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Dear Mr. Ramnath,   

We are pleased to present our Preliminary Design Report to you. The purpose of this 

report is to propose a preliminary design for the retractable inlet cover desired by MDS 

AeroTest. This report defines the problem with all associated needs, constraints, and 

specifications. This report then describes OmegaTech’s proposed solution, including all 

of the design’s components, as well as our team’s preliminary engineering analyses. If 

you have any questions regarding this report, please free to contact us at . 

Regards, 

OmegaTech  

 

 

 

Paul Rydberg  Prince Soriano  Hishaam Peerbuccus  Scott Entz 

 

  



MECH 4860 Engineering Design  

iii 
 

Table of Contents 

List of Figures ............................................................................................................................... iv 

List of Tables .................................................................................................................................. v 

Team Code of Ethics and Standards ......................................................................................... vi 

Executive Summary .................................................................................................................... vii 

1.0 Introduction ............................................................................................................................. 1 

1.1 Purpose ................................................................................................................................. 1 

1.2 Problem Background .......................................................................................................... 2 

1.3 Problem Statement .............................................................................................................. 3 

1.4 Project Objectives and Scope ............................................................................................. 3 

1.5 Project Needs, Constraints and Specifications ................................................................ 5 

2.0 Design ................................................................................................................................. 9 

2.1 Track Support Structure ............................................................................................. 10 

2.2 Suspended Rolling Cart ............................................................................................. 13 

2.3 Cover Roller ................................................................................................................. 17 

2.3.1 Structure ......................................................................................................................17 

2.3.2 Actuation .....................................................................................................................18 

2.4 Cover ............................................................................................................................. 19 

2.5 Swinging Arm Guides ................................................................................................ 20 

2.7 Safety ............................................................................................................................. 21 

3.0 Conclusion ............................................................................................................................. 22 

References .................................................................................................................................... 26 

Appendix ...................................................................................................................................... Ai 

 

  



MECH 4860 Engineering Design  

iv 
 

List of Figures  

Figure 1: GLACIER facility ..........................................................................................................2 

Figure 2: OmegaTech's retractable inlet cover in fully deployed/fully retracted ...............9 

Figure 3: Track support structure .............................................................................................11 

Figure 4:  Isometric view of the right hand side outreaching box when the structure is 

viewed from the front. ................................................................................................................11 

Figure 5: Section view of bottom half of the track support structure’s vertical upright ...12 

Figure 6: Section view of the track support structure’s truss. ..............................................12 

Figure 8: The suspended rolling cart in the fully extended state, showing an additional 

driving gear motor required to raise and lower the tarp. .....................................................14 

Figure 7: The suspended rolling cart in the fully retracted state. Beams 1 and 2 act as the 

track which the end trucks ride on, while I-beams 3 and 4 are used to connect the driven 

end tuck from the free-rolling end truck across the 9.8 meter track span. .........................14 

Figure 10: Exploded view of cart housing. Details show the motor cover, gear housing, 

cart housing faceplates and roller assembly. ..........................................................................16 

Figure 9: Motorized under running end trucks from MCP Inc. Standardized rubber end 

stops absorb impact of longitudinal motion, and  drop plates prevent further damage in 

the event of wheel failure ..........................................................................................................16 

Figure 11: Transparent view of roller actuation through a reduction ratio and a variable 

frequency gear motor. ................................................................................................................18 

Figure 12: Exploded view of the tarp connected to the weighted bar with caps ...............19 

Figure 14: Swinging arm guide pin locking mechanism. ......................................................20 

Figure 13: Sectional view of the bottom portion of the swinging arm guide in the 

deployed position. Pin locking mechanism located within the red circle ..........................20 

 

  

file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191084
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191085
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191086
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191087
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191087
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191088
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191089
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191090
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191090
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191091
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191091
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191091
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191092
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191092
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191093
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191093
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191093
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191094
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191094
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191095
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191096
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191097
file://eng.umanitoba.ca/Home/Users/umentz2/Eng%20Design/PDR%20V1-15-11-14%20V6-PR.docx%23_Toc405191097


MECH 4860 Engineering Design  

v 
 

List of Tables 

TABLE I: CUSTOMER NEEDS LIST ..........................................................................................6 

TABLE II: METRIC AND TARGET SPECIFICATIONS ..........................................................8 

TABLE III: DESIGN FEATURES VS CLIENT’S NEEDS .......................................................23 

 

 

  



MECH 4860 Engineering Design  

vi 
 

Team Code of Ethics and Standards 

In order to preserve the legitimacy of the Canadian Council of Professional 

Engineers, OmegaTech has taken necessary measures to ensure that all project tasks are 

carried out in a professional manner. OmegaTech’s primary goal is to produce 

engineering reports, analyses, discussions and recommendations that are 

indistinguishable from that of a professional in the engineering industry. OmegaTech is 

committed to delivering engineering documentation that reflects the high standards put 

in place by the University of Manitoba’s Faculty of Engineering (hereby referred to as 

the University). In order to ensure that the actions and products of OmegaTech are the 

best representation of the University’s successful engineering program, the team has 

created a formal Code of Ethics and Standards. The Code of Ethics and Standards is as 

follows: 

1. OmegaTech will consider the safety of the public as the highest ranking priority 

throughout the entire course of the project and during any extraneous work that 

may be performed. OmegaTech will rely on sound, well-established engineering 

principles, standards and codes to arrive at a solution. 

2. OmegaTech will aid their client in determining and subsequently meeting the 

precise needs of the client’s proposed project. 

