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1. Project Summary

1.1 Design Goals

The goal of this project was 10 perform 2 detailed design analysison a conceptually designed
preliminary flight trainer. The Triton II (1B) must meet the current regulations in FAR Part 23. The
detailed design process included the tasks of sizing load carrying members, pulleys, bolts, rivets and
fuselage skin for the safety cage, empennage, and control systems. In addition to the regulations in FAR
Part 23, the detail design had to meet established minimums for environmental operating conditions and
material corrosion resistance.
1.2 Minimum Environmental Operating Conditions

The detail design must meet the nine minimum environmental operating condition. The aircraft
must be able to operate at temperatures betweenl _400F and +122°F without degradation. The Triton must
beabletooperateatalﬁtudwwto 14,000 feet. Aminim\nnmdanddustrequirementstammatall
extemalsmfaoesandworkingmechanismSmustbe abletoendmeparticl&supto 150 microns in size.
Theqnxanﬁtythatnnlstbewithstoodiswtoo.MI gmmSpercubicfooL Allexternalsurfacﬁand
mechanisms must be sealed against water intrusion from rainfall at a rate of up t0 4.0 inches per hour
with net wind velocity of up to 150 miles per hour. The statement of work also states that all external
surfaces and mechanisms must endure 100 percent humidity at +959F without deterioration. Further, the
aimaﬁmustbeablewwimstandiceatmpmnnﬁMandmainoperaﬁOnal. The aircraft structure
must be able to suppoﬂanaowmmaﬁonof 10.0 inches of wet snOW. All of the aircraft's external surfaces
and mechanisims must be able to endure long periods of exposure t0 saltorfogaswoﬂdbeenooumzredin
coastal regions. Further, the parts must withstand corrosion experienced in these conditions in order 10
ensure ease of movement. The aircraft must be abletowithstandwindgustsinacoordamewithFARPan
23. The groundtiedMSmuStbe abletow'nhstandloads generatedﬁomwindswto 120 mph from any
lateral direction and an incident angle within a range of -10 to 10 degrees. Finally, the airplane must be

able to endure external shocks andimzmalvmrations as indicated in FAR Part 23 §23.561 through

§23.629.



1.3 Purpese of Paper

The purpose of this paper is to illustrate the methods and procedures used to complete the
requirements in the statement of work. This document should remain as reference for future modifications
to the detail design of the Triton I (1B). Further, this document stands to prove that all the above design
requirement have cither been meet or exceeded.
1.4 Summary of Critical Detail Parts

Table 1.1: Summary of Critical Detail Parts

Part # Part Name Load/Type Load M.S./Type Page
(dwe. #) (psi) Source Number

1(201) Hat Sections 3000 Crash 1.5/Buckling 26
24(402) Mid-Section Stringer 17 470 Cruise Fit. | 0.066/Bucklin; 32
01(301) Empcnngggildn 1 885 Cruise F1t. | 0.003 i 31
01(402) Front Push Pull Rod 3693 Man. Flit. 0.10/Buckling 35
05(402) Actuator Crank 4 416 Man Flt. 0.25/Tear Out 36

2. Description of Design
2.1 Spatial Requirement and General Configuration

This Spatial Requirements Specification applies to a high wing, 2-place staggered seat, front
engine, tractor aircraft. The power plant consists of a 165.2 Ib. Duncan SR-120R rotary engine. The
cockpit contains two Jungle Aviation And Radio Service (JAARS) seats that are arranged in a staggered
setup. In order to satisfy crash worthiness requirements, these seats are mounted to the safety cage in a
manner consistent with FAR Part 23 and the JAARS documentation. This aircraft has conventional
rudder and brake controls along with a tricycle landing gear configuration. The landing gear is mounted
to a stiffened section of the safety cage. The actual mounting will take place on the exterior of the aircraft.
Side stick controls are used instead of the conventional yoke controls. These where found in order for
future upgrades to fly by wire, where joysticks would be common place in the cockpit. The handles for the
side stick controls are placed on each side of the cabin angled at forty-five degrees. This angle was chosen
for pilot comfort and rotational clearance. Due to the staggered seating conditions, the instrument panel
is split into three sections. The first section is located in front of the student pilot and it contains all
instruments needed for instrument flight. The second section is the mid-section, which falls between the

student pilot and the instructor pilot. This particular section, due to the staggered seating arrangement, is



angled at twenty-five degrees incident to the windshield. This section contains all of the aircraft's radios.
The third section is directly in front of the instructor pilot. This section is flat as was the first. This
section contains all of the fuses, cabin heating controls and air controls.

The passengers are protected by an occupant safety cage as part of the fuselage, an innovation
inspired by technologies used in present day race cars. The safety cage maintains a volume of space
aroundtheoomxpantsintheeventofacrash It is hoped that the cage and JAARS seats will significantly
reduce the likelihood of serious injuries. Most importantly, the head is kept completely clear of any cabin
components. The exterior walls of the aircraft are two inches thick in order to enclose the cage. The
safety cage will be constructed from 7075-T6 aluminum, and the skin will be constructed from 0.032%,
2024-T3 aluminum. The members of the cage have a square hat shaped cross section. The hollow space
will be filled with a lightweight polyurethane filler. The safety cage is enclosed within a maximum cabin
width of 40.0 inches and a maximum cabin height of 53.8 inches. A section of the cage is stiffened with
three gussets in order to support the landing gear.

