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Compliance Matrix

Entry Into Service 2035for airplane 2035 3
Engines Existing engines or one thagflects a PW121with provisionsfor future 42
2034-certified technology level expansion

Electric Power Use of electric motors, controllers, and Use of electric motors, controllers, an 42

batteries that would be in service by 20] batteries that would be in service by

2034
Block Fuel Reduction 20%-+ block fuel reduction on 500 nmi 20%+ reduction using6% electric 36
missionand emissions reduction vs.
current turboprops
PassengelCapacity 50 +0£4 passengers 50 passengers 38
(with 30 in. seat pitch)
Range 1,000 nmi 1,000 nmi 32
Cruise Speed Minimum cruise speed of 275 KTASJ0 393 KTAS 25
KTAS target)
Seat Width Minimum seat with of 17.2 in18 in. 18 in.seat width 40
target)and arm rest width & in. 2 in. arm rest width
Cross-Section Standup heighgimilar to competitive Standup heighsimilar to competitive 39
aircraft. Baggage compartment is tall| aircraft. Baggage compartment is ta
enough to be serviced ergonomically.| enough to be serviced ergonomically
Aisle width of at least 18 in. Aisle width of at least 18 in.
Wing Span Minimum wing span 24 m (target 36 m 60 ft (18.30 m) 37
Approach Speed Category C (<141 kjs 141 kts 31
Takeoff Field Length 4,500 ft over a 50 ft obstacle to a runwg 3,300 ft 78
with dry pavementI§A + 18JF)
Landing Field Length 4,500 ft over a 50 ft obstacle to a runwg 3,300 ft 78

with dry pavement (ISA + 1B) at
maximum landing weight

Takeoff and Landing 5,000 ft above mean sea level (ISA +| Takes off 5,000 ft above mean seale| 78

Performance 18JF)
Distance to Climb Less than 200 nmi Less thar00 nmi 25
Cruise Altitude FL280 or more FL300 31
Fuel Burn Competitive withsimilar aircraft for 500 Competitive withsimilar aircraft for 36

nmi 500 nmi

Climb Gradient
Requirements

Meet 14 CFR 25.121 Climb Gradient | Meets 14 CFR 25.121 Climb Gradier; 27
Requirements Requirements

Crew Number 2 pilots and 1 cabin crew for every 50 2 pilots 1 cabin crew 9
passengers
Pilot and Baggage Pilot/Crew Weight of 190 Ib 660 Ib 24

Weight Baggage weight per pilot of 30 Ib and

volume of at least 4 ¥per person

4 ftdcargo volume

Passenger and Baggage Passenger weight of 200 Ib 12,000 Ib 24

Weight Baggage weight per passenge#6flb 5 ft3cargo volume
and 5 f¢
Flying Quality Meets CFR Part 25 Class 1Flying Quality 73-75
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1 Introduction, Concept of Operations, Mission Profile and Specification

The objective of this report is ttesignand document &0-passengehnybrid-electric egional turbopropThe
American Institute of Aeronautics and Astronautics (AIAA) Request for Proposal (RFP) was written because the
current regional turboprop marketdasmmonly based off older designs. Over the next 20 years, around 2,000
regional planes are expected tobudt, specifically in the 50seat range. The hybriglectric nature of the
propulsion system allows for lower direct emissionsHigjure 11 is the concept ofoperations or CONOPS,
which depicts general characteristics and the mission of the Meadowlark aircraft as described in the RFP as well as

additional advanced technologie
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Figure 1-1: Concept of Operations




Tablel.1 contains the design specifications foe hybridelectric regional turboproim the RFP. The
specifications are outlined below.

Table 1.1: Mission Specification[1]

Aircraft Specifications and Service Life
Passenger Capacity| (M) 50 +0f4 in a single class arrangement with 30 inch seat pitch
Design Range (M) 1,000 nmi with full passengers
Seat and Arm Rest | (M) >17.2 inches, (T) target of 18 inches, (M) 2 inch arm rest width

Width
Cross Section (M) Aisle stand up height similar to competitive aircraft, (M) Baggage compartm
tall enough for ergonomic servicing, (M) >18 inch aisle width
Wing Span (M) <36 mor (T)<24 m
Certification (M) Certified by 2035 for airplane, certified by 2034 for any new engines

(M) Capable of flight in known icing conditions
(M) Meets applicable certification rules in Federal Aviation Administration 14 Co
of FederaRegulations (CFR) Part 25
(T) Provide systems and avionics architecture that will enable autonomous oper
Performance Requirements
Approach Speed | (M) Category C <141 kts
Takeoff Field Length | (M) <4,500 ft over a 50 ft obstacle with a runway of gavement
Landing Field Length| (M) <4,500 ft over 50 ft obstacle with a runway of dry pavement at maximum lan
weight
Takeoff and Landing | (M) Performance should be shown 5,000 ft above mean sea level
Altitude
Distance to Climb | (M) <200 nmito climb to initial cruising altitude
Cruising Altitude and | (M) >FL280 (Flight Level), >275 KTAS
Speed Target 350 KTAS
Fuel Burn (M) 20% reduction in block fuel on a 500 nmi mission vs. current turboprops
Climb Gradient (M) Meet 14 CFR 23.21 Climb Gradient Requirements
Requirements

Payload Requirements

Crew (M) 2 pilots and 1 cabin crew member for every 50 passengers
Pilot and Baggage | Pilot/crew weight of 190 Ibs, 30 lizd 4 cubic feet of baggage per person
Weights

Passenger and 200 Ibs per passenger, 40 Ibs and 5 cubic feet of baggage per passenger
Baggage Weights

Figure1-2 shows the mission profilef the Meadowlark aircraft, whichp | i t s t he aircraft

seven mission phasek/he lengths of thegghases are arbitrary atrdck the flow of the missin
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3.Climb <~
~ &
2. Taxi/
= Takeoff /
G 4,500 ft MAX LANDING FIELD
1. Engine
Start
4,500 ft MAX TAKEOFF FIELD

Figure 1-2: Mission Profile

2 Historical Review

The currentegional aircraft market consistsjets and turbopropsoth of which are important when
looking atrelevant aicraft for the MeadowlarkThree jets and twelvieirboprops were studigd gain a better
understanding of the market.

ATR 42-600

The ATR 42600 is the current ATR 42 series aircraft that seats 48 pebipdeaircraft is

o

powered by two PW127XM engines. This program was launched in late

-\

. - -
ATIR ssessncotnc..Wo o S
| ——— 2007 and the first flight took place two and a half years later in 2010. The
Figure 2-1: ATR 42-600 [2] ATR 42-X00 family consists of 4200, 42300, 42320, 42400, 42

500, and 4600S, the short takeoff and landing version of th&@@. ] The program is stilin service, with 497
aircraft build as of January 2023] [

ATR 72-600

The ATR 72600 houses 72 passengers. Like the ATHRA@Q,

Figure 2-2: ATR 72-600 2]

this aircraft is powered by two PW127XW engines that can run
completely on sustainable aviation fudl] The ATR 72 program was started in 1986 arad\delivered in October
of 1989. The program continued growing and the ATR6@Q had its first flight in July of 2009. This aircraft has

variations that include the /&00F, a freighter aircraft for FedEx] [
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Fokker F-27
The Fokker F27 Friendship was initiated as a replacement for pistagine aircraft such as the Douglas
DC-3 in the postvar era.The original design fit only 32 seats but was expanded to accommodate 40 passengers in

the final design. The originalE7 variant was fitted with RoHRoyce Dart 511 engines and made its

— first flight in 1955. Over the 26 years it was in production, A@g F27

— —
- a2
% were built between the Netherlands and the United States and numerous

Figure 2-4: Fokker F-27 [7] editions including the F2B800 which could fit up to 52 passengers. Upon

the development of the-50 in 1987, the 27 naturally began being phased out of productigin. [

Fokker F-50

Derived from the R27, the Fokker 50 completed its maiden —— S
flight in December of 1985. This turboprop transport aircraft \‘.
accommodates 2 crew members and 58 passengers. Powered by Figure 2-3: Fokker F-50 [7]
PW125B turboprop engines, thedB has a maximum speed287 kts. Production of the 50 ended in 1996 when
Fokker went bankrupt with the last aircraft delivered to Ethiopian Airlines in May 1997. In total-208 \Wwere
produced and 168 currently remain operatiordl. [

EADS CASA C-295

The EADS CASA G295 (now Airbus C295) was initiated November 1996 for the

Spanish Air Force. It is presently used primarily as a military transport aircraft
in countries such as Spain, Egypt, PadlaBrazil, Portugal, and others. Other than

transport missions, it is also commonly used for medical evacuations,drapm

Figure 2-5: EADS CASA
C-295 fg] and maritime patrols. Powered by two PW12udehoprop engines, the-295 can

carry 2 crew members and 73 passengers or trogjps. [
BAe ATP

The BAe ATP is a 64assenger aircraft that was announced in early

1984, had its first flight in 1986 and entered service in 1988. This Figure 2-6: BAe ATP [9]
aircraft houses PW126A turboprops with six blade composite propellers. There were 63 ATPs built before a

redesign and new engine choices (PW127D engines) created the Bae Jetstream 61 in 1994 where 4 were built. The

Aerospace Engineering Department
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BAe ATP is still flown, primarily in Sweden as a cargoceaft. The cargo conversion of this aircraft was first
flown in mid-2002. P]
Saab 2000

Designed with two RollRoyce AE 2100P engines and carryingdpassengers, the SaAi00 first flew
in 1992 and entered service in 1994. The successful precthgosmaller Saabairchild 340 designed to

carry just 36836 passenger$inspired the Swiss company to expand,

--------

designing a larger regional turboprop. The Saab 2000 became pop
with regional airlines, companies, and private individuals. A total of Figure 2-7: Saab 2000 10]
aircraft were produced with the last Saab 2000 delivered in 1999. Today only 10 remain active, with 4 of them
belonging to the Pakistan Air Forc&0]
Bombardier Dash 8 Q300
The Bombardier Dash 8 Q300 series was first announced in the middle of 1985, and the program moved
7 / quickly into motion in the spring of 198®he firstflight for the Q300 series was on the

/“E:\ - h . .
4 f 15" of May in 1987. The Q300 most notably differed from the Q200 by the

=

% S
.w
/ extended wingtips, and larger interior spaces such as the galley and lavatory.