3. OmegaTech will operate all lines of communication in a strictly professional 

manner.  

a. Communication of ideas will be open amongst the client and every team 

member. 

b. Continuing communication with the client will be considered a high 

priority. 

c. Internal communication will be regular, formal when necessary, and 

courteous. 

4. OmegaTech will conduct all meetings in a professional manner 

a. Meeting agendas will be circulated at least one (1) day prior to the 

meeting. 

b. Meeting minutes will be updated throughout the course of the meeting to 

accurately reflect the meeting’s content. 

c. Every team member and client present at the meeting will be given an 

opportunity to voice concerns at any given time throughout the course of 

the meeting. 

5. OmegaTech will welcome and accept any formal criticism of their work, 

operations, and communications.  

 

Paul Rydberg  Prince Soriano  Hishaam Peerbuccus  Scott Entz 



MECH 4860 Engineering Design  

vii 
 

Executive Summary  

The purpose of this project is to design a retractable cover that can prevent snow 

and ice from entering the inlet of a 25 foot diameter bell-mouth at the Global Aerospace 

Center for Icing and Environmental Research (GLACIER) Testing Facility in Thompson, 

Manitoba. The client is MDS AeroTest and the design team (Team 8 – OmegaTech) is 

comprised of four undergraduate students from the University of Manitoba’s Faculty of 

Mechanical Engineering. Team OmegaTech have used their collective engineering skill 

and experience developed over the past 4-5 years of education and related internship 

experience to design a fully functioning, retractable cover, which will be operable by 

one person.  

In addition to keeping snow out of the bell mouth and being retractable, the 

design must be safe, structurally stable and operable by a single person. No components 

may be in front of the bell-mouth when the cover is retracted in order maintain the 

quality of inlet airflow when testing. The retractable cover must be easily portable and 

cannot consume track space during the summer testing season. The cover must be 

durable, reliable, preserve the standards of the current testing and maintenance 

operations and not exceed $200,000 in cost. 

 OmegaTech has developed a preliminary design to prevent the ingress of snow 

into the bell-mouth driven by the needs developed by our team and the client. Our 

team’s design consists of a 22 oz. vinyl-polyester tarp that deploys downward through a 

set of retractable guides and covers the entire bell-mouth inlet. Remote operation of a 

variable frequency drive motorized roller allows for simple retraction and deployment 

of the tarp from a housing cart located above of the bell-mouth. A variable frequency 

drive motor is also used to power the cart housing, which may be suspended either in 

front of the bell-mouth when deployed, or completely behind the plane of the bell-

mouth inlet when retracted. The cart moves along a set of tracks that are permanently 

fixed behind the bell-mouth. The tracks are mounted under a support structure that 

surrounds the bell-mouth and attaches to the steel members supporting the bell-mouth, 

facilitating portability of the cover design. The cover can be fully deployed in 10 

minutes by a single person and has a material cost of $67,600.
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1.0  Introduction 

The following sections explore the purpose of the project, the details of the 

problem, as well as the client’s needs, constraints, and specifications. The purpose 

describes the reasoning for undertaking this design project, while the Problem 

Background introduces the context of the project. The Problem Statement provides a 

clear definition of the problem, which our team has successfully solved, whereas the 

Objectives section explains the details of what our team set out to achieve upon 

completion of the project. Our team’s project scope defines which engineering analyses 

is either included or omitted. The scope of the project is strongly influenced by the 

specific needs, constraints and specifications of the project, which were evaluated with 

input from the project’s client and summarized in the Project Needs, Constraints and 

Specifications section.  

1.1  Purpose 

The primary purpose of this project is to develop a feasible preliminary design of 

a retractable inlet cover, including a detailed product description for our client, MDS 

AeroTest. Additionally, this project serves to develop our engineering experience and 

skills in design and analysis, and technical writing and communication. Lastly, this 

project’s purpose is to test our engineering capabilities in an industrial environment.  
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1.2  Problem Background 

The client, EnviroTREC/ MDS AeroTest, owns the Global Aerospace Center for 

Icing and Environmental Research (GLACIER) Test Facility in Thompson, Manitoba. 

GLACIER, as seen in Figure 1, is a state-of-the-art facility used to perform ice and cold 

weather testing for commercial turbofan engines.  

World-renowned turbofan manufacturers Rolls Royce and Pratt & Whitney are 

the primary stakeholders of the facility. This facility tests engines with thrust capabilities 

of up to 150,000 pounds, and turbofan blade diameters up to 140 inches [1]. The test is 

completed by mounting the turbofan engine to the narrow end of the inlet tunnel. The 

engine then draws in cold air through the bell-mouth inlet where the air contacts the 

spray mast. The spray mast is a screen which adds moisture to the cold air. When this 

cold, moist air contacts the turbofan, it freezes instantly. The facility measures the 

performance capabilities of the turbofan under these cold and icy conditions. 

Figure 1: GLACIER facility 
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1.3  Problem Statement 

The inner diameter of the bell-mouth is 25 feet, and during winter storms, this 

inlet accumulates significant amounts of snow and ice. The accumulated snow and ice 

must be manually cleared and can require several person-hours to be removed. This 

removal process affects efficiency of MDS AeroTest’s operations in terms of time, 

productivity, and cost. 

1.4  Project Objectives and Scope 

The main objective of this project is to provide a preliminary design concept and 

analysis for an inlet retractable cover that will prevent snow and ice ingress and 

improve operational efficiency. The secondary objective of the project is to gain valuable 

experience in engineering design. 