The attached drawings (See Drawing $94-1A-102-1B) show in graphic detail the spatial
requirements. These spaces must be maintained through the detailed design process. If these dimensions
are maintained the occupant safety requirements set forth by the FAA in FAR Part 23 will be satisfied.
2.2 Fuselage and Safety Cage Design

The idea of the safety cage stems from the current usage of roll cages used in the racing industry.
Themainid&ofthesafetymgeistoinsuxethattheoocupantsareabletosurviveaseverecmsh. This
would be accomplished by allowing the safety cage to breakaway from the aircraft during a crash. The
idea ofthisbmkingawaywasbasedonthefactthatthelossofmasswillresultinalosofenergy. This
mnbeseeninfomnﬂaoneclassmrswhentheyimpactawall. Inthedmignproo&ss,thcsafetycagewent
through many changes. Mthebeginningitwasconocpnmlizedthatthemgewomdbeconsmxctedmnof
tubular sections. Since this was the most common fabrication of existing cages, it only seemed practical
to copy this process. Later studies however, proved that it would be difficult to attach anything to the
tubes without the use of special fasteners. In order to attach skin, seats, wing interface, ect. a flat surface

must be provided. This lead to the idea of using a hat channel. Theonlydrawbacktotheuseofahat



channel is corrosion. ‘When the skin is fastened to the channel it is impossible to check for corrosion. To
account for this, a double layer of sealant will be used. Further, a polyurethane insert will be placed in the
hat channel. This insert would increase the stiffness of the hat channel while absorbing vibration and
noise.

After the geometryofthesafetngewasdecidedon, the d&signwamhadtodecide how to join
them. In the beginning it was felt that the members would be welded together. This seemed to be the best
solution except two difficulties in fabrication appeared. First, it did not seem practical for workers to weld
complex joints for every aircraft. Second, since thin sheets of aluminum will be used it would be
impossible to create a perfect weld to hold the cage together during a crash. To overcome this, a new idea
of preformed joints was used. This idea was found in an article about pre-formed structural components
used in car chassis. Theproo&ssusedtomakethejoimsforthe safety cage will be investment casting.
Althoughthisrequir&sahighertoolingcost,thisisoffsctbytheabilitytomakeoopi&softhejoimsata
high rate.

Sinoethesafetymgewastheprimary structure of the fuselage special attention was given to the
wing interface. According with the meeting held with the wing design group it was decided that the wing
attachment points would be Jocated at 25% and 70% of the root chord. To accommodate the connection
of the wing, squarembeswillbeusedalongthetopofthe cage. This configuration lead to any number of
wing attachment possibilities.

Inordertonseadoortoentertheaircraﬂ,amemberofthesafetymgehadtoberemoved. To
allow for this structural discontinuity, a latching mechanism was created. Using an idea from the
automoﬁveindustryadoormemberisaﬂowedtobelaxchedattheﬁeeendsoftheb&m In the latched
position, thetwoendsofthememberareﬁrmly secured. Thisisaooomplishbyplac’mgahingeatthe
rotationendandad&dboltatthelatchingend Whatthismisasimplebwmanachedattheends.

In this configuration the door member will transmit axial Joads though the frame, while still absorbing

side impacts.



2.3 Mid-Section and Empennage Design

The mid-section and empennage were inspired by the original detail design of the Triton. The
modifications to the preliminary design, resulted in two significant changes. First, the empennage of the
original Triton was broken up into two distinct parts. These parts are called the mid-section and the
empennage (See Drawing S94-1A-301-1B, Sheet 1). This separation was motivated by a drastic change
in exterior geometry. Second, the preliminary designers placed the front and rear spares of the horizontal
tail (h-tail) and vertical tail (v-tail) at the same location. Thus, the old interfaces for the h-tail and v-tail
had to be combined into one interface(See Drawing S94-1A-301-1B, Sheet 3).

The empennage is constructed from four stringers, six formers, skin, and several CONNECtors.
The first stringer is placed 435 degrees from the vertical, then all the other stringers a separated by 90
degrees. Theformersvaryinsizeandfunction, butallareintheshapeofanoval. The skin is flat
rapped and connected to the stringers and formers using rivets. The h-tail and v-tail are bolted to
interfaces on two of the formers. The empennage is bolted to the mid-section using bolts, nuts, and
washers (See Drawing §94-1A-301-1B, Sheet 1 through 5).

The mid-section is constructed from four stringers, two formers, skin, and several connectors.
The first stringer is placed 45 degrees from the vertical, then all the other stringers a separated by 90
degrees. The formers vary is size, shape and function. Theskinisﬂatmppedandoonnectedtothe
stringers and formers using rivets. The mid-section is bolted to the fuselage using bolts, nuts, and
washers (See Drawing S94-1A-301-1B, Sheet 1 through 5).

The mid-section and empennage Were designed to satisfy all the requirements of the statement of

work. These requirements were fulfilled as follows:

1. These parts were d&signedtowithstandtheloadrequirementsstatedin
FAR Part 23, Appendix A.

2. Thetemperaturewasfonmdtohavenoeﬁ'ect on the structural
integrity.

3. Theannosphericpmssurewasfoundtohavenoeﬁ'ectonthesuuctural
integrity.

5. Theseemsbetweenmcﬁonsoftheskinweremledtopreventall
water intrusion.

6. Theskinoftheaircraﬂispaintedwithstandardaircraﬁpaimto

prevent corrosion or wearing from contact with dust, sand, rain, salt,
fog, snow, ice, and humidity.



7. These sections have been found to be capable of supporting ten
inches of wet snow without structural failure.

8. These sections have been found to be capable of resisting a 120 mph
lifting force on the tie down bolt.
9. These sections meet or exceed all minimum safe life requirements.

