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Compliance Matrix

First attempt at Compliance Matrix. TheronymNI stands fofiNot Includedin the report at the momeand will

be addedn the coming reportsThe question mark represents doubt for the if the contetiteopage number listed

provides enough compliance.

Requirement Requirement Compliance Compliance
50-Seat Airplane 76-Seat Airplane -100 -200 Page
BS 2030 for first model and 2031 for second model. 2030 2031 1
. Bxisting engine(s) or one that is in development that will be i
Bngines service by 2029. Assumptions must be documented. E2C=ES EscRmEE 43
Passenger Capacity (with 30- inch
. 50 76 43
seat pitch) 50 76
Range 2,000 nmi 1,500 nmi 2,000 nmi 1,500 nmi 39
Cruise Mach Number Minimum Mach 0.78 (Target: Mach 0.80) 08 29
Approach Speed Less than 141 kts 115 141 37
Takeoff Length Over a 50 ft
4,000 ft 6,000 ft 4,000 ft 6,000 ft 80
Obstacle (SL ISA + 18°F day)
Landing Length Over a 50 ft
4,000 ft 6,000 ft 4,000 ft 6,000 ft 80
Obstacle (SL ISA + 18°F day)
Distance to Climb Up Less than 200 nmi - <200 nmi <200 nmi 38
Initial Cruise Altitude FL 320 - FL320 FL320 1
Takeoff and Landing Altitude 5,000 ft above MSL (ISA + 18°F) 5,000 ft above MSL (ISA + 18°F) 23
. . 2 Pilots 2 Pilots
Crew No. 2 pilots and at least 1 cabin crew member per 50 passenge 1 Cabin Crew 2 Cabin Crew 43
Pilot/Crew Weight 190 Ibs 190 Ibs 55
Baggage Weight per Pilot 30Ibs 30 Ibs 55
Baggage Volume per Pilot 413 41t3 1
Passenger Weight 200 Ibs 200 Ibs 55
Baggage Weight per Passenger 40 Ibs 40 Ibs 80-81
Baggage Volume per Passenge 53 5ft3 1
Seat Width Atleast 17.2 inches (Target: 18 inches) 18 43
Stand up height in aisle similar to competitive aircraft. Bagga
Aircraft Cross-Section compartments are serviced ergonomically. Aisle width of at leaj Stand Up Ailse Height 7' and Ailse Width 18" 42
inches.
Wingspan At most 36 meters (Target: At most 24 meters) 77 ft 14
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1 Introduction , Mission Specifications and Mission Profile

The objective of this report is ocumentthe designof a modern regional jet family. This included.@0
series (56seat) and a 200 series {3éat) aircraftThisdesign requesor a newseries ofegional jeswasannounced
dueto a predictedise in domestic flightsThis regional jet familymustfollow the US domestiairlinefi Sc o p e
C | a uvagreementsThe goal of thigegional jet familyseries ismore profitable with lower enronmental impact
thantheexisting 50seat regional jet aircraft.

Tablel1-1 contains design specifications for a regional jet family and is a simplified table of requirements and
objectives outlined in the AIAA Rpiest for Proposals shownThis regional jet family consists of a-5@at and
76-seat aircraft version. The design specifications include entry into service, engines, passenger capacity,
performance characteristics, number of crew, weights, associdtedes) seat width, aircraft cresection, and
wingspan.In Table 1-1, a dash indicates a nonapplicable design specificaliahle 1-2 contains additional
requirement and géctive design criteria.

Table 1-1: Regional Jet Family Design Specificationfl]

50-Seat Airplane | 76-Seat Airplane
EIS 2030 for first model and 2031 for seconddel.
Engines Exjsting gngine(s) or one that i§ in development that will
in service by 2029. Assumptions must be documenteq
Passenger Capacity (with 30inch seat pitch) 50 76
Range 2,000 nmi 1,500 nmi
Cruise Mach Number Minimum Mach 0.78 (Targetach 0.80)
Approach Speed Less than 141 kts
Takeoff Length Over a 50 ft Obstacle (SL
ISA + 18°F day) 4,000 ft 6,000 ft
Landing Length Over a 50 ft Obstacle (SL
ISA + 18°F day) 4,000 ft 6,000 ft
Distance to Climb Up Less than 200 nmi -
Initial Cruise Altitude FL 320 -
Takeoff and Landing Altitude 5,000 ft above MSL (ISA + 18°F)
Crew No. 2 pilots and at least 1 cabin crew member per 50 passer
Pilot/Crew Weight 1901bs.
Baggage Weight per Pilot 301bs.
Baggage Volume per Pilot 4 ft3
PassengeiVeight 2001Ibs.
Baggage Weight per Passenger 40 bs.
Baggage Volume per Passenger 5 ft
Seat Width At least 17.2 inches (Target: 18 inches)
Stand up height in aisle similar to competitive aircraft.
Aircraft Cross-Section Baggage compartments are seedi@rgonomically. Aisle
width of at least 18 inches.
Wingspan At most 36 meters (Target:24 m)
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Table 1-2: Additional Requirements and Objective Design Criteria[1]:
0 Economic Missions
A

[R] Show fuel burn performance per trip and per seat and compare with the appropriate con
aircraft at 500 and 1,000 nmi

0 [R] Meet 14 CFR 25.121 Climb Gradient Requirements

o Certifications
A [R] Capable of VFR and IFR flightih an autopilot
A [R] Capable of flight in known icing conditions
A

[R] Meets applicable certification rules in FAA 14 CFR Part 25
T All missions below assume reserves and equipment required to meet applicable FARs
A [O] Provide systems and avionics architeetthat will enable autonomous operations

1 Provide a market justification for choosing to either provide or omit this capability
9 Determine how the design would change

Figurel1-1 below depicts a possible mission profile foe §0seat airplane design specificatidme profile is
comprised oten mission phaseshe lengths of these segments are arbitrary and are primarily used to track the
overall flow of the missionMission phassevenin the profile isthedivert to alteratefor 100 nmi due to a balked

landing.Mission phaseightis an additional45 minuteloiter leg while waiting to begifinal descent and landing.

4&# 5
4
Cruise FL 320. 0.80 Mach. 2.000 nmi Z " -
© Divert to Alternate for
£ 100 nmi @ FL 150  Loiter for
% ) 45 min
4 Z T N 8 9
& o S
< =
Q% ll p $ <
(O e A (o] 2 2
v\,_\\i\\ O ad Z %
WL NS B = Z
(LAY
\°
‘\,\
<
12

10

Landing. Taxi, Shutdown
Engine Start. Taxi

Figure 1-1: Proposed Mission ProfileSkyblazer-100 Series
Figure1-2 below depicts a possible mission profile for thesg@t airplane design specificatidre aircraft

range decreased as the size of the vehicle incre@ibedtakeoff distance also increasgedcompensate for the

increased weight of the 7§eat aircraft compared to the-5@at.

Divert to Alternate for
100 nmi @ FL 150 Loiter for
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: Proposed Mission Profile of theSkyblazer-200 Series

=%¥ i

Figure 1-2




KU

2 Historical Review and Market Concept of OperationsComparison

The currentregianal jet markets based upon aircraftesignswith origins in the latet980s and early 1990s.
The industry forecasts thiatthe next 20 years nearly 2,000 new regi@iairaft will be needed to meet the demand
of regional tavelwhile the current aircréin the market begin to age out of servis8-seatcapacity regional jets
such as those designed and manufactured in the ¥88@sno longer marketablas the industry moved towards
optimizingpassengetapacityto decreasthe number oflights. However,the US. domesticirlinefi s ®opaus e 0
opens the opportunity fanore economically soursD-seat aircraft to become more prevalienthe industry.50-
seat and 78eat regional jets are climbing in popularity for customers wdgtimmuterjumps andshorterrange
flights; this helps save money by fillirgjrcraft rathethan having empty seats orlager jet. A historical review
of regional jets igliscussedo provide a reference fdne trends and developments through time. A comparison of

currentregional jet market leaders is also shomith general characteristi¢s orient the reader.

2.1 50-Seat Regional Jet Historical Review

With its first flight in 1949the British manufactured

De Havilland DH108 0 met was t he wor |€

jet arliner to enterservice[2]. Twenty thousand pounds of

Figure 2-1: De Havilland Comet 1[2]

thrust along with other technological and performan
advancements allowed for the Comet to lead the commercial transport market post WorldAftar two deadly
crashesinvestigation foundx structuraldesign flaw This structurafailure resulted from repeated pressurization
which caused the fuselage to abruptly gt After this investigationthe Comet or any of its swessors would
never carry another passenger agaiaving the market open to other developments in the United States.
Development of the ERJ145 beganl®05 with
certificationand entry into servicin 1996.With over 20

yeassof operatiorand servicig 36 airlinesn 26 countries

this aircraft has logged over 26 million flight ho(4$. In

Figure 2-2: Embraer ERJ145[5]

total, over 1,200 aircraft based off the ERJJplatform
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have beendeliveredworldwide. Thishas establishetthe ERJ programto beone of the most successful in the aircraft
industry[4].

In the year1991] the first of three CRI00 prototypes designed @d manufactured byBombardier
Aerospaceconductedts maiden flight with atry into service the following year of 1992 with Lufthari€h The
CRJ200 variant was later establisteedl retained all théeaturesof the CRJ100but usal improved GE engines
which resulted in a sligly increased rangen 2006 Bombardier Aerospaocsoncluded producing the CRJ100 and
its variant CR200, however mos€RJ100s and 200s

remain in service to dat@his has establishetthe CRJ

series as a market leadrfer the pas?0 plus yeagacting

Figure 2-3: Bombardier CRJ100([7]

as acompeitor to Embraer and theRJ145.

The CRJ550 is Bombardirnewest aircraft type and will be the newestgat regional jein the market
upon its entry into servicén 2019,B o0 mb a r prasident@esibed the CRI55( sthefonly solution in North
America that can replace the existing fleet of ageingésers, a market of over 700 airad@®]. This impliesthat
the CRJ 550 will be projected to béugure market leader agther aircraft begin to age oot service. The CRJ550

has also been developed for logistical purpésebnited

d
N, .
“aum CERRRERIIRIIET Y BhE e

Airlines. Due to labor contragtéJnited can onlyfly a
finite numberof jets that have over 50 seats at qracel
the airlines hee reached it capthusthe development of —
this smaller capacity regional airliner. Figure 2-4: Bombardiers CRJ550[8]

The Fairchild Dornier 428Jet hadfirst flight scheduled for 2001 before it was cancelled. The aircraft was
designed for 44 seats but proved inferior in the market tose&0configurationthis caused the caeitation due

to lower profits for less seats but similar operating costs

It was originally designed to compete against the

Bombardier CRJ and Endoer EJet family
Figure 2-5: Fairchild Dornier 428JET [9]
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2.2 76-Seat Regional Jet Historical Review

Based in Canad®ombardiercreated &CRJ700

saies of regionhjets with its first flight in 199 and

introduction into service irR001 with production still

Figure 2-7: Bombardier CRJ700[10]

continuingin 2020 Bombardieroriginally designed the CRJ700 havea small commuter for shorter range flights
that could competwith the Embraer170. The CRJ70Qvas designed witthree variation®f different passenger
seating arrangements, and thare also threéuel to weight options includingtandardextended rangeandlong
range In 2007, the aircraft was modified to increase pagse comfort by enlarging the windowiscreasing
baggage storage, and addlmggter lighting. The CRJ700 has been modified through its 20 years of kseivice
buthas remained a strong competitor in the regional jet mdueeto its popularity by marigrge airline, including
Delta as shown ifrigure2-7.

Embraerhas a family offour E-Jetsintroduced in 4

1999with production startingn 2002 TheE170andE175

models sat 72 78 passengers witlhe E175being aslightly

Figure 2-6: Embraer E170[11]

stretched version of the EL70he EJetscurrently lead the
market in regional jets witkiehicles in servicaround the glob& 35 countries wittb3 different customerg12].
The E170 leads the market @perating costs wita fuel consumption proportional to the aircraft weigBbme
other highlighted features includigh cruising speedwith a maximum 0f0.82M andone of the mosspacious
singleaisleinteriorsfor aregional aircraft
Looking forward Mitsubishihas aseries of regional jetsalled SpaceJetith theM90 having its first flight
in 2015. ThenewestM100 modd is a prospectiveegionaljet that has not beeintroduced into service due to
financial losses within the company. However, witmeaw Pratt & Whitney GTFTM PW1200Gengineand
l improvedaerodynamic design, the lowered fuel consumptsom

~m > decreaseaperating costereate a competitive regional jéesign

SPACEIET

> [13]. The maingoal ofthe M100is a more comfodble passenger

experiencdo better meet the needs of the customién increased

Figure 2-8: Mitsubishi SpaceJet M10(14]

personal spag¢storage capacifyand availabl@menities
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2.3 Comparison of Concept of Operations

The concept of operations for some top regional jets in the market are shdable2-1 and Table 2-2
below for the 50 and 76 seat regional jet categories respectiValyregional jets are alscomparedagainst the
RFP requirement® showan evaluatiorof themarket competition

Looking at the 5&eat regional jet concept of operations compaiiisdiable2-1, none of the current market
aircraft meet the RFP requirement for maximum raogéeld lengths for landing and takeoffHowever, he
maximum sevice ceiling is met by all aircrafThe Bombardier CRJ55 the only aircraft witta lower maximum
cruise speed

Table 2-1: 50-Seat Regional Jet Comparison

Aircraft Bombardier Embraer Bombardier RFP Requirement

CRJ100[15] ERJ145[4] CRJ550[16] [1]

Max Service Ceiling (ft) 41,00 37,000 41,000 32,000

Max Cruise Speed (Mach) 0.81 0.78 0.70 08

Max Range (nmi) 1,650 1,550 1,378 2,000

Max Passengers 50 50 50 50

Takeoff Distance (ft) 6,290 7,448 5,265 4,000

Landing Distance (ft) 4,850 4,593 5,039 4,000

For the 76seat regiongets, it is observeth Table2-2 that most of the RFP requirements are already met
by existing aircraft on the market. However, the maximum passenger specification are higher than the required 76

passengersand the maximum cige speed for the Bombardier CRJ700 does meet the 0.8 Mach speed requirement.