Figure 2-8:'Bombardier Dash The aircraft was fully certified on the #4f February in 1989. As of 2006 &b

8 Q300 [L.1
Q = of 243 orders were placed for the Q3QL][

Bombardier Q400
The Bombardier Dash 8 models were renamed as osigri@s turboprops (Q200, Q300, and Q400). After

the poduction of the first three series aircraft ended in 2008, the Q{m\i

production ramped upl®] The Q400 seats around 76 passengers and houses twi
Pratt and Whitney PW150A engines that allow the aircraft to go faster than th
previous series of aircraft. €hQ400 is extremely successful and he Figure 2-9: Bombardier Q400

[12]
transported more than 400 million passengers as of 20d]7. [
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Hawker Siddeley HS 748
The Hawker Siddeley HS 748 is a twémgine turboprop first developed in the 1950s to be a replacement
for the DG3. The first prototype flew on 24th June 1960. Theraft seats thirtysix passengers and was originally
designed to be a commercial airliner by the British company At#) However, the aircraft was
'\ also often modified by different governments to be utilized as a trainer in

— LD
W the respective navy or airrice. Hawker Siddeley eventually manufactured

Figure 2-10: Hawker Siddeley HS 380 total planes of this design through the year 1988, and the aircraft is

748 [14]
still used in some facets today5]

Handley Page Dart Herald 200 é af n

The Handley Page Dart 200 was yet again designed to beg =
replacemento the DG3 focused on incorporating newer engine technolor  Figure 2-11: Handley Page
of the time.The first prototype flew in 1955, but the ReF®oyce Dart Dart Herald 200 [17]
engine moved the path of the prototype in a new direction and the first flight with the Dart engines was in 1958. The
200series version was sold during the early 1960s and featured seating of up to 56 compared to the 47 in the 100
series. Dart Heralds have flown a minimum of 2,000 total holé$. [
Embraer EMB 120 Brasilia

The Embraer EMB 120 Brasilia is considered a successful regional turboprop first introduced in 1985. The

company has sold 329 EMB 120 Brasilia aircraft in total. Attifme of its release, the EMB 120 Brasilia was the

‘ fastest turboprop of its kind. The aircraft also had the shortest takeoff range and sat up
to 40 people. With the 350 kt cruise speed, and 25,353 Ib. maximum
Figure 2-12 Embraer EMB 12'0 takeoff weight, the aircraft performed well ih he mar ket .
Brasilia [19 -
rasilia [19 present, the EMB20 Brasilia commands a 24% share of the

worldwide sales market, inthe2210 s eat lategory. o | H
\
Embraer ERJ 145 }

yma
The Embraer ERJ 145 & 50seat passenger airliner that first flew /b“"

in August of 1995. The turbojet is one of three variants and is the Iar':igure 2-13: Embraer ERJ 145 [2]

of the three. The aircraft has a range of 2,963km and can fly at a maximum speed of 833km/h. The Embraer ERJ
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145 rears its performaadrom the two RolllRoyce AE 3007A engines mounted near the empennage of the aircraft.
Their largest customer is ExpressJet Airlines who have ordered 244 total ERJ 145 tutfijets. [
Bombardier CRJ 700
The Bombardier CRJ 700 is a regional turbojet developed in 1997 that seats between 70 and 78 passengers.
The first flight for the CRJ 700 was in 1999 and it was the main competitor to the ERJ 145. The CRJ 700 maximum
) cruise speed is 829 km/h and the range is 2,553 km. The turbojet aircraft utilizes

gy ~ two CF358C5B1 engines from General Electric. Sky West has

/
purchased 102faghese Bombardier CRJ 700s and the aircraft was

Figure 2-15: Bombardier CRJ 700 [21]
successful in the markdR1]

Embraer E170
. L . 19
The Embraer E170 is a ftassenger commercial jet designer
after the ERIL45 and took its maiden flight in February 2002. Tk~ Figure 2-14: Embraer E170 [22]
E170 has two General Electric CF8E engines mounted under the wings giving it a range of 3,889 km with cruise
speeds of Mach 0. 75. One key design fealhwblel ddhaftud e

providing more volume in the passenger cabin and easier accesstieany compartments. While only 191 E170s

were sold, it was a predecessor for other successful aircraft in the Emkleieiainily. 2]

3 Design Optimization Function, Economics Model, LifeCycle Cost Minimization and Weights

3.1 Design Optimization Function

To assesdifferent designs, design optimization function is created ghd RFP requirements {jRdesign
objectives (@, and objectives based on ancillary objectives (A@re inserted into the functio®nce
configurations are determinetthey will all be rankean these weighting functions. The design optimization
functioncan be seeim the equation below

|==| 5;; =| ;; B. }:;; BI = hza:::s

The requirement weighting functions wedé@ectly based off of the RFP [1Requirementanust be

I |« Equation 3-1

completedo have a successful design, which is why they are treated as. lideaign objectives are also found in

the RFP, though they are configuration is criterion not met

) __ (0
Ri(binary) = { 1if criterion met Equation 3-2

advancements, and are not necessary to nidwt.
Aerospace Engineering Department
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equations for the requirements ani’
a g 0 if worst at meeting objective

design objectives are seen the ;= Linear variation if neither best or worst  Equation 3-3

1if best in meeting objective
equations  below. Ancillary
objectives, on thether hand, are additional design considerations that allow for the aiocb&ftmore competitive
Each ancillary objective was given a weight from 0 to 1 basetti@mimportance of meeting that objectivdter
configurations are established, each will be ranked on the 20 requirements, 4 design gbguivis chosen
ancillaryobjectives. These will then be put into the optimization function and a final design value will be found for

each configurationThe list of requirements, design objectives, and ancillary objectives are Sesrier3.1, Table

3.2,andTable 3.3respectively.

Table 3.1: Design Objectives Table 3.2: DesignObjectives
Label Requirement Label Objective
Ry 50 +0/-4 in a single class arrangement O Target cruise speed of 350
with 30 inch seat pitch KTAS
Rz 1,000 nmi range (R) with full (o7 Target seat width of 18
passengers inches
Rs Seat width U’Vs) >17.2 inches - MMinimize ‘wingspan
Ry Arm rest width (W,,.) =2 inches (oR Autonomous capabilities
Rs Atsle stand up height similar to Table 3.1: Ancillary Objectives
competitive aircraft
R Baggage compartment tall enough for Label Ohjective Weight
ergonomic servicing AO; | Door width large enough for 08
R- Ausle width (W) >18 inches standard wheelchair
Rs Wingspan (b) <36 m Ay Large tray-tables for an 0.5
Ro Able to be certified by 2035 average laptop
Rig Capable of flight in known icing AQs Ground turn less than 8 1
conditions minutes
1 T‘akecﬂ'_ﬁeld length (TOFL) <4.500 ft A0: European standards for 07
over 50 ft obstacle dry pavement cargo bay
Ria Landing field length (LFL) =4,500 ft :
over 30 fi obstacle drv pavement AQs Multiple doors for 0.6
Ris Performance should be shown 5,000 fi simultaneous loading and off
above mean sea level boarding docks
Ris Distance to climb <200 nmi to mitial AOs Allow for engine diameter 1
cruise altitude erowth and powerplant
Ris Approach speed (V,,) category C, <141 upgrades
kts AO; Minimal interference with 0.5
Ris Cruise altitude >FL280 ground traffic
Ry Cruise speed (V) 275 KTAS AQz | Batteries are on outer mold 09
Riz 20% reduction 1n block fuel on 500 nmu line of fuselage
mission AQp Allow for batm_'y pack 1
Rie | Meet 14 CFR 25121 Climb Gradient changes as they improve
. over time
Requirements - —
Rag 2 pilots and 1 cabin crew member for AOu Ease ofmeeung S_tage 7 0.9
noise regulations

every 50 passengers
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3.2 Regional Aircraft Fleet Operation Norms, Turnaround Time

Figure3-1 showthe aircraft routes of three major airline companies: American Airlines, United Airlines
and Delta Airlines. The blue circles represent large hubs and airports within the routesttiatthoty or more
direct destinations. The yellow circles represent hubs airports that have between seven to thirty direct flights. All
red circles represent airports that have fewer than seven direct destinEtiesitecollected and routes shown
were influenced by seasonal demand and customer demand. Along with demand, thaiygpafband the

maximum number of passengers on board likelytribut to the route selection for the airlines.
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Figure 3-1: Route Flights for June 1, 2023 for Several Airlines
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Due to their higher speeds, regional jets can have 1 to

5 legs per da[23], which is more than the typical regional

operations example is seenFigure3-2. The positioning of
every aspect of the ground operations is crucial to ground turn
time and how many aircraft can fit at an airport. Combining and

eliminating services can lessen turn tinvdjch is better for

SERVICE customers, the airline company, and the airport. The proposed
Figure 3-2: Embraer 170/190 Ground
Operations Example Diagram R4] turnaround time for the Meadowlark aircraft is seen in

comparison to a typical regional jet rapid twsaen inFigure3-3.

Engines Rundown I

DeplonePumcrcers | S ——— Typical Regional Jet Rapid Turn
Service Arplane Interior
Enplane Passengers
Unload Baggage/Cargo
Load Baggage /Cargo
Service Waste Tank
Service Fotable Water

Service Galley

Fued Airplane
Ionitor Engine Start ||
Clear Airplane for Departure —_—

Engines Rundown
Deglane Passengers I MEEdDW'&rk Rapid Turn
Service Airplane Interior ]
Enplane Passengers I
Unload Baggage/Cargo I
Load Baggzge/Carge I
Service Waste Tank .|
Service Potzble Water
Service Galley I L
Fuel Airplzne I
Monitor Engine Start

Clear Airplane for Departure | ]

o 1 2 3 43 5 B 7 2 9 10 1 12 12 14 15 15 17 12 19 20 2

Figure 3-3: Turn Time for Typical Regional Aircraft vs. Meadowlark

The minutegap from minute 4 to minute 5 is the fglbin sterilization system, which will be discussed in

following sections.
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3.3 The 50-Passenger Regional Aircraft Market

Over the course of the past decade, regional aircraft demand has changed greatly across the world.
Currently, there are two regional jet (RJ)ca#ft which are still in production and in widespread use, the Canadair
Regional Jet (CRJ) and the Embraer 135. As for regional turboprops, the De Havilland Cana8aabiithe
Avions Regional Transport ATR 42 are among the most popular regional turb®®oPB) in the world today [25].

The global distribution of 58eat regional aircraft may be seerFigure3-4.

Other
6‘)" o

Dash 8

4%

“ st

Figure 3-4: 2023 50 Seat Regional Aircraft Global Ownership [25]

In terms of preference by continent, North America heavily favors regional jets, while the rest of the

world prefers turbojets, as shownRigure3-5.

1048

198
171 158
141 138
90 129
RJRTP RJRTP RJRTP RJRTP RJRTP RJRTP
North America | South America Europe Asia Africa Oceania

EEI35 MCRJ] EDash8 EATR 42

Figure 3-5: 2023 Regional Aircraft Fleets by Continent [25]

& B Aerospace Engineering Department IQJ

12




Considering these statistics, it wgetermined that offering an aircraft which is a hybrid in two senses:
propulsion and configuration, would be the best suited aircraft for the global market in 2035. AsF§garein
3-6, the regional aircraft fleet has grown substantially over the past 20 years, and as such it can be inferred that

demand will continue to grow.
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Figure 3-6: 20-Year Regional Aircraft Fleet Growth [25]

3.4 Regional Aircraft Market, Payload-Range, Operating Expenses, Carbon Footprint

Figure3-7 showsthe payloaerange diagams for the Bae ATP (1986), Bombardie#Q0 (1998), ATR
72-600 (2009), Bombardier CR0 (1999), Embraer E170 (2002), and the Embraer ERJ 145 (1995). where
MTOW means maximum takeoff weight. These regional jets and turboprop planes shown in theraaygdead
diagram have a seating capacity of ADpeopleFigure3-8 showsthe amount American Airlines spent on direct
operating cost (DOC) over the spafi28 years. Every year, the amount spent on DOC rises significantly, so by

2035, it can be assumed that the amount to be spent on DOC will greatly exceed $50,000,000.
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Figure 3-7: STAMPED Payload Range Diagrams
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Figure 3-8:American Airlines Total Cost [25]
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Figure 3-9 showsan indepth cost breakdown of the DOC of American Airlines in 2018. The most
significant cost comes from salaries and benefits, whid&erals, which includes fuel, is another significant cost.

Both costs contribute to over 50% of the total cbbe lowesipercentageostis the total services.
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Figure 3-9: 2018 American Airlines DOC by Percentage [25]
Figure 3-10 showsthe costpercentage breakdowsomparison betweea conventionakircraft, SUGAR

Volt, and Meadowlark.of DOC American Airlines in 204 For the threaircrafts, the total saties andenefits

and total materials are the most different between all tRempared to the conventional aircraft, the SUGAIR

has a higher psonnel cost, especiallyith flight personal salaries and fringe benefits. With the Meadowlark, the
flight personng aircraft, and traffic handingostsdecreasealue to theadvanced technologies used, as shown in
Figure 1.