To reach these goals we have developed a set of deliverables to be provided 

upon completion of the project. These deliverables were requested by the client and are 

as follows:  

 Provide the client with an executive summary covering all key parameters of the

suggested solution, summarized design decisions, and confirmation of meeting

all baseline metrics.

 Produce a preliminary design including all related specifications.

 Provide sound engineering rationale for all design decisions. Decisions must be

supported by thorough calculations, numerical approximations, and engineering

experience.

 Provide all assembly drawings and assembly procedures.

 Provide recommended maintenance specifics including required tools,

recommended intervals, detailed instructions, and routine checklists.

 Provide a thorough cost-analysis as anticipated when using readily available

materials from local vendors.

 Provide aerodynamic considerations of inlet air flow.
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 Provide a high level description of potential containment considerations (e.g. 

buildings to insulate electric motor during cold seasons), if needed. 

In order to avoid over extending our available resources, it was also important to 

define limitations in terms of the project scope. There are a number of areas that our 

team feels were related to the project but had to be omitted given the available time and 

working hours of a four-student team. A narrow project scope allows for thorough and 

rigorous design of a smaller subsection of components. The areas of engineering design 

and analysis that our team will focus on will consequently be constrained to the 

following: 

 Detailed Solidworks models and engineering drawings. 

 Finite Element Analysis (FEA) stress analysis via ANSYS or Solidworks FEA. 

o Stress analysis to include: 

 Static loading 

 Stress concentrations 

o Dynamic analysis: 

 Interference checks 

 Acceleration and speed of moving components 

 Wind loading 

 Thermal influences on materials, moving components, and power supplies. 

 Power requirements including justified selection of power source. 

 Machine components such as bearings, gear ratios, and shaft dimensions 

selected and justified, but not designed. 
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 Consideration of items that either fall outside of the mechanical engineering 

discipline or do not provide enough return on investment were left out of the project 

scope. These items are as follows:  

 Electrical and software systems responsible for initiating mechanical motions.

o General ideas for electrical/software solutions will be discussed but not

analyzed or designed.

 Procurement of materials and contracting services are out of scope.

 Assembly services and completed design inspections will not be provided by our

team.

 Machine design specifics will not be included (e.g. bearing design, gear design,

shaft design, belt design, and chain design).

 Engineering analysis of the following:

o Fracture mechanics

o Vibration influence on critical structural and functional components

 The specific design of a potential power supply unit (engines, motors, hydraulic

units) is out of scope.

1.5  Project Needs, Constraints and Specifications 

 The project needs outlined in this section display the requirements of the design. 

These needs were defined through discussion between the team and the client. The 

needs were categorized into environmental, safety, technical and functionality, and 

financial needs. With the use of a scoring matrix, the needs were given a weight to 

describe their level of importance. TABLE I displays the desired needs and their 

designated weight. 
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TABLE I: CUSTOMER NEEDS LIST 

ID No. Customer Needs Weight 

Environmental: The designed retractable cover must be able to withstand 

Thompson’s extreme weather conditions. 

N1 Components of the retractable cover must withstand the 

extreme temperature conditions of Thompson 
4.71% 

N2 The retractable cover must withstand extreme wind load 

conditions 
7.61% 

N3 
The retractable cover must support heavy snow loads 7.25% 

N4 
The retractable cover must sustain ice loads  6.88% 

N5 The retractable cover must resist material ultraviolet (UV) 

degradation 
0.36% 

N6 
The retractable cover must resist corrosion  1.45% 

Safety: The designed retractable cover should ensure the safety of the product, 

operator, and the surroundings where the cover will be operated. 

N7 The retractable cover must have a failsafe mechanism for 

operator safety  
6.88% 

N8 Structured components of the cover must comply to appropriate 

standards or building codes 
8.33% 

Technical Needs and Functionality  

N9 The retractable cover must not adversely affect inlet air quality 

(flow) 
6.16% 

N10 
The retractable cover must keep the snow out of the bell mouth 5.80% 

N11 The retractable cover must not allow foreign objects into the bell 

mouth   
6.52% 

N12 The retractable cover can be safely and easily accessed for 

maintenance 
4.71% 

N13 
The cover must retract  3.62% 

N14 
The designed retractable cover can be operated with one person 2.90% 

N15 
The retractable cover is safe and easy to operate 5.07% 

N16 
The retractable cover can be portable  2.90% 
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ID No. Customer Needs (continuation) Weight  

N17 
The retractable cover should be reliable  4.71% 

N18 The retractable cover must use readily available materials 

(avoiding custom parts as much as possible) 
1.81% 

N19 The retractable cover should require as little maintenance as 

possible  
2.54% 

N20  
The retractable cover allows for easy replacement of worn parts 1.45% 

N21 
The retractable cover design is easy to manufacture 2.17% 

N22 The retractable cover design should have a compact design 

solution 
0.36% 

Financial 

N23 
The final design should be within budget 0.72% 

 

The cover must be designed to accommodate various constraints. These 

constraints are based on the customer’s requests, codes and standards, environmental 

conditions, and site location. The following is a list of the given constraints and their 

explanations: 

 A budget of $200,000, as per MDS AeroTest. 

 The design must not affect the inlet air quality. This is to ensure that test results 

are not affected by any of the cover’s components.  

 The design must not contact or affect the spray mast. The spray mast is a crucial 

and highly technical component of the icing system and cannot be affected in any 

way. Each nozzle on the spray mast adds water into the passing inlet air and is 

carefully calibrated by the National Research Council of Canada.  

 The design is constrained by federal and provincial building codes and 

standards. This is to ensure the safety of employees and equipment. 

