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1.1 Abstract

AIM Altitude specialises in aircraft cabin designs from engineering to manufacturing. Tasked
with creating a standard sliding table assembly for AIM Altitude, a table that can be used on
various programmes throughout the company. This table will be incorporated into the
current programme Qatar Airways. It will satisfy customer requirements and the TC holder
(aircraft manufacture), working accordingly to the technical milestone meetings throughout
the entirety of the programme. Case studies looked at archive designs, such as Delta Air
Lines, a previous programme where separate tables were created and unique to that

specific programme.

Following an initial project timeline, working in conjunction with the milestone activities,
ensured the project did not exceed its targets. Included in the timeline was a planned
overlap which saw design hours being utilised. TC submittals were met along with advanced

drawings supplied to the supplier to manufacture the prototype.

Designing of the table cassette saw many restrictions, whereby all materials were governed
by a Boeing list of materials Appendix 10. Ensuring design is FDA (Food and Drug
Administration) compliant limited the clearance around the table so once stowed, did not
exceed 3/32” (6.35mm). Use of standard extrusions were utilised where necessary

preventing third party manufacturing whereby parts are manufactured internally.

The unique design of the cassette required many attributes not yet seen previously. An
assembly casing with a specific aperture that could be easily removable, a reversible
countertop to provide a mirrored working surface and to be installed into various galleys

throughout the aircraft.

Previous designs saw that manual deployment was used, this therefore was eliminated and
a design was created whereby the table would sit flush along the decorative face once
stowed. Investigation of previous designs and design hours were included in the timing plan.
11 weeks was allowed to design the assembly, which included various component
assemblies. Previous designs saw that unnecessary material remained on the profile of the
table, whereas the Qatar Airways design saw unused material removed and slots added to

reduce weight and a symmetrical profile.
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Throughout the design of the table, advanced drawings were sent to the supplier of the
prototype to maintain an understanding of the design and to commence manufacturing.
Designing the spring assembly, having calculated the estimated spring deployment of
13.49mm, we were restricted by the thickness of aperture by not exceeding 0.8”
(20.32mm). This therefore saw a clash of the head of a countersunk screw with the table. |
overcame this by countersinking the table along with the doubler to allow the head of the

screw to sit flush with the surface shown in section (7.8).

Design of component parts and assemblies were on course and stress results saw the Delta
Air Lines table tested to withstand a 680N downward force, being an unsymmetrical profile.
The second moment of area is calculated by splitting the table in to two separate sections,
the centroid is calculated for those specific areas. A yield stress of 190MPa was calculated
shown in Appendix 22. The stress allowable for aluminium plate AlI6082 T6 is 240MPa
(Aalco, 2020). SF =240/ 190 = 1.26 - being below the yield point of the material, the table

will not yield under this abuse load.

The Qatar Airways table has a symmetrical profile tested to withstand 44.0lbs (195.4N), this
provided a more simple area to test than the Delta Air Lines profile. A yield stress of
28.9MPa stated in Appendix 23, is far below that of Delta Air Lines, based on material 2014-
T651 plate per AMS 4029. A yield stress allowable of 414MPa (Specification, 2019). RF =
414/ 28.9 = 14.3 - the applied force of 195.4N, makes it clear bending stress is not critical.
Calculations of both tables proved that each table can withstand substantially more than

30lbs of force.

The initial allowance for manufacturing of the prototype was two weeks, yet this was
postponed to four weeks until the prototype was delivered to the factory. This therefore
had an impact on planned feedback and drawing submittals, along with production. Set back
two weeks, it was imperative that inspection of the prototype would commence
immediately therefore any defects that will affect production could be found prior to
drawing submittals. Inspection of the prototype found that an angle used as the front facia
of the assembly proved to be fragile and started to bow as a result of minimum material
along the length of the part. As a result, referring to the list of materials Appendix 10- a
channel section is used as an alternative, giving the material more stiffness and preventing

deformation of the angle. Changing the design had an impact on the design and planned
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feedback, setting the feedback back an additional week to week 25 of 28. The setback saw
production being delayed to one week prior to inspection. Drawing submittals were met, by

altering designs, and production were able to receive the table and fit ready for inspection.

The Delta Air Lines table, comprised of a sliding table and two runners, is at a combined
weight of 6.280lbm. By contrast, the Qatar Airways table comprised of six additional
component parts and assemblies weighing a total of 19.698lbm, a difference of 13.318lbm.
The biggest weight difference was seen in the table runners. The Qatar Airways table
runners are machined from aluminium bar whereas its predecessors were manufactured
from a light polymer. Two runners are required at each side of the table, a runner used on
Delta Air Lines weighed 0.820lbm (1.640lbm combined). Whereas the Qatar Airways table

runner, an assembly with component parts, weighed 2.678lbm (5.356lbm combined).

Although not yet implemented, to reduce the weight of the table runners used for the Qatar
Airways programme, slots can be added to the assembly where necessary to utilise free
space that will be unused. By adding three slots as shown in Appendix 21, the weight of the
assembly reduces from 2.678lbm to 2.267lbm, saving a combination 0.822, including both

table runners, bringing the overall weight of the sliding table cassette to 18.876lbm.

The table cassette assembly is currently in production where it awaits inspection ahead of

shipment in May 2020.
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2.1 Introduction

A lack of free surface area for cabin crew has been a constant issue within the aircraft as
every space is substituted for extra seats, partitions, lavatories and galleys. To overcome this
issue, one innovative design was to create a workspace that has a pull out a table from the
galley on the aircraft when required. Then, when not in use, the table is simply stowed

internally.

For this project, it is required to design a standard sliding table assembly that can be used
on various programmes throughout the company. A table that is universal and both satisfies
customer requirements and the aircraft manufacturer. Creating standard designs can
eliminate unnecessary design hours and create a standard table that can be used

throughout the company therefore reducing cost.

Previous designs show no standardisation, a bespoke table is designed for each programme.
The aim is to create a sliding table that can be used on various galleys and airliners saving
engineering hours and cost creating new assemblies per programme. The sliding table is to
provide extra surface area for the cabin crew, additional area that can be used when
required. Previous contracts had many variants of sliding tables with no consistency, the
current programme Qatar Airways will be implementing a new innovative standard design
that can be used on various galleys and airliners, creating a design that contains a
mechanism to release the sliding table without the need to manually pull to use in service.
The table must withstand 30lb load when used and be universal throughout each

monument that requires a sliding table stowed.

Analysing the data gathered and by attending meetings with the customer, we will be able
to interoperate the outcome of the design. By maintaining constant communication, less
errors are made therefore less hours are spent designing a concept. In this case,
communication is essential, liaising with the customer ensuring they are satisfied with the

end result.

11
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3.1 Milestones

Throughout the entirety of the programme there are drawing and model submittals in
conjunction with critical milestones that must be contained with the Design Plan/Activity

Schedule.

Initial Technical Coordination Meeting (ITCM)
- Preliminary Design Review (PDR)

- Critical Design Review (CDR)

- Final Product Design Review (FPDR)

- First Article Inspection (FAI)

3.2 Initial Technical Coordination Meeting (ITCM)

The first of the milestones is the Initial Technical Coordination Meeting. Its main objective is
to ensure technical specification requirements have been identified with the original

equipment manufacturer and airworthiness of the proposed programme.

3.3  Preliminary Design Review (PDR)

The second meeting of the milestones is PDR, where technical specification requirements
have been validated whereby G.A. drawings of the proposed units are thoroughly checked
by the interface specifications of the airline manufacturer and design layout of the

customer.

3.4  Critical Design Review (CDR)

The main objective of CDR is to check the definition of the first equipment standard,
ensuring that the hardware is compliant. This is the last stage that design changes can be

implemented outside specification before additional costs are applied.

12
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3.5  Final Product Design Review (FPDR)

The purpose of the Final Product Design Review is for the TC holder (Airbus/ Boeing). The
design organisation evaluates AIM equipment certification maturity ahead of FAI. FPDR will
validate CDR results and evaluate if the final product or equipment is in accordance with

definition documents.

Referring to Appendix 1- CDR minutes state that AIM Altitude is to provide a presentation
that demonstrates the differences between the standard table and the cassette table
options. AIM Altitude will need to have approval from the customer to proceed with design.
A requirement from the customer is for the cassette table design to be flush with the face of

the benchtop once the table is stowed.

3.6  First Article Inspection (FAI)

Attended by the TC holder and the airliner, the purpose of this review is to assess the final
product to aircraft specification ensuring interfaces are accurate. This is the final phase
where the product can be inspected prior to delivery, a chance for the TC holder and airliner

to snag imperfections on both interfaces and decorative aspects of the product.

4.1 Project Timeline

Illustrating a project schedule is essential to track progress of a specific programme. By
using such a method we are able to initially plan tasks by managing projects ensuring
programmes finish by hitting their deadlines. This project management technique is used for
the sliding table cassette, over an eight-month period, and hours are assigned to specific

milestone tasks ensuring targets are achieved.

Over the lifecycle of the programme, various critical milestone meetings are attended

feeding back to the customer and TC holder. Throughout the entirety of the programme,

13
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specification requirements must be adhered to. Hours are designated for customer and TC
specification ensuring requirements are met as shown in Appendix 2. Feedback is provided
once the minutes of the meetings are completed. Boeing submittals are required
throughout the programme for certain stowages and galleys within the aircraft, also

configurations and presentations of catering equipment which is included in the timeline.

Starting at week six, 11 weeks have been assigned to designing the sliding table cassette as
well as other tasks, this should allow enough time for design of the table to be completed.
Two additional weeks have been planned for any further design work. Commencing week
21, two weeks prior to the end of designing the assembly, advanced drawings will be drawn
of each component and assembly. Once complete, these are passed to the supplier to
manufacture the sliding table. This gives the supplier two weeks to manufacture the
prototype, six weeks prior to demand from production where the table cassette assembly

will be installed to the galleys for inspection.

5.1 Factory Design

Working alongside Qatar Airways, an industrial design company Factory Design proposed
several design concepts of the products shown to the airline. Various configurations are

presented of each galley and its catering equipment as shown below.

5.2 Galley Concept

Door four houses the largest of galleys, located

at the rear of the aircraft where the insert

equipment stored is the most complex. The
galley stows trolleys, ovens, coffee makers,
trash compactors and electrical modules along

with standard containers.

