 0.077 0.139 0.202 0.276 0.204 0.001 0.058 0.061 0.041 0.040
53 13 0.091 0.078 0.135 0.211 0.276 0.203 0.001 0.041 0.042 0.057 0.058
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Wind Tunnel Data - DJI Phantom 3 Full Vehicle



Table C18a. Full Vehicle: DJI Phantom 3, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,

RPM = 4,200 to 6,400 (uniform) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (sluq/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
16 7 21.48 0.50 0.00217 0 -39.95 4200 4200 4200 4200
16 8 21.70 0.51 0.00217 0 -39.95 4800 4800 4800 4800
16 6 20.75 0.47 0.00217 0 -39.95 5300 5300 5300 5300
16 9 21.10 0.48 0.00217 0 -39.95 5800 5800 5800 5800
16 10 21.19 0.49 0.00217 0 -39.95 6400 6400 6400 6400
16 19 20.74 0.47 0.00217 0 -29.94 4200 4200 4200 4200
16 20 20.98 0.48 0.00217 0 -29.94 4800 4800 4800 4800
16 18 21.13 0.48 0.00217 0 -29.94 5300 5300 5300 5300
16 21 21.16 0.49 0.00217 0 -29.94 5800 5800 5800 5800
16 22 21.23 0.49 0.00217 0 -29.94 6400 6400 6400 6400
16 28 21.36 0.50 0.00217 0 -19.92 4300 4300 4300 4300
16 29 21.44 0.50 0.00217 0 -19.91 4800 4800 4800 4800
16 27 21.43 0.50 0.00217 0 -19.92 5300 5300 5300 5300
16 30 21.59 0.51 0.00217 0 -19.91 5800 5800 5800 5800
16 31 21.64 0.51 0.00217 0 -19.92 6400 6400 6400 6400
16 37 20.70 0.47 0.00217 0 -9.91 4200 4200 4200 4200
16 42 20.17 0.44 0.00217 0 -9.90 4800 4800 4800 4800
16 36 20.88 0.47 0.00217 0 -9.90 5300 5300 5300 5300
16 43 21.16 0.49 0.00217 0 -9.90 5800 5800 5800 5800
16 44 20.99 0.48 0.00217 0 -9.90 6400 6400 6400 6400
16 53 20.83 0.47 0.00217 0 -4.98 4200 4200 4200 4200
16 54 20.96 0.48 0.00217 0 -4.98 4800 4800 4800 4800
16 52 20.92 0.48 0.00217 0 -4.98 5300 5300 5300 5300
16 55 20.87 0.47 0.00217 0 -4.98 5800 5800 5800 5800
16 56 20.77 0.47 0.00217 0 -4.98 6400 6400 6400 6400
16 62 21.02 0.48 0.00217 0 -1.98 4200 4200 4200 4200
16 63 21.10 0.48 0.00217 0 -1.98 4800 4800 4800 4800
16 66 20.95 0.48 0.00217 0 -1.98 5300 5300 5300 5300
16 64 20.91 0.47 0.00217 0 -1.98 5800 5800 5800 5800
16 65 20.93 0.48 0.00217 0 -1.98 6400 6400 6400 6400
16 68 20.99 0.48 0.00217 0 0.12 4200 4200 4200 4200
16 69 21.09 0.48 0.00217 0 0.12 4800 4800 4800 4800
16 67 20.87 0.47 0.00217 0 0.12 5300 5300 5300 5300
16 70 20.82 0.47 0.00217 0 0.12 5800 5800 5800 5800
16 71 20.62 0.46 0.00217 0 0.12 6400 6400 6400 6400
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Table C18b. Full Vehicle: DJI Phantom 3, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,

RPM = 4,200 to 6,400 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

16 7 0.252 0.008 1.411 -0.007 0.913 -0.044 16.677 1.489 1.638 1.448 1.407
16 8 0.289 0.008 1.966 -0.036 1.319 -0.050 16.641 2.169 2.386 2.138 2.083
16 6 0.292 0.013 2.582 -0.021 1.700 -0.067 16.596 2.925 3.340 2.956 2.928
16 9 0.325 0.019 3.165 -0.066 2.100 -0.073 16.548 3.839 4.337 3.893 3.774
16 10 0.369 0.020 3.991 -0.095 2.549 -0.093 16.475 5.124 5.757 5.283 5.123
16 19 0.313 0.010 1.674 -0.024 1.147 -0.034 16.676 1.507 1.642 1.502 1.465
16 20 0.358 0.008 2.274 -0.065 1.652 -0.055 16.638 2.197 2.423 2.199 2.159
16 18 0.395 0.006 2.844 -0.097 1.915 -0.055 16.595 2.885 3.274 3.049 2.961
16 21 0.442 0.013 3.448 -0.105 2.431 -0.067 16.549 3.792 4.307 3.880 3.780
16 22 0.498 0.026 4.294 -0.113 2.852 -0.076 16.475 5.083 5.679 5.253 5.155
16 28 0.372 0.014 1.975 -0.075 1.491 -0.031 16.670 1.571 1.738 1.639 1.597
16 29 0.411 0.017 2.478 -0.106 1.825 -0.045 16.638 2.114 2.341 2.228 2.193
16 27 0.454 0.020 3.079 -0.202 2.285 -0.054 16.596 2.873 3.226 3.034 2.945
16 30 0.512 0.030 3.726 -0.093 2.726 -0.041 16.550 3.695 4.119 3.917 3.854
16 31 0.576 0.025 4.597 -0.220 3.437 -0.060 16.480 4.939 5.501 5.325 5.154
16 37 0.357 0.017 2.050 -0.106 1.718 -0.042 16.677 1.418 1.562 1.544 1.498
16 42 0.403 0.013 2.655 -0.143 2.214 -0.052 16.640 2.059 2.255 2.277 2.188
16 36 0.460 0.015 3.285 -0.277 2.814 -0.083 16.601 2.732 3.028 3.015 2.915
16 43 0.550 0.030 3.947 -0.143 3.423 -0.056 16.554 3.583 4.014 3.898 3.851
16 44 0.625 0.037 4.776 -0.207 3.987 -0.088 16.488 4.779 5.335 5.234 5.105
16 53 0.365 0.022 2.169 -0.151 2.007 -0.046 16.678 1.359 1.501 1.565 1.506
16 54 0.422 0.030 2.765 -0.286 2.519 -0.054 16.643 2.030 2.163 2.244 2.146
16 52 0.476 0.023 3.413 -0.292 3.129 -0.050 16.601 2.759 3.040 3.000 2.959
16 55 0.538 0.028 4.007 -0.176 3.638 -0.087 16.556 3.578 4.009 3.887 3.775
16 56 0.618 0.037 4.857 -0.160 4.304 -0.130 16.486 4.819 5.439 5.191 5.073
16 62 0.369 0.025 2.186 -0.085 2.263 -0.043 16.679 1.346 1.476 1.519 1.479
16 63 0.427 0.029 2.829 -0.256 2.840 -0.063 16.643 2.022 2.169 2.223 2.151
16 66 0.479 0.022 3.459 -0.240 3.456 -0.089 16.597 2.847 3.196 3.049 2.970
16 64 0.545 0.026 4.077 -0.196 3.960 -0.084 16.554 3.608 4.046 3.875 3.781
16 65 0.600 0.038 4.972 -0.251 4.677 -0.132 16.482 4.871 5.513 5.322 5.117
16 68 0.374 0.021 2.237 -0.179 2.464 -0.055 16.679 1.354 1.476 1.548 1.474
16 69 0.431 0.028 2.867 -0.300 3.101 -0.075 16.643 2.035 2.208 2.213 2.135
16 67 0.483 0.021 3.491 -0.194 3.666 -0.073 16.600 2.762 3.165 2.998 2.911
16 70 0.548 0.028 4.123 -0.124 4.190 -0.085 16.555 3.574 4.054 3.812 3.765
16 71 0.602 0.039 5.023 -0.252 4.956 -0.086 16.481 4.906 5.500 5.230 5.156




Table C18c. Full Vehicle: DJI Phantom 3, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,

RPM = 4,200 to 6,400 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
16 7 0.088 0.058 0.134 0.154 0.273 0.193 0.001 0.032 0.036 0.033 0.032
16 8 0.088 0.061 0.134 0.163 0.272 0.196 0.002 0.043 0.049 0.045 0.044
16 6 0.088 0.057 0.134 0.151 0.272 0.195 0.002 0.054 0.064 0.058 0.057
16 9 0.088 0.057 0.134 0.149 0.273 0.194 0.002 0.065 0.077 0.070 0.068
16 10 0.089 0.056 0.134 0.150 0.274 0.194 0.003 0.081 0.091 0.086 0.083
16 19 0.089 0.060 0.134 0.160 0.273 0.193 0.001 0.032 0.037 0.035 0.033
16 20 0.089 0.060 0.134 0.161 0.273 0.197 0.002 0.044 0.049 0.047 0.045
16 18 0.089 0.058 0.134 0.153 0.273 0.199 0.002 0.054 0.063 0.060 0.057
16 21 0.089 0.058 0.134 0.150 0.274 0.196 0.002 0.066 0.076 0.070 0.069
16 22 0.090 0.057 0.134 0.151 0.275 0.194 0.003 0.080 0.090 0.086 0.083
16 28 0.089 0.061 0.134 0.163 0.273 0.194 0.001 0.034 0.038 0.037 0.036
16 29 0.089 0.062 0.134 0.168 0.274 0.201 0.002 0.043 0.048 0.047 0.045
16 27 0.089 0.057 0.134 0.151 0.276 0.198 0.002 0.054 0.062 0.059 0.057
16 30 0.090 0.058 0.134 0.151 0.276 0.194 0.002 0.064 0.074 0.071 0.069
16 31 0.091 0.057 0.134 0.151 0.276 0.194 0.003 0.077 0.090 0.087 0.083
16 37 0.090 0.061 0.134 0.163 0.276 0.194 0.001 0.031 0.035 0.035 0.034
16 42 0.089 0.060 0.134 0.162 0.274 0.202 0.002 0.042 0.047 0.048 0.046
16 36 0.089 0.058 0.135 0.154 0.276 0.197 0.002 0.051 0.059 0.059 0.056
16 43 0.090 0.058 0.134 0.151 0.277 0.194 0.002 0.063 0.072 0.070 0.069
16 44 0.092 0.057 0.134 0.152 0.278 0.194 0.003 0.075 0.087 0.085 0.082
16 53 0.090 0.060 0.134 0.161 0.276 0.194 0.001 0.030 0.035 0.035 0.034
16 54 0.089 0.062 0.134 0.171 0.275 0.203 0.002 0.041 0.046 0.047 0.044
16 52 0.090 0.057 0.135 0.152 0.278 0.197 0.002 0.052 0.060 0.058 0.057
16 55 0.091 0.058 0.134 0.151 0.278 0.194 0.002 0.063 0.072 0.070 0.068
16 56 0.092 0.057 0.134 0.151 0.279 0.194 0.003 0.076 0.088 0.085 0.081
16 62 0.090 0.060 0.134 0.157 0.278 0.194 0.001 0.030 0.034 0.035 0.033
16 63 0.089 0.060 0.134 0.163 0.275 0.202 0.002 0.041 0.045 0.046 0.045
16 66 0.091 0.057 0.136 0.151 0.282 0.199 0.002 0.053 0.062 0.060 0.058
16 64 0.090 0.057 0.134 0.150 0.277 0.195 0.002 0.063 0.073 0.070 0.068
16 65 0.092 0.057 0.134 0.151 0.279 0.195 0.003 0.077 0.089 0.086 0.082
16 68 0.090 0.060 0.134 0.158 0.275 0.194 0.001 0.030 0.034 0.035 0.033
16 69 0.089 0.061 0.134 0.161 0.275 0.202 0.002 0.041 0.046 0.046 0.044
16 67 0.090 0.057 0.136 0.154 0.280 0.205 0.002 0.052 0.062 0.058 0.057
16 70 0.090 0.058 0.134 0.151 0.276 0.197 0.002 0.063 0.073 0.069 0.068
16 71 0.092 0.057 0.134 0.151 0.279 0.194 0.003 0.077 0.089 0.086 0.083
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Table C19a. Full Vehicle: DJI Phantom 3, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,

RPM = 4,200 to 6,400 (uniform) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (sluq/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
18 6 42.03 1.90 0.00215 0 -39.95 4200 4200 4200 4200
18 7 42.14 1.91 0.00215 0 -39.95 4800 4800 4800 4800
18 5 42.39 1.94 0.00215 0 -39.94 5300 5300 5300 5300
18 8 42.32 1.93 0.00215 0 -39.95 5800 5800 5800 5800
18 9 42.42 1.94 0.00215 0 -39.95 6400 6400 6400 6400
18 17 42.17 1.91 0.00215 0 -29.94 4200 4200 4200 4200
18 18 42.23 1.92 0.00215 0 -29.94 4800 4800 4800 4800
18 16 42.40 1.93 0.00215 0 -29.95 5300 5300 5300 5300
18 19 42.43 1.93 0.00215 0 -29.94 5800 5800 5800 5800
18 20 42.30 1.92 0.00215 0 -29.94 6400 6400 6400 6400
18 25 42.16 1.91 0.00215 0 -19.91 4200 4200 4200 4200
18 26 41.97 1.89 0.00214 0 -19.91 4800 4800 4800 4800
18 24 42.47 1.93 0.00215 0 -19.91 5300 5300 5300 5300
18 27 41.86 1.88 0.00214 0 -19.91 5800 5800 5800 5800
18 28 41.64 1.86 0.00214 0 -19.91 6400 6400 6400 6400
19 5 42.57 1.94 0.00214 0 -9.90 4200 4200 4200 4200
19 6 42.92 1.97 0.00214 0 -9.90 4800 4800 4800 4800
19 7 42.69 1.95 0.00214 0 -9.90 5300 5300 5300 5300
19 8 43.05 1.98 0.00214 0 -9.90 5800 5800 5800 5800
19 9 42.77 1.96 0.00214 0 -9.90 6400 6400 6400 6400
19 13 42.79 1.96 0.00214 0 -4.98 4200 4200 4200 4200
19 14 42.74 1.96 0.00214 0 -4.98 4800 4800 4800 4800
19 15 42.68 1.95 0.00214 0 -4.98 5300 5300 5300 5300
19 16 42.57 1.94 0.00214 0 -4.98 5800 5800 5800 5800
19 17 42.57 1.94 0.00214 0 -4.98 6400 6400 6400 6400
19 24 42.77 1.96 0.00214 0 -1.98 4200 4200 4200 4200
19 25 42.24 1.91 0.00214 0 -1.98 4800 4800 4800 4800
19 26 42.09 1.90 0.00215 0 -1.98 5300 5300 5300 5300
19 27 42.07 1.90 0.00215 0 -1.98 5800 5800 5800 5800
19 28 41.94 1.89 0.00215 0 -1.98 6400 6400 6400 6400
19 32 42.26 1.91 0.00214 0 -0.04 4200 4200 4200 4200
19 33 42.11 1.90 0.00214 0 -0.04 4800 4800 4800 4800
19 34 42.24 1.91 0.00214 0 -0.04 5300 5300 5300 5300
19 35 42.19 1.91 0.00214 0 -0.04 5800 5800 5800 5800
19 36 41.95 1.89 0.00214 0 -0.04 6400 6400 6400 6400




Table C19b. Full Vehicle: DJI Phantom 3, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,

RPM = 4,200 to 6,400 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

18 6 0.530 -0.005 0.594 0.184 0.246 -0.044 16.695 1.157 1.285 1.102 1.089
18 7 0.588 -0.014 1.110 0.124 0.532 -0.073 16.660 1.789 1.990 1.736 1.700
18 5 0.653 -0.020 1.630 0.191 1.030 -0.104 16.622 2.512 2.863 2.392 2.358
18 8 0.720 -0.006 2.208 0.207 1.645 -0.128 16.576 3.377 3.827 3.146 3.128
18 9 0.802 -0.018 2.959 0.222 2.469 -0.126 16.512 4.642 5.249 4.319 4.258
18 17 0.646 -0.015 1.188 0.156 0.667 -0.070 16.682 1.416 1.581 1.314 1.293
18 18 0.719 -0.031 1.747 0.035 1.117 -0.072 16.645 2.117 2.332 1.980 1.933
18 16 0.814 0.005 2.362 0.046 1.779 -0.072 16.605 2.852 3.205 2.704 2.644
18 19 0.892 -0.018 2.971 0.145 2.458 -0.124 16.558 3.706 4.143 3.527 3.480
18 20 0.976 -0.016 3.761 0.104 3.318 -0.181 16.493 4.877 5.480 4.714 4.649
18 25 0.701 -0.013 1.787 0.192 1.333 -0.093 16.674 1.528 1.696 1.485 1.484
18 26 0.782 -0.018 2.483 -0.081 2.057 -0.058 16.637 2.219 2.440 2.182 2.141
18 24 0.867 -0.005 3.079 0.072 2.717 -0.116 16.597 2.897 3.198 2.930 2.914
18 27 0.926 -0.009 3.714 0.066 3.452 -0.165 16.553 3.652 4.074 3.746 3.698
18 28 1.035 -0.012 4.540 0.130 4.253 -0.214 16.490 4.764 5.358 4.964 4.910
19 5 0.720 -0.007 2.371 -0.052 2.593 -0.061 16.674 1.474 1.617 1.584 1.551
19 6 0.798 -0.001 3.041 -0.285 3.355 -0.101 16.639 2.036 2.220 2.318 2.216
19 7 0.867 0.010 3.725 -0.110 4.163 -0.114 16.602 2.624 2.937 3.054 2.942
19 8 0.960 0.015 4.447 -0.079 5.107 -0.162 16.558 3.333 3.772 3.948 3.832
19 9 1.067 0.018 5.270 -0.053 6.056 -0.236 16.498 4.301 4.902 5.142 4.976
19 13 0.708 -0.010 2.587 0.021 2.856 -0.081 16.677 1.356 1.493 1.587 1.545
19 14 0.764 -0.009 3.338 -0.124 3.853 -0.076 16.638 2.046 2.237 2.337 2.305
19 15 0.832 0.004 4.025 -0.135 4.836 -0.170 16.599 2.687 3.011 3.106 2.992
19 16 0.927 0.012 4.752 -0.093 6.039 -0.216 16.557 3.454 3.875 3.888 3.776
19 17 1.039 0.010 5.616 -0.112 7.112 -0.201 16.495 4.489 5.027 5.055 4.984
19 24 0.698 -0.016 2.750 0.030 3.102 -0.102 16.677 1.388 1.547 1.591 1.516
19 25 0.759 -0.007 3.480 -0.140 4.469 -0.136 16.638 2.019 2.364 2.285 2.215
19 26 0.822 0.004 4.184 -0.083 5.398 -0.182 16.601 2.660 2.985 3.044 2.965
19 27 0.911 0.019 4.885 -0.017 6.542 -0.231 16.558 3.388 3.858 3.846 3.741
19 28 1.020 0.027 5.788 -0.063 7.708 -0.283 16.497 4.464 5.001 5.049 4.889
19 32 0.669 -0.008 2.842 0.007 3.414 -0.102 16.676 1.417 1.607 1.565 1.487
19 33 0.730 -0.002 3.571 -0.137 4.922 -0.179 16.639 1.995 2.305 2.284 2.208
19 34 0.805 0.011 4.312 -0.105 5.851 -0.179 16.603 2.638 2.965 2.995 2.942
19 35 0.899 0.021 5.008 -0.069 7.005 -0.229 16.560 3.373 3.773 3.833 3.740
19 36 1.023 0.027 5.900 -0.100 8.242 -0.261 16.501 4.375 4.908 4.975 4.846
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Table C19c. Full Vehicle: DJI Phantom 3, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,