All of the other aircraft concept of operations meets or surpass the RFP requirements.

Table 2-2: 76-Seat Regional Jet Comparison

Aircraft Embraer Bombardier Mitsubishi RFP Requirements

E170[12] CRJ700[17] M100[13] [1]

Max Service Ceiling (ft) 41,000 41,000 39,000 32,000

Max Cruise Speed (Mach) 0.82 0.70 0.78 0.8

Max Range (nmi) 2,150 1,702 1,910 1,500

Max Passengers 78 78 84 76

Takeoff Distance (ft) 5,294 5,265 5,770 6,000

Landing Distance (ft) 4,027 5,040 5,090 6,000
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3 Design Optimization Function, Economics Model, LifeCycle Cost Minimization and Weights

3.1 Design Optimzation Function

An optimization function is a preliminary design method which uses mathematical formulation of design
parameterso support a selection of an optimal configuration or design among alternatives. The development of the
general optimization function (GOF) imsed off othree weighting functions. Requirements)(Rbjectives based
on specified design objectives;JGand objectives based on ancillary objectives (AGAfter determining each of

these weighting functionthey can be applied to the GOF equation below.

m

1 n
- - - - 1 1
General Optimization Function = GOF = D R; (mZ 0; + ROWF Z AOk) Egn. 3.1

Table 3-1: Design Requirements

The requirement weighting functions were develo aRl EIS, year -

R> Passenger Capacity
based off the required dgm characteristics provided in th¢_Rs Range, nmi

R4 Cruise, M
request for proposdl]. Requirements are design qualities tHatRs Seat Width, in

Re Aisle Width, in
must be met in order to have a competitive design wHiclr;, Span(Folded) ft

) ] _ Rs Approach Speed, kts

achieves each requirement. As a result, requirements are tr¢aggd Max Takeoff Field Length, ft
. . _ . Rio Max Landing Length, ft
in a inary manner as seen in the equation beldable3-1 to Rus Cruising Altitude, ft

Meet 14 CFR 25.121 Climb Gradier]
Requirements
Capable of VFR and IFRlightard

the rightincludes each requirement that will be used in theRj;

optimization.
P Rus Autopilot
~ .. - REMEORDBA G Capable oFlight in Knownlcing
2 AETAOC PEAOEORDET 1T Rus Conditions

MeetsApplicableCertification Rules

Ris in FAA 14 CFR Part 25

Unlike requirement functions, desigmad ancillary

objectives are design characteristics that do not need to be met in order for the configuration to be considered for
selection. Instead, these objectives act as configuration advancements and could make the design more competitive
than a baseie design that simply meets the design requirements. Specified design objectives are objectives that can
be found in the request for propasahereas ancillary objectives are formed by any additional design considerations
taken into account that would keathe design more competitive in the market. The ancillary objective function also

requires a relative objective weighting factor (ROWHjis factor is placed on the ancillary objective to weight the

= - '
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importance of the specified design objective withtrefato the importance of the ancillaopjectiveitself. Both
design and ancillary objectives use linear grading methods.

Table 3-2: Specified Objectives

O1 Target Mach nE¥H OBIOA EODICAEAAOEOA
O Target Seat Width / , ET AGOO UHAAE &E DDA 00
Os (Span) Max ICAO Code B pEMABDAAOEAEAAOEOA
O4 Autonomous Capabilities
Os Maximize Structural Commonality

Between-100 &-200
Os Good Aesthetics nExH OMIOAAQEAEAAOEOA
o, Enhances Reliability WRT SOTA Lo BT AGRO WHAAE GE OD@A O O
O Reduced MRO load WRT SOTA PEMABDAAGEAELAAOCEOA
Og Minimize DOC
O Minimize ProductionCosts

After defining each requirement, specified abijee, and ancillary objectivahe ROWFshown inEgn.3.2

and GOFshown inEqn. 3.3 have now been established and can be applied to later configurations as they are

developed ROWF — Importance of Spec’d Design Objectives 2 2 SE>0
- Importance of Ancillary Design Objectives 1 Eqn. 3.2

15 10 16
1 1
General Optimization Function = GOF = HRi (EZ 0; + mz Aok) Eqgn. 3.3
1 1 1

Table 3-3: Ancillary Objectives

AO, Reduce total fuel burn to most efficient in class

AO; Minimize Time of Ground per turn

AO3 Under FAA 90 second Evacuation requirement

AO, Rapid Cabin Sterilization

AOs Exceed Most stringent EASnoise regulations for RJ's

AO¢ Special accommodations for business travelers

AO7 Allow passengers to have ready access to all luggage without wait

AOg Allow path for growth of the physical dimensions of the traveling public
AOg¢ Operate from austerrports with neither jetways nor atairs

AO1o Allow for rapid powerplant inspection, LRU replacement, drop

AO11 Enable all normal ground operations with engines running

AO12 Minimal to no deicing dispatch delays

AO13 Powerplants reachable withiospecial requirement

AO14 Minimize number of engine start cycles per operational day

AOss Allow for powerplant diameter growth with time without significant aircraft changes
AOss ADA compliant cabin section ingress and egress from ground withotibspguipment
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3.2 Typical Routes, Legs, and Turnaround Time

Figure3-1 below contains an image of the United States mainland superimposed with aircraft routes of four
major commercial airline companies. The citiespthyed on the map host large airports and hubs. Thetded
curves represent a regional jet route of a particular airline company. The map depicts the reliance that the commercial

market has on regional jet airliners. These routes were likelyeimfeoby customer demand and how to maximize

the number of passengers aboard each airplane.
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Figure 3-1: Regional Jet and Turboprop Routes of Four Major US Airliners[18]

A journal article studied the rise in regional jet flights in the market and its implication on the aviation
market[19]. The study obgwed route densities of regional jets, turboprops, and traditional jets (narrow body and
wide body) and observed similarities and differences in flight patterns in the United States and Europe. Geographical
location and current infrastructure were consdefor the United States and Europe. Turboprops were typically
found to support major airport hubs by connecting to smaller surrounding airports bibegts®/e much lower

rangeand enduranceapabilities The introduction of regional jets allowed a widariety of flight routes between
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airports. The study includes a figure from the National Air Space System regarding route changes from 1992 to 2001
due to the rise of regional jets in the United States. It showed 43.2% of routes were new routeeddighbégional
jets, while the remaining percent was split equally between replacing traditional jet routes, replacing turboprop
routes, and supplementing traditional jet routes. The article concluded that the rise in regional jets could cause
congestion mblems at airports and add conflict when competing for land spa@f08, the Regional Airline
Association reported that half of all flights in the US were regiona[28is Additionally, these regional jeftew
on average 461 miles per flight, which is 23% further than a regional jet in[20DJ his allows travel to small
airports that could be further away and allow more direct flights.

A regional jet could have 1 to 5 legsr day in a multday trip[21]. This varies due to airline company
and duration of each leg. A regional jet pilot, Capt. Justin Dat@umented what a typical day/ trip of his career
is like [22]. He was based out of Charlotte, NC, and has flown the Bombardie2@RILRJ700, and CRI300
regional jets. He writes about being on a tkileg trip and on the second day they completed four legs on-a CRJ

700. He and his crewmates traaet|between Charlottesville, VA, Charlotte, NC, Ft. Walton Beach, FL, and

L SERVICE
BA | j "‘ g::gsGE Greensboro, NCHe included details such as
GALLEY switching planes, meeting other crewnd being
| | evaluated by a check airman on a leg of his trip (a

I POTABLI

WATER yearly thing done to observe pilotsrfsafety

practices and performance). His account shows
insight into the daily operations of regional jets as
well as regional jet trips.

Figure3-2 to the leftshowsan Embraer

170/190 regional jemircraft and its strategic

/‘ ~ LAVATORY
ASSENGER BRIDGE SERVICE

Figure 3-2: Embraer 170/190Ground Operations Example
Diagram [23]

efficiently to perform various tasks simultaneously handling both customer service demands, maintenance, and

positioning during the turnaround process. All

the available services and equipment are staged

preparing for the next departure. This articulates theitapce of aircraft design for ground operations and services.

This management of ground services is significant to reducing the time an aircraft is spent on the ground and benefits
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both the airline company and traveliogstomers. As for regional jets,wer services and operations may be

required. Combining or even eliminating services could potentially remove time spent on the BrgureB-3
comparegstimatedturnaound time actionor a typical regional jeandproposed ttnaround timeactions for the
Skyblazerseries.With the Skyblazer seriehie proposed turnaround tinean be approximately halvedth the

selected configuration

Engines Rundown e

Deplane Passengers —— Typical Regional Jet Rapid Turn
Service Airplane Interior ]

Enplane Passengers
Unload Baggage/Cargo ]

Load Cargo/Baggage
Service Waste Tank
Service Potable Water |
Service Galley
Fuel Airplane

Monitor Engine Start —
Clear Airplane for Departure —

Engines Rundown
Deplane Passengers m——

Service Airplane Interior ——
Enplane Passengers I
Unload Baggage/Cargo
|
Load Cargo/Baggage Skyblazer -100 and -200

Service VVaSte T ko ——
Service Potable \Water
Senvice Galley
Fuel Airplzine
Monitor Engine Start

Clear Airplane for Departure —
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time, t (min)

Figure 3-3: Turn Around Time for Typical Jet vs Skyblazer Series

3.3 Current Market Trends

Other* 5% Other* 4%

B - CRJ100/200 E-170/175

Figure 3-4: US Fleet2020 RJ50-Seat Market Figure 3-5: US Fleet 2020 RJ 7&eat
Ownership Market Ownership
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Currently overl,10050-seat variants anj10076 seat variants exist on the marketesefleets are almost
entirely made up oéircraft designed and manufactured by Embraer and Bombartiermarket beakdownis
shownin Figure3-4 andFigure3-5 . Bombardier left the Rtharketandsold the program to the Mitsubishi Aircraft
Corporation This leaves a gap for other companies to begin to compete withaitket left open byheir absence.
Theestimated number of regional jets made by other compansigbe undersized due to the inclusion of companies
that only manufactured more thawo aircraft of that typeThe Skyblazeplanis to manufacture a muchriger
number of these aircraft in our scope, those companies are not considered competitorsehatigbldf a market
share to consider in analysihis analysis allowa compaison betweerthe desigs of these aircrafto determine
what they are optirmed for.