(FactoryDesign2019)

14
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5.3  Sliding Table Proposal

(FactoryDesign2019)

Factory Design, with the agreement of Qatar Airways, proposed a design of the sliding table
with requirements that it will be spring deployed, with a dual latched mechanism and

reversible table panel.

6.1 Sliding Table Investigation

The table design must accommodate a spring assembly, investigation looks to add cut- outs
to the rear of the table where they can be placed. The table design itself must be universal,
whereby during installation of the table into the cassette, the spring assembly must be able
to be inserted either side of the table. In this case the table surface will be mirrored along

the ‘X’ axis of the table. Previous designs show a workable surface on top, on the underside

a ribbed cut layout to reduce component weight as shown on overleaf.

15
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6.2  Delta Air Lines Sliding Table

Rear of table

Underside of table Working surface

(AIMAItitude 2018)

By adding these cut- outs the component weight can drop dramatically. A combination of
parts that have these cut- outs to reduce weight have a sufficient amount of weight
reduction on an aircraft, especially when thousands of parts, different yet similar can reduce
weight removing any unnecessary material. Weight is a major factor in aircraft construction
and operation explained by Literacy, 2017. To assure that the lift generated is sufficient to
counteract weight, loading an aircraft beyond the maufacturer’s recommended weight must

be avoided.

A proposed design is somewhat similar that each side of the working surface will be

stepped, therefore providing a working surface on both faces of the table as shown below.

6.3  Proposed Sliding Table Profile

Rad (Typical)

A\ N\ \\\\\\/———1
l«—— Table front

WS NNA N

\ Table surface removed

(Typical opposite side)

16
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By removing a small proportion of the table surfaces, the weight of the table will reduce, yet
ensuring the table could withstand an average of 30lbs abuse load. By doing so, the table
will be lighter and easier to work with for the cabin crew when deploying and stowing the

component.

The design of the table is based on previous table designs, but it can be improved to be
adapted on various contracts not only on the Qatar Airways programme but going forward
on all future programmes. The design intent for this table is to fit inside a cassette, this table
cassette can then be taken out by removing fasteners on the underside of the work deck,

and if necessary placed in to another unit on the aircraft that is designed to stow that table.

6.4  Deployment of Sliding Table

Previous designs of sliding tables require cabin crew to deploy them manually when in flight.
A new design looks to replace what would be a manual action with the sliding table to be

released by a push of a button.

Currently the sliding tables protrude outside of the galley as shown below.

6.4.1 Table Deployment

Workdeck

e

Galley face T B\ — > |_=_|/%—lﬁ

(AIMAItitude2019)
Table

17
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An alternative for manual deployment would be a spring-loaded table, where the cabin

crew push a button which allows the table to deploy. A table stop will have to be putinto

place to prevent the removal of the sliding table when in use.

6.4.3 Sliding Table Stops

CuTt oL
THRU

CUT QI
THRL

%
®
//—

Saudi Airlines A330
(AIMAltitude2018)

e e s

Delta Air Lines A330
(AIMAItitude2019)

O Terry Clip

To eliminate manual deployment of the tables and use of terry clips, a new innovative

design was required. A way for the table to sit flush with the galley face, for those only to

know there was additional working surface area otherwise to go unnoticed. Using a spring

assembly at the rear of the table to hold the table in place, a spring-loaded button is

positioned either side of the table.

18



P\ Prifysgol Cymru
Y Drindod Dewi Sant

»
AIMALTITUDE LY University of Wales
Trinity Saint David

7.1 Spring Assembly

A shaft will be located at the rear of the table where a spring is attached, once positioned
the spring assembly will be embedded within the table. Once stowed the table will sit flush
with the front of the unit without the need for crew members to manually handle the table

to release.

The shaft must be manufactured using Boeing approved material shown in Appendix 10,
ensuring the material is safe for aircraft use. The screw must have a sufficient amount of

spring deflection for the table to be deployed by a substantial amount.

7.2 Spring Shaft

Shaft material ‘5251 H22 Sheet
per EN 845’

(AIMAItitude2020)

5251 H22 aluminium alloy is a Boeing approved material, medium strength with high

corrosion resistance and a tensile strength of 190- 230MPa (Aalco, 2020).

Based on previous designs of the table, the average weight is estimated at 11lb (5kg). For an
even weight distribution of the table, the shafts will be positioned at equal distances from

the side of the table ensuring a fluid motion of deployment.

A 22.231N load is applied whilst the screw is in compression, a spring rate of 1.45N/mm

(LeeSpring, 2020), the required deployment of 0.5” (12.7mm).

, ' w 22.231
Where spring deflectione= ——— , ———— =15.33
Spring Rate 1.45
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~ spring deflection = 15.33mm.

The shaft diameter for the location of the spring is 5.00mm, based on these parameters,
spring LCO30DO07 S is suitable (LCO30D07S, 2020), an outside diameter of 7.619mm, a wire
diameter 0.761mm therefore a rotational clearance of 0.93mm. The spring provides a length

difference from compressed to free length of 14.4mm within the 12.7mm requirement.

By calculating the spring deflection and the shaft that will house the assembly, work started
on where to position the screw and other component parts. Referring back to previous

designs, we looked at placing the spring in locations shown below in blue.

7.3 Proposed Spring Locations

Rear of table #
\ # # #

#

-

l'; — (AIMAltitude2020)

Placing the spring assembly in this location meant that the edges of the table would have to
be tapered to accommodate for the position and leave unnecessary material at the rear that

wasn’t being used.

A proposed design is to utilise the space at the rear of the table, removing the legs of the
table where indicated ‘#’. This will reduce the weight of the table further making it more

lightweight and easier to work with once in use.
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The rear of the table had changed to suit the springs using far less material than those of
previous designs. By incorporating this change more material was removed, the lighter the

table therefore the further the deployment.

7.4 Spring Assembly Layout

Further slots are added ensuring a nestled fit of the shaft and spring as shown.

For the spring to work, a through hole is needed so the
—————— shaft can extend the rear of the table. When in
compression the shaft will be pushed inwards, then when
A released the shaft will extend pushing the table outwards.

o housi
Spring housing Slots A & B are added to reduce weight.

G ’_ (AIMAItitude2020)

To keep the spring in place, two separate square metal plates were designed with an arc for

the shaft to move through holding the assembly in place.

The assembly shown below included washers and a split pin preventing the shaft from fully

releasing.

7.5  Spring Assembly Components
Compressed

Washer Spring Shaft

7
L
L L

Plate Washer Plate

(AIMAItitude2020)
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7.6 Spring Assembly Isometric View

For further clarity an isometric view is shown below.

(AIMAItitude2020)

To keep the spring assembly in place, two packers are needed either side of the table. The
table and its components are restricted to thickness no greater than 0.8” (20.32mm) as
there will be a certain amount of thickness aperture set that is typical of all the galleys,
therefore the packers thickness must be at a minimum of 1.0mm. When designing the
doublers, it was discovered that the washer overall height exceeds that of the sliding table
thickness. To overcome this, slots were added to the packers ensuring the spring and

washer can run freely along the shaft when in use as shown below.

7.7  Spring Assembly Installation

2 off 6-32 UNC P/N
NAS514P632-4P CSK Screws

(AIMAltitude2020)
Two off countersunk screws were added to keep the doubler in place, typical opposite side

of table. Once in place a clash was found, this was in fact that the countersunk depth
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required for the screw was more than the thickness of the packer. Referring to Appendix 3,

0.057” (1.44mm) head thickness of the screw exceeds that of the 1.0mm packer as shown.

7.8 Screw Attachments

(AIMAltitude2020)

The screws initially were to be fixed using 06-32 helicoils embedded in the table. To
overcome this, prior to inserting the helicoils, the table will continue the countersink to

compensate for the necessary depth required.

The customer required the table to be deployed without the need of cabin crew manually
pulling the table from the galley when in use, and for the table to be deployed to 7.0” of
workspace area to an intermediate stop, then a further 7.0”, a full deployment of 14.0”. For
this to be designed, the table will have to stop in two 7.0” intervals. The design firstly looked
back at previous tables, at what was used to stop the table when deployed. Investigation
showed that terry clips were used as mentioned in (6.4.3), fixed to the rear of the table, a
bolt would come through the work deck of the galley, when the table is deployed to the
maximum distance, the terry clip would lock the bolt in place thus preventing the table from

exceeding the distance.
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8.1 Qatar Airways Table Deployment

The button will be located within table runners, the pin currently in the locked position.

8.2  Push Button Assembl
Y Once the button is pushed, moving the

. shaft upwards will slide the sleeve to the
Movement |
\ ~ left. By doing this theoretically the pin

(o —

Sleeve

m . should then remove itself from a groove
Spring — ' __) <+—— Pin

A - JP—— within the table so it can be deployed for

service in flight. The parts will be enclosed

| «——— Shaft within an aluminium body keeping all
- - parts in their place and protecting from
:] <“— Bush compression.
-

3 Body
1 - I ‘ Spring

<«— Button ‘Q /
Push 7 N
(AIMAItitude2020) 7 li]

Section through showing the button assembly once the button has been pressed, spring

LCMO060C08M (Spring, 2020) is compressed, using both buttons either side the table should
then deploy, once pulled an extension of 7.0” the spring will extend and the pin will slot

back into a groove of the table until released to a total of 14.0”.

Holes were added to the table assembly for the pin to slot into once deployed to the set
distances, grooves are added in between the 7.0” increments and filled by nylatron GSM —a
nylon material. The material will be used as a packer therefore requires no structural
testing, the material is lightweight, corrosion resistant with a tensile strength of 80MPa as

shown Appendix 4.
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8.3 Intermediate Stops

Once the button has been deployed, the pin
will be brought back towards the table runner,
when released the button will run along the
nylatron embedded within the side of the table
as shown. As the table will be manufactured

from aluminium and the pin stainless steel this

(AIMAItitude2020) will prevent friction and wear.

9.1 Qatar Airways Table Runners

For the table to be deployed smoothly, the table sits within runners, positioned either side
of the table. On previous contracts, Delta Air Lines used multiple sliding tables and runners
where the table would slide along when in use. Table runners are commonly machined from
nylacast, a polymer with a yield strength of ‘75- 80Mpa’ (Nylacast, 2019), although this part
is seen as a non- structural part, the polymer provides light, excellent mechanical, thermal

and chemical resistance properties with guarantee of no corrosion enhancing its shelf-life.

