Flight Testing & Checklists

o

Phil Baldwin
2/16/2018



"TE’, e TR e AR L i T 3

R e

heck ot st Aning oo o dlo list L




Additional Reference — Flight Testing of Fixed-
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Topics

o Safety

* Operating Limitations
e Regulations

* Briefing

e Pre-Flight Checklist

* In-Flight Checklist

* Post-Flight Checklist
e Debriefing




Safety

 Maintain safety for EVERYONE involved
* Pilot
e Ground crew
* Spectators
e Bystanders

e Set up safety procedures and follow them

* No one person is in charge of safety during testing: everyone must be
aware of what is happening

e “Swiss cheese” model
e Several seemingly small events lead to major loss




Safety

Hazards

N

Losses

https://en.wikipedia.org/wiki/Swiss cheese model



https://en.wikipedia.org/wiki/Swiss_cheese_model

Safety

 Maintain situational awareness
e Other people may be flying with you
e An extra set of eyes is always helpful

e AMA Safety Code
e Fligcht Test Safety’s Best Practices

e Absolutely must maintain sufficient clearance from manned aircraft
e For UAS: FAA-mandated maximum of 400 ft AGL

 Example: at the local AMA field, 400" AGL puts only 300 feet in between our
aircraft and aircraft on glideslope for RW 23 at KLAF

e If the manned aircraft is 1° below glideslope, that clearance is down to about 10



https://www.modelaircraft.org/files/105.pdf
http://flighttestsafety.org/best-practices
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Operating Limitations

* Intrinsically related to the safety of the operation

e Often driven by weather or other physical factors

e Cloud ceiling

e Temperature limits
e Can be an aircraft or a pilot limitation

* Wind speed/direction

e Visibility

e Battery voltage

* Did you bring a tool kit?

e Develop a GO/NO-GO decision tree for testing based
on your operating limitations




Regulations

e Federal
e FAR Part 107

e State or local legislation

e Community-Based Organization

e Academy of Model Aeronautics

e Provides insurance and other
services

e Local club

e Often have their own safety rules
for specific sites

* Lland owner



http://www.ecfr.gov/cgi-bin/text-idx?SID=e331c2fe611df1717386d29eee38b000&mc=true&node=pt14.2.107&rgn=div5
https://www.modelaircraft.org/joinnew.aspx?s=google

Procedures

e Step-by-step of each segment of testing, from beginning to end

* One action per step, e.g.
1. Ensure prop arc clear
2. Insert safety plug
3. Verify correct ESC tone output (verify # battery cells)
INSTEAD OF
1. Power up propulsion system

e Checklist format is nice

* If you have one person create procedures, have another verify and
offer corrections/improvements

 Likewise, have a second person verify all checklist items during
test execution



Procedures

* Pre-flight procedures ensure you will be ready to fly at the field
e There will be snow on the ground (in Indiana anyway...) at some point

e Procedures for flight are broken down by maneuver

e Traditionally called “cards” as the pilot would have them on a kneeboard in
the aircraft

e For UAS flight testing:

e All or most data acquired on-board

* Have a teammate tell the pilot what maneuvers are to be flown and with what
parameters

» Airspeed tolerances, altitude tolerances, power settings, etc.

* Live data on the ground makes this easy
e Once autopilot control gains are known, may be able to automate some tests

* Pilot input is valuable to assessing the performance



Briefing




Briefing

e Discuss with team what will happen during flight

e Build list of extra items to take that are not already on a “Things to
take flying” checklist

e Assign jobs
e Video
e Hand-written notes

e Spotter
e Etc.

 Walk through checklists




Example Checklist

 Small GA aircraft
e |C engine — not all steps applicable

* Notice breakdown of steps
e Line-by-line
e Single item per line

e Generally verbalize “Preflight
checklist complete” after completing
that section

e “Before start checklist complete”... etc.