These technologies are discussed further in Chapt&loBhg with personnel cost, tHael and oil decrease
between thehree aircraftslt is assumed that the SUGAR Volt decremsn fuel cost by about 30%, while the
Meadowlarkdecreases fuel cost up to 35%, dependingleatric percentage airline utilize. Overad), éliminate
these costs, the team will implement solutions that will decrease time spent on the lbumwag fuel and install

automated devices to do jobs that employees are currently doing.
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Figure 3-10: DOC of Conventional, SUGAR Volt, and Meadowlark[26][27]

STAMPED Analysis of Aircraft Regional Market

To predict how thenarket has been trending and what designs will be like in 2035, Statistical Time and

Market Predictive Engineering Design (STAMPED) techniques were usedallidvis for a general

understanding f

t

he

mar ket 6s exi sti

ng

ai r cr and grojection intotthe

regig

future Thetrendsarefound for empty weight to takeoff weight ratio, cruise speed, wing loading, and aspect ratio.
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4.1 Empty Weight to Takeoff Weight Ratio

Empty weight (W) to takeoffweight (W) ratio is plotted irFigure4-1 below.The average regional
turboprop aircraft in 2035 will featurenampty weight to takeoff weight rataf roughly0.575

\ HS748

Herald 200 & \(ﬁ
ixi' ﬂ 1 w ATR42-600 Bae ATP

aif. - =

e

EMB 120

Sotl o e Linear (We/WTO)
045 oo Linear (+1STD) . ) C-‘zsj,,,./""
Linear (-1STD)

1945 1955 1965 1975 1985 1995 2005 2015 2025 2035
First Flight (Year)

Figure 4-1: W¢/W1o of Regional Aircraft

Empty Weight to Takeoff Weight
Ratio, We/WTO (~)

4.2  Cruise Speed

Cruise spee(V) is plottedin Figure4-2 below.The average regional turboprop aircraft in 2035 will

feature acruise speedf roughly300 kts while a contemporary regional jet would be abé®@ kts

/ CRJ-550

550 - ‘ ;
il I A ‘ o p —
P e Wt W ¥ N
400
g 350 I A B e e o e B e
~ T (L ] et | o e e
% 300 ..............................
Q
é 250
O 200 !

150 Herald 200 DHC-8 Q300

1945 1955 1965 1975 1985 1995 2005 2015 2025 2035
First Flight (Year)

Figure 4-2: Cruise Speed of Regional Aircraft

4.3  Wing Loading
Wing loading (W/S) is plotted iRigure4-3 below.The average regional turboprop aircraft in 2035 will

feature a wing loading of roughly 85 Ibfifivhile a contemporary regional jet would be about 110 fbf/ft
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Figure 4-3: 50-Seat Regional Aircraft Wing Loading Trends

4.4  Aspect Ratio

Aspect ratio (A) is plotteth Figure4-4. Theaverage regional turboprop aircraft in 2035 will feature an

aspect ratio of roughly 12, while a contemporary regional jet would be about 9.5.

DHC-8 Q300 FUO

K /
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EMB 120
B TEEE. Tihiitiilou IR

_ Comet 3

VFW-Fokker 614
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First Flight (Year)
Comet 1
Figure 4-4 50-Seat Regional Aircraft Aspect Ratio Trends
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5 Advanced Technology

This chapter will discuss an overviewtbEadvanced technology

5.1 Overview of Advanced Technology

Below is a catechism table for the three advanced technologies thatdtaft siystem will haveThese are

found inTable5.1.

Table 5.1: Catechisms for Advanced Technologies

NLF | Natural laminar flow (NLF) fuselage and surfaces
iGOAT | intelligent GroundOperations Aircraft Tug (iGOAT)
ACES | Aircraft Cleaning Expert System (ACES)

NLF | Improving efficiency and performance of the aircraft by reduc
aerodynamic drag
iGOAT | Reducing the number of ground walkers needed bgirport and allow for
less fuel, and therefore less weightd emissiondor the aircraft
ACES | Working as cleaners for the wings and fuselage of Meadowlark, making
that the NLF remains effective with every flight
NLF | NLF aircraft have been highly researched and NLF fuselages have
incorporated into some aircraft, like the Piaggio P180, though this is 0
the only fuselages like this.
iIGOAT | Aircraft tugs exist in many airports and autonomous, electricadirtugs
have been designed in companies like Mototok and the startup Moor
[28][29]

ACES | Though dependent on the airline, aircraft are externally cleaned betwe
and eight weeks3[]

NLF | Manufacturing costs are higher when dealing with NLF surfaces.
iIGOAT | These tugs do not exist for specific aircraft and only have one job, m
airlines less likely to utilize them.

ACES | Aircraft fly through all types of dirt and debris whisticks to the wings an
fuselage. This increases the aerodynamic drag.

NLF | There are not many aircraft that incorporate both an NLF fuselage, wing
winglets Meadowlark will have all of these.

iIGOAT | While the iGOAT is also autonomous and electriowilt also power the
aircraft on the groundnd house the ACES.

ACES | With the ACES, aircraft can be cleaned between every flight while passeg
are deboarding and boarding. Cleaning of the aircraft in between each
along with the NLF fuselage, will improve the aerodynamic qualities.
NLF | The demand of NLF fuselages is high due to the improved aerodynam
fuel efficiencies in a search for a greener future.

iIGOAT | On a similar note as a greener future, the iGQ@QATresult in less necessat
fuel for takeoff weight and will be completely electric.

ACES | A cleaner aircraft will result in a more efficient flight, less fuel is requi
and higher speeds can be achieved.

NLF | There is not much different than what has been done before, but aircr
not tend to use more than one type of NLF surface.
iGOAT | There are no tugs that are fully electric, autonomous, and serve mor
purpose than just tugging aircraftound.
ACES | There are no aircraft that have individual cleaners that will, not only clea
aircraft after most flights, but also be active at the terminals while passe
are deboarding and boarding.
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5.2 Operational and Physical Description andConcept of Operations

5.2.1 Intelligent Ground Operations Aircraft Tug

The iGOAT is the most versatile tool of the
Meadowlark systemThe iGOAT will be a smart, self
driving system given tasks from a new command ceorier

site at the airportThe intelligentor autonomougportion of

the system will increase productivity and decres
personnel costs. The iGOAT will have redundancy bu™ Figure 5-1: IGOAT Model with ACES
into its mechanical and electrical systems to minimize failures, and the ground operations tower will have full control

over he iIGOATS, pausing all motion if necessarit functions as theéug, andit charges and stores the ACES

shown inFigure5-1.

Oncethe Meadowlark lags, the iGOAT willleave a
special housing unit at one end of tigoort The iIGOAT will
then attach itself toa power plant tathe noseof the aircraft
through a bay ahe nose geas shown irFigure5-2. This will
result in theMeadowlark noburningany block fuel duringtaxi
to the terminal whilesimultaneouslykeeping the core of the
engine runnindor a fast turn timeThe iIGOATwill continue to
supply poweto the aircraftduring the entirety of the turnaround
time, and will taxi the Meadowlark ttakeoff As explained in

the CONOPS, there wilheverbe chance of interference with

Figure 5-2: iGOAT Attachment to Nose normal aircraft operationgs the iIGOAT will nake use of its
Landing Gear own routes when not connected to a Meadowlarke
minimization of fuel burn on the ground will decrease overall emissions and promote a fully clean kirport.
understood that the infrastructure to support the iG@anhot bdully available at all airports by the EIS date, and
it should be noted thatithout the iIGOAT the Meadowlark aircraft can still complete the mission. The IGOAT

operations would grow and expand over diveraft lifespan as the aircraft is also designed to adapélhs w

&%" Aerospace Engineering Department w

2C




5.2.2 Aircraft Cleaning Expert System

Once the IGOAT is attached to thkeadowlark, the ACES
will crawl up the nose geand then onto the fuselage, makin ‘ ’
their waydown the fuselage and to the nose géanodel of the
ACES can be seen Figure5-3. ACES will utilize strong suction
to make their way onto the aircrafthe ACES have six fully
rotatable arms to allow it to crawl wherever it needs to oey

will be individually hooked up to water linéisrough a hole in the

side of their bodywhich will provide them with the water tmix

Figure 5-3: ACES Model

with their highconcentrate, aircrafjrade soap that is house.
within the systm. Though the skin will be made from composites, therepavducts that specialize in cleaning of
composites, such as Composiclef@i] This soap will be housed in a containment unit in the centdredACES
which can be inserted and screwed in on the top of the Btdty combination of water and aircrgftade soap will
bedeposied onto the skin anithere are four scrubber brushes that will rotate and wash away dirt, debris, and bugs
that would have ruined the positive effects of the NLF fusel@tgan water will then ruto wash away any soap
residue.

The ACES movement can beenin Figure5-4. The ACES willmove off of the iGOATandattach to the
front upper and lowepart of the aircraft. As they clean the surface, they begin to toovards the wing. At the
fuselagewing intersetion, the ACES will thaving, with a main focus of the leading edge. Afterwards, they will

head back tthe iGOAT and clean the surfaces. The ACES will primarily clearficitveard 5660% of the aircratft.
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Figure 5-4: ACES Concept of Operations

5.3 State of the Art of the Advanced Technologies

There are several advanced technologies that can contribute tc*

advancement in performance regarding the IGOAT and ACERe

combination of the ideas which currentlyists and the iGOAT and ACES wiill

Figure 5-5: Green Airport
Intelligence Aircraft Tractor
[32]

continue to improve the overaltquctivity of the system. Orexampleis the
green airport intelligence aircraft tract@?2]. Figure5-5 showsthe design of
the green airport intelligence aircraft tractor. It is an environmentally friendly, energy saving, low operation cost
vehicle and elecital control system. The technology allows for the movement of the aircraft front, back, and side

to-side.The systems designed for thishicle can be implemented and improved on by the iGOAT.

Another technology that can be utilized is the Aircraft Chraygynit -

o . . d N s 24

created by Brian Hinman and Tabetha Hinm&8] The technology includes a = ]
( [l

I

a current transducer with a power source, solid state converter th T L I/
i/ // N \

1 { '\

/;it\\\ {/ : \
compatible with aircrafts near or at the gate terminal and configure: i {Q

210 10

rovide power to the aircraffigure5-6 shows the Aircraft Charging Unit.
P P g ging Figure 5-6: Aircraft Charging

Unit [31] Figure 5-7: Aircraft
Charging Unit [33]

the advancement of performance. A recent technology is from The Boeing Company called Walkinf348obot

With the ACES, there are current technology that can contribut

The technology involves a wallgnrobot arm that focuses on current issues involving drilling, inspection, and
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fastening for manufacturing and maintenance purposes. To move across the aircraft surface, the robot uses suction
cups to secure to the surfaéégure5-8 shows how the Walking Robots would look like on the exterior surface of

the aircraft when buildingnd a detailed drawing.

Figure 5-8: Walking Robot Exterior and Detailed Drawing [32]

6  Weight Sizing

This chapteperforns Class Il weightsizing The fuel fractions arAepladeet er mi
Design Part | [35] Theidentified values which are calculated to be one are special cases made possible due to the
use of the iIGOAT. Thability to save fuel for this part of the mission profile lowers the total weight as well as

emissionsThefuel fractions are tabulated irable6.1.

Table 6.1: Mission Fuel Fractions

W1/Wro Engine Start, Warm Up 1 [iGOAT powered] [E]
Wo/Wy Taxi 1 [iGOAT powered] [E]
W3/W> Takeoff 0.996 B
Wa/Ws Climb 0.985 B
Ws/W4 Cruise .97 [C]
We/W5 Climb to Alternate .98 [E]
W7/We Divert to Alternate .98 [E]
We/W7 Loiter .993 [C]
Wo/Wsg Descent 1 [Battery powered] [E]
W1o/Wo Landing, Taxi, Shutdown 1 [iIGOAT powered] [E]
Mg Mission Fuel Fraction .9075 [C]

The mission fuel fraction is used find the total fuel needed. From this and knowing the payload weight,

the following weight values, takeoff weight,’/ empty weight, W, payload weight, \A(, and fuel weight, W
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are found to béhe values below. The payload weight accounts for all pilots and crew members weights and
baggage, as well as 50 passengers and baggage requirements.
o o @it T QO © plpmao ) ptwomd © thyao

7  Wing and Powerplant Sizing

To perform the wing and powerplant sizing, tt
— llim = Epvzcﬂmax|L[m:’tingFEfghrCanditEmz Equation 7-1
lift coefficients were estimated using data froi..
similar aircraft and factoring in the features of Meadowlark such as natural laminar flow wings and filage
important parameters that were estimated were wheg area, takeoff thrusind takeoff powerAfter these
estimations, the design point was chosen based on the boundaries put forth on the carpetddgnamving
loading and thrusto-weight rato under the limiting flightcondition found bythe equation showrKeeping the

designpoint as close to these boundaries as possible is vital for optimizing the wing and powerplant sizes, leading

them to be smaller and thereby having higher performance.

