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Executive Summary
A re-design of the thrust frame access doors at the General Electric (GE) Aviation Testing,
Research, and Development Center (TRDC) facility in Winnipeg, Manitoba was completed based
on client specifications and requirements. This facility conducts outdoor icing tests as well as
other commercial jet turbine engine certification tests [1]. Engine tests are performed by
installing an engine on a thrust frame which is positioned in an outdoor wind tunnel.
Within the thrust frame there is equipment that must be accessed and tested on a regular basis.
Currently the equipment is reached via two access doors positioned on the underside of the
thrust frame and above the engine. To open the access doors, the engine and engine beam must
be lowered because the existing doors open downward and there is insufficient clearance
between the access doors and engine beam. The lowering of the engine and engine beam in the
event of regular testing or equipment failure is a four-hour process to complete.
The purpose of the access door’s re-design was to provide operators access to the equipment
within the thrust frame at all times without having to lower the installed engine. The final redesign of the thrust frame access doors consists of two horizontally sliding door panels designed
to each cover half of the door frame opening. The motion is enabled via telescopic slides
attached to a steel angle frame.
Two sets of telescopic slides are utilized in the design to provide either half or full access to the
equipment within the thrust frame while the engine is mounted. To allow for ease of operation,
the access doors are made of sandwiched honeycomb panel, with stainless steel face sheet to
maximize door strength and aluminum core to reduce weight. The weight of each door panel is
86 lbs.
The re-design of the access doors meet client needs through providing full operator access to
either side of the thrust frame, having telescopic slides that have a safe working load and safety
factor of two, providing safe and ergonomic operation, and being able to withstand the
environments of the wind tunnel.
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1 Introduction
Team 15 was tasked with re-designing the thrust frame access doors at the General Electric (GE)
Aviation Testing, Research, and Development Centre (TRDC) facility in Winnipeg, Manitoba. The
team has completed a final design to present to the client. The client has approved the
proposed final design, and the team presents the details of the design in this report.

1.1 Project Background
In 2010, General Electric Aviation built an aviation engine ice certification testing facility in
Winnipeg, Manitoba. The purpose of this facility is to conduct outdoor icing tests in ambient air
temperatures between -8 °F and 25 °F, as well as conduct other commercial jet turbine engine
certification tests [1]. Engine tests are performed by installing an engine on the thrust frame
which is positioned in a wind tunnel. The thrust frame itself is mounted to a single-post test
stand. A visual of how a GE jet engine is mounted with respect to the single-post test stand and
thrust frame is shown in Figure 1.

Figure 1. Mounting configuration of GE9X engine on test stand [2].

The thrust produced by the engine being tested is measured by load cells mounted to the thrust
frame near the exhaust side of the engine. To ensure accuracy of thrust readings, these load
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cells are tested on a regular basis through a gearbox which preloads the thrust frame to a known
value.
The load cells and gearbox are reached via two access doors positioned on the underside of the
thrust frame and above the engine and engine beam. The engine beam is the engine mounting
point to the thrust frame. Each access door is 32.43 inches wide and 73.5 inches long, with a
weight of 230 pounds. The access doors are shown circled in red in Figure 2.

Figure 2. Indicated location of thrust frame load cells and gearbox access doors [2].

The purpose of the access doors is to shield the load cells from the radiant heat of engine
exhaust, protect the equipment from leaks or other fluids during testing, and to protect the
equipment from the wind tunnel and outdoor environments.
To open the existing access doors, the engine and engine beam must be lowered. They must be
lowered because the existing doors open by swinging downwards on hinges and there is
insufficient clearance between the doors and engine beam when they are mounted. The doors
are currently opened and closed via a hand-operated hydraulic pump.
The portion of the thrust frame that is protected by the thrust frame access doors is shown in
Figure 3. The hydraulic cylinders and hand pump used to actuate the doors are visible at the
bottom of the figure.
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Figure 3. Portion of thrust frame protected by thrust frame access doors [3].

The current access doors rotate on hinges that are securely attached to a structure that is bolted
to the thrust frame; the entire door assembly is removable by un-bolting it from the thrust
frame.

1.2 Problem Statement
When the engine and engine beam are installed, there is insufficient clearance between the
access doors and engine beam for the doors to open in the downward fashion as currently
designed. If a load cell or gearbox failure occurs while an engine is installed, the entire engine
and engine beam assembly must be removed to provide safe access and clearance to the doors
which protect the equipment. The removal of the engine and engine beam in the event of a load
cell or gearbox failure is a process which takes four hours to complete.
The sub-zero temperatures typical of Winnipeg winters also create challenges, with an average
low of -3.28oF in January [4]. The low temperatures increase the effort required to open the
doors due to both ice and snow build up, and due to the increased viscosity of the hydraulic
fluid in the system. The increased viscosity results in a higher pumping force required to open
and close the doors.
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1.3 Project Objectives
The purpose of the project was to re-design the thrust frame access doors at the GE Aviation
TRDC facility. The goal of the design was to allow operators to access the equipment within the
thrust frame without having to lower the installed engine, while meeting all of the client needs.
The overall project expectations in terms of deliverables and client requests are as follows:


A detailed final design.



Preliminary engineering drawings of the final design.



An estimated cost for the final design.



A parts list with GE TRDC approved vendors.



Preliminary procedural documentation which clearly depicts the installation process for
the thrust frame access doors.

1.4 Client Needs and Specifications
The team met with the client and discussed their needs for the re-design of the access doors.
Seven main client needs were defined. Each need was then broken down into more discrete
needs and organized into a hierarchy. All client needs are found in Table I.
TABLE I: ORGANIZED CLIENT NEEDS HIERARCHY
Ref
#
1.0
1.1
1.2
1.3
2.0

Organized Client Needs Hierarchy
The thrust frame access doors can be operated when the engine beam is
mounted to the thrust frame
The doors avoid contact with the engine beam during open/closing
motions
The doors allow the engine to be mounted to the engine beam
when opening/closing
The doors can be left open when the engine and beam are mounted
The doors are easy to operate

Importance
5
5
5
5
5

2.1

The operator can easily open and close the doors when the engine
and beam are loaded onto the thrust frame

5

2.2

The doors can be opened/closed by a single operator

5

2.3

The operator can position the lift in an accessible location to
operate the door mechanism

5

2.4

The doors can be operated in Winnipeg weather conditions

4

2.5

The doors can be opened with minimal effort from the operator

4

2.6

The doors can open in a timely manner

3

3.0

All components of the door are reliable

4

-4-

GE Aviation TRDC
Ref
#

Organized Client Needs Hierarchy

Importance

3.1

The door’s components remain in working condition in all weather
conditions

4

3.2

The doors and their components withstand fatigue

4

3.3

The doors and their components withstand all external loading
forces

4.0

The doors ensure operator and equipment safety

5

The operators can open and close the door without straining their
body
The door(s) do not open unexpectedly, and its locking mechanism
will be failsafe
The doors protect the equipment above it from radiant heat produced by
the engine exhaust

4.1
4.2
5.0
5.1

5
4
4

The doors withstand the heat produced by the engine exhaust

6.0

4

Components of the door are economical

3

6.1

The materials used to create the door are economical

3

6.2

The cost to manufacture the door is economical

3

6.3

The door is easy to install and minimizes the labour hours required

3

6.4

The door has economical maintenance costs

3

The operator can access the load cells and gearbox with engine and engine
beam installed
The door components allow enough clearance for the operator to
work on the load cells and gearbox

7.0
7.1

5
5

Corresponding technical specifications were defined and quantified in Table II based on each
client need in Table I.

Ideal Value

4

Marginal
Value

3

Units

2

1.0, 1.1,
1.2, 1.3,
2.3, 7.0
2.0, 2.1,
2.2
2.0, 2.2,
2.6
2.0, 2.1,
2.2, 2.5,
4.1

Metric

Importance

1

Needs Ref #

Metric #

TABLE II: TARGET SPECIFICATIONS BASED ON CLIENT NEEDS

Minimum door frame clearance
to the engine beam

5

In.