PITOT HEAT ..
BRTEEMABTER. ..o oo jaa i niniid
EXTERIOH USE POH

AVIONICS M~ R. .OFF
AUTO PIL( R AR i OFF
PAKEBRIEF . ..........oo OMPLETED

SEATS/SEAT BELT... LADJUSTED
ALLELECTRIGAL. ...... ...... om0
FUEL SELECTOR...... .FULLEST TANK




Example
Checklist

(sw) SEABOARD
WORLD AIRLINES
7/F 747F
NORMAL OPERATING CHECKLIST

| BEFORE STARTING |

S ANE s srsns TR TR s e 3 CKD/ALIGN
0, & INTERPHONE ........ ON 100% CKD/BOOM
STATICSOURCESEL ................. NORMAL
ANTESKID i v i di e dvasisianss ON

* BODY GEARSTEERING ................... ARM

e AUTOBRAKE . .....0coiiinnvinineines LDG-OFF

* COMPASS CONTROLLERS ............. SLAVED

* EMERGENCYLIGHTS .................. ARMED

* SEATBELT,NOSMOKE ...........covvvunnn ON
ALTFLEAPS s ey s e e s OFF
STALLWARNING............... TESTINORMAL
MAGHRTS o vamn panat e ol sneis TEST

* NACELLE & WINGANTI-ICE................ OFF

e PROBEHEAT. ........c.coiiieans PITOTS ONLY

CWINBOW HEAT: «oconmavianmnmi s sy ON

o EXTERIORLIGHTS .........ooiiiiinrinnns SET

* RADIOINSSWITCH . .....ovvivviniinnnn RADIO

* NAV RADIOS/AUTO FLT PANEL ....... CKD/SET

* GROUNDPROX.......coiiiiininnnnnnnnns TEST
FLT MODE ANNUNCIATORS .............. TEST

* FLTINSTR/FLT DIR/ALTS....... CKD/TEST/SET
BADIQUAET . v com i e s s TEST
RESERVEBRAKE .........ccovvies CKD/CLOSED
LDGGEAR ........cocviinnenns DOWM/GREEN

+ . SPEEDBRAKE:. ..ovmnasainvayy FWD DETENT

* THROTTLES/START LEVERS ..CLOSED/CUTOFF

* PARKBRAKE ................. SET/PRESS CKD

* SELCAL/RADAR & TRANSPONDER ...SET/STBY

¢ ELECTRICAL PANEL ... voiinssismavenan SET

® DILQUANTITY . ...civiviveiivvadsians NORMAL

* FUEL QTY/GROSSWT .......... __ LBS/SET
FIREWARNING. .........ooviviivnnnnnnns TEST

* WT & BALANCE ........... __LBS/I__ %

* ANTISKID GROUNDMODE ............... TEST

s FLTRECORDER. ..............0vvnns TESTISET

8 NS i v s R A I NAV
€ BEAGON: .. ovin vivs s mmmmmnsme s s s ON
* HYDRAULICS ........ #1 ADP/#4 ELEC PUMP ON
® DOORS vvvivmmnsimm cnimnmsnsne s CKDI/LTS OUT
* EVAC SLIDES ................ LATCHED & AUTO
* FUELBOOSTPUMPS ...........ccoivvinnn. ON