7.1 Takeoff and Landing Sizing

The takeoff sizing for the powerplant and wina

W b
were found usinghe two equations shown beloWwhe 3 B 3?-5*:?}1"0(}@) Equation 7-2
takeoff size is dependent on the takeoff distance of 4, wre STDFLEfﬁ]D'fme o
feet. When solving for théhrustto-weight ratio for takeoff, the g _ ipb&_‘ﬁf”"“l"‘ Equation 7-3
independent variable in the equation is the wing loading. W {W_:gj

loadings from values of zero to 200 were used to calculate the takeoff values. Sjgamdsentshe air density
ratio of 0.683 that was found at 5@€eet above sea level. Fadi 4 ¢ ., values are usewb find theboundaries of

the design pointsThesevalues are 3.7, 3.8, 3.9, and 4.

After finding the thrusto-weight ratios, the wing loading is found usitige equatiorto the right Three

0 valueswere used to find these boundaries and determine the wing loading and therefore the wing area
needed. Thé values were required to achieve the field length of 4,500 feet at standdedalezonditions.
| Aerospace Engineering Department
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7.2  Climb Sizing

There are five configurations for the aiicra 6 s f 1 i ght bphases. Each of
Table 7.1: Wing and Powerplant
these phases has a different amount of drag dependthg ose of landing Sizing Parameters
Parameter Value
gear and flaps. The drags are shown visually in a drag polar equation g 300 f
Cemarro 3.8
to each of these curves, seeifrigure7-1. The landing, gear down phas[ ¢, mux! 1.3
MmMax.ciean
is the highest drag configuration, while the clean phase is the lowest Comars >2

configuration.The climb sizing is based dfAR 25 guidelines and requirementhese requirements are for One
Engine Inoperative (OEI) and All Engines Inoperative (AEIl) situatidiee values for the wing area and lift

coefficients are presented Table7.1.

Landing, Gear Down
Cp=0.0872+0.0354C; 2

Landing, Gear Up

Cp=0.0702+0.0354C, 2
TO, Gear Down

Cp=0.0422+0.0332C, 2

Coefficient of Drag, CD (~)

TO, Gear Up
Cp=0.0252+0.0332C, 2

Cp=0.0102+0.0312C; 2
0 1 2 3 4 5
Coefficient of Lift, CL (~)

Figure 7-1: Meadowlark Drag Polars

7.3  Cruise Sizing

Cruise sizing is based on the altitude, density, speed anc (w},,
T q5s 5 L
drag polar for aircraft cruise configuraticthe Meadowlark willbe 777 = (Cpo + E}q W Equation 7-5

flying at 393.3 KTAS (Mach 0.67)n cruise The given equationswvereused to find the thrugb-weight ratio in

cruiseand the thrust at altitude

7.4  Powerplant

Ww..
The engine selectiois based orthe boundaries and value (——5}' 5
— = (Cpp + q—}ﬁ— Equation 7-6
found in the for the thrusb-weight ratios inthe sizing ches and W mAe " W

the takeoff weightTheequationswvereused to find the required takeoff thrustldf,520 Ibf.
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7.5 Wing Fuel Volume

The wing fuel volume

52t L
Vivr = 0'54(F}{_)r{{1 + AT + 45T, ) /(1 + 4,)%)  Equation 7-7
needed was calculated based c.. €

maximum capacity of fuel in gallons, given that one cubic footis ~ Tw = (£/€)e/(2/€)x Equation 7-8
equivalent to 7.48 gallon§he wing fuelweight and volume was found usitige equationstaove and this is
dependent on thiickness to chord ratios for the root and Tipe thikness to chord ratis 15%. Since the same
airfoil was used through the entire wirlg, is equal to one. The wing area3df0 f£ with a wing span 060 feet

leading us tdind 113 f€ of available volume, exceeding the 90.300ftvolume needed.

Table 7.2: Fuel Volume

4,580 Ib 675.52 gal 90.30 ft 113 f#

7.6 Complete Sizing Chart

The carpet diagram depicting the wing loading Himdstto-weight ratio at various lift coefficients is shown
in Figure 7-2. The design point, depicted by the starFigure 7-2, is located above and within th®undaries
indicated on the plofThe vertical lines on the carpet diagrahow themaximum landindC,, and the aircraft meets
this requirement by being to the lefttbese boundariesh&diagonal linesrepresent the maximum talkdéf C,, and
the aircraftmeetsthis requirement. Finallythe horizontal lines are the FAR 25 climb requiremeautsl the aircraft
exceeds this requiremeifitere are eight aircraftshowndné¢ di agram t o compare with

The descriptions of each line can be found on the-tighd side of the graph.
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Figure 7-2: Meadowlark Sizing Chart

8 Configuration Sweep andDownselection

8.1 Configuration Matrix

After preliminarysizing, tvelve configurations were selected to run through the design optimization function,

seen inFigure8-1.

Figure 8-1: Configuration Sweep
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8.2  Application of Optimization Function and Downselection

Every configuration is evaluated first on whether it \uéive

Table 8.1: Design Requirements

Requirement

50 +0/-4 in a single class arrangement
with 30 inch seat pitch

1,000 nmi range (R) with full
passengers

Seat width (W,) >17.2 inches

Arm rest width (W) =2 inches

Aussle stand up height similar to
competitive aircraft

Baggage compartment tall enough for
ergonomic servicing

Aisle width (W,) =18 inches

Wingspan (b) <36 m

Able to be certified by 2035

Capable of flight in known icing
conditions

Takeoff field length (TOFL) <4,500 ft
over 50 fi obstacle drv pavement

Landing field length (LFL) <4,500 ft
over 50 ft obstacle dry pavement

Performance should be shown 5,000 ft
above mean sea level

Distance to climb <200 nmi to initial
cruise altitude

Approach speed (V) category C, <141
kts

Cruise altitude =FL280

Crusse speed (1) =275 KTAS

20% reduction in block fuel on 500 nmi
mission

Meet 14 CFR 25.121 Climb Gradient
Requirements

2 pilots and 1 cabin crew member for
every 50 passengers

the capabilities to meet the requirements as outlined in the Fr—-=
The first twelve configurations are chosen based on the abilit &
meet the requirements. The requirements are part of the equ -
to decide on a final configuratipalso seen in Eqtian 1.For a Ej
configuration to move on in the process of dastection it must R:
receive a sore of one for each requirement outlisbdwn in e
Table8.1. The onlyconfigurationto notscorea onefor thedesign is
requirementsvas Configuration TwelveThe next step in the o
process is to score each of the configuratased on the RFFP :1
12
given objectivesThey are ranked from best to worst with a scc .
of zero being the worst and one being thest. Theancillary Ros
objectives are then scored based onntiigsion and goals of the| g
team. The ancillary objectivesare then weighted to decide o gm
configurations that better meet the goals of thenteEhe final R:%
rankings of both the objectives and ancillaryjelbives are Ris
combined to choose a configurationsaen inTable8.2. Rao
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Table 8.2: Objectives Evaluation

Configuration Number
1 2 3 4 5 6 8 9 10 11 12
2 S~ c S ) ) b o ™ | ) | ) AL J
L | ® s | 7 | Ve v )
/' ”~ +< / r v 4 ’/,..{/ % /r/) ;; / ] ” > ;/i,/
O:: 350 KTAS cruise speed 1 1 1 1 1 1 1 1 1 1 1 0
0O,: > 180 seat width 1 1 1 1 1 1 1 1 1 1 1 1
O3: < 24 m. wingspan 1 1 1 1 1 1 1 1 1 1 1 1
O4: Systems and avionics that will enable 1 1 1 1 1 1 1 1 1 1 1 1
autonomous operations
SUM 4 4 4 4 4 4 4 4 4 4 4 3
WEIGHTED SUM 1 1 1 1 1 1 1 1 1 1 1 0.75
AO;: Doo_rW|dth large enough for standard 1 1 1 1 1 1 1 1 1 1 0 0
wheelchair
AO; : Large traytables for an average laptg 1 1 1 1 1 1 1 1 1 1 1 1
AOj;: Fast ground turn (<8 min.) 0 0 0 0 1 1 1 1 0 0 0 0
AQ,: European standards for cargo bay 1 0 0 0 1 1 1 0 0 0 1 1
AOs: Multiple doors for simultaneous
loading and off boarding docks 1 1 0 1 1 1 1 1 0 0 1 0
AOg: Allow for engine diameter growth ang 1 1 0 1 0 1 1 1 1 0 0 1
powerplant upgrades
AOy_: Minimal interference with ground 1 0 1 1 1 0 1 1 0 1 0 0
traffic
AQg: Batteries are on outer mold line of 1 1 1 1 1 1 1 1 1 1 1 1
fuselage
AOg: Allow for_battery pack changes as the 1 1 1 1 1 1 1 1 1 1 1 1
improve over time
AO1p: Ease of meeting Stage 5+ noise 0 0 1 1 0 0 1 0 0 0 0 0
regulation
AO11: Aesthetic appeal (surveyed by
multiple norengineers, rankedD, 1 as 0.5 0.42 1 067 | 0.17 | 0.33 | 083 | 058 | 0.083| 091 | 0.25 | 0.75
best)
WEIGHTED SUM| 6.5 5.22 5.6 687 | 6.17 | 6.83 | 873 | 6.88 | 428 | 461 | 3.95 | 4.85
TOTAL WEIGHTED SUM| 0.74 | 0.60 | 0.64 | 0.79 | 0.71 | 0.78 1 0.79 | 049 | 053 | 045 | 0.56
COMPLETE WEIGHTED TOTAL 0.74 | 060 | 0.64 | 0.79 | 0.71 | 0.78 1 079 | 049 | 053 | 045 | 042
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Configuration 7 is the selected configuration through t
objective evaluation and is seenFigure8-2. The final objective ;
function score is 1, meaning in a direct comparison to the o - ‘ EE
twelve configurations, this configuration is found to align with tl : j/
-

Meadowlark goals and values most directly. The calculation of

-

-
objective function scoresiseen below.
Figure 8-2: Selected Configuration

60 B Y B 0 B 00z0Q@Q ppp p Equations1l

8.2.1 Comparison of Selected Configuration with Popular Configuration

Below is a diagram thatompares a recent, popular configuratisith a more detailed Configuration 7,

seen inFigure8-3.

Conventional Configuration Design Philosophy: Increase AR to Meadowlark Configuration Design Philosophy: Suppress Cp, by
minimize induced drag, increasing L/D at the expense of operating tempo. cleaning and polishing the aircraft every flight, mimimizing wetted
area, thereby increasing L/D while enabling high operating tempo.

