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ABBREVIATIONS

A — cross — sectional area

F, — tensile ultimate stresses

Fcy — compressive yield stress

Fsu — shear ultimate stresses

Fpru — bearing ultimate stresses

fcomp — acting compression stresses in section
ftens — acting tension stresses in section

fbr — acting bearing stresses in section

M;j1ow — maximum allowable bending moment
M, — acting bending moment about x axis

P — force that acts on the section

t — thickness of detail



INTRODUCTION

High competition in the passenger airliner market requires manufacturers to
constantly improve passenger comfort while meeting all safety requirements.
Increasing comfort for business class passengers is achieved by installing additional
fittings (dividers, footrests folding high-comfort seats). All these changes lead to an
increase in the mass of the structure, in connection with which there is a need to
improve the design of fastening fittings to the floor beams, as well as to select the
optimal configurations of the location of the seats for a more uniform transfer of the
load to the floor beams.

This paper will be devoted to the design of passenger Seat Track using
standard analytical and FE-modeling methods to design the optimal seat attachment

locations to satisfy FAA/EASA/Internal requirements.
To achieve the set goals, it was necessary to solve such problems:
1. Get all required for analysis properties of seat track;

2. Build adequate FE-model with applying specified loads and constraints, and

find critical locations for analysis;
3. Define critical locations of structure for further analysis;

4. Perform stress calculations using to define appropriate values of seat track

margins of safety;

5. Summarize obtained results of the analysis.



BCTYII

Bucoka KOHKypeHIlisI Ha PHUHKY MacaKMPChKUX aBilaJlalHEpiB BUMArae BiJl
BUPOOHMKIB TOCTIHHOTO MiABUIICHHS KOM(OPTY MacaXUpiB MPU TOTPUMaHHI BCiX
BuMor 6e3mneku. [liaBumeHHss koMpopTy A macaxkupiB Oi3HEC-KIIACY NOCATAETHCS 3a
PaxyHOK yCTaHOBKH JOJATKOBOTO OOJaJHAHHS (MEPEeropooK, MiAHINKOK BIIKUIHUX
CUJIHB TIABUIIEHOT KOMPOPTHOCTI). Bei 1l 3MiHM PU3BOAATH 10 301UIBIICHHS MacH
KOHCTPYKIIli, B 3B'A3KYy 3 YUM BUHHUKAE€ HEOOXITHICTh YJOCKOHAJICHHS KOHCTPYKIIIT
KpIIJIeHb 10 0ajoK 1Moy, a TakoXX BHOOpPY ONTHUMAIbHUX KOHQIrypaiii
pO3TallyBaHHS CHAIHB JJIs OLIBII PIBHOMIPHOI Mepejayl HaBaHTaKEHHS Ha Oanku
oJy.

Jlana poGota Oyae mpuCBsSUeHA MPOCKTYBAaHHS MACAKUPCHKUX PEHOK CHIIHD 3
BUKOPUCTAHHSAM CTaHAAPTHUX aHATITUYHUX METOJIB 1 METO/IIB KIHIIEBO-EJIEMEHTHOTO
MOJICNIIOBAHHS JUIsi TPOEKTYBaHHS ONTHUMAJbHUX MICHb KPIUIGHHS CHJIIHb,
BixmoBigHO 10 BuMor FAA / EASA

JUis JOCATHEHHS TMOCTaBJCHUX LUIed HEeoOXiAHO OyJo BHUPIIMTU TakKi
3aBJaHHS:

1. Orpumatu HeOOXIiIHI [IJIsl aHAJI3y BIACTUBOCTI PEHKU CHUIIHb;

2. TloOynyBaTn CKIHYEHHO-CJIEMEHTHY MOJENIb €JeMEHTa KOHCTPYKIIi 3
MPUKIAACHUMU B 33/IaHUX MICISIX HABAHTAXEHHSAMH 1 OOMEKEHHAMH,

3. BusHauuTH KpUTHYHI MiCLsl KOHCTPYKIT AJIs MOJAJIBIIONO aHali3y;

4. TlpoBecTu po3paxyHKH 3 BU3HAYEHHS BIAMOBIIHUX 3HAYCHb KOS(DIIlIEHTIB
3armacy MIIIHOCTI PEHKH CHlIHb;

5. VY3araibHUTH OTpUMaHi pe3yJbTaTH PO3PAXYHKY.



SECTION 1

Fuselage Structure

A typical fuselage is a semi-monocoque structure acting as a beam that
consists of the outer fuselage skin, stringers or longerons, frames, and bulkheads. The
fuselage is also a pressure vessel and the hoop tension pressure loads are applied
directly to the skin. The fuselage skin carries the cabin pressurization loads as well as

the shear from the applied external transverse and torsional loads.

The stringers, or longerons, carry the major axial forces resulting from the
fuselage bending moment. Stringers also serve to stabilize the fuselage skin in
compression. Skin an stringers work together to carry the fuselage lateral and vertical

bending loads. Fuselage skins and stringers are the primary load path in the fuselage.

Chords

Thirty-nine to 66 aluminum ribs — depending on the 737
apart, span the length of each section. model — are spaced nearly 20 inches apart from the nose
The metal skin is fastened "y -- of plane to the tail and form the cylindrical skeleton of the
to the stringers. e skin . fuselage. They are fastened to the stringers.

. H Aluminum skin;
One-sixteenth of an inch thick (actual width)

Stringers
Metal beams, spaced six to seven inches

“Bear straps”

Large pieces of reinforcing sheet
metal that resemble a bearskin rug
are bonded to the skin around an
airliner's doorways. The Boeing
737 has eight “bear straps.”



Frame members are used to maintain the shape of the fuselage and also to
reduce the column length of the stringers in compression. Frames also provide

locations to introduce loads into the skin and stringers.

Some frames are reinforced and enlarged to permit the introduction of large
concentrated loads such as landing gear or wing loads. These frames are often referred
to as bulkheads. Two important bulkheads are the forward and aft pressure bulkhead
that from the ends of the pressure vessel. These bulkheads typically only carry

pressure loads.

The payloads (seats, galleys, lavatories, etc.) and other dead weight loads are
applied to the floor beams and/or the frames and transferred through shear ties to the

skin.

Load Bearing
Inner Skin

Circumferential Frame

Axial Stiffener/ Stringer



Floor Beam

Floor beams are part of a redundant floor
structure that support the passenger seats, galleys, etc.
The floor beams are supported at the ends by the
frames and are further supported by two floor
stanchions. Seat tracks run over the floor beams and
attach to the floor beam upper chords or beam webs.
The seat tracks are attached to the floor beams to
transfer the loads from seats, etc. to the beams and to
ensure that the floor beams work together to carry the
applied loads. The floor grid (floor beams plus seat
tracks) is covered by floor panels that attach to the
seat tracks and may attach to the floor beam upper

chords.
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Seat Track

Along the beam there are places for connecting with seat track, through which
comes the load from the weight of the passengers. Loads vary along the beam, so
beam designed with vary geometry of cross-section along the span. On Fig is shown
arrangement of the beam span: zones, seat track coordinates, stiffener locations and

stanchions and frame.
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Airplane load

Floor structure ultimate loads are defined by limit load multiplied by a factor
of safety of 1.5. (Limit loads are the maximum loads expected in service.) The seat
track must be designed to meet a variety of conditions including flight loads,

decompression loads and emergency landing loads.

These load conditions specify requirements
EMERGENCY to ensure passengers and crew have a
LANDING {| reasonable chance of surviving a crash.

Static Load Conditions:
(FAR 25.561)

- 9q Forward
3g Upward
6g Downward
1.5g Rearward
3g Sideward (Airplane)
4g Sideward (Seats and
Restraints)

Dynamic Load Conditions
for Seats and Restraints: /
(FAR 25.562)

- 16g Forward (in < 0.09 sec.)
- 14g Downward (in < 0.08 sec.)

g = acceleration due to gravity 149

Since the calculation is carried out according to a foreign method, all

calculations are performed in the American measurement system:

pound

psi- | inchz] = 6894,757 [Pa]
Ibs - [pound] = 4.54 [N]

in — [inch] = 25.4 [mm]



Design philosophy

The main regulatory instrument, which are subject to certification aircraft

manufacture type is FAR-25 / JAR-25
Loaded

The requirements identified through exploitative strength and load calculation.

In the absence other directions under a given load understand operational load.

In the absence of other indications loads acting in the air, on land and on
water, must be balanced inertia forces of all parts of the aircraft. The distribution of

these loads can be rough or should accurately reflect actual conditions.

If deformation under load design significantly alter the distribution of external

or internal loads, this redistribution must be considered.

Safety factor

If no other instructions, safety factor is assumed to be 1.5. In it multiply
specified operating load, considered as external load on the structure. If the loading
conditions defined through computational load, multiplied by a factor of safety is not

necessary, unless otherwise indicated.

The strength and deformation

The design should withstand the effect of operating loads without hazardous
plastic deformation. With all the loads of performance including, deformation

structures should not affect the safety of operation.

The construction is estimated to withstand the load without breaking for 3s.
However, when structural strength is confirmed by dynamic tests imitating real load

conditions, the requirement is not imposed 3c.



Static tests performed to design load should take into account the movement
and deformation of action of these loads. If you are using analytical techniques

conformity requirements of strength under design load, must show that:
Impact slight deformation;
Deformations that occur are fully taken into account in the calculations.

Conditions emergency landing

The design of the aircraft must be such that even if damaged aircraft in the
below conditions emergency landing on land or water ensured the safety of all

passengers and crew members.

The design of the aircraft must be such that the passengers and crew was
available real opportunity to avoid serious injury during emergency landing with

minor destruction.

For equipment in cargo and passenger cabin of any large masses accepted

following:
1) These mass should be located so that when they are apart:
a) does not directly harm the passengers and crew;

b) not penetrated fuel tanks or pipelines or do not result in a fire or explosion

due to the destruction of roughly located;
c¢) Do not block any rescue equipment for use during an emergency landing.

2) If this is not possible (for example, APU, located in the fuselage), each such
mass and its mounts are inclusive to withstand given above for passengers and crew.

Local units anchorages strength qi masses should also be provided to load a 1.33



times greater if they are significantly worn frequent permutations (for example,

frequently changing interior).

Chairs and some weight (and their support structure) under load, the above

should not deform, not to create hindrances rapid evacuation of passengers and crew.

General design considerations

The design of the aircraft not should have the following features and parts,
which, as experience has shown, creating emergency conditions or are unreliable. The
suitability of parts and components that cast doubt shall be determined by appropriate

tests.
Materials

The suitability and durability of materials used for the manufacture of parts,

failure of which could adversely affect safety, must:
a) determined by experience or by trials.

b) meet approved specifications (TU industries, military technical
specifications or technical standards) that ensures strength and other properties taken

in numerical data;

c) evaluated for the effect of environmental conditions expected in service,

such as temperature and humidity.

Strength characteristics of materials and their calculated values

Characteristics of strength of materials should be based on a sufficient number

of tests so that the calculated value can be set on the basis of statistics.



Calculated values of the characteristics of the material should be selected so as
to reduce the possibility of damage due to volatility design properties. With the
exception of the requirements listed in paragraphs (e) and (1) of this paragraph,
compliance must be shown by selecting design values that provide the material

strength with the following probability:

1) 99% - 95% by the confidence interval when applied loads are transmitted
through a single element unit whose destruction leads to loss of structural integrity of

the unit.

2) 90% - 95% by the confidence interval for statistically undetectable
construction in which the destruction of any particular element leads to that applied

load safely distributed to other load-bearing elements.

Must be taken into account the impact of environmental conditions such as
temperature and humidity, the calculated values used in critical cell sites or

construction materials if conditions range aircraft this effect is material.

To be able to perform assessments calculated in accordance with paragraph should be
identified 25,571 range and statistically reasonable level estimates of fatigue and

fracture of materials design.

Can be used other calculated values of the characteristics of the material, if

approved by the competent authority.

Special additional safety factors

The safety factor should be multiplied by coefficients corresponding maximum

security to every detail of construction, the strength of which:
a) unreliable;

b) may deteriorate in service to the planned replacement;



c) can vary significantly due to imperfections in manufacturing processes or

methods of control.

Analysis aviation materials.

Another long been a major material used to manufacture aircraft bearing
structure was wood. It is known that tree - a natural composite material that has a
perfect set of specific characteristics. However, wood is easily exposed to the
environment without any additional processing that greatly reduces its performance

and durability.

So metallurgists have long sought a material that would set specific

characteristics relatively high weight and was thus easy to manufacture and use.

Moving along the historical timeline, the most commonly used materials in
aircraft after the trees were metallic materials. Their use is allowed to change the
approach to the use of internal volume of the aircraft and secured reduce catastrophic

damage cases in separate parts of the design in the air.

However, these materials are also exposed to the environment - corrosion,
aging, significantly reducing their characteristics. To increase the service life of these
materials is necessary to use additional methods of processing, technology of

materials and designs with them. All this increases the price of the final product.
In recent decades actively introduced in the aviation industry composites.

Composite materials (composites km) - artificial materials composed of two or
more heterogeneous and insoluble in each other component, interconnected physical

and chemical bonds.

One component is a composite reinforcement, or filler, providing the required
mechanical properties of the material and the other components - a matrix that

provides collaboration reinforcing elements. As used matrix polymer, metal, ceramic



and carbon materials, depending on the type of composite materials which acquire

common name.

Additional components that serve as reinforcing material, glass, boric, carbon,
organic, Whiskers (carbides, borides, nitrides, etc.) And metal wires that have high
strength and hardness. In forming compositions used effectively individual properties
of the constituent elements of the compositions.