 The design is limited to components and materials that can withstand 

Thompson’s climate. Temperatures, wind speeds and precipitation must all be 

taken into consideration to ensure proper operation and safety of the cover.  
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 The design is limited to components and materials that are readily available or 

off-the-shelf. Due to Thompson’s location, custom materials are less readily 

available. The use of readily available materials allows maintenance to be more 

efficient and convenient.  

In order to quantify our needs and constraints as measurable values, our team 

developed metrics and target specifications with the aid and confirmation of the client. 

The metrics were also analysed to measure their sensitivity to change when designing 

for our needs. TABLE II displays the metrics and target specifications. The target 

specifications are shown in brackets beside their respective metric, and the sensitivity of 

the metric is included.  

TABLE II: METRIC AND TARGET SPECIFICATIONS 

ID No. Metric and Target Specifications Sensitivity 

T1 Withstand extreme temperature (+38⁰C and -49⁰C) 3.56 

T2 
Withstand wind loads (Max hourly average speed of 61 

km/hr) 
4.06 

T3 Maximum load (Dependent on design) 4.54 

T4 
Passing Safety standards (Pass, specific codes dependent on 

design) 
4.78 

T5 Affect on air inlet quality (None) 1.78 

T6 
Amount of snow allowed in the bell mouth (No snow 

accumulated) 
1.52 

T7 Number of foreign objects allowed (None) 2.62 

T8 Amount of operators (1 person) 1.90 

T9 Product Lifespan (5-10 years) 4.83 

T10 Time spent for product maintenance (1 day) 3.06 

T11 Maintenance frequency (4 times per season) 3.54 

T12 Cover retraction time (Maximum 30 minutes) 2.40 

T13 Project Budget (<$200,000) 9.00 

The sensitivity analysis provided us with an understanding of how designing to 

meet a specific target specification would influence our client’s needs or constraints. For 

example, meeting the project budget of less than $200,000 is a 9.00 for sensitivity, 

making it the target specification with the most potential to influence our ability to meet 

our client’s needs. 
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2.0 Design 

In order to create a retractable cover, an extensive brainstorming process was 

performed to determine an ideal solution to meet the needs and constraints of the client. 

After reviewing and analyzing over 20 potential concepts, available for viewing in 

Appendix A, OmegaTech decided upon a retractable cover that would deploy in a top-

down manner, and be concealed behind the top of the bell-mouth when not in use. 

Figure 2 shows the team’s design in both the fully deployed and fully retracted states. 

The design uses a large roller and an electrically driven motor to deploy and 

retract a 22 oz vinyl coated polyester tarp. The cover is weighted at the bottom, in order 

to prevent excessive flapping of the material. Several methods of actuation for 

concealing the cover behind the top of the bell-mouth were considered in the early 

stages of the design. These methods relied on rotating or pivoting the entire roller and 

cover about a pivot point, which required complex gear and cam profiles deemed too 

difficult to pursue. The final design implements a simple horizontal track system to 

guide the cover and roller back behind the bell-mouth. The design section of this report 

breaks down the proposed solution into five key categories as follows: 

Figure 2: OmegaTech's retractable inlet cover in the fully deployed and fully retracted 
positions. 
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1. Track Support Structure 

2. Suspended Rolling Cart 

3. Cover Roller 

4. Cover 

5. Swing Arm Guides 

Each category is considered a system, consisting of a combination of custom 

structures and off-the-shelf components. Team members were assigned to a specific 

system and focused their efforts on developing a thorough design for the system. 

Communication amongst all system designers was critical to ensure that components 

contain proper dimensions according to the relationships with inter-related systems. The 

needs and specifications of the client drove the design features of each system. This 

section will present the details of each system such that the features of the system are 

easily recognizable and readily contrasted with the client’s needs and specifications.  

2.1 Track Support Structure 

The track support structure, displayed in Figure 3, is mounted to the structural 

steel between the bell-mouth and the spray mast. This allows the track support structure 

to move readily with the bell-mouth and not require removal during the summer season 

as requested by the client. The support structure is located behind the bell-mouth to 

avoid affecting the quality of the inlet airflow and in front of the spray mast as to not 

affect any maintenance processes. The structure does not restrict access to the bell-

mouth tunnel, accommodating large maintenance machinery. The support structure is 

made of three components; the horizontal outreaching boxes, the vertical uprights, and 

the connecting truss.  
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The outreaching boxes, detailed in Figure 4, provide the support structure with a 

separation of 3.2 meters between the upright and the existing structural steel of the bell-

mouth stand. This distance is required to allow a Genie lift to gain access within the 

structure in order to perform maintenance along the side of the bell-mouth. Each box is 

bolted along the interior edges to the existing structural steel. The exterior edges of the 

box are bolted to the vertical uprights along the flanges of the interfacing steel angles. 

The uprights are also mounted on top of a tab that extends past the outer edges of the 

box.  

Figure 3: Track support structure 

Figure 4:  Isometric view of the right hand side outreaching box when 
the structure is viewed from the front. 
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 The vertical uprights provide the upper truss with sufficient elevation to allow 

the cover housing to extend over the top of the bell-mouth with no interference. The 

uprights are also positioned with enough vertical clearances to allow access to the top of 

the bell-mouth tunnel for maintenance. A sectional view of one of the uprights can be 

seen in Figure 5.  

 

The uprights are positioned closer to the front bell-mouth than to the spray mast 

as to allow the Genie lift to fit behind the upright and perform maintenance duties. The 

uprights are made primarily of steel square tubing and extend 1.1 meters above the top 

of the bell-mouth. 