~ Heavy wing fold requires
-'\.h inspections and maintenance

\\\ X No noise reflected off

underside of wing

il /
Struts interfere with ground 5 P "
; = 5 - No strut to interfere with
operations and traffic —_— . . ground operations and traffic

N\ ol - A
Cargo bays bisected, increasing - il ’ J
ground personnel by 3x . &
Noise reflected off &\ Continuous cargo bay that requires

underside of wing leading () Two Type I doors, one ADA only two handlers, and enables
- : . ¥ s
to poor ride quality \ ramp, that enable 9-minute continuous loading and unloading
turnaround time

Static Design Approach: Optimize one aircraft configuration for all markets, Dynamic Hybrid Design Approach: Configure aireraft to accept
all seasons, over entire arrcraft hfetime. best battery and electric motor technologies that are optimized for
each leg, entire season and operator over aircraft lifetime

Figure 8-3: Configuration 7 vs. Popular Configuration
Theissues indicated iRigure8-3 lead to other problems withis configuration. For example, tleagine
noise reflected off of the underside of thing leads to a much poorer ride quality than that of the selected
configuration of the Meadowlark. Additionallyhe popularconfigurationhas few movements per yeagatling to
lower profits and higher ticket price$his popular configuration also has a much larger fleet requirement given the

route structure, leading to an adverse environmental imBélct [
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9  V-n Gust and Maneuver Diagram

The gust and maneuver-V diagram for the
Table 9.1: Speeds Analyzed

aircraft was generated and based on FAR

+1g Stall Speed (V1) 177

requirements. The graph shows the limits of tl Cruize Speed (Vo) 373

. . . . Dive SPE'Ed G-"l:u:l 459

aircraft by showingdifferent load factors being [z imum Gust Intensity Speed (Va) 791
haneuver Speed (W) 286.3

applied atdifferent speeds. The speeatsalyzedare

seen inTable9.1 and the diagram can be foundFigure9-1.

Gust lines inside
maneuver
diagram due to
theMeadowlarld s
high wing loading
(1201bsft?)

Load Factor, n (g's)

500

n lim, neg

-1.50 .
Flight Speed, V (KTAS)

Figure 9-1: V-n Gust and Maneuver Diagram
The high wing loading of the Meadowlark leadgte gust lines being lower than the maneuver diagram
lines This leads tgreater passenger comfartd lessdtigue to the airframe. A lower fatigue is important due to

the Meadowlark goal of increasing kpger day for each aircratft.

10 PayloadRange Diagramsand Fuel Burn

10.1 PayloadRangeDiagrams

Payloadrange diagrams use parameters thainge aircraft efficiency and ranges based on various payloads.
Figure10-1 showsvarious percentages of electric and combugpiayloadranges at Mach 0.67FL 30Q The plot

includes maximum zero fuel weight, maximum takeoff weight at maximaytopd with full tanksand maimum
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ferry. Within the figure between tle 79% combustion and 100% combustion, the ACES and iGOAeaeed to

maintain natural laminar flow.

14000

Design Point

12000

10000

o
=1
=1
=]

6000

Paylocad Weight, Wl {lbf}

4000

2000

0 ¢
i} 100 200 300 400 500 o600 700 800 S00 1000 1100 1200 1300 1400 1500 1600 1700 18300 1500 2000 2100 2200 2300 2400 2500 2600 2700
Range, R (nmi)

Figure 10-1: Meadowlark Payload-Range Diagram

To determine the currentarketranges for regional aircrafts, the frequency of flightsstereral
American regional commercial airlines were examjreedshown ifFigure 102[a]. These airlines include Delta
Connections, American Eagle, and United ExprEssthe data collected, a selected date, June 1, 2023, was
examined for each airline. Along with the date, economy class@mdtap flights were examinedlthough the
frequency of the flights depended on these aspects, it was influenced on thetgperadggional turboprop and
regional turbojets. Some of these aircrafts include Embraer 170 and Canadair Regionalllet f@quency of
flights wasexaminedor every 50 nmi. Examining the dataetween 100 nmi to 400 nn&si3% of the flightsare
flown.

In Figure10-2[b], the American average loading factor, along with the standard deviateshowrfor
thevarious electriccombustion percentages examin€he average American loading factor is 79%, with a standard

deviation of 18%For each loaithg factor point, along with the maximum ferry, three components were examined:
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the battery weight, fuel weight, and battery pack configurati@nthe percentage of electpowerdecreases, the
battery weight decreases. For exampld,0i% electrigpowe, 0% combustioffior the average standard deviation
the battery weight i$5,274 |bf, however, decreases to 0 Ibf at 0% electric, 100% combustion. Similarfyethe
weight increase as thalectric percentagelecreasesThe fuel specified is not the totdiiel burn for the mission
because it also includes the extra necessary fuel for FAR 25 requirements. The fuel atotaidtied weight at
takeoff. With the weightsdifferent batterysize packs werereated to fit thgpayloadrange. There are five types:
Type A, B, C, D, and E, gighing4,000 Ibf, 2,000 Ibf, 1,000 Ib%00 Ibf, and 250 Ibf, respectively.
ExaminingFigure10-2[a] and Figurel0-2[b], the percentage diotal flights served can be determined for
each electripowercombustion percentage for Meadowlark and Sugar Wfohll electric power percentages, the
Meadwlark can achieve 10.4% to 100% of ttotal flights served for average loading factor and average loading
factorminusone standard deviatiofihe aircraft can accomplish theffight percentages due to theaximum
ranges at these points. However, theabitawlark for average loading factolus one standard deviatiamall
electric power percentages achieves a smaller percentage of total flights served. For example, at 100% electric
power,Meadowlark achieves 1% ttietotal flights achievedCompared tdMeadowlark in loading factor and
electric powertheSugar Voltachieves less of the total flights sendree to the aircraft having a lower maximum
range Figure10-3 portrays a direct comparison between the Meadowlark angiuyar Volt load factor and fight

effects.
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Figure 10-2[a]: Frequency of Flights for United States Regional Commercial Airlines
Figure 10-2[b]: Dynamic Battery Configuration Throughout Different Electric Power Percentages
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10.2 Fuel Burn

Fuel fractions de tAeptameiDesgriPart [85] ateguseRkto salcidathéd amount of
fuel used during eacstage of the mission profilender full combustion engine usehese calculationdo not
account for anypercentage of electric propulsion, aaré tabulated ifable10.1 below.

Table 10.1: Fuel Weight Fractions

W1/Wro Engine Start, Warm Up |1 [iIGOAT powered] [E| 36,000 0
Wo/Wq Taxi 1 [iGOAT powered] [E| 36,000 0
Wa/W> Takeoff 0.996 [| 35,856 144
Wa/Ws Climb 0.985 [| 35,318 538
Ws/W4 Cruise 0.97 [C]| 34,258 | 1,059
We/Ws Climb to Alternate 0.98 [ 33,573 685
W7/We Divert to Alternate 0.98 [ 32,902 671
We/W7 Loiter 0.993 | 32,672 230
Wo/Wg Descent 1 [Battery powered] [ 32672 0
W10/Wo Landing, Taxi, Shutdown|1 [iIGOAT powered] [E| 32672 0

|
i

From the payloadange diagram, it is estimatéitat36% electrigoropulsionwould be used for a 500 nmi
range and 2,000 Ib payloadultiplying the 100% combustion fuel burn (3,328 Ibs) by 64%es the estimated
fuel burn for a 500 nmi mission, as projected by the generated payoged diagramstheMe a d o wluelr k 6 s
burnata 500 nmi range isalculated to b&,130Ibs. This is compared ttwo of the most commarcurrent 50
passengeturboprop® the ATR 42600 and théash 83007 and total fuel consumption over a 500 nmi range.
The Meadowlark haa 20% or greater reduction in block fuel when compared to both of these aircraft, as shown in

Table10.2 below.

Table 10.2: Block Fuel Reduction Comparison
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11 Design and Sizing

The final design characteristics and specifications are sholabile11.1.

Table 11.1: Salient Characteristics

Area 300 f£ 90 ft? 81.05ft?

Span 60 ft 22.5ft 101t

MGC 5ft 4.66ft 8.1ft
Aspect Ratio 12 56 1.23
Sweep Angle 10° 20° 30°
Taper Ratio 0.4 0.5 0.75

Thickness Ratio 15% 9% 9%

Airfoil NACA 65415 NACA 0009 NACA 0009
Dihedral -3° 0° 90°
Incidence 1° 0° 0°

Control Chord Ratio 30% 30% 30%
Control Span Ratio 80%-95% 0%-90% 20%-80%
Flap Chord Ratio 30% - -

Flap Span Ratio 20%-80% - -
Length 75 ft 371t 75.7 ft
Width 8.8ft 8 ft 62.7 ft
Height 9.3ft 7.5ft 21.1ft

11.1 Cockpit Layout and Design

The cockpit was sized to ensure compliance with pilot compatibility and FAR 25 visibility requiseeease
wer e found uvAsdlanegDesryp Rak i [30) Brenthough NLF poses a challenge of room towards the
nose of the aircraft, this design allows foropsl tosit in a conventional, sidley-side configurationseen irFigure

11-1 andFigure11-2. This will allow for easier wiring and communication between thetpilo

Figure 11-1: Cockpit Layout

Figure 11-2: Pilot Setup
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From the side view, it can be seen that t he

pi

visibility chart .visifdlityare shown ireégareld-3. The Meadowlark visibilgyds better or

equal to the FAR 25 recommended viewing angles, showigire11-4.

60°

Figure 11-3: Cockpit Side View Visibility

H O
o o

=N W
g o o o g

Pilot Vertical Viewing Angle9 (
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20 40

--@--FAR 25 Recommended Visibility —&— Meadowlark Visibilty

Figure 11-4: Meadowlark vs. FAR 25 Recommended Cockpit Viewing Angles

11.2 Fuselage Layout

The fuselage dimensions were sized witiselage

l .
Fuselage Fineness Ratio = di Equation 11-1

fineness ratio, which igheratio of thetotal fuselage length !

(It) to the maximum fuselage diameter)(@enerally, a fineass ratio from 4 td0 is good The Meadowlark is
designed to have a fuselage fineness ratio of §i&h the length of 75.6 ft and a widest diameter of 9.4He
fuselage was designed to make suad 80 passengers could comfortably The fuselagevas alsomade with a

o KU
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desire to keep natural laminar fland the initial desigfinesweresimilar to the Piaggio P180 fuselag&aother
goal was to decrease the amounfusklagewnetted aredo increase the L/D arefficiency.The fuselagéayout and

cross section can be foundRrigure11-5 andFigure11-6.

Figure 11-6: Cross Section of Aircraft
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A two andtwo configurationwerechosen for the seat layout to maximize fuselage fineness ratio. A two and
one would result in a long, slender fuselage and a three and one would result in a short, stubby Tirsetadpén
is able to accommodapassengers up to 7.5 ft tallhe interior contains abathroomand a galley with onerew

member seafThese are all seen belowhigure11-7 andFigure11-8.

A

Figure 11-7: Lavatory Figure 11-8: Galley

The seats havan 18 in. width and & in. arm rest width for maximum comfoWhile there are 50 traditional
aircraft seats, there is also room for two epmasengerdshis row is saved fogpassengers in wheelchaivghile at
this time,an FAA-certified inflight wheelchair option does not exist for passengers who use them, there are strides
being made in that directioheaving this row open allows for some hardware to be installed into the floor to allow
for passengers to take their opersonal wheelchairs into tlgabin. Another option would be to install something
similar to what Molon Labe Fredon Seatis attempting to accomplisti40] While this function might not be
integrated at t he s tthere wil stlifbeatsgaee foMeeaedmbe implemerdesl in the fitere

as they are FAA approved
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11.3 Combustion Engine Selection

Usi ng RAirerkftaDesige Partll, a starter combustion engine was selectée: required power at
takeoff is3,900 hpfor a takeoff weight of 36,000 Ibs.
Eachengine must provide at least950 shpFrom

these values, the Pratt & Whitney PW121 turb

propellor engine was chosen as showhigure11-9.

Properties of the PW121 are listedliable11.2. Figure 11-9: PW121 Engin¢41]

Although the PW121 was first introduceser Table 11.2: PW121 Engine Specificatiorfi40]
30 years ago, it as chosen aa starter combustion
engine for the Meadowlark because it is already

certified and used ocurrent regional turbopropsthe

ATR 42-320 and DeHavillandCanada Dash -&00
series. These turbarop regional aircraft have comparable takeoff weights to the Meadowlaridtdition, according

to Turbine Options aviation agency PW100 engines produce up to 50% leesn@&Sions than other simitaized
aircraft® 4. Due to t he Meadowlthkercdnbustiongngine osedccwslill lee salblegto easily
adapt to newcleaner combustion engine options releasefliture yearsin December 2022, Pratt & Whitney
Canada (P&WChccomplished their first hyltHelectric demonstrator with intents to flight test the system on a
Dash 8 later this year. The overall power output was 2MiMivalent t®682 hpfor a twin hybrid-electric engine
configuration This program is aiming for a 30% reduction in fuel burn eabon dioxide emissiong3]. New
engines such as the P&Wybrid enginecould be easily integrateghto the Meadowlarkas soon as they are

certified.