The properties of composites depend on the composition component ratio and
the strength of the connection between them. Combining the volumetric component
parts can be depending on the purpose to obtain materials with the required values of
strength, heat resistance, modulus of elasticity or receive the necessary compositions
with special properties, such as magnetic, etc.

Composite materials have high specific strength, stiffness, high wear
resistance, fatigue strength. With them you can make normal sizes design. Composite
materials are very promising structural materials for aerospace industry.

But some composites have drawbacks: high cost, anisotropy properties,
increased knowledge-based production, the need for special expensive equipment and
raw materials, and therefore a developed industrial and scientific base.

Composite materials are classified according to the geometry of the filler in its
location and nature of the matrix component layout fillers in nature component,
composite material structure.

However, composites today are still not analyzed and tested, so their number is
far inferior to the main aluminum alloy used for the design of structures - 2024 and
7075.

Also, to date, has documented facts using additive technology in the aircraft
industry — manufacturing parts using 3D-printing. This detail may produce both
metallic materials and plastic. This technology allows us to produce parts more

complex forms when a mechanical by make them difficult or impossible.



Specification ... .. AMS 4045 and AMS-QQ-A-250/12*

Foom .......... ... Sheet Plate
Fetnper: s T6 and T62° T651
i 0.008-| 0.012- 0.040- 0.126- 0.250- 0.500- 1.001- 2.001- 2.501- 3.001- 3.501-
o 0.011 | 0.039 0.125 0.249 0.499 1.000 2.000 2.500 3.000 3.500 4.000
Basis _....... ... 5 A|B|A|B|A|B|A|B|A|B|A|B|A B A B A B A B
Mechanical Properties:
T kS1
b covunmeseigs i 76| 78| 76| B8O | VB | BO| 77| 79| 7| 19| 76| 78| V5 77 7 73 70 72 66 68
| L S 74 76| 78| 78| 80| 78| 80| 78| 80| F&| BO| 7| 79| V5| T& | 72 4| 71 73 67 | 69
ST oviiinmis o e e e e | ] e | e | TOF| 719 | 66° | 687 | 655 | 67 | 61° | 63°
F, kst
............. - 69| 72| 70| 72| 71| 73| 69| 71| 70| 72| 69| T1| 66| 68 63 65 60 62 56 58
LT . .. ... 63 67| 70| 68| 70| 69| 71| 67| 69| 68| 70| 67| 69| 64| 66 61 63 58 60 54 56
< oo o - ) - | | 59%| 61° | S56° | 58 | 54¢ | 55¢ | S0¢ | 52¢
F kst
............. . 6B| 71| 69| 71| 70| 72| 67| 69| 68| 70| 66| 68| 62| 64 | 58 | 60 [ S5 571 51 | 52
BT Donioiiinaiin L TU| 74 72 74| T3 75 71| 73| 72 74 71| 73| 68 70 65 67 61 64 57 59
ST covnimeseins - | 67 70 64 66 61 63 57 59
Bl e . | 46| 47| 47| 48| 47| 48| 43| 44| 44| 45| 4| 45| ma| a5 | 2| 43| 42| 43| 39| 4
Fil kst
(eD=15) ...... .o | 118121 (121|124 (121|124 | 117|120 | 117|120 | 116|119 | 114| 117 | 108 | 111 | 107 | 110 | 101 | 104
(e&"[)=2_0) ...... 152 (156|156 | 160 | 156 | 160 | 145 | 148 | 145 148 | 143 | 147 | 141 | 145 | 134 | 137 | 132 | 135 | 124 | 128
F, 3 ksi:
a(:e."D =15 ...... 100 | 105 (102 (105 [ 103 [ 106 | 97 | 100 | 100 | 103 | 100 | 103 | 98 | 101 94 97 89 93 84 87
(eD=20) .. ... . |117 122119 | 122 (121|124 | 114 | 118 | 117|120 | 117|120 | 113 | 117 | 109 | 112 | 104 | 108 | 98 | 103
e, percent (S-Basis):
| B L 5 7] = 8| .. 8] .- 91 - 7] - 6| . 5 5 5 3
E10ksi ........ 10.3 103
Foh (10 T 10.5 10.6
G 10°kst ... ... 39 39
T 033 033
Physical Properties:
w b’ ... 0.101
CKada 000 See Figure 3.7.7.0
a  Mechanical properties were established vnder MIL-QQ-A-250/12.

b Design allowables were based upon data obtained from testing T6 temper sheet and from testing samples of sheet. supplied in the O or F temper. which were heat treated to
demonstrate response to heat treatment by suppliers. Properties obtained by the user may be lower than those listed 1f the material has been formed or otherwise cold-worked,
particulatly in the annealed temper. prior to solution heat treatment.

¢ Cantion: This specific alloy, temper. and product form exhibits poor stress-corrosion cracking resistance in this grain direction. If corresponds to an SCC resistance rating of D, as
indicated in Table 3.1.2.3.1(a).

d Bearing values are “drv pin” values per Section 1.47.1. See Table 3.1.2.1.1.

Figure 1 - The main mechanical characteristics of the material 7075



Specification .......... AMS 4037 and AMS-QQ-A-250/4 AMS-QQ-A-250/4°

ORI ot i e i Sheet Plate Sheet I Plate

L~ 3 T351 T361

Tk i 0.008-| 0.010- 0.129- 0.250- 0.500- 1.001- 1.501- 2.001- 3.001- 0.020- | 0.063- [0.250-
""""" 0.009 0.128 0.249 0.459 1.000 1.500 2.000 3.000 4.000 0.062 | 0.249 | 0.500

Basis «ureyras s S A B A B A B A B A B A B A B A B S S S

Mechanical Properties:

Fy. kst

¢ P 64 64| 65| 65| 66| 64| 66 | 63 | 65| 62 | 64 | 62 | 64 | 60 | 62 | 57| 59 68 69 67

g 0 63 63 ) 64| 64| 65| 64| 66| 63| 65 62| 64| 62| 64| 60 62| 57| 59 67 68 66

ST i 52°| 547 | 49° | 51°
F,. kst

] E 47 47 48 | 47| 48 | 48 SO | 48| S0 47| 50| 47| 49| 46 | 48| 43| 46 56 56 54

T 42 421 43 | 2| 43| 42| M| 42| 44 42| 4] 42 44| 92| 44] 41| 43 50 51 49

ST ... 38% | 40°| 38°| 398
F_ kst

Lo 39 39| 40| 39| 40| 39| 41 39| 41| 39| 40| 38| 40| 37| 39| 35| 37 47 48 46

8 5 45 45 46| 45| 46| 45| 4T | 45| 4T | 44| 46 | 44| 46| 43| 45| 41| 43 53 54 52

ST e e 46 | 48 | 44| 47
Fobkst . ... .. .. .. 39 39 40| 40| 41| 38| 39| 37| 38| 37| 38| 37| 38| 35| 37| 34| 35 42 42 4
Pt bemic

eD=15 ......... 104 | 104 | 106 (106|107 | 97 {100 95| 98| 94| 97| 94| 97| 91| 94| 85| 89 111 112 109

(eD=20) ... ... ... 129 | 129 | 131 | 131|133 | 119|122 117|120 | 115 119 | 115 | 119] 111 | 115 | 106 | 109 137 139 135
F . ksi:

{::."D =15 ......... 3 Bl |3 B2 76| 2176 72 6| 72| 76| 72| 76| 70| 74 52 54 81

eD=20) ... ... 88 88| 9 | 8 | 9| 86 | 90| 86| 90| 86| 90| 86| 90| 86 | 90| 84| 88 97 99 96
e, percent (S-Basis):

1 A [ I e 12 8 71 .| 6 4 4 8 9 9
o8 [ e R 10.5 107 105 10.7
E, 1¢ o MR B 10.7 109 10.7 10.9
GIPks =i 4.0 40 40 40
P e 0.33 033 033 033

Physical Properties:
8| T)T P R 0.100
CKada .......... See Figure 3.2.4.0

Mechanical properties were established nnder MIL-QQ-A-250/4..

b Cantion: This specific alloy, temper, and product form exhibits poor stress corrosion cracking resistance in this grain directicn. It corresponds to an SCC resistance rating
of D. as indicated in Table 3.1.2.3.1(a).

]

d  See Table 3.2.4.0(c).
e 10% for 0.500 inch.

Bearing values are “dry pin” values per Section 1.4.7.1. See Table 3.1.2.1.1.

Figure 2 — The main mechanical characteristics of the material 2024



FORM Extrusions
COHDITION Annealed
THICKMESS, IN < 2.000 2.001 - 3.000
BASIS A B 5
@
Foy , ksi
L 130 137 130
LT @ 130 137 130
Fy . ksi
L 116 120 120
LT @ 116 120 120
Fey , ksi
L 120 129 120
LT 125 130 129+
F, , ksi 84 B8 Ba*
Fo ksi @ 7 B0 78
Fapy , ksi
eD=15 193 203 193¢
eD=17 211 222 F11*
e/D=20 238 250 238+
Fﬁa:r , ksi
e/D=15 157 162 1g2*
eD=17 167 173 1731
e/D=2.0 183 189 189*
Elong.,. % @
L 10
LT @ B
M, Elastic 0.31
E . 10° psi 16.9
E, 10° psi 17.2
G , 109 psi 6.5

Figure 3 - The main mechanical characteristics of the material in Ti-6Al-4V



SECTION 2
This Paper provides structural analysis of the SEAT TRACK.
General overview of SEAT TRACK is shown .

Seat Track cross section profile is shown in Figure 4.
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Figure 4 Seat Track Section

The subjected seat track is installed via BACB30NNS5SKS bolts to wing box

longitudinal floor beam upper T-chord at mouse hole locations.



Materials and Allowable

Seat track 1s made of 7178-T6511 Aluminum

®
Fro ksi L 28
IT 84
Fiy,ksi L 80
IT 75
Foy. ksi L 7
1 || e
Foku “
Fims. ksi
eD=15 ||114
eD=17 ||125
eD=20 141
Fogy. ksi
eD=15 || 14
eD=17 || 107
e/D=20 ||112
W, Elastic 13
E, 105 psi
> 4 105
1 =
E.10°psi | 107
Primary
G. 106 psi 3.90

Figure 5 Seat Track Allowables

Shape factors (for Plastic Bending analysis): nti = 41 and ntu = 19 were used for

Aluminum Extrusion.

Fastener and nut allowable for Seat Track installation shown in Table 1:

Table 1 Fastener Allowables

Tension, | Shear,
Ibs Ibs

Bolt BACB30NN5KS5 9260 7250

Nut NAS1805-5L 9900 -

Fastener Type




Upper Chord of Floor Beam is made of Aluminum

Fp ksi @

L 72

LT 66
Fi} ; ksi

L 61

LT 53
Fg}- 3 kSi

L 61

LT 56
FSH 1 ksi

L 41

LT 39
Fy,ksi ®

L a5

LT 32
Fppy, ksi L&LT

e/D=1.5 94

e/D=2.0 122
Fry, ksi L&LT

e/D=15 76

e/D=2.0 87

Figure 6 Upper Chord Material Allowable



Design Loads

The seat track is required to withstand the load factors found in Table 2. This load

factors are referenced from the following:

- 14CFR 25.561(AMDT 25-23)

- Boeing Documents

Table 2 FAA and Boeing Requirements

Load Attitude 1:%?12255_52631) Boeing/Faa Ultimate Load Factors Critical Load Cases
Forward 9.0G 9.0G 9.0G
Down 4.5G 4.7G 4.7G
Side 1.5G 1.5G 1.5G
Up 2.0G 2.0G6 2.0G
Aft - 1.5G 1.5G
Down+Side* --- 1.5G Down + 1.5G Side 1.5G Down + 1.5G Side
Long**+Up - - -
Long**+Down -- 1.5G Long +1.5G Down 1.5G Long +1.5G Down
Note:

* Left and Right
** Forward and Aft




Assumptions

The assumptions made for the analysis are as follows:

1. Seat track is a continuous beam with simple supports at each
fastener location (approximately 3” pitch) and with fixed supports at
the ends.

2. Lips of the seat track were not accounted in current analysis.

3. The floor beam is not accounted for the seat track analysis.
However, seat track analysis with the Floor Beam stiffness

accounted is show in section FEM analysis.

The studs carry the seat track loads in Z-direction and the plungers carry the loads in
X-direction as shown in Figure 7. The interface loads are schematically shown in

Figure 7.

Loading scheme for 9G Forward Load Case
9GLoad Cg

Pz al Pz a2 Pz a3

Figure 7 Loading Schemes



Continuous Beam Analysis

The loads are converted to unit loads and then multiplied by the load factors to create
appropriate analysis load cases listed in Table 2. Since interface loads for 9G Forward
case are much higher than for other emergency or flight/ground cases, the seat track
cross section moment of inertia is minimal along global Y axis (corresponding to

bending), the analysis of 9G Forward case covers all the cases listed in Table 2.

Three types of the cross sections are subjected to analysis:
- Net area cross section is used for analysis at the fastened zone
(refer to Figure 8);
- Net area cross section with beam chord (refer to Figure 9)
- Gross area cross section is used in analysis away from fasteners

(refer to Figure 10)



Section A-A represents seat track cross-section that located at attachment point to the

floor beam. Seat track analyzed using this cross-section in case when deflection of

seat track happened outward the floor beam.