RPM = 4,200 to 6,400 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
18 6 0.089 0.060 0.134 0.158 0.273 0.194 0.001 0.026 0.029 0.027 0.026
18 7 0.089 0.062 0.134 0.167 0.273 0.197 0.001 0.036 0.041 0.038 0.037
18 5 0.090 0.058 0.134 0.151 0.274 0.194 0.002 0.048 0.056 0.049 0.048
18 8 0.091 0.058 0.134 0.150 0.278 0.193 0.002 0.059 0.068 0.060 0.059
18 9 0.093 0.057 0.134 0.152 0.280 0.193 0.002 0.073 0.085 0.073 0.072
18 17 0.090 0.061 0.134 0.162 0.274 0.197 0.001 0.030 0.035 0.031 0.030
18 18 0.090 0.067 0.135 0.184 0.275 0.202 0.001 0.042 0.048 0.043 0.041
18 16 0.090 0.061 0.134 0.156 0.275 0.195 0.002 0.053 0.061 0.054 0.052
18 19 0.092 0.060 0.134 0.152 0.279 0.195 0.002 0.064 0.073 0.065 0.063
18 20 0.096 0.057 0.134 0.153 0.285 0.194 0.003 0.076 0.089 0.079 0.077
18 25 0.090 0.066 0.134 0.179 0.276 0.199 0.001 0.033 0.037 0.034 0.034
18 26 0.090 0.074 0.136 0.209 0.281 0.213 0.002 0.044 0.050 0.046 0.045
18 24 0.094 0.059 0.135 0.155 0.287 0.198 0.002 0.054 0.061 0.058 0.056
18 27 0.098 0.059 0.134 0.152 0.294 0.194 0.002 0.063 0.074 0.069 0.067
18 28 0.099 0.057 0.134 0.156 0.292 0.195 0.003 0.075 0.088 0.083 0.081
19 5 0.092 0.066 0.135 0.174 0.277 0.205 0.001 0.032 0.037 0.036 0.035
19 6 0.091 0.074 0.137 0.205 0.280 0.208 0.002 0.041 0.047 0.048 0.046
19 7 0.097 0.059 0.135 0.156 0.294 0.195 0.002 0.050 0.058 0.059 0.056
19 8 0.100 0.062 0.134 0.155 0.299 0.199 0.002 0.059 0.070 0.070 0.068
19 9 0.103 0.057 0.134 0.158 0.301 0.196 0.002 0.069 0.082 0.084 0.081
19 13 0.093 0.064 0.134 0.174 0.281 0.198 0.001 0.030 0.034 0.036 0.034
19 14 0.090 0.075 0.138 0.209 0.281 0.214 0.002 0.042 0.047 0.048 0.047
19 15 0.105 0.060 0.141 0.158 0.330 0.199 0.002 0.051 0.059 0.060 0.056
19 16 0.101 0.062 0.135 0.153 0.303 0.196 0.002 0.061 0.071 0.070 0.068
19 17 0.106 0.057 0.134 0.154 0.307 0.196 0.002 0.072 0.085 0.084 0.082
19 24 0.094 0.064 0.135 0.173 0.285 0.201 0.001 0.031 0.035 0.036 0.034
19 25 0.094 0.069 0.144 0.193 0.299 0.211 0.002 0.041 0.049 0.048 0.046
19 26 0.100 0.059 0.137 0.157 0.311 0.202 0.002 0.051 0.059 0.059 0.057
19 27 0.101 0.062 0.135 0.153 0.302 0.198 0.002 0.060 0.070 0.070 0.067
19 28 0.105 0.057 0.135 0.157 0.305 0.196 0.002 0.072 0.084 0.083 0.081
19 32 0.093 0.070 0.135 0.186 0.284 0.210 0.001 0.031 0.036 0.036 0.034
19 33 0.092 0.059 0.143 0.160 0.279 0.198 0.002 0.041 0.048 0.048 0.046
19 34 0.101 0.060 0.137 0.158 0.313 0.204 0.002 0.050 0.058 0.058 0.056
19 35 0.097 0.061 0.135 0.151 0.293 0.199 0.002 0.060 0.069 0.069 0.067
19 36 0.100 0.057 0.135 0.157 0.295 0.198 0.002 0.071 0.082 0.082 0.080




Table C20a. Full Vehicle: DJI Phantom 3, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,200 to 6,400 (differential) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (H?/fty) (sluq/lf/t3)(deg) (deq) RPM 1 RPM 2 RPM 3 RPM 4
16 11 20.81 0.47 0.00217 0 -39.95 5800 4800 5800 4800
16 12 20.99 0.48 0.00217 0 -39.95 6400 4200 6400 4200
16 13 20.98 0.48 0.00217 0 -39.95 6400 6400 4200 4200
16 14 20.81 0.47 0.00217 0 -39.94 5800 5800 4800 4800
16 15 20.95 0.48 0.00217 0 -39.95 4800 4800 5800 5800
16 16 20.88 0.47 0.00217 0 -39.95 4200 4200 6400 6400
16 23 20.77 0.47 0.00217 0 -29.94 5800 4800 5800 4800
16 24 20.71 0.47 0.00217 0 -29.94 5800 5800 4800 4800
16 25 20.73 0.47 0.00217 0 -29.94 4800 4800 5800 5800
16 32 21.19 0.49 0.00217 0 -19.91 5800 4800 5800 4800
16 33 20.95 0.48 0.00217 0 -19.92 5800 5800 4800 4800
16 34 21.19 0.49 0.00217 0 -19.91 4800 4800 5800 5800
16 45 20.81 0.47 0.00217 0 -9.90 6400 4200 6400 4200
16 46 20.92 0.48 0.00217 0 -9.90 5800 4800 5800 4800
16 47 20.88 0.47 0.00217 0 -9.90 6400 6400 4200 4200
16 48 20.75 0.47 0.00217 0 -9.90 5800 5800 4800 4800
16 49 21.11 0.48 0.00217 0 -9.90 4800 4800 5800 5800
16 50 21.16 0.49 0.00217 0 -9.90 4200 4200 6400 6400
16 57 20.94 0.48 0.00217 0 -4.98 5800 4800 5800 4800
16 58 20.96 0.48 0.00217 0 -4.98 5800 5800 4800 4800
16 59 21.03 0.48 0.00217 0 -4.98 4800 4800 5800 5800
16 72 20.70 0.47 0.00217 0 0.12 6400 4200 6400 4200
16 73 20.76 0.47 0.00217 0 0.12 5800 4800 5800 4800
16 74 20.80 0.47 0.00217 0 0.12 4800 5800 4800 5800
16 75 20.72 0.47 0.00217 0 0.12 4200 6400 4200 6400
16 77 20.26 0.45 0.00217 0 0.12 6400 6400 4200 4200
16 78 20.51 0.46 0.00217 0 0.12 5800 5800 4800 4800
16 79 20.58 0.46 0.00217 0 0.12 4800 4800 5800 5800
16 80 20.84 0.47 0.00217 0 0.12 4200 4200 6400 6400
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Table C20b. Full Vehicle: DJI Phantom 3, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,200 to 6,400 (differential) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

16 11 0.302 0.066 2.615 -3.246 1.640 -0.034 16.591 3.941 2.435 4.054 2.091
16 12 0.306 0.145 2.727 -6.818 1.581 0.080 16.576 5.183 1.653 5.348 1.438
16 13 0.444 0.020 2.873 -0.103 7.091 -0.094 16.577 5.143 5.546 1.459 1.391
16 14 0.360 0.015 2.686 -0.130 4.346 -0.073 16.589 3.990 4.471 2.190 2.067
16 15 0.250 0.006 2.519 -0.085 -0.733 -0.058 16.592 2.264 2.524 3.897 3.800
16 16 0.189 -0.002 2.539 -0.015 -3.796 -0.023 16.577 1.533 1.671 5.252 5.132
16 23 0.400 0.071 2.898 -3.248 1.849 0.004 16.590 3.854 2.477 4.039 2.223
16 24 0.472 0.018 2.968 -0.104 4.444 -0.061 16.589 3.875 4.336 2.265 2.172
16 25 0.340 0.008 2.791 -0.165 -0.635 -0.036 16.591 2.234 2.436 3.954 3.828
16 32 0.452 0.057 3.107 -3.323 2.196 0.048 16.593 3.737 2.378 3.979 2.243
16 33 0.526 0.027 3.186 -0.060 4.888 -0.042 16.592 3.737 4.155 2.281 2.243
16 34 0.386 0.016 3.022 -0.216 -0.253 -0.042 16.594 2.187 2.394 3.924 3.814
16 45 0.448 0.165 3.475 -7.008 2.691 0.179 16.581 4.698 1.571 5.317 1.569
16 46 0.479 0.084 3.328 -3.369 2.695 0.104 16.597 3.582 2.212 4.013 2.241
16 47 0.670 0.034 3.609 -0.222 8.751 -0.095 16.582 4.812 5.294 1.553 1.514
16 48 0.562 0.034 3.404 -0.145 5.619 -0.052 16.597 3.594 4.085 2.240 2.186
16 49 0.404 0.022 3.233 -0.279 0.146 -0.050 16.599 2.048 2.238 3.892 3.769
16 50 0.340 0.024 3.264 -0.163 -3.008 -0.040 16.583 1.409 1.546 5.166 5.013
16 57 0.487 0.087 3.431 -3.298 3.053 0.073 16.597 3.586 2.267 3.945 2.256
16 58 0.568 0.032 3.486 -0.132 5.780 -0.070 16.597 3.616 4.025 2.241 2.197
16 59 0.413 0.026 3.313 -0.257 0.448 -0.058 16.599 2.047 2.208 3.872 3.759
16 72 0.463 0.160 3.653 -6.946 3.577 0.169 16.583 4.735 1.523 5.222 1.556
16 73 0.480 0.083 3.523 -3.317 3.631 0.053 16.598 3.634 2.239 3.921 2.202
16 74 0.466 -0.028 3.491 2.827 3.753 -0.198 16.597 2.083 4.018 2.284 3.735
16 75 0.452 -0.100 3.578 6.646 3.839 -0.342 16.582 1.365 5.303 1.550 5.045
16 77 0.655 0.038 3.782 -0.214 9.532 -0.101 16.579 4.918 5.433 1.586 1.525
16 78 0.532 0.031 3.594 -0.194 6.610 -0.099 16.591 3.746 4.285 2.297 2.203
16 79 0.412 0.018 3.362 -0.275 1.072 -0.075 16.600 2.082 2.258 3.821 3.678
16 80 0.339 0.015 3.373 -0.121 -1.890 -0.041 16.588 1.356 1.462 5.057 4.927




Table C20c. Full Vehicle: DJI Phantom 3, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,

RPM = 4,200 to 6,400 (differential) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
16 11 0.088 0.057 0.134 0.153 0.273 0.194 0.002 0.066 0.053 0.070 0.047
16 12 0.089 0.057 0.134 0.153 0.274 0.193 0.002 0.077 0.044 0.083 0.041
16 13 0.089 0.057 0.134 0.151 0.275 0.193 0.002 0.077 0.087 0.042 0.040
16 14 0.089 0.059 0.134 0.155 0.274 0.194 0.002 0.066 0.076 0.049 0.047
16 15 0.088 0.057 0.134 0.151 0.272 0.196 0.002 0.047 0.054 0.069 0.066
16 16 0.089 0.057 0.134 0.150 0.274 0.193 0.002 0.040 0.045 0.083 0.081
16 23 0.089 0.058 0.134 0.153 0.274 0.195 0.002 0.064 0.054 0.071 0.050
16 24 0.089 0.059 0.134 0.157 0.274 0.194 0.002 0.065 0.074 0.051 0.049
16 25 0.089 0.057 0.134 0.152 0.274 0.199 0.002 0.047 0.054 0.070 0.068
16 32 0.089 0.058 0.134 0.155 0.274 0.196 0.002 0.063 0.052 0.070 0.049
16 33 0.089 0.060 0.134 0.160 0.274 0.195 0.002 0.063 0.072 0.051 0.049
16 34 0.089 0.058 0.134 0.153 0.275 0.202 0.002 0.046 0.053 0.069 0.066
16 45 0.090 0.058 0.134 0.158 0.276 0.194 0.002 0.072 0.043 0.083 0.042
16 46 0.089 0.059 0.134 0.157 0.275 0.197 0.002 0.061 0.049 0.069 0.049
16 47 0.091 0.058 0.134 0.154 0.277 0.195 0.002 0.073 0.083 0.043 0.041
16 48 0.090 0.061 0.134 0.162 0.275 0.196 0.002 0.061 0.070 0.050 0.048
16 49 0.090 0.058 0.134 0.153 0.277 0.201 0.002 0.044 0.050 0.068 0.066
16 50 0.091 0.057 0.134 0.154 0.278 0.194 0.002 0.038 0.043 0.081 0.079
16 57 0.090 0.059 0.134 0.157 0.276 0.196 0.002 0.061 0.050 0.069 0.051
16 58 0.090 0.061 0.134 0.161 0.275 0.196 0.002 0.061 0.071 0.050 0.049
16 59 0.090 0.057 0.134 0.151 0.277 0.196 0.002 0.044 0.049 0.068 0.066
16 72 0.090 0.057 0.134 0.157 0.276 0.194 0.002 0.073 0.042 0.081 0.042
16 73 0.090 0.058 0.134 0.157 0.277 0.198 0.002 0.062 0.050 0.068 0.048
16 74 0.089 0.060 0.134 0.161 0.274 0.209 0.002 0.045 0.071 0.050 0.066
16 75 0.089 0.058 0.134 0.155 0.274 0.195 0.002 0.037 0.085 0.042 0.080
16 77 0.090 0.058 0.134 0.155 0.277 0.195 0.002 0.075 0.085 0.043 0.041
16 78 0.089 0.060 0.134 0.160 0.275 0.195 0.002 0.063 0.073 0.051 0.049
16 79 0.090 0.057 0.134 0.151 0.277 0.195 0.002 0.045 0.051 0.067 0.065
16 80 0.091 0.057 0.134 0.153 0.279 0.194 0.002 0.037 0.041 0.080 0.078
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Table C21a. Full Vehicle: DJI Phantom 3, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,200 to 6,400 (differential) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (sluq/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
18 10 42.27 1.92 0.00215 0 -39.95 6400 4200 6400 4200
18 11 42.17 1.91 0.00215 0 -39.95 5800 4800 5800 4800
18 12 42.20 1.92 0.00215 0 -39.95 6400 6400 4200 4200
18 13 42.30 1.92 0.00215 0 -39.95 5800 5800 4800 4800
18 14 42.38 1.93 0.00215 0 -39.95 4800 4800 5800 5800
18 15 42.34 1.93 0.00215 0 -39.94 4200 4200 6400 6400
18 21 42.17 1.91 0.00215 0 -29.94 5800 4800 5800 4800
18 22 42.39 1.93 0.00215 0 -29.94 5800 5800 4800 4800
18 23 42.43 1.93 0.00215 0 -29.94 4800 4800 5800 5800
18 29 42.15 1.90 0.00214 0 -19.91 6400 4200 6400 4200
18 30 42.13 1.90 0.00214 0 -19.91 5800 4800 5800 4800
18 31 41.96 1.89 0.00214 0 -19.91 6400 6400 4200 4200
18 32 42.12 1.90 0.00214 0 -19.91 5800 5800 4800 4800
18 33 41.90 1.88 0.00214 0 -19.91 4800 4800 5800 5800
18 34 42.18 1.91 0.00214 0 -19.91 4200 4200 6400 6400
19 10 42.93 1.97 0.00214 0 -9.90 5800 4800 5800 4800
19 11 42.86 1.96 0.00214 0 -9.90 5800 5800 4800 4800
19 12 43.09 1.99 0.00214 0 -9.90 4800 4800 5800 5800
19 18 42.95 1.98 0.00214 0 -4.98 6400 4200 6400 4200
19 19 42.87 1.97 0.00214 0 -4.98 5800 4800 5800 4800
19 20 42.56 1.94 0.00214 0 -4.98 6400 6400 4200 4200
19 21 42.73 1.95 0.00214 0 -4.98 5800 5800 4800 4800
19 22 42.90 1.97 0.00214 0 -4.98 4800 4800 5800 5800
19 23 43.03 1.98 0.00214 0 -4.98 4200 4200 6400 6400
19 29 42.12 1.90 0.00215 0 -1.98 5800 4800 5800 4800
19 30 42.05 1.90 0.00215 0 -1.98 5800 5800 4800 4800
19 31 42.34 1.92 0.00214 0 -1.98 4800 4800 5800 5800
19 37 42.23 1.91 0.00215 0 -0.04 6400 4200 6400 4200
19 38 42.27 1.92 0.00215 0 -0.04 5800 4800 5800 4800
19 39 42.30 1.92 0.00215 0 -0.04 4800 5800 4800 5800
19 40 42.31 1.92 0.00215 0 -0.04 4200 6400 4200 6400
19 41 42.20 1.91 0.00215 0 -0.04 6400 6400 4200 4200
19 42 42.30 1.92 0.00215 0 -0.04 5800 5800 4800 4800
19 43 42.33 1.92 0.00215 0 -0.04 4800 4800 5800 5800
19 44 42.38 1.93 0.00215 0 -0.04 4200 4200 6400 6400




Table C21b. Full Vehicle: DJI Phantom 3, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,200 to 6,400 (differential) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

18 10 0.666 0.096 1.797 -5.537 1.209 0.496 16.604 4.612 1.363 4.284 1.134
18 11 0.662 0.037 1.679 -2.564 1.058 0.193 16.618 3.425 2.045 3.209 1.704
18 12 0.776 -0.026 1.931 0.178 6.653 -0.156 16.598 4.580 5.169 1.091 1.065
18 13 0.702 -0.020 1.709 0.203 3.659 -0.121 16.615 3.403 3.863 1.700 1.668
18 14 0.597 -0.016 1.576 0.145 -1.292 -0.067 16.620 1.832 2.046 3.205 3.179
18 15 0.546 -0.005 1.645 0.150 -3.977 -0.049 16.607 1.192 1.316 4.408 4.325
18 21 0.802 0.051 2.378 -2.764 1.783 0.186 16.600 3.724 2.423 3.557 1.964
18 22 0.886 -0.010 2.413 0.072 4.488 -0.113 16.600 3.707 4.117 1.944 1.917
18 23 0.735 -0.025 2.304 0.058 -0.767 -0.085 16.600 2.199 2.454 3.557 3.490
18 29 0.864 0.076 3.226 -6.396 2.640 0.509 16.581 4.819 1.714 5.051 1.512
18 30 0.851 0.021 3.099 -2.990 2.599 0.152 16.594 3.713 2.430 3.841 2.171
18 31 1.028 -0.019 3.260 0.067 8.916 -0.155 16.585 4.746 5.271 1.425 1.398
18 32 0.933 -0.019 3.109 0.050 5.655 -0.153 16.596 3.668 4.133 2.141 2.079
18 33 0.772 -0.015 3.027 -0.050 -0.070 -0.118 16.593 2.260 2.459 3.810 3.756
18 34 0.713 -0.013 3.081 0.179 -3.477 -0.095 16.578 1.568 1.732 5.075 5.001
19 10 0.877 0.028 3.763 -3.248 3.935 0.131 16.597 3.349 2.280 3.993 2.279
19 11 0.970 0.008 3.854 -0.143 7.345 -0.130 16.602 3.330 3.722 2.309 2.235
19 12 0.799 0.003 3.662 -0.180 1.031 -0.145 16.594 2.063 2.284 3.923 3.826
19 18 0.854 0.014 4.073 -6.920 4.570 0.391 16.590 4.408 1.522 5.084 1.539
19 19 0.838 -0.002 4.027 -3.273 4.861 0.040 16.596 3.443 2.244 3.945 2.239
19 20 1.032 0.004 4.323 -0.118 12.080 -0.176 16.589 4.464 5.009 1.554 1.532
19 21 0.932 0.013 4.161 -0.154 8.441 -0.174 16.599 3.464 3.925 2.297 2.218
19 22 0.771 0.002 3.948 -0.116 1.520 -0.171 16.596 2.059 2.261 3.909 3.804
19 23 0.719 -0.001 3.935 0.031 -2.288 -0.123 16.586 1.386 1.532 5.020 4.841
19 29 0.827 -0.005 4.187 -3.110 5.300 0.003 16.597 3.428 2.355 3.913 2.247
19 30 0.915 0.009 4.294 -0.107 8.796 -0.190 16.600 3.410 3.857 2.305 2.203
19 31 0.752 0.006 4.127 -0.105 1.996 -0.198 16.596 2.034 2.346 3.901 3.761
19 37 0.842 0.005 4.365 -6.717 5.552 0.420 16.589 4.403 1.646 4.951 1.494
19 38 0.826 -0.000 4.310 -3.153 5.718 -0.001 16.599 3.397 2.332 3.853 2.207
19 39 0.818 0.022 4.313 2.830 5.904 -0.406 16.598 2.031 3.831 2.325 3.715
19 40 0.865 0.019 4.367 6.532 5.804 -0.785 16.587 1.491 4.938 1.513 4.829
19 41 1.016 0.023 4.558 -0.121 13.064 -0.208 16.592 4.353 4.905 1.522 1.497
19 42 0.912 0.017 4.393 -0.132 9.312 -0.184 16.601 3.379 3.818 2.267 2.202
19 43 0.739 0.010 4.256 -0.149 2.494 -0.197 16.597 2.042 2.405 3.819 3.722
19 44 0.665 0.013 4.104 -0.056 -1.454 -0.150 16.595 1.451 1.614 4.680 4.397
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Table C21c. Full Vehicle: DJI Phantom 3, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,