11.4 Engine Convergence

Performance of turboprops have been improving over the last few decades. Thesermepis bring the
performance of turboprops closer to that of turbofans. By ducting a turboprop, the similarities between the two are
even closer. Ducting the turboprop will result in gaining extra thrust, enhanced high speed performance, and noise

suppresion, which is key when the engines are close to the fuselage.
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11.5 Electric Motor Selection

As part of P&WCH s r e gi-elecmd flighty
demonstrator progranCollins Aerospaces developing an electric
motor and controllepowered by a turbogenerator and batter
systemas shown inFigure 11-10 [44]. Pratt & Whitneyis also

partnering withSwissbased compani55 S.A.to supplybattery

packsfor the projectThe Collinselectric motoprovides 1341 hp

Figure 11-10: Collins Aerospace Electric
Motor [44]

50/50 power split, paralldhybrid configuration.The hybrid configuration is also being designeduse 100%

(1 MW) and is combined witthe P&W combustion engine a

Sustainable Aviation Fudkading to further decrease in emissip4s].

11.6 Wing Layout

The wing characteristics thatere used to Table 11.3: Wing Characteristics
develop he wing design are listed in this chapter. Ti Airfoil NACA 65,-415 (a=0.5)
Wing Area, S 300 fi2
Meadowlark aircraft featurea high wing design, Aspect Ratio, A B
. . L . uarter Chord Sweep Angle 10 degrees
which allows for high visibility butanstruggle with Q A, pane &
i X i i i Thickness Ratio, t/c 0.15
high landing gear weighdnd increased interferenc -
Taper Ratio, A 0.40
drag. Based on gate requirements, objective: Incidence Angle, i 3 degrees

historical dataand STAMPED data, thcharacteristics of the wing are foundTiable11.3. To maintain natural
laminarflow, the airfoil used was NACA 65115 (a=0.%. It indicates that the area of minimum pressure is 50% of

the chord, maintaining a low drag 0.2 below and above the lift coefficient of 0.4, has a maximum thickness of 15%
of the chordand maintains laminar flow over 50% of the chdrde wing area andspect ratio werdeterminedy
STAMPED dataOther characteristics were modeled afterBhe 146such as the tamper ratio amdst angle The

front andisometric view of thavings are shown ifigure11-11.
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Figure 11-11: Wing Front and Isometric View

11.7 High Lift Devices

High lift devices were chosen and sized bas Table 11.4: Fowler Flap Characteristics
on Ro s k a Airplane Design Part 1. [46] _
Weight and C; 9,353 Ibf, 26% off Cy,_,
Ultimately, Fowler flags were chosenkowler flaps Change in C;___ 12
allow more lift, which ismportant for the amount of| Change n C; ., at take-off needed 0.042
Change in Cp . at landing needed 288
C. necessary for theakeoff the landing contions Required €, with flaps down 301
the Meadowlark hasThe characteristics of the| _Wing Areato Wing Flap Area 0.8
Flap Chord to Wing Chord 0.3
designed Fowler flaps are seerfTiable11.4. Other Flap Angle 28.03°

beneficial features of the Fowler flaps are that they are relatively easy to manufacture, reducing manufacturing costs,

and they increase wing aré®n image of the wing system is seerFigure11-12.

Figure 11-12: High Lift Device System

11.8 Empennage Sizing

The projectedempennage characteristfcs the Meadowlark aircraft are shown belowTiable11.5. These

are the initial sizing values estimated through Roskam technifjnesapproximateener of gavity (CG)
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locations of he horizontal and vertical taMasestimated with a thregiew CAD drawing of the Meadowlark. The
areas of theails were calculated given the wing area, wépgn, and mean geometric chord of the wing.

Table 11.5: Projected Empennage Characteristics

Horizontal Tail Volume Coefficienls 1.20
CG to the Quarte€hord of the MGC on the Horizontal Tail; Xt) 42.4
Horizontal Tail Area, §(ft?) 70
Incidence Angle of the Horizontal Tai (°) 0
Sweep Angle of tuyfe Hori zont al 20.5
Vertical Tail Volume Coefficientys 0.08
CG to the Quarte€hord of the MGC on the Vertical TailXft) 42.4
Vertical Tail Area, $(ft?) 60
Di hedral Angle af) the Vertica 90
Sweep Angle of y(*he Vertical T 30

The sweep angle of the horizontalilf 20.5°,i s much gr eat er t h0aTThisensweswi ng
that thehorizontaltail does not stall before the wing. This remains true for the vertical tail, which has a sweep of
30°. Tablellécont ai ns Meadowl ar kusiagFigueelllel8 anedFdjuresl1-12 and the Muakl u e s
shift values were calculated using Multhopp Integratibmere are some slight changes made to erlsues 1
handling qualities identified later on.

Table 11.6: Empennage Selected Sizing Values

Lift Coefficient due to Angle of Attack on the Wing, - (rad™) 4.1
Lift Coefficient due to Angle of Attack for the WinBuselaged - T}gradl) 4.1
AC Wing Location from the LE of the Wing MG@) -, (fr. ¢)- 25
Lift Coefficient due to Angle of Attack on the Horizontal Tail, (rad?) 3.37
AC HorizontalTail Location from the LE of the Wing MG@)  (fr. c) 7.206
Horizontal Tail Area, §(ft?) 90
Downwash on the Horizontal Tail due to Angle of AtteIck', T 0233
Change in AC Location dde(frtco Fusel -0.22
AC Location of the Aircraft from the LE of the Wing MG®,  (fr. c) 1365
Vertical Tail Area, $(ft?) 81.05
Yawing Moment Coefficient due to Sideslip for the WiRgselage) (degh) -.0016
Yawing Moment Coefficient due to Sideslip, (deg?) .0041

Figurel1-13tracks theaerodynamicenter (AC) and CG locations as a function of horizontal tail area
with the forwardmost and aftmost CG location lines superimposed to visualize the static margin range. Horizontal
tail area was selected based on the interseofitimee most aft CG lie for neutral stabilityA flight controller will

be utilized with this targetedattc margin to maintain stability. A more neutsgbility point allows for a more
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efficient flight, reducing fuel and emissiorfsigure11-14 tracks yawing moment coefficient as a function of

vertical tail area.
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Figure 11-13: AC and CG Location Plot with Horizontal Tail Area
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Figure 11-14: Yawing Moment Coefficient Plot with Vertical Tail Area

An important note is that the empennage desigmt limited by engine out yawing moment, but instead

was sized for inherestability anda Cns valuewhich induces lateradirectional stability The engines of the

Meadowlark are crosshafted, which mitigates the engine out yawing moment eff€atssshafting allows for a

transfer of power to keep both engiradive even if notat full power. A full image of the empennage is seen below

in Figure11-15.
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Figure 11-15: Empennage Design

11.9 Landing Gear Designs

Thelanding gear chosen for the Meadowlark is a retractable, tricycle landingsgearirFigure11-16.
The nose gear assembly have two wheels on the noseagdahe main gear assembly has two sets of wheels on
eachgear, with a total of four lieels on the main landing ge@he size of the wheels for both the nose gear and
main gear are shown ifiable11.7. The longitudinaplacement of the main gear allows the Meadowlark to
achieve 10 of takeoff clearanceshown inFigure11-18. The mainlanding gear was placed using a 35° {zalfle
shown h Figurel11-17. This was designed to account for the longitudinal stability of the airdtaift.placed the
maingear 68.5 inchesff of the centerline of the miraft. The lateral ground clearance was design to have an angle
of 10°, placing the main landing gear at FS50le takeoff angle is able to be this low due to the fact that the
Meadowlarkhas both fowler flaps and blown wings to help with takeoff rotafitre nose gear is located at the
bulkhead that separates the cockpit and the main cabin area.

Table 11.7: Landing Gear Wheel Dimensions

Wheel Diameter (in.) 145 26
Wheel Thickness (in.) 5.5 6.6
23 Aerospace Engineering Department
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Figure 11-16: Landing Gear Front View

Figure 11-18; Seater Side View and Clearance Angle

The landing gear configuration was designed on several aspects. The Meadowlark landing gear will have
one strtifor the nose gear and two struts for the main gear. Each strut will hold two tires, with a total of six tires
for the aircraftTable11.8 shows the landing geardds and components such as the length of the main gear from
theCG (& ) and length of the nose gear from (& (0 . The dynamic and static tire loads were determined for

the aircraft, as shown ifiable11.9. For the aircraft, the maximutire loads were more critical for the tire

selected.
Table 11.8: Landing Gear Loads
w (Ib) 36,000
a (in) 28.6
a (in) 330
"Q (in) 125
0 (Ib) 32,400
0 (lb) 3,600
Table 11.9: Determined Static and Dynamic Loads
Maximum Static Main Gear Load, Rk (Ibf) 34,700
Maximum Static Nose Gear Load, RN(Ibf) 3,850
Minimum Static Main Gear Load, P (Ibf) 5,500
Minimum Static Nose Gear Load, RN(Ibf) 3,400
Dynamic Main Gear Load, Pga: (Ibf) 6,870
Dynamic Nose Gear Load, Br (Ibf) 4,260
@:. Aerospace Engineering Department
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Table11.10 contains the tire and landing gear defections calculated, along with components that

influence the deflectis The touchdown rate was determined by the FAR 25 requirements, thus having a rate of

12 feet per second. The landing gear load factor and shock absorption efficiency for the tires were determined

throughJ an Ro s k amo6 s : Rait IV.Sine the MaDaviark giroraft will use olepneumatic struts, the

shock absorption efficiency is known

Table 11.10: Landing Gear Strut and Tire Deflection

Touchdown Rate, wft/s) 12
Landing Weight, W (Ibf) 36,000
Touchdown Kinetic Energy, Kt dbf) 965,000
Allowable Tire Deflection, gin) 2 | 1.5
Shock Absorption Efficiency for oleo 0.80
pneumatic, d )
Shock Absorption;: Ef 0.47
Landing Gear Load Factor, Ng 2.0
Strut Stroke Deflection, ss (in) 18.5 | 16.9

Table11.11 shows the tire selection and specifications for the main gear and nose gear. The tires were

selected from several tablesRno s k @insi@fsDesign Part IV. The tables listed the tire dimsans, type,

maximum loading, and uninflated tire pressure, which were considered for tire selection. To finalize the selection,

the weight and minimum size available was examined. Along with these specifications, the clearance radius and

width were calcudted.

Table 11.11: Tire Selection and Specifications

Manufacturer Goodrich
Tire Outer Diameter, Do (in) 24 18
Tire Width, wre (in) 7.7 5.5
Tire Type VII

Maximum Loading, Pmaxbf) 9,725 4,000
Unloaded Inflation Pressure (psi) 165 140

Static Loaded Radius, rsl (in) 10 7.5
Clearance Radius, rcl (in) 1.31 1.22
Clearance Width, wd (in) 3.4 2.8
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The landing gear strut shownkilgure11-19 shows the landing gear in full
extended position. Instead of completely retracting into the sponsons, the landing ge:
will be squatted, leaving it partially exposed.