Nylacast is a preferred option as a lighter, less expensive material. As the design of the table
assembly progresses, inserts are required on the surface of the table runners. This therefore
meant that nylacast could not be used as insert or helicoil could only be installed on a
metallic or honeycomb material. As the runners will be machined from aluminium bar, to
ensure the tables run smoothly along the surface nylatron packers are added as shown

below.

9.2 Aluminium Runners

i ]
< I Nylatron packers

I
5 (AIMAltitude2020)
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The table runner must house the button assembly where it will sit flush with the front face
of the galley, parts within the assembly will not be visible as they will be stowed internally of
the unit. As the pin of the button assembly will stop the table at its required distances, it will
not prevent the table from being fully removed when a tensile force is applied. Similar to
the terry clip, a stop is needed to avoid the table from being removed. Terry clips could not
be used as where previously placed as the Qatar Airways table is machined to remove any
unnecessary material. After discussions the decision is to have the stops protruding through
the runners into the table. For this to be accomplished, the table must have a cut- out the
length of 14.0” for the part to run across, when the part reaches the maximum distance the

table will come to a stop.

A machined cap head NAS1351-5-24P 5/16” (7.9375mm) bolt Appendix 5, will be machined
down with an end of 6.5mm where it will run along a 0.25” deep groove on each side of the

table as shown below.

9.3  14” Table Deployment Clearance

== AN J
L

14”

v

(AIMAIltitude2020)

The thread of the bolt will be CNC machined from the end ‘X’ distance, whilst keeping the
remaining thread. To secure the bolt in position, the runners will be machined to cater for a
cap head bolt and therefore require a counter bore hole, at the end of the bore will be a
5/16” thread where the bolt will be locked securely, over 1.5D of engagement. The exposed
end will then run along the table groove where it will be stopped by padded foam ends as
shown above. This prevents any corrosion and friction between two materials and softer
deployment. By proceeding with this concept, the stop can be easily removed for

maintenance and spares.
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The bolt will sit comfortably within the side of the runner, flush with the outer edge as

shown below.

9.4  Sliding Table Stop

<4— Runner

Bolt

(AIMAItitude2020)

To understand the concept, Appendix 6 shows the relationship of the button pin and the

stop whilst the table is being deployed.

To make the table and components easily installed and removed, all parts are to be within
one cassette assembly. Thus, when the table cassette is removed, all component parts will
accompany. The idea is for the cassette entirety to be easily removable, robust yet light and
flexible enough to be moved to another unit in the aircraft or to be removed entirely. The
design will have components where the table is fixed top and bottom and either ends of the

table.

Due to stock levels and cost of machining parts externally, components are designed with
the mind-set of using standard, internal materials and machining without the need of

involving a third party therefore reducing costs.

Standardisation is the baseline for continuous improvement, Japanese philosophy of Kaizen
states ‘A change for the better’. A method to improve the system of a company, quality and
productivity, therefore reducing cost. Japanese firms explains that, ‘cost management is
proactive in planning, managing and reducing costs’ (Modarress, Ansari, & Lockwood,
2016). Firms consider cost reduction to be one of the main priorities of the company. ‘It is
estimated that 80% of product costs are sealed during the design stage’ (Bakerjian, 1992),
this limits the design changes and restricts as cost reduction therefore any purchasing
changes need to be captured in the R&D (Research and Development) stage to prevent

changes post design. (Treviso, 2019).
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Standardisation improves the quality of the product, increasing efficiency and becoming

more profitable. The focus is directed on reducing waste in manufacturing.

At the front and rear of the table cassette, standard angles can be used. These are stocked
within the facility, for a ‘X’ length of the angle without any modifications, these can be
demanded on the drawing without the need of a separate drawing. If modifications are
required, a drawing will be needed, and the part will be machined internally without the

requirement of a third party.

10.1 Table Facia

The table facia is manufactured in conjunction with internal extrusions used at AIM Altitude,

shown in Appendix 7, an ‘L’ angle is required where referring to the datasheet.

10.2 Standard Extrusions

(AIMAIltitude2020)

Where, 6082 XX-XXXXXXXX

Aluminium grade ——

See table 1

Dim C (1/16)”

See table 2 ———— Dim B (1/16)” (See Note A)

DimA (1/16)"—+———

6082T6-Al161601 is required, this demands an ‘L’ angle, 1.0” x 1.0” x 0.625". Initially the
angle only required a slot for the table and button. As the design progressed more holes
were required to attach a plate at the top and bottom of the table to fully enclose the
assembly as a cassette therefore a drawing is required to add the features to the standard

angle.
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11.1 FDA Conformance

There are limitations designing a sliding table, according to the FDA (Food and Drug
Administration), ‘Fitted together snugly to have surface-to-surface contact leaving no
opening greater than 3/32 inch.” (FDA, 2014). Therefore once the table is stowed, the front
of the table should be flush with the decorative capping with minimum clearance around

the parameter of the table to prevent any dust and dirt forming.

11.2 FDA Compliant

An example of a table that is not FDA

c;os: OUT IS MISSING / OMITTED

compliant where there are visible non-
cleaning gaps. Pull out table
compartments: must have access to all
areas for cleaning, otherwise
completely closed out. (Tables within

trays are a good design resolution).

(Boeing, 2014)

There are many legislations to follow in the aircraft industry, the FAA (Federal Aviation
Authority) is the governmental body which regulates all aspects of civil aviation in America

and internationally.

The angle is designed in an assembly mode including the button and table to ensure it

complies with FDA regulations.

The FAA certifies the designs of aircraft and its components (FAA, 2019), ensuring all design
aspects are certified for aircraft use. Aircraft certification enables suppliers to work in
conjunction with aircraft manufacturers ensuring they comply with the FAA certification.
The supplier must retain design approval certifications, an airworthiness certification. Once

obtained, a supplier is part of a group of companies allowed to work with the major airline
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manufacturers. Every design needs to be approved internally. Drawings are approved by
engineering ensuring each part is fit for purpose, aircraft approved material and able to
withstand the necessary stress load. These signatories would have needed to obtain

approval by the FAA to sign engineering drawings. (Treviso, 2019).

11.3 Table Facia Clearance

A

CJC

0.049

(AIMAItitude2020)

A gap of 0.049” (1.24mm), being within the requirement of the FDA 0.93” (2.4mm). Any
greater, the gaps will have to be filled with a sealant preventing any dirt from penetrating

internally.

12.1 Push Button Indication

Currently there is no indication to show when the table is stowed safely or if the table is lose
and not locked into the intermediate stops. Along the shaft of the push button assembly

there is 0.079” (2.0mm) gap between the rear of the button and the front of the body.

12.2 Table Engagement Warning

T

—> L— 0.079”

(AIMAItitude2020)

The table front facia thickness is 1/16” (1.6mm) therefore once the button is pressed to
release the table, the button will sit inside the facia. To show that the table isn’t fully

engaged, red paint is added to the perimeter of the cut- out. This alerts the cabin crew that
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the table is yet to be safely secured. Once the table is locked In an intermediate stop or fully

stowed, the red paint will not be visible as shown below.

12.3 Sliding Table Secured

(AIMAItitude2020)

A facia added to the rear of the table does not require any slots, only through holes to
connect the runners via helicoil to secure its position. Once the table is stowed, to keep the
spring in compression the rear of the shaft is pressed against the inside of the facia, once

the button is pressed, the table will deploy.

12.4 Cassette Rear Facia Component

Spring shaft
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13.1 Panel Assembly

Honeycomb panels are flexible, light and can withstand considerable high stresses; these
sheets are manufactured by AIM Composites. Structural panels for galleys and stowages are

manufactured using a honeycomb material.

13.2 Composite Panel

(AIMAItitude2020)

Either side of the honeycomb is a standard GRP (Glass Reinforced Plastic) doubler, a
composite construction material obtained as a result of ‘combining the unsaturated
polyester based resin’ (Polser, 2019), the material is flexible yet strong with high heat

resistance.

13.3  Panel Assembly Layout /

GRP skin

<+<— Honeycomb panel

GRP skin
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The strength is held with the skin either side. Keeping the skin intact is essential to the
panels strength properties. If required to make a 90° bend, the inner doubler must be split

and therefore blocks may be required to compensate for loss of stiffness.

These GRP skins are demanded on the cassette table, with these extra components the
cassette table will be fully secure. These are standard parts within AIM Altitude therefore
and per the ‘L’ angles, a large amount of stock is stored in the facility and does not need to
be machined through a third party. Used from standard material SD70, 0.06” (1.5mm), a
density of 0.028lbm/inch?3. Currently a volume of 42.417inch”3 - a mass of 1.187lbm
(0.54kg). Initially it was thought to use alternative material 6061-T6, 0.063” (1.6mm), a
density of 0.101lbm/inch”3 based on the same volume, a mass of 4.284lbm (1.94kg) - over
3.5 x heavier than that of the GRP skin. As the cassette that contains the components of the
sliding table design, the covers are not structural nor will it have an impact on the
deployment of the sliding table therefore GRP doublers can be utilised to reduce cost of

weight over the assembly.

13.4 Table Cassette GRP Layout

GRP

(AIMAltitude2020)

The GRP doublers sandwich the table and the runners together thus making it easier for

when the table cassette is removed once fixed into the galley.
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14.1 Prototype

Once drawings have been checked, approved, and added to the system, purchasing

investigate where to source manufacturing of the assembly.

Two galleys in door one were due to be on the assembly line by the second week of March,
the table due to be delivered to AIM Altitude by the second week of February allowing the
supplier three weeks to manufacture the assembly. The supplier had been sent advanced
drawings towards the end of the design stage, with minor changes towards completion
therefore the prototype could be manufactured in advance. Internal tests will be carried out

prior to installation.

14.2 Sliding Table Cassette Prototype

(AIMAItitude2020)

Prior to installation of the galleys, the sliding table is tested within the inspection bay. It is
critical that any flaws are detected at this stage before mass production of the product. Each
component assembly is tested, the table is surface inspected and dimensions checked to
technical drawings. The GRP skin is removed to make the moving parts of the spring

assembly visible.