The connecting truss displayed in Figure 6 is fastened to the vertical uprights on 

each side of the bell-mouth with heavy hex head structural bolts and spans 15.8 meters. 

The purpose of the truss is to support the cart system described in section 2.2.  

 

Figure 5: Section view of the bottom half of the track support structure’s vertical 
upright 

Figure 6: Section view of the track support structure’s truss. 
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The current structure responsible for holding the bell-mouth in place is not 

designed to accommodate additional material bolted to it and may suffer from the 

resulting loads of the track support structure. Consequently, we advise that the existing 

bell-mouth support structure be reinforced in order to ensure the safe mounting of our 

auxiliary structure to the bell-mouth assembly. However, the information available to 

our design team, along with the time constraints did not allow for an engineering 

analysis of the reinforcements.   

The track support structure weighs 40 tonnes and meets the needs of the client in 

that it allows easy access for maintenance, is be portable, does not affect the quality of 

the inlet airflow and does not contact the spray mast. Preliminary dimensional 

considerations as well as stress, strain, and buckling analyses performed for the track 

supporting structure can be found in Appendix B. 

2.2 Suspended Rolling Cart 

The suspended rolling cart acts as the link between the track support structure 

and the retractable cover housing. The cart is comprised of static structural members 

and a single dynamic component. All structural members are made of readily available 

materials, while the dynamic component responsible for actuating the cart is a stock 

product from Modular Crane Products Inc. Figure 7 shows both the structural and 

dynamic components of the cart in the retracted state, while Figure 8 shows the cart in 

the fully extended state.  
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Figure 8: The suspended rolling cart in the fully extended state, showing an 
additional driving gear motor required to raise and lower the tarp.  

Figure 7: The suspended rolling cart in the fully retracted state. Beams 1 and 2 act as 
the track which the end trucks ride on, while I-beams 3 and 4 are used to connect the 

driven end tuck from the free-rolling end truck across the 9.8 meter track span. 

1 

2 

4 
3 
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Beams 1 and 2 shown in Figure 7 are metric designation W 10” x 30# wide flange 

beams and function as the tracks for the end trucks to roll on. The structural members 

labelled 3 and 4 in Figure 7  are W 8” x 67# wide flange beams responsible for two 

separate functions. First, both beams span the 9.8 meter width of the track, joining the 

two end trucks of the cart. Secondly, the beams bear the load of all the components 

within the roller housing, along with the roller housing itself. The three beams 

supporting the roller housing are W 10” x 30# wide flange beams, the same beams used 

for the tracks. Although the beams attached to the cart are oversized, they improve the 

overall simplicity of the design by limiting the variety of beam sizes. The preliminary 

analysis performed to determine the size of the structural beam members is included in 

Appendix B. 

Modular Crane Products (MCP) Inc. provides under running motorized end 

trucks used to drive the entire cart assembly between the fully retracted and fully 

extended positions. MCP end trucks are capable of supporting up to 10 tonnes and use a 

variable frequency gear motor to provide motion. Depending on the application, the 

variable frequency drive (VFD) of the motor provides operating parameters of 0.15 – 300 

RPM and 0.075-100 HP. The end trucks selected for our design operate with a 3-phase 

motor driving a matched set of wheels at 3.3 RPM. The radius of the driving end truck 

wheel is 100 millimeters, equating to a nominal cart speed of 2.6 cm/s. The end trucks 

are capable of moving the entire cart and roller housing from the fully retracted to fully 

extended position (a total of 1.7 meters) in one minute. Figure 9 shows the end truck 

available from MCP. The gear motor is self-supported via a flange mount and runs off a 

575 VAC supply, the same voltage supply used by the AC motors presently on site.  
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The final component of the suspended rolling cart is the cover roller housing. 

The housing is constructed out of grade 3 7075 –T6 aluminum sheet metal. The housing 

is divided into four folded sections of 3.35 meter lengths, connected to one another using 

internal bolted flanges as pictured in Figure 10. 

Figure 9: Motorized under running end trucks from MCP Inc. 
Standardized rubber end stops absorb impact of longitudinal motion, and  

drop plates prevent further damage in the event of wheel failure [3]. 

Standard rubber end stops 

Drop plates 

AC VFD 

Gear Motor 

Faceplate 

Bolted flanges 

Figure 10: Exploded view of cart housing. Details show the motor 
cover, gear housing, cart housing faceplates and roller assembly. 

Motor cover Gear housing 

Tarp locking bars 
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The cart housing serves to protect the roller and the tarp cover from inclement 

weather conditions including heavy snow and wind loads as well as UV degradation. 

The following section describes the roller used to deploy and retract the cover. 

2.3 Cover Roller 

The two main design considerations of the cover roller are the structural 

considerations and the mechanical actuation of the tarp cover. High strength materials 

are implemented in the roller and roller fixtures in order to accommodate the large span 

across the bell-mouth.  

2.3.1 Structure 

The roller interfaces with both the cover roller housing and the cover, providing 

the rotational motion necessary for tarp retraction. Upon actuation, the roller will rotate 

about its axis, either drawing the tarp upwards, or lowering the tarp towards the 

ground. In order to accomplish this task successfully, the roller must be strong enough 

to support its own weight along with the weight of the tarp cover and the weighted bar 

described in section 2.4. Additionally, the roller is supported on either end by spherical 

roller bearings capable of supporting large radial loads, and high degrees of 

misalignment.  