4

4

Maximum weight of doors

5

lbs

230

115

Time to open/close doors

3

min

10

5

Maximum force required to
operate doors

5

lbs

50

40

5

2.4, 3.1

Operational temperature range

5

oF

-10 to
94

-40 to 104

6

3.0, 3.2,
4.2

Minimum door cycles before
fatigue failure

5

cycles

730

2190
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2.4, 3.0,
3.3, 4.2

9

4.0, 4.2

10

2.4, 5.0

11
12

2.4, 3.1,
5.0, 5.1
6.0, 6.1,
6.2

Ideal Value

8

Marginal
Value

2.4, 3.0,
3.3, 4.2

Units

Needs Ref #

7

Importance

Metric #

GE Aviation TRDC

5

lbs

2230

2300

5

lbs

520

600

5

lbs

230

460

4

oF

Ambient
temp.

Ambient
temp.

4

oF

175

215

Manufacturing cost

3

CAD$

13000

10000

Metric

Maximum total external
loading the doors can
withstand in closed position
Maximum total external
loading the doors can
withstand in open position
Maximum weight failsafe
mechanism can withstand
Door inner surface
temperature
Maximum temperature doors
can withstand

13

6.0, 6.3

Installation cost

3

CAD$

4000

3000

14

6.0, 6.4

Maintenance cost

3

CAD$/
yr

3700

2900

15

7.0, 7.1

Minimum clearance from the
door frame to the load cell and
gearbox

5

In.

15

20

The team’s goal was to meet all ideal metrics listed in Table II. The external loading experienced
by the access doors relating to metrics #7 and 8 were important in selecting proper slides and
door panel material. Because of this, all calculations and justifications for calculating the
external loading that the doors are subjected to are found in APPENDIX A.

1.5 Project Constraints and Limitations
Along with needs and specifications, project constraints and limitations were identified and are
presented in Table III.
TABLE III: PROJECT CONSTRAINTS AND LIMITATIONS
Ref
#
C.1

C.2

Constraint

Description

Approved vendors only

The access doors and all its components must be supplied by
vendors approved by the client. The client has provided the team
with a list of vendors that previously had or currently have
partnership with the GE TRDC facility.

Design must meet client’s requirements

The team must keep in touch with the client and report the team
progress in a timely manner. The minimum requirement for this is
to submit the project definition report, concept report, and final
report. In addition, close communication with the client will be
kept to acquire the necessary information to develop a design
which meets the client’s needs.
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Ref
#

Constraint

Description

C.3

Deliverables are constrained by
deadlines

Several deliverables have deadlines that must be met. This
includes the project definition report, concept report, and final
report. The deadlines for each of these items can be found in
Table XI in Section 7.5.

C.4

Comply to safety standards and codes

The equipment needs to comply with Manitoba Workplace Safety
and Health Acts and Regulations [5].

C.5

Contractors from local companies to
manufacture and install are to be used

Approved local Winnipeg vendors will be proposed to the client in
the preliminary procedural documentation.

C.6

Thrust frame itself is not allowed to be
modified

The structure that the access doors are mounted to can be
modified, although the current mounting points of the structure
to the thrust frame itself have to be kept the same; no part of the
thrust frame can be altered.

C.7

Full-scale test of the final design cannot
be performed

Due to limited time and resources, a full-scale build and test of the
design cannot be completed.

C.8

Proprietary information cannot be
disclosed

Proprietary information cannot be disclosed by the client. This
information can include, but is not limited to, operating values,
pictures and drawings.

C.9

Budget cannot be set to an
unreasonable number

The cost of the overall design for the access doors is not the
highest priority but needs to remain in a reasonable range based
on attributes of the final design.

Ref
#

Limitation

Description

L.1

Must protect gearbox from wind and
solid particle impact from the wind
tunnel

The design shall be able to protect the gearbox from the solid
particles that are generated from the wind tunnel, such as ice
particles.

L.2

The doors are exposed to harsh test
conditions.

The access doors must be designed to withstand and function
properly after undergoing repeated harsh test conditions. These
include high radiant heat from the engine exhaust and a wind
speed above 92 ft/sec, temperatures [6].

The doors are exposed to harsh weather
conditions.

Based on the climate at the test site, the access doors must be
designed to withstand and function properly after undergoing
repeated harsh weather conditions. These include temperatures
under -40oF, and ice and snow melt freeze cycles during the
winter [2].

Limited size and space for design to
operate

The access doors must not come into contact with any structure
or equipment below or around the access door during operation.
Additionally, the structure and doors (when in a closed
configuration) must stay within the client specified bounds of the
thrust frame. These bounds are the current access door frame
plus or minus a couple inches lateral and downwards.

L.3

L.4

All constraints and limitations were considered and analyzed when creating the final design. The
team is confident that the client and environmentally imposed constraints and limitations have
been successfully accounted for in the final design.
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1.6 Design Methodology
The team followed a three-phase design methodology to create a detailed final design to
present to the client. The first phase of the project was problem definition. In this phase the
team met with the client to gain an understanding of the problem statement and background
information. Along with gaining an understanding, all client needs, specifications, and project
constraints and limitations imposed by the client and design environment were defined. This
phase was important to create conceptual designs that meet client requirements.
The second phase of the project was concept development. In this phase a total of 65 door
concepts were generated. The concepts underwent a rigorous analysis process to select the final
design, which included screening and scoring tables, as well as a sensitivity analysis on the
results obtained as seen in the team’s Concept Design Report. Based on the analysis process, the
top three concepts were selected and proposed to the client. From client feedback, the top
three concepts were redesigned and further developed. In the final meeting with the client in
this phase, two detailed concepts were proposed to the client. The client approved and selected
the final design from the two that were proposed.
The third phase was final design. In this phase the client’s selected concept was developed into
a final detailed design. Along with finalizing the design, all client deliverables were completed.

2 Detailed Design
The redesign of the thrust frame access door consists of two horizontally sliding door panels
configured so that they slide parallel to the ground plane and offset by a gap ensuring the two
panels do not collide. The motion is enabled via telescopic slides attached to a steel angle frame.
An overview of the design is shown in Figure 4.
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UPPER DOOR
(WEST)

LOWER DOOR
(EAST)
Figure 4. Final design of thrust frame access door.

The thrust frame access door’s location with respect to the thrust frame and jet engine is
highlighted in red in Figure 5.

Figure 5. Thrust frame access door location with respect to jet engine and thrust frame [2].
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The individual door panels are referred to as an upper door and a lower door. These names
reference their location on the frame and how they move relative to each other. The lower door
covers the east-side of the thrust frame when closed. The gearbox mounted in the thrust frame
is located on the east side of the frame, hence it is covered by the lower door. This door is
mounted to a telescopic slide that permits 200% extension in one direction. The extension
allows the door to slide westward to expose the gearbox, with additional extension available to
expose the entire underside of the thrust frame. The upper door covers the west-side of the
thrust frame and is mounted to a bi-directional slide that permits 100% extension in two
directions. The extension allows the door to slide east to expose the west side of the thrust
frame or west to allow full exposure to the underside of the thrust frame. Each configuration for
different thrust frame access scenarios are shown in Figure 6.

EAST HALF ACCESS

WEST HALF ACCESS

FULL ACCESS

Figure 6. Access door configurations.

Through each of the above configurations, operators have either half access or full access to the
equipment protected by the doors, and can access the equipment from either side of the thrust
frame. The main components of the thrust frame access doors are the door panels, telescopic
slides, frame, and door panel lock mechanism.