* REQUIRED AT TRANSIT STATIONS

BEFORE TAXI

START ARM SWITCH
ELECTRICAL POWER

APUBLEED vt e e e
HYDRAULICS .......... AUTO/NORMAL/QTY CKD
SEAT BELTS & SHLDRHARNESS . ............. ON
GEAR & NOSE STEERPINS........ REMOVED/CKD
GROUND EQUIPMENT........ DISCONNECT/CLEAR
NACELLEANTI-ICE .........c.covivniinnnnnn. SET
FLAPS....._____|I GREEN LIGHTS/DETENT
GONTROLS - cvcvnsisaisai i s s CKD
STABETRAIM ....covvnciiiiiininannin THREE SET
TAKEOFFDATA . ....vvviiinnnrnannnns CKD/SET
FLT & NAV INSTRUMENTS ... .0 00000 X-CKD/SET
ALTITUDE SELECT. ... ovvunveneesnss 'SET
AP e e SHUT DOWN
CARGO HEAT
FUEL 2] =7 N —— A B
FUELSYS ..0ovcveunn SET/MAIN BOOST PUMPS ON
(<) |E] oL, e R ey R T START
ANNUNCIATORLIGHTS . .........oovvnnn .. CKD
BIRICOND v i s s s R R SET
BEFORE TAKE OFF
LANDING & STROBELIGHTS. .......covvvvnn. ON
TRANSPONDER ......covviiieiiiieeinnnnnn ON
AUTOBRAKE .. .....cciiiiiiiinrnrrnnrnnnss ARM
BODY GEAR:.C s s e SR DISARM
LANDINGGEAR ......ccvcvvnrernsananns UP & OFF
FLAPS ... cciiiiiiiiciiianinns UP-LIGHTS OUT
PROBEHEAT i ivinss iaassinaienense e ON
MO MO R R s OFF
TGNITION: & v siaiae i S 1 s i e S SET
FUEL SCHED . .\ oo wvsmaim owims s sbames e o 3e e SET
BIRIGOND o csui e i srosstmrotires iatst e i s berer ok s vensiing SET
TRANSITION LEVEL CHECK/OR/18,000 FT
LOGO & LANDINGLTS ............... OFF {10,000
ALTIMETERS .vouciwamamus i s i mis RESET
IGNITION . ... FLT START
SEATBELTS/SHLDR HARNESS & SIGN......... ON
FLT MODE ANNUNCIATORS ................ TEST
GROUNDPROX.............. EEC iy TEST
RADIDALT L invscrnnns samaaeiar S TEST/2000
RADIOINSSWITCH . ... ..ooiviiiniianinnn. RADIO
PRESSURIZATION ......c.ccvivvvnrinnmrsrnns
HYDRAULIC SYSTEMS............. CKDINOFIMAL

FUEL MANAGEMENT .......... SET FOR LANDING

FAA APPROVED

9/1/77
18,000 FT/QR/TRANSITION LEVEL CHECK
ALTIMETERS .. .uvvvvaniivniivasinnns SET/ X-CK D
LANDING DATA. ... . /1117
LANDING & LOGO LIGHTS. ............ ON/10 000
APPROACH
FLAPS ......_____ GREEN LIGHT/DETENT
ADF/VORSWITCHES...........cccvvnuenn.. SET
RADIOALT .....vvvniiiinininnnnas MDA/DH SET
NACELLEANTHICE ..........cccvvivnnnnnnnn. ET
FU S MAIN BOOST ON/HEAT OFF
NOSMOKE ......... e T T ON
BEFORE LANDING |
LANDING GEAR ............ DOWN-GREEN LIGHT
AUTO BRAKE ..

SPEED BRAKE

FLAPRE. .o e e i annni

AFTER LANDING

BODY GEARSTEERING .............c.c... ARMED
SPEEDBRAKE.........ccvviianes DOWNI/DETENT
FLAPS . covumssmrsim nas s UP/LTS OUT
LDG LTS & STROBELIGHTS . ....ccvvnevinnnn. SET
IGNITION ..ot iiie e ne i vensOFF
RADAR & TRANSPONDER ................... OFF
STABILIZERTRIM ..........cciveurenanesna 5SET
BRAKE TEMP & HYDRAULICS................ CKD
ANTI-SKID GROUNDMODE ................. TEST
UPPER DECK & CARGOHEAT ......ovvveverns OFF
FIREWARNING. . ..... ... .oiiniiierinnnns TEST
A i e R e s e e b START
PARKINGBRAKE ............0c00itenirnnnens SET
APU OR EXTERNALPOWER ......... CONNECGTED
SYART LEVERS ..o s e il siisnadail OFF
SEATBELT .ccnvivvsiniiimsnsiemes R OFF
PROBE HEAT/WINDOWHEAT ............... OFF
EXTERIORLIGHTS ......civvinrinrinninnnsns SET
EMERGENCY EXITLIGHTS .................. OFF
NS s e RECORD 3/0OFF
HYDRAULICAIRPUMPS.........cciinnnienn. OFF
WT & BALPOWER SW. ..o vverivrrnnronssnsies ON
FUELBOOSTPUMPS .........covvvnvncnennns OFF
FUEL RESERVEVALVES................. CLOSED
STANDBY POWERSWITCH ......c.cciveevnnnn. OFF
RADIOMASTERS .....icvvivinnensonensnanes SET