XSA Section Definitior

158%
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Hastic Properties
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Xog=lovoo  Jin Blyy =f2soes i Blye=poeTies  Ji-i
Yeoe=hiots  Jin Elxy=Ppoooom  Juo-in' Elyp=fasoes  Ji-in

Figure 8 Net Area Cross Section (A-A Section)
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Section B-B represents seat track and floor beam upper chord cross-section that
located at attachment point to the floor beam. Seat track analyzed using this cross-

section in case when deflection of seat track happened toward the floor beam.

XSA Section Definition

:J|IP“Iz[leiI|ill‘zlIl|Il-ll[xllplI|ll|‘l|I1|IiAIJ|’QI|I|IIlo..‘lll|lll}’?lI|illlllllllifeillillzllill;%}’Rll
o * &
E I

'E.E_: YC

= B EE: z -8

i | ol

Geometric Properties
Area = [0.6058 in? b = in* =0 Jdeg
Xoq =[0.0000 in ko~ =[0.4239 in® lp = [0.0108 in'
Yee=pp0172____ i hey=B.9423E-18  |in? lyp=[.4239 in*
Pxx=01333 |in Pp=Pp1333__ in =437 Jin*
Pyry = [0.8365 in Pyp=[0.8365 in Pp=[0.8470 in
Elastic Properties
EA-B322Es o Bl (27185 Jioin® A T
Xoq = [0.0000 in El, =|4.4127E6 Ibin® Elyp =[1.1271E5 16-in®
Yeoe=po177  Jin Elyy =[1281E11 ]ipin® Elyp=[412766 _ |iwin?

Figure 9 Net Section With Beam Upper Cap (B-B Section)



Section C-C represents seat track cross-section that located away from fasteners.
Seat track analyzed using this cross-section in case when deflection of seat track

happened outward of floor beam.

XSA Section Definitior

162% .
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Section Shape Geomel
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Xoq= 60000 in by =Boarr Tt ye=booza i’
Yee= in v = [0.0000E0 in' yp= in*
Px=p1122_ Jin Prp=pa122  Jin lp=bosso _Jin*
Pyy=p3sss ___|in Pyp=fp2sss i Pp=patez___ Jin
BElastic Properties
EA= t Elx=Bee2iEs i’ %e=bo  Joes
Xeo.£= 0000 Elyy = it Ely e = i
Yeoe® in Elyy = 00000 Ib-in’ Elyp=farrzes  |iw.in’

Figure 10 Seat Track Gross Area Cross Section (C-C Section)



Seat track is modeled as the Continuous Beam with a gross cross-section from Figure
10 in CSW tool (Boeing specialized tool) using “Finite Element Analysis for Space

Frames” function. The beam model consists of 93 nodes and 92 beam elements

between them as shown in Figure below:

F

é E!ﬁ x Elm?2 x Elm3 2_ ______________ x Elm30 x ElmS1 2 Eim;*

| |

/| i
NO_E_‘el Node2 Node2 Noded NodeSo Nodeg1 Node92  Noded3

¥

I

Figure 11 Continuous Beam Scheme



Continuous beam analysis is performed in local coordinate system. The
correspondence between Analysis (Local) and Airplane (Global) coordinate systems

is presented in figure below:

Global (Airplane) Coordinate System Z Local (Analysis) Coordinate System

Node locations in global coordinate system are presented in Table 3.

Note: 1. Attachment point is the location where seat track is attached to the floor
beam (inside of the mouse holes)
2. PEC-007 and PEC-105 stand for Premium Economy Class Seats.
3. 15A-18A stand for Business Class Seats.

Table 3 Nodes Description and Location

Node | Global (Plane) Coordinates Constraint/Load Constraint
ID X Y Z Locations Type
1 0 0 0 Attachment point Fixed
2 2 0 0 Attachment point Simple Sprt
3 4 0 0 Attachment point Simple Sprt
4 6 0 0 Attachment point Simple Sprt
5 9 0 0 Attachment point Simple Sprt
6 12 0 0 Attachment point Simple Sprt
7 15 0 0 Attachment point Simple Sprt
8 15.45 0 0 Seats 15A-16A (S1) Free
9 18 0 0 Attachment point Simple Sprt




Node | Global (Plane) Coordinates Constraint/Load Constraint
10 21 0 0 Attachment point Simple Sprt
11 24 0 0 Attachment point Simple Sprt
12 27 0 0 Attachment point Simple Sprt
13 30 0 0 Attachment point Simple Sprt
14 33 0 0 Attachment point Simple Sprt
15 33.45 0 0 Seats 15A-16A (S2) Free
16 36 0 0 Attachment point Simple Sprt

Seats 15A-16A Free
17 36.95 0 0 Furniture (5)
18 39 0 0 Attachment point Simple Sprt
19 42 0 0 Attachment point Simple Sprt
20 45 0 0 Attachment point Simple Sprt
21 48 0 0 Attachment point Simple Sprt
22 51 0 0 Attachment point Simple Sprt
23 54 0 0 Attachment point Simple Sprt
o4 55 95 0 0 Seats .1 7A-18A Free

Furniture (2)

25 57 0 0 Attachment point Simple Sprt
26 60 0 0 Attachment point Simple Sprt
27 63 0 0 Attachment point Simple Sprt
28 66 0 0 Attachment point Simple Sprt
29 68.45 0 0 Seats 17A-18A (S3) Free
30 69 0 0 Attachment point Simple Sprt
31 72 0 0 Attachment point Simple Sprt
32 75 0 0 Attachment point Simple Sprt
33 78 0 0 Attachment point Simple Sprt
34 81 0 0 Attachment point Simple Sprt
35 84 0 0 Attachment point Simple Sprt
36 87 0 0 Attachment point Simple Sprt
37 90 0 0 Attachment point Simple Sprt
38 92.45 0 0 Seats 17A-18A (S1) Free
39 93 0 0 Attachment point Simple Sprt
40 96 0 0 Attachment point Simple Sprt
41 99 0 0 Attachment point Simple Sprt
42 102 0 0 Attachment point Simple Sprt
43 105 0 0 Attachment point Simple Sprt
44 108 0 0 Attachment point Simple Sprt
45 | 11045 0 0 Seats 17A-18A (S2) Free
46 111 0 0 Attachment point Simple Sprt




Node | Global (Plane) Coordinates Constraint/Load Constraint

47 | 11355 0 0 Seats.1 7A-18A Free
Furniture (5)

48 114 0 0 Attachment point Simple Sprt
49 117 0 0 Attachment point Simple Sprt
50 120 0 0 Attachment point Simple Sprt
51 123 0 0 Attachment point Simple Sprt
52 126 0 0 Attachment point Simple Sprt
53 129 0 0 Attachment point Simple Sprt
54 132 0 0 Attachment point Simple Sprt
55 135 0 0 Attachment point Simple Sprt
56 138 0 0 Attachment point Simple Sprt
57 141 0 0 Attachment point Simple Sprt
58 144 0 0 Attachment point Simple Sprt
59 147 0 0 Attachment point Simple Sprt
60 150 0 0 Attachment point Simple Sprt
61 153 0 0 Attachment point Simple Sprt
62 | 153.45 0 0 PEC-105 Front Stud Free
63 156 0 0 Attachment point Simple Sprt
64 159 0 0 Attachment point Simple Sprt
65 162 0 0 Attachment point Simple Sprt
66 165 0 0 Attachment point Simple Sprt
67 168 0 0 Attachment point Simple Sprt
68 171 0 0 Attachment point Simple Sprt
69 | 171.45 0 0 PEC-105 Rear Stud1 Free
70 [ 172.45 0 0 PEC-105 Rear Stud2 Free
71 | 173.37 0 0 PEC-105 Plunger Free
72 174 0 0 Attachment point Simple Sprt
73 [ 174.45 0 0 PEC-105 Rear Stud3 Free
74 177 0 0 Attachment point Simple Sprt
75 180 0 0 Attachment point Simple Sprt
76 183 0 0 Attachment point Simple Sprt
77 185 0 0 Attachment point Simple Sprt
78 188 0 0 Attachment point Simple Sprt
79 190 0 0 Attachment point Simple Sprt
80 | 191.45 0 0 PEC-007 Front Stud Free
81 193 0 0 Attachment point Simple Sprt
82 196 0 0 Attachment point Simple Sprt
83 199 0 0 Attachment point Simple Sprt
84 202 0 0 Attachment point Simple Sprt




Node | Global (Plane) Coordinates Constraint/Load Constraint
85 205 0 0 Attachment point Simple Sprt
86 208 0 0 Attachment point Simple Sprt
87 209 0 0 PEC-007 Rear Stud1 Free
88 210 0 0 PEC-007 Rear Stud2 Free
89 211 0 0 Attachment point Simple Sprt
90 | 211.35 0 0 PEC-007 Plunger Free
91 212 0 0 PEC-007 Rear Stud3 Free
92 214 0 0 Attachment point Simple Sprt
93 216 0 0 Attachment point Fixed

The applied loads and node IDs under 9G Forward case are shown in Figure 12.

The loads are presented in local coordinate system, which is called “Global” in CSW
function.

The resulting internal forces and moments obtained from analysis are shown in Table

4 . Internal component distribution is shown in Figure 13.

Load Def
MNumber of Load: = 183
MNode Cooord
D Sys FX [Ib] FY [Ib] FZ [Ib] MX [Ib-in] MY [Ib-in] MZ [Ib-in]
1 |8 Global 0.00 -2472 37 -642 17 0.00 0.00 0.00
2 |15 Global -2409.31 2472 37 738.97 0.00 0.00 0.00
S 17 Global -1199.66 1344.73 -1801.22 0.00 0.00 0.00
4 124 Global -1530.70 -142. 44 -80.44 0.00 0.00 0.00
5 |29 Global -208. 64 -0.01 -339.00 0.00 0.00 0.00
6 138 Global 0.00 247237 -642.17 0.00 0.00 0.00
7 |45 Global -2409.81 2472.37 738.97 0.00 0.00 0.00
g8 |47 Global -1199.66 1344.73 -1801.22 0.00 0.00 0.00
g |62 Global 0.00 -3671.30 0.00 0.00 0.00 0.00
10 169 Global 0.00 1325.30 0.00 0.00 0.00 0.00
11 {70 Global 0.00 124920 0.00 0.00 0.00 0.00
12 |71 Global -3396.70 0.00 0.00 0.00 0.00 0.00
13 |73 Global 0.00 1096.80 0.00 0.00 0.00 0.00
14 180 Global 0.00 -3692.20 0.00 0.00 0.00 0.00
15§87 Global 0.00 1366.10 0.00 0.00 0.00 0.00
16 (88 Global 0.00 1264.60 0.00 0.00 0.00 0.00
17 {490 Global -3284 50 0.00 0.00 0.00 0.00 0.00
18 191 Global 0.00 1061.60 0.00 0.00 0.00 0.00

Figure 12 9G Forward Load Case




Table 4 Continuous Beam Analysis Results

1D Node 1D Seg 1D Fx [Ib] Fy [Ib] Fz [Ib] Mx [lb-in] My [lb-in] Mz [lb-in]
1 1 1 0.0000 0.5606 0.1455 0.0000 -0.0970 03737

L 1 0.0000 -0.5606 -0.1455 0.0000 -0.1940 0.7475

I 2 0.0000 -1.6818 -0.4366 0.0000 0.1940 -0.7475

4 12 2 0.0000 1.6818 0.4366 0.0000 0.6791 -2.6162

5 13 3 0.0000 6.1667 1.6009 0.0000 -0.6791 2.6162
6|4 3 0.0000 -6.1667 -1.6009 0.0000 -2.5226 9.7172