2.1 Door Panels
The door panels are constructed of 22-gauge stainless steel sandwich panels with aluminum
honeycomb core to maximize strength and reduce overall weight. Stainless steel was selected to
be used for the sandwich panels because of client preference, but also since it has good
strength, stiffness, and corrosion resistant properties. A honeycomb core was selected as the
door core to reduce the weight of the door panels while not sacrificing panel bending stiffness
and strength. The lighter the doors, the easier the user can operate them allowing for the
elimination of hydraulics. The removal of hydraulics and other door actuating power methods
simplifies the design, making it a more reliable design. The design includes specifications,
mounting methods, and analysis of the door panels.
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2.1.1

Specifications

The overall dimensions of the upper and lower door panels are similar to one another with
variations to accommodate the corresponding telescopic slide widths and desired door overlap.
The specifications for the door material and overall dimensions are found in Table IV. The door
panel dimensions are restricted by the current access door frame area.
TABLE IV: DOOR PANEL SPECIFICATIONS
Specifications
Manufacturer

Plascore, Inc.

Core Material

PCGA-XR2-5.2-1/4-30-N- 3003 aluminum
honeycomb

Face Sheet Material

22-gauge 304 stainless steel

Closeout Material

304 Stainless-Steel

Weight (per door panel)

86 lbs

Lower Door

Upper Door

Length

69

Width

40 in.

Height

1

Length

71 in.

Width

40

Height

1

in.

in.

in.
in.

Plascore Inc. was selected as the door panel manufacturer due to their convenient customer
service, a proven design and product, and readily available information on different sandwich
panel options. Detailed specifications for the honeycomb core are presented in Table V .
TABLE V. HONEYCOMB CORE SPECIFICATIONS
Honeycomb Specifications

[7]

Cell Shape

Hexagon

Density

5.2 lb/ft3

Wall Thickness

0.003 in. foil

Cell Bonding

Epoxy adhesive

Compression Strength

620 psi

Maximum Shear Strength

345 psi

A computer rendered representation of the honeycomb core is shown in Figure 7 for reference.
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Figure 7. Hexagonal honeycomb-core.

The aluminum honeycomb core is produced by folding long strips of thin aluminum sheets at 60°
angles to form half sections of hexagons. The flat sides of these half-hexagons are then bonded
together to form complete hexagons. A schematic of the layout with exaggerated gaps between
the aluminum foil sheets is shown in Figure 8. The aluminum core is oriented in such a way that
places the long foil strips along the length of the door to provide a higher resistance to bending
moments applied to the door.

Figure 8. Honeycomb core layup configuration.

Stainless steel closeouts are mounted along the exposed edges of the core to protect the core
from the elements and provide mounting points for additional components. The closeouts have
a rectangular cross-section with a height of 1 in. and vary in thickness depending on their
location on the door panel. The closeouts on the 4 outer edges of the door have a principle
thickness of 3/8 in. but increase in area where threaded holes are required to secure
components to the top or bottom side of the door. The close outs used to seal the clearance
pockets for the telescoping slide fasteners are 1/32 in. 304 stainless-steel plate. The length of
each closeout is determined by the length of the corresponding core edge it is covering. The
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different closeout types are shown in Figure 9 with the bottom face plate of the sandwich panel
removed.

OUTER EDGE CLOSE OUT

CLEARANCE POCKET

Figure 9. Door panel closeouts.

2.1.2

Auxiliary Component Fastening

Items such as the door handles and door stops are fastened directly to the door panels using 188 stainless-steel 1/4”-28 x 3/4” socket-head cap screws with cross-drilled heads. The crossdrilled heads allow the screws to be positively retained using lock wire to ensure that they do
not loosen and fall out during their service life. This auxiliary component fastening is made
possible by 304 stainless-steel panel closeouts with threaded holes at required locations. These
threaded holes are where the socket-head cap screws used to secure the auxiliary components
to the door panels are fastened. A section of the closeout is shown in Figure 10.

Figure 10. Closeout for door panel top/bottom face fastening.
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The stainless-steel closeouts also feature through holes which permit the fastening of the
telescoping slide to the sides of the door panels. The telescopic slides have M8 threaded holes
that serve as their mounting points. Socket-head cap screws thread slide though the through
holes on the door panel closeouts to tighten the telescopic slider flush against the door panel.
The socket-head cap screws are 18-8 stainless-steel M8 x 20 and feature cross-drilled heads to
permit the use of lock wire to positively retain the fasteners. A section of the closeout used for
side fastening is shown in Figure 11.

Figure 11. Door panel side fastening.

The cut outs in the panel provide access to the mounting bolts and are located at the bottom of
the panel to eliminate any water or debris build up. There is also sufficient clearance to allow
the use of a 3/8 in. drive ratchet to tighten the M8 fasteners.

2.1.3

Door Panel Analysis

A deflection analysis was performed on the maximum loading conditions of the door panel to
ensure the stiffness of the sandwich panel and to confirm that the door panel can withstand the
expected loading. The results of the analysis provided a 1 mm maximum deflection at the center
of the sandwich panel under the maximum load of 1115 lbs. The analysis was completed
through a simplified Euler-Bernoulli beam calculation by assuming the additional bending
resistance from the honeycomb core was negligible. This assumption accounts for the highest
deflection possible since adding the honeycomb core would increase the bending stiffness and
decrease the deflection in the panel. For this reason, if the door panel can withstand the
- 14 -
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maximum load without the honeycomb core, adding the core would only increase the panel’s
performance. The detailed calculations for the deflection analysis are provided in Appendix B.
The thermal conductivity is estimated through empirical equations to ensure the door panel
meets the client temperature requirements. The estimate resulted in a theoretical thermal
conductivity of 5.7 W/m-K. Compared to the estimated thermal conductivity for the current
door of 0.3 W/m-K, the new design is less insulated. This is mainly due to the reduced panel
thickness and the honeycomb foils act as a very efficient thermal conductor that connects the
top and the bottom plate together. Detailed estimation is provided in Appendix C.
The structural integrity of the sandwich panel adhesive was validated through comparison of
applications using the same materials. The specified aluminum core is currently used in
applications such as helicopter blades and missile stabilizer fins [8], which have more severe
environments than the GE TRDC wind tunnel. Based on the applications, there is no concern of
the honeycomb cells delaminating due to heat or vibration.

2.2 Telescopic Slides
To achieve the door panel motion presented in Section 2, two different sets of slide types were
integrated. The design aspects of the slides consist of the specifications of the selected slides,
interfacing of the slides to other components, and water drainage protection.

2.2.1

Specifications

The upper slide positioned on the west side of the frame is bi-directional to provide both half
access to the west side and full access on both east and west sides. The lower slide positioned
on the east side of the frame (when installed) has a 200% extension to provide either full access
to just the east side or full access to the entire underside of the thrust frame.
The selected slides are supplied by Sliding Systems and are shown in Figure 12 and Figure 13
with their specifications shown in Table VI.
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Figure 12. SDTSB40 bi-directional telescopic slide [9].

Figure 13. SDDTS-50 200% telescopic slide [9].

TABLE VI: TELESCOPIC SLIDE SPECIFICATIONS [9]
SDTSB40
SDDTS-50
Slide Position
Upper
Lower
Manufacturer
Sliding Systems
Sliding Systems
Extension Type
100% bi-directional
200%
Closed Length
1000 mm
1000 mm
Extension
1000 mm
2000 mm
Max Load Capacity (extended) *
140 kg
180 kg
Max Load Capacity (closed) **
700 kg
900 kg
Material
316L Stainless Steel
316L Stainless Steel
Width
24 mm
60 mm
Space Envelope
Height
40 mm
50 mm
* Safe working load with a x2 safety margin
**The closed configuration loading capacity is based on a x5 greater load capacity than the extended configuration

The telescopic slides were selected for their load capacity and extension capabilities. They meet
client equipment access requirements by permitting extensions that can position the door
panels in different configurations allowing for half and full access to both east and west sides of
the underside of thrust frame.
Specified client load requirements of 2230 lbs for the entire frame area, or 1115 lbs per door
panel, as presented in Section 1.4, are met through the rated maximum load capacities of the
slides in the open and closed configurations.