Most of these aircrafire located within the United Statasdare reachingalf of their expected life cycles.
This aging fleets causingseveral companies to begin looking for replacement aircrafiotdde the U.S. travelers
with anew modéfor flight allowing them to sell the aging fleetather sourcemcludingairlines in other countries
or shipping companieknowing this the Skyblazer tearman begin to assume the total possible aircraft ezgect
to sell to other companies and detarenacompetitive market price to me&ueto thebounds described within the
RFP, the market was restrictedRdthat could seat 50 or 76 people and themodelsThe Scope Clause Airlines
sign must also be considered when determining the marketityaipathe U.S.This limits the number of RJs that
an airline can have by tmeimber of seatwithin the aircraft many of the larger airlines aable to have an unlimited
nunber of 50-seat regional jetthey canoperde. This is not the case fof6-seatversions.With Bombardier no
longer manufacturing aircraftepairs will begin to get more expensive driving upkeep costs higher. Thedest
for airlinesto combat this will be through selling those aircraft earlier and replacing them with a newtliwdltha
lastlonger. Mitsubishi and Embraer currently have over 150 orders for their respecteatidodelswhile this

means the market for the 5@at aircraft will probably be easier to reach, thes@& market will be able to have
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competition if thee is a competitive new model. To determine the market cap more accurately, the growing operating

costsneed to be analyzed.
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Figure 3-6: Historical Trend of American Airlines
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Figure 3-6 relates the percent American Airlines spent on direct operating(RExE) for each major
financial consideration to the yaarwhich it was spentMuch information can be derived from this chart to provide

the design team crucial cost considerations for the development of the dasigime potential post acquisition costs
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should be designed twe as low as possibl&hese were acquired from the @&partment of Transportatig@4].
Within this chartshowinga breakdown ofajor costs whiinAmer i can Airl ines DOCG6s, of
the large variability ofuel cost fromdecade to decade depending on politicalecwhomic situationirlines have

shown tocontinue to streamline the aerodynamics of their design to cut down on the potential fuel and oil costs
associated with their aircraft. Afeaturethaswah o c ki ng enough to direct the tegdg
is the total size o$alaries and associated employee costs. As far &kilidazer teans aware, airlines spend no
visible resources optimizing these costs over fuel costs andwvitntWorker Union and political trends it is quite
possible for these costs to rise even faster than tloéitasfd fuel. With this in mingthe team decided to dig deeper

into theemployee costairlines often pay before spending time desigringircraft to reduce these costs.
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Figure 3-7: Historical Trend of American Airlines Fuel and Personnel Cost$24]

Parsing the DOCorel antfoelexpenditures ledsahantgrestmg fimdhdetails that out
of the past 30 years, only 5 of them had fuel costs equal to or greater than total salandoagts persorel costs
being 2.13 times greater than fuel and oil costs on avéeging lower more recently. This mediran equivalent
percent savingis found in personnendfuel, it would be more valuable to the companyfdous on reducing
personnel costsore thanfuel costs

Another major consideration that must be made is that studies are sipdatmgre beginning to retire at
an rate previously unsedBetween DeltaAmerica, Alaska Air, Southwest, atthited, an average of over 40% of

their pilots willretire by 2026This means that with current fleet sizes in mind, airlines will either have to overwork
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their pilots and planes terve the same number of passengarthey will not be able tsupportthe amount of

passengawho want a flighandcrede a rise in ticket pricesThis should push aircraft desigeéo design a plane

that attempts to allow a pilot tgerve a larger number @lassengergach day This research has been well

documented over the last 5 years by many companies and @aidgd changes has only exacerbated this issue

This haded many pilots to retire or leave the fleet earlier than intended with almost all flight being ground for most

of a year.In order to ensure th&Kkyblzercan be operated by a smaller number of pilotgtie same number of

passengershe motivation idesigning an aircraft that focuses iooreasing the numbef flights turns per day.

This will also increase the salary for the RJ pilots potentially increasing the demand for smaller fleets in order to

save onsalary costs.
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Figure 3-8: Total Stage Time Comparison of Average RJ, 30%+ High L/D RJand Skyblazer Family [25]
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Figure 3-8 breaks down 30%+L/D High
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= Qutside Flight Equipment Maintenance
. minsurance 30%
Figure 3-9 lays out the .communication
Advertising
. Other Materials
expected cost differee between =passenger Food .
uMaintenance Materials 20%
. i mFuel and Qil &
the traditional RJ aircraft oOf TotalFringe Benefits :
mPayroll Taxes
mEmployee Benefits and Pensions

today, the currently anticipatec=Personnel Expenses 10% ' '
u Other Salaries
. . . ﬁirpraﬂandTramc_Handling Salaries
highly efficient fuel burn aircraft, =Maintenance Saiaries

w Flight Personnel Salaries 0%
= Management Salaries o

and the Skilazer aircraft. While

Slightly lower costs (Iiue to smaller fleet

[
Slightly lower costs due fo smaller fleet

margins.

|-

gher personnel costs 30% lower fuel
1 | ! ,costs (assumed)
T T " Slightly Increased |
(<~5%) fuel cosls
Slightly increased L
(<~10%) fuel costs

Significantly reduced personnel costs due

Hi

fo significantly smaller fleet & high optempo

Significantly ."educec} personnel costs due
to significantly smaller fleet & high optempo

the high efficiency aircraft Figure 3-9: DOC Comparison of Conventional, Aerodynamically
Advanced and Sky[pol[2Z|Rg&r Seri

estimate a cost savings of 2% or more as shown, the additional personnel andstie@ssociated with them
outweigh most of that gain. The Skyblazer seliepes to prove a larger financial gain through reducing the
necessary fleet and personnel costs while slightly increasing the fuel costs. This leads to a financial sawimgs of up
6% per year with only a single more flight turns per day and up to 10% with 2 more flight turns per day. This is an
expected saving of8 times more than the potential savings fdgoreased fuel burn aloriégure3-10also slows

that the airlines would need &3or 71%o0f the amount of aircraft currently needed to provide the same number of
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passengers with flights. Meaning fewer piloggjuired towork at the same time and potentially less overworked

pilots. This means tickglrices can be decread and our aircraft can be more competitive with the competition.

J0%+L/D High Efficiency RJ
SkyWest :’
e ~105%
100% (referance) 473 aircraft SkyBlazer
452 aircraft

, 6 Tums $
/ SkyBlazer

~83% 375 aircrait i 7 Tums g—
&J_ , l

~71% 321 aircraft

very small fleat
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Fleet Sizes, Cockpit and Cabin Crews Required

8
&
W
&
E.
=

SkyWest HighEff RJ SkyBlazer 1xEx SkyBlazer 2xEx

Figure 3-10:Relative Fleet and Flight Crew Sizes to Accommodate a Typical Regional Jet Route Structu
[26][271[29]

Figure3-11outlines the entirety of the operation plan Skyblazer aims to achievemple chart detailing

the design points the team plans to focus odasn selection ofplanformsoccursand narrow in on a potential

solution to the issues presented within the markr=
fiThere arehree ways to grow your

Decreasing fuel burn is still a priority to the team, fi capacityas an airline, buy more
planes, increase the number of seats

not at the expense of a greater &ase in salary costy avalableon current aircraft, and
lastyincr ease utili

than the fuel cost reduction allows for. This allows tf - Ms.Abriell Jackson, Senior
Financial Planning Manager,

team to optimize the design for a decrease in costg American Airlines

an increase in profit.
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Conventional Approach seen in past AIAA Airliner Proposals:
+ Stretch AR to limits & cruise slower to increase L/D & SR to minimize fuel burn
Inducing: -
» Higher personnel costs

» Higher stage time

» Fewer movements per A/CHyr
» Lower profits

» Higher ticket prices
» [ arger fleet requirements for given route structure, with adverse environmental impact

1004
9i0% Fuel and Oil Costs: [32% combined total, over 30 year average)
80%
T0%
60%
50%
40%
30% Personnel Costs: (68% of combined total, over 30 year average)
Management Salaries, Flight Perzonnel Salaries, Maintenance Salanes, Aircraft and
20% Traffic Handling Salaries, Other Salaries, Personnel Expenses, Employee Benefits and
Pensions, Payroll Taxes
10%
0%
83 T8 EEEEECcES 2T EEEEBEEEEEEEERE
o O & O O O O O O &0 O o o O O O O O o o O o O o o o o o O
T T T ™ ™ ™ ™ ™ ¥ & & 0 0 0d 0 0 0 Y 0 ] Y Y &

. |
SkyBlazer Approach: K ﬁ/

* Keep fuel burn low, but reduce personnel costs for given fleet operations by enabling 1-2x
more aircraft movements per flight day per aircraft, reducing fleet size & environmental impact

« Gruize slightly faster, accept small drag penally fo save stage time and save far more in DOC
* Employ known technologies, reducing program risk & maintenance load

= Use no complicated wing-fold which could induce certification, dispatch reliability & MRO issues
= Use flight-proven, fielded advanced high lift systems enabling shorter runway ops

= Use shorfer runways at large hubs, fly in fo smaller airports at spoke tips

= Shorten or avoid completely holding paffern delays by opening up shorter runways

= Use earfier exits from runways on landing, saving time

» Deconflict ramp with high wing, high engines, allowing unimpeded access to aircraft

= Configure engines well above personnel and vehicle max. heights, allowing deconfiiction

* Keep engines at DC-9MD-8x/B7 17 height, allowing use of existing ramp equipment

= Minimize cabin fioor off ground, allowing integral stairs

= Enplane and deplane passengers via multiple doors

= Use entrance luggage sforage bins to deconfiict overhead luggage space

= Enable double-hose refueling, cutting refueling time in half

» Use nose-to-tail cargo belf allowing rapid checked baggage loading and unloading

Figure 3-11: SkyBlazer Regional Jet Design: A New Approach to Reducing Acquisition, Direct Operatin
and Life Cycle Costq24]
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4  STAMPED Analysis of Aircraft Regional Jet Market

To predict where the market will be in 2080d create a competitive regional jet for that time, various
characteristics are plotted through time to see how they have trended over thechedirsy a market analysis of
various similar regional jets for comparis@&@ach trend is plotted throughdhe years from 1950 to the 2020 current
market. The linear trenir the aircraft is in blue with the trendline equation shown in the corner of each plot. The
equation is used to plot the +1 andl standard deviation lines in orange and grey respectiVély standard
deviations Bow how conservative and aggressive each characteristic can be and provide a range of possible values
to help realistically spec our regional jets desighke 50seat regional jets are on the left with theséét regional
jetsshown on the rightvith the trendlires forecasting into the year 2030 far accurate prediction of each aircraft
characteristicOther characteristics were plotted but not shown such as span loading, aspeahgidakeoff and
landing field lengthsand cruise speed.

4.1 Empty Weight to Takeoff Weight Ratio Market Analysis

Observedin Figure 4-1, it is shown that the ratio of empiyeight to takeoff weight has significantly
decreased over tinfer 50-seat aircraft while 78eat @craft have increasedo stay on trend for 2030, a S@at
regional jetvould have a empty weight to takeoff weight rataround the valuef 0.56. In the 76seat regional jet

market, it is observed that the ratio of empty weight to takeeiffht is tending towards a value 657 inthe 2030

market.
07 50-Seat Aircraft 0 76-Seat Aircraft
G X
5 131D |(W9/Wt°)=’3e’5m} Al 0-6255| BAE Ja6/RIT) SIS 100
o === Linear Trend .
£ -15TD 0.6 Tupolev Tu-134A
W 065 k
[ Fokker F28 Fokker 70 &DITIBE ARI21-700
. . .
E: T Fokker VFwW 614 055 Tupolev Tu-104 Fellowship -200
8o . ’ . . Embraer E170 §— Embraer E175
<K 06 Sud Aviation Fokker F28 Fairchild 728 Dornier
= E Bombardier CRI100 CRJ 550 -@ Cagovelle Fellowship -1000 -
0
E é v 05 de Havillape Antonov An-148
- Comet 3
:jn 0.55 Tup‘o\ev Ju-104 Embraer ERJ145
= ° 0.45
z .
£ Embraet ERJ145KR \{Wetho} =0.0004(Yr) - 0.2183\
w 0.5 0.4

1950 1960 1970 1580 1930 2000 2010 2020 2030 1940 1950 1560 1370 1580 1350 2000 2010 2020 2030
Calendar Year, Year (Yr)

Figure 4-1: Empty Weight to Takeoff Weight Ratio Market Trend Through Time
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4.2 Wing Loading Market Analysis

When trending wing loading through time, it is simoin Figure4-2 thatwing loading has increased through
the yearsThe regional jet released in 20&0uld have a wing loading oflL0 Ibf/ft? to stay on trend with competing

50-sed regional jetsand a wing loading af20 Ibf/ft’to compete with 7&eat regional jets.

50-Seat Aircraft

130 120 76-5eat Aircraft
120 +15TD 130
—_ == Linear Trend
& 110 45D o 120 embraer E175
£ Bombardier CR.‘}.u: moraer % ="Comac ARI21 -
§ 100 Embrae‘ERlldS 110 GAE 48T T . - —tsabishi M100
Ef 90 (] 100 ° "Antcnuv An-148
g- 80 ®rupolev Tu-104 Embraer ERI145 %0 Tupoley Tu-104 . Fairetild 728 Dornier
£ M Fokker 70
5§ 70 - 80 Tupolev Tu-1 . —
E De Havil H106 Comet 2 ¢ FokkerVFW 614 " Fokker E28-F€llowship -1000
w 00 . 70 de Havilland Comet 3
é 50 DeHavilland DF106 Comet 1 0 . -
[(wto/s) - 0.5858{r) - 1078.2| Sud Fiation Caravelle T [(wio/s) = 0.6326(vr) - 1162.7
40 50
1940 1950 1960 1970 1980 1980 2000 2010 2020 2030 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030
Calendar Year, Year (Yr)
Figure 4-2: Wing Loading Market Trend Through Time
4.3 Sweep Angle Market Analysis

Shown n Figure4-3, the trend shows slight decrease in sweegmgle over timdor 50-seat regionalbut
there is almost no changéhis indicaiesthat the market has settle®n the other hand, the -&@at regional jet
market has slightly increased sweep angle over tiiaeat regional jetreleased in 203 ould have a sweep

angle of abouk5° to stay around the market average based on the whilds 76seat regional jas around27°.