The prototype duplicated that of the CAD model where the arrangement and dimensions

were to drawing.
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14.3 Spring Assembly Prototype

(AIMAItitude2020)

Although this table cassette is not for aircraft use, each part is tested rigorously to ensure
deployment of the table is smooth along the nylatron packers. Once the table is stowed, it
must be flush with the front facia of the assembly. When the release buttons are pressed,
the table should deploy to a minimum of 12.7mm requirement. Tests were carried out and

showed an average deployment of 15mm as shown below.

14.4 Sliding Table Deployment

This proved to be acceptable for the

customer. All components were tested to
check if any wear and damage were
noticeable over a period of time. At the
front of the table, an ‘L’ angle facia runs the
length of the table (24.0”), the angle is
machined centrally for deployment of the

table and either side for the push button

assemblies. A result of this left 0.143”

(AIMAIltitude2020)
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(3.63mm) either side of the slots running the mass majority of the facia. Because of this the
facia started to bow once the GRP doubler is removed. This showed that the angle design
was not sufficient and needed to be of a stronger material, or more material surrounding

the most vulnerable areas was needed.
The area most effected is at the centre of the facia as shown below.

145 Cassette Front Facia

(AIMAItitude2020)

15.1 Modifications

To overcome the deformation of angle, a channel section is available which can be utilised
to replace that of the ‘L’ angle facia shown in Appendix 7- Commercial Extrusion Standard,
various extrusion profiles such as square, circular and T sections are available. To prove this
can work, the channel section must be designed around the same parameters of the original
facia, ensuring the slots are identical. Where previously the GRP skin came to the front of
the table, now the channel extrusion will run along the top surface, similar to the underside

of the table where the GRP is cut short.

15.2 Current Front Facia Design

GRP \
Push button
assembly
.|
(AIMAItitude2020) Angle
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The channel extrusion is also a standard part therefore stocked internally with no need for
third party manufacture. A drawing will be required adding the features of the sliding table
and button assembly that can be machined internally. The added leg of the channel
provides a much stiffer material preventing deformation of the angle. The layout can be

seen below.

15.3 Modified Front Facia Design

GRP Channel section

L

(AIMAItitude2020)

16.1 Weight Comparison

Delta Air Lines table G33DLADMDO045 dimensions 32.251” x 23.000” x 0.365” weighing
6.28lbm. Qatar Airways table G77TRAZMDO003 dimensions 30.934” x 21.750” x 0.394”

weighing 10.872lbm (weight of table excluding assembly).

Although using the same material aluminium plate AlI6082 T6, Delta Air Lines table is 4.6lbm
(2.08kg) lighter than the newly Qatar Airways tables. Properties show that a recorded
volume of the Delta Air Lines table is 61.535inch”3 compared to that of Qatar Airways table
109.129inch”3 proving that more material is required on the Qatar Airways table to

compensate the weight difference.

Areas where the Qatar Airways table is heavier than those of its predecessors are the front
and rear of the table. Compared to other designs, the Qatar Airways table has a working
surface on either side of the table and therefore can be turned 180° and continued to be
used as a working table. Other tables have machined ribs on the underside to give a lighter
table as there was no requirement for two working surfaces. At the rear of the table, to

stow the Delta Air Lines table securely, terry clips were used as mentioned in section (6.4.2),
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where it was not necessary for the use of spring deployment. Due to requirements of the
customer it was essential that the table was spring loaded rather than using traditional
methods of deployment. Therefore although the rear of the Qatar Airways table is
machined to remove any unnecessary material, either end of the table still had to house a
spring assembly that required substantial material around its perimeter to ensure the

assembly is safely positioned.

Previous table designs were not removable and universal throughout the aircraft. Qatar
Airways offers the option to remove the assembly design and relocate to other units within
the aircraft that have the additional option of stowing sliding tables. The Delta Air Lines
sliding table had separate component parts rather than an assembly design. Demanded on a
higher stage of the galley assembly, table parts such as table, runners and stops were
individual parts. Thus when ordering a new part if damaged, three parts will have to be

ordered rather than one assembly that contained various parts.

Delta Air Lines runners were manufactured using nylacast, compared to those used on Qatar
Airways which are aluminium. Nylacast was used as no potted inserts were required which
proved to be a far lighter material. Delta Air Lines Table G33DLADMDO045, including two off
table runners G33DLAAMD141 at 0.820lbm each.

As the Delta Air Lines table is manually deployed therefore there was no need of a spring
assembly. A combined weight of table G33DLADMDO045 6.280lbm + table runners
G33DLAAMD141 at (0.820lbm x2) = 7.920lbm (3.6kg).
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16.2 Qatar Airways Component Weight List

Description QTY Part Number Weight (lbm)
Table Assembly Including Spring Assembly | 1 G77TRAZMDO003-01 11.084
Table Facia 1 G77TRAZGDO012 0.192
Facia Angle 1 G77TRAZGDO013 0.265
Table Guide Including Push Button 1 G77TRAZMDO032-03 2.678
Table Guide Including Push Button 1 G77TRAZMDO032-01 2.678
Table Stop 2 G77TRAZSA026-15 0.035
GRP Skin 1 G77TRAZGD017-03 1.306
GRP Skin 1 G77TRAZGD017-01 1.381
Screw CSK 6-32 UNC 22 NAS514P632-5P 0.002
Total 19.698

Total assembly weight of 19.698bm (8.95kg) 2.5 x heavier than Delta Air Lines and runners.
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17.1 Cost Evaluation

Delta Air Lines design offers a light, low cost-effective sliding table. The table is
manufactured from aluminium plate, yet other parts including table runners are
manufactured using a polymer with excellent mechanical properties with guarantee of no
corrosion enhancing its shelf-life. Due to this, basic nylacast is a preferred option as it is

lighter.

As a result of this, the costs are far lower than that of the Qatar Airways cassette. Shown in
Appendix 9, Delta Air Lines table G33DLADMD045 manufactured cost £545.90, table runners
G33DLAAMD141 cost (£47.35 x 2) = £94.7 ~ a sum of £640.6.

Qatar Airways cassette design, a much more complex design that of its predecessor,
included much more detailed parts and assemblies. Table G77TRAZMDO0O03 cost £468.9,

cassette assembly G77TRAZSA026 (including sub components parts and table) cost £1,185.1.

A cost difference of £544.5. Per average programme, 40 hours are set aside to design a
unique sliding table. According to (GlassDoor, 2020), the average mechanical design
engineers’ salary £32,730 therefore £17ph based on a 37.5 working week. A new
programme- an additional £680.0 predicting that the hours do not exceed 40 hours will cost
AIM per programme, per table therefore when table cassette is used on the next

programme, a saving of £135.5 will be made.
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18.1 Evaluation

A project to create a standard sliding table assembly that can be used on various
programmes throughout the company. A table that is universal and both satisfies customer
requirements and the aircraft manufacturer. An assembly that comprises of various
component parts to produce a table cassette that is uniquely presented, seen only when
deployed and in use, a surface that provides an additional working space. The project ran
from August 2019 — March 2020 with numerous milestone activities between. The cassette
sliding table design was put forward by the airline Qatar Airways, to create a standard table
used for all locations throughout the aircraft, a cassette design table which sits flush with

the face of the benchtop once stowed, as stated in Appendix 1.

Following an initial project timeline, working in conjunction with the milestone activities to
ensure the project does not exceed its targets. Hours were assigned to specific tasks such as
reviewing customer requirements and TC holder specifications ensuring the design of the
sliding table cassette is to specification. Allowing 11 weeks of designing the cassette, with an

additional two weeks of planned overlap.

Working accordingly to the technical milestone meetings throughout the entirety of the
programme, and working in conjunction with Factory Design, proposals were brought
forward graphically to have an initial start of the design. The sliding table design is
incorporated into many galleys throughout the aircraft, no more so than door four galleys
positioned at the rear of the aircraft. Thorough investigation of previous sliding table
designs showed Delta Air Lines designs included separate parts as an alternative to an
assembly, whilst table runners were machined out of a nylacast polymer and table stops
were used by adding terry clips to the rear of the table. These sliding tables were ribbed on
one side of the working surface, the other, machined to reduce the weight of the table. Yet
the Qatar Airways design will include various parts, demanded in one assembly. This
cassette- like design will enclose these parts where if needed to be removed, the entirety of
the cassette can be removed with ease, carrying all components at once rather than

dismantling numerous parts separately.
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The sliding table is to have a working surface on either side of the table therefore if
damaged, both surfaces can be used while ensuring the table can still withstand 30lbs of
abuse load. Previous designs showed deployment of the tables once on aircraft required
manual use. As per CDR minutes- Appendix 1, there is a requirement to have the front
surface of the table flush with the face of benchtop capping when stowed. This eliminated
manual deployment, thus design looked in to spring deployment using a push button
assembly that would go unnoticed once installed with each component running flush along

the decorative edge.

All material on a Boeing programme must adhere to specific metallic materials shown on
Appendix 10, depending on the requirement of the component, whether structural or
decorative. Spring design initially started with a shaft component which will be used to push
the table out from the rear. The assembly includes various parts such as washes, split pin
and spring. A minimum of 0.5” (12.7mm) deployment is required, based on a 22.231N load
whilst the screw is in compression, an initial spring rate of 1.45N/mm (LeeSpring, 2020),
where a spring deflection of an estimated 13.49mm spread over two springs. By positioning
the spring assembly equally distanced from the central axis of the table at the rear,
unnecessary material is removed and slots added to the table to keep the weight of the

table low.

Restricted with the aperture of the galley design, thickness of the table must not exceed
0.8” (20.32mm). This therefore saw a clash of the head of a countersunk screw with the
table. To overcome this, being within the design stage, the table is countersunk along with

the doubler to allow the head of the screw to sit flush with the surface.

To overcome manual deployment, a push button assembly is used whereby pushing the
button positioned at the front of the cassette design will deploy the table. To prevent the
table from uncontrollably deploying, intermediate stops are added to the side of the table
offset 7.0” with a total deployment of 14.0” as per customer specification. Intermediate
stops are deployed using a 5/16” bolt through the table runners. By machining table runners
from aluminium bar 2014-T651 per AMS 4029, which is used for structural applications, i.e.
blocks and machined parts, this had an impact on weight compared to those of its

predecessors that used a polymer rather than metallic.
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Standard extrusions are utilised preventing third party manufacturing, rather having the
material stocked internally where grooves can be manufactured without the need of
sourcing a supplier externally. These facia angles are added at the front and the rear of the

table as ‘L’ angles as per 6082 standard extrusions shown on Appendix 7.