i |4 4 0.0000 -13.4545 -3.4928 0.0000 2.5226 -9.7172

8 |5 4 0.0000 13.4545 3.4928 0.0000 7.9557 -30.6464
9 15 5 0.0000 47.8383 12.4187 0.0000 -7.9557 30.6464
10 |6 5 0.0000 -47.8383 -12.4187 0.0000 -29.3004 112.8686
11 |6 B 0.0000 -177.8988 |-46.1821 0.0000 29.3004 -112.8686
12 |7 B 0.0000 177.8988 46.1821 0.0000 109.2460 -420.8279
13 |7 7 0.0000 21821012 [566.6825 0.0000 -109.2460 420.8279
14 |8 7 0.0000 -2182.1012 |-566.6825  [0.0000 -145.7611 561.1176
15 |8 8 0.0000 -290.2688 |-75.4875 0.0000 145.7611 -561.1176
16 |9 8 0.0000 290.2688 75.4875 0.0000 46.7320 -179.0678
1719 8 0.0000 76.2110 20.1439 0.0000 -46.7320 179.0678
18 |10 8 0.0000 -{6.2110 -20.1439 0.0000 -13.6996 49.5652
19 |10 10 0.0000 -22.9194 -7.2653 0.0000 13.6996 -49.5652
20 11 10 0.0000 22.9194 7.25663 0.0000 8.0662 -19.1929
21 (11 11 0.0000 15.4665 8.8772 0.0000 -8.0662 19.1929
22 [12 11 0.0000 -15.4665 -8.8772 0.0000 -18.5653 27.2066
23 [z 12 0.0000 -38.9466 -28.2534 0.0000 18.5653 -27.2066
24 [13 12 0.0000 38.9466 28.2534 0.0000 66.1950 -89.6333
25 |13 13 0.0000 140.3199 104.1366 0.0000 -66.1950 89.6333
26  [14 13 0.0000 -140.3199  [-104.1366  (0.0000 -246.2148 331.3266
27 14 14 2048.3385 |-2040.6774 |-842.1130  |0.0000 246.21438 -331.3266
28 [15 14 -2048.3385 |2040.6774 (3421130 0.0000 132.7360 -586.9783
28 |15 15 -361.4715  |431.6926 -103.1430  |0.0000 -132.7360 586.9783
30 |16 15 361.4715 -431.6926  |103.1430 0.0000 395.7506 513.8379
31 |16 16 819.Y677 -1033.4021 [1260.5951  [0.0000 -395.7506 -513.8379
32 |17 16 -819.7677 |1033.4021 |-1260.5951 |0.0000 -801.8148 -467.8941
33 |17 17 -379.8923 |311.3279 -540.6249  |0.0000 801.8148 467.8941
34 |18 17 379.8923 -311.3279  |540.6249 0.0000 306.4662 170.3282
35 |18 18 0.0000 -72.0298 129.5047 0.0000 -306.4662 -170.3282
36 |19 18 0.0000 72.0298 -129.5047  |0.0000 -82.0478 -45.7612
37 |19 19 0.0000 19.4926 -34.5809 0.0000 82.0478 45.7612
38 (20 19 0.0000 -19.4926 34.5809 0.0000 21.7249 12.7166
39 {20 20 0.0000 -5.9407 8.8589 0.0000 -21.7249 -12.7166
40 (21 20 0.0000 5.9407 -8.8589 0.0000 -4.8518 -5.1054
41 (21 21 0.0000 4.2700 -0.5447 0.0000 4.8518 51054
42 (22 21 0.0000 -4.2700 0.5447 0.0000 -2.3178 7.7048
43 (22 22 0.0000 -11.1395 -5.4803 0.0000 2.3178 -7.7048
44 (23 22 0.0000 11.1385 54803 0.0000 14.1230 -25.7138
45 (23 23 535.7450 46.3951 26.2146 0.0000 -14.1230 26.7138
46 (24 23 5357450  |-46.3951 -26.2146 0.0000 -36.9954 64.7568
47 (24 24 -994.9550  |-96.0449 -54.2254 0.0000 36.9954 -64.7568
48  [25 24 994.9550 96.0449 54.2254 0.0000 19.9413 -36.0903
49 (25 25 0.0000 15.2534 7.7480 0.0000 -19.9413 36.0903
50 |26 25 0.0000 -15.2534 -7.7480 0.0000 -3.3027 9.6699

51 |26 26 0.0000 -4.0864 1.1426 0.0000 3.3027 -9.6699
52 (27 26 0.0000 4.0864 -1.1426 0.0000 -6.7304 -2.5893
53 |27 27 0.0000 1.0923 -12.3183 0.0000 6.7304 2.5893




A4 |28 27 0.0000 -1.0923 12.3183 0.0000 30.2244 0.6875
55 |28 28 54.7507 -0.2826 50.2195 0.0000 -30.2244 -0.6875
56 |29 28 -04.7507 0.2826 -50.2195 0.0000 -92.8133 -0.0049
57 |29 29 -243.8803 |-0.2926 -288.7805 |0.0000 92.8133 0.0049
58 |30 29 243.8893 0.2926 288.7805 0.0000 66.0160 -0.1658
59 |30 30 0.0000 0.0445 27.8950 0.0000 -66.0160 0.1658
60 31 30 0.0000 -0.0445 -27.8950 0.0000 -17.6690 -0.0322
61 [ 3 0.0000 0.1090 -7.4430 0.0000 17.6690 0.0322
62 |32 H 0.0000 -0.1080 7.4430 0.0000 4.6601 0.2943
63 |32 32 0.0000 -0.4306 1.8771 0.0000 -4.6601 -0.2948
64 |33 32 0.0000 0.4806 -1.8771 0.0000 -0.9713 -1.1471
65 133 33 0.0000 1.81356 -0.0655 0.0000 0.9713 1.1471
66 |34 33 0.0000 -1.8135 0.0655 0.0000 -0.7747 4.2934
67 |34 34 0.0000 -6.7734 -1.6150 0.0000 0.7747 -4.2934
68 |35 34 0.0000 6.7734 1.6150 0.0000 4.0703 -16.0267
69 |35 35 0.0000 25.2800 6.5256 0.0000 -4.0703 16.0267
70 |36 35 0.0000 -25.2800 -6.5256 0.0000 -15.5064 59.8134
71 |36 36 0.0000 -94.3467 -24.4873 0.0000 15.5064 -59.8134
2 |37 36 0.0000 94.3467 244873 0.0000 57.9554 -223.2267
i3 |37 a7 0.0000 367.3416 95.3806 0.0000 -57.9554 223.2267
74 |38 37 0.0000 -367.3416  |-95.3806 0.0000 -175.7271 676.7602
75 |38 38 0.0000 -2105.0284 |-546.7894  (0.0000 1757271 -676.7602
76 |39 38 0.0000 2105.0284 |546.7394 0.0000 125.0070 -481.0054
7 |39 39 0.0000 203.6114 52.9962 0.0000 -125.0070 481.0054
78 (40 39 0.0000 -203.6114  |-52.9962 0.0000 -33.9817 129.8289
79 (40 40 0.0000 -56.0463 -14.9672 0.0000 33.9817 -129.3289
80 41 40 0.0000 56.0463 14.9672 0.0000 10.9198 -38.3101
81 (#1 41 0.0000 20.5739 6.8724 0.0000 -10.9198 38.3101
82 |42 41 0.0000 -20.5739 -6.8724 0.0000 -9.6975 23.4115
83 [42 42 0.0000 -26.2491 -12.5226 0.0000 9.6975 -23.4115
84 |43 42 0.0000 26.2491 12.5226 0.0000 27.8702 -55.3359
85 |43 43 0.0000 84.4227 432178 0.0000 -27.8702 55.3359
86 [44 43 0.0000 -84.4227 -43.2178 0.0000 -101.7833 197.9321
87 [44 44 441.7985 -326.6764 |-164.9023  (0.0000 101.7833 -197.9321
88  [45 44 -441.7985  |326.67V64 164.9023 0.0000 302.2274 -602.4251
89 [45 45 -1968.0115  |2145.6936  |674.0677 0.0000 -302.2274 6024251
a0 |46 45 1968.0115  [-2145.6936 |-5V4.0677  |0.0000 -13.5098 57V.7064
91 |46 46 179.9490 -360.8866 [150.6315 0.0000 13.5098 -577.7064
92 |47 46 -179.9490  |360.2866 -150.6315  |0.0000 -397.6200 -342.5545
93 |47 47 -1019.7110 |983.8434  |-1650.5885 (0.0000 397.6200 342.5545
94 |48 47 10197110  [-983.8434 [1650.5885 |0.0000 3451448 1001750
95 |48 48 0.0000 -42.3390 145.8754 0.0000 -345.1443 -100.1750
96 |49 48 0.0000 42.3390 -145.8754  |0.0000 -92.4813 -26.8419
a7 |49 49 0.0000 11.3448 -39.0872 0.0000 92.4813 26.8419
a3 |50 49 0.0000 -11.3448 39.0872 0.0000 247803 7.1926
99 |50 50 0.0000 -3.0403 10.4734 0.0000 -24.7803 -7.1926
100 |51 50 0.0000 3.0403 -10.4734 0.0000 -6.6399 -1.9283
101 151 51 0.0000 0.5164 -2.8063 0.0000 6.6399 1.9283
102 |52 51 0.0000 -0.8164 2.8063 0.0000 1.771 0.5208
103 |52 52 0.0000 -0.2253 0.7520 0.0000 -1.7791 -0.5208
104 153 52 0.0000 0.2253 -0.7520 0.0000 -0.4767 -0.1550
105 |53 53 0.0000 0.0847 -0.2015 0.0000 04767 0.1550
106 |54 53 0.0000 -0.0847 0.2015 0.0000 04277 0.0990
107 |54 54 0.0000 -0.1134 0.0540 0.0000 -0.1277 -0.0990
108 |55 54 0.0000 0.1134 -0.0540 0.0000 -0.0342 -0.2412
109 |55 55 0.0000 0.3690 -0.0145 0.0000 0.0342 0.2412
110 |56 55 0.0000 -0.3680 0.0145 0.0000 0.0092 0.8657
111 |56 56 0.0000 -1.3625 0.0039 0.0000 -0.0092 -0.8657
12 |57 56 0.0000 1.3625 -0.0039 0.0000 -0.0025 -3.2217
113 |57 57 0.0000 5.0810 -0.0010 0.0000 0.0025 32217




114 |58 a7 0.0000 -5.0810 0.0010 0.0000 0.0007 12.0212
115 |58 58 0.0000 -18.9614 0.0003 0.0000 -0.0007 -12.0212
116 |59 58 0.0000 18.9614 -0.0003 0.0000 -0.0002 -44.8629
117 |59 59 0.0000 70.7645 -0.0001 0.0000 0.0002 44.8629
118 |60 59 0.0000 -70.7645 0.0001 0.0000 0.0000 167.4306
118 |60 60 0.0000 -264.0966 |0.0000 0.0000 -0.0000 -167.4306
120 |61 60 0.0000 264.0966 -0.0000 0.0000 -0.0000 -624.8603
121 |61 fi1 0.0000 32402591 |-0.0000 0.0000 0.0000 624.8593
122 |62 61 0.0000 -3240.2591 |0.0000 0.0000 -0.0000 833.2573
123 |62 62 0.0000 -431.0409  |-0.0000 0.0000 0.0000 -833.25673
124 |63 62 0.0000 431.0409 0.0000 0.0000 0.0000 -265.8970
125 |63 63 0.0000 113.1437 0.0000 0.0000 -0.0000 265.8970
126 |64 63 0.0000 -113.1437  |-0.0000 0.0000 -0.0000 735342
127 |64 G4 0.0000 -33.9246 -0.0000 0.0000 0.0000 -73.5342
128 |65 G4 0.0000 33.9246 0.0000 0.0000 0.0000 -28.2397
129 |65 65 0.0000 225547 0.0000 0.0000 -0.0000 28.2397
130 |66 65 0.0000 -22.5547 -0.0000 0.0000 -0.0000 39.4245
131 |66 il 0.0000 -56.2043 -0.0000 0.0000 0.0000 -39.4245
132 |67 66 0.0000 56.2943 0.0000 0.0000 0.0000 -129.4584
133 |67 67 0.0000 202.6224 0.0000 0.0000 -0.0000 129.4584
134 |68 67 0.0000 -202.6224  |-0.0000 0.0000 -0.0000 478.4089
135 |68 68 713.3070 -1740.3866 |-0.0000 0.0000 0.0000 -478.4089
136 |69 68 7133070 |1740.3866 |0.0000 0.0000 -0.0000 -304.7650
137 |69 69 713.3070 -415.0866  |-0.0000 0.0000 0.0000 304.7650
138 |70 69 -713.3070 |415.0866 0.0000 0.0000 -0.0000 -719.8516
138 |70 70 713.3070 8341134  |-0.0000 0.0000 0.0000 719.8516
140 |71 70 -713.3070  |-834.1134  |0.0000 0.0000 0.0000 47.5327
141 |71 71 -2683.3930 |834.1134  |-0.0000 0.0000 -0.0000 -47.5327
142 |72 1 26833930 |-8341134 |0.0000 0.0000 0.0000 573.0242
143 |72 72 0.0000 -1131.0298 |0.0000 0.0000 -0.0000 -573.0242
144 |73 72 0.0000 1131.0298  |-0.0000 0.0000 0.0000 64.0607
145 |73 73 0.0000 -34.2298 0.0000 0.0000 -0.0000 -64.0607
146 |74 73 0.0000 34.2298 -0.0000 0.0000 -0.0000 -23.2253
147 |74 74 0.0000 8.511 -0.0000 0.0000 0.0000 232253
148 |75 74 0.0000 -8.5191 0.0000 0.0000 0.0000 2.3320
149 |75 75 0.0000 3.8552 0.0000 0.0000 -0.0000 -2.3320
150 |76 75 0.0000 -3.8552 -0.0000 0.0000 -0.0000 13.8974
151 |76 76 0.0000 -43.4413 -0.0000 0.0000 0.0000 -13.8974
152 |77 76 0.0000 43.4413 0.0000 0.0000 0.0000 -72.9852
153 |77 7T 0.0000 102.3347 0.0000 0.0000 -0.0000 72.9852
154 |78 77 0.0000 -102.3347  |-0.0000 0.0000 -0.0000 234.0190
1656 |78 78 0.0000 -647.3180  |-0.0000 0.0000 0.0000 -234.0190
156 |79 78 0.0000 647.3180 0.0000 0.0000 0.0000 -1060.6171
157 |79 79 0.0000 19892313 (0.0000 0.0000 -0.0000 1060.6171
158 |80 79 0.0000 -1989.2313 |-0.0000 0.0000 0.0000 18237682
158 |a80 80 0.0000 -1702.9687 |0.0000 0.0000 -0.0000 -1823.7682
160 |81 80 0.0000 17029687  |-0.0000 0.0000 -0.0000 -815.8333
161 |81 81 0.0000 345.5917  |-0.0000 0.0000 0.0000 815.8333
162 |82 81 0.0000 -345.5917  |0.0000 0.0000 0.0000 220.9417
163 |82 82 0.0000 -96.2917 0.0000 0.0000 -0.0000 -220.9417
164 |83 82 0.0000 962917 -0.0000 0.0000 -0.0000 -67.9334
165 |83 83 0.0000 39.5752 -0.0000 0.0000 0.0000 67.9334
166 |84 83 0.0000 -39.5752 0.0000 0.0000 0.0000 50.7921
167 |84 84 0.0000 -62.0090 0.0000 0.0000 -0.0000 -50.7921
168 |85 84 0.0000 62.0090 -0.0000 0.0000 -0.0000 -135.2349
169 |85 85 0.0000 208.4608 -0.0000 0.0000 0.0000 135.2349
170 |26 85 0.0000 -208.4608 |0.0000 0.0000 0.0000 490.1476
171 |86 86 0.0000 -1223.4417 |0.0000 0.0000 -0.0000 -490.1476
172 |87 86 0.0000 12234417 |-0.0000 0.0000 0.0000 -733.2942
173 |87 87 0.0000 142.6583 0.0000 0.0000 -0.0000 733.2942