wreneenenee-FOR TERMINATING FLIGHTS mmrmmrmemmeees
OXYGENVALVE ..o,




Pre-Flight Checklists

Why do they exist?
e Get team and aircraft ready to fly
e Make sure nothing is missing...
e Ensure systems functioning nominally
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Pre-Flight Checklists

e Before leaving base (Armstrong Hall, etc.)
e Take flight box
e Take plane

e Upon arrival at flight field
 Unload components

e Before powering up
e Visual inspection
e Control surfaces

* Powering up
e Plugin battery




Pre-Flight Checklists

Exercise:
e As teams, create a first draft for your team’s pre-flight checklist (only
pre-flight right now)
e Google docs is fine
e Be specific!
* 5 minutes to work, then quick 1-minute presentation from each team

e Discussion and thoughts from other teams/coaches

Timer



https://www.google.com/search?source=hp&ei=I5GGWoP3Go62sAX8iqCQBw&q=5+minute+timer&oq=5+minute+timer&gs_l=psy-ab.3..0i67k1j0l9.1403.2893.0.3054.15.13.0.0.0.0.196.1479.5j7.12.0....0...1.1.64.psy-ab..3.12.1478.0..35i39k1j0i131k1j0i20i263k1.0.gkdeC_d65tE

In-Flight Checklists

Why do they exist?
e Perform the tasks you want to perform in the way you want them performed

e Remove guess work in a fast-paced phases of flight
e “Do | flip the switch now? | thought | was supposed to do X first”

* Ensure some performance value is being met
e E.g. every 5 minutes, check battery voltage/% capacity remaining

e Make sure aircraft is in the correct configuration...




In-Flight Checklists

Example of a missed
checklist item...



https://i.imgur.com/qBc5hgR.gifv

878702962238323




In-Flight Checklists

e Climb out — Manual Mode

e Climb out — Auto Mode

e Cruise — Manual Mode

e Cruise — Auto Mode

e Before Landing — Manual Mode
e Before Landing — Auto Mode




In-Flight Checklists

Exercise:
* As teams, create a first draft for your team’s in-flight checklist (only
in-flight right now)
e Google docs is fine (new tab from earlier one works well)
e Be specific!
* 5 minutes to work, then quick 1-minute presentation from each team

e Discussion and thoughts from other teams/coaches

Timer



https://www.google.com/search?source=hp&ei=I5GGWoP3Go62sAX8iqCQBw&q=5+minute+timer&oq=5+minute+timer&gs_l=psy-ab.3..0i67k1j0l9.1403.2893.0.3054.15.13.0.0.0.0.196.1479.5j7.12.0....0...1.1.64.psy-ab..3.12.1478.0..35i39k1j0i131k1j0i20i263k1.0.gkdeC_d65tE

Post-Flight Checklists

Why do they exist?
e Ensure safety of team
e Ensure safety of spectators
e Prepare aircraft for disassembly/transport/another flight




Post-Flight Checklists

* Disarm System
e Safe System

e Remove battery
 Download logs

e Secure components




Post-Flight Checklists

Exercise:
* As teams, create a first draft for your team’s in-flight checklist (only
post-flight right now)
e Google docs is fine (new tab from earlier one works well)
e Be specific!
* 5 minutes to work, then quick 1-minute presentation from each team

e Discussion and thoughts from other teams/coaches

Timer



https://www.google.com/search?source=hp&ei=I5GGWoP3Go62sAX8iqCQBw&q=5+minute+timer&oq=5+minute+timer&gs_l=psy-ab.3..0i67k1j0l9.1403.2893.0.3054.15.13.0.0.0.0.196.1479.5j7.12.0....0...1.1.64.psy-ab..3.12.1478.0..35i39k1j0i131k1j0i20i263k1.0.gkdeC_d65tE

Debriefing

 Wrap-up of what went well
 And what did not

e Assign next tasks (hopefully not repairs)

lmay never smile again.