Being FDA compliant limited the clearance around the table once deployed, already
restricted with the galley aperture of 0.8”. The front facia cut- out around the table could
not exceed 3/32” (2.4mm), saw the gap of 0.049” (12.5mm), being FDA compliant
preventing any dust and dirt forming internally. As shown on Figure (12.1), initially there
was no indication to show if the table was not fully engaged. To prevent this, a table
engagement warning was added around the perimeter of the angle cut- out which housed
the push button assembly that saw once the button was pressed and table was not in a
locked position, a red indication will be shown until the table is locked securely and the

button pushes back out.

The cassette table design saw the two week planned overlap used, ensuring the last of
advanced drawings were submitted by the end of week 18. After initially allowing
manufacturing of the prototype two weeks, this became four weeks until the prototype was
delivered to factory. This therefore had an impact on planned feedback and drawing

submittals, along with production.

Set back two weeks, it was imperative that inspection of the prototype would commence
immediately therefore any defects could be found prior to drawing submittals that would
affect production. Investigation showed deployment of the table reached 15mm, above the
minimum requirement of 12.7mm. Standard ‘L’ extrusion 8082 used as the front and rear
facia angle of the cassette table proved to be too fragile at the front. Removing material
from the facia for the push button and table resulted in having 3.63mm either side of the
slots running the length of the facia. This meant the facia started to bow and the design was

not sufficient.

To overcome this, various extrusions are available in the standard extrusions. Investigation
looked at multiple options and concluded on a channel section, this was to be designed
around the same perimeters of the original facia ensuring slots are identical. The channel

will provide a ‘U’ channel therefore giving more material stiffness preventing deformation of
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the angle. Changing the design had an impact on the design and planned feedback setting
back an additional week to week 25 of 28. The setback saw production being delayed one
week prior to inspection. Drawing submittals were met, by altering designs, production

were able to receive the table and fit ready for inspection.

The Delta Air Lines table initially tested to withstand a 680N downward force, being an
unsymmetrical profile the second moment of area ?—23 is calculated splitting in to two
separate sections, the centroid is calculated for those specific areas. To stipulate the figures
accordingly, they were added to a table as shown in Appendix 22, from which we are able to
caIcuIateV, by calculated h! and h?, this taken from the second moment of area of both
sections giving Ah”*2 which is added to the second moment of area of both sections to give

the total Ixx 8876.79mm*. Where 6 = MY/ |, M = 680 x 350 = 238,000N/mm.

¥ =238,000 x 7.07 / 8877 = 190MPa. Yield stress allowable for aluminium plate AlI6082 T6 —
240MPa (Aalco, 2020). SF = 240 / 190 = 1.26 - being well below the yield point of the

material, the table will not yield under this abuse load.

Qatar Airways material 2014-T651 plate per AMS 4029 tested to withstand 44.0lbs (195.3N),
the table provided a more simple area to test where the second moment of area ?—33 is
calculated by addition of the profile perimeters and length of table x 2 as the profile is on
either sides of the table to give Ixx 11600.8mm* calculated in Appendix 23, From o = MY/ |

MEB=195.4 x 342.9 - Mg= 67,002 N/mm

2

10.0/2=5.0
67,002 x 5.0/ 11600.8 = ¢ ~ 0 = 28.9MPa

Based on material 2014-T651 plate per AMS 4029. A yield stress allowable of 414MPa
(Specification, 2019). RF = 414/ 28.9 = 14.3 - the applied force of 195.4N, it is clear bending
stress is not critical. Calculations of both tables proved that each table can withstand a total

of substantially more than 30lbs of force upon the table.

The weight of the Delta Air Lines table, comprised of a sliding table and two table runners, is
at a combined weight of 6.28lbm. Qatar Airways comprised of six additional component
parts and assemblies weighing a total of 19.698lbm, a difference of 13.318lbm. The biggest

weight difference was seen in the table runners, Qatar Airways table runners were
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machined from aluminium bar whereas its predecessors manufactured from a light polymer.
Two runners are required at each side of the table. A runner used on Delta Air Lines
weighed 0.820lbm (1.640lbm combined), whereas the Qatar Airways table runner, although
an assembly with component parts, weighed 2.678lbm (5.356lbm combined), over three
times the weight of Delta Air Lines. This therefore had an impact on the overall weight of
the assembly. Containing many component parts and assemblies saw the weight surpass the

Delta Air Lines weight.

Although not yet implemented, to reduce the weight of the table runners used for the Qatar
Airways programme, slots can be added to the assembly where necessary to utilise free
space that will be unused. By adding three slots as shown in Appendix 21, the weight of the
assembly reduces from 2.678lbm to 2.267Ibm, saving a combination 0.822 including both

table runners bringing the overall weight of the sliding table cassette to 18.876lbm.
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Appendix 1- CDR Minutes

QATARj;/ AIMecsLTITUDE

AIRWAYS d il
Item Unit Description Action Owner Status Date
Required
Galleys locations - paint only the first 5 inches and

paint back of the doors

Cart Bays - Door 3 and Door 4 - All backs
All Monuments & | of doors painted, and cart bays not painted. -

COE -6 Galleys Except for Air through — first 5 inches of the £ S

cart bay painted.

Cart Bays - Paint the first 3-5 inches. Cart

CDR-7 Door 2 Galleys (All) | Bay Doors - back side to be painted. Pantry | AIM Altitude Note

to be fully painted.

Foot Step - Preference is for the AIM

Altitude Flush mounted Footstep. Red

Indication to be incorporated to show when

the foot step is not locked in the stowed

position.

Foot Step - AIM Altitude Footstep - review AIM Altitude

Note

AlM Altitude

All Monuments &
EOR 8 (Andrew)

Galleys Ncte

CDR -9 All Monuments &

Galleys tqrsion sprjngs and also is it possible to lock (Andrew) Open 19-Apr-19
without going through a complete cycle
Standard tables to be used in all locations
CDR - 10 All Monuments & | except for Door 2. Door 2 to remain with AlIM Altitude Note
Galleys cassette design table which is flush with (Phil)
face of benchtop capping when stowed.
Standard Table - which has two 1/4 turns.
All Monuments & | Need to review lock when it is fully out, so AlIM Altitude
ahR-d Galleys that it doesn't retract if the table isyleaned (Phil) Open 19-Apr-19
on. This is to be reviewed by AIM Altitude
AlIM Altitude to provide a presentation that Z
CDR-12 AllMonuments & demonstrates the differences between the NM('QI‘?,‘)"“ Open 20-Mar-19

Gallays Std Table and the Cassette table options.
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AIM Altiude Project TimeLine

Sliding Table Cassette

Week No. (Aug. 2019 —= March. 2020)

1 2 3 4 5 6 7

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

26

28

Indroduction to project

Customer Requirements

Boeing Specification/ FDA review
Sliding Table Research

Factory Design Specification

Galley Aperture Specification Review
Investigation of Table Deployment
Design Table

Boeing Submittals

Advanced Drawings

Milestones

Prototype

Planned Feedback
Drawing Submittals
Production

Inspection

m—

Legend:

- Planned Activity - PROJECT
- Completed Activities

- Unplanned

- Planned Overlap
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Appendix 3- NAS514 Datasheet
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Appendix 4- Nylatron Data Sheet

rummmmmmmnm.smnuu !III |||llll

NYLATRON® GSM

theplasticshop.co.uk®

p—
H Nylatron GSM contans finely dvided particies of molybdenum disulphide to enhance Its bearing and wear behaviour
Eo Without impairing the impact and fatigue resistance inherent to unmodified cast nylon grades. It & a very commonly used
I orade for gears, bearings, sprockets and sheaves.
S Physical properties {indicative valuss *
< PROPERTIES Tt st bode
D . rdom ey © Oy T
'_ .. -unhvpzml|mnhm
O .:'4" strmsghern 25 °C (51 % AN (rmay et sy Barstars|

e dnottor
= e 4% b irmenen 1wt o 21 °C (1) Bo& ~ 219 1) Accodeg i st 1 of 50 £ anc core on dhacs & 80 e 3 3
(=] E0a % 761 14Y ~
o sbaides b o B3 C/ DY AN : " 24 ) The fguee Jven for Dame pripuries o & B mod part dered
@ & setaalios it witer o1 23 °C % Fors taw rsmtel sppter dels and siher pussicatorn,
o

_"’l it s o e i,

Mulirg wrgueiton [DSC %0 "Chray &3\.]5?\»3 T )
Ohins Varmtios wegueains (DSC, 30 “Cewy - 3 80 11257-4 T
Tharesl corductmty d 22 °C Wraei [E7) ) Terguestes rvssberes oo & gured o 00000 000 ars A
[T TowT T T p— Pune purch o lowm, Pars 6 8 o ® i e -
Avetige wilis beteann 23 20 83 O A K| 0t vaa The 00 viion gved hmis don. S hagnd én tha
- -ng-:.-u-ml?ns’-n'\: tr K TR Burrus cotudve hpudain Wich e dece e caes o
et o deledot e bad At o prpurten. Mot bowew that fu e slowatte
satod A 18 NP »  BOTSAL A" 0 Meves ergundee Spmti & ey thies ensetaly o e
M stmatie serves lrmpeutae i« o drston sod fu ey o Pw mactence shemes kb aSch b
e sl paricts M| < wm el 4 sbwons
corimmanaly 200 20004 15) < N Bl brged gt Secoarg e Scownry keoaites, Be
- - - morram slowelie srics leoertos & gadedy cany
Mt seroce levgarsin | x X Gudrtend by fu axiend b whoh e radecsdl o simced b
Frsrabiy (7) ot D vk v bew @ bused o iedearetie ot
“Ceygen lader” B0&EH Y condfon @ may corsegady w5y comaclewd & beny e