50-Seat Aircraft

76-Seat Aircraft

45 a5
Tupolev Tu-104 +15TD
o T o lev Tu-104 40 . == Linear Trend .
upolev Tu- 1STD Comac ARI21 - 700
= 3° ® Tupoley Tu-134A
Eﬂ CRJ 550 35 P .
— 30 Mitsubishi M100
< 30 .
%ﬂ 25 Bombardier CRI100 ¢ s a Antanov An-148 o
c ®  ®cmbraer ERIL45XR e Havilla
25 ® Embraer E176

‘é_ 20 Embraer ERI145 L4 o Fokker F28 Fellowship-1000 e Fa(i?'c}:‘?lsrns Dornier
B ® Fokker 70
> 20 Sud Aviation Caravelle | L)
& 15 . BAE 146/RJ70

o Fokker VFW 614 A =-0.0245(Yr) + 75.587 s ® Fokker F28 Fellowship 2000 A =0.0321(Yr) - 36.954

1950 1960 1970 1980 1990 2000 2010 2020 2030 1940 1950 1960 1570 1580 1590 2000 2010 2020 2030
Calendar Year, Year (Yr)
Figure 4-3: Sweep AngleMarket Trend Through Time
4.4  Wing Loading and Thrust-to-Weight Ratio Market Analysis

The wing loading plotted against the thrtstveight ratio is showiin Figure4-4 below. The black box
indicates the stamald deviation occurring around the most recent datastay on trend withegional jets in the

2030market,the Skyblazer Serieghould stay within the standard deviation to reneirend andompetitive.
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Figure 4-4: Wing Loading and Thrust-to-Weight Ratio Market Trend Through Time

5 Weight Sizing Code Generation

will also discuss aircraftharacteristicso improve performancand design.The following airplane design

The purpose of this chapter is to size the aircraft to the mission requirements listed in tHEhRF&ction

parameters will be determindadr theseries 100 and series 200

1 Takeoff Weight (Wro) 1 Wing Area (S) and Aspect Ratio (AR)
1 Empty Weight (W) 1 Maximum Cruise Lift Coefficient (Guax.c)
1 Mission Fuel Weight (W) 1 Maximum Takeoff Lift Coefficient (Gmax, To)
1 Maximum Takeoff Thrust (Tro) 1 Maximum Landing Lift Coefficient (Guax, )
5.1 Aircraft Flight Modes Prescribedto Flight Phase
The flight modes prescribed to each flight phaselagayed inTable5-1.
Table 5-1: Flight Mode Associated with Flight Phase
Flight Phase Flight Mode Flight Phase Flight Mode
1. Taxi 9 Gear Down 6. Climb to Alternate | 1 TakeOff Flaps
2. Take off 1 CTOL 7. Divertto Alternate | 1 Flap Retraction
1 TakeOff Flaps 1 Clean Configuration
3. Climb 1 Gear Up 8. Loiter 1 Clean Configuration
1 TakeOff Flaps
4. Cruise 1 FlapRetraction 9. Descend 1 Approach Flaps
1 Clean Configuration 1 Gear Down
5. Descend, Balked| § Approach Flaps 10. Landing 1 CTOL
Landing f Gear Down
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5.2 Weight Sizing Codefor Fuel Burn and Iteration of We, Ws, and Who

Aircraft fuel fractions for each flight leg wereterminedusing the processoutlined inJ an Ro s kamo
Airplane Design Part I: Preliminary Sizing of Airplanésl fuel fractions are tabulated ihable5-2.

Table 5-2: Aircraft Fuel Fractions
Wi/Wi = Segment Fuel Fraction
[R] T RoskamEstimation [30]
[E] - Estimation [C] - Calculated

W1/W+1o = Engine Start, WarrJp 0.99 [R]
WoW; | Taxi 0.999 [R]
W3/W, | Takeoff 0.995 [R]
W4/W; | Climb 0.98 [R]
Ws/W, | Cruise- Series 00/Series B0 0.8625/0.8950 [C]
We/Ws | Climb to Alternde 0.98 [E]
W-/We | Divert to Alternate 0.98 [E]
We/W7 | Loiter 0.9788 [C]
WoWs | Descet 0.99 [R]
Wi1dWs | Landing, Taxi, Shutden 0.992 [R]
Mg Mission Fuel Fraction Series 00/ 200 0.7534/0.7817 [C]

Takeoff weights for 100 Series and 20@eriesaircraftwere estimatedusingthe average takeff weight
found in STAMPED trends for 58eat and 7@eat configurations. A MATLAB code waggnergedto calculatahe
empty weight and fuel weight of the 100 and 200 series aircraft using the weight fractions listed labaedghts
are tabulated ifable5-3.

Table 5-3: Weights for Skyblazer 100 and 200 Series

100 Series Aircraft 200 Series Aircraft
Takeoff Weight, Wi, 55,000Ibs. 71,000Ibs.
Empty Weight We 28,774lbs. 36,603lbs.
Fuel Weight W; 13,565Ibs. 15,496lbs.

6  Wing and Powerplant Sizing

To size the wing and pawplant design pointsircraft parameteraiere rapidly estimated. These main
parameters includeing area, takeotfhrust, takeoff power, and maximum lift coefficiefds takeoff landing and
inflight. These parameters have been estimatedptithizedto achieveperformance requirements and objectives
such as stall speecruise speed, arfield lengths.

The design point was determined lokefining boundaries on sizing charOptimizing the relationship

results in smaller wing and engine siZzEse sméer wing and powerplant sizes can resulhigher performance
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The design poinis determined by calculating theing w 1
r3 = EPVZ CLmax Eqgn. 6.1

lim LimitingFlightCondition

loadingand thrusto-weight ratio undethe limiting flight

conditionas shown irEgn.6.1.

6.1 Takeoff and Landing Sizing

Take off sizings dependent on the takeoff distast@wn inEqn.6.2 for reference Takeoff distances are

affected by the takeoff weightakeoff speed, thrusto-weight T 37.5 (%) (Ib/ft?)
— TO

. . - . . w = Eqgn. 6.2
ratio, aerodynamicsirag coefficient, ground fiction coefficient, ‘W/to  StorL(f)0Cimaxto q

and lastly pilot technique.

When solving for takeofthrustto-weight ratiq the independent variablis the wing loading which runs
across the horizontal axis. Theo§ differs between the 58eat and 78eatrequired takeoff distares which are
4,000ft and 6000 ft respectively. Sigmaf, represergthe air density ratio and was calculated ,808 ft above
mean sedkvel and with ISA +18F asrequiredin theRFP[1]. Lastly, three Clmaxrovalues are plotted to serve as
boundaries for thepecificdesign poihin order toprovidean ideaof what Gmaxrovalues are required to achieve
specified requirements.

Landing distances are affected by landing weight, approach sg W %plfsfc,_,,m
— L
=y

Wro)

Eqgn. 6.3

deceleration methods used, flying qualities of the airplane, and pilot techn s (
Egn.6.3 on the rightwas used to determine the wing loadinglfardingsizing It is also used to find the required
wing area using the takeoff weight.

Following the same methods used to calculate wing loading valuéeskewff three G max valueswere
plotted to serve as boundaries for the specific design point in order to provide an idegwheaalDes are required
to achieve the specified landing field lengths @0@ft and §000ft for the respective aircraft configuration.

6.2 Climb and Ceiling Sizing

Climb sizing follows the FAR 25 guidelines and requirements for the different segments of flight and for
One Engine Inoperative (OEI) and All Engines Inoperative (AEI) situafidmesthrustto-weight ratio is calculated
for eachsegment usin@limb Gradient Requirement (CGR), number of engines, antbidtag ratio.The lift-to-

drag ratio is dependent on the drag polar equations.
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There aresix main configurations that define the various phases of flight for the aircraftcBafihuration
has a different amount of drag depending on the landing gear andTitegs®e drags ae quantified in a drag polar
equation as showmext to the curvén the drag polar plotiselow. It is observed that the landing gear down and flaps
out crea¢ more drag than the clean figurations or landing gear up.

The drag polars are plotted for each configuration for each aircraft shownwighotlie Skyblazerl00 in
Figure 6-1 and the Skyblazer 200 iRigure 6-2. The coefficient oflift is plotted at highervalueson the 56seat
aircraft chart due to requiring high& maxto and Gmax. Values.The drag polars plottedach have a respective

equation thatd a function of C.

12
Landing, GU @ Subsonic
Cp=0.0929 +0.0455 C12
10
Takeoff, GU @ Subsonic

— Cp=0.0329 + 0.0398 C.2
1 08
8 Clean, GD @ Subsonic
v Cp=0.0429 + 0.0374 C.2
T 06
[a)
‘5 Clean @ M0.8
= Cp=0.0182 + 0.0374 Cr2
2 04 -
‘.E Landing, GD @ Subsonic Takeoff, GD @ Subsonic
S Cp=0.1079 +0.0318 C.? Cp=0.0379 +0.0318 C,.?
(o]
|

02 —— Clean @ Subsonic

= 2
Co=0.0182 +0.0374 Ci2 Co=0.0179+0.0374 Cr
Clean @ M0.78
0.0

0 1 2 3 4 >
Coefficient of Lift, CL ()

Figure 6-1: Skyblazer 100 Drag Polars
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[ ]
& . .
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o 0.3 Clean @ MO0.78
= ' Cp=0.0220 + 0.0374 C;?
2 Takeoff, GD @ Subsonic
= 0.2 Clean, GD @ Subsonic Cp=0.0418 + 0.0318 C,2
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Clean @ Subsonic
Cp=0.0218 +0.0374 C.2
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Figure 6-2: Skyblazer 200 Drag Polars
The ceiling sizing calculation for thrust-weight ratio is dependent on many variables as sttoviine

rightin Eqn.6.4. It is also noted that the equation is

2
. . . . 2n(W
translated to altitude using the ratifoair density and 0.031 + 0.441 (%)
pressure between 32,0@0and standard sdavel. MZ—1
T
The ceiling requirement sizes the aircraft wir | = Eqn. 6.4
g red Wl 2n(W/,)

loading and lrustweightratio capabilities tdly at v

cruise altitude.
6.3  Cruise Sizing
Cruise sizing is based on cruise conditions such as altitude, der Taititude = To\oV8 Eqgn. 6.5

and speed. It is also dependent on the dvatar for aircraft cruise T (ﬂs)z g
_ ) ) ) o ) w = | Coo +% ay;  Edan.6.6
configurationsThe thrustto-weight eqation forcruiseis shownon the right
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6.4 Power Plant
Using thrust to weight ratio found in sizing charts and the specified takenff

T
TTO = ﬁ * Ww Eqn. 67

weight, the required takedofifirust for the aircraft could be determinledding to
the selection oéngineslUsing the redtionshipon the rightin Eqn. 6.7, the takeoff thrustequired for thes0-seat
and 76seatconfigurationsare17,458lbf and 25000 Ibfrespectively. tw = (t/0)/(t/c), [Ean.6.8

6.5 Wing Fuel Volume

The wing fuel volume was calculataébng withthe wing loaing. It was based othe thickness to chord

2

ratiosfor thetip and root shown i&Eqgn. S2\ st
Vi = 0.54 (F) () @+ 2wl +Momw)/@+ 20D Eqn.69
r

6.8. This ratio is then applied t&qn.6.9

with other wing characteristi¢s get an estimated wing fuel volun@onsdering a supercriticairfoil, the thickness

to chord ratio was determined to b&%. The thickness to chord ratio will remain consistent from the root to the tip
as the samairfoil will be used throughout the entirety of the wing. This will result n af 1. With a wing area

of 478ft?and a span of 77ft, thewing fuel volume is calculated to H&7 ft*> which converts td,249 gallons of
fuel. This serves aasuitablefuel volumefor bothseries of aircrafshown inTable6-1 belon. The76-seat aircraft

will have the same wing size on its configuration

Table 6-1: Fuel Volume

Fuel Weight, W | Fuel in Gallons | Fuel VolumeNeeded | Available volume
Skyblazer 100 Series 13565Ibs. 2,033gal 272 ft3 16713
Skyblazer 200 Serie 15,4961bs. 2,323gal 31113

6.6 Complete Sizing Chart

Overall,the Skyblazer series are shovamteet all of the sizing requirements based on its location with
respective guidelines and trerafcalculaed and shown iRigure6-3 andFigure6-4 for the 50seat 76seat version
respectively. All of the requirements are shown to be met, adetsign locatioris above and within all of the
boundaries on thplot as shown as the blackrcles The vertical red lines shown on the graph are the maximum
landing C. boundaries, and the aircraft is to the left of them which indicates meeting the requirEneehtue
diagonal lines are the maximuiakeoff C. boundaies, and the aircraft is above the requirement. The horizontal

lines are defined by the FAR 25 climbquirements, andigher than this meethe requirement. The curddines
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in yellow are the ceiling andimb boundaries and are met with the aircraftdtion shown as a black dot is above

those lines.
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It is observed that théhtustto-weight and wing loading are higher than the standard devigtigph
previously generated figure4-4 due to having a much smaller takeoff field distarempiirement of 4,000.ftThe
Skyblazer aircraft wing design hasmall area with high lithg mechanismsnd complex flaps to achieve a short
takeoff distance. The thrust is also highdvéacapable of achieving a short takeoff distance, causing a higher thrust
to-weight ratio.Similar aircraft are also plotted foomparison of wing loading and thriskweight

The design pointfor the Skyblazer serieser e pl aced based on the chose
weight. The wing loading was also sized based on preliminary wing sziaghieve varying lift gefficients to
meet the short takeoff distance requireméMing fuel volume also affected the wing loading design points.
Comparable aircraft are also shown to be plotted for comparison in wing loading andicthvagght ratio

The isoclines are alsogitedas curves between tlweefficient of lift linesto show the tradeoff between
aircraft weight and cost. Both aircraft are observed to be weakly optimized but moving in the right direction.