RPM = 4,200 to 6,400 (differential) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
18 10 0.091 0.058 0.134 0.155 0.276 0.193 0.002 0.070 0.038 0.069 0.034
18 11 0.090 0.058 0.134 0.154 0.275 0.194 0.002 0.058 0.045 0.058 0.041
18 12 0.091 0.059 0.134 0.156 0.277 0.194 0.002 0.070 0.081 0.035 0.034
18 13 0.090 0.061 0.134 0.160 0.274 0.194 0.002 0.058 0.066 0.041 0.040
18 14 0.091 0.058 0.134 0.154 0.279 0.196 0.002 0.040 0.046 0.059 0.057
18 15 0.091 0.057 0.134 0.153 0.278 0.194 0.002 0.033 0.038 0.071 0.069
18 21 0.091 0.060 0.134 0.159 0.277 0.196 0.002 0.063 0.052 0.064 0.045
18 22 0.091 0.064 0.134 0.166 0.277 0.195 0.002 0.062 0.071 0.045 0.045
18 23 0.091 0.061 0.134 0.161 0.278 0.201 0.002 0.047 0.052 0.063 0.062
18 29 0.093 0.060 0.134 0.163 0.281 0.196 0.002 0.073 0.045 0.080 0.041
18 30 0.094 0.063 0.135 0.168 0.287 0.200 0.002 0.062 0.053 0.068 0.049
18 31 0.095 0.061 0.134 0.165 0.285 0.198 0.002 0.073 0.083 0.041 0.040
18 32 0.093 0.065 0.135 0.167 0.281 0.196 0.002 0.062 0.071 0.048 0.047
18 33 0.093 0.061 0.134 0.165 0.286 0.204 0.002 0.047 0.054 0.067 0.066
18 34 0.093 0.060 0.135 0.164 0.283 0.197 0.002 0.040 0.045 0.080 0.079
19 10 0.097 0.067 0.135 0.180 0.300 0.203 0.002 0.058 0.050 0.069 0.050
19 11 0.095 0.067 0.135 0.170 0.288 0.196 0.002 0.058 0.066 0.051 0.048
19 12 0.095 0.067 0.135 0.182 0.293 0.218 0.002 0.045 0.051 0.069 0.067
19 18 0.098 0.064 0.135 0.181 0.293 0.196 0.002 0.068 0.042 0.080 0.041
19 19 0.094 0.068 0.136 0.178 0.291 0.207 0.002 0.059 0.050 0.068 0.049
19 20 0.096 0.065 0.135 0.175 0.287 0.201 0.002 0.069 0.080 0.042 0.041
19 21 0.097 0.065 0.136 0.171 0.291 0.195 0.002 0.059 0.069 0.050 0.048
19 22 0.100 0.059 0.136 0.158 0.310 0.196 0.002 0.045 0.050 0.068 0.066
19 23 0.101 0.063 0.135 0.175 0.301 0.203 0.002 0.037 0.043 0.079 0.076
19 29 0.094 0.070 0.137 0.188 0.294 0.209 0.002 0.059 0.052 0.068 0.049
19 30 0.095 0.068 0.136 0.175 0.286 0.197 0.002 0.059 0.068 0.051 0.049
19 31 0.096 0.062 0.136 0.164 0.302 0.199 0.002 0.045 0.052 0.068 0.066
19 37 0.096 0.063 0.135 0.171 0.287 0.202 0.002 0.068 0.044 0.078 0.040
19 38 0.094 0.069 0.137 0.187 0.293 0.210 0.002 0.059 0.051 0.068 0.049
19 39 0.096 0.066 0.136 0.173 0.292 0.222 0.002 0.044 0.069 0.051 0.066
19 40 0.099 0.063 0.135 0.171 0.294 0.208 0.002 0.038 0.080 0.041 0.077
19 41 0.096 0.063 0.135 0.168 0.288 0.199 0.002 0.068 0.078 0.041 0.040
19 42 0.095 0.066 0.136 0.169 0.287 0.197 0.002 0.058 0.067 0.050 0.048
19 43 0.100 0.065 0.136 0.179 0.311 0.208 0.002 0.045 0.053 0.067 0.065
19 44 0.101 0.062 0.135 0.169 0.302 0.200 0.002 0.037 0.043 0.074 0.071




Wind Tunnel Data - 3DR Iris+ Full Vehicle
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Table C22a. Full Vehicle: 3DR Iris+, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,

RPM = 4,300 to 6,500 (uniform) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (sluq/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
59 6 20.34 0.48 0.00233 0 -39.95 4300 4300 4300 4300
59 7 20.41 0.49 0.00233 0 -39.95 4900 4900 4900 4900
59 8 20.28 0.48 0.00233 0 -39.95 5400 5400 5400 5400
59 9 20.39 0.48 0.00233 0 -39.95 5900 5900 5900 5900
59 10 20.73 0.50 0.00233 0 -39.95 6500 6500 6500 6500
59 11 20.47 0.49 0.00233 0 -19.92 4300 4300 4300 4300
59 12 20.39 0.48 0.00233 0 -19.91 4900 4900 4900 4900
59 13 20.20 0.48 0.00233 0 -19.91 5400 5400 5400 5400
59 14 20.24 0.48 0.00233 0 -19.92 5900 5900 5900 5900
59 15 20.00 0.47 0.00233 0 -19.92 6500 6500 6500 6500
59 16 20.04 0.47 0.00233 0 -9.90 4300 4300 4300 4300
59 17 19.98 0.47 0.00233 0 -9.90 4900 4900 4900 4900
59 18 20.07 0.47 0.00233 0 -9.90 5400 5400 5400 5400
59 19 20.17 0.47 0.00233 0 -9.90 5900 5900 5900 5900
59 20 20.13 0.47 0.00233 0 -9.90 6500 6500 6500 6500
61 5 19.82 0.48 0.00243 0 -4.98 4300 4300 4300 4300
61 6 19.86 0.48 0.00243 0 -4.98 4900 4900 4900 4900
61 7 19.96 0.48 0.00243 0 -4.98 5400 5400 5400 5400
61 8 20.18 0.49 0.00243 0 -4.98 5900 5900 5900 5900
61 9 20.47 0.51 0.00243 0 -4.98 6500 6500 6500 6500
61 16 20.04 0.49 0.00243 0 -1.98 4300 4300 4300 4300
61 17 20.12 0.49 0.00243 0 -1.98 4900 4900 4900 4900
61 18 20.32 0.50 0.00243 0 -1.98 5400 5400 5400 5400
61 19 20.22 0.50 0.00243 0 -1.98 5900 5900 5900 5900
61 20 20.56 0.51 0.00243 0 -1.98 6500 6500 6500 6500
61 27 19.74 0.47 0.00243 0 -0.05 4300 4300 4300 4300
61 28 19.32 0.45 0.00243 0 -0.05 4900 4900 4900 4900
61 29 19.68 0.47 0.00243 0 -0.05 5400 5400 5400 5400
61 30 19.83 0.48 0.00243 0 -0.05 5900 5900 5900 5900
61 31 19.88 0.48 0.00243 0 -0.05 6500 6500 6500 6500




Table C22b. Full Vehicle: 3DR Iris+, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,300 to 6,500 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

59 6 0.163 -0.010 0.974 0.087 0.318 0.072 12.684 1.300 1.479 1.401 1.328
59 7 0.182 -0.008 1.423 0.060 0.616 0.107 12.655 1.842 2.078 1.953 1.873
59 8 0.203 -0.004 1.875 0.066 0.887 0.106 12.623 2.386 2.690 2.572 2.435
59 9 0.226 0.004 2.379 -0.010 1.289 0.151 12.585 3.098 3.448 3.265 3.123
59 10 0.259 -0.001 3.033 0.071 1.573 0.123 12.531 4.059 4.502 4.312 4.096
59 11 0.236 0.001 1.490 0.073 1.075 0.099 12.680 1.393 1.552 1.502 1.446
59 12 0.260 0.003 1.998 0.009 1.443 0.140 12.650 1.918 2.120 2.069 2.006
59 13 0.284 0.006 2.462 -0.045 1.746 0.158 12.619 2.465 2.694 2.658 2.579
59 14 0.313 0.001 2.981 0.044 2.052 0.151 12.581 3.121 3.464 3.362 3.250
59 15 0.343 0.012 3.682 0.160 2.329 0.162 12.528 4.064 4.521 4.427 4.247
59 16 0.241 0.000 1.687 0.112 1.471 0.094 12.681 1.342 1.528 1.477 1.432
59 17 0.278 0.007 2.184 -0.004 1.847 0.166 12.652 1.849 2.098 2.033 1.976
59 18 0.314 0.008 2.649 -0.046 2.209 0.188 12.622 2.359 2.699 2.616 2.511
59 19 0.341 0.004 3.144 -0.032 2.571 0.179 12.586 3.003 3.438 3.286 3.186
59 20 0.384 0.012 3.853 0.116 2.871 0.170 12.533 3.907 4.481 4.326 4.159
61 5 0.246 -0.003 1.891 0.137 1.738 0.070 12.677 1.433 1.626 1.567 1.509
61 6 0.284 0.003 2.388 -0.085 2.116 0.118 12.649 1.951 2.193 2.137 2.047
61 7 0.324 -0.006 2.885 0.045 2.585 0.108 12.617 2.466 2.914 2.700 2.623
61 8 0.366 -0.008 3.442 0.077 2.941 0.088 12.580 3.123 3.704 3.437 3.307
61 9 0.411 -0.001 4.137 -0.184 3.381 0.117 12.527 4.097 4.757 4.466 4.227
61 16 0.252 -0.001 1.936 0.112 2.023 0.053 12.676 1.456 1.694 1.569 1.510
61 17 0.298 -0.019 2.434 0.071 2.369 0.049 12.646 1.979 2.314 2.142 2.050
61 18 0.333 -0.010 2.937 0.059 2.716 0.083 12.615 2.511 2.956 2.740 2.632
61 19 0.372 -0.009 3.482 -0.021 3.096 0.093 12.578 3.206 3.756 3.456 3.309
61 20 0.419 -0.003 4.204 -0.080 3.642 0.117 12.524 4.196 4.904 4.463 4.259
61 27 0.245 -0.009 1.891 0.114 1.954 0.052 12.677 1.444 1.670 1.547 1.501
61 28 0.284 -0.018 2.445 0.013 2.457 0.054 12.645 2.014 2.335 2.141 2.056
61 29 0.323 -0.011 2.938 -0.002 2.837 0.093 12.614 2.576 2.990 2.736 2.639
61 30 0.367 -0.014 3.446 0.106 3.169 0.064 12.577 3.235 3.793 3.411 3.302
61 31 0.407 -0.007 4.193 0.131 3.664 0.074 12.523 4.196 4.946 4.464 4.297
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Table C22c¢. Full Vehicle: 3DR Iris+, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,300 to 6,500 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
59 6 0.089 0.057 0.134 0.151 0.275 0.193 0.001 0.024 0.026 0.026 0.024
59 7 0.089 0.058 0.134 0.152 0.274 0.193 0.001 0.033 0.034 0.036 0.031
59 8 0.089 0.061 0.134 0.160 0.274 0.194 0.001 0.038 0.042 0.041 0.039
59 9 0.093 0.058 0.135 0.153 0.282 0.195 0.001 0.045 0.050 0.048 0.046
59 10 0.096 0.059 0.138 0.156 0.284 0.198 0.001 0.054 0.060 0.058 0.055
59 11 0.090 0.058 0.134 0.152 0.277 0.195 0.001 0.025 0.028 0.027 0.026
59 12 0.091 0.061 0.134 0.154 0.279 0.194 0.001 0.032 0.035 0.035 0.033
59 13 0.091 0.065 0.134 0.159 0.277 0.194 0.001 0.039 0.042 0.042 0.040
59 14 0.096 0.059 0.139 0.162 0.287 0.196 0.001 0.046 0.050 0.049 0.047
59 15 0.091 0.060 0.143 0.164 0.276 0.197 0.001 0.054 0.060 0.059 0.056
59 16 0.090 0.058 0.134 0.153 0.277 0.195 0.001 0.025 0.027 0.027 0.026
59 17 0.092 0.059 0.135 0.152 0.282 0.194 0.001 0.031 0.035 0.034 0.033
59 18 0.091 0.071 0.135 0.166 0.278 0.194 0.001 0.038 0.042 0.041 0.039
59 19 0.104 0.059 0.141 0.159 0.302 0.195 0.001 0.044 0.050 0.049 0.046
59 20 0.094 0.062 0.145 0.167 0.281 0.199 0.001 0.053 0.060 0.058 0.056
61 5 0.090 0.058 0.134 0.152 0.276 0.195 0.001 0.026 0.029 0.028 0.027
61 6 0.090 0.059 0.134 0.151 0.276 0.194 0.001 0.033 0.036 0.036 0.034
61 7 0.090 0.067 0.135 0.156 0.276 0.194 0.001 0.039 0.044 0.043 0.041
61 8 0.103 0.062 0.139 0.154 0.301 0.196 0.001 0.046 0.053 0.050 0.048
61 9 0.106 0.064 0.146 0.173 0.299 0.201 0.001 0.055 0.062 0.060 0.056
61 16 0.090 0.059 0.134 0.152 0.277 0.195 0.001 0.026 0.030 0.028 0.027
61 17 0.090 0.060 0.134 0.152 0.275 0.194 0.001 0.033 0.038 0.036 0.034
61 18 0.091 0.067 0.135 0.156 0.276 0.194 0.001 0.039 0.045 0.043 0.041
61 19 0.104 0.061 0.140 0.154 0.302 0.197 0.001 0.047 0.053 0.051 0.048
61 20 0.106 0.065 0.148 0.173 0.299 0.201 0.001 0.056 0.064 0.060 0.057
61 27 0.090 0.059 0.134 0.153 0.278 0.195 0.001 0.026 0.029 0.028 0.027
61 28 0.090 0.060 0.134 0.151 0.275 0.194 0.001 0.033 0.038 0.036 0.034
61 29 0.091 0.070 0.135 0.157 0.277 0.194 0.001 0.040 0.045 0.043 0.041
61 30 0.104 0.062 0.140 0.154 0.302 0.195 0.001 0.047 0.053 0.050 0.048
61 31 0.100 0.065 0.140 0.175 0.289 0.202 0.001 0.056 0.064 0.060 0.057




Table C23a. Full Vehicle: 3DR Iris+, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,

RPM = 4,300 to 6,500 (uniform) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (sluq/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
62 5 39.64 1.90 0.00242 0 -39.95 4300 4300 4300 4300
62 6 39.79 1.92 0.00242 0 -39.95 4900 4900 4900 4900
62 7 39.69 1.91 0.00242 0 -39.95 5400 5400 5400 5400
62 8 39.66 1.90 0.00242 0 -39.95 5900 5900 5900 5900
62 9 39.82 1.92 0.00242 0 -39.95 6500 6500 6500 6500
62 10 39.97 1.93 0.00242 0 -19.92 4300 4300 4300 4300
62 11 39.84 1.92 0.00242 0 -19.92 4900 4900 4900 4900
62 12 39.48 1.88 0.00241 0 -19.91 5400 5400 5400 5400
62 13 39.34 1.87 0.00241 0 -19.92 5900 5900 5900 5900
62 14 39.87 1.92 0.00241 0 -19.92 6500 6500 6500 6500
62 15 39.76 1.91 0.00241 0 -10.08 4300 4300 4300 4300
62 16 39.55 1.88 0.00241 0 -10.08 4900 4900 4900 4900
62 17 40.12 1.94 0.00241 0 -10.08 5400 5400 5400 5400
62 18 40.22 1.95 0.00241 0 -10.08 5900 5900 5900 5900
62 19 39.99 1.92 0.00241 0 -10.08 6500 6500 6500 6500
63 5 39.90 1.90 0.00239 0 -4.98 4300 4300 4300 4300
63 6 39.81 1.90 0.00239 0 -4.98 4900 4900 4900 4900
63 7 39.57 1.87 0.00239 0 -4.98 5400 5400 5400 5400
63 8 39.55 1.87 0.00239 0 -4.98 5900 5900 5900 5900
63 9 39.32 1.85 0.00239 0 -4.98 6500 6500 6500 6500
63 16 39.95 1.90 0.00238 0 -1.98 4300 4300 4300 4300
63 17 39.84 1.89 0.00238 0 -1.98 4900 4900 4900 4900
63 18 39.72 1.88 0.00238 0 -1.98 5400 5400 5400 5400
63 19 40.45 1.94 0.00238 0 -1.98 5900 5900 5900 5900
63 20 39.98 1.90 0.00238 0 -1.98 6500 6500 6500 6500
63 27 40.16 1.91 0.00237 0 -0.04 4300 4300 4300 4300
63 28 40.03 1.90 0.00237 0 -0.04 4900 4900 4900 4900
63 29 40.04 1.90 0.00237 0 -0.04 5400 5400 5400 5400
63 30 39.77 1.87 0.00237 0 -0.04 5900 5900 5900 5900
63 31 39.69 1.86 0.00237 0 -0.04 6500 6500 6500 6500
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Table C23b. Full Vehicle: 3DR Iris+, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,300 to 6,500 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