One more example
checklist

Emergency Procedures

 Not much to be done for a lot of in-
flight emergencies for R/C aircraft

e But regaining control from an
erroneous autopilot is possible!

e Crash debris recovery procedures
should be put in place

e LiPo batteries need monitored
e Motors may still spin

MRSTARTER, . ............ CONTINUE CRANKING
2 MIXTURE woo...... CUTOFF

3 THROTTLE.......c.......... FULL OPEN

% ELECTRIC FUEL PUMP. OFF

5 FUEL SELECTOR......... OFF

& ABANDON IF FIRE CONTINUES

Alt annunciator light illuminated:

1. AMMETER...... VERIFY INOP ALT

|f ammeter shows zero:

2. ALT SWITCH............... OFF

3 REDUCE ELECTRICAL LOAD

4 ALTCE ... ...ccoon.. CHECK and RESET AS
REQUIRED

5. AL “SWITCH.............. ON

If power i< QT restored:
6. ALT SWITCH.. DN

If alternator output cannot be restored, reduce
electrical load and land as soon as practical.

1. ALT SWITCH................
2. BATT SWITCH....

If alternator loads are reduced:
3. ELECTRICAL LOAD...... REDUCE TO MINIMUM
4. LAND AS SOON AS PRACTICAL

If alternator loads are not reduced:

5. ALT SWITCH............... OFF

6. BATT SWITCH............. AS REQUIRED

7. LAND AS SOON AS POSSIBLE. ANTICIPATE

%TE ELECTRICAL FAILURE 3
ST GLIDE 73 KIAS

MRSNEL SELECTOR..... .. SWITGH TANKS

2 ELEC. FUEL PUMP. ... ON

3 MIXTURE........ g::‘:H

4 CARB HEAT.............o :

5 PRIMER.............. CHECKLOCKED o
INE GAUGES. ...... CHECK FO™

p— OF POWER _JSS

If no fuel pressure is indicated, check fuel tank &
selector position to be sure it is on a tank containing i
fuel A

When power is restored:
7. CARB HEAT .......0oone vorss OFF
8. ELEC FUEL PUMP........ OFF

When power is NOT restored:
9. AIRSPEED.........cconvnns 73 KIAS
10. PREPARE FOR POWER OFF LANDING

1. LOCATE SUITABLE FIELD

2. ESTABLISH SPIRAL PATTERN
3. 1000FT ABOVE FIELD AT DOWNWIND, POSITION

FOR NORMAL LANDING APPROACH

4. WHEN FIELD CAN EASILY BE REACHED, SLOW
TO 63 KIAS

5. TOUCHDOWN SHOULD BE MADE AT THE.
LOWEST POSSIBLE AIRSPEED WITH FULL

SOURCE OF FIR

= Engine Fire
Vso 44 KIAS 1. FUEL SELEC
Vst 50 KIAS 2. THROTTLE
b 45-55 KIAS 3. MIXTURE
b 63 KIAS 4. FUEL PUMP.,
a 79 KIAS 5. HEATER,

88-111 KIAS 6. DEFR

Vie 103 KIAS P h.‘ e
Vno 126 KIAS el
b 160 KIAS ;
Enroute Climb 87 KIAS *Please re v

Demonstrated X-wind 17 KIAS




Mission Planner’s Pre-Flight Feature

Quick | Actions | PreFlight | Gauges | Status | Serve | Telemetry Logs | DataFlash Logs | Scripts | Messages

Mode Unkriown

Check Altitude 0= bm
Tail and wings secured?

All servos respond to input?

All servos respond to pitch

Certer of gravity at indicated

Servo linkages are secure?

Camera is on and ready to fly?




- Preflight CheckListEditor o= b o
T — T

Mission Planner’s —— - e
Pre-Flight Feature hEE om
sacout [ [aTEC

"] ~ Gps Sat Count Greer By =d I -

e Very customizable —add any || p———— =E=HE o=

{valueli

parameter and trigger level Eerram Jom Eom T =E~H m=

* Battery voltage _m-id; . werdl (vl I

. . . {value}
% capacity remaining B BT s = W
e Geofence

e Ftc.

[ER— e - [ - R el okl I

(Em— e - - EEE el el N

e Add items that are not R e e g st [l i 1S I
inherently part of the IR |0 Lo D wmm— T ]
Pixhawk E— e - [ - R el okl I
 Add as many lines as you R I Lo [ R— E I BT
want




Questions?
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