6.7 BasicPerformance Plots

To analyze the aircraft performanat varyingMach aspectratios,wing loadings, andititudes, a series
of carpet plots were designed to help make decisions regarding the geometry of the wing and the weight of the
aircraft to meet requirements of the RFPhese have been used in conabion with the sizing charts to narrow
down the specific values for each of those variables that can be used for optimum fligépesnratidetweenl 1
and12 has been chosen with fuel and performance conditions in winilé,a wing loading of 11%bf/ft> and 150
Ibf/ft? have been chosen for the Skyblaz86 and 200 respectivelYhis can help determine the specifimge and

L/D the aircraft will be achieving during the mission
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Figure 6-5: Skyblazer-100 PerformancePlots
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7  Class | Configuration Matrix

In orderdetermine the corredesignthat will fulfill all of the regired objective andequirementsit is recommended to performpmeliminarydesign analysisPresergdin Figure7-1 are a sweep of configurations considered for a viable regional jet

design. Thelesigns considered contains both conventionakadil designs to ensure tlaktareas are considered before down selection.

1. High Wing 2. Low Wing Aft Engines 3. Low Wing Low Engines

4. High Wings High Engines 5. Blended Wing Aft Engines ' '
6. Low Wing Dual Tail

7. High Wing Canard 8. Infinity Wing 9. Blended Wing High Engines

Figure 7-1: Configuration Matrix for Class | Design
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7.1 Rejected Configurations

This section presents the configurations that were rejectgutdbminary design. Configuration pros and

cons are listed in the tables below alongside their optimization function (OF) scores.

Low Wing Low Engines: OF =1.15

+ Standard Regional - Not Unique to
Jet Design Market
+ Low Certification - Poor engine
Cost clearance
+ Easy Maintenance - Ground Noise

+ Ground Effect Lift

Blended Wing V-Tail: OF =1.07

+ Light-Weight - High Cabin Noise
Empennage - Unstable Pitch
Configuration Break

+ Unique to Market - Unstable Yaw Break

- High Certification
Cost

- CG Excursion

Low Wing Dual Tail: OF =1.17
+ Ground Effect Lift - High Certification
+ Unique to Market Cost
- High Cabin Noise
- Engine Thrust
Interferes with
Empennage
- CG Excursion

High Wing Canard: OF =1.08

+ CG Balace - High Engine Count

+ Unique to Market - High Certification Cost
- Unstable Pitch Break

Figure 7-2: Low Wing/Low Engines

Figure 7-4: Low Wing Duel Talil

Figure 7-5: High Wing Canard
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Infinity Wing:  OF =1.10
+ Unique to Market - CG Excursion
- High Certificatin '
Cost ) )»
- Unstable Pitch >
Break :

Figure 7-6: Infinity Wing

Blended Wing: OF =1.06

+ Unique to Market - High Certification
+ Reduced Ground Cost
Noise - Unstable Pitch
Break

- Unstable Yaw Break
- High Cabin Noise

Figure 7-7: Blended Wing High Engines

7.2  Accepted Configurations

The three most competitive configurations are presented in the tables below alongside their pros and cons.

High Wing: OF =1.19
+ Standard Regional Jet - Not Unique to
Design Market
+ Low Certification Cost -  High Engine Count
+ Improved Ingress/Egres:  High Engine Noise
+ Improved Passenger
Visibility

Figure 7-8: High Wing
A high-wing desigrshownin Figure7-8 alows for the integration of more ingress and egress locafltnis

minimizes ground time and improsevacuatiortimesin the event of an emergenchhe high wingconfiguration
is not unique to the regional jet rkat, which lowerscertification costs. Howevebecause this desigs not unique,

it does not offer enough significant advantages exatingregional jet aircraft.
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High Wing High Engines: OF =1.29

+ Ingress/Egress - Certification -~
+ Improved Passenger Cost
Visibility - Increased
+ Unique to Market Wing Weight Yo
+ High CL - Powerplant } i
+ CG Balance Improvement
+ Maintenance and Servicing _ _ _ . _
+ Reduced Ground Noise Figure 7-9: High Wing/High Engines
+ Shorter Runway

Requirements

This highwing high-engine configuratiorobserved inFigure 7-9 is based off of the Y@4 and AN74
aircraft. Placing the engines on top of the wings increase tltihg takeoff due to thepper surface blowing
(USB) effect. While this design suffers from a high certification déstjnique layout offers a variety of advantag
over existing regional jetsas listed abovesome drawbacks to placing the engines on the wirddsdea higher

wing weight, increased noisand difficulty in growing powerplant size.

Low Wing Aft Engines: OF =1.27

+ Standard Regiona - Not Unique to -
Jet Design Market

+ Low Certification - CG Excursion
Cost - Powerplant

+ Ground Effect Improvement
Lift - Cabin Noise

Figure 7-10: Low Wing/Aft Engines
The lowwing aftengine desigin Figure7-10is already widelyusedin the regional jet markeThis design
is proven anavould have a low certification codmit it does not offer any advantages over existing aircraft

7.3  Final Configuration Selection

Analyzing the configuration matrix i The hi gh avotof gensea Or
theflight line, there was a general principl!

revealed the higiving  highengine | involving ground equipment: If a thing ca
hit a wing, it WILL

configuration observed Figure 7-11 as the [ -R. Paul Barrett, Saudi Arabian Airlines
Superintendent of Flight Safety on tight

optimal design. This configation offers | line, Jeddah, Saudi Arabia

several advantages ovather regional jetsThe engine placement offers improved performance through the

effect.Increased lift makes the aircraft more efficient and allows the aircraft to operate on shorter rovakay,
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it compatibé withairports other regional jets may not have acceS3ehigh enginesiso keep the center of gravi
of the aircraft further forward in comparison to L

other configurationsFurthermore, &high wing

also enhances thgassenger experience through

increasedVvisibility and improved ingress and

egress timesOverall, this configuration provides

a unique design with several performance and

passenger benefits, separating itself from the rest
Figure 7-11: High Wing/ High Engine Final Selection

of the market.

7.4  Configuration Features and Airline Operations Expet s 6 Obser vati ons

A preliminary design was presented to experts in the aerospace field which allowed possible pro
be raised. These perceived challenges are covered along with the current market solutions and Skyblaze

Some quotes aresd presented from the expert comments on the preliminary Skyblazer design.

One issue that was brought up after the prelimin
design review was thever wingengine mounting
configuration with respect to difficult maintenana
and replacement requiring spalized equipment. |
This over wingengine mounting height coincide
with currentengine mounting equipment, atite

configuration would utilize a Wruss for simplified

Figure 7-12: Easy Line Maintenance for Engine at 10 ft
off Ramp like Skyblazer, DG9, EMB-145, and CRJ [31]

engine replacement and mainteranghown in
Figure7-12.

Therewas also a comment questioning our ingress/egress time reduction and compliance. Howe
configuration will use multiple door boarding and will be ADA compatible for proper ingress and egress ope
Current RJO6s strugg]l psduetottheir taldd Aature cequpirgtmiorb éxpensiveasoluti

Figure7-13 shows the Skyblazer cabin door layout for ingress/egress and emergency operations.
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Figure 7-13: Skyblazer-200 Cabin Door Locations for Normal and Emergency Operations

Some experts questioned the aircraft abilityntegratelanding gear and fuel storage. With the selec
configuration for the design, sponsons will house both main landing gear and additional fuer heyksill
provide needed space for additional systeamnsl the bnefits outweigh drag drawbacks. Current airdeaft all
fuel into the wingo redu@the additional dragutthis placesaircraft further off the ground compared to an airci
with sponsongrigure 7-14 shows sponsons with landing gear and fuel tank integrébir a C17 Globemaster II.

For refueling time and capability, sponson and wing fuel tanks will allow for distributed fuel. With 1
hose capabilities, refueling time may be reduced. Current aircraft are usually only fueled from one locatic
wing, taking much longer during turn around.

An aerospace expert questioned the reductions in direct

-—*

operating costs. To achieve this, increases in aircraft opere
tempo (flight legs per day) will be performed, which wou
decrease the number of airplangsr fleet. Current aircraft
require more time during turn arounds reducing the amoun

turns they can make a daysing a magic carpethe loading

Figure 7-14: C-17 Globemaster Il Landing
times are also much fastrown inFigure7-15when compared Gear and Fuel Sponson{32]

against manual lodng and unloading
After the preliminary design review, the Skyblazer cabin loading time reduction capabilities
questioned. However, this configuration will utilize cabin luggage bins to reduce overhead storage conge

reduce boarding time€urrent aircraft are often congested with a large number of people waiting to ge
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carryonfrom overhead binswith the unique regional configuration, the water emergency and egress/il
capabilities needed to be clarifigdurrent regional jets hawver wingexits during water emergency ditchin
Sponsons would help float a Skyblazer aircraft during emergency dit¢Horgation tubes could be added tc
Skyblazer for flights over large bodies of water. Exits above the sponsons could be esatf@ncy egress whil

preventing water ingress.

1 2 4 6 10
40
Length of Bay (m)
v a _~
-«y‘_@-
E -
2 s
L 4 -
- — *
At ¢
f"‘.
- - Number of Bags
0 50 100 150 200 250

Figure 7-15: Number of Baggage Unloaders with Manual vs. Sliding CarpgB83]

Figure7-15 contains a ploof collected data fnm Telair that conpares loading timesf manual luggage
loading toan automatic luggage carpdtigure 7-16 contains an image of the magic carpet system that wi

implementednto the Skyblazer configuration. Tieagic carpet will continuously run from nose to tail.

.

Luggage OffLoading

Figure 7-16: Continuous Noseto-Tail Magic Carpet System
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8 V-n Gust andManeuver Diagram and Flight Envelope

The gust and maneuver¥diagrams for both aircraft are generated and discussed in this section :
based on FAR 25 requirements. Tha&diagrams shown below provide the limits of the of the aircraft by sho
which load factor is being applied atfdifent speeds. The speeds analyzed are +1g stall spagd(Mise speec
(Vo), dive speed (¥, mauver speed (¥ and the designed speed for maximum gust intensify TWYie maximum
|l oad factor is 2.5g6s -lwhoiglées tfrstogmspeedsabt dicing speeds) Lioe
associated with vertical gusts are also evaluated over velocity in the gust diagrams. The gust and maneuv
is shown for the 5@eat aircraft irfFigure8-1: 50-Seat \\n Maneuver and Gust Diagram

3

n lim,pos

2.5

1.5

|
\
I [ U

0.5

Load Factor, n (g's)

S-S vd

0 1000 200 300 T~ _ 400 500 700

(Utility & Aerobatic)

1 -

n lim,neg -Cnmax

-1.5
Flight Speed, V (kts)

Figure 8-1: 50-Seat \*\n Maneuver and Gust Diagram
The flight envelope is shown Figure8-2 with altitude plotted against flight speed in Mach. The sen
ceiling limit shown at 42,000 ft, 1g stall line is shown in black, and maximum Mach limit on the right at 0.85

The various rates of climb are plotted as labeled in the legend.
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Figure 8-2: 76-Seat Flight Envelope

9 Payload-Rangeand Fuel Burn

A payloadrange diagram uses various parameters that affect the aircraft efficiency to calculate rang
on different payloadsThe Breguet Range equation used to generate the pkigiure 9-1with both the 100 anc
200 series showiizgn.9.1 is shown below with the observed inputs used to calculate range. The weight fra
altered for each point on the plot depending on the different payload load cases showmplots timeluding
maximum zero fuel weight, maximum takeoff weight at maximum payload with tanks full, and maximun
range. Each of these payload scenarios provide insight for the customer on the tradeoff relationship be
range available undercertain payload. Three different cruise speeds are also used to show the range pos
for values of Mach 0.78, Mach 0.8, and Mach 0.85 shown in black, red, and blue respectively on the diagr

range at MTOW with maximum payload is the struaklimit payload range. The 5&eat aircraft is observed f

have a longer structural limit payload range based o V(kts) Ly, (Wi Ean. 9.1
R(nmi) = ¢ (Ibf /Ibf — hr) (D)l ( ) .

i

the RFP requirement and size.
Table9-1 shows the calculated fuel burns per trip and seat for the Skyblazer sergrs BRJIL45 based or
the 500 nmi and 1000 nmi rangéhe Skyblazer series has a lower fuel burn per seat and higher fuel burn |

when compared with the ERJ fuel burn.
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Figure 9-1: Payload-Range Diagam for Varying Cruise Velocities
Table 9-1: Fuel Burn Comparison
Skyblazer-100 ERJ-145 Skyblazer-200 ERJ-170
Fuel Burn/Trip-
500 nmi (Ibf) 3,310 3,650 5,000 4,900
Fuel Burn/Seat
500 nmi (Ibf) 66.2 73.0 65.8 68.1
Fuel Burn/Trip-
1000 nmi (Ibf) 6,620 7,310 10,000 9,800
Fuel Burn/Seat 132 146 120 136