62 5 0.377 -0.014 -0.173 -0.033 -0.433 0.021 12.702 0.968 1.085 1.132 1.060
62 6 0.413 -0.002 0.238 -0.162 -0.214 0.075 12.673 1.495 1.633 1.690 1.587
62 7 0.436 -0.002 0.627 -0.121 0.070 0.080 12.644 2.027 2.230 2.250 2.133
62 8 0.468 -0.007 1.082 -0.165 0.479 0.094 12.608 2.708 2.947 2.939 2.798
62 9 0.503 0.005 1.659 -0.235 0.818 0.084 12.558 3.647 3.918 3.892 3.695
62 10 0.598 -0.004 1.188 -0.049 1.286 0.080 12.677 1.454 1.607 1.564 1.479
62 11 0.642 0.005 1.744 -0.103 1.953 0.122 12.647 2.013 2.210 2.142 2.051
62 12 0.674 0.001 2.252 -0.017 2.499 0.111 12.615 2.582 2.823 2.769 2.660
62 13 0.717 0.002 2.783 -0.113 3.155 0.147 12.579 3.253 3.561 3.456 3.336
62 14 0.782 0.001 3.486 0.003 3.689 0.119 12.524 4.227 4.630 4.529 4.330
62 15 0.607 0.003 1.913 -0.059 2.417 0.069 12.675 1.485 1.630 1.568 1.515
62 16 0.643 -0.007 2.462 0.064 2.940 0.088 12.646 1.984 2.204 2.149 2.119
62 17 0.707 0.006 2.952 -0.038 3.684 0.116 12.616 2.527 2.830 2.738 2.676
62 18 0.759 -0.005 3.474 -0.045 4.358 0.086 12.579 3.208 3.573 3.457 3.353
62 19 0.821 0.003 4.209 0.061 5.065 0.089 12.526 4.132 4.669 4.530 4.289
63 5 0.586 0.001 2.250 -0.099 3.003 0.056 12.674 1.525 1.701 1.567 1.540
63 6 0.645 -0.003 2.782 -0.056 3.896 0.071 12.644 2.053 2.348 2.149 2.077
63 7 0.684 0.004 3.274 -0.169 4.619 0.122 12.612 2.608 2.990 2.771 2.664
63 8 0.729 0.002 3.803 -0.133 5.332 0.110 12.575 3.242 3.793 3.470 3.356
63 9 0.796 -0.006 4.535 0.157 5.964 0.068 12.518 4.190 5.040 4.589 4.340
63 16 0.569 0.005 2.393 -0.033 3.521 0.066 12.673 1.585 1.808 1.535 1.495
63 17 0.624 -0.003 2.943 0.030 4.583 0.041 12.640 2.152 2.553 2.139 2.057
63 18 0.667 -0.023 3.428 0.118 5.270 0.041 12.606 2.736 3.278 2.772 2.660
63 19 0.744 -0.010 3.986 -0.038 6.191 0.079 12.567 3.428 4.141 3.499 3.350
63 20 0.797 -0.015 4.721 0.158 7.038 0.045 12.511 4.418 5.356 4.600 4.353
63 27 0.571 -0.020 2.494 0.159 3.812 0.012 12.671 1.619 1.896 1.534 1.472
63 28 0.623 -0.012 3.064 0.114 4.971 0.039 12.638 2.194 2.638 2.139 2.039
63 29 0.677 -0.028 3.538 0.087 5.822 0.049 12.605 2.769 3.368 2.742 2.623
63 30 0.728 -0.021 4.058 0.009 6.729 0.099 12.566 3.462 4.206 3.502 3.316
63 31 0.798 -0.028 4.807 0.146 7.634 0.077 12.509 4.448 5.449 4.629 4.337




Table C23c. Full Vehicle: 3DR Iris+, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 0 deg,
RPM = 4,300 to 6,500 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
62 5 0.090 0.057 0.134 0.151 0.276 0.194 0.001 0.019 0.021 0.021 0.020
62 6 0.090 0.058 0.134 0.150 0.275 0.193 0.001 0.026 0.028 0.029 0.028
62 7 0.089 0.063 0.134 0.153 0.274 0.193 0.001 0.033 0.036 0.037 0.035
62 8 0.099 0.060 0.135 0.151 0.295 0.196 0.001 0.041 0.044 0.044 0.042
62 9 0.103 0.060 0.139 0.157 0.295 0.202 0.001 0.050 0.053 0.054 0.051
62 10 0.092 0.059 0.134 0.154 0.279 0.196 0.001 0.026 0.029 0.028 0.027
62 11 0.093 0.063 0.135 0.153 0.281 0.195 0.001 0.033 0.036 0.036 0.034
62 12 0.095 0.077 0.135 0.159 0.284 0.196 0.001 0.040 0.044 0.043 0.041
62 13 0.110 0.062 0.143 0.155 0.315 0.197 0.001 0.047 0.051 0.051 0.048
62 14 0.101 0.067 0.141 0.177 0.292 0.203 0.001 0.056 0.061 0.060 0.057
62 15 0.092 0.061 0.135 0.156 0.280 0.196 0.001 0.027 0.029 0.028 0.027
62 16 0.096 0.065 0.135 0.156 0.289 0.197 0.001 0.033 0.036 0.036 0.035
62 17 0.097 0.079 0.137 0.162 0.286 0.197 0.001 0.040 0.044 0.043 0.041
62 18 0.127 0.068 0.143 0.159 0.348 0.198 0.001 0.047 0.051 0.051 0.048
62 19 0.105 0.069 0.152 0.182 0.294 0.213 0.001 0.055 0.062 0.060 0.057
63 5 0.094 0.061 0.135 0.158 0.284 0.199 0.001 0.027 0.030 0.029 0.028
63 6 0.092 0.069 0.136 0.159 0.279 0.198 0.001 0.034 0.038 0.036 0.035
63 7 0.096 0.078 0.137 0.162 0.288 0.199 0.001 0.040 0.045 0.043 0.041
63 8 0.114 0.068 0.147 0.160 0.323 0.202 0.001 0.047 0.054 0.051 0.048
63 9 0.124 0.069 0.158 0.189 0.325 0.207 0.001 0.056 0.065 0.061 0.057
63 16 0.092 0.061 0.135 0.159 0.278 0.198 0.001 0.028 0.031 0.028 0.027
63 17 0.093 0.066 0.136 0.158 0.280 0.200 0.001 0.035 0.040 0.036 0.034
63 18 0.096 0.081 0.137 0.165 0.288 0.200 0.001 0.042 0.049 0.044 0.042
63 19 0.127 0.069 0.145 0.163 0.349 0.207 0.001 0.048 0.057 0.050 0.049
63 20 0.124 0.073 0.151 0.198 0.327 0.215 0.001 0.058 0.068 0.061 0.058
63 27 0.092 0.061 0.135 0.160 0.278 0.198 0.001 0.028 0.033 0.028 0.027
63 28 0.093 0.068 0.136 0.159 0.280 0.199 0.001 0.035 0.041 0.036 0.034
63 29 0.096 0.080 0.137 0.167 0.287 0.202 0.001 0.043 0.049 0.044 0.041
63 30 0.116 0.070 0.146 0.164 0.328 0.210 0.001 0.049 0.058 0.051 0.048
63 31 0.123 0.072 0.152 0.199 0.324 0.209 0.001 0.058 0.069 0.062 0.057
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Table C24a. Full Vehicle: 3DR Iris+, nominal speed 20 ft/s, yaw = 0 deg, pitch = -10 to 0 deg,
RPM = 4,300 to 6,500 (differential) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (sluq/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
59 21 19.59 0.45 0.00233 0 -9.90 6500 4300 6500 4300
59 22 20.03 0.47 0.00233 0 -9.91 5900 4900 5900 4900
59 23 19.70 0.45 0.00233 0 -9.90 6500 6500 4300 4300
59 24 19.85 0.46 0.00233 0 -9.90 5900 5900 4900 4900
59 25 19.97 0.47 0.00233 0 -9.90 4900 4900 5900 5900
59 26 19.81 0.46 0.00233 0 -9.90 4300 4300 6500 6500
61 10 19.46 0.46 0.00243 0 -4.98 6500 4300 6500 4300
61 11 19.55 0.46 0.00243 0 -4.98 5900 4900 5900 4900
61 12 19.69 0.47 0.00243 0 -4.98 6500 6500 4300 4300
61 13 19.38 0.46 0.00243 0 -4.98 5900 5900 4900 4900
61 14 19.28 0.45 0.00243 0 -4.98 4900 4900 5900 5900
61 15 20.43 0.51 0.00243 0 -4.98 4300 4300 6500 6500
61 21 19.57 0.47 0.00243 0 -1.98 6500 4300 6500 4300
61 22 19.61 0.47 0.00243 0 -1.99 5900 4900 5900 4900
61 23 19.68 0.47 0.00243 0 -1.99 6500 6500 4300 4300
61 24 19.68 0.47 0.00243 0 -1.98 5900 5900 4900 4900
61 25 19.80 0.48 0.00243 0 -1.98 4900 4900 5900 5900
61 26 20.08 0.49 0.00243 0 -1.98 4300 4300 6500 6500
61 32 19.66 0.47 0.00243 0 -0.05 6500 4300 6500 4300
61 33 19.78 0.48 0.00243 0 -0.05 5900 4900 5900 4900
61 34 19.74 0.47 0.00243 0 -0.04 4900 5900 4900 5900
61 35 19.86 0.48 0.00243 0 -0.04 4300 6500 4300 6500
61 36 19.76 0.47 0.00243 0 -0.04 6500 6500 4300 4300
61 37 19.75 0.47 0.00243 0 -0.04 5900 5900 4900 4900
61 38 19.72 0.47 0.00243 0 -0.04 4900 4900 5900 5900
61 39 19.98 0.49 0.00243 0 -0.04 4300 4300 6500 6500




Table C24b. Full Vehicle: 3DR Iris+, nominal speed 20 ft/s, yaw = 0 deg, pitch = -10 to 0 deg,
RPM = 4,300 to 6,500 (differential) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

59 21 0.303 0.117 2.786 -9.325 2.119 0.627 12.607 3.926 1.585 4.320 1.463
59 22 0.305 0.051 2.675 -4.127 2.164 0.400 12.619 2.985 2.131 3.306 1.995
59 23 0.289 -0.003 2.755 0.020 8.181 0.097 12.607 3.918 4.387 1.438 1.406
59 24 0.298 -0.008 2.639 0.070 4.878 0.143 12.620 2.987 3.381 2.008 1.971
59 25 0.316 0.014 2.714 0.013 -0.409 0.182 12.617 1.867 2.157 3.304 3.200
59 26 0.325 0.018 2.846 0.049 -3.763 0.165 12.604 1.380 1.583 4.375 4.192
61 10 0.318 0.117 3.004 -9.659 2.456 0.591 12.604 4.056 1.659 4.430 1.520
61 11 0.317 0.052 2.901 -4.296 2.524 0.353 12.615 3.099 2.269 3.406 2.082
61 12 0.301 -0.006 2.964 0.034 8.796 0.084 12.604 4.067 4.697 1.494 1.443
61 13 0.307 -0.008 2.863 0.022 5.287 0.089 12.615 3.102 3.630 2.091 2.039
61 14 0.321 -0.001 2.929 -0.017 -0.258 0.114 12.613 1.969 2.277 3.473 3.332
61 15 0.359 -0.001 3.103 0.200 -3.518 0.127 12.598 1.468 1.699 4.614 4.374
61 21 0.326 0.102 3.013 -9.508 2.629 0.537 12.603 4.106 1.716 4.415 1.536
61 22 0.325 0.041 2.940 -4.145 2.670 0.330 12.613 3.146 2.344 3.416 2.104
61 23 0.316 -0.023 2.969 0.145 8.915 0.019 12.603 4.069 4.804 1.491 1.440
61 24 0.318 -0.018 2.913 -0.005 5.520 0.057 12.613 3.177 3.727 2.092 2.010
61 25 0.335 -0.010 2.981 0.146 -0.028 0.066 12.610 1.981 2.374 3.517 3.376
61 26 0.353 -0.027 3.090 0.151 -3.349 0.096 12.597 1.511 1.722 4.613 4.366
61 32 0.320 0.116 3.038 -9.459 2.848 0.514 12.602 4.121 1.728 4.379 1.542
61 33 0.333 0.057 2.910 -4.306 2.829 0.300 12.613 3.208 2.316 3.378 2.079
61 34 0.323 -0.067 2.964 4.264 3.018 -0.155 12.610 2.042 3.769 2.163 3.290
61 35 0.327 -0.127 3.004 9.549 2.779 -0.393 12.601 1.488 4.771 1.588 4.202
61 36 0.303 -0.007 3.008 -0.054 9.143 0.062 12.601 4.151 4.872 1.495 1.444
61 37 0.310 -0.016 2.946 0.047 5.702 0.053 12.611 3.220 3.773 2.095 2.039
61 38 0.335 -0.016 2.979 0.011 0.190 0.050 12.609 2.070 2.402 3.515 3.378
61 39 0.348 -0.001 3.101 -0.027 -3.042 0.025 12.597 1.541 1.735 4.604 4.382
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Table C24c. Full Vehicle: 3DR Iris+, nominal speed 20 ft/s, yaw = 0 deg, pitch = -10 to 0 deg,
RPM = 4,300 to 6,500 (differential) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
59 21 0.091 0.061 0.143 0.163 0.277 0.200 0.001 0.052 0.032 0.057 0.029
59 22 0.100 0.063 0.135 0.157 0.297 0.197 0.001 0.044 0.037 0.048 0.034
59 23 0.102 0.061 0.144 0.161 0.296 0.196 0.001 0.052 0.057 0.029 0.029
59 24 0.095 0.065 0.136 0.158 0.286 0.194 0.001 0.043 0.048 0.035 0.034
59 25 0.094 0.060 0.135 0.157 0.285 0.197 0.001 0.033 0.037 0.048 0.046
59 26 0.096 0.058 0.135 0.154 0.284 0.198 0.001 0.028 0.031 0.058 0.055
61 10 0.107 0.061 0.139 0.162 0.304 0.196 0.001 0.053 0.032 0.058 0.030
61 11 0.100 0.061 0.136 0.153 0.295 0.196 0.001 0.045 0.038 0.049 0.036
61 12 0.107 0.062 0.146 0.167 0.304 0.196 0.001 0.053 0.060 0.030 0.029
61 13 0.095 0.063 0.138 0.154 0.286 0.193 0.001 0.045 0.051 0.036 0.035
61 14 0.097 0.060 0.135 0.152 0.290 0.196 0.001 0.034 0.038 0.050 0.047
61 15 0.098 0.059 0.135 0.153 0.288 0.201 0.001 0.029 0.033 0.060 0.057
61 21 0.105 0.060 0.140 0.162 0.300 0.197 0.001 0.054 0.033 0.058 0.030
61 22 0.099 0.062 0.136 0.154 0.293 0.196 0.001 0.045 0.039 0.049 0.036
61 23 0.104 0.063 0.143 0.169 0.299 0.196 0.001 0.053 0.061 0.030 0.029
61 24 0.096 0.063 0.138 0.154 0.287 0.194 0.001 0.045 0.052 0.036 0.035
61 25 0.096 0.060 0.135 0.152 0.289 0.197 0.001 0.034 0.040 0.051 0.048
61 26 0.099 0.059 0.136 0.154 0.290 0.199 0.001 0.030 0.033 0.060 0.057
61 32 0.104 0.061 0.141 0.163 0.298 0.198 0.001 0.054 0.033 0.058 0.030
61 33 0.098 0.062 0.136 0.155 0.290 0.196 0.001 0.046 0.039 0.049 0.036
61 34 0.092 0.063 0.137 0.155 0.280 0.194 0.001 0.035 0.052 0.037 0.047
61 35 0.103 0.061 0.142 0.167 0.294 0.197 0.001 0.029 0.061 0.031 0.055
61 36 0.103 0.065 0.142 0.173 0.296 0.198 0.001 0.054 0.062 0.030 0.029
61 37 0.098 0.062 0.140 0.154 0.290 0.193 0.001 0.046 0.052 0.036 0.035
61 38 0.096 0.060 0.135 0.152 0.289 0.197 0.001 0.035 0.040 0.051 0.048
61 39 0.098 0.059 0.135 0.154 0.288 0.201 0.001 0.030 0.033 0.060 0.057




Table C25a. Full Vehicle: 3DR Iris+, nominal speed 40 ft/s, yaw = 0 deg, pitch = -10 to 0 deg,
RPM = 4,300 to 6,500 (differential) - Conditions

. Speed densit Yaw Pitch
Run Point (fpt/s) (llt?/ft7) (sluq/lf/tB)(deg) (deg) RPM 1 RPM 2 RPM 3 RPM 4
62 20 39.74 1.90 0.00241 0 -10.08 6500 4300 6500 4300
62 21 39.45 1.87 0.00240 0 -10.08 5900 4900 5900 4900
62 22 39.59 1.88 0.00240 0 -10.08 6500 6500 4300 4300
62 23 39.40 1.86 0.00240 0 -10.08 5900 5900 4900 4900
62 24 39.81 1.90 0.00240 0 -10.08 4900 4900 5900 5900
62 25 39.57 1.88 0.00240 0 -10.08 4300 4300 6500 6500
63 10 39.91 1.90 0.00239 0 -4.98 6500 4300 6500 4300
63 11 39.86 1.90 0.00239 0 -4.98 5900 4900 5900 4900
63 12 39.68 1.88 0.00238 0 -4.98 6500 6500 4300 4300
63 13 39.68 1.88 0.00238 0 -4.98 5900 5900 4900 4900
63 14 39.53 1.86 0.00238 0 -4.98 4900 4900 5900 5900
63 15 39.81 1.89 0.00238 0 -4.98 4300 4300 6500 6500
63 21 40.32 1.93 0.00238 0 -1.98 6500 4300 6500 4300
63 22 40.52 1.95 0.00237 0 -1.98 5900 4900 5900 4900
63 23 39.98 1.90 0.00237 0 -1.98 6500 6500 4300 4300
63 24 39.88 1.89 0.00237 0 -1.98 5900 5900 4900 4900
63 25 40.22 1.92 0.00237 0 -1.98 4900 4900 5900 5900
63 26 39.97 1.89 0.00237 0 -1.98 4300 4300 6500 6500
63 32 40.22 1.91 0.00237 0 -0.04 6500 4300 6500 4300
63 33 40.39 1.93 0.00236 0 -0.04 5900 4900 5900 4900
63 34 40.36 1.93 0.00236 0 -0.04 4900 5900 4900 5900
63 35 40.34 1.92 0.00236 0 -0.04 4300 6500 4300 6500
63 36 39.89 1.88 0.00236 0 -0.04 6500 6500 4300 4300
63 37 40.29 1.92 0.00236 0 -0.04 5900 5900 4900 4900
63 38 40.01 1.89 0.00236 0 -0.04 4900 4900 5900 5900
63 39 39.90 1.88 0.00236 0 -0.04 4300 4300 6500 6500
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Table C25b. Full Vehicle: 3DR Iris+, nominal speed 40 ft/s, yaw = 0 deg, pitch = -10 to 0 deg,

RPM = 4,300 to 6,500 (differential) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc Il I2 I3 I4
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A)

62 20 0.700 0.098 3.050 -9.682 3.595 0.862 12.602 4.099 1.655 4.455 1.535
62 21 0.685 0.033 2.957 -4.318 3.640 0.515 12.613 3.170 2.236 3.432 2.116
62 22 0.692 -0.013 2.975 0.190 10.455 0.092 12.604 4.072 4.587 1.524 1.495
62 23 0.680 -0.010 2.899 -0.058 6.658 0.061 12.615 3.149 3.510 2.134 2.070
62 24 0.688 -0.003 2.976 -0.036 0.708 0.106 12.612 2.021 2.241 3.450 3.337
62 25 0.687 -0.010 3.111 0.041 -3.113 0.035 12.601 1.501 1.662 4.505 4.279
63 10 0.693 0.090 3.403 -9.697 4.443 0.909 12.598 4.168 1.767 4.551 1.548
63 11 0.693 0.024 3.299 -4.254 4.590 0.460 12.609 3.232 2.386 3.487 2.092
63 12 0.690 -0.009 3.303 -0.032 11.281 0.075 12.600 4.152 4.819 1.521 1.466
63 13 0.687 -0.013 3.246 -0.128 7.579 0.074 12.609 3.221 3.753 2.167 2.070
63 14 0.679 -0.006 3.300 -0.089 1.543 0.106 12.609 2.073 2.386 3.466 3.298
63 15 0.684 -0.001 3.434 0.030 -2.381 0.058 12.598 1.551 1.747 4.502 4.269
63 21 0.690 0.081 3.555 -9.606 5.133 0.914 12.595 4.362 1.869 4.564 1.501
63 22 0.694 0.015 3.475 -4.234 5.413 0.459 12.604 3.436 2.587 3.515 2.063
63 23 0.679 -0.013 3.510 0.006 12.081 0.044 12.592 4.357 5.181 1.553 1.481
63 24 0.678 -0.021 3.422 0.037 8.414 0.019 12.603 3.395 4.102 2.171 2.073
63 25 0.684 -0.018 3.471 0.044 2.221 0.071 12.606 2.151 2.556 3.436 3.296
63 26 0.689 -0.017 3.588 0.096 -1.807 0.052 12.597 1.617 1.867 4.493 4.200
63 32 0.687 0.067 3.659 -9.486 5.636 0.945 12.593 4.376 1.936 4.558 1.482
63 33 0.687 0.008 3.564 -4.159 5.909 0.468 12.603 3.442 2.663 3.480 2.037
63 34 0.689 -0.064 3.581 4.360 5.843 -0.350 12.601 2.218 4.179 2.136 3.325
63 35 0.688 -0.099 3.623 9.584 5.699 -0.821 12.588 1.644 5.397 1.547 4.283
63 36 0.676 -0.018 3.577 0.048 12.519 0.027 12.590 4.366 5.279 1.557 1.476
63 37 0.688 -0.026 3.533 -0.003 8.990 0.042 12.601 3.429 4.183 2.156 2.038
63 38 0.679 -0.026 3.566 0.076 2.660 0.089 12.605 2.218 2.638 3.433 3.251
63 39 0.678 -0.015 3.659 0.210 -1.378 0.053 12.597 1.644 1.917 4.455 4.141