174 |88 87 0.0000 -142.6583  |-0.0000 0.0000 0.0000 -590.6359
175 |aa aa 0.0000 1407 2583 |0.0000 0.0000 -0.0000 5906359
176 |89 a8 0.0000 -1407 2583 |-0.0000 0.0000 -0.0000 8166224
177 |29 24 2801.3082 |-965.8272 (-0.0000 0.0000 0.0000 -316.6224
178 |90 24 -2901.3083 |965.8272 0.0000 0.0000 -0.0000 478 5828
179 |90 a0 -383.1917  |-965.8272  |-0.0000 0.0000 0.0000 -478 5828
180 | a0 3831917 9658272 0.0000 0.0000 -0.0000 -148 2049
181 |91 91 -383.1917 95 7728 -0.0000 0.0000 0.0000 149 2049
182 |92 91 3831917 -057728 0.0000 0.0000 0.0000 42 3407
183 |92 92 0.0000 -31.7555 0.0000 0.0000 -0.0000 -42 3407
184 |93 92 0.0000 31.7555 -0.0000 0.0000 -0.0000 -21.1703
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Performed Seat Track calculation shows that there is three critical locations that

require to be analyzed:

1. Rear leg fitting, My = -816.6 Ib-in is found at Node 89
2. Front leg fitting, My = -1824 1b-in is found at Node 80
3. Forward leg stud, My = -833.3 Ib-in is found at Node 62

Section Summary

The section was conducted following:

1. Defined seat track section and its properties at required locations.

2. Were selected material (7178-T6511 Aluminum) for seat track and defined
fasteners for attachment to floor beam (BACB30NNS5KY5).

3. Seat track FEM model is built with applying specified loads and constraint
types to obtain seat track Resulting Forces and Moments and defined critical
locations:

a. Rear leg fitting, My = -816.6 1b-in is found at Node 89
b. Front leg fitting, My = -1824 lb-in is found at Node 80
c. Forward leg stud, My =-833.3 Ib-in is found at Node 62



IHixcymoxk po3aiiay

VY po3zaini 0yno BUKOHAHE HACTYIIHE:

1. Busnauenuii momnepeyHuid mepepi3 peWKu CHAIHb Ta WOTro BIACTUBOCTI B
HEOOXITHUX MICIISIX.
2. by migibpanmii matepian (amrominiid 7178-T6511) mnst peliku cuaiHb Ta
oOpaH1 KpimjaeHHs s 3eqHanHg 3 6ankoro miamoru (BACB30NNSKS).
3. KiHueBo-eneMeHTHa MOJeNb pedKu CUAIHb MOOYyJ0BaHa 13 3aCTOCYBaHHSAM
3aJlaHNX HABaHTAXXCHb Ta TUIIB OOMEXEHb ISl OTPUMAHHS BHYTPIIIHIX CHII 1
MOMEHTIB, Ta BU3HAYCHI KPUTHYHI MICIIS:

a. ®iTuHr 3aaHK01 HIXKKH, My = -92.26 H-M, 3HaxonuTtbes y By3ii 89

b. ®itunr nepeausoi Hixkku, My = -206.08 H-m, 3HaxoauTbes y By3ii 80

c. llInunpka nepenanboi HOKKU, My = -94.15 H-M, 3HaxoauTbes y By3imi 62



SECTION 3
1. Conservative Analysis

Seat Track Bending

There are three cases for critical section selection:
- Net Section A-A with combination of maximum axial load and My-global
bending moment (rear leg);
- Net Section B-B with upper chord cap under maximum My-global bending
moment (front leg);

- Gross Section C-C with maximum My-global bending moment (front leg);

Section A-A

Maximum moments obtained at the rear leg fitting My = -816.6 1b-in is found at Node
89, which represents attachment point of seat track to the floor beam. This point is
located between second stud and plunger of the rear seat leg, therefore it is high
loaded by axial load, incoming from plunger, and bending moment, incoming from
first and second studs of the aft leg fitting (refer to Figure 14). Since the most loaded

node is at attachment point, net area cross section is used for analysis (refer to Figure
15).
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XSA Elastic Bending - Node8s
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Mx-eqv = -816.6224 inb
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Y=pi615s i

My-eqv = [0.0000 inlb

My = 0.0000 in-ib

Angle-NA = [180.0000 deg M-na = inlb
Max/Min Stresses & Strains
Location X (in) I Y (in) | Z Aaal Stress (psi) | Z Axial Strain (infin) | Tensile Modulus (psi) I Matenal
Min-1 0.4000f  0.4387) -91071.3 -8.673E-3 1.050E7|7178-T6511
Max-1 -0.5000{ __ 0.0000] _318653| 3.0356-3] 1.050E7 |.71?_3_7T_5_~‘>_.1 1
Max Tens = [31865.2962 psi X =10.5000 in Y = |0.0000 in
Max Comp =[81071.3365 | psi X=p4000  |in Y=p4397  |in

Figure 15 Critical Node 89 Elastic Bending Analysis

Therefore, Margins of Safety are as follows:

Tension: MS

MS

Compression:

Ftu 88000
—-1= —-1=1.76
ftens 31865
Fcy 78000
—-1= —1=-0.14*%
fcomp 91071




Elastic bending analysis show negative Margin of Safety for compression load case,

so it’s require to perform additional plastic bending analysis.

Plastic Bending Analysis.

Since critical load case represents Emergency landing condition, plastic bending is

applied to the seat track cross-section.

The thickness of boxes 2 and 3 in plastic bending analysis (Figure 16) are
conservatively reduced to represent actual cross section flanges of the seat track as

follows:

- Actual area:

A actual = 0.2184 in"2 (refer to Figure 8).

- Horizontal boxes 1, 4 area:

A horizontal=(width — Dhole)*thickness=(1.18-0.32)*0.14 = 0.1204 in"2

- Vertical boxes 2, 3 area:

A vertical = A actual — A horizontal = 0.2184 - 0.1204 = 0.098 in"2

- Vertical boxes 2, 3 effective thickness:

. Avertical 0.098 .
t vertical = - - = = 0.16 in.
2*vertical hight 2%0.3




Plastic Bending (IAS) - Plastic Bending (IAS) 1

Load Definition Material Definition
Mx = in-ib Material Reference = [7178-T6511 =l
o T — T —
P=12901.31 Ity ntu = |19.0000
E=- psi
Cross-Section Definition e T e e Fry=[80000.  |psi
Number of Boxes = C] Fallow = 78000. psi
1D | width (a) [ height (b) [ lef edge (x) [ bottom edge (y) ]
1[043 |0.14 059 0.00
2 [016  [0.30 |EE] 0.4
3 016 0.30 10.43 1014
4 043 014 0.6 Jo.00
Crie-SecticaNiaw ———————————— Sinonilion:——————————
+My
A
A
——

»» +Mx

1 B R
_.1 ] I" L)X +P (tension)

X
Coefficients for equation : strain{x,y) = ax + by + c — Maximum Allowable Simultaneous Loads
a_coef= 14n Mxallow = in-ib
b_coef= 14in Myallow = inlb
c_coef= Pallow = I

Figure 16 Plastic Bending Analysis

Therefore, Margin of Safety:

G Mxallow 1= —894.38 { = 0.095
 Mx ~ —816.62 o

NOTE: Cross-Section A-A passes the elastic bending for Limit loads.

Performed Section A-A analysis of critical location at node 89 show positive margin
of safety in tension case 1.76, and after performing additional analysis in compression
case 0.095, therefore this location has enough strength capability to carry applied
load.



Section B-B

Maximum moments obtained at front leg fitting My = -1824 1b-in is found at Node
80, which represents front stud of seat track to the floor beam attachment. Since
applied vertical load acts down and the seat track deflections happen towards the floor
beam cap, the seat track cross section includes upper t-chord cap for analysis.

Conservatively, net area is taken for the analysis.

|XSA Elastic Bending - Nodego

Section Definition = lSecum B8 vI
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Fz=poooo | My =[1823.7682 | in-tb My=poooo  Jinio
Angle-NA = deg M-na =[18237582_Jinto

Max/Min Stresses & Strains

Location | Xin) | ¥(n) | ZAxial Stress (psi) | Z Axial Strain {infin) | Tensile Modulus {psi) |  Material |
Min-1 | -1.8250] o.ounni 2981 8| 2 BETE-4 1.040ET7|7075-T73511
Max-1 [ 07000; -0.1700| 31580.6 3037E-3 1.040E7(7075-T73511
Min-2 | -0.4000] 04307 71702 5| -6 B20€-3| 1.050E7/7178-T6511
Max-2 | 05000, 0.0000] 3010.5) 2.BB7E-4| 1.050E7(7178-T8511

Max Tens =1580.5685 | psi X= in £ in
Max Comp =[71702.5165 | psi ¥ =0 4000 in ‘e in

Figure 17 Seat Track With Upper Chord Cap Under Maximum My Bending
Moment Load



Margins of Safety:

FcyL __ 78000

- Seat Track is in compression: MSc = —-1= —1=0.088
fcomp 71702

- Floor Beam Cap is in tension: MSt = fru 1= 389 _1-0.84
ftens 31590

Performed Section B-B analysis of critical location at node 80 show positive margin
of safety in tension case 0.84 and in compression case 0.088, therefore this location
has enough strength capability to carry applied load. There is more than 2 times
higher applied load in comparison of Section A-A but analysis accounts for load
direction (load acts down and the seat track deflections happen towards the floor
beam cap), so the seat track cross section includes upper t-chord cap for analysis,

therefore there is obtained positive margins, with higher loads.

Section C-C

Another critical location with extreme bending moment My = -833.3 Ib-in is at Node
62. This node represents stud on the forward leg of the front row of premium
economy class seats away from fastener hole, therefore gross area section is used for

analysis (refer to Figure 18).
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Figure 18 Bending at Node 62
Margins of Safety:
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ftens 36961
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fcomp 74168




Performed Section C-C analysis of critical location at node 62 show positive margin
of safety in tension case 1.27 and in compression case 0.052, therefore this location
has enough strength capability to carry applied load. There is similar load applied in
comparison of Section A-A but analysis accounts for fastener locations, so the seat
track cross section gross area taken for analysis, therefore there is obtained positive

margins, without additional plastic bending analysis.



Seat Track Shear

Maximum shear obtained Fy = 3240 1b is found at Node 62, this node represents stud
on the forward leg of the front row of premium economy class seats, therefore it's

high loaded by shear load and require shear analysis.

Maximum sher force at Node 62 described above:

Vmax = 3240 1b (refer to Table 4)

Allowable shear force for 7178-T6511 calculated using conservative area of lower

strip of seat track.

Area:
A = width * thickness = 1.18*0.14 = 0.1652 in"2 (refer to Figure 4)

Allowable shear force:
Psu = Fsu * A =44000 * 0.1652 = 7269 1b

Margin of Safety:
Psu 7269

MS = —1= —1=0.49
1.5xVmax 1.5%3240

Performed shear analysis of seat track show positive margin of safety 0.49, therefore

structure has enough strength capability to carry applied shear load.



Seat Track Bearing

Maximum bearing obtained at the rear leg fitting Fx = 2901 Ib is found at Node 89,
which represents attachment point of seat track to the floor beam. This point is located
between second stud and plunger of the rear seat leg, therefore it is high loaded by
axial load, incoming from plunger. Since this is most bearing loaded point it require

analysis.

Maximum bearing force at Node 89 described above:
Pbearing = 2901 1b (refer to Table 4)

Area:
A = Dfast * thickness = 0.315*%0.14 = 0.0441 in"2 (refer to Figure 8)

Bearing Stress:
fbr = Pbearing/A = 2901.3/0.0441 = 65789 psi

Bearing Allowable (Conservatively e/D =1.5):
Fbru = 114000 psi (refer to Figure 5)

Margin of Safety (including the Fitting Factor = 1.15):

M.S':Fbru—1= 114000 —1=0.51
fbr 1.15%65789

Performed bearing analysis of seat track show positive margin of safety 0.51,

therefore structure has enough strength capability to carry applied bearing load.



Fastener Check

Maximum load components from a different locations are combined together for the

fastener analysis conservatively.
Fitting factor 1.15 is utilized.

Maximum tension:
Ptension = 1.15 * 3240 Ib= 3726 1b

Maximum shear:
Pshear =1.15 * 2901 1b= 3336 1b

Allowable tension:
Ptu = 9260 1b

Allowable shear:

(refer to Table 4)

(refer to Table 4)

(refer to Table 1)

Psu=72501b (refer to Table 1)
Tension ratio:
Rt — Ptension _ 3726 _ 0.40
~ Ptu 9260
Shear ratio:
s — Pshear B 3336 _ 046
5= Psu 7250
Margin of Safety:
ne = - 1=——1=0.1
MScombine = o b 0.40 + 0.46 0.16

Performed analysis of fastener joint show positive margin of safety 0.16, therefore

fastener has enough strength capability to transfer applied loads from seat track to

floor beam.