1000 nmi (Ibf)

10 Design and Sizing

The overall final design characteristics and specifications sized in this section are shown Helolelif-1. It
includes someharacteristicthat are shared between the aircraft including the wmugcockpit designs. The fuselage,

cabin, and empennage vary between the aircraft due to the size differences and requirements
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Table 10-1: Skyblazer 100and 200Series Salient Characteristics

Fuselage Characteristics

Fuselage (100 Cabin Interior (100 Overall Aircraft (100
Series/200 Series Series/200 Series) Series/200 Series)
Length, | (ft) 79.5/88.8 44159 85.4/ 96
Maximum Height, Rax (ft) 11.3/10.2 9.17/9.17 22/ 22
Maximum Width, Whax (ft) 10.2/11.4 9.17/9.17 83.9/83.9

Planform Characteristics
Horizontal Tail (100

Wing Series/200 Series) Vertical Tail
Area, S (ff) 537 85/70 121
Span, b (ft) 77 16.35/13.435 11.2
Mean Geometric Chord\(ft) 7.7 5.7/5.71 10.9
Aspect Ratio, AR 11 3.14/2.59 1.04
Inboard Sweep Angles is (deg) 0 33/33 30
Outboard Sweep Anglg,os (deg) 28 - -
Taper Ratiop- 0.4 0.3/0.3 0.8
Thickness to Chord Ratio, t/c 0.14 0.12/0.12 0.12
Airfoil Supercritical SC(2p714 NACA 0012 NACA 0012
Anhedral Anglefi (deg) 2 2/2 -
Incidence Angle, i (deg) 0 0/0 0
Control Chord Ratio 0.25 0.25/0.25 0.25
Control Span Ratio 0.26 0.875/0.875 .97
Flap Chord Ratio 0.25 - -
Flap Span Ratio 0.57 - -

10.1 Cockpit Layout and Design

The cockpit was sized usinthe methodsoutlined in
Ro s k a mdé s DdsignPartlllia Twe main designcriteria were

considered in the cockpit design: 1) Pilmdmpatibility and 2)

visibility requirementsThe Skylazer series features a glass cockg Figure 10-1: Cockpit Layout
The overall layouin Figure1l0-1 remains similar to current market leaders
(ERJ 145 and CRJ2PA@o make the pilot transitio to the Skhlazer
aircraftsmoother To account foppilots of various sizeghe seats can be
adjusted 3.5 inches in each directign all pilots achieve the required

visibility. Figure 10-2 demonstrates a 95and 2" percentile male and

female operatinghe aircraft.Pilots have maximum viewing angles ¢ Figure 10-2: 95" and 20" Percentile
Male and Female in Cockpit
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52.# upwards and 31downwardasshown n Figure10-4. A more detailed analysis of pilot viewing angles was
conducted to verify the cockpit design achieves all FAR 25 viewigtpaequirements. The analysis was conducted
using the captain side pilot eye wid-igure 10-4. The Skyblazer viewing anglexhieve or surpaske FAR 25

recommendations at all measured pogaen inFigure 10-5.

Figure 10-4: Pilot Maximum Viewing Angles Figure 10-4: Cockpit Side View

60
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40
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Pilot Vertical Viewing Angles (°)

10

20

30

— @ —FAR 25 Recommended Visibility —8— Skyblazer Measured Visibility

40
160 140 120 100 80 60 40 20 0 20 40

Pilot Horizontal Viewing Angles (°)

Figure 10-5: Skyblazer vs. FAR 25 Recommended Cockpit Viewing Angles
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10.2 FEuselage Layout
The fuselage dimensions were sized using the ratio of the total fuselage length to the maximum fuselage

diameter showin Figure10-6.

]f . Overhead Systeis
Fuselage Fineness Ratio = — Eqn. 10.1 Oxygen Wy, Storage
df Generator ) /
B . . . . y / O; Mask
A fineness ratio ranging from four to nine it Oxygen Mask —/ — (Deployed)
(Stowed) //i g/
ideal when selecting the fuselage lengths. Al (;’

increase in fuselage length will be the majc
discrepancy between the -S8at and T76eat
configurations. Keeping the diameter of the fusela

y
Under Seat Storage f« ~Systems

the same for each configuration the fineness rat
Cargo Door __— [~

will be 7.02 and 9.72 bitk for the 5@seat and 76 (Ve sidnscorpe) s = o i
Figure 10-6: Fuselage Cross Section

seat designs respectively. The seating configurat
was based on the passenger capacity requirements. Theecties sbwn in Figure 10-6 hasa diameter ofL00
inches

As seernin Figure10-7 andFigure 10-8, a two and two configuration aschosen for the seat layout. This
configuration was chosen to maximize the fuselage fineness ratio. Using a two and one would yield a design that
would be too londo be aesthetically pleasing and cause-te#kéail strikeisstesFigure10-7 andFigurel0-8 depicts
the 2x2 fuselage layout of the 2x2 50 and 76 seat variant respectively. The cabin is easily abterntmdate a 95%
percentile male and a 20% percentile female with plentiful space for ameFigiese 10-7 andFigure10-8 displays
the internal features of the fuselage for thesB@ter variant of the dgs. The internals of the fuselage contaire
lavatory for the 50-seatconfiguration and 2avatoriesfor the 76-seater The fuselage also requires a galley from

storage of hot meals and other amenities, this is placed at the reab@fstnatconfiguraion andat the front for the

76-seat configuration
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Optional Baggage .
Storage Optional Baggage
Storage

Optional Baggag

OotiGHal Flight Crew Foldable
o ptional Baggage Seating
Storage

Storage
Figure 10-7:50 Seat 2x2 Cabin Layout Top view
Flight Crew
Foldable Seating Type 3

Figure 10-8:76 Seat 2x2 Cabin Layout Top view

In order b improve the overall efficiency of the aircraft during normal operation and emergency operation,
three exit locations are placed on the right side of the aircraft. The primary exit locations are at the front and rear of

the aircraft with the center exiéserved for emergency or high passenger instances.
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10.3 Engine Selection andinstallation

Using the thrust requirements for optimal performance based on the j“ @
ol i
! "3

weight and wing sizing, the two engines for thesg@at and 78eat aircraft )

Figure 10-10: GE CF34-3[34]

are General Electric CF3l and GE CF348C respectively. Following the

configuration previously outlines, the engines will be mounted on top of

high wing. This configuration allows simpler methods for installation and =

maintenance for less hassle and risk of damaging the engineorc r a f t
truss is used on the outside of the engine to hold the engine in place
connect it to the wingA winch will also be used to allow the lowering of the /
. . . . . . Figure 10-10: GE CF34-8C [35]
engine without outside equipment in order to conduct maintenance on th

engines this will save in costs and timas seen irFigure 10-12. A CAD model showing this method of engine

mounting is shown below iRigure10-11.

Figure 10-12: Integrated Winch System andViaintenance

10.4 Wing Layout

The wing characteristics to develop the wing layout deaigrdetermined in this section. As previously

discussed, the overall wiffgselage arrangement is a higing with high mounted engines. This arrangent reflects
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high lateral stabilityand high visibility from the cabin but includes drawbacks of high landing gear weight and
increased interference drag.

The preliminary wing thickness was sized using a 13% thick airfoil to meet wing fuel volume mesntse
Using this thicknessa cruise Mach of 0.80, and a calculated cruise lift coefficient of 0.31, the quarter chord sweep
angle was estimated to be 28°.

A wingspan of 77t was determined to fit the ICAO gate spacing requirement for code B. UsingSHEBR
data, a preliminary average mean chord fifiwas determined which results in an aspect ratio of 11.

The inboard dihedral was determined to be 0° to support the engine mounting, while the outboard dihedral
has an angle of 2° as shownFRigure 10-13. Although, after consideration the outboard section of the wing will
include an anhedral deflection to account for roll stability for a high wing configuration. The incidence angle was
based on historical aircraft with the samenfiguration and was determined to be 0°. The taper ratio was also
determined based on historical data and was selected to beAGsdfercritical airfoil was selected based on the
aircrafts high Reynolds number and high cruise Mach that the aircrafexpérience in cruise flight. However,
supercritical airfoils can lead to high trim drag and can cause problems with high lift sizing which will be discussed

in the next section.

Thrust Reverser

S

Ceramic Skin

Fowler Flaps

/

Double Slotted

Flaps
4

Drooped Aileron

¥

Figure 10-13 Wing Front and Isometric View
Ceramic skin will be applied to the inboard section of the wing that the engine is mounted on. This will be
used to avoid ablation and limit the need for charring. This will increase the life span of the fowlasddps the

most inboardsection of the wingThe ceramic skin has the risk of impurities in the heating process of the ceramics
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required to fire the material. It also will require structural test and regular checks. To mitigate these risks, regular
structural tests will be penfmed to ensure quality. This may also save on the cost of replacing wings damaged due to

charring.

10.5 High Lift Devices

Using material outlined in Roska@mairplane Design Part lin Chapter 7, the high lift devices were sized
and determined that the witagea and airfoil selection will have to be reviewed in order to insure enough lift from

these sizesan be achieveA fowler flap was chosen

due to the amount of Cnecessary for takeoff anc Primary Flow
landing flight conditions calculated in the wing desic

portion. This section will need to be iterated in order

. o o . » Wing
achieve an accurate wing size, airfoil, and sizes of Engine

high lit devices. Figure 10-14: Upper Surface Wing Blowing

The Skyblazer 100 series was determined to have the critical CLmax needed due to the shorter field length
it has to take off whin. The wing produces a_©f around 2.3 determined using VSPaero to create a simulation of
the wingds provided Iift at | anding conditions.

The needed Gax for landing (the most critical case) was determined to be aroun@itbsZmeans complex
highl i ft devi ces need.,ofaboub3el toaggbnkrate enaugh difr far a sake laradingphis can be
reduced to about 4.5 using the slip stream and Coanda effect provided by the over wing engines. With a reasonable
flapped wing area to wing @a of 0.3, this requires a high lift device that provides a localizeaf T.3 with a slip
stream angle of 60°. This was determined to require a flap deflection angle of greater than 90° to produce a safe amount
of lift for landing. All other flight regines are safely within reasonable safety mardihs.aircraft is unable to provide
enough lift for landing with just the wingsothis is where the upper surface blowing will become a major player and

provide the aircraft with the proper amount of liffand safely in OEI scenarios.

10.6 Empennage Sizing

Table10-2 shows the calculated horizontal tail and vertical tail volume coefficients of three similar aircraft
configurations. Each of these aircraft had significantly higher volumeficients due to their enormous size and

configuration. These volume coefficients were calculated by geometrically analyzingvigweérawings and
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estimating their approximate CG locations. Using their wingspans as a reference, other geometridstics actee

calculated, such as area, span, mean geometric chord, and approximate CG talyprdrigfthe mean geometric

chord for the horizontal and vertical tail

Table 10-2: Horizontal and Vertical Tail Volume Coefficients of Similar Aircraft

d

e ‘
4 =
VRN S
L y ‘,9 %‘(
. Boeing YC-14 McDonnell Douglas i
Aircraft [36] YC-15[37] Antonov An-72[38]

Horizontal Tail Volume Coefficien 1.31 1.25 1.28
Vertical Tail Volume Coefficient 0.115 0.113 0.151

Table10-3 contains theorojectedempennage characteristics for both Skyblazer series aircraft. The volume

coefficients were an average of the volume coefficients fourTchlohe 10-2. The approximate CG locatiowns$ the

horizontal tail and vertical tailere estimated with a thraéew CAD drawing of the Skyblaz&00 and 200. Finally,

the horizontal and vertical tail areas were solved usiagnown wing area, wingspan, and mean geometric chord of

the wing.The horizomal and vertical tail volume coefficients were used to give general estimates of the empennage

sizing for the Skyblazer series aircraft.

Table 10-3: Skyblazer SeriesProjected Empennage Characteristics

Skyblazer Variant 100 (50 Seat)| 200 (76 Seat)
HorizontalTail Volume Coefficientf 1.28 1.28
CG to the Quarte€hord of the MGC on the Horizontal Tail, Xt) 37.8 38.5
Horizontal Tail Area, §(ft?) 108 106
Incidence Angle of the Horizontal Taik, () -2 -2
Sweep Angle of tye Hori zont al 30 30
Vertical Tail Volume Coefficient§ 0.126 0.126
CG to the Quarte€hord of the MGC on the Vertical TaH, (ft) 38.5 38.5
Vertical Tail Area, $(ft?) 121 121
Dihedral Angle of the Veical Tail, dx (°) 90 90
Sweep Angle of the Vertical Tag, (°) 30 30

The incidence angle of the horizontal tail will be chosen to be aBbtd pitch the aircraft down to counter

the pitch up from the wing. The horizontal tail sweep angle will loeiaBC, which is greater than the wing sweep to

ensure our horizontal stabilizer does not stall before the wing to maintain control. This same idea will be applied to

=%E
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the vertical tail, which will ensure the vertical stabilizer remains in control. THealetail sweep was therefore

chosen to be 30The dihedral angle of the vertical tail for the SkyblaAg® will be 90.