2.2.2

Mounting

The telescopic slides are mounted to the door panels using M8.0 tapped holes integrated into
the slides themselves. Each slide requires 12 fasteners to fully secure it, 6 for the frame side and
another 6 for the door panel side [9]. At each mounting point a M8.0 bolt is slid through a
clearance hole in the door panel structure and threaded into the slide as shown in Figure 14.
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Figure 14. Detailed telescopic slide to door panel interfacing.

The length of the bolt is critical for this mounting due to the clearances between the slide
section interfacing with the panel and the center I-beam slide. There can be no part of the bolt
protruding past the first slide segment or it interferes with the center slide section, causing
additional friction and damage to the slides.
The same method of mounting is used for interfacing the telescopic slides to the frame.

2.2.3

Water Drainage Protection

Water drainage is a concern as excess water in the slides can cause them to freeze in cold
temperatures. Water guards wrap around the top and bottom sides of the telescopic slides to
prevent water from running off the door panels into the slides. The guards are located on the
sides of the door panels that are in contact with the slides and feature through holes which the
telescopic slide mounting screws pass through. The slides are mounted onto the panel edges
using the same bolts that are used to mount the door panel onto the telescopic slide and are
sandwiched between the door panel and slider. A water guard is shown in Figure 15.
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Door Panel

Water Guard

Telescopic Slide

Drainage Channel

Figure 15. Telescopic slide water guard.

The ‘C’ shape of the guard protects both the top and bottom of the slide. The guards are made
of 16-gauge 304 stainless steel and allow for drainage of water from the top side of the door
panels to the space below. This is accomplished by having 1/16 in. thick disks welded
concentrically to the through holes to act as spacers and keep a uniform 1/16 in. gap for water
to drain through. This dedicated drainage gap prevents water from pooling on top of the door
panels and creating excessive ice buildup during the colder months of operation.

2.3 Frame
The frame of the thrust frame access door assembly provides the mounting point for the
telescopic slides. The frame is constructed from 5 in. x 3 in. x 3/8 in. 44W steel angle. This profile
was selected because it provides a flat mounting surface for the slides. The current hollow tube
frame profile could not be re-used since it could deform when inserting and tightening a bolt
through the hollow profile into the slides. Gussets are welded in pairs 11 3/4 in. away from each
other at four points along the frame members to prevent any twisting in the frame caused by
snow loading on the door panels or other external forces. The specifications for the frame are
provided in Table VII.
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TABLE VII: FRAME SPECIFICATIONS
Specification
Structural Member

5 in. x 3 in. x 3/8 in. 44W steel angle

Length

85 in.

Width

80 in.

Weight

196 lb

Mounting Bolts

9/16”-XX (cannot specify at this time due to
missing information on existing fasteners)

The specified steel angle profile size and thickness was selected due to it being commonly
available and strong enough to withstand the theoretical loading conditions. The steel angle also
decreases the weight of the frame compared to the current rectangular tube frame by 55 lbs.
The telescopic slides mount to the frame as described in Section 2.2.2. The mounting for the
frame to the thrust frame uses the same mounting locations as the currently existing GE thrust
frame access doors. There are four mounting locations on the south side of the frame and two
on the north side. These mounting points use 9/16”-18 bolts that pass through the steel angle
frame and clamp it to the thrust frame above. The exact pitch and length of these fasteners
cannot be specified at this time because the length and pitch of the currently installed fasteners
is not known. This information can be obtained by removing one of the fasteners holding the
thrust frame door assembly to the thrust frame.

2.4 Door Lock Mechanism
A door position locking mechanism is incorporated into the thrust frame access door to ensure
operator safety. The lock mechanism ensures that the doors do not move when not intended to,
protecting operators and equipment from potential damage due to unexpected movement. The
three door configurations mentioned in Section 2 along with the closed position each have a
lock-out procedure. Each lock-out mechanism was designed to ensure ease of use and
ergonomic safety for the operator.
In all door configurations, the safety pins used to lock-out the system consist of the McMasterCarr T-Handle Push-Button Quick-Release Pin with attached lanyard. The usable length of the
pins vary based on the door configuration, however the diameter of the pin and lanyard
fasteners remain constant throughout the four configurations. The diameter of the required
holes for the pin to insert into must be larger than 0.1885 in. and not greater than 0.220 in. to
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ensure the pin locking mechanism functions properly. Following the close fit reference table for
standard clearance holes, a drill size of 9 should be used in all holes the pins are to be inserted
into. This provides a close fit clearance hole diameter of 0.1960 in. which falls between the
required diameter range. A diameter of 0.1960 in. is the lowest standard drill size above the
required diameter of 0.1885 in. and was selected to ensure a tight fit for the pin [10].
The lanyard has a cut-out diameter of 0.13 in. to allow for a fastener to be used to connect the
lanyard to the assembly. According to the standard reference tables, a standard screw size
diameter of 0.1250 in. is the largest screw size under 0.13 in.. All holes required to attach the
lanyard must be drilled with drill size 30 creating a 0.1285 in. diameter to allow for a close fit
clearance hole for the 0.1250 in. fasteners [10].

2.4.1

Closed Door Configuration

The closed configuration is the default position of the doors. The door lockout mechanism in the
closed configuration consists of a total of four position lock pins, two inserted into each of the
upper and lower doors. The pins interface through the mid section of the door frame into an
extended portion of the water guards on the door panels. The interfacing of the safe lock pins is
shown in Figure 16 and Figure 17.

Figure 16. Position lock pin’s interface in closed door
configuration.

Figure 17. Side view of the position lock pin’s interface
in closed door configuration.

The four water guards on the door panels are extended 3/4 in. past the edge of the telescopic
slide towards the center of the frame to provide an interfacing point for the safe lock pin, shown
in Figure 18.
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Figure 18. Interface between lock pin and extended water guard of the upper door.

The location of the four pins relative to the entire door frame is shown in Figure 19.

Figure 19. Closed door configuration position lock pin locations.

The position lock pins are inserted into the middle of the frame to allow the operator to access
the pins from both sides of the engine beam. Lanyards are included in the quick-release pins and
are secured to the door frame ensuring no pins are dropped. The specifications for the position
lock pins used in the closed configuration are shown in Table VIII.
TABLE VIII: FULLY CLOSED SAFE LOCK PIN SPECIFICATIONS [11].
Specification
Number of Pins

4

Manufacturer

McMaster-Carr

Type of Pins

T-Handle Push-Button Quick Release with Lanyard

Diameter

3/16 in
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Specification
Breaking Strength
Length

5, 100 lbs
Upper Door Safe Lock

1-1/4 in

Lower Door Safe Lock

3 in

Lanyard Length

12 in

The T-Handle Push-Button Quick Release pins allow for ergonomic grip and ease of operation.
The lengths of the pins for the upper and lower door are different to account for the different
widths of telescopic slides at each location.

2.4.2

Full Access Door Configuration

The full access door configuration allows an operator to gain access to all equipment protected
by the thrust frame access doors. The door lock mechanism for the full access configuration
requires two removable manufactured aluminum blocks and a total of four position lock pins,
two pins per block. The aluminum blocks are custom designed, and are shown in Figure 20 and
Figure 21.

Figure 20. Side view of the lower door’s position lockout aluminum block.

Figure 21. Isometric view of the lower door’s position
lock-out aluminum block.

The pins interface through the door frame into the manually mounted aluminum blocks
positioned against the edge of the lower door as shown in Figure 22.
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Figure 22. Full access door configuration lock-out mechanism position.

The removable blocks are positioned over the telescopic slides in front of the lower door panel
to prevent the lower door from moving towards the closed position. The interfacing of the
blocks and safe lock pins are shown in Figure 23.

Figure 23. Full access door configuration lock-out mechanism with aluminum blocks.