Table C25c. Full Vehicle: 3DR Iris+, nominal speed 40 ft/s, yaw = 0 deg, pitch = -10 to 0 deg,

RPM = 4,300 to 6,500 (differential) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-I2 U-I3 U-I4
[1b] [1b] [1b] [in-1b] [in-1b] [in-1Db] [V] [A] [A] [A] [A]
62 20 0.126 0.066 0.142 0.172 0.334 0.202 0.001 0.054 0.032 0.059 0.030
62 21 0.108 0.066 0.139 0.159 0.310 0.199 0.001 0.046 0.038 0.050 0.036
62 22 0.093 0.069 0.137 0.182 0.284 0.201 0.001 0.053 0.059 0.031 0.030
62 23 0.105 0.070 0.140 0.160 0.305 0.196 0.001 0.045 0.050 0.037 0.035
62 24 0.109 0.064 0.137 0.156 0.315 0.204 0.001 0.035 0.038 0.050 0.047
62 25 0.106 0.061 0.137 0.157 0.300 0.211 0.001 0.030 0.033 0.059 0.056
63 10 0.108 0.067 0.152 0.178 0.302 0.206 0.001 0.052 0.035 0.057 0.031
63 11 0.113 0.067 0.139 0.160 0.320 0.207 0.001 0.044 0.041 0.048 0.037
63 12 0.115 0.068 0.155 0.185 0.314 0.200 0.001 0.054 0.062 0.031 0.029
63 13 0.106 0.070 0.145 0.160 0.304 0.197 0.001 0.046 0.052 0.037 0.036
63 14 0.106 0.068 0.137 0.159 0.308 0.208 0.001 0.035 0.040 0.050 0.047
63 15 0.110 0.062 0.137 0.160 0.306 0.210 0.001 0.032 0.033 0.060 0.055
63 21 0.114 0.066 0.151 0.176 0.310 0.205 0.001 0.056 0.035 0.060 0.030
63 22 0.113 0.068 0.140 0.161 0.319 0.210 0.001 0.048 0.042 0.051 0.036
63 23 0.125 0.067 0.163 0.183 0.329 0.201 0.001 0.056 0.065 0.031 0.030
63 24 0.104 0.074 0.141 0.163 0.302 0.200 0.001 0.048 0.056 0.038 0.036
63 25 0.113 0.067 0.138 0.158 0.324 0.211 0.001 0.037 0.042 0.050 0.047
63 26 0.105 0.062 0.137 0.160 0.295 0.217 0.001 0.031 0.035 0.059 0.055
63 32 0.114 0.066 0.153 0.178 0.310 0.206 0.001 0.057 0.036 0.060 0.030
63 33 0.115 0.068 0.139 0.161 0.324 0.212 0.001 0.048 0.043 0.050 0.035
63 34 0.101 0.071 0.141 0.163 0.299 0.199 0.001 0.036 0.057 0.036 0.048
63 35 0.110 0.064 0.143 0.177 0.308 0.202 0.001 0.031 0.067 0.031 0.056
63 36 0.112 0.069 0.156 0.188 0.311 0.202 0.001 0.056 0.066 0.031 0.030
63 37 0.102 0.075 0.141 0.164 0.298 0.201 0.001 0.048 0.057 0.038 0.035
63 38 0.106 0.068 0.137 0.158 0.310 0.212 0.001 0.037 0.043 0.050 0.047
63 39 0.109 0.062 0.138 0.161 0.306 0.212 0.001 0.031 0.036 0.059 0.054
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Wind Tunnel Data - Drone America x8 Full Vehicle
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Table C26a. Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 20 deg,
RPM = 5,000 to 7,400 (uniform) - Conditions

Point (Sfpte/es) (lbq/ft?) fz;i;%t3)(zzg) i;z;}; RPM 1 RPM 2 RPM 3 RPM 4 RPM 5 RPM 6  RPM 7 RPM 8
69 7 19.11 0.45 0.00245 0 ~39.92 5000 5000 5000 5000 5000 5000 5000 5000
69 8 20.30 0.50 0.00245 0 -39.93 5600 5600 5600 5600 5600 5600 5600 5600
69 9 19.69 0.47 0.00245 0 -39.93 6200 6200 6200 6200 6200 6200 6200 6200
69 10 19.88 0.48 0.00245 0 -39.93 6800 6800 6800 6800 6800 6800 6800 6800
69 11 20.37 0.51 0.00245 0 -39.93 7400 7400 7400 7400 7400 7400 7400 7400
69 12 19.37 0.46 0.00245 0 -19.91 5000 5000 5000 5000 5000 5000 5000 5000
69 13 20.01 0.49 0.00245 0 -19.90 5600 5600 5600 5600 5600 5600 5600 5600
69 14 20.16 0.50 0.00245 0 -19.90 6200 6200 6200 6200 6200 6200 6200 6200
69 15 20.55 0.52 0.00244 0 -19.91 6800 6800 6800 6800 6800 6800 6800 6800
69 16 21.02 0.54 0.00244 0 -19.91 7400 7400 7400 7400 7400 7400 7400 7400
69 17 19.69 0.47 0.00244 0 -9.90 5000 5000 5000 5000 5000 5000 5000 5000
69 18 19.64 0.47 0.00244 0 -9.90 5600 5600 5600 5600 5600 5600 5600 5600
69 19 19.80 0.48 0.00244 0 -9.90 6200 6200 6200 6200 6200 6200 6200 6200
69 20 20.24 0.50 0.00244 0 -9.90 6800 6800 6800 6800 6800 6800 6800 6800
69 21 20.37 0.51 0.00244 0 -9.90 7400 7400 7400 7400 7400 7400 7400 7400
71 11 19.96 0.48 0.00240 0 -4.98 5000 5000 5000 5000 5000 5000 5000 5000
71 12 19.82 0.47 0.00240 0 -4.98 5600 5600 5600 5600 5600 5600 5600 5600
71 13 19.87 0.47 0.00240 0 -4.98 6200 6200 6200 6200 6200 6200 6200 6200
71 14 19.81 0.47 0.00240 0 -4.98 6800 6800 6800 6800 6800 6800 6800 6800
71 15 19.80 0.47 0.00240 0 -4.98 7400 7400 7400 7400 7400 7400 7400 7400
71 22 19.84 0.47 0.00240 0 -1.99 5000 5000 5000 5000 5000 5000 5000 5000
71 23 19.47 0.45 0.00240 0 -1.98 5600 5600 5600 5600 5600 5600 5600 5600
71 24 19.26 0.44 0.00240 0 -1.98 6200 6200 6200 6200 6200 6200 6200 6200
71 25 19.14 0.44 0.00240 0 -1.98 6800 6800 6800 6800 6800 6800 6800 6800
71 26 20.21 0.49 0.00240 0 -1.98 7400 7400 7400 7400 7400 7400 7400 7400
73 12 19.96 0.49 0.00247 0 0.11 5000 5000 5000 5000 5000 5000 5000 5000
73 13 19.62 0.48 0.00247 0 0.11 5600 5600 5600 5600 5600 5600 5600 5600
73 14 18.87 0.44 0.00247 0 0.11 6200 6200 6200 6200 6200 6200 6200 6200
73 15 20.03 0.50 0.00247 0 0.11 6800 6800 6800 6800 6800 6800 6800 6800
73 16 19.30 0.46 0.00247 0 0.11 7400 7400 7400 7400 7400 7400 7400 7400
73 25 19.91 0.49 0.00247 0 2.03 5000 5000 5000 5000 5000 5000 5000 5000
73 26 19.41 0.47 0.00247 0 2.03 5600 5600 5600 5600 5600 5600 5600 5600
73 28 20.34 0.51 0.00247 0 2.03 6200 6200 6200 6200 6200 6200 6200 6200
73 29 19.58 0.47 0.00247 0 2.03 6800 6800 6800 6800 6800 6800 6800 6800
73 31 20.17 0.50 0.00247 0 2.03 7400 7400 7400 7400 7400 7400 7400 7400
74 5 20.08 0.50 0.00246 0 5.02 5000 5000 5000 5000 5000 5000 5000 5000
74 6 19.63 0.47 0.00246 0 5.02 5600 5600 5600 5600 5600 5600 5600 5600
74 8 20.02 0.49 0.00246 0 5.02 6200 6200 6200 6200 6200 6200 6200 6200
74 9 18.90 0.44 0.00246 0 5.02 6800 6800 6800 6800 6800 6800 6800 6800
74 10 20.18 0.50 0.00246 0 5.02 7400 7400 7400 7400 7400 7400 7400 7400
74 14 20.32 0.51 0.00245 0 9.95 5000 5000 5000 5000 5000 5000 5000 5000
74 15 19.43 0.46 0.00245 0 9.95 5600 5600 5600 5600 5600 5600 5600 5600
74 16 20.07 0.49 0.00245 0 9.94 6200 6200 6200 6200 6200 6200 6200 6200
74 17 19.49 0.46 0.00245 0 9.95 6800 6800 6800 6800 6800 6800 6800 6800
74 18 19.92 0.48 0.00244 0 9.94 7400 7400 7400 7400 7400 7400 7400 7400
74 22 20.45 0.51 0.00244 0 19.95 5000 5000 5000 5000 5000 5000 5000 5000
74 23 19.73 0.47 0.00244 0 19.95 5600 5600 5600 5600 5600 5600 5600 5600
74 24 19.61 0.47 0.00244 0 19.95 6200 6200 6200 6200 6200 6200 6200 6200
74 25 20.12 0.49 0.00244 0 19.95 6800 6800 6800 6800 6800 6800 6800 6800
74 26 19.12 0.45 0.00244 0 19.95 7400 7400 7400 7400 7400 7400 7400 7400

115



911

Table C26b. Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 20 deg,

RPM = 5,000 to 7,400 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc I1 I2 I3 I4 I5 I6 I7 I8
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) () (A) (A) (A) (2) (A) (A) (A)

69 7 1.325 0.039 3.247 0.879 -9.146 -0.005 16.647 2.392 2.411 2.443 2.461 2.269 2.448 2.455 2.475
69 8 1.615 0.046 4.528 1.708 -9.712 -0.025 16.569 3.252 3.283 3.289 3.328 3.144 3.376 3.272 3.363
69 9 1.734 0.011 6.571 2.873 -6.917 0.231 16.472 4.353 4.405 4.300 4.366 4.128 4.489 4.379 4.491
69 10 1.927 -0.016 8.798 3.143 -4.933 0.481 16.348 5.772 5.784 5.700 5.724 5.345 5.867 5.739 5.926
69 11 2.181 -0.010 11.155 3.465 -3.638 0.673 16.199 7.437 7.426 7.312 7.420 6.920 7.465 7.411 7.660
69 12 1.772 -0.011 5.508 1.560 4.179 0.123 16.638 2.581 2.562 2.457 2.521 2.331 2.517 2.528 2.668
69 13 2.050 -0.016 7.221 1.735 7.222 0.235 16.556 3.462 3.464 3.327 3.440 3.188 3.455 3.461 3.579
69 14 2.306 -0.030 9.167 2.404 12.390 0.071 16.458 4.562 4.513 4.472 4.417 4.241 4.566 4.580 4.820
69 15 2.610 -0.080 11.436 3.115 16.178 0.871 16.336 5.872 5.884 5.748 5.840 5.489 6.011 5.956 6.152
69 16 2.924 -0.061 13.783 2.203 20.709 0.698 16.192 7.500 7.442 7.472 7.428 6.959 7.554 7.483 7.821
69 17 1.860 -0.035 6.867 1.672 17.068 0.145 16.636 2.559 2.547 2.453 2.474 2.432 2.558 2.481 2.705
69 18 2.046 -0.012 8.538 1.178 21.040 -0.070 16.564 3.374 3.275 3.393 3.301 3.181 3.301 3.247 3.496
69 19 2.311 -0.026 10.656 1.684 26.097 0.154 16.462 4.503 4.401 4.416 4.524 4.143 4.562 4.389 4.643
69 20 2.673 -0.052 13.023 2.568 31.881 0.535 16.340 5.747 5.729 5.884 5.847 5.471 5.818 5.800 6.115
69 21 2.942 -0.044 15.461 3.613 37.708 0.457 16.194 7.286 7.414 7.435 7.350 6.986 7.596 7.474 7.758
71 11 2.014 -0.033 7.637 0.572 24.490 0.706 16.631 2.462 2.502 2.460 2.498 2.327 2.498 2.463 2.547
71 12 2.201 0.006 9.471 0.991 29.021 0.402 16.553 3.271 3.333 3.336 3.455 3.187 3.407 3.347 3.409
71 13 2.470 -0.035 11.452 1.538 34.765 1.359 16.456 4.288 4.408 4.390 4.464 4.142 4.512 4.386 4.483
71 14 2.815 -0.038 13.646 2.129 40.454 1.639 16.340 5.571 5.746 5.706 5.741 5.355 5.838 5.738 5.792
71 15 3.089 -0.093 15.973 2.873 46.252 2.538 16.198 7.100 7.275 7.267 7.349 6.835 7.482 7.324 7.483
71 22 2.033 -0.015 8.049 1.302 28.769 0.633 16.629 2.471 2.449 2.459 2.541 2.330 2.522 2.463 2.549
71 23 2.211 -0.025 9.761 2.152 35.167 0.333 16.555 3.265 3.279 3.289 3.351 3.184 3.394 3.390 3.381
71 24 2.459 -0.079 11.725 1.991 41.412 1.369 16.461 4.285 4.404 4.322 4.445 4.129 4.385 4.479 4.441
71 25 2.779 -0.062 13.859 2.501 46.278 1.582 16.342 5.555 5.722 5.637 5.742 5.358 5.766 5.747 5.790
71 26 3.219 -0.068 16.422 2.801 53.452 1.848 16.198 7.028 7.248 7.205 7.345 6.839 7.435 7.318 7.365
73 12 1.939 -0.127 8.282 2.746 33.120 -0.623 16.628 2.534 2.473 2.472 2.558 2.398 2.520 2.542 2.620
73 13 2.176 -0.201 9.822 0.838 36.197 -1.215 16.546 3.369 3.416 3.355 3.517 3.263 3.454 3.465 3.486
73 14 2.413 -0.245 11.717 0.625 43.036 -0.672 16.450 4.416 4.549 4.453 4.557 4.291 4.446 4.585 4.577
73 15 2.891 -0.292 14.160 1.051 51.019 0.425 16.335 5.665 5.845 5.780 5.914 5.524 5.760 5.979 5.960
73 16 3.118 -0.274 16.418 0.275 56.709 0.427 16.197 7.194 7.480 7.458 7.548 6.999 7.324 7.622 7.588
73 25 1.943 -0.073 8.357 2.478 35.406 -0.504 16.625 2.491 2.519 2.454 2.603 2.404 2.529 2.574 2.622
73 26 2.117 -0.099 9.907 2.164 41.462 -0.899 16.547 3.374 3.444 3.365 3.488 3.262 3.355 3.555 3.526
73 28 2.511 -0.102 11.983 2.059 48.588 -0.961 16.448 4.428 4.553 4.439 4.560 4.275 4.449 4.552 4.610
73 29 2.853 -0.078 14.102 3.780 54.387 -1.291 16.333 5.668 5.828 5.729 5.913 5.546 5.716 5.992 5.973
73 31 3.223 -0.190 16.576 1.983 61.784 0.274 16.199 7.190 7.456 7.347 7.537 7.010 7.225 7.634 7.548
74 5 1.780 0.103 9.127 1.357 41.665 -0.409 16.626 2.530 2.561 2.438 2.600 2.398 2.520 2.599 2.507
74 6 2.044 0.121 10.598 -0.394 46.678 -0.482 16.546 3.404 3.411 3.248 3.479 3.261 3.397 3.501 3.490
74 8 2.371 0.086 12.844 1.439 57.013 0.351 16.451 4.495 4.537 4.352 4.581 4.343 4.462 4.645 4.612
74 9 2.718 0.199 14.791 1.123 62.721 -1.116 16.335 5.723 5.890 5.704 5.885 5.530 5.720 5.991 5.947
74 10 3.117 0.313 17.449 -1.759 70.639 0.535 16.192 7.358 7.447 7.266 7.572 7.064 7.350 7.580 7.584
74 14 1.440 0.162 9.834 1.083 49.702 -1.663 16.624 2.450 2.643 2.481 2.546 2.450 2.450 2.659 2.561
74 15 1.646 0.091 11.437 0.200 57.921 -2.097 16.548 3.345 3.617 3.350 3.482 3.255 3.280 3.547 3.505
74 16 1.980 -0.017 13.669 -1.425 68.502 -1.425 16.453 4.419 4.763 4.355 4.573 4.219 4.321 4.610 4.558
74 17 2.282 0.033 15.810 -3.168 73.951 -1.867 16.336 5.641 6.120 5.703 5.914 5.510 5.627 5.972 5.876
74 18 2.653 0.229 18.515 -3.784 83.002 -3.407 16.192 7.228 7.526 7.314 7.557 6.995 7.309 7.578 7.568
74 22 0.547 0.042 11.345 0.325 58.938 -0.404 16.622 2.407 2.518 2.773 2.600 2.452 2.816 2.535 2.495
74 23 0.825 0.062 12.789 2.453 70.953 -1.376 16.539 3.329 3.535 3.702 3.471 3.261 3.618 3.673 3.429
74 24 1.011 -0.084 14.822 2.802 81.997 -0.382 16.441 4.410 4.785 4.707 4.562 4.223 4.540 4.818 4.534
74 25 1.248 -0.135 17.162 3.671 92.131 -0.994 16.326 5.636 6.248 6.038 5.834 5.504 5.703 6.223 5.856
74 26 1.685 0.096 19.508 3.558 92.906 -7.410 16.182 7.060 8.031 7.870 7.395 6.994 7.295 7.740 7.377
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Table C26c¢. Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = 0 deg, pitch = -40 to 20 deg,