Table10-4 containghe selected empennage sizing vafeegach Skyblazer varianthe selectetiorizongl

and vertical tail areas were decided udtngure10-15, Figure10-16, andFigure10-17. The Munk shift valuewere

calculated below using Multhopp Integration.

Table 10-4: Empennage Selected Sizing Values

Skyblazer-100 |  Skyblazer-
(50 Seat) 200 (76 Seat)

Lift Coefficient due to Angle of Attack on the Wing, (rad?) 415 415
Lift Coefficient due to Angle of Attack for the Wirguselage# (rad?) 4.15 4.15
AC Wing Location from the LE of the Wing MGB,  (fr. A 0.25 0.25
Lift Coefficient due to Angle of Attack on the Horizonfiadil, #  (rad?) 4.15 415
AC Horizontal Tail Location from the LE of the Wing MG&, (fr. A 5.65 9.92
Horizontal Tail Area, §(ft?) 85 70
Downwash on the Horizontal Tail due to Angle of Attaek, 0.0195 0.0193
Changen AC Location due to Fuselage (Munk Shittg  (fr. A -0.92 -1.21
AC Location of the Aircraft from the LE of the Wing MGE,  (fr. A 013 0.25
Vertical Tail Area, $(ft?) 121 121
z(rz\c/]lvllyg Moment Coefficient due to Sideslip fine WingFuselage# -0.00132 -0.00150
Lift Coefficient due to Angle of Attack on the Vertical Tal, (rad?) 3.64 3.64
Yawing Moment Coefficient due to Sideslip, (deg?) 0.020 0.0084

Figure10-15 andFigure10-16 contain plots that track AC and CG Location as a function of the horizontal

tail area for the Skyblazei00 and Skyblaze200, respectfully. The most forward and aft CG location lines were

superimposed oeach figure to visualize the desired static margin rafige horizontal tail areas were selected at the

intersection with the most aftG line to maintain neutrab positivestability.
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Figure 10-17: Yawing Moment Coefficient Plot with Vertical Tail Area
Figure10-17 contains a plot that tracks yawing moment coefficient as a function of the vertical tavithrea
safeareaplotted Tablel0-5 outlines tke Critical Engine Out Rudder Deflection needed to maintain a steady heading

on takeoff. The values of ~I’Land ~15 for the Skyblazer 100 and 20@spectively are reasonable for landing
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allowing for rudder use when landing in a high crosswind duringngimeout condition as wellThis allows for the
tail to be reduced in size if allowed by directional stability and provides a safe condition duringl@sltaking all
of these in consideration, the tail appears to be much smaller than aircraft viltin designs. To be safe the team
chose to use the largest of the tail areas, which is the benchmarked size 8f TA® fhelps take unknown and
complicated aerodynamic effects into consideration.

Table 10-5: Critical Engine Out Rudder Deflection Values

Skyblazer-100 Skyblazer-200
Distance to Engine,ighg (ft) 375 38.5
Take off OEI Thrust, Joqengine)(1bS) 9200 13790
Critical Drag Induced Yaw Moment,d\Nft-1bs) 345000 530915
Minimum Control SpeedVmc (ft/s) 153 185
Yawing Moment Coefficient due to Rudder Deflection; @deg?) -0.331 -0.340
Rudder Deflectionii, (deg) -10.5 -15

10.7 Landing Gear Desigrs

The basic landing gear configuration for the Skyblazer 100 and 200 series aircraft wgreddesih minimal
differences to allow for easier manufacturing. The aircraft both feature identical nose and main landing gear wheels.
Wheel sizes were based on the landing gear of aircraft with similar takeoff weights. Nose gear assemblies for both
aircraft have two wheels on the nose gear. Regarding the main gear assembliesehieah@raft has two sets of
wheels on each gear, with a total of eight wheels on the main landing dgéguial0-19. The 76seat aircraft has
three sets of wheels on each gear, with a total of 12 main landing geas,wheei inFigure10-18. The longitudinal
placement of the main gear allows the aircraft to achieve the requited thkeoff clearance.

Table 10-6: Landing Gear Wheel Dimensions

Nose Gear Main Gear
Wheel Diameter (in.) 21 34
Wheel Thickness (in.) 7.25 9.25

00000 ((((ULL(([‘(‘LH:,,, 00 _nooeessnsnnas
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Figure 10-18: 76-Seater Side View and
Clearance Angle

Figure 10-19: 50-Seater Side View
and Clearance Angle
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Figure 10-21: Landing Gear Placement Method

Figure 10-20: Landing Gear Front View

The maingear was placedsing a 35 half-angleas showrin Figure10-21. This placement method allows the
aircraft to achieve lateral stabilitfhe nose landing gear height was designed to provide adequate lateral ground
clearance; the Skyblazer series aircraft achieve a lateral ground clearance anglshof2ilinFigure 10-18 and
Figure10-19.

The 50seat aircraft distributes 91% of the static load to the main gear while eatv@ircraft distributes
93% of the static load to the main gear.

The sponson desgimas heavily influenced by the main landing gear intergation and fuel storage. When the
landing gear is fully extendethe landing ires lie outside of the fuselage structure as $eétigure 10-20. This
povides the aircraft witgreater stability during ground operations compared to inboard langin gear. The main landing
gear is designed to retract into the sponsons with the use of huydralic pistons inordetrizerspace and avoid
any landing gear system failure. The tdie sponsons will pertrude into the cargo space reducing the overall cargo
volume however this will allow for exteral storage in the sponsons. Since the wings have inadaquet space for fuel
the sponsons provide an ideal loaction for fuel storage, sincerieyvay from the cabin.

Table10-8 contains the determined static and dynamic tire loads for both the Skyblirand Skyblazer

200. The maximum tire loads were more critical for the tire selection. TrT-abIe 10-7: Landing Gear Loads

maximum static and dynamtire loads were grown by 25% as a factor ppf 100 Series 200 Series
(50 Seat) (76 Seat)
safety for a more conservative sizing. These expanded maximum tire |o@ds(Ib) 55,000 71,000
In (in) 299 424
were used for the tire selection Trable 10-10. The Skyblazed00 and | I (in) 30.0 31.7
Pn (Ib) 5015 4950
Skyblazer200 will have one strut for theose landing gear and two strutsp,, (Ib) 49985 66050
Po/Protal 0.09 0.07
for the main landing gear. Pr/Protal 0.91 0.93
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Table 10-8: Determined Static and Dynamic Tire Loads for the Skyblazer Series

Skyblazer-100 Skyblazer-200
Max Static Main Gear LoadpyR p 1tlbf) 26.7 42.3
Max Static Nose Gear Loady$nax(( p Ttibf) 4.85 118
Min Static Nose Gear Loadn®min(( p TTIbf) 1.62 8.56
Dynamic Nose Gear Loady®((  p 1tlbf) 8.13 15.0
Dynamic Main Gear LoadNB ((  p Ttibf) 486 57.8
Main Max Satic Tire Load, Rst max( p 1tlbf) 6.67 7.06
Main Max Dynamic Tire Load, ¥dt max (P T1uibf) 122 9.64
Nose Max Static Tire LoadaBr max( p Ttlbf) 2.42 5.90
Nose Max Dynamic Tire LoadnBr max( p Ttlbf) 4.07 7.50
Main Static Tire Lod with 25% Growth, Rst250,( p TUIbf) 8.34 8.82
Main Dynamic Tire Load with 25% GrowthuBr 250, ( p TUIbf) 152 120
Nose Static Tire Load with 25% Growthyd? 25%( p TTlbf) 3.03 7.38
Nose Dynamic Tire Load with 25% Growthyd? 250.(  p Tlbf) 5.08 9.37

Table 10-9 contains the landing gear strut and tire deflection values and their intermediate, influencing

variables. The touchdown rate is known FARr@guirementsThe shock absorption and tire efficiency wialeen

from a table in Roskam Part [89]. The Skyblazer series of aircraft will use ef@meumatic struts. The landing gear

load factor was selected to be 2.0 for the short takeoff and landing operations and its FAR 25 certification.

Table 10-9: Landing Gear Strut and Tire Deflection for the Skyblazer Series

Skyblazer-100 Skyblazer-200
Main Gear | Nose Gear | Main Gear | Nose Gear

Touchdown Rate, wift/s) 12

Landing Weight, W (Ibf) 5.34E+04 8.47E+04
Touchdavn Kinetic Energy, K(ft-Ibf) 1.19E+05 1.89E+05

Al l owabl e Tim(a) Defl ec 2.7 | 1.1 1.4 | 1.4
Shock Absorptswen Effi 0.80

Tire Absorptideon Effic 0.47

Landing Gear Load Factor gN 2.0

Strut Stroke@) Defl ecti 135 | 282 | 141 | 281

Table10-10 contains the tire selection and specifications for the main and nose land gear for each Skyblazer

aircraft. The tires were selected from tables in Roskam P89V The exact table where eactetiwas found was

listed inTable10-10. The tire dimensions, type, maximum loading, and uninflated tire pressure were considered when

selecting the tires. The clearance radius and width required for each tire were also calotlsiedvarbelow.
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Table 10-10: Tire Selection and Specifications for the Skyblazer Series

Skyblazer-100 Skyblazer-200

Main Gear Nose Gear | Main Gear Nose Gear
Manufacturer Goodrich Goodrich Goodrich Goodricth
Tire Outer Diameter, ghiire (iN) 32 20 30 24
Tire Width, Wi (in) 8.8
Tire Type VII
Maximum Loading, Rax (Ibf) 1.58E+04 5.15E+03 1.295E+04 9.70E+03
Unloaded Inflation Pressure, fpsi) 200 225 320 275
Static Loaded Radius; (in) 13.3 8.9 13.6 10.6
Table No. in Roskam Part IV 2.9 2.7 2.9 2.8
Clearance Radiusg £in) 1.35 1.18 1.26 1.22
Clearance Width, w(in) 4.2 3 4 3.4

The nose struvheel layout is shown ifrigure 10-22. This strut wheel is
both statially anddynamicallystable. To do so, the relationship between the wh
hub and rotational axis and ground contact point are appropriately configured
the rake and trail are favorable. For static stability, the relationship between th

and thepivot axis lead to the centroid of the rational axis being ahead of the cer

of the ground contact point. For dynamic stabilitgsitive trail must be achieved.

Figure 10-22: NoseWheel
Strut Layout

11 Weight and Balance

Forfinal weight and balancéhe weights were calculated besm methods from Roska@mairplane Design

Part V. Component Weight Estimation

[40]. The percentages of eacbhmponent 50-Seat
Load Case CGs
are divided by the total weight and shou(d Load case Weight (Ib) W*Xcqg (Ib-in) W*Zcg (Ib-in) Xcg (in) Zcg (in
We 28606 11835864 1813358 414 63
sum to 100%. Theumof all weights vere |Woe 29266 11913854 | 1721097 | 407 59
Woe + Fuel 42831 17202848 2392565 402 56
Wito 54921 22280648 3099580 406 56

calculated to be 95% of the total weight fq

the 50seat aircraft and 92% for tH#s-seat

Table 11-1: : 50-Seat CG Excursions and Weights for Load Cases

Woe + Pass 41356 16991654 2946165 411 71
Woe 29266 11913854 1721097 407 59

Table 11-2: 76-Seat CG Excursions and Weights for Load Cases

aircraft. Anextra1,000 Ib was added to

76-Seat
the empty weight structure to account for Load Case CGs
Load Case Weight (Ib) W+*Xcg (Ib-in) W*Zcg (Ib-in) Xcg (in) Zcg (in

cargo hold flooring and carpet. The rest of{e 37598 16805922 3790478 441 101
Woe 38258 16898322 3839978 442 100
: : . |woe + Fuel 53754 24506858 4897580 456 91
the weight was split between the wing|, 72084 34232995 6250184 475 87
_ |woe + Pass 56588 26624459 5201582 470 92
structure and fuselage structure to hit tQwoee 38258 16898322 3839978 442 100
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total weiglts for both aircrafto get thefinal weight within 5% of the overall takeoff weights gmeliminary weight

and balanceThe resultinginalized CG excursion diagrams are shown below foisB@t and 78eat aircraffigure

11-1 ard Figure 11-2 respectively with updateweights and longitudinal excursion. It is observed that the main

landing gear is located behind the centers of gravity for each weighfTbasinal and overall CG excursion for both

the Xand Z directions are shown with the respective weights foreach load daigeiiell-1 and Figure11-2 for

each aircraft below.

60000
55000
S0000
45000
40000

35000
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Figure 11-1: 50-Seat Clasdl CG Excursion Diagram
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Figure 11-2: 76-Seat Class Il CG Excursion Diagram
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11.1 CG Excursion and Effects on Static Margin and Trim Drag

Center of gravity excursions for the 50 seat and 76 seat aircraft dteaficb1.6 ft respectively. The static
margin remains positive for both aircraft. There will be an increase in trim drag on the elevator and aileron surfaces
due to the CG excursions.