Appendix A

The analysis presented above is performed in very conservative way with
assumption that Seat Track takes Axial Load from Seats and Furniture (call this way
Option 1).

The purpose for this section is to present Margins of Safety Summary for the
Seat Track in case when floor panels take X-Loads out to skin/stringer (Option 2). A
comparison of both Option 1 and 2 are presented in Table 5.

The stress analyses for Option 2 are presented on the following pages.
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Section Definition = |5echun A-A ;l
Stress or Strain = |Stress ¥ I™ Stress/Strain Distribution Line Plot I 100% -| |
|||||!|I‘?||lln|||||ln alllllnlllllll.;’lllI||Ilnllllo-b:nllllllllhlulllllulllllln Ellllllilllllllgtlllll
: I I
kg
3 4
Z Z Axial Stress [psi] y
i 45,1525
B 32,858.8
- 20,565.2
: A |«NW
B B271.5 D Lt b e
gz— k-4,022.2 ﬁﬁq—- -t
z -16,315.8 Max
E -28,609.5
= -40,903.1
= 53,1968 —
= -65,490.5
= -77,784.1 -
4 >
Analysis Type = lUnfeslrained Complex Elastic Bendinqﬂ
Defined Loads Reference = [Elastic Center ¥ | X =[0.0000 in Y=p1615 |
Fzequ= 1o Mx-aqy = in'1b My-equ = in1b
Loading - Inputs & Outputs
Fz=poooo  |m Mx=[8166224 |in-b My=[p0000  Jinto
Angle-NA = (180.0000 deg M-na = [816.6224 inlb

Max/Min Stresses & Strains

Location | X (in) | Y(n) | ZAxial Stress (psi) | Z Axial Strain (infin) | Tensile Modulus (psi) | Matenal |
Min-1 |  0.4000] 04397 -77784.1 -7.408E-3 1.050E7(7178-T6511 |
Max-1 -0.5000 0.0000 45152.5| 4.300E-3 1.050E7{7178-T6511 |

Max Tens = [45152.5027 | psi X=t05000  |in Y = [0.0000 in
Max Comp = [77784.1299 ] psi x=pa000  Jin Y=pa3e7 i

Figure 19 Critical Node 89 Elastic Bending Analysis

Therefore, Margins of Safety are as follows:

Ftu 88000

Tension: MS = —1= —1=0.949

Compression: MS = —-1= - 1=



Plastic Bending Analysis.

Since critical load case represents Emergency landing condition, plastic bending is

applied to the seat track cross-section.

The thickness of boxes 2 and 3 in plastic bending analysis (Figure 16) are
conservatively reduced to represent actual cross section flanges of the seat track as
follows:

Actual area:

A actual = 0.2184 in™2  (refer to Figure 8).

Horizontal boxes 1, 4 area:

A horizontal=(width — Dhole)*thickness=(1.18-0.32)*0.14 = 0.1204 in"2

Vertical boxes 2, 3 area:

A vertical = A actual — A horizontal = 0.2184 - 0.1204 = 0.098 in"2

Vertical boxes 2, 3 effective thickness:

. Avertical 0.098 .
t vertical = _ _ = = 0.16 in.
2xvertical hight 2%0.3




Plastic Bending (IAS) - Plastic Bending (IAS) 1

Load Definition

Material Definition

Mx = -816.62 in-b Material Reference = |7178-T6511
My=poo  TJin nti =[41.0000
P=poo  In ntu = [19.0000
E= psi
Cross-Section Definition Fty = 80000. psi
Number of Boxes = C\ Fallow = [78000. psi
ID | width (a) | height (b) | left edge (x) | bottom edge (y)
1 0.43 0.14 -0.59 0.00
3 [0.16 0.30 0.43 0.14
4 1043 0.14 0.16 0.00

Cross-Section View

[

Sign Convention

+My
A
»» +Mx
Y
=)
+P (tension)
X

Coefficients for equation : strain(x,y) =ax + by + ¢
a_coef =10.0000000 1An

b_coef=}0.0297519 1/in
c_coef=10.0049540

Maximum Allowable Simultaneous Loads
Mxallow = in-ib
Myallow = inib

Pallow = Ib

Figure 20 Plastic Bending Analysis

Therefore, Margin of Safety:

B Mxallow
B Mx

_ —1084.77

= T8lcez —1=0.328

NOTE: Cross-Section A-A passes the elastic bending for Limit loads.




Seat Track Bearing

Maximum bearing force at Node 47 described above:
Pbearing = Fzmax =1650.6 1b (refer to Table 4)

Area:
A = Dfast * thickness = 0.315*0.14 = 0.0441 in"2 (refer to Figure 8)

Bearing Stress:
fbr = Pbru/A = 1650.6/0.0441 = 37429 psi

Bearing Allowable (Conservatively e/D =1.5):
Fbru = 114000 psi (refer to Figure 5)

Margin of Safety (including the Fitting Factor = 1.15):

Fbru 114000
—1=—-1=1.64
fbr 1.15%37429

MS =



Fastener Check

Maximum load components from a different locations are combined together for the

fastener analysis conservatively.

Fitting factor 1.15 is utilized.

Maximum tension:

Ptension = 1.15 * 3240 1b= 3726 lb (refer to Table 4)

Maximum shear:

Pshear = 1.15 * 1651 Ib = 1899 Ib (refer to Table 4)

Allowable tension:

Ptu=9260 1b (refer to Table 1)

Allowable shear:

Psu=72501b (refer to Table 1)

Tension ratio:

_ Ptension _ 3726

Rt = = = 0.4
t Ptu 9260 0.40
Shear ratio:
Rs = Pshear _ 1899 — 0.26
Psu 7250
Margin of Safety:
MScombine = —1=0.51

-1= —
Rs + Rt 0.26 + 0.40



Table 5 Critical Margins of Safety Comparison

Location Failure Load Case | MS Optionl | MS_Option2
Mode
Seat Track
Section A-A, Plastic 9G Forward +0.095 +0.328
Node 89 Bending
Section B-B, Node Elastic 9G Forward +0.088 Unchanged
80 Bending
Section C-C, Node Elastic 9G Forward +0.052 Unchanged
62 Bending
Node 62 Shear 9G Forward +0.49 Unchanged
Joint to Floor Beam Upper Chord
Seat Track Bearing | 9G Forward +0.51 +1.64
BACB30ONNSKS5 | Tension + | 9G Forward +0.16 +0.51
Shear

Performed analysis of seat track critical locations show several times higher
margins of safety, due to less conservative assumption when floor panels take X-
Loads out to skin/stringer (Option 2) in comparison to assumption that Seat Track

takes Axial Load from Seats and Furniture (Option 1).



2. Nastran/Patran FEM Analysis

Seat track in conjunction with the Floor Beam analyzed in Nastran/Patran to
account for the Floor Beam stiffness. Finite element model is shown in Figure 21. The
model represents the real geometry with its dimensions, materials and properties and
consists of the floor beam web, upper chord, lower chords, stiffeners and subjected
seat track. Finite element model consist of 9279 nodes, 10255 elements and 74
Multipoint Constrains (MPC).

Seat Track is modeled with 94 CBAR Bar2 elements (95 nodes) with defined
cross-section and material properties. It is attached to the Floor Beam model at
fastener locations using 74 RBE2 Multipoint Constrains (MPC). The RBE2 type of
MPC is chosen since this type is commonly used to transfer loads.

Floor Beam is modeled with CBAR Bar2 and SHELL QUAD4 elements.
QUAD4 elements are used to model Floor beam Web (8727 elements) and Bar2
elements are used to model Upper Chord (433 elements), Lower Chord (439
elements), and Stiffeners (564 elements).

The model is constrained at Seat track Ends and Lower Chord to Center section
joint locations with respect to all 6 degrees of freedom (Tx,Ty,Tz,Rx,Ry,Rz).

The model is loaded at seat and furniture attachment locations and run for all the

load cases noted in Section 2.



There are peak values of Mz bending moment exceeding moments from CSW,

but analysis shows higher margins in comparison with those presented above of this

paper.

e

Figure 21 Seat Track With Floor Beam FEM

Deflections for the critical 9G Forward Load Case are presented in Figure 22. The

maximum deflection of the Seat Track 1s 0.309”.

default_Deformation
MWepe 3.09-01 @Nd 47

Figure 22 FE Model Deflections. 9G Forward Critical Case

The Seat Track extreme bending stresses were obtained at Node 80 under 9G Forward
Case (refer to Figure 23) from FE-model as follows:
- Extreme tension stress level of 45.9 ksi

- Extreme compression stress level of 32.6 ksi



Palr ey 02 SRR g it Subcase - (45) 458:04
Fringe: 9G_Forward, AZ2:Static Subcase, Bar Stresses, Maximum Combined, , At Center
4.28+04

397+04 |
3 BE+04—]
3.35+04—
302+04—
2.72+04)

241404
T 450:04 240+04
s

T 1 79+04

\ 147404

- -8.55+02
1 16+04
. 8 50+03I

T 538+03

2.28+03
-8.55+02)
default_Fringe
Max 4 59+04 @hd 80

Min -8 55+02 @MNd 41

PatrdifeaBery beadsopl Teardss) fgatic Subease - (4.6)

8.32+03
Fringe: 8G_Forward, A2:Static Subcase, Bar Stresses, Minimum Combined, , At Center I
559+03

287+03)
1.26+02—
-2.59+03—
-532+03—]

-805+03

53903 -1 03+04
306404 -135+04

— -1 82+04)

- -1 90404

217+04
244+04

-2.72+04)

-2 99+04)
-3.26+04]
default_Fringe
Max 822+03 @Nd 93
Min-3.26+04 @Nd 80

Figure 23 Bar Stresses At Seat Track Under Critical 9G Forward Load Case
Margins of Safety:

Tension: MS = L — 1= 84000 _ 1=0.83
fmax_tens 45900

(refer to Figure 5, Figure 23)

Compression: Ms= —2 __1=%_1-1.30
fmax_comp 32600

(refer to Figure 5, Figure 23)



Performed FEM analysis of seat track in conjunction with the Floor Beam were
analyzed in Nastran/Patran to account for the Floor Beam stiffness and show the
compliance of the seat loads to the floor beam deflections. Seat Track Margins of
Safety obtained from Patran/Nastran FEM analysis are higher than for CSW FEM

analysis as Patran/Nastran model represents the real geometry.

Section Summary

The section was conducted analysis of seat track strength. It was performed the
following:

- Calculation of seat track strength at critical locations without accounting for
floor beam stiffness using conservative assumption and methods that show
positive margins of safety:

1. Rear leg attachment point of seat track to the floor beam (node 89).

2. Front leg attachment fitting front stud of seat track to the floor beam
(node 80).

3. Stud on the forward leg of the front row of premium economy class
seats away from fastener hole (node 62).

- Calculation of seat track strength with accounting for floor beam stiffness
using FE-model which represents the real geometry with its dimensions,
materials and properties. This show the compliance of the seat loads to the

floor beam deflections.



IHigcymoxk po3aiiay

VY po3pi3i mpOBOAUBCS aHANI3 MIIIHOCTI peHKH CHiHb. Bylio IpoBeIeHO HACTYITHE:

- Po3paxyHok MIITHOCTI peiiku CUAIHb B KPUTUYHUX MicLAX 0€3 ypaXxyBaHHs
KOPCTKOCTI OaJIKU MiJJIOTH 3 BAKOPUCTAaHHSAM KOHCEPBATUBHUX MPUIYIIEHb Ta
METO/IIB, 10 JI€MOHCTPYIOTh MO3UTHBHI 3alacy MILIHOCTI:

1. Touxka kpiniaeHHs 3aAHbOT HIXKKW PEHKH CHIIHB 10 OAJIKU TiJIOTH (BY30J1
89).

2. KpinieHHs nepeaHboi HXKKH, 0 KPIMUTHCS MEPEIHBIO MIMUIBKOIO KOJIi
cuAIHHSA 10 Oanku mianoru (By3oia 80).

3. lInwunpka Ha IepeAHid HIXKII TEPEAHBOTO PSIAY CUJIIHD MPEMIyM —
€KOHOM KJIacy MoJiaji BiJf OTBOPY KpirieHHs (By30:1 62).

- Po3paxyHOK MIITHOCTI peiKK CUJIIHB 3 YpaXyBaHHSIM KOPCTKOCT1 Oamku
MIJI0TH 32 TOMOMOTOI0 KIHIIEBO-€JIEMEHTHOI MOJIETI1, SIKa MPEeICTaABIIsAE
peanbHy reoMeTpiro 3 i po3MipaMu, MaTepiajlaMy Ta BIacTUBOCTAMU. Lle

MOKa3ye€ BIJIMOBIIHICTh HABAHTAXKEHb CUJIHb Ta BIIXWUJICHHSAM OaJIKU IMiJJIOTH.



4. STARTUP PROJECT

Omnwuc ixei npoekry

B poznini mpoBeneHO MapKETMHTOBMM aHadi3 cTapTam MPOEKTy, BHU3HAYCHI

MO>KJIUBOCTI Ta JOIUIHHICTh HOTO BIPOBAKEHHS Ha PUHOK.