12 Emissions Solar Farms,and Batteries

12.1 Emissions

The Meadowlark utilizes batteri@nd electric motorsn combination with two Figure 11-19: Nose
Wheel Strut Layout

PW121lengines. A driving force in the development and use of hyddadtric
turboprops is the decreased fuel burn and @@issions. Based on studies, a typical hybtettric turboprop
design would experience approximately 28% less mission fuel andr@i®sons [47]. As discussed in Chapter
11, De Havilland Canada is working with Pratt & Whitney Canada to develop hglaridric aircraft propulsion
technology. This technology is to be integrated onto the Dd<}08and the target fuel and enndsss reduction is
30% compared to other regional turboprop aircrsy.|

TheMeadowlark aims to support thredustrywide goal ofnetzero carboremissionsy 2050.Tablel12.1

below lists someommoncauses of emissions and how the Meadowlark design works to reduce them

Table 12.1: Emission Mitigation [49]

Idling on airport tarmaé& fuel use during taxadds up to| Engines shutdown on tarmac a@DAT usel to

over 200 million gallons of excess fuel burn taxid electric taxiing could save 77,000 gallons of
fuel per aircraft per year

Dust and dirt collecion reduceefficiency ACES removalebris leading to #&.025% reduction
in fuel useand saving $22,000 per aircraft per year

Dragreduces efficiency NLF fuselageand blended winglets reduce drag

Wingletsalone carsave 83,00@allons of fuel per
aircraft per year.
Congestion in landingones, causingircraft to circle in | High wing loadingleads togreater gust resistance ar

holding patternand waste fuel maintains safe high operational tempos, even in
extremeconditions.
100%aviation fuel Emissionfree recharging of batteries from airport

based solar farms.

The dynamic design of the Meadowlark allowsdontinuous improvements in engine technology, and can
easilyadapt tonew technologiesAs propulsive telsnologydevelops talecrease emissionser the lifespan of the
aircraft (ith an EOS date predicted at 208the Meadowlark caaccommodateew engine designs and smaller

battey sizes.This is a huge advantage over static aircraft designs, as demeshgti@igure12-1 below.
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Dynamic integration of improving batteries, electric motors &
combustion engine technologies
Tailored to specific markets, legs, operators, & seasons

“l:\ 2 7 Static design, unable to easily accommodate new batteries,
‘y’ -Q' electric motors & combustion engine technologies

~

Embraer E-150 Boeing Sugar Volt

Carbon-based Passenger Specific Range, CBSR (

T~ De Havilland Canada Dash 8

2023 2035 2040 2055 2060 2070 2080 2085

Figure 12-1: Propulsion System Adaptability

12.2 Solar Farms

As seenn Figurel-1, the CONOPSeatures a solar

farm on the outskirts of the airgoThis solar farmmuch
4

like the one seen iRigure12-2, will provide energy to
the iIGOATand ACES charger20% ofpublicairports
from 2010 to 2020 adopted the udesolar energy50].

The use of solar powéias rapidly decreased over time.

A decade ago, single solar module cost approximately - :
Figure 12-2: Solar Farm [51]
$2.50 peWatt, while as of 2021, an entirglity -scale
photovoltaic system costs approximately $1\patt[51]. This rapid decrease in price is leading to the
development of solar farms in areas that are not the ideal location.

When he Meadowlark is introduced in 203bwill have a limited number of airports to utilize due to the
need of a solar farm to power the iGOAMMd ACES charger3he airpors the Meadowlark will first begin to fly

into are locations with significant open land, such as dessert areas like Arizona and Bgwhdayear 2050,

solar farms will be more widespread across airports, allowing the Meadowlark to continue to expanddesd
&\ 5 Aerospace Engineering Department
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12.3 Batteries

. . . . Table 12.2: Battery Pack Types
As mentioned in Chapter 1the Meadowlarkwill use different ﬂ

battery pack typesas shown imable12.2. Depending on the

payloadrange, the aircraftamn use different pack types. For exampl

if the maximumbattery weight is3,400 Ibf, the battery pack

A 4,000
B 2,000
C 1,000
D 500
E 250

configuration can be Type B, Type &nd Type E.

At the required altitude and cruise spgtbe determinedshaft poweiis 1.31 MW Figure12-3 shows the

volumetricenergydensity of Lithiumion batteries increasy between 2008 to 202The increase in the

volumetric energy density allows for the size of the battery ppekifiedto remainthe same, allowing for the

Energy Density of Lithium-ion Battery Packs, 2008-2020

500
450 -
400 -

350

450
250
| 140
100 - 90
55
.

2008 2010 2013 2017 2020

w
(=3
o

Watt-hours/Liter
N N
[=3 4
o o

-
o
o

Figure 12-3: Volumetric Energy Density of Lithium -lon Batteries
from 2008 to 2020 $0]

13 Weight and Balance

aircraft to travel furtheror
example, in 2008jthium-ion
batteries had a volumetric energy
density of 55 wathours per liter By
2022, thedensity increases to 450
watthours per literBy 2035, the
volumetricenergydensity of the
batteries will increase, with the size
remaining constant. Thus, alling
for the batteriepacks to adapt over

time.

The following chapteshows the Class Il balance analysis &@lexcursion diagram.
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13.1 Center of Gravity Excursion

For the final weight and balance calculations, methods fRoms k amés Ai rpl ane Design
Weight Estimatiofi53] Table13.1 displays the weight of each component, the weight fraction of each component,

which is the weight of the component divided by the Table 13.1: Class Il Weight Sizing

aircraft takeoff weight, theCG location along the x _

Component Weight (Ib) Weight Fraction
axis, and that center of gravity location multipliey the |Takeoff 37090
weight of each component. The sum of the Weig.l'.f:tmpty 16901 45.69
Fuel 4580 12.39
fractionstotalsup to equal 100%. The initial calculationgPayload " 12660 34.10
showed that the Meadowlark was within 5% of the TOTAL 1.04

overall takeoff weights and preliminary weight and balance. Using the value§ &bi®13.1 andTable13.2, the
final CG excursion diagram was created, as showkigare13-1. This diagram shows that the main landing gear
is located behind the centers of gravity for each weight case. The vertical lines of the CG excursion diégatem in

the Meadowlark is utilizing ballast tanks to stéwel; the CG does not move when fuel is added or removed.

Aerospace Engineering Department

& . KU




Wto

p
35000
—. 30000
=
=
= b Woe-fuel+pax
an
2 We-fuel+-pax
& 25000
B
<
Woe+fuel
20000
Main Landing
Gear Location
Woe
We
15000
380 400 420 440 460 480 500 520
CG Position, XCG (in.)
l 1 ] | 1 1 1 |
| T 1 ] 1 1 ] 1
-25% 0% 25% 50% 75% 100%
CG Position, Xca (fr MGC ~)

Figure 13-1: CG Excursion Diagram
The different specifitbadcase8 CG excur si ons alabtkl3®ei ghts ar e

Table 13.2: CG Excursions and Weights for Load Cases

Load Case Weight W*Xcg (Ib-in) Xcq (in)
We 16901 7166024 424
Woe 17299 7213683 417
Woe + Fuel 21879 9123543 417
Wto 37090 15911610 429
Woe + Pass 26598 11649924 438
Woe 17299 7213683 417

13.2 Accounting for Static Margin and Center of Gravity Excursion

The center of gravity excursion for the MeadowlarB5.8 feetand the static margin remains positive.

Table133 displays the location of items with respect to their CG in order to balance theMa#d
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Table 13.3: Weight and Balance Sizing

Component Weight Fraction Weight (lb) Xcg (in) W#*Xcg (Ib-in)

Wing 3.9% 1433 402 575743.57
Horizontal Tall 0.5% 170.2 916 155911.199
Vertical Tai 0.3% 125 892 111492.562
Fuselage 7.6% 2816 424  1192582.45
STRUCTURE Nacele 3.2% 1188 418 496584
Landing Gear (Main) 3.6% 1344 434 583294
Landing Gear (Nose) 0.9% 318.€ 104 33134.4
Cargo Carpet 2.7% 1000 340 34000(
Fuel Systern 1.8% 676 450 304204
FUEL Trapped Oil and Fuel 0.0% 18 402 7234
Max Fuel Capacity 12.3% 4580 402 184116
POWERPLANT Engine 7.9% 2931 418 122515¢
Propulsion System 1.2% 461 418 192699
Avionics & Instrumentation 0.0% 3.6 121 435.6
Surface Controls 1.3% 468 424 198437

Hydraulic System 8.7% 3240 424 137376
Pneumatic/Electrical System 1.9% 720 424 30528(
FIXED EQUIPMENT Electronics 0.1% 36 121 4354
Air Conditioning System 2.9% 1080 424 45792(
Anti-Icing System 0.0% 18 418 7524
Furnishings 4.9% 1800 458 82440(
Auxiiary Gear 0.0% 3.6 424 1526.4
Pilot (2 Pilots, 1 Crew) 1.0% 380 145 5510(
PAYLOAD Passengers + One Crew (50 Max) 27.5% 10190 458 466702
Baggage 1 (40lbs / Passenger) 5.4% 2000 458 91600(
Baggage 2 (30 Ibs / Crew) 0.2% 90 659 59310
[ToTAL 1.0q

14 Advanced CAD

A threeview of the Meadowlark aircraft is seenkigure14-1.
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Figure 14-1: Meadowlark Three-View

A situational rendering of the Meadowlark is seefigure 14-2 in a hangar environmenthe materials

applied to the CAD components are listadable14.1.
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Figure 14-2: Meadowlark Situational Rendering

Table 14.1;: CAD Model Materials

Skin Carbon-PEEK Composite
Ribs Aluminum
Spars Carbon-PEEK Composite
Fuselage Frames Aluminum
Engine Structural Support Titanium
Landing Gear Strut Steel
Landing Gear Wheel Steel
Landing Gear Tire Rubber
Forward Bulkhead Carbon-PEEK Composite
Aft Pressure Bulkhead Carbon-PEEK Composite
L e
Windows Plexi Glass
Seat Leather
Floor Carpet
Interior Walls Plastic
Aerospace Engineering Department
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14.1 Substructure

The Meadowlark substructure are s@eRigurel4-3. Details of the substructuare outlined in following

subsections.

Figure 14-3: Meadowlark Substructure

14.1.1 Fuselage Substructure

The fuselage substructure can bersinFigurel14-4. andcharacteristicgan be found iTable14.2.

Table 14.2: Fuselage
Characteristics
Jim
251n.
24in.

Figure 14-4: Fuselage Substructure

14.1.2 Wing Substructure

The wing substructure, seenkigure14-5, has a twespar designCharacteristics of this substructure can

be found inTable14.3.
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Table 14.3: Wing Characteristics
18 in.
0125 in.
0%

70%

Figure 14-5: Wing Substructure

14.1.3 Horizontal Tail Substructure

The horizontal tail also has a tvepar desig with the onlycontrol surfacdeing the elevatgiseen in

Figure14-6. Characteristics of this substructure can be fourthinle14.4.

Table 14.4: Horizontal Tail Characteristics

Figure 14-6: Horizontal Tail Substructure

14.1.4 Vertical Tail Substructure

The vertical tail also hastavo-spar design with the only control surface
being the rudder, seen kigure14-7. Characteristics of this subgtture can be

found inTable14.5.

Table 14.5: Vertical Tail Characteristics
12 in.
0125 m.
30%
0% Figure 14-7: Vertical Tail

Substructure

14.1.5 Engine Substructure

The structural provisions for the hybrid turboprop engines of the Meadowlark consist of engine cradles

which attach to both wing spars. These cradles are made of titanium tubing and support the engine and motor
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assembly from above and below. While costly, titanium tubing offers excellent
specific strength and is less intensive to manufacture compared to composite

elements. The engine cradle can be seéfigure14-8.

15Aircraft Systems

. . The followingsections outline all aircraft systems integrated on the
Figure 14-8: Engine Mount 9 4 9

Substructure Meadowlark.

15.1 Flight Control Systems

The flight control system layut is shown belovin Figure15-1. This diagram pictures how many actuators
are on each control surface and how they are connected to the controllers and computer systems. To ensure|
redundancy, the rudder and elevators hhweet actuator systems, the ailerdrmyler flaps, and Krueger flaps have
two actuator systems, and the slats have one actuator system as they will use electro hydrostatic actuators.