As can be seen by the above list, all the requirements of the statement of work have been fulfilled for the
mid-section and empennage.
2.4 Aileron Design

The design for the ailerons was inspired by looking at the control systcms of a Cessna 172. The
main difference was the result of staggered seating. The staggered seating presented a problem in
connecting the dual controls. A closed system was used to solve this problem. This allows the dual
controls to be connected with one cable instead of the usual two. In a closed system the cable is always in
tension. The deflection of the ailerons is caused by the rotational motion of the stick. A square collar and
a square tube are used to capture this motion. The square collar has bearings at diagonal corners to allow
the square tube to pass through by linear motion but translate the motion for rotational motion. To keep
the square tube in place there is a stop on either side of the collar. The stop is a formed piece of
Aluminum that serves the dual purpose of keeping the collar in place and supporting the stick assembly in
the vertical direction, (see drawing S94-1A-401-1B). The stick rotates forty-five degrees to the left and
forty-five degrees to the right. This rotation satisfies the minimum aileron deflection requirements of ten
degrees up and down.

2.5 Elevator Design

The side stick control used in this design was based on advancing technologies. These
technologies are making the large yoke obsolete. The dual controls for the elevator are connected using a
circular tube that crosses behind the dash. The two sticks are connected to a cross tube. The cross tube
connector is slotted in order to allow pure linear motion.(See drawing $94-1A-401-1B) This connection
will allow a traveling motion of 6 inches, 3 inches forward and 3 inches backward. Connecting the cables
at the lower end of the cross tube will allow the elevator to be deflected 10° upward and downward. The
cables are strung along the underside of the floor and along the skin of the empennage (See Drawing S94-

1A-401-1B). To connect the cables to the elevators, a bell crank attachment is used. This attachment is



manufactured by allowing a rod to connect the two elevators at 25% of the chord. A bell crank will be
welding in the middle of the rod allowing the cables to be attached (See Drawing $94-1A-401-1B).
2.6 Rudder Control System Design

The rudder control system includes a deflection of +/- 21° for both the rudder and the nose wheel.
Also included in this section is the differential braking system. The differential braking system includes a
separate master cylinder, parking brake, valves and is visually displayed in the appendix section. The
rudder system is controlled by the pilot's or instructor's feet through two sets of bottom pivoting rudder
pedals. The rudder pedals are connected to a series of push-pull rods, bell cranks, and pulley wires. The
major obstacle was to account for the spacing required for the crank-rod interface to operate properly.
This was solved by placing ball bearings between two crank plates that have the rod end connectors
already attached.
2.7 Dashboeard Configuration and Design

The dashboard provides space for both VFR and IFR instruments as well as all fuses and control
knobs (see Drawing S94-1A-501-1B). The dashboard will be riveted to the skin of the Triton using L
brackets on both sides. Sun glare will be reduced by a two inch sun visor on the top section of the
dashboard. All instruments will be mounted to the dashboard which will then be covered with a heat
treated vinyl cover for improved looks. Both the heating system and the air-conditioning unit will be
attached to the firewall with air vents leading from the air inlets into the cabin. A list of all the proposed
instruments included within the dashboard can also be found on Drawing $94-1B-501-1B. The
components with stock numbers were obtain from Aircraft Spruce & Specialty Company catalog.
3. Loads and Loading

The loading and design criteria are specified in the Statement of Work documentation. This
document requires that the aircraft be designed for the loading conditions stated in FAR Part 23. In

addition, the aircraft must be designed to withstand snow loads and tie-down loads.



3.1 Loads on the Safety Cage

The limiting restriction set forth by the FAR Part 23 requires that each part be able to sustain a
9g load forward, 3g load upward and 1.5g load sideways. To satisfy this requirement each part of the cage
was sized according to the loadings present.
3.1.1 Forward Loading on the Safety Cage

The first loading condition was the forward 9g load. This condition represents a forward nose-in
crash. The main carrying members where the four floor supports, the two lower side supports and the two
windshield supports. Using the total aircraft weight of 2000 Ib., each member would be carrying
approximately 2250 Ib. during the 9g crash (See Figure 3.1).

2 X 2250 b, me——————efiip.

1x 2250 o, e

A X 25E b, e

Figure 3.1: The Forward Loading Conditions on the Safety Cage.
3.1.2 Side Loading on the Safety Cage
The second loading condition dealt with a side crash. Under this condition, all the side members
carry equal loads. This would represent a crash with the cockpit rolling over on its side. Using the

aircraft weight of 2000 Ib., each member would carry 600 Ib. (See Figure 3.2).
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Figure 3.2: The Side Loading Conditions on the Safety Cage.



3.1.3 Upward Loading on the Safety Cage

The third load condition represents a crash where the plane lands on the underside of the
fuselage. The members chosen to carry the load where the four supports connecting the two side floor
members to the two side members. Each of the four supports would carry about 1500 Ib. each using the

aircraft weight of 2000 LB (See Figure 3.3).

Sxi50GE 2x 1500 1b.

Figure 3.3: The Upward Loading Conditions on the Safety Cage.
3.1.4 Downward Loading on the Safety Cage
The forth loading condition represents the fuselage landing on its roof. For this loading condition the four

cage supports carry the load, each load was calculated to be 1500 LB (See Figure 3.4)

2300k 231500 b,

R

Figure 3.4: The Downward Loading Conditions on the Safety Cage.



3.1.5 Lift Loading on the Safety Cage
The fifth loading case dealt with an aircraft flying in the utility category. Under this condition
the four cage supports would carry the loads. From the calculations each of the front supports would carry

3360 Ib. while the each rear member would carry 1460 1b. (See Figure 3.5).

2x3380 0. 2xi0R

Figure 3.5: The Lift Loading Conditions on the Safety Cage.
3.1.6 Worst Case Forward Loading on the Safety Cage
LoadingmsesixwasmeM@se, therefore, it was used for sizing. This case dealt with a
crash where the six lower floor members carried all the loads. This would represent a crash where the
lower portion of the fuselage impacted the ground. From calculations, it was determined each member

would have to carry 3000 Ib. (See Figure 3.6).