Taoauns 4.1 Onuc crapran-npoexkTy

3MICT IPOEKTY

Hanpsmku 3actocyBaHHA

Buroau nnsa xopucryBaua

OrigKa MIIIHOCTI JeTai 3a
PI3HUMH BapiallisiMu
PSKUMY HaBaHTAKCHHS

MamnHoOy1iBHa rany3b

1)Touna ortiHKa rpaHuIi
BUTPHUBAIIOCTI

2) BpaxyBanHs Bapiaiiiit
PEKUMIB HAaBaHTAKESHHS

3) MoXIuBICTh
MaKCHUMaJIbHOT'O
BUYEPIIAaHHS PECYPCY

3amporoHoBaHa aBTOPOM OTpHMaHa 3aJIeKHICTh

J03BOJII€E BH3HAYUUTH

HEOOXITHUN PIBEHb MIITHOCTI IJIs1 OyAb-SIKUX PEKMMIB HaBAaHTAKEHHSI.

KonkypeHntamu B Hamiiid poOOTI €: OIlIHKa MIIIHOCTI PEHOK CHAIHB MAaCaKUPCHKOTO

JIiTaka

TexHOMOTIYHNH ayauT

PeanizyBaTu 11€10 MPOEKTY MOXKHA 32 JIOMTOMOTOIO MMPOEKTHUX PO3PAXYHKIB.

B T1abn. 4.2 mpoBeneHuii aHami3 MOTEHIIWHUX TEXHIKO-€KOHOMIYHUX IepeBar

JaHo7 11e1 y MOpIBHSAHHI 3 KOHKypeHTOM Nel




Tabiuusa 4.2 Bu3HaYeHHs CHJIBHHX, CJa0KMX Ta HeEWTPaAJIbHHX
XapaKTEePHUCTHK el MpoeKTy

No TexHiko-eKOHOMIYHI w N S
/1 XapaKTEePUCTHKY 11T
1. ['pomtoBi BUTpaTH Miii mpoeKT Ta
KOHKYPEHT

2 | CkiaziHICTh PO3paxyHKY

3 TouHa orminka rpaHHII
BUTPHUBAJIOCTI .
P KonkypeHt — Miit mpoekT
MOX/IUBICTH
MaKCHMAaJIbHOTO .
— KonkypeHnt Miit mpoekT

BUYEPIIaHHA PECYPCY

Bu3zHaueHHs TeXHOJIOTTYHOT 3A1CHEHHOCTI 171e1 TPOEKTY HaBeJACHO B Tad. 4.3

Tabauus 4.3 TexHOI0TiYHA 3AiHCHEHHICTD i€l MPoeKTy

No Ines nmpoekrty Texnonoris i1 | HasBuicte | JlocTynHICTh
i peanizauii TEXHOJIOTI1 | TEXHOJIOT1i
Buxopucranns 3anexHicti, | TeopeTHUHUA
sIKa JI03BOJISIE BUSHAYUTH PO3paxyHOK
HEOOX1THUI PIBEHb MIITHOCTI
1. 1Tt Oy Ib-SIKUX PEXUMIB [IpakTHuHe € €
HaBaHTAKCHHS BUKOPUCTAHHS

OOpaHa TexHOJIOT1sI MOXke OyTH peanizoBaHa

[To moka3HWKaM XapaKTEPUCTUKH CTaHy PUHKY MOXKHA 3pOOUTH BHUCHOBOK, IO
JTaHUHN TIPOEKT € PEHTA0CIbHUM.



BusHadyeHHS NOTEHIIUHUX I'PYIT KJIIE€HTIB.

[loTeHuiiiHi Tpynu KIIE€HTIB MOXXHa YMOBHO MOAUIUTH Ha NEPBUHHUX Ta
BTOPUHHHUX CIIOHUBadiB MPOAYKTY. [IepBUHHOIO Tpymo € MacakUpChKi JITAKH.
Hanani Bu3HaUMMoO MOTEHIIIHHI TpyNH KI€HTIB (Tabdi. 4.5)

Taoauus 4.5 XapakrepucTHKA NOTEHUIHHUX KJIIEHTIB CTAPTAN-NIPOEKTY

Ne [Totpeba, 1o [insoBa BinMinHoCTI Yy Bumorn
i bopmye pUHOK ayJIuTOpis MTOBETIHIT CIIO>KMBAYIB 10
pI3HUX TOBapy
MMOTEHIIHHUX

LUIBOBUX I'pyIl

KJIIEHTIB
l. [ligBumennss | MamuHoOy1iBHa ¢binaHcu Tounicte Ta
PiBHA rauxy3b PO3LIMPEHHS
KoMQopTy MO>KJIUBOCTEM
MacaXupiB a0COFOTHOTO
BUKOPUCTAHHSA
pecypcey

[licns BU3HAYEHHS MOTEHIIIMHUX TPYM KIIE€HTIB MPOBOAUMO aHAaJi3 PUHKOBOTO
CEpEeIOBHUIIA, CKIATAEMO TaONHI0 (aKTOpiB, MO0 JOMOMOXKYTh BUXOAY MPOEKTY Ha
PUHOK , Ta BpaxyBaHHS (PaKkTOPiB, IO IBOMY MOXKYTh MEPEIIKOAUTH (Tad1. 4.6)

Taoauus 4.6 ®akropu 3arpo3

No daktop 3MICT 3arpo3u MoskiiiBa peakiris
KOMITaHi{
/T
1. 30UTbIIIEHHS BnockonaneHus
co01BapTOCTI BXKE ICHYIOUHX
3MEHILECHHS TIONUTY
METOHK
2. Po3pobxka BUKOPHCTAHHS
MOKpAaIIEeHO1

METOIUKHU




Taoauus 4.7 @aKTopu MOKJINBOCTEN

No dakTop 3MICT MOXJIMBOCTI |  MOJKIIMBA peakiis
KOMITaHi{
n/m
1. He notpeOye ExoHOMHICTB JlocroiiHa oruiata
BEJIMKUX 3aTpaT Ha mpart
BUKOPUCTAHHSA
2. [TigBueHn [IpoBenenns 301IbIIEHHS TTAPKY
MOIUT PEMOHTHHX POOIT aBilaTPaHCIOPTY
y raimysi
MalIMHOOYTyBaHHS

Hanani npoBegemMo aHami3 mpomno3ullii, BU3HAYMBIIN 3arajibHI PUCH KOHKYPEHIIil

Ha pUHKY (Ta01.4.8).

Taoauus 4.8. CtyneneBuii aHaJ1i3 KOHKYPEHILil HA PUHKY

Oco0aMBOCTI KOHKY-
PEHTHOTO CepeOBUINa

B yomy nposBisieTbCA
JlaHA XapaKTEepPUCTUKA

Broius Ha IisUIBHICTH
MiAITPUEMTBA

Tun koHKypeHLii
OJITIrOMnois

HeBennka KUIBKICTE OijI-
MIPUEMCTB, SIKI BEAyTh MIX
c000¥0 37e¢0UTBIIOr0
HEIIHOBY KOHKYPEHIIIIO.

He BinpizuseThes
MOMITHUM BILIUBOM

HanionansHuii piBeHb
KOHKYPEHTHO1 00pOThOU

JlaHuii pUHOK IOCTATHBO
BIIKPUTHIA

IToMiTHWI BIUIUB HA
MoJiepHi3allii raysi

Baytpimubsoranysesa
O3HaKa

BbopoTe0a BegeThes Mik
METOJMKAMU PO3PaxXyHKIB

3aomaKEeHH KOIITIB B
HACJIOK BBEJICHHSA
METOIUKHU

ToBapo-poaosa
KOHKYPEHIIiS 32 BUJIOM
METOIUKHU

31aTHICTH 3a0BOJIbHUTH
noTpedu ramysi

He Benuka KiJIbKICTB
KOHKYPEHTIB




HeninoBa KOHKypeHIIis [TigBuILIEHHS TKOCTI Po6ota Han mocTitHUM

METOJUKH B ITOPIBHSHI 3 MOKpAIIEHHIM METOIUKHU
IHILTUMHA
MapoyHa IHTCHCUBHICTb Posrisgmaemo B SKOCTI HesanexHicTh BiJ pUHKY

KOHKYPEHTIB CXO0X1
METOJIUKH

[licns anHamizy KOHKYpeHIIi NpOBOAMMO OUIBII JeTajJbHUN aHali3 yMOB
KOHKYpeHIIii B ramy3si (ta6:1.4.9).

Taoauus 4.9. Anaji3z koHKypeHuii B rajiysi 3a M. Iloprepom

Cxanosi [Tpsmi [ToTenmiiini Krnientu ToBapu-
aHamizy KOHKYPEHT KOHKYPEHTH 3aMIHHUKH
U B raiysi
bap’epis BOEING 3arpo3u 3 00Ky
Hemac BIPOBAJPKCHHS 3aMIHHHKIB €
HeMa
BucHoBku: Hu3spka € MOXJIMBICTh JIUKTYIOTh YMOBU BincyTHicTb
IHTEHCUBH | BXOJKCHHS B poOOTH HA PUHKY. 00OMEXEHb Bl
1CTh rauysb Taxi, sik yac Ha 3aMIHHHKIB
PO3paxyHOK 1
3a0e3neyeHHs
MOTPIOHUM
MpOrpaMHUM
3a0e3MneueHHsIM

3 ornsily Ha KOHKYPEHTHY CHUTYallil0 ICHY€ MOXKJIMBICTh BUXO/Yy Ha PUHOK JaHOT
rany3i. [I[o6 Oyt KOHKYpEHTOCTIPOMOXHUM Ha PUHKY aHOMY MPOEKTY HEOOX1THO
pO3pOOUTH TTporpamMHe 3a0e3nedeHHs AJI MBUIKICHOTO PO3PAaXYHKY METOAUKH.

Ha ocHOBiI anamizy KOHKypeHIIi, mpoBeaeHoro B Ta01.4.9, a Takox 13
ypaxyBaHHAM XapaKTEPUCTHK i€l MPOeKTy Ta0ia.4.2, BUMOT CIOXXHBAYiB J0 TOBApy
Ta01.4.5 Ta (pakTOpiB MAPKETHHTOBOTO cepeaoBuila Tabdm.4.6-4.7 BU3HAYAEMO Ta
OOTPYHTOBYEMO nepeik (dakTopiB KOHKYPEHTOCITPOMO>KHOCTI. AmHani3
odopmtroeTbes B Ta06:1.4.10.




Taoauus 4.10. O0rpyHTyBaHHs (PaKTOPiB KOHKYPEHTOCIIPOMOKHOCTI

Ne | ®akTop KOHKYypEeHTOCHPO- OOrpyHTyBaHHs (HaBEICHHS YNHHUKIB, 110
i MO>XHOCTI poOsATH (hakTOp ISl MOPIBHSAHHS KOHKYPEHTHHUX
MIPOEKTIB 3HAUYIIUM )
1 MeHnia notpeba y JIJ1st METOZTUKH PO3paxyHKy Majila HEOOX1IHICTh B
BUTpaTHUX 3aTpaTax
2 TouHicTh po3paxyHKiB VY nockoHaneHHs] OTpUMaHHS pe3yJbTaTiB
3 | BuxopucTaHHsS OTpUMaHUX MakcumanbHe BUYEpIIaHHS PECYPCY

TaHUX

3a BU3HAYCHUMH (HaKTOpaMH KOHKYPEHTOCITPOMOXKHOCTI (Ta6:1.4.10) mpoBeaemMo

aHaII3 CUIIBHUX Ta CIA0KUX CTOPIH MOTO CTapTan-npoekTy (Tabn.4.11).

Taomuusa 4.11. TlopiBHsUIbHUIT aHAJI3 CHJIBHMX Ta CJa0KUX CTOPiH

«Bukopucranias cxemu 3akpimieHHs: CTA3® BOrHenmajJbHOIO MepeoMy I

KyTOM 60»
Ne PeliTuHr MeTOIMM y TIOPIBHSHHI 3
i daxrop MIPOEKTOM KOHKYPEHTA
KOHKYPEHTOCHPO | £ 1 5 302 -1 0 1 2 3
MO>XHOCTI
1 | Menma notpeba y 20 °
BUTpaTax
2 TouHicTh 20 °
pPO3paxyHKiB
3 Buxopucranus 20 °
OTPUMAaHUX JaHUX
4 TouHicTh 15 °
PO3paxyHKY B
MIPOEKTI




@diHABHUM €TalioM PUHKOBOTO aHAJi3y MOXKIUBOCTEH BIPOBADKCHHS MPOCKTY
€ cknaganHs SWOT-ananizy (matpuii anamizy cuiabHUX (Strength) Tta cmabkux
(Weak) cropin, 3arpo3 (Troubles) Ta moxmauBocteit (Opportunities) (Ta6m1.4.12) Ha
OCHOBI1 BHIUICHMX PUHKOBUX 3arpo3 Ta MOMJIMBOCTEH, Ta CHIBHUX 1 CITA0OKUX CTOPIH
(Tabm.4.11).

[lepenik pUHKOBUX 3arpo3 Ta PUHKOBHX MOKJIMBOCTEH CKJIAJAEThCS Ha OCHOBI
aHami3y (axTopiB 3arpo3 Ta (akTOpiB MOKIUBOCTEH MapKETUHTOBOTO CEpEOBHIIA.
PuHKOBI 3arpo3u Ta PUHKOBI MOXXJIMBOCTI € HAacligkamMH BIUIMBY (akTopiB, 1, Ha
BIIMIHY BIiJl HUX, III€ HE € peaji30BaHUMH HA PUHKY Ta MArOTh MEBHY WMOBIPHICTH
3IMCHEHHS.