The aluminum blocks restrict the movement of the lower door by blocking the door panel’s
sliding path. The upper door does not require a separate safe lock due to it being locked in place
by the lower door. When the doors are fully extended to the open position, the lower door is in
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contact with the upper door’s handle assembly, therefore blocking any sliding movement of the
upper door.
The same door lockout mechanism used by the full access configuration cannot be used due to
the extended slides blocking the sides of the frame. Inserting holes in the slides would damage
the integrity of the product.
Specifications for the position lock pins and aluminum blocks are provided in Table IX.
TABLE IX: FULL ACCESS POSITION LOCK PIN SPECIFICATIONS [7].
Pin Specification
Number of Pins

4

Manufacturer

McMaster-Carr

Type of Pins

T-Handle Push-Button Quick Release with Lanyard

Diameter

3/16 in

Breaking Strength

5 100 lbs

Length of Pins

2.5 in

Block Specification
Number of Blocks

2

Manufacturer

Custom

Material

Aluminum 6061 Alloy

Weight

6.64 lbs

Lanyards are included on the quick-release pins and are secured to the bottom face of the
aluminum blocks, ensuring the pins are not lost. The team does not recommend tethering the
blocks to the door frame since the blocks would need to be tethered to the exterior face of the
door frame while the doors are closed. During wind tunnel testing the blocks would not be
protected and would be subject to strong winds and vibrations. The team recommends the
blocks and pins to be carried by the operator when not in use.

2.4.3

East Half Access Door Configuration

In the east half access door configuration, the lower door slides underneath the upper door
providing access to the gearbox and major equipment located on the east side of the door
frame. The door lockout mechanism on the east half access configuration utilizes the same
lockout mechanism as the lower door in the full access configuration, using the same four
position lock pins and two removable aluminum blocks. As the upper door’s position has not
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changed from the closed configuration, the upper door uses the same lockout mechanism used
in the closed configuration. The east side door interfacing for the safe lock is shown in Figure 24.

Figure 24. East half access door configuration lock-out method.

The aluminum blocks are pinned through the middle of the door frame, as shown in Figure 25,
allowing for operator access.

Figure 25. East half access door configuration lock-out mechanism position.
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The specifications for the position lock pins and aluminum blocks are the same as for the full
access configuration, and are found in Table IX in Section 2.4.2.

2.4.4

West Half Access Door Configuration

In the west half access door configuration, the upper door slides above the lower door. In this
configuration, the lower door does not move and maintains its locked position as described in
the closed door configuration. The upper door needs to be locked once it has been extended
over the lower door, however the same aluminum blocks used in the east half and full access
door configurations cannot be used. The upper door’s telescopic slide is higher on the frame
than the lower door resulting in an new aluminum block design to lock the top door from
unexpected movement. The aluminum blocks are custom designed, and are shown in Figure 26
and Figure 27.

Figure 26. Side view of the upper door’s position lockout aluminum block.

Figure 27. Isometric view of the upper door’s position
lock-out aluminum block.

The pins interface through the outer door frame into the manually mounted aluminum blocks in
the same method as the east half access and full access door configurations. The west half
access door configuration aluminum block lock-out mechanism is shown in Figure 28.
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Figure 28. West half access door configuration lock-out method.

The aluminum block is pinned through the middle of the door frame allowing for operator
accessibility, as shown in Figure 30.

Figure 29. West half access door configuration lock-out mechanism position.

The quick-release pin’s lanyard is mounted onto the bottom face of the aluminum block due to
the reasoning stated previously. Specifications for the position lock pins and aluminum blocks
are provided in Table XX.
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TABLE X: WEST HALF ACCESS POSITION LOCK PIN SPECIFICATIONS [7].
Pin Specification
Number of Pins

4

Manufacturer

McMaster-Carr

Type of Pins

T-Handle Push-Button Quick Release with Lanyard

Diameter

3/16 in

Breaking Strength

5 100 lbs

Length of Pins

1.50 in

Block Specification
Number of Blocks

2

Manufacturer

Custom

Material

Aluminum 6061 Alloy

Weight

6.91 lbs

With four different door configurations each using different pin holes through the door frame,
Figure 30 shows which pin holes correspond to each of the four door configurations.

Figure 30. Description of all position lock pin holes in the door frame.

It is important that operators are trained properly on the lockout mechanisms of all four door
configurations to ensure the lock methods function successfully. The team suggest installing
labels onto the door frame indicating which pin holes correspond to their respective door
configuration.
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2.5 Additional features
Additional features have been added to the thrust frame door design to improve operator
efficiency and safety, and to ensure the doors perform properly in all weather conditions.
Two handles are mounted to both the east and west door panels to allow the operators to open
and close the doors. The positioning of the handles is shown in Figure 31.

ACCESS HANDLE

Figure 31. Access handles.

The handles span the length of the door panel to provide ease of operation, along with ease of
access. Each handle is made of rubber-coated aluminum to provide an ergonomic grip for the
operator and minimize weight.
The handles are supplied by McMaster-Carr and have a length of 24-5/8 in. Each handle is
mounted to the 1-1/4 in. thick door panel close out on the outside edge of each panel with 1/4
in. screws.
Two door stops are mounted offset from the handles on the upper door panel to protect the
handles from door collisions. The door stop consists of a 1-3/4 in. X 1-3/4 in. angle iron which
creates a push point when the door panels are slid open for full access of the equipment in the
thrust frame. The door stop is shown in Figure 32.
DOOR STOP

UPPER DOOR
LOWER DOOR

Figure 32. Panel door stop.
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The steel angles are mounted to the 1-1/4 in. door panel close out on the outside edge of each
panel with 1/4 in. screws.
A telescoping 3-section boat hook is provided to as an assistance tool for the operator with
opening and closing the access doors from both the east and west direction. When the engine is
installed, the operator has limited reach and for open door configurations the handles can
become out of reach for the operator. To provide access to the handles in any configuration, an
assistance tool is required. The boat hook selected for the tool is shown in Figure 33.

Figure 33. Boat hook for operational assistance [12].

The boat hook has telescopic ranges from 54 in. to 144 in. in length [12]. The replaceable hook
end has groves on both sides for increased grip on the door handles and to allow for both push
and pull motions.
A gap close off between the upper and lower doors is implemented to prevent water and debris
from blowing upwards into the equipment. The gap close off is made from a 1/16 in. steel plate
and is mounted to the upper door’s leading edge to minimize the gap between the doors. The
gap close off is shown in Figure 34.

Figure 34. Upper door gap close-off steel plate design.

Without the gap close off, there is a 27/32 in. clearance between the bottom of the upper door
and the top of the lower door due to the sizing of the telescopic slides. Installing the steel plate
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onto the upper door reduces the gap between doors to 5/32 in. The results are shown in Figure
35 and Figure 36 by comparing the doors with and without the gap close off installed.

Figure 35. Gap between upper and lower doors without
gap close off.

Figure 36. Gap between upper and lower doors with
gap close off.

The gap close off does not impact the door movement and operation, and does not add any
significant weight to the door structure.

3 Preliminary Engineering Drawings
Preliminary engineering drawings have been created for every designed component of the
thrust frame access doors. Engineering drawings relating to all purchased components of the
design, such as the telescopic slides and fasteners, can be obtained directly from the vendor. All
preliminary drawings can be found in APPENDIX D, including assembly drawings.

4 Procedural Documentation
The team created various procedural documentation on how to properly assemble, operate, and
maintain the redesigned access doors. It is recommended to follow all provided instruction
manuals to ensure the design is installed properly, and to ensure operator safety while
operating and maintaining the access doors. The assembly, operation, and maintenance
instructions are found in APPENDIX E.