LL 34 (3 (€ rm Sekomen) stuids packs bvd
e —— o S st e e

wd e pibalcs s ol vl B oviec ety

Taeson bt ()
) - o.4e e Sy fu ratorw oxde et fee cordios. Thems 5 m
Seade shins o et ) meale sess ol beesd (V) « IE0ET-02 L) BOI- 14 Fim b o N CEM sioch &
- WFa sof ) Thw Spres gvn & e propete of Oy rsteidl (o) as b
ke dbuegh (100 . MNP | 7 rocul pat avetge velues of Sat nn on Sl specmern mecteed
Meale dhan o ek (10} . % 5 oot of rot @ 50 mn. Excapt Aoy S hardwns bmts e bl
Serale s it treh (99 o . x Apecatiern weee S b frors e rad belven oot and
RS Ny »50 cotude Smewber, wib Bur gt o rghuies dhacton of B
- o 5 409 e -
Surale roduts of daatedy (1Y) x?.:ns..‘.vw_ NP e M Testspacivas Tyt 8 2
s« 180 S37.4:2 NP i 150 Tet apund: 50 wenens Khowe ace 050 10507 @ o oty g
Corgruiden b (12) of $w ot bubwrtnr of S masterid Sough of belied s
Corestive Maas o 11 275 % aovinal iwin {11) . 150 8 VP nIs2n 119 Test spoet | rewiven -
[Cupynpaswgh Uvetis 1y .+ BOInG  ww  miea | I Tetsecms ot S b ke g
1Y Parsbdn et 4 =
Cray irguss Swgh - N3swe D Tailet ! 3 14 Macuse on M) me Sk et sgmomens s med Detwe .
Bl inchotiton hastaaia (14 »  15025M Norr? 350 ' por; ;
FAachvel hartrai 114 . 1502193 M Ed [ Bachods confgusten @ 25 | & 1% e conmd oyfeden | =
£ ’ renbme ol sty = EC SEM 1 ser n E
Bl shwrgth | . Wesn e e
2 pr= . :
Vaavs ey r TheLon The teste mardy & 5 sled s vgeton pejema. 4 3
X e Vs bty B chocs of & vemest. The 2ol ot Sers A =
= 2 witn P roerl trge of prated prguries. However, thay =
Sate imaseh . e ot gesirtued ane twy sdookd oot s ssed b estsbdih -
= O reaterid spuciication hrets ree uaed slote ot busa ol ¥
sty perediioly o, - @ 100 . seage {
siinn ; i
Detiese Shigubon lcty B d -2 1104 . ;
.- =
-0 1N . P
Corpaiaion buking ndex 1CTH . i
a!gm-“mqn‘fw T IOwe TRV 5 1 g
¥
Availablility: see “Guide to Di Sheet Tol and Weights® or us E
Nytutron® b & segesiurid Yademak of the Quadeanst Group l
This product Sats et 93¢ ary dots end SEciCAtons prameried on tor el stal puovile we parew about thw B Plasts Procucts (e "Pradoc’) !
mamdactswd s oftwed Sy Osadeant Ergiosstng Pasic Protists ("Ousdwn?) arst shal servs & 3 padraracy gude. Al Sats anc S ions rdete; I the Froccts e of o= ol &
rakurn sy Masther s thuis sheat ror any St and wecialons RseTied o3 G wetade shal Cesls o S& brpiied 5 Dests ary lagel o contractual chigaion. "
Ay Bustation of #w jums i fubds of sppication of Sw Produts shal mersly demasrste i potrdel of fase Prodists B 1y sech desction does ot torattse wvy oed of covnant @
whatzoever . iraspective of noy St $ut Quadrart sy have Curisd ool Wit seepect (o ary Prodact, Crmciant doss mel Soessms expedise i evahustig i setetslty of Bx matetss o ;
Prodects for sae I apeclic sppicatons v products mansdachred or cBemd by the custormer respectedly . The choos of S mow satatee plastics mwmcl depends on malte e
renEmInor dats and ractos oDenence S ofen prelmaay B Sg of the Sastec CLANIC pat under At sENVIOR gt chemicd 3 contact S, s i
wol ax otfwr condtora ) ia regured © sesess £ frad satyndty ©r e gven paicaton (4]

¥ thus secraus fw cussomery acks respora bty © Seat and ssses $ie mtabity s computtity of Oundursls Froducts Ry £ intended spplcmons, oo e ce and o chaoes Boes
Products which accoding i s SmsssTmert mest the IREwTEnt AppRcdi 13 e spechc o of tw Suated prodad. The Cateeer anduerivles o labdny m epec of he applclon
o el e o prodhat e sy cormmpuance ool 2o stall verty ts Gualy el b properies
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Appendix 5- NAS1351 Data Sheet

Aerospace
Industries NATIONAL AEROSPACE STANDARD

Association @ cormiont 19%%
AEROSPACE INDUSTRIES ASSOCIATION OF AMERICA. INC. ALl RIGHTS RESERVED

a8

2o m%' oo s”ame FEb. ;::scmss
13, s ol fRen. —i+
B ~s°“ms~§7’u§§ibs-& - - .
] / ‘ SPH??F OF SOCKET BOTTOM
& 30° 10 25') S
i d T [ ()t :
13; N H-I/ ol ———————— 4
ghy 3 T el )
iig; 2 AN TS L a—
£03EE & P e ey aras
g2he; d =
g=E38> 2w Ll /‘l(—..- [..-A-N( )
=3t 0l AY THREAD SI126 — | ; =}
53 u3ig | |
171 \ |
i3z BeG =M =—(a)
poid T FILLET )
“az ]
P - .
§:‘2 Al S K
2?:5 FOR NUMBER PLAIN OR KNURLED HEADS OPTIONAL
¥ER OF HOLES IDENTIF ICATION
SEE NOTE (d) SEE NOTE (el
NOMINAL [ A h S J 1 K
THREAD soDY MEAD HEAD WCED |socker | KEY WALL [HARTER
gc‘g ™ S12E DIRETER DIAMETER VEIGHT nse“:%%r STZFE ENGAGEMENT[THICRNESS| _ OF o
. Be TP LT = =T [ET 28 T HIN. TR MIN MIN. MK
00 -0800-80| . 060 |. 0568 .096| .09 { .080| .057| .054/ .050 | .025 . 020 . 003
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= . =
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FEw 1 9
EEE o
oz 2 4 =
IiE (® COMPLETELY REVISED 3 9 o
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SO ; iy = |E
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PROCUREHENT Tinge CLASSIFTOAT ION ¢
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Appendix 6- Table Deployment

6:1 Table Stowed
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o] \__

6:2 7.0” Table Deployment

© ©

6:3 14.0” Table Deployment
J/ | } J
=1 [ml [
i

6:4 14.0” Table Deployment with Table Stop

e C '

= I

k‘_
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Appendix 7- Commercial Extrusion Standard
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Appendix 8- Standard Doublers and Packers

SOnox-nee-xcx Standard Doublecy/Packers >

Mulu n-nw.‘hm material, dmtmmm.*ﬂ&b-nnfmc‘
FM: mnﬁ"‘-z nches. Sea Mt below for detals: « )

L mnmn&mmmmlmmﬂ mbumrﬁl—“l“*nhhy\m"
Sunsand Nyacest ad Kaooion Packens do nol equs md hoies.
AN
SO3100X0X mmnacm “0aWG B2E1 122 188WG, omuocmnnmm zs)l
RORID000XXX  §TD DOUBLENPACKEN "eswWG $251 H22 185W0, OPYY uocm M MR
S021-X0X-XXX  STD DOUBLER/PACKER :cm 8251 22 208WG, OPF3T ALOC
BOAZ-XXX-XXX  $TD DOUBLER/P, 4231 M22 143W3, 202 Am 'uulll. m‘nm Pl“!
* SDE2XX-XXX  STD DOUSLER/PACKER mm S251 H22 16SWG, 202 ANODIZE FIlIGH WSS JONDING PRIMER
B0€2-XXX-XXX  STO DOUBLER/PACKER 183W0 £251 n22 1ASWG. 2.02 ANODIZE MIBN WSS BONDING PRIMER
| SO22I00CXXX  STD DOUSLERPACKER 20SWG E351 123 206WG, 3-03 ANODITR SAUISH - @58 BONOING PRIMER
BOE300GXXX  §TD DOUSLER/PACKER 145WG LIB3 165WO0, OPAT ALOCROSY llul'i'. VWHESS BONDING PRINE R
I SDAMIO0GXXX  STD DOUSLER/PACKER 195WS L9835 1ESWO, OFIT ALCOROW FINISM, WHESE SBONDING PRIMER
$373-XXX-XXX  STD DOUBLERPACKER 205WG L163 296WG, OPIT X OLOM FIKISH, WHESE DONDING PRIMER
= S064-XXX-XXX  STD DOUBLERPACKER 165W0 L903 165WG, 2.00 ANODDZE IS, WHSSE BONDING PRIMER
B084-XAX-XXX  STO DOURLERPACKER 145WO 1163 |mmm00¢mu. WH3SA BONDING PRIMER
! B024.O0X-XXX  §TO OOURLER/PACKER 20W0 L1463 250G, mm WHESS BONDING PRINER
| BD65.XXX-XXX  8TD DOUSLER/PACKER 163WG 304 O5F TEEWG - T
XHXXXX  STD DOUBLER/PACKER 185W0 WATBLIOEWR = (7
28 000GXXX  STD DOUSLERFACKER 226WO 0K DR 205WA [ N
° JXX-XXX  STO DOUSLER/PACKER 165WG L& &Lcu-.mmr
‘ l XEN-XEX T my_nga«xn 228W0 . .05 THR GaF

bvurwyummmvmmm - |
|2 COMPONENTWAIGHT IN ACCORDANGE WITH 1933 'Q.Q mmﬂl-T'TUDE
3 mIWMmmsmwmounmmm [~ A WSSt LD E—
& RENCVE SHARP EDGES W ACCORDANGE WITH P STANDARD DOUBLERS
S DRILL HOLES [N ACCORDANCE WITH JP12 ——
: . 1 : N el S
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Appendix 9- Table Costs

9:1 Delta Air Lines Runners G33DLAAMD141
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Part Number G33DLAAMDI141-11

Path No 1

Lot Reference Line Costed Date

GR180249 1

TABLE RUNNER
PRODUCTION

Cost

47.35

9:2 Delta Air Lines Table G33DLADMDO045

Part Number G330LADMDO45-01 TABLE AS5Y SLIDING

Path No 1 PRODUCTION

Cost Set 1 STANDARD COST Cost on File

CALCULATED COSTS ONLY

Cost Head Additional This-Level

10 MATERIALS

20 LABOUR 292500

50 OVERHEADS 16.7500
Totals 45.0000

9:3 Qatar Airways Table G77TRAZMDO003

Part Number G7ITRAZMDOO3-01 SLIDING TABLE ASSY

Path No 1 PRODUCTION

Cost Set 1 STANDARD COST Cost on File

CALCULATED COSTS ONLY

Cost Head Additional This-Level

10 MATERIALS

20 LABOUR 195098

50 OVERHEADS 11.1723
Totals 306821

468.90

PURCHASED U.0.M.  EACH
PURCHASED
How Costed Details?
LOT ACTUAL O
MANUFACTURED U.O.M.  EACH
MANUFACTURED

Incomplete Cost?