6 X 3000 b, s

Figure 3.6: The Worst Case Forward Loading Conditions on the Safety Cage.
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3.2 Horizontal Tail and Vertical Tail Loads

In FAR Part 23 appendix A, two methods of calculating the design loads for the horizontal tail
and vertical tail are given. The first method is for the maneuvering case, and the second method is for the
level cruise case. Minimum design loads for the tail cone will be based on the worst case scenario
generated from the calculations to follow.
3.2.1 Maneuvering Case

The method for calculating maneuvering loads was modified slightly. The flat section of the
loading quadrangle represents the load contribution from the hinge gap. This flat section will be ignored
becanse the width of this gap is unknown. The sides of the shape will simply be extended to form a

triangle (See Figure 3.7). This is a conservative simplification because it places the force further back.

Elev. L.E — Hinge Line - Hinge Line

Figure 3.7: Simplification of Maneuvering Load (Chordwise)
3.2.2 Average Surface Loading on the Horizontal Tail
To find the chordwise load distribution, the average surface loading (W) was found using an
equation in FAR Part 23, Figure AS. The equation for the Horizontal Tail was:
W
W =4.8+. - =,25()Ib/
w 534(n, S ) i
Where: n, =4.4 (Limit load factor for utility category aircraft)
Z=1391 %z (Wing Loading for the Triton IT)

3.2.3 Loading on the Horizontal Stabilizer

The chordwise load distribution on the horizontal stabilizer was simplified by finding the
resultant and its location. The resultant loading distribution was found to be 1.52 1b./in at a distance of
7.78 in. from the leading edge. These were found by calculating the area under the chordwise distribution

curve (See Figure 3.8).
F s =5Wc, =152/  (Resultant of the Chordwise Distribution on the Horiz. Stab.)
Where: W =.260%/, (Average Surface Loading on the Horizontal Tail)

Cps =11.66in (Chord of the Horizontal Stabilizer)
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Fr = 1.52 tb/in
260 b/in~2

!

Figure 3.8: Calculation of Chordwise Resultant for the Horizontal Stabilizer

The spanwise load distribution on the horizontal stabilizer was simplified by finding the resultant
and its location. The resultant load for the horizontal stabilizer was found to be 92.2 Ib. at a distance of
30.3 inches from the tip. These were found by calculating the area under the spanwise distribution curve
(See Figure 3.9).
Fpus=F by, =9221b. (Resultant of the Spanwise Distribution of the Horiz. Stab.)

where: F,, . =152%] (Chordwise Resultant for the Horizontal Stabilizer)
b, s =60.6in. (Span of the Horizontal Stabilizer)
F=92.2 lb.
1.52 (b./in.
30.3
60.6 in.

Figure 3.9: Calculation of Spanwise Resultant for the Horizontal Stabilizer
3.2.4 Loading on the Elevator Due to Deflection.

The chordwise load distribution on the elevator was simplified by finding the resultant and its
location. The resultant load distributions were found to be 3.17 Ib./in (Root) and .69 1b./in (Tip) at
distances of 8.13 in (Root) and 1.75 in (Tip) from the trailing edge. These were found by calculating the
area under the chomﬁse distribution curve at the tip and the root (See Figure 3.10).

Fpp=5Wcg,=317%, (Resultant Force of Chordwise Distribution at the Root)
F i =5Wwcg,=0.69%, (Resultant Force of Chordwise Distribution at the Tip)

Where: W =.260%/, (Average Surface Loading on the Horizontal Tail)
Cep =12.21in (Chord of the Elevator at the Root)
cgr =2.63in. (Chord of the Elevator at the Tip)
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F=317 tb./in. F=69 lb./in

260 tb./in"2 m 260 lb./in"2 \
- b 813 in. 175 in.
- 1221 In., J_- -—»1 t 2.63 n.

Root Tip

Figure 3.10: Calculation of Chordwise Resultant for the Elevator at the
Root (Left) and the Tip (Right).

The spanwise load distribution on the elevator was simplified by finding the resultant and its
location. The resultant force for the elevator was found to be 100.2 1b. at a distance of 31.5 in from the

tip. These were found by calculating the area under the spanwise distribution curve (See Figure 3.11).

F.=F_,b.=10020b. (Resultant of the Spanwise Dist. on the Elevator)
F . +F
where: F,., = ——‘—"5-‘”—'-5-4& =1.93%], (Average Chordwise Resultant for the Elevator)
b, =51.9in. (Span of the Elevator)
F=100.2 lb.

317 lb./in. |
69 lo./in.

f—— 315 in. ——

po——————— 519 in, ———————e

Figure 3.11: Calculation of Spanwise Resultant for the Elevator.
3.2.5 Load on the Horizontal Tail Due to the Maneuvering Case
The load on the horizontal tail was determined by adding the loads for the horizontal stabilizer
and the elevator from the maneuvering case. This resulted in a 192.4 Ib. load (See Calculation Below) at

a distance of 29.2 inches from the tail cone.
Forme =F.gs +F.p =192.40b. (Force on Horizontal Tail Due to Maneuvering Case)

where: F_, =92.20b. (Resultant of the Spanwise Distribution on the Horiz. Stab.)

F,; =100.2/b. (Resultant of the Spanwise Distribution on the Elevator)
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3.2.6 Average Surface Loading on the Vertical Tail
To find the chordwise load distribution, the average surface loading (W ) was found using an
equation in FAR Part 23, Figure AS. The equation for the Vertical Tail was:

W ’

W = 3 —) = lb g
w 66(n, S) 199An2

Where: n, =4.4 (Limit load factor for utility category aircraft)

£=1391 ?/ﬂz (Wing Loading for the Triton II)

3.2.7 Loading on the Vertical Stabilizer

The chordwise load distribution on the vertical stabilizer was simplified by finding the resultant
and its location. The resultant load distributions were found to be 3.74 Ib./in (Root) and 2.25 Ib./in (Tip)
at distances of 12.53 in (Root) and 7.5 in (Tip) from the leading edge. These were found by calculating
the area under the chordwise distribution curve at the root and the tip (See Figure 3.12).