Due to the 12.8 meter span required to fully cover the bell-mouth opening, the 

roller is designed to minimize the sag typically seen in a large, simply supported beams 

under a distributed load. The size of the roller meant that it was also important to 

include self-weight when determining the deflection of the roller. A roller constructed 

out of 8 inch Schedule steel pipe was the optimal solution for the roller construction, as 

determined by iterating through several readily available pipe sizes in a finite element 

analysis under appropriate boundary conditions. The details of this analysis are 

available for viewing in Appendix B.  

Once the size of the roller had been determined the bearing journals were 

designed to support the roller. The bearing journals are welded to faceplates covering 

the ends of the roller. The faceplates contain a circular bolthole pattern around their 
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perimeter allowing the bolts to secure the faceplate to the roller. The journals and the 

faceplates underwent an iterative analysis in ANSYS WorkBench to determine optimal 

geometries. The faceplate and journal material is specified as AISI 4140 Alloy Steel. This 

material provides a maximum yield stress of 415 MPa, which is over 150 MPa greater 

than that of plain carbon steel [2]. Again, the results of the iterative FEA are contained in 

Appendix B. Specific bearing mounting strategies on the bearing journals are out of 

scope during this preliminary design stage. 

2.3.2 Actuation  

The primary objective of the roller is to deploy and retract the tarp by means of 

providing a rotating force. The mechanism driving the roller must be capable of 

providing 610 N∙m of torque in order to overcome the weight of the tarp and weighted 

bar, along with any initial inertial loads of the roller itself. In order to provide this 

torque, an AC motor with variable frequency AC motor drive controller, coupled with a 

reduction gear box, is implemented. As is typical in AC motor applications, a gearbox is 

required to reduce the rotational speed of the electric motor to a practical value and may 

be used to increase the mechanical advantage available to do work, in our case the work 

required to retract the cover.  

Figure 11: Transparent view of roller actuation through 
a reduction ratio and a variable frequency gear motor. 
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2.4 Cover 

 The cover achieves the primary objective of our design, which is to prevent snow 

ingress. It is 12.8 meters by 13.7 meters in order to fully cover the bell-mouth inlet. The 

cover will prevent the build-up of snow and ice within the bell-mouth. To tolerate the 

large wind load, extreme temperatures, and required weight, the tarp cover is built out 

of a custom super heavy-duty polyvinyl chloride (PVC) tarp. The cover is fastened to the 

cover roller at the top end of the cover with bolts and flat bars as pictured Figure 10 and 

the cover is weighted using a 51 millimeter diameter steel bar sewn into the bottom of 

the tarp. This steel bar maintains tension within the tarp to prevent it from folding and 

flapping in the wind. Attached to each end of the steel bar is a cap used to contain the 

bar within the tarp, as shown in Figure 12. 

These steel caps also fit within the swinging arm guides, described in Section 2.5, 

to help safely lower the tarp. On each side of the tarp, three meters above the bottom of 

the cover hangs a strap made out of reinforced vinyl tarp with a spring clip attached to 

the end of the strap. These clips can be manually hooked to the structural steel of the 

bell-mouth to create a tight seal between the tarp and the sides of bell-mouth. The 

analysis of the tarp’s properties and strength are located in Appendix B. 

Figure 12: Exploded view of the tarp connected to the weighted bar with caps 
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2.5 Swinging Arm Guides 

Figure 14: Swinging arm guide pin locking mechanism. 

Figure 13: Sectional view of the bottom portion of the swinging arm guide in the 

deployed position. Pin locking mechanism located within the red circle 
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 The c-channel prevents the weighted bar, and consequently, most of the tarp, 

from swinging into or away from the bell-mouth in an unsafe manner due to 

unpredictable wind gusts. The wind force results as well as the swinging arm guides’ 

stress and deformation analysis can be seen in Appendix B. 

2.7 Safety  

 A Failure Modes, Effects and Criticality Analysis (FMECA) was implemented in 

order to identify the potential failure modes on the critical components of the retractable 

cover design. TABLE XX in Appendix B the FMECA matrix of the critical components of 

our retractable cover design. The critical components’ features, functionality, possible 

failure types, possible causes of failure, failure detection methods, effects of failure on 

the system, severity, failure rate, criticality, and preventive actions are outlined in the 

following analysis. For the retractable cover design, the critical components that were 

analyzed are as follows:  

 Track Support Structure 

 Rolling Suspended Cart  

 Cover Roller  

 Tarp/Cover  

 Swinging Arms  
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3.0  Conclusion 

Our client, MDS AeroTest, operates the GLACIER test facility in Thompson, 

Manitoba. The facility tests commercial turbofan engines for their ability to withstand 

cold and icy conditions. MDS AeroTest requires a retractable cover to prevent the 

buildup of snow and ice within the 7.6 meter inner diameter bell-mouth inlet of the 

facility.   

Our team, OmegaTech, has developed a design that meets the needs of the client. 

The design contains a support structure that mounts onto the existing structural material 

and extends above the bell-mouth. A cart with the ability to move in front of and retract 

behind the bell mouth is suspended on tracks mounted to the support structure. Within 

the cart is a roller with a vinyl-coated polyester cover, which can roll and deploy the tarp 

downward, covering the bell-mouth. The roller is rotated by means of a variable 

frequency drive electric motor coupled to a gear reduction box with a ratio of 2.14. As 

the tarp moves up and down c-channel guides on either side prevent any incidental 

damage to the bell-mouth or to human bystanders. The c-channels have the ability to 

swing in front of and behind the bell-mouth when needed. TABLE III below depicts our 

clients’ major needs and the features of our design that meet each specific need and 

specification of our client.  
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TABLE III: DESIGN FEATURES VS CLIENT’S NEEDS 

Need Feature 

Must keep snow out of bell mouth 

Tarp covering entire outer diameter of the 

bell-mouth. 