5 Bill of Materials
All designed and purchased components for the assembly of the thrust frame access doors are
listed in the Bill of Materials, shown in Table XI.
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TABLE XI: BILL OF MATERIALS
Assembly
Drawing

Product
Name
9/16"-18
SHCS XDRILLED
M8.0 X 1.25 X
20 SHCS XDRILLED
M8.0
WASHER

Thrust Frame
Door
Assembly

Upper Door
Assembly

T-Handle
Quick
Release Pin –
1.25” length,
3/16”D
T-Handle
Quick
Release Pin –
3” length,
3/16”D
T-Handle
Quick
Release Pin –
2.5” length,
3/16”D
Lower
Aluminum
Block
T-Handle
Quick
Release Pin –
1.5” length,
3/16”D
Upper
Aluminum
Block
100% BIDIRECTION
EXTENSION
1000 MM
SLIDE
UPPER DOOR
WATER
GUARD
CUT-TOLENGTH
HANDLE
ANGLE, 1
3/4" X 1 3/4"
X 3/16"
GAP
REDUCER

Individual
Cost
(CAD)
Consult
selected
vendor
Consult
selected
vendor
Consult
selected
vendor

Total Cost
(CAD)

Part #

Supplier

Quantity

Depends on
vendor

Vendor of
choice

6

Depends on
vendor

Vendor of
choice

24

Depends on
vendor

Vendor of
choice

24

93750A207

McMasterCarr

2

$33.03

$66.06

93750A225

McMasterCarr

2

$39.32

$78.64

93750A220

McMasterCarr

4

$36.59

$146.36

Custom
manufactured

Vendor of
choice

2

Consult
selected
vendor

Consult
selected
vendor

93750A210

McMasterCarr

4

$35.43

$141.72

Custom
manufactured

Vendor of
choice

2

Consult
selected
vendor

Consult
selected
vendor

SDTSB40

Sliding
Systems

2

$959.15

$1918.30

Custom
manufactured

Vendor of
choice

2

Consult
selected
vendor

Consult
selected
vendor

18715A61

McMasterCarr

2

$84.44

$168.88

Custom
manufactured

Vendor of
choice

2

Custom
manufactured

Vendor of
choice

1

Consult
selected
vendor
Consult
selected
vendor

Consult
selected
vendor
Consult
selected
vendor

Consult
selected
vendor
Consult
selected
vendor
Consult
selected
vendor
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Assembly
Drawing

Lower Door
Assembly

Product
Name
1/4"-28 X
3/4" SHCS XDRILLED
M8.0 X 1.25 X
20 SHCS XDRILLED
Upper Door
Panel
200%
EXTENSION
1000 MM
SLIDE
LOWER
DOOR
WATER
GUARD
CUT-TOLENGTH
HANDLE
1/4"-28 X
3/4" SHCS XDRILLED
M8.0 X 1.25 X
20 SHCS XDRILLED
LOWER
DOOR PANEL
ASSEMBLY

Individual
Cost
(CAD)
Consult
selected
vendor
Consult
selected
vendor
$265.50 for
core only

Consult
selected
vendor
Consult
selected
vendor
$265.50 for
core only

2

$1987.12

$3974.24

Vendor of
choice

2

Consult
selected
vendor

Consult
selected
vendor

18715A61

McMasterCarr

2

$84.44

$168.88

Depends on
vendor

Vendor of
choice

8

Depends on
vendor

Vendor of
choice

12

Consult
selected
vendor
Consult
selected
vendor

Consult
selected
vendor
Consult
selected
vendor

Custom
manufactured

Plascore Inc.

1

$265.50 for
core only

$265.50 for
core only

Part #

Supplier

Quantity

Depends on
vendor

Vendor of
choice

18

Depends on
vendor

Vendor of
choice

12

Custom
manufactured

Plascore Inc.

1

SDDTS-50

Sliding
Systems

Custom
manufactured

Total Cost
(CAD)

The costs seen in the Bill of Materials for each product is an estimate, and does not include
taxes and shipping and labour costs. Many products labeled as ‘vendor of choice’ can be
purchased through any approved vendor in Winnipeg, and as such specific cost information is
unknown. The costs will depend on the client’s preferred vendor.
The majority of the cost of the redesigned doors will come from the telescopic slides, door
panels, and steel frame. All telescopic slides required will cost a total of $5892.54 CAD for the
product itself. The slide costs were obtained through a quote from Sliding Systems, not including
shipping. The door panels will cost approximately $531.00 CAD for the honeycomb core only as
quoted by Plascore Inc. The steel frame has not been quoted, and the price will depend on the
selected vendor.
With the information obtained to date, the new door design can be estimated to cost between
$6423.54 CAD and $15,000 CAD for all products and labour, shipping, and for the installation of
the doors.
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6 Recommendations
The team is confident that the design has met all of the client needs, however further work is
required before the team can recommend manufacturing and procurement of the design.
The team recommends testing the telescopic slides before installation. The manufacturer has
confirmed that the slides can be integrated to work in the GE test environment, however
Winnipeg’s climate is harsh and it is important to ensure that the slides do not freeze in the
winter. It is also important to ensure that the slides can be operated with minimum strain on the
operator. The team recommends a push/pull test to determine the effort required to operate
the slides. The team also recommends exposing the slides to freezing temperatures to observe if
temperature alters the performance of the slides.
Another recommendation the team suggests is to perform a thermal conductivity test on the
honeycomb panel based on the methods described in Nguyen’s Analysis and Testing of Heat
Transfer through Honeycomb [13] before installing the new design. The team conducted thermal
conductivity estimates on the door panels. The value obtained relating to the new design is
approximately 16 times greater than the current doors. If the value obtained through testing is
comparable to the theoretical value, the team recommends adding insulation around the
equipment protected by the access doors.
It is recommended to review the calculated snow load to determine if the value obtained is
expected to be loaded onto the doors once installed since assumptions were made when
determining the snow loading on the doors, both in a closed and open position. If the required
external loading on the doors is lowered, less expensive and smaller slides can be purchased.
Assumptions were made on unknown dimensions. It was assumed that the engine beam is no
larger than 50 in. wide, allowing the operator to access the middle of the door frame by
positioning the lift on either side of the engine beam. It was also assumed that there is a four in.
clearance between the bottom of the doors to the bleed valve. The team suggests confirming
both of these measurements are accurate to ensure the design is feasible. If the engine beam is
wider, the door lock-out mechanism needs to be redesigned due to the operator being unable
to reach the middle of the frame. If the bleed valve clearance is lower than expected, smaller
slides and thinner door panels may need to be specified.
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The team is still waiting to receive final quotes, including shipping costs, from vendors relating
to the products required in the door assembly. It is recommended that the client continues to
discuss prices with each vendor to receive an accurate estimate to ensure there is a budget for
the redesign of the doors.
The team strongly recommends that a professional engineer reviews all drawings and
specifications. The team consists of four engineering students who do not have the authority to
stamp the drawings. It is recommended to review the tolerances on the drawings since metric
dimensions were provided for the slides while all other components were specified in imperial
units. Due to converting the units from metric to imperial, small discrepancies and
manufacturing tolerance issues may be present.