F o =5Wc,,=3.74%,,  (Resultant Force of Chordwise Distribution at the Root)
F o =5Wc, . =225%, (Resultant Force of Chordwise Distribution at the Tip)

Where: W =.199%/, (Average Surface Loading on the Vertical Tail)
Cy s =18.8in (Chord of the Vertical Stabilizer at the Root)
Cysp =11.3in. (Chord of the Vertical Stabilizer at the Tip)
F=3.74 b./in. F=225 lo./in.

j 199 lb/in"2 199 tb./in"2

253 inj=— S in
~t233 o] e el N

Root Tip

Figure 3.12: Calculation of Chordwise Resultant for the Vertical Stabilizer at
the Root (Left) and the Tip (Right).

The spanwise load distribution on the vertical stabilizer was simplified by finding the resultant
and its location. The resultant load was found to be 119.2 Ib. at a distance of 22.5 in from the tip. These
were found by calculating the area under the spanwise distribution curve (See Figure 3.13).

F,o=F,c,bc=11920b. (Resultant of the Spanwise Dist. on the Vert. Stab.)

Fr +F
where: F,, , =—5& 5 /ST =300%, (Average Chordwise Resultant for the Vert Stab.)

b, =39.8in. (Span of the Vertical Stabilizer)
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1 F=119.2 lb.

3.74 W./in \‘Tr
2.25 tb./in

]

Figure 3.13: Calculation of Spanwise Resultant for the Vertical Stabilizer.
3.2.8 Loading on the Rudder Due to Deflection.
The chordwise load distribution on the rudder was simplified by finding the resultant and its
location. The resultant Joad distributions were found to be 4.1 Ib.fin (Root) and 2.1 1b./in (Tip) at
distances of 13.7 in (Root) and 6.9 in (Tip) from the trailing edge. These were found by calculating the

area under the chordwise distribution curve at the tip and the root (See Figure 3.14).

F pp =5WCpr= 4.1%, (Resultant Force of Chordwise Distribution at the Root)
F pr =5WCpr= 2.1%, (Resultant Force of Chordwise Distribution at the Tip)
Where: W =.199%. (Average Surface Loading on the Vertical Tail)
Crr = 20.6in (Chord of the Rudder at the Root)
Cpr. = 2.63in. (Chord of the Rudder at the Tip)
1;:4_1 b./in. F=2.1 b./In

1

199 b./in~2 W\i Wb./in~2
{137 . k9 n
- 206 m. -] 104 in.

Root Tip

Figure 3.14: Calculation of Chordwise Resultant for the Rudder at the Root (Left)
and the Tip (Right).

The spanwise load distribution on the rudder was simplified by finding the resultant and its
location. The resultant load was found to be 123.4 Ib. at a distance of 22 in. from the tip. These were
found by calculating the area under the spanwise distribution curve (See Figure 3.15).

F.p=F.pbr = 123.41b. (Resultant of the Spanwise Dist. on the Rudder)
where: F g, = fﬁk—"jz—f"-&l' =3.1%, (Average Chordwise Resultant for the Rudder)
b, =39.8in. (Span of the Rudder)
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F=1234 b

41 Wb./in.
, 21 b/in.

22 in. ———o

398 . :

Figure 3.15: Calculation of Spanwise Resultant for the Rudder.

3.2.9 Load on the Vertical Tail Due to the Maneuvering Case

The load on the vertical tail was determined by adding the loads for the vertical stabilizer and the

rudder from the maneuvering case. This resulted in a 242.6 Ib. load (See Calculation Below) at a distance

of 22.25 in from the tail cone.

Eorvic =Fys +F,,=242.60b. (Force on Vertical Tail Due to Maneuvering Case)

where: F,, . =119.2/b. (Resultant of the Spanwise Distribution on the Vert. Stab.)
F . =1123.4b. (Resultant of the Spanwise Distribution on the Rudder)

3.2.10 Summary of Loads on the Tail Cone (Maneuvering Case)

The following is 2 summary of the maneuvering case loads and moments on the tail cone. The
loads on the two sides of the horizontal tail and the load on the vertical tail were added as vectors. Then
the resuitant shear force and line of direction were computed to be 454.9 Ib. at an angle of 59 degrees

from the horizontal (See Calculations Below and Figure 3.16).
Vasce =V Erraec V +(2X Fyric ) =45491b.  (Shear Foroe on Tail Cone)

9= Sin" 2L hruc _ 590 (Line of Shear Force Action)
Varce
where: F, ;... =242.6/b. (Vertical Tail Load Maneuvering Case)
Fyruc =192.41b. (Horizontal Tail Load Maneuvering Case)
242.61b.

’-Tail
384.81b.
H-Tail
V=4349b

Figure 3.16: Calculation of the Resultant Shear Force and
Line of Action (Maneuvering Case).

The moment on the tail cone was computed using the method stated in FAR Part 23. This

moment was calculated to be 7366 in-Ib. (See Equation Below and Figure 3.17).
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Tye =35(Fgr00e X8y s )+ (Fyrase Xy 1 )= 7366i0n.-1b. (Moment on Tail Cone)

where: dj,, =29.2in. (Distance from Resultant Force to Tail Cone for Horizontal Tail)
d,\ =223in. (Distance from Resultant Force to Tail Cone for Vertical Tail)
2426 1. €=t 192.4 1b.
125.1 b,

T __ ) ,
(.65 X 192.4) \-./j

T ~ 7366 in 1b

Figure 3.17: Calculation of the Moment on the Tail Cone for the Maneuvering Case
3.2.11 Loading on the Horizontal Tail (Level Cruise Case).