11.2 Items to Account for Static Margin and CG Excursion

Table 11-3 and Table 11-4 display the location of items with respect to their CG in order to balance the

aircraft.
Table 11-3: 50-Seat Weight and Balance Sizing
S50-Seat
Weight Sizing Balance Analysis
Component Weizht (b Weight Fraction Component Weicht Fraction = Weight (b)) Hez () WHXes (b-in Zeg (in WHZeg (Ib-in
Takeoff 53000 - Wing 9.3% 5098 482 2457138 128 632593
Empty 28774 2% Horizontal Tail 1L0% 533 843 322970 321 177732
Fuel 13363 23% Vertical Tail 1L0% 547 887 484828 39 213533
Payload 12660 23% STRUCTURE Fuselage 9.0% 4927 505 2488310 59 291126
(Below Included in Above) Macelle 21% 1135 340 385822 63 76872
Crew/Bags 660 1% Landing Gear 3.3% 1802 401 723159 -27 -486335
Passengers 10000 18% Cargo Carpet 1.8% 1000 420 420000 20 20000
Baggage 2080 4% Fuel System 1.90% 1045 350 363380 27 28202
Engines 3340 6% FUEL Wing Fuel 6.2% 3391 310 1728181 117 396776
Sponson Fuel 18.5% 10174 350 3360813 27 274691
POWER PLANT  Engine 6.1% I 3340 320 1068800 68 226260
Passenger 182% 10000 420 4200000 47 470000
Overhead Baggage 1.5% 836 420 351120 100 83600
PAYLOAD T - - -
Cargo Baggage 23% 1254 420 326680 27 33838
Crew/Bags 12% 660 118 77990 41 27297
Fixed Equipment 14.9% 8185 315 2578209 40 327403
FIXED EQUIP Propuls?n:Svstem 1.8% 974 350 340938 41 40290
TOTAL 1.00 [ToTAL 1.00 [
Table 11-4: 76-Seat Weight and Balance Sizing
76-5eat
Weight Sizing Balance Analysis
Component Wweight (Ib) Weight Fraction Component Weight Fraction =~ Weight (lb Xcgiin)  W*Keg (lb-in) Zcg (in WZcg (lb-in)
Takeoff 71000 - Wing 9.2% G563 534 3504533 150 984415
Empty 36604 52% Horizontal Tail 1.0% 71z 1062 756589 258 183804
Fuel 15496 22% Vertical Tail 1.0% 723 975 705196 210 1518838
Payload 18900 7% STRUCTURE Fuselage 10.9% 7736 463 3581579 81 B2B583
(Below Included in Above) MNacelle 2.3% 1625 376 611000 162 263250
Crew,/Bags 660 1% Landing Gear 3.1% 2233 450 1004916 17 37963
Passengers 15200 21% Cargo Carpet r 1.4% 1000 530 530000 41 41000
Baggage 3130 4% Fuel System 1.5% 1066 500 533235 41 43725
Engines 4500 7% FUEL Wing Fuel 5.5% 3874 614 2378636 150 581100
Sponson Fuel 16.4% 11622 450 5229900 41 476502
POWER PLANT Engine 6.8% F 4300 350 1680000 162 777600
Passenger 21.4% 15200 531 BOG5318 5 1140000
PAYLOAD Overhead Baggage 1.8% 1252 531 664327 105 131460
Cargo Baggage 2.6% 1878 531 996491 48 90144
Crew/Bags 1.2% 660 140 92400 5 49500
FIXED EQUIP FIKEDE(?[UP 14.0% 9953 350 3483582 60 597185
Propulsion System 167% 1187 350 4152393 70 83059
TOTAL 1.00 |TDTAL 1.00
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12 Advanced CAD

The Skyblazer seriethreeviews are shown below iRigure 12-1 andFigure12-2 with general dimensions.

791t 6

22ft 2in

:

88ft 9in

.......................... 221t 2in

Figure 12-2: Skyblazer 200 ThreeView
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Figure 12-3 displays the situational rendering of the 1@0ies. The figure illustrates how the aircraft
performs in a hanger environmental. The is also displayed in the boarding configuration with the aircraft steps
deployed at the aircraft lowered for ease of acdégsire12-4 depictsthe passenger seating and cabin amenities in

relation to various components of the aircraft such as the location of the exists and the lavatory aficigleliedy1

lists the materials that will be applied to all major CAD corgats.

Figure 12-3: Situational Rendering of 100 Series

Figure 12-4: Situational Rendering of 200 Series
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Table 12-1: CAD Model Materials

Component

Airframe/Exterior
Skin CarborPEEK Composite
Ribs Aluminum
Spars CarborPEEK Composite
Fuselage Frames CarborPEEK Composite
Engine Structural Support Titanium
Landing Gear Strut Steel
Landing Gear Weel Aluminum-Titanium Alloy
Landing Gear Tire Rubber
Exterior Lights Glass
Forward Bulkhead Titanium
Aft Pressure Bulkhead CarborPEEK Composite

Interior

Windows Plexi Glass
Seat Cloth or Leather
Floor Carpet
Interior Walls Plastic

Figure 12-5: Exploded View of Series 100 and 200
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12.1 Substructure
The Skyblazer 100 and 200 series aircraft substructures are pictligdre12-6. Details of each substructure

component areutlined in the following subsections.

Figure 12-6: Skyblazer 100and 200Series Substructure

12.1.1 Fuselage Substructure

The fuselage structure is illustratedrigure 12-7 for eachrespective series. The structure is kept relatively
simple to avoid any complex geometry. Certain liberties had to be taken to make the structure viable such as the
sponsons structure on the series 200 were protruding into the cabin space so theg batldadstrengthened. The
frame was kept at a constant spacing of 300 for cl
complex certain locations on the structure needs to be heavily strengthened.

Table 12-2: Fuselage Characteristic
The Longeron spacing was also kept asmstant spacing but certain aspe

Frame Depth 1.5%
made that impossible such as the sponsons and the tail of the aircraft' Frame Spa‘:“‘g_ | 300°
Longeron Spacing 15.07

presented complex geomet®resenéd are the significant values of the

structure

Figure 12-7: Fuselage Substructure for 56Seat and 76Seat
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12.1.2 Wing Substructure

The wing substructurg={gure 12-8) features a twspar design. Control surfaces include an inboard flap,

outboard flap, and ailerons. Characteristics of the wing substructure are outlireddah?2-3.

<\

Table 12-3: Wing Substructure Characteristics

«S Rib Spacing 2.01t
&"\ _, Spar Thickness 0.125ft
AA‘* P Front Spar Location (% chord) 15%
AA Rear Spar Location (% chord) 75%
X
<

Figure 12-8: Wing Substructure

12.1.3 Horizontal Tail Substructure

Similar to the wing substructure, the horizontal tail substruckigei(e12-9) also features a twspar design.
The elevator is the only control surface on the horizontal tail. Characteristics of the horizbstdistucture are

outlined inTable12-4.

Table 12-4: Horizontal Tail Substructure “’,( —

Characteristics P | d“gﬂ,
Rib Spacing 2 ft 4 d“g4ﬂ’ -
Spar Thickness 0.125 ft a P, a® _
Front Spar Location (% chord) 15% _—
Rear Spar Location (% chord) ~ 75% Figure 12-9: Horizontal Tail Substructure

12.1.4 Vertical Tail Substructure

The vertical tail substructure fRigure 12-10 features a threspar design. The rudder tise onlycontrol

surface on theerticaltail. Characteristics of the vertical tail substructure are outlindciole 12-5.

Table 12-5: Vertical Tail Substructure Characteristics »
Rib Spacing 2 ft l

L
Spar Thickness 0.125 ft ’ ./
Front Spar Location (% chord) 15% l ’
Interstitial Spar Location (% chord) 45% < ’
Rear Spar Location (% chord) 75% l’ ’

Figure 12-10: Vertical Tail Substructure
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12.1.5 Engine Substructure

The engine structurds kept similar to the structure
explained in the engine iradiation section The adition being the
undercover that will slide under the wing thus making the aircraft (

more aerodynamic and providing structural suppgégure12-11

i h i i f ies 1 20N =< .
depicts the engine mounting structure for series 100 and 20 Figure 12-11: Engine Mount Substructure

there is no virtubchange in the engine size and wing structure.

13 Aircraft Systems

Notable aircraft systems integrated on the Skyblazer series follow in this section

13.1 Flight Control Systems

The primary flight controls include ailerons, spoilers, elevators, rudder, dilizsts. The secondary flight
controls include trim controls, higift devices (flaps), and thrust or power. The system will béjhwire throughout
with a combination of hydraulics and electric hydrostatic irreversible control system. The priglatrgditrols and
flaps are sized for individual actuators that are required for the electric hydrostatic system. These are sized based o
the wing loading applied to the control surface area rendering a maximum force as shiatteih3-1 below.
Actuators were also selected based on the maximum applied force (in Newtons) and speed reqditéments

Table 13-1: Actuator Sizing For Control Surface Forces for Both Aircraft

ACTUATOR SZING: 50-Seat
Qontrol Surface S(ft2) W/S(Ib/ft2) Hinge Dist to Gentroid (ft) Fc(lb) Moment (Ib-ft)  Fc(N) Actuator w/_Max Force

Aileron 15 115 0.9 1725 1553 7676 D13203-65N-2 (8400 N)
Hevator 125 115 1 1438 1438 6397 D13203-65N-2 (8400 N)
Stabilizer 45 115 1 5175 5175 23029 D13105-65N-2 (28400 N)
Rudder 20 115 0.84 2300 1932 10235 D09200-54K-2 (15100 N)

Sats 35 115 0.675 4025 2717 17911 D13105-65N-2 (28400 N)

Folwer Haps 15 115 1.35 1725 2329 7676 D13203-65N-2 (8400 N)
Double Sotted Haps 45 115 1.35 5175 6986 23029 D13105-65N-2 (28400 N)
Inboard Spoilers 15 115 0.7 1725 1208 7676 D13203-65N-2 (8400 N)
Outboard Spoilers 10 115 0.7 1150 805 5118 D13203-65N-2 (8400 N)

ACTUATOR SZING. 76-Seat
Gontrol Surface S(ft2) W/S(Ib/ft2) Hinge Dist to Gentroid (ft) Fc(lb) Moment (ft-lb)  Fc(N) Actuator w/_Max Force

Aileron 15 148 0.9 2220 1998 9879 D09200-54K-2 (15100 N)
Hevator 125 148 1 1850 1850 8233 D13203-65N-2 (8400 N)
Sabilizer 45 148 1 6660 6660 29637  D13100-65N-2 (38800 N)
Rudder 20 148 0.84 2960 2486 13172 D09200-54K-2 (15100 N)

Sats 35 148 0.675 5180 3497 23051  D13105-65N-2 (28400 N)

Folwer Haps 15 148 135 2220 2997 9879 D09200-54K-2 (15100 N)
Double Sotted Haps 45 148 1.35 6660 8991 29637  D13100-65N-2 (38800 N)
Inboard Spoilers 15 148 0.7 2220 1554 9879 D09200-54K-2 (15100 N)
Outboard Spoilers 10 148 0.7 1480 1036 6586 D13203-65N-2 (8400 N)
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The layoutof the flight control system is shown below kigure 13-1. For redundancy, the rudder and
elevators are shown to hatlegeeactuatorsystems, the ailerons and inboard spoilers haweactuatorsystems, and
the outboard spoileeach have one system. The slats and each trim surface also wlkctse hydrostatiectuators
and will each only requirene They all use At hr ou ghywirke esighaling usinggamo f 0
irreversible electric hydrostatic systenhéllayout diagram shows the number of actuators on each control surface

and how they are connected to the pilot controls and computers.

Autopilot command, e -

Pilot, and auto rim signals : Frmm————— Linear Variable
H- Dedicatad : : Differential Transform
" Pitch Rate 1
1 Sensars : :
" —_ 1
i L= i
i - X
i N i :
¥ E
——-
[E— ]
1 o
i E ] Fefis Fligd
ACT Primary Eszential PAS e

Camputers Computers

== Th/[50

o

[ ——

S —

H-Tail
Incidence Trim

Figure 13-1: Flight Control SystemsLayout Diagram
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13.2 Propulsion Systems

The thrust reverser control will be used with clam shells on the engine and nacelles using hydihaulics
ignition control and starter system are part of the electric and pneumatic sgietribed irBection13.8 while the
fuel flow is discussed in the fuel syst&mction13.3below. As previouslyspecified a winch system will be used
allow the lowering of the engine without outside equipment in order to conduct maintenance on the engines
13.3 Fue Systems

The fuel system will use six tanks total including one per wing and four sponson tanks with two per side
around the landing gear location. All of the tanks will be interconnestetthe fuel can travel to each tank to bypass
any issues fothe total fuel flow of 12,046 Ib. Because the wings are anhedral and the sponsons are located at the belly
aircraft, pumps will be used instead of gravity feed to get the fuel up and into the inboard wing sections where the
engines are located. A diagrafithe fuel system layout is shown below for referenEégure13-3, Figure13-2, and

Figure13-4.
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Figure 13-3:Left Side Fuel System

Figure 13-2:Right Side Fuel System
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