Taoauus 4.12. SWOT- anaui3z crapran-npoexry

CunpHi ctoponu: besneune Cnabki  CTOpOHHU: BIJICYTHICTb
BUYCPIIAHHS PECYPCy €IEMEHTIB IPOTPAMHOI MiATPUMKH METOIUKU

MOXIIMBOCTI:  3aBOIOBAHHS  BCIET 3arpo3su: po3podKa TOYHIIIOT
raysi METOJANKHU

Ha ocnoBi SWOT-anainizy po3poOisitoThCsl adbTepPHATUBY PUHKOBOI MOBEIIHKU
JUISl BUBEJCHHS CTapTal-IPOCKTy HAa PUHOK Ta OPIEHTOBHUN ONTUMAJbHUN 4Yac ix
PUHKOBOI peanizauii 3 orjsiAy Ha NOTEHL1HHI IPOEKTH KOHKYPEHTIB, 1110 MOXKYTb OyTH
BHBEJICHI Ha PUHOK.

Bu3zHaueH1 anbTepHATUBH aHANI3YIOThCS 3 TOUKH 30py CTPOKIB Ta HMOBIPHOCTI
OTpUMaHHA pecypciB (Tabdn.4.13).




Taomuusa 4.13. AJbTepHATHBH

PHHKOBOI0 BIIPOBAIKCHHA CTapTrTall-

MPOEKTY
No AJbTepHATUBA PUHKOBOI NMoBipHICTH Crpoxku
i IMOBEIIHKHA OTpUMaHHS peanizarii
pecypciB
1 [Ty6niune o3HallOMIICHHS, Bucoka 5 micsr
nepeBipkKa 3 ICHYIOUUMU
METOAMKaMHU (aHAJIOTaMu),
Jiep>KaBHE 3aTBEPIKEHHS
2 [1yGniune o3HallOMIICHHS, Bucoka 2 poku
nepeBipKa Ha CIIPaBKHbOMY
EKCIIEpUMEHTI, JIepKaBHE
3aTBEPIKEHHS

I3 3a3HaueHNX anbTepHATHB BUOEpEMO Tepiry, 060 OTpUMaHHS PEeCypCiB € OLIbIIT

MPOCTUM Ta UMOBIPHHMM a CTPOKHU peai3ailii — O1IbII CTUCIUMH.



Po3po0.ieHHs1 pUHKOBOI cTpaTerii MPoeKTy

Po3po6iieHHsT pUHKOBOI cTpaTerii mepmmuM KpOKOM Iepeadadyae BU3HAYCHHS

CTpaterii OXOIUICHHS PHHKY:

(Tabm.4.14).

Tabauus 4.14. Bu6ip uiyiboBUX rpyl NOTEHUiHHUX CIIOKUBAYIB

ONMKC IIUThOBUX TPyN TOTEHI[IHHUX CIIOXHBAYiB

Ne | Omumc npodisto I'otoBuicth | OpientoBHuil | [HTeHcuBHICTH | [IpocToTa
i LIbOBOI IPYNH | CIOXKUBAYiB IIOTINT B KOHKYpPEHLIi B | BXOOy Y
MOTSHIIHHUX CIIPUIHATH MeKax CErMEHTI CEerMEHT
KJIIEHTIB MPOAYKT 1JILOBOIL
rpynu
1 BOIENG [ToBHiCcTIO Bucokuit Cepenus ITpocTo
TOTOBI

J1st po6oTH B 00paHOMY CerMEHTI pUHKY HEe00XiTHO chopmyBaTH 0a30BY

CTpaterito po3BUTKY (Tabm.4.15).

Taoauus 4.15. BusnauyeHnnsi 6a30B0oI cTparerii pO3BUTKY

OOpaHa anpTepHaTHBA Crpareris Kirouosi bazoBa
PO3BUTKY MPOCKTY OXOIUICHHS KOHKYPEHTOCTIPOMOJXKHI cTpareris
PUHKY MO3UIIii BIATIOBIAHO 110 PO3BUTKY
0o0paHoi aIbTepHATHBH
Konk.Nel Ta KorkNe2 | Crnemiamizaris

AJbTepHaTUBHA

OXxoIUIeHHS Ha

70-80 %

Jani Bubepemo cTpaTerito KOHKYpEeHTHOT moBeAiHKN (Ta01.4.16).




Taouuus 4.16. BusnayeHHs1 6a30B0i1 cTpaTerii KOHKYPEHTHOI MOBeiHKH

Yu € npoexT Yu Oyne KoMmaHis Yu Oyne koMmaHis Crpareris
«TIEPIIOMPOXOLEM IIYKaTH HOBUX KOIIIOBATH OCHOBHI | KOHKYPEHTHOI
Ha PUHKY? CIOKHMBAYiB, a00 XapaKTepUCTUKH TO- MOBEIHKH
3a0upaTy ICHyIOUUX y | Bapy KOHKYpEHTAa, 1
KOHKYPEHTIB? AK1?
Hi Tak KomiroBatu nutie Crpareris
3arajibHoO 3aHATTS raly3i
BHKOPHUCTaHI i71e1

Pe3ynbraTom gaHOTO MiAPO3ALTY € Y3TOKeHa CUCTEMA PIIIeHb 100 PUHKOBOI
MOBEIHKM CTapTal-KOMIIaHii, ika BA3HaYaTUME HaMpsIMU poOOTH cTapTan-KOMIaHii

Ha PUHKY:
— BUKOPHUCTAHHSA B MPOEKTI Cy4YaCHUX TEXHOJIOT1H;
— HanpsiM poOOTH JIUIIE Yy 3aJaH1i Hillll PUHKY.

Po3po0ieHHsI MAapPKEeTHHIOBOI MPOIrPaMH CTAPTaN-NPOEKTY

[lepmm kpokoMm € (opMyBaHHS MapKETHHTOBOI KOHIIEMIT TOBapy, SKUN
orpuMae croxuBad. g mporo y 1adn.4.17 miacymyeMo pe3yiabTaTH MOMEePEeIHbOrO

aHaJli3y KOHKYPEHTOCIPOMOKHOCTI TOBapYy.

Taouuus 4.17. BuzHauyeHHsI KJIIOYO0BUX IepeBar KOHUeENUil MOTeHUiiHOro

TOBApYy

Ne [ToTpeba Buropa, sxy npononye KirouoBi nmepeBaru nepes
TOB KOHKYpEHTaMH

i oBap OHKYpEHTa

1 | He motpebye Benukux | 3MeHIICHHS cOOIBApPTOCTI JlocToiiHa omutata mparii

3aTpaT Ha PO3PXYHKH

2 [TigBuiieHuii monut y | 30UIbIIEHHS BUPOOHUIITBA 301IBIIEHAS KUTBKOCTI
ramysi Ta PEMOHTY MpaIliBHUKIB

MalIMHOOY 1yBaHHS




Jlani BU3HAYa€EMO ONTHUMAaJIbHY cUCTeMy 30yTy, B MeXaX SKOro NpUUMAa€eThCS

pimenHs (tab6m.4.18).

Tabauus 4.18. ®opmyBaHHs cUCTEeMH 30yTy

Crneuudika 3akyniBenbHoi | DyHkuii 30yTy, siki | ['nmubuna OnTuManpHa
MOBEIIHKH L1JIbOBUX Ma€ BUKOHYBaTH KaHally cucTema 30yTy
KJIIEHTIB MIOCTa4YaJIbHUK 30yTy
TOBapy
OnHopa3oBa MOKyIIKa [ndopmyBanHs I'muboka HepxaBHe
3aTBEPAKEHHS
METOJIUKH

OCTaHHBOIO CKJIAJJOBOI MapKETHHTOBOI MpOTpaMu € po3pOOJeHHS KOHIEMIIIT
MapKETUHTOBUX KOMYHIKAIllH, 110 CIUPAEThCS HAa TMOMEPEIHbO OOpaHy OCHOBY JUIS
MO3UI[IOHYBaHHs, BU3HAaUEHy creundiky MoBeIiHKU KIieHTIB (Ta01.4.19).

Taoauus 4.19. Konuenuist MApKeTHHIOBUX KOMYHIKaNii

Crneundika | Kanamu komyHikaiii, Kirouosi 3aBaaHHs Konnemnis
MOBEJIHKA | SKMMH KOPUCTYIOThCS | MO3MIIiI, OOpaHi | pPEeKIaMHOTrO PEKIaMHOTO
IJIBOBUX LI60B1 KIIIEHTH U IMOB1TOMJIEHHS 3BEpHECHHSA

KJIIEHTIB MO3UI[IOHYBaHs
Mepexa IHTEepHET, Pexmama Posmmpenns | Ilokazaru, o
KomyHnikabe HaAyKOBI1 Tpalli METOAMKHU Ha L1TbOBHUX Hama
JBH1 KOH(epeHIisax KJIIEHTIB METOJIUKa
Kpara Ta
JOLIUIBHIIIA
Pe3yjbTaTH MapKeTHHIOBOT0 JOCTiIKEHHS :
o JaHUW CTapTamn-MPOEKT € aKTyaJbHUM, TOMY IO MOXE
BHUBECTH MAIIMHOOYAIBHY Trally3b Ha HACTYIIHY CXOAUHKY
o MaJia KUIbKICTh KOHKYPEHTIB
° YVHIKQJIBHICTS 1€l
° BIPOBA/P)KCHHS B  PUHOK a0COJIIOTHO  JIOLIUTEHUM,

npUOYTKOBHUM.




CONCLUSIONS

The improvement of the passenger comfort during the flight is one of the most
important goals in airline market. Appropriate material and profile (cross-section)
selection strongly affects stress level and cost of the Seat Track. This requires
continuous improvement of structure design and the introduction of the most modern
materials to guarantee the highest comfort and safety of passengers. By the other
hand, it leads to the increase of weight of the interior structure (seats, furniture) which
affect the loads at the Seat Tracks and Floor Beam:s.

To satisfy the safety requirements for the seat track, which is subjected to high
loads from a heavy passenger seat of high comfort, in this work by the finite element
method, the following results were obtained:

- cross section profile with appropriate section properties and is selected;

- selected material for the manufacture of seat track profile that meets the
requirements for cost and stiffness of the structure;

- the analysis of the Seat Track is performed using conservative approaches
show that designed structure able to withstand specified loads in all specified loading
cases;

- finite element analysis of the floor beam of the aircraft was performed using
CSW and Nastran / Patran, which takes into account the stiffness of the floor beam,
demonstrated the compliance of seat loads with the deflection of the floor beam.

Therefore, the problem established at the beginning of the work is completely
solved, and the designed structure of the seat track meets all the necessary

requirements.



BUCHOBKUA

[TigBuiieHHs KoMOPTY MACAKUPIB M1 Yac MOJIbOTY € OJHIEIO 3
HaWBaXJIMBIIIKX 3a]]a4 HA PUHKY aBlakoMmaHii. Binmosinuuii BubGip matepiany Ta
npod o (monepeyHoro nepepily) CUIbHO BIUTMBAE HA PIBEHb BHYTPIIIHIX
HaIpy>KeHb Ta BapTICTh PEHKH CUAIHB. Lle BuMarae mocTitHOro BAOCKOHAJICHHS
KOHCTPYKIIIi Ta BIPOBAKEHHS HaCyJacHIIINX MaTepialiB, 00 rapaHTyBaTH
HaWBUIIUNA KOMQOPT Ta O€3MeKy MacakupiB. 3 1HIIOTO OOKY, 1€ MPU3BOIUTH 10
30UTBIIIEHHS Bard BHYTPIIIHBOT KOHCTPYKIIi (CUAIHB, MEOIIB), 110 BIUTMBAE HA

HABaHTAKEHHS HA PEUKHU CUAIHB 1 OAJIOK MOITy.

J171s1 3a710BOJIEHHS BUMOT O€3MEKH 010 PEUKH CUAIHB, 110 3a3HA€ BETUKUX
HAaBaHTAXEHb B1J BAXKKOTO MAaCa)KUPCHKOTO CUAIHHS BUCOKOTO KOMGOPTY, B JaHIN

poOOTI METO/IOM CKIHYEHHUX €JE€MEHTIB OyJI0 OTPUMAHO HACTYIHI pe3yiIbTaTH:
- BU3HA4Y€HO Mpo(d1JIb MONMEPEYHOro Mepepizy 3 BIAMOBIAHUMHU BIACTUBOCTAMU;

- 00paHo Marepiaj AJig BUTOTOBJICHHS MPOQIITI0 PEHKU CUIIHB, IO

3aJI0BOJIbHSIE BUMOTaM IIOJI0 BAPTOCTI Ta KOPCTKOCTI KOHCTPYKIII;

- aHaJIi3 KOl CUAIHHSI BUKOHAHUI 3 BUKOPUCTAHHIM KOHCEPBATUBHUX
M1AXO0/1B MI0Ka3aB, 1110 CIPOEKTOBaHA KOHCTPYKLIA 3/1aTHA BUTPUMYBATH BC1 3a/1aH1

HaBaHTAaXCHHA,

- CKIHYEHHO-EJIEMEHTHHH aHalli3 OaJIKU MiJIOTH CAJIOHY JIiTaka IPOBEACHUI 32
normomororo CSW Ta Nastran/Patran, sikuii BpaxoBye *KOPCTKICTh OaJIKH TIOJTY,

MPOJIEMOHCTPYBAB BiJIMOBIIHICTh HABAHTAXXEHb CU/IHb BIAXUJICHHSAM OaJKU ITiJIJIOTH.

Takum ynHOM, TIOCTAaBJICHA HA MOYATKYy poOOTH IpobiemMa MOBHICTIO BUPIIICHA,

a CIIpOEKTOBaHA KOHCTPYKIISl pEHKU CUJIIHB 3aJJ0BOJIbHSE BCIM HEOOXITHUM BHMOTaM.
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