The chordwise load distribution on the horizontal tail (Level Cruise Case) was simplified by
finding the resultant and its location. The resultant load distributions were found to be 6.2 Ib./in (Root)
and 3.7 Ib./in (Tip) at distances of 8.4 in (Root) and 5.01 in (Tip) from the leading edge. These were
found by calculating the area under the chordwise distribution curve at the tip and the root (See Figure
3.18).

Fprr =5W(.75)c, +W(.25)c, +.53)W(.25)c, = 6.2%,
(Resultant Force of Chordwise Distribution at the Root)
F.prr =5%(.75)c, +W(.25)c, +.53)W(25)c, = 6.2%,

(Resultant Force of Chordwise Distribution at the Tip)

Where: W =.260%/, (Average Surface Loading on the Horizontal Tail)
cp =239in. {Chord of the Horizontal Tail at the Root)
¢; =143in. (Chord of the Horizontal Tail at the Tip)
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F=62 Us./in. F=3.7 Wo/in.

184 lb/m L04 los/m.
260 Wb/ 260 thb./in.
- 84, ~  —s0 .
239 n. j— 14.3 .
Root Tip

Figure 3.18: Calculation of Chordwise Resultant for the Horizontal Tail
(Level Cruise Case) at the Root (Left) and the Tip (Right).

The spanwise load distribution for the Horizontal Tail (Level Cruise Case) was simplified by
finding the resultant and its location. The resultant load was calculated to be 300.0 Ib. at a distance of

32.9 in from the tip. This was found by calculating the area under the spanwise distribution curve (See

Figure 3.19).
Fyr=F 4. by, =300.0/b. (Resultant of the Spanwise Dist. on the Horiz. Tail)
F, +F,
where: F, . =—<HI& > <HIT. = 4958/ (Average Chordwise Resultant for the Horiz. Tail)
b, =60.6in. (Span of the Horizontal Tail)
300 lb.

6.2 Wo./in,
3.7 b./in.

fe— 329 in.
60.6 in.

Figure 3.19: Calculation of Spanwise Resultant of the Horizontal Tail (Level Cruise Case).
3.2.12 Loading on the Vertical Tail (Level Cruise Case).

The chordwise load distribution on the vertical tail (Level Cruise Case) was simplified by finding
the resultant and its location. The resultant load distributions were found to be 7.92 1b./in (Root) and
4.86 1b./in (Tip) at distances of 13.8 in (Root) and 7.63 in (Tip) from the lmdixjg edge. These were found

by calculating the area under the chordwise distribution curve at the tip and the root (See Figure 3.20).
Frn =5%(.75)cy + W(.25)c,+.5(3)w(.25)c, = 7.922,

(Resultant Force of Chordwise Distribution at the Root)
Frr =.5%(.75)c; +W(.25)c, +.5(3)w(.25)c, = 4.86%/,
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(Resultant Force of Chordwise Distribution at the Tip)

Where: W =.199%/, (Average Surface Loading on the Vertical Tail)
¢, =39.3in. {Chord of the Vertical Tail at the Root)
c; =21.7in. (Chord of the Vertical Tail at the Tip)
F=7.92 b./in. F=4.86 tb.:
796 tb./in 796 lb./in.
'\f\,\l\
259 b./in. 199 W./in
~—= l— 13.8 :n. o] b 7,63 in.
393 f— 217 —
Root Tip

Figure 3.20: Calculation of Chordwise Resultant for the Vertical Tail (Level
Craise Case) at the Root (Left) and the Tip (Right).

The spanwise load distribution on the vertical tail (Level Cruise Case) was simplified by finding
the resultant and its location. The resultant load was calculated to be 254.3 Ib. at a distance of 21.5 in.
from the tip. This was found by calculating the area under the spanwise distribution curve (See Figure

3.21).
F,. =F,, b, =25430b. (Resultant of the Spanwise Dist. on the Vertical Tail)

Forz+
where: F . =—I& 2 Foyrs . 6.39%,  (Average Chordwise Resultant for the Vertical Tail)

b,, =39.8in. (Span of the Vertical Tail)

§ F=254.3 |b.

7.92 W.7in.
i 486 W./in,

2135 n
398 n.

Figure 3.21: Calculation of Spanwise Resultant for the Vertical Tail (Level Cruise Case)
3.2.13 Summary of Loads Resulting on the Tail Cone (Level Cruise Case)
The following is a summary of the level cruise case loads and moments on the tail cone. The

loads on the two sides of the horizontal tail and the load on the vertical tail were added as vectors. Then
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the resultant shear force and line of action were computed to be 651.7 1b. at an angle of 67 degrees from

the horizontal (See Calculations Below and Figure 3.22).

Vare = J(F,, e Y +(2xFy ) =65171b. (Shear Force on Tail Cone)
6= Sin™ 2xFyric =67° (Line of Shear Force Action)
RLC

where: F,,, . =254.3/b. (Vertical Tail Load Maneuvering Cas)
Fyric =300.0/b.  (Horizontal Tail Load Maneuvering Case)

2543 0.
V-Tail

V = 651.7 Ib.

Figure 3.22: Calculation of the Resultant Shear Force
and Line of Action (Level Cruise Case).

The moment on the tail cone was computed using the method stated in FAR Part 23. This

moment was calculated to be 8955 in-Ib. (See Equation Below and Figure 3.23).
Tic =35 Fyrrc Xy )+ (Fyr 0 Xd,, ) =8955in.-Ib. (Moment on Tail Cone)

where: dp, =32.9in. (Distance from Resultant Force to Tail Cone for Horizontal Tail)
d,, =215in. (Distance from Resultant Force to Tail Cone for Vertical Tail)
2543 1o, € 300 b,
195 1b. / |

(.65 X 300) \-/
. _j—- 8955 in. Ib.