7 Conclusion
The team’s goal of re-designing the thrust frame access doors was to eliminate the issues that
GE Aviation is experiencing with their current door design. The current design does not allow
access to the equipment protected by the doors while the engine is mounted due to insufficient
clearance for the doors to swing downwards. This results in GE having to lower the engine to
open the current access doors. In addition, the current doors are not suitable for the sub-zero
temperatures typical of Winnipeg. The doors experience ice and snow build up and the hand
pump used to actuate the doors does not function properly in cold temperatures. These climate
related issues result in increased effort to open and close the doors.
The team’s re-design is considered a success based on the fifteen target specifications that were
created using the problem statement and client user requirements. The specifications are used
as a benchmark to show that the project objectives have been met, and to what extent by
comparing actual values to the marginal and ideal specification values. The team’s re-design is
considered operable because it met all marginal values of the target specifications and is
considered a success because it achieved all ideal values.
The doors achieve the lightweight and strength requirements through the use of stainless steel
sandwich panels. Together with the telescopic slides, each panel can withstand a maximum of
300 lbs in the full access door position and 1540 lbs in the closed position while only having a
weight of 86 lbs. These values exceed the ideal values for the maximum weight of each door
panel, the maximum load the doors can withstand in both the open and closed positions, and
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the maximum force required to operate the doors. The operator is not required to move the full
86 lbs of each door panel as the slides aid in supporting the weight of the doors.
The re-design of the access doors achieved the ideal values for the three cost specifications. The
total manufacturing cost of the design is below the ideal manufacturing cost value and is within
an acceptable range for the client. The design is simple to install and does not exceed the ideal
value in the target specifications for installation cost. Due to the doors being manufactured with
stainless steel and high-quality parts, there is low annual maintenance required on the door
assembly. For this reason, the design does not exceed the ideal annual maintenance cost
specification.
The re-design has significantly decreased the time required to access the equipment the doors
are protecting. The operator can gain access to the equipment protected by the doors in less
than five minutes compared to the two hours required to lower the engine before opening the
doors with the current design. The short access time is achieved through simple door lock
mechanisms and slides that are easy to operate. In addition to this, the clearances required for
the doors have been met. The operators have sufficient clearance between the door frame and
equipment to work properly and the doors can not be operated in a way that would cause them
to come in contact with the engine or engine beam.
The design is also considered a success because it satisfies the user requirements. Every
component of the door has been designed to ensure reliability and performance in a harsh jet
engine wind tunnel test environment. Bolts and fasteners are designed with lock wire and
fastened properly to ensure they do not fall when exposed to extreme winds and vibrations
during engine testing. Water guards have been installed to prevent the slides from icing, and the
doors have been designed to withstand snow loading. The design removes the need for a hand
pump to actuate the doors, eliminating the problem of increased hydraulic fluid viscosity.
The major client requirement for ease of operation and operator safety has been achieved by
eliminating concerns with the current access doors. The team has reduced the weight of each
door from 230 lbs to 86 lbs, and have installed a safe horizontal actuating method for the doors.
This removes the possibility of doors swinging downward unexpectedly and injuring operators
or equipment.
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The team is confident that if the recommendations are followed, the design can be successfully
implemented at the GE TRDC facility in Winnipeg, Manitoba. If implemented, the client will have
full access to the equipment protected by the door at all times, no longer needing to lower the
engine to access the equipment.
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panels.
Per client requirement, the team calculated the expected snow loading on the doors based on
Canadian Building Codes. Due to the team not having access to the National Building Code of
Canada, the Ontario Building Code was used to calculate the snow loading design requirements
on a flat roof setting, which is a similar setting to that of the doors. The top of the thrust frame
has openings allowing for snow to accumulate onto the doors. The Ontario building code was
used since it is readily available to the public, and because Ontario has a similar climate to
Manitoba. It is calculated that the entire door area must withstand 1460lbs of snow loading as
per the building code [14]. The snow load formula given by the Ontario Building Code is seen
below:
𝑆 = 𝐼 [𝑆 (𝐶 𝐶 𝐶 𝐶 ) + 𝑆 ]
In the above equation, 𝑆 is the expected snow load, 𝐼 is the importance factor for snow loading,
𝑆 is the 1-in-50-year ground snow load, 𝐶 is the basic roof snow load factor, 𝐶 is the wind
exposure factor, 𝐶 is the shape factor, and 𝑆 is the 1-in-50-year associated rain load. By
following the Ontario Building Code, each variable is given based on a flat roof under normal
conditions, which is assumed to be the same operating conditions as the access doors. 𝑆 and
𝑆 were determined based on Manitoba 1-in-50-year associated snow and rain load values [15].
The values obtained are inputted into the snow load equation:
𝑆 = 1[1.9(0.8)(1)(1)(1) + 0.2] = 1.72𝑘𝑃𝑎 = 1.72

𝑘𝑁
= 0.249𝑝𝑠𝑖 = 35.92 𝑙𝑏/𝑓𝑡
𝑚

Knowing that the total area protected by the access doors is 74 in. X 79 in., the total snow
loading acting on the entire area is 1460 lbs.
A 310 lb human loading requirement per door was used because it is the weight fall arrest
anchors are rated to and includes safety margins for human loading conditions [16]. This
requirement totaled to 620 lbs added to the entire door area with the assumption that there are
two door panels in the design. Finally, it was estimated that each door panel would have a

GE Aviation TRDC
weight of 75lbs based on 22-gauge stainless steel sandwich plates, totaling the marginal value of
2230lbs.
The doors will experience different loading conditions once in an open position. Based on client
input, there is no human loading requirements for open doors, and the snow loading is reduced
due to the snow being removed from the doors before opening. As such, the loading
requirements of the doors and components when opened are significantly lower than in the
closed position. The snow loading of the open doors was assumed to be 1/4 of the closed door
snow loading, totalling 370 lbs of snow over the entire door area. The same panel weight of 75
lbs per panel was used, and as such the open doors and corresponding components must
withstand 520 lbs of total weight loading.
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APPENDIX B – HONEYCOMB PANELS STATIC PROPERTY UNDER
MAXIMUM ALLOWABLE LOAD
The theoretical maximum deflection and bending moment for the sandwich door panels to the
fixed slides are calculated based on worst case scenario. To complete the analysis, the following
assumptions are made during calculation:
1. The honeycomb core does not provide any bending stiffness.
2. All materials are isotropic linear elastic.
3. The shear deformation in the two sides panels are offset by the honeycomb.
The above assumptions allow us to use Euler-Bernoulli’s beam theory to calculate the maximum
deflection as well as the bending moment at the joints with the rails.
For a beam that fixed at both ends with evenly distributed weight, the maximum deflection is
given by:
𝑑

=

𝑤𝑙
,
384 𝐸𝐼

(1)

where w is the weight distribution in weight per length, E is Young’s modulus, 𝑙 is the bending
stiffness, 𝐼 is the distance between one end to another.
The moment experience at the two ends are:
𝑀

=

𝑤𝑙
,
12

(2)

The bending stiffness is calculated with the following equation:
𝐼=
where 𝑡

1
𝑡
12

− (𝑡

+ 2𝑡

is the thickness of the honeycomb core, 𝑡

) 𝑏,

(3)

is the thickness of the face sheet

metal, and b is the with of the panel along the rail.
Based on equation (1) to equation (3), under worst case scenario, under 2300 lb of load,
consider that the density of stainless steel is 8000 kg/m 3, the density of the aluminum
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honeycomb core is 5.5 lb/ft, the honeycomb panel will have maximum deflect 1 mm with a
bending moment of 797 N-m at both end to the rails.
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APPENDIX C – THERMAL CONDUCTIVITY FOR THE PROPOSED AND
CURRENT DESIGN
An estimated value for thermal conductivity is found for both the current and proposed designs
are found with empirical equations with a simplified thermal model. The precise value is not
found due to the complexity of the real-life environment and unavailable input data
The current panel is simplified to a panel that consists of two parallel A36 steel plates that are
1.41 in. (based on the drawing provided by client) apart from each other between their inner
surfaces. It is assumed that the lower plate is heated from beneath under constant temperature
and all the heat are transferred to the top plate. A temperature difference of 60 K between the
panel’s upper and lower surface would exist when the engine is installed and running. Since the
plates are very thin compare to the gap inside the panel, they are considered infinitesimal small.
The model used to conduct thermal conductivity analysis is shown below in Figure A37, the
angle iron in between the plates are neglected since they only occupy a small amount of area.
The model used here is a horizontal heated upward-facing plate. In addition, the thermal
property of the panel is assumed to be unchanged with respect to temperature.