RPM = 5,000 to 7,400 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-12 U-13 U-I4 U-I5 U-I6 U-17 U-18
[1b] [1b] [1b] [in-1b] [in-1b] [in-1b] v] [A] [A] [(A] [A] [A] [A] [A] [A]
69 7 0.092 0.058 0.134 0.157 0.276 0.193 0.001 0.054 0.056 0.055 0.055 0.055 0.055 0.056 0.056
69 8 0.094 0.057 0.134 0.153 0.278 0.194 0.001 0.067 0.069 0.069 0.069 0.068 0.070 0.070 0.070
69 9 0.095 0.057 0.134 0.152 0.276 0.195 0.001 0.080 0.084 0.081 0.083 0.082 0.084 0.084 0.084
69 10 0.097 0.057 0.135 0.156 0.275 0.194 0.002 0.094 0.096 0.095 0.095 0.095 0.097 0.098 0.098
69 11 0.100 0.057 0.136 0.155 0.278 0.195 0.002 0.107 0.110 0.108 0.108 0.106 0.111 0.111 0.113
69 12 0.095 0.058 0.134 0.158 0.276 0.194 0.001 0.057 0.058 0.056 0.057 0.055 0.057 0.058 0.059
69 13 0.097 0.057 0.135 0.154 0.277 0.194 0.001 0.070 0.072 0.070 0.071 0.070 0.071 0.073 0.073
69 14 0.100 0.057 0.135 0.154 0.279 0.196 0.002 0.083 0.085 0.083 0.085 0.084 0.085 0.087 0.088
69 15 0.104 0.057 0.136 0.157 0.282 0.196 0.002 0.095 0.098 0.095 0.097 0.095 0.099 0.100 0.101
69 16 0.111 0.057 0.137 0.159 0.293 0.195 0.002 0.109 0.111 0.110 0.109 0.107 0.111 0.112 0.114
69 17 0.096 0.058 0.134 0.158 0.280 0.194 0.001 0.059 0.048 0.059 0.047 0.056 0.058 0.057 0.060
69 18 0.097 0.057 0.135 0.153 0.282 0.194 0.001 0.069 0.070 0.070 0.069 0.068 0.070 0.070 0.072
69 19 0.100 0.057 0.135 0.154 0.291 0.196 0.002 0.082 0.084 0.083 0.083 0.082 0.085 0.085 0.086
69 20 0.105 0.057 0.137 0.156 0.295 0.196 0.002 0.094 0.097 0.096 0.096 0.095 0.097 0.099 0.100
69 21 0.114 0.058 0.137 0.164 0.312 0.195 0.002 0.106 0.110 0.110 0.109 0.107 0.112 0.111 0.113
71 11 0.097 0.058 0.135 0.159 0.286 0.194 0.003 0.055 0.057 0.057 0.054 0.055 0.056 0.057 0.057
71 12 0.099 0.058 0.135 0.157 0.289 0.195 0.002 0.067 0.070 0.069 0.070 0.069 0.069 0.071 0.070
71 13 0.102 0.057 0.136 0.154 0.299 0.197 0.003 0.083 0.072 0.086 0.074 0.082 0.083 0.084 0.084
71 14 0.106 0.057 0.137 0.159 0.304 0.196 0.003 0.097 0.082 0.100 0.079 0.095 0.095 0.097 0.096
71 15 0.117 0.057 0.138 0.163 0.325 0.197 0.003 0.105 0.107 0.108 0.107 0.105 0.109 0.109 0.110
71 22 0.097 0.059 0.135 0.163 0.290 0.194 0.003 0.055 0.057 0.056 0.057 0.055 0.056 0.057 0.057
71 23 0.099 0.058 0.135 0.157 0.296 0.196 0.003 0.067 0.070 0.069 0.069 0.069 0.070 0.070 0.071
71 24 0.102 0.057 0.136 0.155 0.308 0.198 0.003 0.082 0.074 0.084 0.077 0.083 0.081 0.085 0.083
71 25 0.106 0.057 0.137 0.162 0.312 0.197 0.003 0.092 0.092 0.095 0.094 0.094 0.094 0.097 0.096
71 26 0.114 0.058 0.138 0.165 0.328 0.198 0.003 0.104 0.108 0.107 0.107 0.105 0.108 0.109 0.109
73 12 0.097 0.058 0.135 0.160 0.295 0.195 0.003 0.056 0.057 0.056 0.058 0.056 0.056 0.058 0.059
73 13 0.099 0.058 0.135 0.158 0.297 0.197 0.003 0.068 0.072 0.070 0.072 0.070 0.070 0.073 0.072
73 14 0.102 0.057 0.136 0.155 0.313 0.198 0.004 0.086 0.070 0.088 0.070 0.083 0.082 0.086 0.085
73 15 0.108 0.057 0.137 0.162 0.320 0.198 0.003 0.093 0.095 0.096 0.096 0.095 0.095 0.099 0.098
73 16 0.117 0.058 0.138 0.165 0.341 0.198 0.003 0.106 0.109 0.110 0.109 0.107 0.108 0.112 0.111
73 25 0.097 0.059 0.135 0.161 0.298 0.195 0.003 0.055 0.058 0.056 0.057 0.056 0.057 0.059 0.059
73 26 0.098 0.058 0.135 0.158 0.304 0.197 0.003 0.069 0.071 0.070 0.071 0.072 0.069 0.073 0.072
73 28 0.104 0.057 0.136 0.157 0.324 0.199 0.004 0.086 0.070 0.088 0.070 0.083 0.082 0.086 0.085
73 29 0.108 0.057 0.137 0.166 0.327 0.197 0.004 0.093 0.097 0.095 0.097 0.095 0.094 0.099 0.098
73 31 0.118 0.058 0.138 0.169 0.348 0.199 0.003 0.106 0.110 0.109 0.109 0.106 0.107 0.112 0.111
74 5 0.095 0.059 0.135 0.165 0.305 0.197 0.003 0.056 0.058 0.056 0.057 0.056 0.056 0.059 0.057
74 6 0.097 0.058 0.135 0.158 0.310 0.197 0.003 0.069 0.072 0.069 0.071 0.071 0.069 0.073 0.072
74 8 0.102 0.057 0.136 0.159 0.335 0.200 0.003 0.082 0.085 0.082 0.085 0.083 0.082 0.087 0.085
74 9 0.107 0.057 0.138 0.165 0.342 0.197 0.003 0.093 0.098 0.095 0.097 0.095 0.094 0.099 0.098
74 10 0.120 0.058 0.138 0.173 0.369 0.199 0.003 0.107 0.111 0.108 0.109 0.106 0.108 0.112 0.111
74 14 0.093 0.058 0.135 0.164 0.316 0.198 0.003 0.057 0.052 0.059 0.051 0.056 0.056 0.060 0.058
74 15 0.094 0.057 0.136 0.161 0.327 0.201 0.003 0.068 0.074 0.070 0.072 0.070 0.069 0.073 0.072
74 16 0.098 0.057 0.137 0.163 0.351 0.203 0.003 0.081 0.087 0.082 0.084 0.082 0.081 0.086 0.085
74 17 0.101 0.058 0.138 0.179 0.358 0.200 0.003 0.095 0.093 0.097 0.093 0.094 0.093 0.099 0.097
74 18 0.113 0.058 0.139 0.174 0.387 0.203 0.003 0.106 0.111 0.108 0.109 0.106 0.107 0.112 0.111
74 22 0.089 0.059 0.136 0.177 0.330 0.202 0.003 0.055 0.056 0.061 0.057 0.057 0.061 0.058 0.057
74 23 0.090 0.057 0.136 0.175 0.350 0.206 0.003 0.069 0.071 0.075 0.070 0.071 0.073 0.075 0.071
74 24 0.092 0.057 0.137 0.182 0.375 0.210 0.003 0.081 0.088 0.086 0.085 0.082 0.083 0.089 0.085
74 25 0.094 0.058 0.139 0.195 0.394 0.207 0.003 0.092 0.102 0.098 0.096 0.094 0.094 0.102 0.097
74 26 0.100 0.058 0.140 0.187 0.400 0.217 0.003 0.104 0.116 0.114 0.108 0.106 0.107 0.113 0.110




Table C27a. Full Vehicle: Drone America x8, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 20 deg,
RPM = 5,000 to 9,200 (uniform) - Conditions

Run Point (Sfpte/es) (lbq/ft?) fz;i;%t3)(zzg) i;z;}; RPM 1 RPM 2 RPM 3 RPM 4 RPM 5 RPM 6 RPM 7 RPM 8
75 6 39.22 1.86 0.00241 0 ~39.95 6200 6200 6200 6200 6200 6200 6200 6200
75 7 39.89 1.92 0.00241 0 -39.95 6800 6800 6800 6800 6800 6800 6800 6800
75 8 40.38 1.97 0.00241 0 -39.95 7400 7400 7400 7400 7400 7400 7400 7400
75 9 39.25 1.86 0.00241 0 -39.95 8000 8000 8000 8000 8000 8000 8000 8000
75 10 39.89 1.91 0.00241 0 -39.95 8600 8600 8600 8600 8600 8600 8600 8600
75 11 39.69 1.89 0.00240 0 -39.95 9200 9200 9200 9200 9200 9200 9200 9200
75 12 40.13 1.93 0.00240 0 -19.92 6200 6200 6200 6200 6200 6200 6200 6200
75 13 39.81 1.90 0.00240 0 -19.92 6800 6800 6800 6800 6800 6800 6800 6800
75 14 40.20 1.94 0.00240 0 -19.92 7400 7400 7400 7400 7400 7400 7400 7400
75 15 39.79 1.90 0.00240 0 -19.92 8000 8000 8000 8000 8000 8000 8000 8000
75 17 39.92 1.91 0.00240 0 -19.92 8600 8600 8600 8600 8600 8600 8600 8600
75 18 39.92 1.91 0.00239 0 -19.92 9200 9200 9200 9200 9200 9200 9200 9200
76 5 39.73 1.87 0.00237 0 -9.91 6200 6200 6200 6200 6200 6200 6200 6200
75 19 40.14 1.93 0.00239 0 -9.91 6800 6800 6800 6800 6800 6800 6800 6800
75 20 40.35 1.95 0.00239 0 -9.91 7400 7400 7400 7400 7400 7400 7400 7400
75 21 40.05 1.92 0.00239 0 -9.91 8000 8000 8000 8000 8000 8000 8000 8000
75 22 40.16 1.93 0.00239 0 -9.91 8600 8600 8600 8600 8600 8600 8600 8600
76 9 39.83 1.87 0.00236 0 -4.99 5000 5000 5000 5000 5000 5000 5000 5000
76 10 39.22 1.82 0.00236 0 -4.99 5600 5600 5600 5600 5600 5600 5600 5600
76 11 39.71 1.86 0.00236 0 -4.99 6200 6200 6200 6200 6200 6200 6200 6200
76 12 40.36 1.92 0.00236 0 -4.99 6800 6800 6800 6800 6800 6800 6800 6800
76 13 40.68 1.95 0.00236 0 -4.99 7400 7400 7400 7400 7400 7400 7400 7400
76 17 40.20 1.90 0.00236 0 -1.99 5000 5000 5000 5000 5000 5000 5000 5000
76 18 40.00 1.89 0.00236 0 -1.99 5600 5600 5600 5600 5600 5600 5600 5600
76 19 39.93 1.88 0.00236 0 -1.99 6200 6200 6200 6200 6200 6200 6200 6200
76 20 40.06 1.89 0.00236 0 -1.99 6800 6800 6800 6800 6800 6800 6800 6800
76 21 40.11 1.90 0.00236 0 -1.99 7400 7400 7400 7400 7400 7400 7400 7400
78 5 40.40 1.92 0.00236 0 0.11 5000 5000 5000 5000 5000 5000 5000 5000
78 6 39.84 1.87 0.00236 0 0.11 5600 5600 5600 5600 5600 5600 5600 5600
78 7 39.76 1.86 0.00236 0 0.11 6200 6200 6200 6200 6200 6200 6200 6200
78 8 40.33 1.92 0.00236 0 0.11 6800 6800 6800 6800 6800 6800 6800 6800
78 9 40.36 1.92 0.00236 0 0.11 7400 7400 7400 7400 7400 7400 7400 7400
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Table C27b. Full Vehicle: Drone America x8, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 20 deg,
RPM = 5,000 to 9,200 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc I1 I2 I3 I4 I5 I6 I7 I8
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A) (2) (A) (A) (A)

75 6 4.512 -0.034 -4.258 0.369 -50.791 -0.560 16.534 3.292 3.404 3.726 3.860 3.634 3.776 3.441 3.377
75 7 4.803 0.036 -2.462 1.314 -50.006 -0.592 16.424 4.522 4.703 4.922 5.122 4.826 4.946 4.753 4.617
75 8 5.087 0.021 -0.424 2.371 -47.737 -0.443 16.289 5.984 6.240 6.325 6.551 6.179 6.445 6.332 6.216
75 9 5.076 0.051 2.737 3.749 -43.788 -0.150 16.120 7.915 8.239 8.114 8.437 7.914 8.335 8.214 8.184
75 10 5.366 0.099 5.040 5.811 -44.694 -0.193 15.921 10.035 10.358 10.309 10.603 9.977 10.509 10.545 10.630
75 11 5.452 0.142 7.974 4.940 -42.977 0.160 15.667 12.829 13.278 12.876 13.216 12.308 13.247 13.151 13.373
75 12 5.597 0.030 4.865 0.404 -19.315 0.033 16.463 4.358 4.405 4.180 4.444 4.080 4.306 4.390 4.461
75 13 5.848 0.050 7.388 0.529 -15.488 -0.079 16.343 5.713 5.765 5.626 5.690 5.341 5.630 5.692 5.811
75 14 6.271 0.039 9.764 1.719 -12.106 -0.409 16.202 7.208 7.364 7.071 7.133 6.769 7.281 7.245 7.507
75 15 6.521 0.021 12.503 2.452 -8.596 -0.825 16.036 9.044 9.126 8.901 9.116 8.561 9.155 9.124 9.282
75 17 6.841 0.059 15.380 2.830 -2.120 -0.778 15.833 11.299 11.409 11.074 11.247 10.551 11.279 11.344 11.686
75 18 7.129 0.048 18.383 4.215 3.159 -0.955 15.562 14.058 14.132 13.732 13.843 12.896 14.092 14.076 14.825
76 5 5.445 0.023 10.161 -1.729 17.189 -0.173 16.461 4.433 4.372 4.280 4.487 4.186 4.349 4.298 4.612
75 19 5.869 0.034 12.269 0.875 25.010 -1.155 16.329 5.821 5.679 5.614 5.780 5.511 5.694 5.691 6.027
75 20 6.247 0.008 14.525 0.662 29.508 -1.035 16.194 7.278 7.188 7.175 7.396 6.928 7.214 7.229 7.625
75 21 6.566 0.009 17.517 4.109 37.951 -0.790 16.029 9.027 8.840 8.907 9.282 8.617 9.287 8.994 9.541
75 22 6.902 -0.045 19.998 3.345 41.267 -0.378 15.831 11.275 10.957 11.078 11.351 10.675 11.272 10.948 11.931
76 9 4.629 0.063 8.734 -1.013 24.039 -0.189 16.633 2.458 2.432 2.344 2.541 2.391 2.395 2.406 2.494
76 10 4.828 0.091 10.582 -1.269 32.809 -0.653 16.556 3.322 3.335 3.205 3.4009 3.181 3.254 3.268 3.368
76 11 5.235 0.091 12.707 -0.581 42.448 -0.841 16.463 4.353 4.426 4.202 4.412 4.205 4.295 4.269 4.478
76 12 5.760 -0.003 14.851 -0.472 49.524 -2.177 16.349 5.651 5.591 5.404 5.683 5.438 5.494 5.444 5.943
76 13 6.253 -0.066 17.297 0.480 56.150 -2.044 16.213 7.255 6.800 6.876 7.236 6.901 7.015 6.877 7.569
76 17 4.342 0.071 10.105 -0.572 34.882 -0.619 16.632 2.446 2.394 2.329 2.533 2.385 2.403 2.402 2.489
76 18 4.699 0.102 12.118 -0.532 44.622 -0.530 16.558 3.254 3.260 3.205 3.424 3.252 3.316 3.210 3.304
76 19 5.029 0.148 14.214 0.485 57.042 0.323 16.463 4.322 4.388 4.189 4.476 4.192 4.272 4.299 4.385
76 20 5.436 0.076 16.334 0.415 62.223 -0.764 16.349 5.519 5.659 5.375 5.796 5.406 5.500 5.534 5.924
76 21 5.861 0.141 18.813 1.523 71.234 -2.696 16.215 7.136 7.025 6.784 7.273 6.813 6.940 6.976 7.478
78 5 4.024 0.071 11.063 0.823 43.225 -0.091 16.632 2.453 2.370 2.366 2.591 2.438 2.661 2.335 2.479
78 6 4.273 0.112 12.964 0.276 54.620 -0.494 16.557 3.251 3.169 3.205 3.452 3.207 3.457 3.197 3.296
78 7 4.710 0.074 14.918 0.842 65.430 0.166 16.463 4.266 4.378 4.188 4.455 4.167 4.520 4.364 4.355
78 8 5.176 0.058 17.193 2.570 74.632 1.010 16.348 5.535 5.644 5.314 5.741 5.352 5.713 5.712 5.898
78 9 5.673 0.115 19.659 1.739 82.181 -1.127 16.213 7.082 7.080 6.753 7.289 6.836 7.094 7.227 7.469
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Table C27c¢. Full Vehicle: Drone America x8, nominal speed 40 ft/s, yaw = 0 deg, pitch = -40 to 20 deg,

RPM = 5,000 to 9,200 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-12 U-13 U-I4 U-I5 U-I6 U-17 U-18
[1b] [1b] [1b] [in-1b] [in-1b] [in-1b] v] [A] [A] [(A] [A] [A] [A] [A] [A]
75 6 0.126 0.057 0.134 0.155 0.315 0.199 0.003 0.066 0.071 0.073 0.074 0.073 0.073 0.071 0.069
75 7 0.131 0.057 0.134 0.163 0.315 0.198 0.003 0.080 0.083 0.086 0.087 0.087 0.085 0.086 0.083
75 8 0.138 0.057 0.134 0.162 0.318 0.198 0.004 0.094 0.094 0.099 0.099 0.099 0.098 0.100 0.098
75 9 0.135 0.057 0.134 0.160 0.305 0.206 0.004 0.109 0.112 0.113 0.113 0.110 0.113 0.113 0.113
75 10 0.139 0.060 0.135 0.169 0.307 0.205 0.003 0.119 0.125 0.124 0.125 0.120 0.124 0.125 0.126
75 11 0.145 0.063 0.137 0.186 0.316 0.207 0.003 0.135 0.140 0.137 0.139 0.131 0.139 0.138 0.140
75 12 0.143 0.057 0.134 0.163 0.288 0.202 0.003 0.079 0.084 0.080 0.083 0.082 0.080 0.084 0.083
75 13 0.148 0.057 0.135 0.172 0.286 0.201 0.003 0.094 0.092 0.095 0.093 0.093 0.093 0.096 0.096
75 14 0.157 0.057 0.135 0.172 0.292 0.203 0.004 0.107 0.108 0.108 0.100 0.105 0.107 0.108 0.110
75 15 0.158 0.057 0.136 0.172 0.280 0.212 0.003 0.118 0.121 0.119 0.119 0.116 0.119 0.121 0.122
75 17 0.163 0.062 0.138 0.180 0.279 0.209 0.003 0.130 0.133 0.130 0.130 0.124 0.130 0.131 0.134
75 18 0.173 0.067 0.143 0.197 0.308 0.210 0.003 0.146 0.148 0.144 0.144 0.135 0.146 0.146 0.153
76 5 0.142 0.057 0.136 0.164 0.293 0.203 0.002 0.081 0.084 0.081 0.083 0.081 0.080 0.083 0.085
75 19 0.149 0.057 0.137 0.170 0.294 0.202 0.003 0.094 0.096 0.094 0.095 0.095 0.094 0.097 0.098
75 20 0.159 0.058 0.137 0.181 0.309 0.203 0.003 0.106 0.108 0.107 0.107 0.106 0.106 0.108 0.111
75 21 0.160 0.058 0.139 0.172 0.304 0.208 0.003 0.118 0.119 0.119 0.120 0.116 0.120 0.119 0.124
75 22 0.165 0.066 0.141 0.195 0.307 0.212 0.003 0.129 0.129 0.130 0.131 0.125 0.130 0.128 0.136
76 9 0.128 0.059 0.135 0.169 0.288 0.198 0.003 0.055 0.056 0.055 0.056 0.055 0.054 0.056 0.056
76 10 0.131 0.058 0.135 0.163 0.295 0.200 0.003 0.068 0.068 0.068 0.069 0.069 0.068 0.067 0.070
76 11 0.140 0.057 0.136 0.162 0.323 0.201 0.003 0.084 0.076 0.084 0.071 0.083 0.080 0.082 0.083
76 12 0.147 0.057 0.138 0.168 0.321 0.202 0.003 0.092 0.093 0.092 0.094 0.096 0.091 0.093 0.097
76 13 0.161 0.059 0.139 0.182 0.346 0.203 0.003 0.105 0.104 0.104 0.107 0.105 0.104 0.104 0.111
76 17 0.124 0.059 0.135 0.169 0.298 0.198 0.003 0.054 0.056 0.054 0.057 0.057 0.054 0.056 0.056
76 18 0.129 0.058 0.136 0.163 0.309 0.201 0.003 0.068 0.064 0.069 0.067 0.069 0.068 0.069 0.069
76 19 0.137 0.057 0.137 0.165 0.348 0.202 0.003 0.080 0.081 0.080 0.083 0.083 0.079 0.083 0.082
76 20 0.143 0.057 0.138 0.171 0.342 0.200 0.003 0.091 0.095 0.091 0.095 0.094 0.091 0.095 0.097
76 21 0.154 0.059 0.139 0.187 0.368 0.204 0.003 0.104 0.106 0.103 0.107 0.101 0.105 0.100 0.111
78 5 0.120 0.059 0.136 0.174 0.308 0.201 0.002 0.054 0.055 0.055 0.057 0.056 0.058 0.055 0.056
78 6 0.123 0.058 0.136 0.164 0.323 0.202 0.003 0.067 0.068 0.068 0.071 0.057 0.074 0.058 0.073
78 7 0.133 0.057 0.137 0.168 0.363 0.203 0.003 0.084 0.068 0.085 0.070 0.066 0.088 0.070 0.088
78 8 0.138 0.058 0.139 0.178 0.362 0.203 0.003 0.091 0.093 0.091 0.094 0.095 0.094 0.094 0.098
78 9 0.152 0.059 0.140 0.190 0.389 0.204 0.003 0.104 0.105 0.103 0.106 0.105 0.106 0.105 0.111