Autopilot command e mmmm e @:@ w

and pilot signals PTG

Dedicated
Sensors

Essential PAS l]
Computers

T
1 Yoke Controllers
i
!
i
i
!

Primary CPU

H-Tail Incidence

Figure 15-1 Flight Control System
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15.2 Fuel Systems

The fuel system will havéour tanks: one in each wing, one in the left sponson, and one ballast tank at the
back of the plane&All tanks will be interconnected withupnpsto allow the entiety of the 4,580bs of necessary
fuel to flow. To store the 90.30%bf fuel volume the tvo wing tanks will store 21 ¥teach, the sponson will hold
50 ft3, and the ballast tank will hold 22 fif fuel. As the wing has anhedral, gravity will feed the wingused fuel
towards the wingtips. The pumps will be at the intersection of the wirggletshe wing. These wing pumps will
either pump to the engine or to the ballast tank. There will be pumps at the bottom of the sponson tank that will
pump to t he whewinglds will acéds sutga tankssfar the faetl hey will allow fuelto flow in
them if needed. There will be a vent at the top of the wingledsit the top the empennage for the ballast tank.
There is no vent for the sponson tank because the fumes will travel to the wingtaerksis one refueling port at
the leftsponson. The fuel will be immediately pumped from the sponson refueling site to the wings for them to fill
first. Then, the sponson will be filled until the necessary fuel is reached. Pumps will act to move any fuel weight to
the ballast tank for CG/balaa@urposesThe left sideand right sides of the fuel system can be seéiigare15-2

andFigurel5-3.

,,0

Refuel Valve P Pumps Ballast Tank

i Emergency
Sponson Fuel Tanks Batteries  Dump Valve

Figure 15-2: Left Side Fuel System
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Eight ultrasonic fuel level sensors will be /]
used: two in each of the wings, two in the ballast é
tank, and two in the sponson tank. This will =
measure the height of the fuel in the ta&r crash 4l
worthiness 50 f of fuel will be pumped to the - = =
sponsortanks, which is 55.4% of the total fuel.

These sponson tank can act liklsoptanks and can

: 0
be jettisoned in case of emergency. There will als Wing Tank a
be a valve at the bottom tfio of the sponson "E\"\ 7
I
tanksthat can be opened ket out increments of i

fuel. The entire system can be seen from the top i

Figure15-4.

Pumps
Ballast Emergency
Tank Dump Valve ;
Sponson Batteries
Fuel Tanks

Figure 15-3: Ride Side Fuel System

1’1%4-/

IHPNPA

Vent

Ballast Tank

Vent

Figure 15-4: Fuel SystemLayout Top View

15.3 Hydraulic System

The hydraulic system is shown belowHigure15-5. The system includes the connections to the breaks

and the landing gear.
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Figure 15-5: Hydraulic System Layout

15.4 Electric System

The Meadowlarkelectrical system, specifically for propulsion, is seeRigure15-6 andFigure15-7.
Thereis a base electrical system common in most aircraft, and a separate electrical system for the hybrid portion.
Thetwo systems are designed to be separate with one for the fuel profstigsien, and one for the electric
motors. Thdarger voltage utilized in the electric propulsion system allows farge reduction in wire diameter
and volume. The systems show tladteriesfrom the sponsons supplying power to the motors and the starters for
the engines. The electnootor count,battery countand ESC count all are to meet F2RR safety regulations
through redundancylhe systems have two main bus componehtspimary used for main ignitioand heat

with the secondary bus being utilized to power the avionics, fligimputer, and will house the instrumentation.
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Figure 15-6: Base Electrical System LayouSchematic
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Figure 15-7: Electric Propulsion Schematic
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15.5 Escape SystemEire Detection and Suppression System

Because the Meadowlark is a-pAssenger aircraft, there must be at least one Type 1 door or larger on each
side of the fuselage. The Meadowlark will hawe Type 1 doors on the left side for ingress and egress and on
Type 1 door andneType 2 doors on the right side for servicing and emergency edilesgscape system can be
seen inFigure 15-8. This layout also shows the locatiofthe fire detection, protection, and suppression system.
Therewill be thermal switches in thigaggagéay and lavatory, smoke detectors to measure for smoke ionization,

anddry chemical fire extinguishers. The suppression system will be ienthi@e cavlings and the baggage bay.

Dry Chemical
Fire Extinguisher
Fire/Smoke Dry Chemical
Detector W Type 2 Fire Extinguisher

Fire/Smoke
Detector

Type 1 Type 1

Figure 15-8: Escape System and Fire Extinguishers

15.6 Pressurization System

The pressurization system utilizes higtessure air from the engine, ambient pressure input, and cockpit

control and monitoring system. Positive or negative pressure can be used to protect the integrity of the structure that

will change with altitude. This is seenhiigure15-9.

&,, Aerospace Engineering Department IQJ

64




e Negative Pressure Relief Valves Ne
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Cabin Controls

/ I ‘
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{ ‘ i : e 3 =
’/ Outflow Valve
Positive Pressure Relief Valve Manual Motor 2 \

Auto 1 and 2

Cabin Pressure Input ——  Auto1 Positive Pressure

Relief valve ,@ =F
Auto 2 * Ambient  Integral Ambient BN

Controller " Pressure Port Sense Port

Built-In Test

Figure 15-9: Pressurization System Layout

15.7 Pneumatic System

There is nauxiliary power unit (APU) required for the Meadowlark aircraft because of the battery power.
The battery power will assist with ice protection system. The iGOAT will function as the huffer cart to assist with

any necessary ground starts, all seeRigure15-10.

Engine 1 Engine 2

Huffer Cart
/iGOAT

Figure 15-10: Pneumatic System Schematic
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15.8 Oxygen System

There will be a crew oxygen system and passenger oxy

—
DA

Ii :
—

Oxygen
Cylinder

—

system. The crew system is from a gaseous source, showiglire

1511 As there are far more passengers than crew, the passenger s

is from a chemical source that will lessen fire hazards because there

not be common oxygen cylinder replacement.

Figure 1511 Oxygen System 36]
15.9 Cabin Sterilization System

The cabin will be sterilized using a UV light disinfection system: the Aero Hygenx RAY
system.UV light disinfection ha been used in hospitals and wateatment plants for years and
this more recent implementation of the systems in aircraft has been directly related to the Covid
19 pandemic. The cart will roll along the aircraft aisle and are 99% effective for elimginati

harmful bacteria and viruses without the use of chemi@édlsre is also no personal protective

equipment needed with the RAY system and no dry time like with normal disinfectant sprays.

Figure 1512
RAY[ g%stem [54] The RAY system is seen Figure15-12.

15.10 Cockpit Instrumentation

The Meadowlark cockpit is designed to accommodats

maximum of two pilots. However, according to the market survii
about a third of total operation costs are related to salaries and be
To work towards decreasimgeration costs, the Meadowlark providg
an avionics system that supports growing levels of aircraft autono Figure 15-13 Honeywell Anthem Flight

Deck Systeny55]
Launched in 2021, Honeywell Ant-bemnikst@tihe b8icgemt i em
in Figure15-13. This new flight deck system can automate tasks, leading to-gigieperation compatibility for

the Meadowlark. Honeywell Anthem allows thiparty applicationsrad websites to run, allowing integration with

and control of the IGOAT and ACES system from the cockpit.
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15.11 De-Icing, Anti-Fog, Rain Removal Systems

Two types of ice removal systems used = Outer Skin

r"_.-"

Front Spar

) P

the aircraft: anticing and decing. Anti-icing will

occur prior to flights from heating and through tr

Inner Skin

ACES. With deicing, the system will be used afte

Leading Edge
. . Diaphragm
there has been a large amount of ice buildup. 1

system focuses on sending engine air throug

—
— =

\ Exhaust

located in the leading edge of the wing. The meth Figure 15-14 De-Icing Method for Wing and Engine [34]

airducts (specifically for déing). The ducts are

can also be used for the engine. To prevent fogguy

and rain removal, hydrophobic coating will be used on the evindt will repel any form of water and will utilize
the wipers. This system is seenHRigure 15-14. Another way to remove ice and snow on the wisigising the
ACES. The ACES will operate on the trailing edge of the wing to remove these issuescarrcitbe reached

using the methods mentioned above.

15.12 Lavatory, Galley, Water, and Waste Systems

The galley wildl be equipped with a beverage servi
baggage, and counter space. Locks will be on every door and cabinet for safety. The lavatory is large enough to
accompany a standard size wheelchair, withlavels of sinks for different height needs. There will be around a
half of gallon of water for a setfontained flush with help from the cabin pressurization. The waste will be
combined with chemicals to disinfect with a catalytic process and the tarksdlves will be flushed with blue

disinfectant. The waste system will be serviced after each flight from the lowest point waste drain

15.13 Safety and Survivability

The Meadowlark will be equipped with certain systems and antenna to ensure the best safety and survivability
for the crew and passengers. Like most general aviation aircraft, the Meadowlark will have an emergency locator
transmitter (ELT) to transmit a digss signal in the event of an aircraft accident. The Meadowlark will also possess

a Traffic Alert and Collision Avoidance System (TCAS). This system will be integrated into the flight controls and
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used for collision avoidance. The system will notifyteaffic control of any incoming traffic. This system will use

two antennas: one on the belly of the aircraft and one on the top of the aircraft.

15.14 Checked Baggage Handling System

The Meadowlark will utilize an automatic luggage carpet to decrease the anfipansonnel needed to
unload checked bags, decreasing the cost, and to decrease the time it takes to unload. The carpet will be installed
from nose to tail in the sponsons of the aircraft. The luggage will be |damedheright side of the backnd of
the aircraftand unbadedon the right sideear the noseSome things need to be taken into consideration when
determining where the luggage carpet will be located. Batteries will need to be stored in the sponsons, and the
storage of these will depend on passenger ingress and édgesel5-15is a plotmade from Telair datthat

comparedoading times of manual luggage loading versus the automatic carpet the Meadowlark impl€hsents.

system can be tmd inFigure15-16.
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Figure 15-15: Number of Baggage Unloaders with Manual vs Sliding Carpetd6]
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Luggage Loading |
~

Figure 15-16. Checked Baggage Handling System

15.15 Cabin Baggage Accommodations

There will be overhead bins that span the length of the cabin, not
including the wingfuselage intersection, doors, or lavatoriBisese bins will be

able to caly baggagevith a volume of 4 f, shown inFigure15-17.

Figure 15-17: Cabin Baggage
Accommodation

15.16 Ground Equipment and Servicing Vehicles Compatibility

The Meadowlarkds high wing configurati dhnisisalmaio ws
advantage of the high wing configuratidrhoughthe engines do protrude past the lower surface of the wings and
the Meadowlark will keep the engine core running for a hot turn, the props will not be turning, so it will be safe for
any ground vehicles and stairs to come near. Air stairs will be utflizatie two entrance doors to speed up
passenger ingress and egrd$ge magic carpet allows for smoother loading and unloading while simultaneously
taking up less space. The lavatory service is all completed towards the rear of the aircraft, whilleytiee ga
loaded near the front in each respective location. The cleaning services are quickly completed through the galley

access door as well. Important additions to the flight line are the IGOAT and the battery loader.
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Because of the small wirgpan of the Meadowlark and ability to have closer ground equipment vehicles, the
flight line footprint will be smaller compared to other regional aircitie high wing configuration also allows
for increased maneuverability around the aircraft during ground operdfignse 15-18 shows a comparison of
the two flight line footprints for the Meadowlark and the Embraer EMB 190. The Meadowlark flight line is$550 m

which is a reduction of 12603n

Figure 15-18: Embraer 190 vs. Meadowlark FlightLine Footprint Comparison

Although the EMB is larger than the Meadowlark, the Meadowlark has a vast advantage in turnaround
time and fleet size. The Meadowlark ground operations footprint will allow for a larger fleet size and an increase
in productivity as well as prdf Meadowlark will have the capability to capture both the turboprop market and the
jet market through improvements like the8eerminal layout can be seenkigure15-19 comparing

Meadowlark to competition.
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