Figure A37. Schematics of the current panel

Use the empirical equations described in Ref. [17] and the thermophysical property of air listed
in Ref. [18] to estimate the effective thermal conductivity at -40 °C and +40 °C. The Rayleigh
number is:
𝑅𝑎 =
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𝑔𝛽Δ𝑇𝐻
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where g is gravitational acceleration, 𝛽 volume expansion coefficient (inverse of temperature
for ideal gas), 𝜈 is kinematic viscosity, 𝐻 is the characteristic length, here is the distance
between the upper and lower plate inner surface, Δ𝑇 is the temperature difference, and 𝛼 is
thermal diffusivity. Plug in the constants found in Ref. [18], the Rayleigh number is calculated to
be between 2 × 10 and 8 × 10 , which can use the following equations to estimate the
Nusselt number:

𝑁𝑢 =

0.54𝑅𝑎 (10 ≤ 𝑅𝑎 ≤ 10 , 𝑃𝑟𝑎𝑛𝑡𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 ≥ 0.7)

(5)

0.15𝑅𝑎 (10 ≤ 𝑅𝑎 ≤ 10 , 𝑎𝑙𝑙 𝑃𝑟𝑎𝑛𝑡𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 )

The Nusselt number is calculated to be between 11.85 and 8.98. The average coefficient of
convection can be estimated as:
ℎ=

𝑁𝑢𝑘
𝐻

(6)

where 𝑘 is the average thermal conductivity of air and it can be found in Ref. [18]. The average
coefficient of convection is calculated in between 8.5 and 9.1 W/m2 - K.
The effective thermal conductivity can then be estimated as following:
𝑘

,

= 𝐻ℎ

(7)

Therefore, the effective thermal conductivity for the current panel is estimated to be 0.31 W/mK and 0.29 W/m-K.
For our new design, the thermal conduction that happens inside the aluminum foil and the
reduced panel thickness would reduce the thermal conductivity. Meanwhile, the epoxy adhesive
layer that bond the sandwich panel will reduce the thermal conductivity to some degree.
However, it is very difficult to estimate effect that the epoxy layer since we are unable to obtain
the thermal properties of the epoxy layer. Therefore, the effect of the epoxy layer is ignored and
the thermal conductivity estimated here is the worst number thermal conductivity.
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The thermal conductivity for the new design is estimated based on the thermal resistance.
Figure A38 shows the thermal resistance model used to estimate our new design.

Figure A38. Diagram for thermal resistance

In Figure A38, 𝑅

and 𝑅 are the thermal resistance of the empty space and the aluminum

foil, respectively. The thermal resistance of the empty space can be calculated as:
𝑅

=

𝑘

,

𝐻
(1 − 𝜂 )𝐴

,

(8)

where 𝜂 is the percentage area that the aluminum foil occupies when viewed from normal
direction to the panel. 𝑘

,

,

is the effective thermal conductivity of the air for the new

design panel. It can be calculated based on the same method used for the current design. 𝐻
is the height of the new panel, which is 1 in. here. 𝐴 is the total area of the panel.
The percentage area that the aluminum foil occupies can be calculated based on the geometry
that our new design, which is 3.2%.
The thermal resistance of the aluminum foil is:
𝑅

=

𝐻
𝑘 𝜂 𝐴

(9)

where 𝑘 is the thermal conductivity of aluminum 3003. Based on Ref. [19], we use 170 W/m-K
here.
The equivalent thermal resistance is:
1
𝑅
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The effective thermal conductivity of the new design therefore is:
𝑘

,

=

𝐻
𝑅

𝐴

(11)

Plugin the parameters of our new design to estimate the thermal conductivity at -40 °C and +40
°C. The thermal conductivity is estimated to be 5.7 W/m-K.
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APPENDIX D – PRELIMINARY ENGINEERING DRAWINGS
The following seven pages consists of the preliminary engineering drawings of our design.
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APPENDIX E – PROCEDURAL DOCUMENTATION
The team has created various procedural documentation on how to properly assemble, operate,
and maintain the redesigned access doors. The assembly instructions, door operation
procedures for each configuration, and door maintenance procedure are provided below.

Door Operation Procedure
The procedures to operate the access doors vary slightly with each of the three door access
configurations. The operator’s must follow the proper operating procedures for each door
configuration to ensure operator and equipment safety. It is assumed that the engine is
mounted to the thrust frame while the operators are using the doors.

Full Access Door Configuration Operation Procedures
The general procedures to operate the door from the closed position to the full access
configuration are as follows:
1. Position the lift on the west side of the engine beam, as close to the beam as possible.
2. Remove the position lock pins corresponding to both lower and upper doors from the
middle of the thrust frame. The pins are attached to the frame with lanyards making it
okay to drop the pins.
3. Using the assistance tool, slide the east door towards the lift.
4. Once the door is in range of the operator, use the handles to push the lower and upper
door as far west as possible.
5. Activate the door lockout mechanism by inserting the position lock pins through the
frames into the lower door aluminum blocks as described in the Full Access Door Lock
Mechanism Section of the report.
6. Conduct the required work, re-positioning the lift on either side of the engine beam as
necessary.
7. Re-position the lift to the west side of the engine beam, as close to the beam as
possible.
8. Remove the position lock pins and lower door aluminum blocks from the frame, storing
back into the lift.
9. Using the assistance tool, slide the lower door towards the east until it hits the end of
the frame.
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10. Using the assistance tool, slide the upper door back into its closed position
11. Insert the four position lock pins through the middle of the frame as described in the
Door Lock Mechanism Section of the report.
12. Lower the lift. Ensure both lower door aluminum blocks are secured while moving the
lift.

East Half Access Door Configuration Operation Procedures
The general procedures to operate the door from the closed position to the east half access
configuration are as follows:
1. Position the lift on the east side of the engine beam, as close to the beam as possible.
2. Remove the position lock pins corresponding to the lower door from the middle of the
thrust frame. The pins are attached to the frame with lanyards making it okay to drop
the pins. Leave the upper door position lock pins in place.
3. Slide the lower east door under the upper door until the lower door hits the upper door
stops and cannot move further.
4. Activate the door lockout mechanism by inserting the position lock pins through the
frames into the lower door aluminum blocks as described in the East Half Access Door
Lock Mechanism Section of the report.
5. Conduct the required work on the east side of the frame.
6. Remove the position lock pins and lower door aluminum blocks from the frame, storing
back into the lift.
7. Slide the lower door towards the east until it hits the end of the frame.
8. Insert the two lower door position lock pins through the middle of the frame as
described in the Door Lock Mechanism Section of the report.
9. Lower the lift. Ensure both lower door aluminum blocks are secured while moving the
lift.

West Half Access Door Configuration Operation Procedures
The general procedures to operate the door from the closed position to the west half access
configuration are as follows:

1. Position the lift on the west side of the engine beam, as close to the beam as possible.
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2. Remove the position lock pins corresponding to the upper door from the middle of the
thrust frame. The pins are attached to the frame with lanyards making it okay to drop
the pins. Leave the lower door position lock pins in place.
3. Slide the upper west door above the lower door until the upper door hits the lower door
stops and cannot move further.
4. Activate the door lockout mechanism by inserting the position lock pins through the
frames into the upper door aluminum blocks as described in the West Half Access Door
Lock Mechanism Section of the report.
5. Conduct the required work on the west side of the frame.
6. Remove the position lock pins and upper door aluminum blocks from the frame, storing
back into the lift.
7. Slide the upper door towards the west until it hits the end of the frame.
8. Insert the two upper door position lock pins through the middle of the frame as
described in the Door Lock Mechanism Section of the report.
9. Lower the lift. Ensure both lower door aluminum blocks are secured while moving the
lift.

Door Maintenance Procedure
If any of the doors must be lowered from the thrust frame, it is recommended the entire access
door frame is lowered. Before lowering the frame, ensure that the engine and engine beam are
lowered and safely stored away from the thrust frame. The procedures to lower the access door
frame is as follows:
1. Ensure the doors are in the closed configuration, and that the door lockout mechanism
is properly installed for the closed door configuration.
2. Unfasten the screws and lock wire that bolt the door frame to the thrust frame post
stand.
3. Lower the entire assembly with properly rated equipment that is available on side at the
GE TRDC equipment such as lift.
4. Reference the assembly instructions to properly remove the component from the
assembly that must undergo maintenance.
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Assembly Instructions
Assembly instructions have been created to properly install the redesigned access doors onto
the thrust frame. The schematic assembly instructions are shown in the following pages:
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