Figure 3.23: Calculation of the Moment on the Tail Cone for the Maneuvering Case

3.2.14 Snow Loads

The snow loads were analyzed for ten inches of wet snow. The volume of the snow on the

empennage and mid-section was calculated using the planform area of these sections times ten inches for
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the snow depth. The volume of the wet snow was found to be 60,240 cubic inches. The density of wet
snow was found in the documentation for the first Triton design. This density was found to be 0.00694
Ib/in. The maximum shear force for all the snow on the empennage and mid-section was found to be
418.3 Ib. This shear force is not the worst case scenario, therefore, it can be ignored.
3.2.15 Tie Down Loads

The tie down loads were calculated for wind gusts up to 120 mph. The standard lift equation was
used with data from the 2-D lift curve slope for the horizontal tail. The lifting force generated by the
NACA-0009 airfoil and a 120 mph gust was found to be 492 Ib. (See Calculation Below). This force is
not the worst case scenario for shear forces on the empennage or mid-section, but is important in the local

sizing of the of the tie-down bolt.

L= [i—g"—-—:la-lz—szS =492]b.  (Tie Down Force Resulting from 120 mph. Gust)

Where: a, =.11 per’ (2-D lift curve slope for NACA 0009)
r=.85 (Value from Perkins and Hage for Horizontal Stabilizer)
a=10° (Angle of Incidence, Required by S.O.W.)
p=.0023785/, (Density of Air at Sea Level)
V =176 fps (Velocity Equivalent to 120 mph, Required by $.0.W.)
§=15.6f* (Planform of the Horizontal Tail)
AR =6 (Aspect Ratio of the Horizontal Tail)

3.3 Loads and Loading for Control System

The loading on the elevators and ailerons showed that a ratio of approximately three to one was
needed to meet the requirements of FAR Part 23 for the maximum 1514 a pilot can see. The side stick is
allowed to have 67 pounds maximum for aileron deflection. The ailerons use a bell crank to get the three
to one ratio needed to meet the requirements of FAR Part 23. FAR Part 23 requires that the maximum
load on the pilot not exceed 167 Ib. for elevator deflection using a stick .

3.4 Loads on the Rudder Control System
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3.4.1 Loads on the Toe Brake

The toe brake pivots on the bearing at point A. The FAR's maximum allowable load of 200 Ib.,

which is supplied by the controller, will generate reactant forces at A and B. To create the maximum load

on points A and B, the following calculations are when the master cylinder will be fully compressed.

Summing the moments about A (See Figure 3.24)

P, xX ~-P,xX,=0 Where: P,y =200 Ib.
P, =266.71bs X} =2in
Xy =15in
X1=2"
A Pmax
Pa

‘. X2=1,5"
Pk

Figure 3.24: Forces on the Toe Brake

Summing the forces in the X and Y plane (See Figure 3.24)

Py-P,_ —P, xsinf=0 Where: 6=20°
P, =2912lbs Pppax = 200 Ib.

P, xcos@-P, =0
P, =250.6lbs

P, =P} +P,* =384.20bs

3.4.2 Loads on the Rudder Pedal

To obtain the largest value for forces P¢ and Ppy the pedal needs to be in the neutral position

with an applied force of 200 Ib. at the toe brake. This causes the largest moment.

Summing moments about point C (See Figure 3.25).

PoxX,-P xX,=0 Where: X, =3.75in
P, =346.71bs X, =6.50in
P =200/hs
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Pmax

Figure 3.25: Forces on the Rudder Pedal
Summing the forces in the X plane (See Figure 3.25) '
P,-P, —-P,=0 Where: P, =346.71bs
P, =546.71bs P_. =200/bs
3.4.3 Forces on the Rudder Pedal Mounts

Summing forces in the X plane (See Figure 3.26)

Pc_NbthPbon:O Where: Nm=4
B, =86.7lbs P, =346.71bs
[ }

Figure 3.26: Forces on the Rudder Pedal Mounts
3.4.4 Forces on the Actuator Crank
3.4.4.1 Forces on Actuator Center Nut (Point E)

The load that is carried through the push-pull rods is 546.7 Ib. which will be applied to the pedal
actuated crank as shown in Figure 3.27. The bell-crank will be under maximum load when the pilot uses
full braking on both pedals. This yields Pcepter, Pwire> 20d Pgear = 0.

Summing forces in the X plane (See Figure 3.27).

FP.+F-F=0 Where: P, = 546.71bs
P, =1,093bs
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7~
)"

Pcenter

\y
NI
T~
—— 2 W

N Pgear

Figure 3.27: Forces on the Actuator Crank
3.4.4.2 Forces Within the Center Rod
The maximum axial load will occur when the pilot loads only one brake and the center rod resists
this load. Assume Pgear =0.

Summing the moments about E (See Figure 3.27).

P.xX;-P,,., xXs=0 Where: X =3in
P,.. =820ibs X, =2in
P.=546.7lbs

3.4.4.3 Forces Within the Front Rod.
To obtain the maximum force found within the push-pull rod, the pilot applies maximum force to
only one of the brake pedals. Assuming Pyire and Peepter = 0.

Summing moments about E (See Figure 3.27)

P .xX;,-FP.xX;=0 Where: X, =S5in
P, . =3280Ibs X, =3in
P, =546.71bs

3.4.5 Wire Tension Forces
The pulley wire experiences maximum force when the center rod will oppose the Peepger-
Therefore Py ire = 820 1b..
3.4.6 Forces on the Center Crank
The maximum force occurs when both pilots act in unison.

Summing forces at F in the Y-plane (See Figure 3.29).
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P oer = Pronter + Poiyr =0 Where: P, =820Ibs
P o =1,6400bs

Pcenter
-;‘ o x6=2°

F

Pcenter —-|
Ppivot
Figure 3.28: Forces on the Center Crank
3.4.7 Pulley Bearings Forces.
The maximum force that the pulley bearing experiences is when the wire is in tension in both the
X and Y plane.