Rolled-Up Total
495 9000 489 9000
292500
167500
495 9000 5459000
MANUFACTURED U.O.M. EACH
MANUFACTURED
Incomplete Cost? Y
Rolled-Up Total
433 8548 433 8548
292794
16.766%9
438.2190 468.9011
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9:4 Qatar Airways Assembly G77TRAZSA026

Part Number
Def Supplier
Qty Stock

G77TRAZSAD26-01

Adll

PURCHASE HISTORY DETAILS

Date

300919
300919
300919
300919
300919
300919

Order No
PD43671
PD43671
PD43671
PD43672
PD43672
PD43676

On Order

Line Supplier

R W R

A4l
Adll
A4l
Adll
A411
A4l

(SR T T T R Sy 1

TABLE CASSETTE ASSY

15

Quantity

U.0.M.
Buyer
Firm Orders

Unit Price Cur
118511 STL
1185.11 STL
118511 STL
1185.11 5TL
118511 STL
118511 5TL

&
»
%

EACH
BOUR

Req Date Status

30/10/19 RELEASED
03/02/20 RELEASED
06,/04,/20 RELEASED
06/07/20 RELEASED
07/09/20 RELEASED
06/04/20 RELEASED

Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David

57



Prifysgol Cymru
%\ Y Drindod Dewi Sant
AIMALTITUDE """ University of Wales
Trinity Saint David

Appendix 10- Qatar Airways List of Materials

AIMaLTITUDE AADGOO01

ksue €
Fage dof 7

5. STANDARD METALUC MATERIALS:
L. Aluminium ANoys
Refer to Table 1 for ahuminfum alloy materials to bo used on afl pro

grams other than Soeing Line Fit 787 peograms, for Boeing Line Fit 787 programs refer Table 2

Matesial Desigastion
210250 M Lew strength, nonstructursl applications, Le, cover
M H £ d
S | 5251022 Shent per EN 485 051,152 25wd3mm phcpotsr priviny braches, e No
02473 (@are) Shaet par AMS 4037 o > 435435 P
0032,0050snd 000 * Struttunal spplications, Le. dowblers, brackets, etc. Yes
A2
Sheat & & ANSaRATIE 2s s16500 *
-l . 90300 MFs | Swuctuesl apptications, La. doublers, brackets, ot
R . & ol rvetuesl applicationt, La 7a, brackets, otc,
el Oanpa AR e Q6305 | where o docoeative anodiued finish s recsived, e
7075-T6 {Barw] Shaet par AMS 4045 or S 325550 NP
% | Avsanaasanz 0,032, 0050 and 0.080 In %93 High strength appicaticas Yest
S " o 30007 Low swength, mon-crwrtarsl spgiication, Le. cover :
NS | 6082-T6S1 Pate per EN 5733 £35 - 254 mem et oltnos, Miodhn Gacaraiive post, ok [N
2014-7551 Plate per AMS 4029 0.250-250 b '""‘:" Saruchuesl applications, Le. blacks, machined parts, etc Vest
30247351 (Bara) Plate par AMS £037 290k 25455 MPs | Structural applcations, Le. doublers, blocks, machined ves
Hate S | or AMSQO-A-250/¢ - 5968 bt iy, bratkels, etc
290-300 MPs Sncturs apphcations, Le. doublers, blocks, mazhined
60B1.T651 Flate per AMS 4027 0.50-200 < perts, brackats, etc, where 3 decorative anodised finih Yest
Q0w
i s required
. 70751651 [Sare) Plate par AMS 4045 ok 455-545 MPa | 1A stength snglicetions. Note 2075-161a niot Yei
or AMS- GO A-250/12 579 ks recotmmend for wie in 3 corrosion environment.

Toble 1: Standard Alumintum Alloys

! Terste strongth I3 ndicative oaly and shou'd nat e uied for snelysis/iubstantistion

0,032, 0.050 3nd 0,030 In constiiute the praferrad thicknesses. Other thicknesses are svallsble (0020, 0.040, 0083, 0.000 204 0.025 in}, bt should be discussed per Section 2 prior to application
* MAPDS-09 cantalng 3 ot of sllewabies far 0.010-0.125° thick sheet only. Alowsbies for ciher thickaesses are ocfy avaliable in MM0504 3nd eariier revitions.

£ MMPDS09 contalng a sat of allowables for plate thianer thas 2.5 oaly.

* MMPD5-CF cantalng 3 set of aliowabiles fee plate tNmner than 2.00 oely.

 The copyright of thls document [s ressrvad by AIN A Ride without whans weilion o0ty | mott not b capied or Echuand ba 1ol or Iy Part o Uesd for Lendering o masulsciute o cammunicstion 15 stheis, AW
Aititude Includes the folowing logal entfes: A Aviation (Menshalls) Lid CASE Codw MAEL AW Avisten [Jeces] Lot CASE Code: KBIEE AN Carpesiies | 19 308 Atate Arrospece LIg. CAGT Code: LOK?Y
Formi AADFOOS jsawe A

Materia! Designation

sard = :‘:Lﬂ:;ﬁ"“g;"m’; Mes <3233 00 260380MP3 | Standerd, custom dacorative ard structural a
Extrusions O-A-200/8 Thicknass <65 Naw Trusions _ B
s wra
Tuba Ns | 608274 Tuba per £% Av5022 ool Non structars] spsiications, Le. condult Ho

Tabie 1 {continved): Standard Alurvnlom Alloys

Boelng 787 Uing Fit

The following materizls and thickness ranges meet the requirements of D8132000-01 30d 0520241401 for use on Boaing Line Fit programs for the 787. Deviation approval fcom
Boelng Is required for materals qutside of those approved In D5207414-01 Section &

Allawads

210250 \aFs Low strength, non-structurat application, Le.
g
NS 53251 H22 Shaet par EN 485 051,152,258 3nm 536k counr pletes, ehe. No
]
2024-11 [Sare) Shect per AMS0OQ- » A5 o 4 " ¥
A2/ 0032, 0.053 and G0N 6365 ki Struttursl epploations, Le. docbiers, brackets, elc. o1
Sheet & strip s .
790-300 VP Sructurs! sppleations, Le. doublers, brackets, etc,
T6 Sheet 0600 *
s RDrAus S GNL oINS Qauw whese 3 dacorative anodsed firish is required ves
7075-76 (Bare) Shaet per AMS-OQ- . S25-550 MPa ‘
S A-250/12 ©.032,00%0 30d 0.080n 2679 bt Migh sirergth sppiications Yes

Toble 2: Aluminium Alloys for Boelng Line Fit 787 Programs

" Tansite strength s Indicative only 4nd should not ba used for anatysie/substantiation

€ tatactaly vaed for mon-stucturg | appiications should be identified oi suth I the Parts Materia's Process List (FFL).

40,032, 0.050 a5 0,080 i constitute the ¢ hich Other 1hi 1w avatalie (0020, 0.040, 0083, 0.100 and 0125 4a). bt show'd be discussed per Section 2 prior to application
IMMPDS-09 containg & set of slowabies for 0.040-0 §25° thick sheet oaly. Alowabies for other thicknasses are any avalisbls i MMPOS 04 and urug.- revisions

© The copyright of thee docurent is reserved by AW WIRout whene wriian suthesly R munt mot be copled o discisaed bn bolat o¢ be part or Lved foe to othars. AIM

by AW At
Altitude Incudes the anbtes: Al Astaton LMGAGE Coer K3IEL AN AvisSon fJecco) LIS CAGE Code KEASY: n:vc—aummmmu-mtu CAQE Codw: LBKZY
Form: AADFO0S Iszue A
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Mataria! Designation
300307 Low strespth, non-siructural 2pplications,
NS | 60327651 Plate per EN 573-3 6.35-254mm prevd Le. cover pletes, blocks, decorative parts, No
e
7| Siructusal apglications, Le. dooblers,
ha Yk 220-300 MPe | blocks, mechined perts, brackets, efc, 3
Plate S S051.T651 Flate per AMS 4027 0250-20a Q-0 e s ove. Sised § i Yes
regved. I —
S 70757653 (Bara) Pate pas AMS- 0.250- 8375 455545 425 | Wigh strength spgficetions. Note thickness Yes
QQ-A-250/12 67918 Bemitalion for 7975-T6 on 747 aberalt.
Bar 2 Al 6061-T6/TE510/TE3L1 Extrnion Mear<iing ™ 263- 280 N0 Stande-d, castom Gecorslive snd strocturel Yes
Extrusicas per AMS-GQO-A-200/8 Thicknem <658 3740t eatrarbore
) 205 W "
Tube NS/ €082-T4 Tube per EN AW 8022 P Noastructural epplications, |e, conde™ No
1

Toble 2 (continued): Aunsinium Alloys for Bosing Line Fit 787 Programs
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Appendix 11- Timing Plan Issue 02

AIMaLTiTUDE

P\ Prifysgol Cymru
» Y Drindod Dewi Sant

" University of Wales
Trinity Saint David

AIM Altiude Project TimeLine

Sliding Table Cassette

Week MNo. (Aug. 2019 —= March. 2020)

ra
[o]
o
(4]
(=]

|

g

g 10 11 12 13 14 15 16 17 18 19

Mo
(%)
ra
=
[\
o
ra
[ay]
(g%

=
™~
(==

Milestones

Indroduction to project

Customer Requirements

Boeing Specification/ FDA review
Sliding Table Research

Factory Design Specification
Galley Aperture Specification Review
Investigation of Table Deployment
Cassette Table Design

Boeing Submittals

Advanced Drawings

Prototype

Planned Feedback

Drawing Submittals

Production

Inspection

Legend:

Planned Activity - PROJECT

Completed Activities

Unplanned

Planned Overlap
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Appendix 12.1- Assembly Push Button ‘G77TRAZMDO031’
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® N 0 & & w N

(0.800)

ISOMETRIC VIEW
ASSEMBLY ITEM 1 &3
G77TRAZMDO031-01 & G77TRAZMD031-05

BOTH SIDES

SHEET METAL NOTES:

ANODISE ITEM 0 & 10 TO 2-02,

(0.560)

\@ -

DETAIL OF ASSEMBLY
HIDDEN DETAIL REMOVED FOR CLARITY

[T==-PART MARK IN ACCORDANCE WITH JP4H

COMPONENT WEIGHT IN ACCORDANCE WITH JP33

FOR MANUFACTURING PURPOSES THE CAD MODEL IS THE MASTER

REMOVE SHARP EDGES IN ACCORDANCE WITH JP34.