Table C28a. Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -5 deg, pitch = -40 to 20 deg,
RPM = 5,600 to 8,400 (uniform) - Conditions

Point (Sfpte/es) (lbq/ft?) fz;i;%t3)(zzg) i;z;}; RPM 1 RPM 2 RPM 3 RPM 4 RPM 5 RPM 6  RPM 7 RPM 8
82 5 20.03 0.49 0.00245 -5 ~39.95 5600 5600 5600 5600 5600 5600 5600 5600
82 6 20.33 0.51 0.00245 -5 -39.95 6200 6200 6200 6200 6200 6200 6200 6200
82 7 19.79 0.48 0.00245 -5 -39.95 7000 7000 7000 7000 7000 7000 7000 7000
82 8 20.29 0.50 0.00245 -5 -39.95 7700 7700 7700 7700 7700 7700 7700 7700
82 9 19.82 0.48 0.00245 -5 -39.95 8400 8400 8400 8400 8400 8400 8400 8400
82 10 20.03 0.49 0.00245 -5 -19.92 5600 5600 5600 5600 5600 5600 5600 5600
82 11 20.53 0.52 0.00245 -5 -19.92 6200 6200 6200 6200 6200 6200 6200 6200
82 12 20.98 0.54 0.00245 -5 -19.92 7000 7000 7000 7000 7000 7000 7000 7000
82 13 19.59 0.47 0.00245 -5 -19.92 7700 7700 7700 7700 7700 7700 7700 7700
82 14 19.93 0.49 0.00244 -5 -19.92 8400 8400 8400 8400 8400 8400 8400 8400
82 15 20.05 0.49 0.00244 -5 -9.91 5600 5600 5600 5600 5600 5600 5600 5600
82 16 20.40 0.51 0.00244 -5 -9.91 6200 6200 6200 6200 6200 6200 6200 6200
82 17 20.48 0.51 0.00244 -5 -9.91 7000 7000 7000 7000 7000 7000 7000 7000
82 18 20.61 0.52 0.00244 -5 -9.91 7700 7700 7700 7700 7700 7700 7700 7700
82 19 19.86 0.48 0.00244 -5 -9.91 8400 8400 8400 8400 8400 8400 8400 8400
83 5 20.35 0.50 0.00243 -5 -4.99 5600 5600 5600 5600 5600 5600 5600 5600
83 6 19.95 0.48 0.00243 -5 -4.99 6200 6200 6200 6200 6200 6200 6200 6200
83 7 19.99 0.49 0.00243 -5 -4.99 7000 7000 7000 7000 7000 7000 7000 7000
83 8 20.01 0.49 0.00243 -5 -4.99 7700 7700 7700 7700 7700 7700 7700 7700
83 9 19.91 0.48 0.00243 -5 -4.99 8400 8400 8400 8400 8400 8400 8400 8400
84 5 20.81 0.52 0.00242 -5 -1.99 5600 5600 5600 5600 5600 5600 5600 5600
84 6 20.53 0.51 0.00242 -5 -1.99 6200 6200 6200 6200 6200 6200 6200 6200
84 7 20.32 0.50 0.00242 -5 -1.99 7000 7000 7000 7000 7000 7000 7000 7000
84 8 19.85 0.48 0.00241 -5 -1.99 7700 7700 7700 7700 7700 7700 7700 7700
84 9 19.39 0.45 0.00241 -5 -1.99 8400 8400 8400 8400 8400 8400 8400 8400
84 13 20.47 0.50 0.00241 -5 -0.05 5600 5600 5600 5600 5600 5600 5600 5600
84 14 20.15 0.49 0.00241 -5 -0.05 6200 6200 6200 6200 6200 6200 6200 6200
84 15 19.82 0.47 0.00241 -5 -0.05 7000 7000 7000 7000 7000 7000 7000 7000
84 16 19.52 0.46 0.00241 -5 -0.05 7700 7700 7700 7700 7700 7700 7700 7700
84 17 20.51 0.51 0.00241 -5 -0.05 8400 8400 8400 8400 8400 8400 8400 8400
85 9 20.84 0.52 0.00239 -5 2.03 5600 5600 5600 5600 5600 5600 5600 5600
85 10 20.33 0.49 0.00239 -5 2.03 6200 6200 6200 6200 6200 6200 6200 6200
85 11 19.84 0.47 0.00239 -5 2.03 7000 7000 7000 7000 7000 7000 7000 7000
85 12 19.17 0.44 0.00239 -5 2.03 7700 7700 7700 7700 7700 7700 7700 7700
85 13 18.35 0.40 0.00239 -5 2.03 8400 8400 8400 8400 8400 8400 8400 8400
85 18 20.19 0.49 0.00238 -5 5.02 5600 5600 5600 5600 5600 5600 5600 5600
85 19 19.35 0.45 0.00238 -5 5.02 6200 6200 6200 6200 6200 6200 6200 6200
85 20 20.70 0.51 0.00238 -5 5.02 7000 7000 7000 7000 7000 7000 7000 7000
85 21 20.08 0.48 0.00238 -5 5.02 7700 7700 7700 7700 7700 7700 7700 7700
85 22 18.98 0.43 0.00238 -5 5.02 8400 8400 8400 8400 8400 8400 8400 8400
86 5 20.23 0.49 0.00238 -5 9.94 5600 5600 5600 5600 5600 5600 5600 5600
86 6 19.54 0.45 0.00238 -5 9.94 6200 6200 6200 6200 6200 6200 6200 6200
86 7 21.15 0.53 0.00238 -5 9.94 7000 7000 7000 7000 7000 7000 7000 7000
86 8 19.85 0.47 0.00238 -5 9.94 7700 7700 7700 7700 7700 7700 7700 7700
86 9 20.00 0.48 0.00238 -5 9.94 8400 8400 8400 8400 8400 8400 8400 8400
86 12 20.55 0.50 0.00238 -5 20.12 5600 5600 5600 5600 5600 5600 5600 5600
86 13 19.55 0.45 0.00237 -5 20.13 6200 6200 6200 6200 6200 6200 6200 6200
86 14 20.47 0.50 0.00237 -5 20.12 7000 7000 7000 7000 7000 7000 7000 7000
86 15 20.34 0.49 0.00237 -5 20.12 7700 7700 7700 7700 7700 7700 7700 7700
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Table C28b. Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -5 deg, pitch = -40 to 20 deg,
RPM = 5,600 to 8,400 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc I1 I2 I3 I4 I5 I6 I7 I8
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) () (A) (A) (A) (2) (A) (A) (A)

82 5 1.776 -0.187 4.438 2.488 -10.277 0.530 16.507 3.258 3.253 3.333 3.327 3.116 3.564 3.298 3.424
82 6 1.978 -0.234 6.357 3.423 -7.752 0.702 16.405 4.403 4.463 4.395 4.404 4.113 4.676 4.450 4.534
82 7 2.186 -0.244 9.548 3.637 -4.898 1.228 16.237 6.277 6.333 6.338 6.258 5.921 6.676 6.368 6.534
82 8 2.435 -0.295 12.404 3.269 -1.806 1.206 16.048 8.367 8.509 8.361 8.332 7.796 8.754 8.430 8.738
82 9 2.462 -0.228 15.873 4.513 0.387 0.968 15.816 10.864 10.987 10.903 10.867 9.946 11.464 10.856 11.341
82 10 2.178 -0.248 7.277 0.757 7.592 0.656 16.490 3.512 3.471 3.426 3.406 3.192 3.615 3.477 3.622
82 11 2.477 -0.314 9.264 1.178 10.963 1.102 16.392 4.607 4.583 4.556 4.543 4.227 4.810 4.583 4.801
82 12 2.872 -0.391 12.256 1.660 16.731 1.009 16.224 6.496 6.480 6.395 6.376 5.974 6.831 6.460 6.743
82 13 2.922 -0.429 15.193 3.334 22.310 0.992 16.040 8.440 8.548 8.390 8.357 7.851 8.919 8.524 8.874
82 14 3.269 -0.393 18.425 3.278 27.007 1.404 15.812 10.904 11.081 10.975 10.869 10.090 11.607 11.231 11.385
82 15 2.245 -0.236 8.397 0.469 18.308 -0.126 16.497 3.410 3.402 3.438 3.408 3.249 3.618 3.434 3.600
82 16 2.539 -0.253 10.517 1.215 23.415 0.040 16.397 4.488 4.495 4.555 4.554 4.254 4.820 4.524 4.742
82 17 2.925 -0.231 13.554 1.378 31.015 0.252 16.234 6.304 6.312 6.363 6.404 5.988 6.695 6.394 6.603
82 18 3.313 -0.288 16.497 1.665 38.423 0.743 16.051 8.357 8.323 8.351 8.364 7.870 8.772 8.462 8.736
82 19 3.452 -0.333 19.632 1.152 44.959 1.559 15.821 10.793 10.918 10.838 10.887 10.053 11.289 10.670 11.417
83 5 2.216 -0.067 9.314 -2.584 28.809 -0.424 16.498 3.374 3.396 3.411 3.453 3.272 3.627 3.400 3.487
83 6 2.504 -0.101 11.364 -2.238 34.134 -0.010 16.400 4.390 4.511 4.535 4.544 4.254 4.795 4.502 4.597
83 7 2.910 -0.145 14.315 -1.559 42.605 0.525 16.237 6.157 6.318 6.351 6.396 5.925 6.610 6.315 6.469
83 8 3.190 -0.153 17.208 -2.118 49.403 0.987 16.056 8.065 8.322 8.378 8.421 7.807 8.681 8.360 8.521
83 9 3.571 -0.204 20.401 -2.923 55.825 1.102 15.827 10.484 10.941 10.862 10.887 10.121 11.109 10.800 11.056
84 5 2.244 -0.176 9.974 -3.899 37.477 0.115 16.503 3.418 3.405 3.414 3.389 3.197 3.524 3.419 3.470
84 6 2.545 -0.278 11.887 -2.950 42.491 -0.006 16.408 4.389 4.432 4.457 4.554 4.168 4.580 4.476 4.584
84 7 2.957 -0.299 14.848 -2.151 51.105 0.021 16.247 6.099 6.278 6.266 6.316 5.899 6.363 6.312 6.412
84 8 3.195 -0.355 17.602 -2.251 57.367 1.410 16.067 7.975 8.401 8.293 8.322 7.686 8.373 8.296 8.429
84 9 3.478 -0.391 20.763 -1.346 62.690 2.469 15.847 10.267 10.779 10.618 10.787 10.037 10.825 10.780 10.763
84 13 2.214 -0.218 10.200 -3.524 41.805 0.321 16.505 3.370 3.361 3.300 3.443 3.225 3.437 3.409 3.383
84 14 2.472 -0.297 12.152 -4.678 48.621 0.205 16.408 4.410 4.523 4.416 4.564 4.177 4.448 4.507 4.474
84 15 2.876 -0.352 15.016 -4.084 55.921 0.134 16.247 6.087 6.304 6.177 6.333 5.899 6.250 6.308 6.392
84 16 3.171 -0.399 17.671 -4.200 61.224 0.207 16.069 7.960 8.246 8.278 8.342 7.705 8.252 8.295 8.328
84 17 3.707 -0.446 21.053 -3.986 70.895 1.032 15.848 10.240 10.770 10.629 10.719 9.894 10.672 10.788 10.668
85 9 2.158 -0.244 10.491 -3.556 46.278 0.350 16.672 3.306 3.379 3.258 3.387 3.150 3.372 3.394 3.384
85 10 2.465 -0.255 12.396 -4.804 53.562 -0.191 16.577 4.336 4.491 4.273 4.537 4.108 4.333 4.440 4.455
85 11 2.877 -0.284 14.991 -3.970 59.888 0.053 16.421 6.019 6.211 6.035 6.222 5.793 6.056 6.280 6.242
85 12 3.153 -0.287 17.637 -4.464 64.788 0.038 16.247 7.816 8.153 7.958 8.156 7.626 7.989 8.213 8.093
85 13 3.400 -0.323 20.567 -3.762 68.993 1.123 16.025 10.032 10.751 10.426 10.595 9.695 10.446 10.518 10.420
85 18 1.980 -0.231 10.714 -4.438 50.318 0.011 16.672 3.298 3.449 3.144 3.393 3.145 3.359 3.387 3.371
85 19 2.360 -0.210 12.467 -5.926 57.388 -0.496 16.579 4.317 4.502 4.245 4.414 4.112 4.273 4.477 4.447
85 20 2.941 -0.233 15.724 -7.006 69.852 -0.885 16.422 6.037 6.226 5.957 6.165 5.797 6.024 6.285 6.255
85 21 3.198 -0.143 18.275 -8.662 75.588 -0.127 16.245 7.936 8.159 7.927 8.205 7.551 7.866 8.208 8.203
85 22 3.466 -0.144 20.940 -7.254 78.407 0.827 16.029 10.175 10.611 10.189 10.571 9.897 10.175 10.852 10.541
86 5 1.567 -0.109 11.453 -3.833 58.514 -1.070 16.670 3.235 3.575 3.199 3.429 3.201 3.305 3.446 3.343
86 6 1.905 -0.166 13.203 -6.752 66.163 -1.626 16.579 4.286 4.651 4.183 4.412 4.103 4.246 4.433 4.437
86 7 2.473 -0.299 16.724 -9.187 79.854 -2.698 16.420 5.942 6.407 5.928 6.271 5.798 6.002 6.219 6.184
86 8 2.956 -0.092 19.287 -9.821 84.385 -1.807 16.248 7.816 8.304 7.766 8.156 7.556 7.862 8.267 8.143
86 9 3.373 -0.060 22.341 -9.772 92.954 -0.237 16.034 10.097 10.520 10.157 10.440 9.854 10.116 10.723 10.544
86 12 0.783 -0.011 12.921 -3.895 69.731 -0.831 16.664 3.233 3.392 3.620 3.440 3.204 3.646 3.393 3.273
86 13 0.997 -0.197 14.444 -3.366 79.375 -1.017 16.568 4.254 4.769 4.632 4.421 4.100 4.548 4.586 4.366
86 14 1.258 -0.044 17.674 -4.776 93.027 -3.904 16.403 5.993 6.804 6.500 6.141 5.810 6.258 6.455 6.155
86 15 1.763 -0.165 20.744 -6.083 101.288 -6.773 16.225 7.760 8.683 8.726 8.095 7.649 8.091 8.371 8.074
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Table C28c. Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -5 deg, pitch = -40 to 20 deg,

RPM = 5,600 to 8,400 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-12 U-13 U-I4 U-I5 U-I6 U-17 U-18
[1b] [1b] [1b] [in-1b] [in-1b] [in-1b] v] [A] [A] [(A] [A] [A] [A] [A] [A]
82 5 0.095 0.057 0.134 0.154 0.276 0.194 0.002 0.067 0.069 0.069 0.068 0.068 0.072 0.070 0.071
82 6 0.097 0.057 0.134 0.155 0.277 0.195 0.003 0.080 0.084 0.082 0.084 0.082 0.085 0.083 0.085
82 7 0.099 0.057 0.135 0.159 0.276 0.194 0.003 0.098 0.101 0.100 0.100 0.099 0.103 0.102 0.104
82 8 0.102 0.057 0.136 0.157 0.276 0.195 0.003 0.114 0.115 0.117 0.114 0.112 0.119 0.117 0.120
82 9 0.101 0.059 0.138 0.163 0.275 0.198 0.002 0.128 0.131 0.131 0.129 0.122 0.134 0.128 0.134
82 10 0.098 0.057 0.134 0.154 0.276 0.194 0.003 0.070 0.072 0.071 0.070 0.069 0.073 0.072 0.074
82 11 0.102 0.057 0.135 0.154 0.279 0.195 0.003 0.083 0.086 0.084 0.084 0.083 0.086 0.086 0.088
82 12 0.108 0.057 0.136 0.157 0.285 0.194 0.003 0.100 0.103 0.101 0.100 0.099 0.104 0.103 0.106
82 13 0.108 0.057 0.137 0.156 0.284 0.196 0.003 0.115 0.117 0.117 0.114 0.112 0.120 0.118 0.121
82 14 0.110 0.060 0.139 0.166 0.286 0.199 0.002 0.128 0.133 0.131 0.130 0.123 0.135 0.132 0.134
82 15 0.099 0.057 0.135 0.154 0.280 0.195 0.002 0.070 0.068 0.072 0.068 0.071 0.073 0.072 0.074
82 16 0.103 0.057 0.136 0.156 0.290 0.196 0.002 0.081 0.085 0.084 0.085 0.084 0.086 0.086 0.087
82 17 0.109 0.057 0.137 0.159 0.297 0.195 0.002 0.098 0.101 0.101 0.101 0.099 0.103 0.103 0.104
82 18 0.114 0.057 0.138 0.159 0.303 0.198 0.002 0.114 0.116 0.116 0.115 0.112 0.119 0.117 0.120
82 19 0.113 0.060 0.140 0.169 0.306 0.200 0.002 0.128 0.130 0.130 0.129 0.123 0.133 0.127 0.134
83 5 0.099 0.057 0.135 0.157 0.289 0.195 0.002 0.068 0.071 0.070 0.071 0.070 0.073 0.071 0.072
83 6 0.103 0.057 0.136 0.156 0.300 0.196 0.002 0.080 0.085 0.083 0.084 0.083 0.086 0.085 0.086
83 7 0.109 0.057 0.137 0.159 0.312 0.195 0.003 0.097 0.101 0.100 0.100 0.098 0.102 0.102 0.103
83 8 0.112 0.057 0.138 0.159 0.316 0.197 0.003 0.111 0.117 0.116 0.115 0.111 0.118 0.116 0.118
83 9 0.114 0.061 0.140 0.172 0.322 0.202 0.003 0.125 0.130 0.130 0.129 0.123 0.131 0.129 0.131
84 5 0.099 0.058 0.135 0.158 0.298 0.195 0.001 0.071 0.066 0.072 0.065 0.069 0.064 0.070 0.070
84 6 0.103 0.057 0.136 0.157 0.308 0.196 0.001 0.080 0.084 0.082 0.084 0.084 0.076 0.083 0.084
84 7 0.109 0.057 0.137 0.159 0.320 0.196 0.002 0.096 0.100 0.099 0.100 0.098 0.093 0.100 0.101
84 8 0.112 0.058 0.139 0.163 0.327 0.199 0.002 0.111 0.115 0.116 0.113 0.111 0.107 0.115 0.116
84 9 0.113 0.061 0.141 0.176 0.333 0.206 0.002 0.123 0.130 0.128 0.128 0.122 0.122 0.128 0.128
84 13 0.099 0.058 0.135 0.159 0.304 0.196 0.001 0.068 0.071 0.069 0.070 0.069 0.062 0.070 0.070
84 14 0.103 0.057 0.136 0.158 0.321 0.197 0.001 0.080 0.085 0.082 0.084 0.083 0.074 0.084 0.083
84 15 0.109 0.057 0.137 0.161 0.329 0.196 0.002 0.096 0.100 0.099 0.099 0.097 0.092 0.100 0.101
84 16 0.112 0.058 0.139 0.165 0.334 0.199 0.002 0.110 0.115 0.115 0.114 0.110 0.106 0.115 0.115
84 17 0.116 0.061 0.141 0.178 0.348 0.208 0.002 0.123 0.130 0.128 0.128 0.121 0.120 0.128 0.127
85 9 0.098 0.058 0.135 0.159 0.309 0.197 0.001 0.068 0.071 0.069 0.069 0.069 0.062 0.070 0.070
85 10 0.104 0.057 0.136 0.158 0.332 0.197 0.001 0.080 0.085 0.081 0.083 0.082 0.073 0.084 0.083
85 11 0.108 0.058 0.137 0.163 0.333 0.197 0.002 0.096 0.100 0.098 0.099 0.098 0.090 0.101 0.100
85 12 0.112 0.058 0.139 0.169 0.340 0.200 0.002 0.110 0.115 0.113 0.113 0.110 0.105 0.115 0.114
85 13 0.112 0.061 0.141 0.178 0.344 0.211 0.002 0.122 0.131 0.128 0.128 0.120 0.119 0.127 0.127
85 18 0.097 0.058 0.135 0.161 0.315 0.197 0.001 0.068 0.072 0.067 0.069 0.069 0.061 0.070 0.070
85 19 0.102 0.057 0.136 0.160 0.336 0.196 0.001 0.080 0.085 0.081 0.083 0.082 0.073 0.083 0.083
85 20 0.109 0.058 0.138 0.166 0.352 0.198 0.002 0.096 0.100 0.097 0.098 0.098 0.090 0.101 0.100
85 21 0.114 0.058 0.139 0.173 0.362 0.201 0.002 0.111 0.116 0.113 0.114 0.110 0.104 0.115 0.115
85 22 0.114 0.061 0.141 0.183 0.363 0.212 0.002 0.124 0.130 0.126 0.127 0.122 0.117 0.130 0.128
86 5 0.094 0.058 0.136 0.164 0.328 0.200 0.001 0.067 0.073 0.068 0.070 0.069 0.061 0.071 0.069
86 6 0.098 0.057 0.137 0.165 0.347 0.201 0.001 0.079 0.087 0.080 0.083 0.082 0.072 0.083 0.082
86 7 0.104 0.057 0.138 0.175 0.370 0.203 0.002 0.095 0.103 0.097 0.099 0.097 0.090 0.100 0.100
86 8 0.109 0.058 0.139 0.175 0.377 0.203 0.002 0.110 0.117 0.111 0.113 0.110 0.104 0.115 0.114
86 9 0.112 0.062 0.142 0.189 0.394 0.214 0.002 0.123 0.129 0.125 0.127 0.122 0.116 0.129 0.128
86 12 0.090 0.058 0.136 0.182 0.348 0.203 0.001 0.067 0.072 0.074 0.070 0.068 0.065 0.071 0.069
86 13 0.092 0.057 0.137 0.184 0.371 0.206 0.001 0.079 0.088 0.085 0.083 0.082 0.076 0.085 0.082
86 14 0.095 0.057 0.139 0.198 0.398 0.210 0.002 0.096 0.107 0.102 0.099 0.097 0.092 0.102 0.100
86 15 0.098 0.058 0.140 0.192 0.415 0.218 0.002 0.109 0.120 0.120 0.112 0.110 0.106 0.116 0.114