Finding the resultant force (See Figure 3.29).

Pty = Puire + Puire’ Where: P, =820Ibs
Py = 1160/bs
Pwire
Ppulley
Pwire
Figure 3.29: Force on the Pulley Bearing
4. Structural Substantiation

4.1 Structural Substantiation for the Safety Cage
To calculate the size needed for the members of the safety cage to sustain the loadings as
described in section 3.1, a series of calculations were performed. These calculations where based on the

premonition that the forces will dictate the size of the members.
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4.1.1 Sizing for the Safety Cage
From the loading conditions for the safety cage, the size needed for each member can be found.

This can be done by using the following formula:

Where:
P = axial load
E = Modules of elasticity
1 =Moment of inertia

1=length

By solving for the moment of inertia, the area of the cross section of the beam can be found. Using this

formula the moment of inertia can be found for load case 1:

P =1800/bs
E=1x10" 2%
in
1=286.6in
F.S.=15
_ 1800/bs(1.5)(86.6in)’
2 (1x10" Ibs/in”)
1 =0.2565in"

In these calculations a factor of safety (F.S.) was used in accordance with FAR Part 23.
For case studies 4 and 5 of the loading condition, the members where at an angle to the force. .
Since the beams were not two force members, an added moment was caused by the force. This must be
taken into consideration. To allow for this, a modification must be made to the equation:
n=L
Where:
IcR = Critical Moment of Inertia

1= Moment of Inertia
R = Correction factor
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1=0.1084in*
R=0.38 (FromFig5.2.17,p.130 Nui)

01084
® 038
I =0.2852in*

The following chart shows the moment of inertia for each load case (See Table 4.1):

Table 4.1: Moment of Inertia

Case load Moment of
inertia
1 0.2565 in*
2 0.01387 in*
3 0.0566 in?
4a 0.2852 in®
4b 0.2202 in#
5a 0.282 in*
5a 0.115 in4
6 0.342 in?

4.1.2 Cross-sectional Area
For easier fabrication of the safety cage, it was decided that a single cross-sectional area will be

used for all the members. For this reason the highest moment of inertia will be chosen for the sizing of

the safety cage members. To size the members the following formula was used:

L= 1= bk + 4d]

Where
Liotal = Total moment of inertia
I; =Moment of inertia for section
b; = Base of section
h; = Height of section
A, = Area of section
d; = Distance from the neutral axis to the center of section

Knowing that the moment of inertia is based on the cross-sectional area of the beam, a mathematical

formula can be found linking the area to the moment. The following formula is based on the presumption

that all the members will have a hat-shaped cross-section (See Figure 4.1)
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Where: t = Thickness of metal
h = Height of channel
b = Length of flange
bs = Width of channel
y = Neutral axis location
I = Total moment of inertia
I; = Moment of inertia of flange
I, = Moment of inertia of side channel
I3 = Moment of inertia of bottom of channel
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Figure 4.1: Dimension Notation for Formula

g L

Allowing the equation to be solved using variables for t, he, by, and b the correct moment of inertia can
be found. Using MathCAD the following dimensions where found (See Figure 4.2):

t=0.063 in
h.= 2.5in
be=0.75
b5=2.0in
1=0.475 in?
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Figure 4.2: Hat -channel Dimension§ for Safety Cage

Because the wing section will be attached to the cage, it was also decided for ease of attachment,
the top portion of the cage will be constructed out of square tubes. Using the maximum moment of inertia
as a reference point, the calculations for the top beams were carried out the same way. From the

procedure, the cross-section was calculated to be 2.2 in by 2.2 in (See Figure 4.3).
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Figure 4.3: Square Dimension for Safety Cage
4.2 Structural Substantiation for the Mid-Section and Empennage
In order to simplify the sizing process for the mid-section and empennage, it was assumed that
these parts were circular cylinders of various sizes (See Figure 4.4). Each cylinder has four stringers. The
first stringer would be placed 45 degrees from the vertical with all other stringers placed 90 degrees apart.
The inspiration for this technique was provided by the previous design for the Triton. This assumption is
conservative, therefore, the only draw back is the mid-section and the tail might be slightly over designed.

Note that critical design loads for the tail were used.
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Figure 4.4: Circular Cylinder for Sizing Approximation

4.2.1 Sizing the Skin

The buckling equation was used to determine the required skin thickness. The initial skin sizing
was performed with 0.025" thick aluminum, but it was found that 0.020" thick, 2024-T3 aluminum was
sufficient to provide for the critical buckling strength. For each panel of the midsection and the
empennage, the actual shear stress and critical buckling stress were computed (See Table 4.2 and
Calculations Below). The margin of safety was then calculated. The length of panel three (See Figure
4.4) provided the lowest margin of safety. This margin of safety was .003; and is the critical design
criterion for the skin sizing of the empennage. The mid-section consisted of only one panel; and its
margin of safety was .56 (See Table 4.2). It should be noted that panel five has no loads on it at all. It
merely exists for aesthetic reasons.

Calculation for Actual Shear Stress:

Siear = % =830 psi (Actual Shear Stress for Panel One)
where: g = % A= 16.6%4, (Shear Flow Equation for Panel One)
where: T =8955in-1b (Tail Load Torque for Worst Case)
A= -:f(dz) = 270in? (cross-sectional Area of Panel One)
where: d =18.54in. (Diameter of the Circular Cylinder in Panel One)
Calculation for Critical Buckling Stress:

f.., = K.E(%) =1890psi (Critical Buckling Stress for Panel One)
where: K =300 (Conservative, Panel Stiffness, Nui Fig. 5.4.8)
E =10x10