Swinging C-channel guides to hold tarp 

in place at bottom. 

Straps to hold sides of tarp tight to bell-

mouth. 

Must be retractable 
A roller used to retract the tarp upward 

and out of the way. 

Must withstand wind (Max hourly 

average speed of 61 km/hr) 

Fortified and slim structural components 

to prevent wind from building up. 

Guides to support the tarp when wind is 

blowing. 

Must withstand temperature  

(+38⁰C and -49⁰C) 

Calculations and tests completed with 

temperature factored in. 

Must support snow loads 

Cart and roller housing given a narrow 

profile to prevent snow build up. 

Large structure to support loading. 

Must resist UV degradation 

Polyvinyl chloride coated polyester tarp 

provides maximum protection against 

UV degradation. 

Must resist corrosion 
Painted steel components prevent metal 

corrosion. 

Failsafe for operator safety 
Guide for safe deployment of tarp 

Locks on swinging c-channel guides. 
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Need Feature 

Must not affect inlet flow Roller to retract cover. 

Cart to move roller housing behind the 

bell-mouth. 

Support structure is located behind the 

bell-mouth. 

Swinging C-channel guides are able to 

move behind bell-mouth. 

Must not allow foreign objects to enter 

bell mouth 

Few fastening components located in 

front of bell. 

Fasteners equipped with lock wire when 

able. 

Must be safe and easy to access for 

maintenance 

Structure allows appropriate access to 

complete bell-mouth maintenance. 

Current components remain accessible by 

Genie lift. 

Can be operated by one person Pendant controlled actuation of cart and 

tarp motion. 

Straps are easy to hook to structural steel. 

Arm guides are supported by structure 

and able to be moved by one person. 

Must be portable Cover support structure is attached to 

existing structural steel, moving with the 

bell-mouth at all times without taking up 

space on the track or ground. 

Should be reliable Few moving components. 

No environmentally sensitive 

components. 

Should be durable (5-10 year life) Components are strong, resist UV 

degradation and resist corrosion. 
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Need Feature 

Must be safe and easy to operate One man operation  primarily completed 

by remote. 

Manually completed tasks are simple. 

Should require as little maintenance as 

possible (4 times per season) 

Few moving components. 

Durable structure. 

Must be structurally sound Tested for buckling, yielding, and 

deformation. 

Cover retraction time (Maximum 30 

minutes) 

Cover can be retracted in 10 minutes. 

Automated retraction time of 6 minutes. 

Manual retraction estimated at 4 minutes. 

Our team’s proposed preliminary design contains numerous features that act to 

fulfill all of the client`s needs and specifications. Backed up by preliminary engineering 

analysis, and a detailed cost report, we believe that MDS AeroTest will be satisfied with 

what our team has developed to prevent snow ingress into their test inlet. The complete 

assembly mounted to the bell-mouth with all auxiliary components has a total mass of 

41 tonnes and a total material cost of $67,600. The details to the cost report and the bill 

of materials can be found in Appendix B. 
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Introduction 

Team 8: OmegaTech was given the task of designing a retractable inlet cover. The cover 

will prevent snow and ice from building up in the inlet bell-mouth of the Global Aerospace 

Center for Icing and Environmental Research (GLACIER) in Thompson, Manitoba. The client, 

MDS AeroTest, requires the design to keep snow out of the bell-mouth and simultaneously not 

interfere with the inlet airflow of the test facility when the cover is fully retracted. The design 

must be stable, safe, reliable, and durable. The cover must also be portable so that it can be 

completely removed when summer testing is in progress. The cover should be deployable by 

one person and should not exceed $200,000 in cost. Appendices A through C are provided to 

give details of the final design generated for this project.  

Appendix A displays the concept generation and screening process conducted for this 

project. This includes all of the design concepts that were generated from numerous 

brainstorming sessions described with a picture and written explanation, as well as pros and 

cons of the design. Also included is an explanation of the screening process, depicting the 

process of how the final design was determined from the various concepts, with tables and 

results.  

Appendix B shows the analysis completed in generating our final design. This includes 

preliminary calculations such as predicted wind forces, electric motor requirements and cover 

retraction speeds. This section also displays the finite element analysis (FEA) completed in 

order to test components for stress, deformation, and buckling. Lastly, the details of the project 

costs are displayed with references. 

Appendix C displays the manufacturing and assembly drawings of the final design for 

the major components. This includes drawings for the support structure, suspended rolling cart, 

roller housing, roller, and tarp.  
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A.1  Introduction 

Through brainstorming individually, and as a team, various concepts to cover 

the air inlet of the GLACIER test facility were developed. This section displays all of the 

design concepts generated by our team in the conceptual development phase of the 

project, as well as the screening process completed to determine the final design.  

A.2  Preliminary Concepts 

Figure 1 to Figure 24 display the design concepts that were generated after the 

determination of the customer needs and target specifications. Each concept is described 

with the original drawing and a written explanation. Below each concept’s sketches, a 

list of the pros and cons for each design provide justification for the scores that were 

obtained in the screening and scoring matrix. The concepts are organized in the order 

that they were analyzed within the screening process of the Conceptual Design Report. 

The top concepts were given names in order to ease communication with the client.  



MECH 4860 Engineering Design 
 

A8 
 

TABLE I: Reference Concept Description 

The sliding overhang design concept features a sliding overhead that holds the tarp. The 
overhead on top will slide back and forth using a rail so that it can be retracted back 
when it is not in use. The tarp will be hanging in front of the bell-mouth, and an electric 
motor will bring the tarp down. The tarp is designed to have cables and wires inside the 
tarp. The cables and wires will have a hook that will be anchored to a winch. The winch 
will be attached to the frame and will help tighten the tarp and prevent damage due to 
wind loads. 