Table C29a. Full Vehicle: Drone America x8, nominal speed 40 ft/s, yaw = -5 deg, pitch = -40 to 20 deg,

RPM = 5,600 to 9,200 (uniform) - Conditions

Run Point (Sfpte/es) (lbq/ft?) fz;i;%t3)(zzg) i;z;}; RPM 1 RPM 2 RPM 3 RPM 4 RPM 5 RPM 6 RPM 7 RPM 8
38 5 39.58 .90 0.00243 -5 ~39.95 7000 7000 7000 7000 7000 7000 7000 7000
88 6 39.74 1.92 0.00243 -5 -39.95 7700 7700 7700 7700 7700 7700 7700 7700
88 7 39.42 1.88 0.00242 -5 -39.95 8400 8400 8400 8400 8400 8400 8400 8400
88 8 40.05 1.94 0.00242 -5 -39.95 9200 9200 9200 9200 9200 9200 9200 9200
88 9 39.87 1.92 0.00242 -5 -19.92 7000 7000 7000 7000 7000 7000 7000 7000
88 10 39.16 1.86 0.00242 -5 -19.92 7700 7700 7700 7700 7700 7700 7700 7700
88 11 39.96 1.93 0.00242 -5 -19.92 8400 8400 8400 8400 8400 8400 8400 8400
88 12 39.98 1.93 0.00242 -5 -19.92 9200 9200 9200 9200 9200 9200 9200 9200
88 13 39.51 1.89 0.00242 -5 -9.91 6200 6200 6200 6200 6200 6200 6200 6200
88 14 39.89 1.92 0.00242 -5 -9.91 7000 7000 7000 7000 7000 7000 7000 7000
88 15 39.67 1.90 0.00242 -5 -9.91 7700 7700 7700 7700 7700 7700 7700 7700
88 16 40.19 1.95 0.00241 -5 -9.91 8400 8400 8400 8400 8400 8400 8400 8400
88 17 39.52 1.89 0.00241 -5 -9.91 9200 9200 9200 9200 9200 9200 9200 9200
88 22 39.63 1.89 0.00241 -5 -4.99 5600 5600 5600 5600 5600 5600 5600 5600
88 23 39.90 1.92 0.00241 -5 -4.99 6200 6200 6200 6200 6200 6200 6200 6200
88 24 39.38 1.87 0.00241 -5 -4.99 7000 7000 7000 7000 7000 7000 7000 7000
88 25 40.10 1.94 0.00241 -5 -4.99 7700 7700 7700 7700 7700 7700 7700 7700
88 26 39.97 1.92 0.00241 -5 -4.99 8400 8400 8400 8400 8400 8400 8400 8400
89 5 40.09 1.93 0.00240 -5 -1.99 5600 5600 5600 5600 5600 5600 5600 5600
89 6 39.64 1.89 0.00240 -5 -1.99 6200 6200 6200 6200 6200 6200 6200 6200
89 7 39.37 1.86 0.00240 -5 -1.99 7000 7000 7000 7000 7000 7000 7000 7000
89 8 39.57 1.88 0.00240 -5 -1.99 7700 7700 7700 7700 7700 7700 7700 7700
87 5 39.84 1.88 0.00237 -5 -0.05 5600 5600 5600 5600 5600 5600 5600 5600
87 6 39.62 1.86 0.00237 -5 -0.05 6200 6200 6200 6200 6200 6200 6200 6200
87 7 39.71 1.87 0.00237 -5 -0.05 7000 7000 7000 7000 7000 7000 7000 7000
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Table C29b. Full Vehicle: Drone America x8, nominal speed 40 ft/s, yaw = -5 deg, pitch = -40 to 20 deg,
RPM = 5,600 to 9,200 (uniform) - Measurements

Run Point Fx Fy Fz Mx My Mz Vesc I1 I2 I3 I4 I5 I6 I7 I8
(1b) (1b) (1b) (in-1b) (in-1b) (in-1b) (V) (A) (A) (A) (A) (2) (A) (A) (A)

88 5 4.818 -0.387 -1.290 4.373 -48.245 -1.257 16.448 5.072 5.230 5.418 5.689 5.314 5.641 5.432 5.354
88 6 5.131 -0.392 1.304 5.418 -46.898 -0.589 16.278 6.933 7.251 7.307 7.561 7.026 7.585 7.396 7.255
88 7 5.230 -0.276 4.567 5.460 -44.775 0.331 16.060 9.362 9.722 9.646 9.913 9.249 9.944 9.863 9.770
88 8 5.584 -0.232 7.936 5.513 -45.280 0.996 15.745 12.724 13.132 12.930 13.221 12.392 13.394 13.376 13.373
88 9 5.988 -0.411 8.249 -0.232 -15.414 -0.232 16.369 6.244 6.354 6.183 6.264 5.794 6.289 6.237 6.402
88 10 6.268 -0.473 11.509 0.115 -8.740 -1.040 16.193 8.174 8.343 8.171 8.217 7.607 8.212 8.177 8.498
88 11 6.817 -0.475 14.538 0.514 -4.329 -1.575 15.973 10.663 10.751 10.525 10.509 9.807 10.587 10.432 10.967
88 12 7.184 -0.428 18.593 1.748 3.137 -1.520 15.645 14.261 14.411 13.970 13.843 13.081 14.182 14.160 14.626
88 13 5.524 -0.489 10.208 -1.540 18.473 -1.479 16.523 4.628 4.456 4.465 4.580 4.237 4.445 4.374 4.741
88 14 6.028 -0.573 13.262 -3.075 28.060 -2.496 16.364 6.336 6.226 6.192 6.377 5.931 6.276 6.197 6.578
88 15 6.279 -0.560 16.203 -3.671 35.155 -2.399 16.187 8.199 8.117 8.180 8.425 7.764 8.285 8.137 8.646
88 16 6.772 -0.561 19.377 -3.884 41.456 -2.466 15.974 10.565 10.444 10.559 10.644 9.909 10.668 10.190 11.153
88 17 7.183 -0.677 23.687 -1.880 49.335 -1.902 15.649 13.954 13.859 13.978 14.168 13.220 14.200 13.982 14.740
88 22 4.884 -0.435 10.665 -2.458 33.763 -2.949 16.626 3.383 3.424 3.318 3.446 3.171 3.406 3.326 3.405
88 23 5.240 -0.479 12.801 -3.299 43.460 -3.505 16.531 4.476 4.436 4.322 4.554 4.239 4.434 4.274 4.638
88 24 5.801 -0.610 15.759 -4.535 53.276 -2.982 16.373 6.298 6.108 6.027 6.371 5.934 6.144 5.931 6.634
88 25 6.369 -0.610 18.758 -4.793 60.132 -3.348 16.202 8.191 7.838 7.999 8.355 7.769 7.982 7.816 8.658
88 26 6.720 -0.634 21.953 -6.108 69.556 -2.870 15.987 10.664 10.108 10.325 10.706 9.961 10.290 10.250 11.080
89 5 4.754 -0.347 12.396 -4.764 45.782 -2.164 16.631 3.309 3.270 3.298 3.500 3.251 3.379 3.182 3.336
89 6 5.001 -0.418 14.430 -4.199 56.374 -2.034 16.537 4.330 4.366 4.262 4.540 4.227 4.410 4.332 4.441
89 7 5.549 -0.591 17.225 -3.975 65.871 -3.201 16.376 6.208 6.183 5.987 6.347 5.859 6.080 6.049 6.474
89 8 6.025 -0.455 20.454 -6.135 74.082 -2.468 16.206 8.078 8.013 7.800 8.354 7.739 7.912 7.934 8.434
87 5 4.407 -0.257 13.083 -6.066 54.042 -1.779 16.675 3.283 3.159 3.255 3.456 3.211 3.350 3.176 3.319
87 6 4.733 -0.350 15.133 -6.026 64.083 -1.245 16.581 4.250 4.361 4.208 4.550 4.180 4.335 4.298 4.366
87 7 5.326 -0.510 18.083 -5.481 74.980 -1.126 16.424 6.037 6.226 5.796 6.235 5.809 6.022 5.921 6.347
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Table C29c. Full Vehicle: Drone America x8, nominal speed 40 ft/s, yaw = -5 deg, pitch = -40 to 20 deg,

RPM = 5,600 to 9,200 (uniform) - Uncertainty

Run Point U-Fx U-Fy U-Fz U-Mx U-My U-Mz U-Vesc U-I1 U-12 U-13 U-I4 U-I5 U-I6 U-17 U-18
[1b] [1b] [1b] [in-1b] [in-1b] [in-1b] v] [A] [A] [(A] [A] [A] [A] [A] [A]
88 5 0.132 0.057 0.134 0.165 0.314 0.197 0.002 0.085 0.090 0.091 0.093 0.092 0.085 0.092 0.091
88 6 0.136 0.057 0.134 0.162 0.310 0.200 0.002 0.101 0.107 0.106 0.108 0.105 0.101 0.107 0.106
88 7 0.137 0.060 0.135 0.168 0.306 0.206 0.002 0.117 0.122 0.121 0.123 0.117 0.115 0.122 0.122
88 8 0.146 0.063 0.139 0.183 0.323 0.209 0.001 0.135 0.140 0.138 0.140 0.131 0.137 0.140 0.140
88 9 0.150 0.058 0.135 0.171 0.287 0.201 0.002 0.098 0.102 0.099 0.100 0.098 0.092 0.100 0.102
88 10 0.155 0.058 0.136 0.169 0.281 0.203 0.002 0.113 0.117 0.115 0.114 0.111 0.107 0.115 0.118
88 11 0.163 0.062 0.138 0.182 0.278 0.211 0.002 0.128 0.131 0.128 0.127 0.121 0.120 0.126 0.131
88 12 0.173 0.068 0.144 0.198 0.305 0.214 0.001 0.148 0.151 0.146 0.145 0.137 0.144 0.147 0.151
88 13 0.143 0.057 0.136 0.163 0.291 0.204 0.001 0.083 0.085 0.083 0.084 0.082 0.075 0.083 0.087
88 14 0.151 0.058 0.137 0.170 0.296 0.202 0.002 0.099 0.101 0.100 0.101 0.100 0.092 0.100 0.104
88 15 0.156 0.059 0.138 0.169 0.301 0.203 0.002 0.113 0.115 0.115 0.116 0.111 0.107 0.114 0.119
88 16 0.163 0.065 0.141 0.188 0.305 0.208 0.002 0.127 0.127 0.129 0.128 0.122 0.121 0.124 0.133
88 17 0.177 0.076 0.150 0.205 0.348 0.227 0.001 0.145 0.146 0.146 0.148 0.138 0.144 0.145 0.152
88 22 0.132 0.058 0.136 0.161 0.296 0.202 0.001 0.069 0.071 0.070 0.071 0.060 0.065 0.058 0.075
88 23 0.139 0.058 0.137 0.165 0.318 0.203 0.001 0.081 0.085 0.082 0.084 0.083 0.075 0.082 0.085
88 24 0.149 0.059 0.138 0.178 0.328 0.203 0.002 0.098 0.100 0.098 0.101 0.099 0.091 0.097 0.104
88 25 0.159 0.059 0.139 0.176 0.338 0.207 0.002 0.113 0.113 0.113 0.115 0.112 0.105 0.112 0.119
88 26 0.162 0.067 0.142 0.200 0.350 0.212 0.002 0.128 0.126 0.127 0.129 0.123 0.118 0.124 0.132
89 5 0.130 0.058 0.136 0.164 0.309 0.200 0.001 0.068 0.070 0.069 0.071 0.069 0.062 0.068 0.070
89 6 0.136 0.057 0.137 0.163 0.340 0.202 0.001 0.080 0.083 0.081 0.084 0.083 0.074 0.082 0.083
89 7 0.145 0.059 0.139 0.176 0.348 0.201 0.002 0.097 0.100 0.097 0.101 0.100 0.090 0.097 0.102
89 8 0.152 0.059 0.140 0.177 0.360 0.205 0.002 0.112 0.113 0.112 0.115 0.112 0.104 0.112 0.117
87 5 0.125 0.059 0.136 0.169 0.323 0.201 0.001 0.067 0.069 0.068 0.070 0.070 0.061 0.067 0.069
87 6 0.133 0.058 0.138 0.166 0.356 0.202 0.001 0.079 0.084 0.080 0.084 0.083 0.073 0.081 0.082
87 7 0.141 0.058 0.139 0.177 0.364 0.203 0.002 0.097 0.096 0.097 0.098 0.099 0.090 0.097 0.101




Table C30a. Full Vehicle: Drone America x8, nominal speed 20 ft/s, yaw = -30 deg, pitch = -10 to 10 deg,

RPM = 5,600 to 8,400 (uniform) - Conditions

Run Point (Sfpte/es) (lbq/ft?) fz;i;%t3)(zzg) i;z;}; RPM 1 RPM 2 RPM 3 RPM 4 RPM 5 RPM 6  RPM 7 RPM 8
50 5 19.20 0.44 0.00237  -30 ~9.91 5600 5600 5600 5600 5600 5600 5600 5600
90 6 19.89 0.47 0.00237  -30 -9.91 6200 6200 6200 6200 6200 6200 6200 6200
90 7 20.55 0.50 0.00237 -30 -9.91 7000 7000 7000 7000 7000 7000 7000 7000
90 8 20.67 0.51 0.00237 -30 -9.91 7700 7700 7700 7700 7700 7700 7700 7700
90 9 21.09 0.53 0.00237 -30 -9.91 8400 8400 8400 8400 8400 8400 8400 8400
90 10 20.58 0.50 0.00237 =30 -4.99 5600 5600 5600 5600 5600 5600 5600 5600
90 11 19.92 0.47 0.00237 =30 -4.99 6200 6200 6200 6200 6200 6200 6200 6200
90 12 20.32 0.49 0.00236  -30 -4.99 7000 7000 7000 7000 7000 7000 7000 7000
90 13 20.29 0.49 0.00236 -30 -4.99 7700 7700 7700 7700 7700 7700 7700 7700
90 14 19.88 0.47 0.00236 -30 -4.99 8400 8400 8400 8400 8400 8400 8400 8400
90 15 19.54 0.45 0.00236 -30 -1.99 5600 5600 5600 5600 5600 5600 5600 5600
90 16 19.64 0.46 0.00236  -30 -1.99 6200 6200 6200 6200 6200 6200 6200 6200
90 17 19.77 0.46 0.00236  -30 -1.99 7000 7000 7000 7000 7000 7000 7000 7000
90 18 20.70 0.51 0.00236  -30 -1.99 7700 7700 7700 7700 7700 7700 7700 7700
90 19 20.26 0.49 0.00236 -30 -1.99 8400 8400 8400 8400 8400 8400 8400 8400
90 20 20.14 0.48 0.00236 -30 -0.05 5600 5600 5600 5600 5600 5600 5600 5600
90 21 20.09 0.48 0.00236 -30 -0.05 6200 6200 6200 6200 6200 6200 6200 6200
90 22 19.73 0.46 0.00236  -30 -0.05 7000 7000 7000 7000 7000 7000 7000 7000
90 23 19.27 0.44 0.00236  -30 -0.05 7700 7700 7700 7700 7700 7700 7700 7700
90 24 20.34 0.49 0.00236  -30 -0.05 8400 8400 8400 8400 8400 8400 8400 8400
90 25 19.98 0.47 0.00236 -30 2.03 5600 5600 5600 5600 5600 5600 5600 5600
90 26 19.77 0.46 0.00236 -30 2.03 6200 6200 6200 6200 6200 6200 6200 6200
90 27 20.54 0.50 0.00236 -30 2.03 7000 7000 7000 7000 7000 7000 7000 7000
90 28 19.41 0.45 0.00236  -30 2.03 7700 7700 7700 7700 7700 7700 7700 7700
90 29 20.45 0.49 0.00236  -30 2.03 8400 8400 8400 8400 8400 8400 8400 8400
90 30 19.78 0.46 0.00237  -30 5.03 5600 5600 5600 5600 5600 5600 5600 5600
90 31 19.52 0.45 0.00237 -30 5.02 6200 6200 6200 6200 6200 6200 6200 6200
90 32 20.23 0.48 0.00237 -30 5.02 7000 7000 7000 7000 7000 7000 7000 7000
90 33 19.49 0.45 0.00237 -30 5.02 7700 7700 7700 7700 7700 7700 7700 7700
90 34 22.19 0.58 0.00237 =30 5.02 8400 8400 8400 8400 8400 8400 8400 8400
90 35 20.09 0.48 0.00237  -30 9.94 5600 5600 5600 5600 5600 5600 5600 5600
90 36 19.83 0.47 0.00237  -30 9.95 6200 6200 6200 6200 6200 6200 6200 6200
90 37 20.40 0.49 0.00237 -30 9.95 7000 7000 7000 7000 7000 7000 7000 7000
90 38 19.66 0.46 0.00237 -30 9.94 7700 7700 7700 7700 7700 7700 7700 7700
90 39 19.75 0.46 0.00237 -30 9.95 8400 8400 8400 8400 840