MACHINE IN ACCORDANCE WITH JP12.

BEAD BLAST ITEMS 14 & 16 IN ACCORDANCE TO JP36 THEN ANODISE [N ACCORDANCE TO 2-01

ANOCDIE ITEMS 18 & 17 AS PER JP250 M2
DBOND DETAIL PARTS IN ACCORDANCE WITH OP28
B>0REEN DOT :- MARKING PAINT BRILLIANT GREEN P/N A14844,
11, PARTS, MATERIALS AND PROCESS SUBSTITUTION PER TR35003480. &

;V/// s, '

\\\""

2 | 3 | 4
. I ) T Gy T T
A J4161.222 | INITIAL ISSUE | i |ReLEAseD | 1ans2018
8 4341395 |INIAL 1SSUE | a7 |ReLEAsED | vrnzizote

ISOMETRIC VIEW
ASSEMBLY ITEM 2 & 4
G77TRAZMD031-03 & G77TRAZMD031-07 o

SECTION A-A
AR[ARTART AR [ 18 [wen ADHESIVE 0000 &
7 17_|GTTTRADMO031-25 A [caPBacK 12014-T851 pr AS 4325 I
1 18 |ammum~n A [cAPBAK 12014.T851 par ANS 4028 00136m
1 18 Mn‘m A [caesLVER [2014-Teg1 per AVS 4028 0013 %m
1| 4 |GT7TRAZMOO31-19 A_|CAPSLVER 2014-TES1 par AS 4029 oot
6 | 6 | 6 | & | 13 |WS21a0000815 INSERT 632 UNC HELICOL 1 50_|CRES 0000k
AT T 11 1 [ 12 [Grrmmazoossi7 8_[PN- PUSH CONTACT 303 STANLESS STESL 027 OD | )
T [ 1 | 1 | 1 | 11 |Gr7TeAnone18 A PN DIA 116" x 59' LG (OA EQUV) 0000
T | 1 | 1 | 10 [GrrTRADvD0a3 A |PN- PUSHBUTTON [207.T681 por AMS 4028 0,007 b B
[l N KR K GTTTRAZMO0R-1 1 A - AUSH BUTTON ’:;r;mw-mwa 0,073 b
AT 105 0.1 bm
(50 I X 016048 | 0,001 b
T [ U [ e o Pm |s80 0.008 b
Tt 11 |1 | s |owest PN [SSTER. 580 0011
X 4_|GTITRADMDOR 14T 8 PUSHBUTTON BLACK 0115 m
X 2 B |ASSY PUSHBUTTON
X_| 1 |GTITRAZMDG! 01 8 | ASSY PUSHBUTTON 0.H19km
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Appendix 12.2- Assembly Push Button ‘G77TRAZMDO031’
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Appendix 12.3 Assembly Push Button ‘G77TRAZMD031’
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Appendix 13- Table Facia ‘G77TRAZGD012’
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Appendix 14- Table Facia ‘G77TRAZGD013’
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Appendix 15.1- Spring Assembly ‘G77TRAZMD030’
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Appendix 15.2- Spring Assembly ‘G77TRAZMDO030’
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Appendix 16.3- Table Guide Assembly ‘G77TRAZMD032’

2 1 2 1 (] | L | | L

dmey
@10 Sem THAU 4, GR
/7{— " NO TAPE M4 THES AREA

)
— g_ \“_/'! |

’:f
..1 -

DETAL OF ITEM 7
GITTRAZMODI2-1Y

| ]l

mil.mmj’
¢ L| [ ]
E]— L 15079 J
- uvuwneu;r
|
A EEEae93] AIMALTITUDE
= (] = A1 [ T TS iay

NI e TABLE GUIDE ASSY

GITTRAIMDO2 } el 1)

4 s

-
-
-4
=
.
1
.
=
-




O
%N Y Drindod Dewi Sant

~ University of Wales
Trinity Saint David

AIMaLT I TUDE

DFT AR, OV TUW &

i

'(:_7:=fjn
EEF
B | .
!
LEE#:;__ Tk

1 Detas v e 1 T ! —
AN Y RS AT TR T GTTSUARE S W P 1° v -7

[T ran s w moc A WY e "

CORCMINT MEOMT 8 ACCONDAMCR WITH 42

PO AR TUPAG OB 11 A VEIORL 1 1WE T

ML W OGRS M ALL P Wit

I LI By ACCORBAMOE WITW 1)

ML G MO By ACTEIEMINR W G 3 q

T MO ITEN 4 TO TR AL RENEN TULIARING ATTTRASOAND A n'-t'm . -e

| B ANOON TN W YD G AT SR TO DN ATV A " Py 4
[ o 1AL 0K, 00 10 AT A RIS O (00N PN M ACK % TR

1 ANCORE ITRUS B § 70 300

[t UM 15 Y0 ST MRETIR ALY TARE I ACCERENS 1O

Th PARTE MATIIVALE AND PROCESS MBRTITUTION PN THmoM A Tl ¥

"l

Ty S5

fj
2
k

H

:
:

. 4
e o e

AA

|

AIMALTITUDE
DA OF TRAe 1Y A E -
TPTTRAZVE Y

1" O AR M




T B
%N Y Drindod Dewi Sant
\f&\

~ University of Wales
Trinity Saint David

AIMaLT I TUDE

LA

i)
% 00 TVP VAL T
aus
%
%

F WCTATIC AR T WEN
m‘l"'u-n A

L
nrwuﬁmvm
-
5 g I i
~ T
a e L AL A p—m
! AN LU 1T e
Lo 0 e el
)N‘a
s aum e
A ne
A I~ A
M == \, e
I.I.II.IR . e
L N e
— —
B maaar
\ ""‘L., 1raea
'
e
\ )
” : 3 Y
. F
a \/
4
,::EE;.@‘.... MMALTITUDE
S0 O M TYR TARLE I TN -~
Co ey e s T A

uvuw"u—rl\ a == G e l= ¥

X ' % x X X I x X ' X I




AIMaLT I TUDE

Appendix 18.1- Table Cassette Assembly ‘G77TRAZMDO026’
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Appendix 18.2- Table Cassette Assembly ‘G77TRAZMDO026’
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Appendix 19- Delta Air Lines Sliding Table ‘G33DLADMDO045’
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Appendix 20- Table Runner ‘G33DLAAMD141’
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Appendix 21- Table Guide Proposed Weight Reduction
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Appendix 22.1 Stress of Delta Air Lines Sliding Table

Based on Delta Air Lines table G33DLADMDO045 shown below, calculations are carried out to
ensure the table does not exceed the yield stress 240MPa of aluminium material Al 6082 T6

(Aalco, 2020).

22.2 Delta Air Lines Sliding Table

~ inside galley | outside galley ~

( =)
! i
X e
| g
[ _J

= - — b
!
!
| 68 daN downward

\ | load applied over

- | 10cm x 10cm area —
!
!
|

=

N

Consider a 68daN (680N) down load force applied over 10cm x 10cm area when table is fully

extended. Section X — X is the critical section reacting the moment of this force.

22.3 Section X-X

E
, 584 mm table width .
|\ ” o
I3 =
a0 || L [T
188 | |9.7mm
—> &S
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There are two ribs of 18.8mm and two ribs of 9.7mm over the width of the table. A total

width of 9.3mm deep section, 2 x (18.8 + 9.7) = 57mm.

Total width of 2.5mm deep section, 584 —27 = 527mm

3
Second moment of area | = bd® , Finding total Ixx, Ixx= _bd® + Ah?
12 12
Finding second moment of area,
9.3 ere 75 , 12 = .7mm
57
527 x 2.53
2.50 =686.20mm*
12
527
To find centroid ‘Y’,
y! ¢ """ . 9.3 Y'=9.3/2-.Y'=4.65
57
Y : 250 Y?=9.3-15.Y2=8.05
527
22.4 Calculated Figures
b d A Y AY Ina h Ah~"2
57 x9.3 =530.1 | 4.65 2464.97 3820.7 -2.42 3104.5
527 x 2.50 =1317.5 | 8.05 10605.88 686.20 -0.98 1265.4
> 1847.6 > 13070.84 | >4506.89 > 4369.9
2AY  — —  13070.84
A VY= Teae0 T
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hl=Y-Y ,4.65-7.07 « hl=-2.42

h?=7.07 - 8.05 = h?=-0.98

Ixx = ?—23 -Ah? ——» 4506.89 + 4369.9 - I = 8876.79mm*

Max bending stress in section X-X o = MY/ |

M =680 x 350 = 238,000N/mm

¥ =238,000 x 7.07 / 8877 = 190MPa

Yield stress allowable for aluminium plate Al6082 T6 — 240MPa (Aalco, 2020).

SF=240/190 = 1.26 - being well below the yield point of the material, the table will not

yield under this abuse load.

23.1 Stress of Qatar Airways Sliding Table

Based on Delta Air Lines table G77TRAZMDO003 shown below, calculations are carried out to
ensure the table does not exceed the yield stress 414MPa of aluminium material 2014-T651

plate per AMS 4029 (Specification, 2019).

23.2 Qatar Airways Sliding Table

I
:.E
! oo
o
ﬁ"
le—x
N 342 .9 _

P244.0 Ibs (195.4N)
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23.3 Section X-X

5.94

10.0

e -

SECTION X-X

_ bd?
Second moment of area = ?

3 3
o = 2 |E15.921x210.0] N |j(512.31)(25.94 ) - 11600.8mm*

o=MY/I
MB=195.4 x 342.9 = Mg=67,002N/mm

Y =10.0/2=5.0

67,002 x5.0/11600.8 =0
~ 0=289MPa

Based on material 2014-T651 plate per AMS 4029. A yield stress allowable of 414MPa
(Specification, 2019).

RF =414/ 28.9 = 14.3 - the applied force of 195.4N, it is clear bending stress is not critical.
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