Pros Cons 

 Compact design  

 Simple design 

 Utilizes the existing frame structure  

 Maximum load on top of the bell-
mouth frame structure is uncertain 

 Difficult access for maintenance 
(above ground)  

 Possible accumulation of snow on 
top of the overhead  

  

Figure 1: Reference concept 
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TABLE II: Concept 1 Description 

This design cover concept is made up of two retractable halves. The cover is based on 
two types of structures. The back structure (inner part) is placed in front of the inlet and 
is made up of lightweight panels of feasible materials (e.g. honeycomb aluminum 
panels) and covers the inlet of the tunnel completely. The outer structure forms a dome 
like structure made up of material such as steel tubes or PVC tubes with oval shapes to 
counter the wind loads.   

Pros Cons 

 Simple design 

 Counter wind structural design 

 Complete coverage of inlet 

 Needs extra support for towing 

 Needs extra mechanism for 
retraction 

 Can be heavy 

 Can be difficult to manufacture 

 Needs motorization mechanism 

Figure 2: Concept 1 



MECH 4860 Engineering Design 

A10 

TABLE III: Concept 2 Description 

This design cover concept is made out of retractable panels deployable by actuators. The 
cover will be structured around the inlet of the bell-mouth. In addition, for ease of 
closing the panels, an elastic material coating will be adapted to seal and cover the bell-
mouth as one body. The panel can be made out of aluminum or composites.  

Pros: Cons: 

 Fully covers the inlet

 Easily deployable

 Strong structure

 Motorized

 Can be heavy

 Can be costly

 Structured position of cover can be
critical to inlet airflow with
negative influence

 Needs space for retraction

Figure 3: Concept 2 
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TABLE IV: Concept 3 Description 

This design cover concept is composed of retractable panels deployable by one circular 
structure that slides along the panels with constant displacement on panel rails until 
panel is fully closed or open. The cover is structured around bell-mouth structure inlet. 
Panels have elastic material coating to adapt to ease panel closing and seal cover as one 
body. Panel can be made of aluminum or composites.  

Pros Cons 

 Covers inlet fully 

 Easily deployable 

 Strong structure 

 Can be heavy 

 Can be costly 

 Structured position of cover can be 
critical to inlet airflow with 
negative influence 

 Needs space for retraction 
 

Figure 4: Concept 3 
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TABLE V: Concept 4 Description 

This design cover concept is made out of retractable panels deployable on 3 concentric 
circular structures mounted on one shaft. Panels are fixed on smaller circular structure. 
Panels are supported and moved along rails implemented on the two larger circular 
structures until fully closed or fully open. Panels are connected to each other by fabric 
mounted on their edges. Fabric compensates gaps caused by retraction of panels when 
opened fully. Material for panels can be aluminum or composites.  

Pros Cons 

 Covers inlet fully

 Readily available materials

 Easily deployable by one person

 Strong structure

 Complex design

 Can be heavy

 Can be costly

 Needs space for retraction

 Needs to be towed

Figure 5: Concept 4 
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TABLE VI: Concept 5 Description 

This concept is a fully operational cover setup that is made out of fabric panels of 
triangular shape. Panels are individually rolled along bobbins around the back of bell 
mouth front structure. The panels are zipped to each other through zip tracks 
incorporated on edges. Zippers are deployed by using cables/wires/ropes mounted in 
between each panel. When fully closed, cables are rolled at the center of the cover 
structure on a bobbin mounted when cover is closed. 

Pros Cons 

 Covers inlet fully

 Mounted on structure

 Lightweight

 Cost effective and cheap

 Time consuming deployment

 Zip can be vulnerable to weather
conditions

 Weak structure

Figure 6: Concept 5 
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TABLE VII: Concept 6 Description 

This concept is a fully operational cover setup that consists of panels moving along rails 
on circular structure based on its own foundation support. Structure is mounted on front 
of bell mouth in contact with bell mouth structure. Elastic material used along circular 
structure edge where contact with bell mouth is enabled.  

Pros Cons 

 Covers inlet fully 

 Unique design 

 Mounted on towable structure 

 Strong structure 

 Weather condition friendly 

 Motorized retraction 

 Complex design 

 Massive and heavy structure 

 Requires space for towing 

 Very costly 

 Lots of components 

 Requires high level of 
maintenance 
 

Figure 7: Concept 6 
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TABLE VIII: Concept 7 Description 

This concept is a fully operational cover setup structured and founded on the bell-mouth 
support structure on both side of the bell-mouth. A panel storage dispenses panels from 
top of structure just enough to descend in front of bell-mouth and locked at fabric 
support structure mounted underneath the bell-mouth inlet. Cover is then tightened by 
moving storage dispenser backward of bell-mouth via hydraulic actuators. Panel storage 
is kept behind bell-mouth when cover is not in use.  

Pros Cons 

 Very compact

 Simple design

 Snow loads on top of
dispenser/storage

 Stability issues

 Might be vulnerable to high winds

 Requires strong support structure

 Panels can fail to withstand
required retraction

 Can be costly

Figure 8: Concept 7 
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Figure 9: Concept 8 

TABLE IX: Concept 8 Description 

This concept is a fully operational cover setup structured and founded on the bell-mouth 
support structure on both side of bell-mouth. A fabric storage is dispenses fabric from 
top of structure just enough to descend in front of bell mouth and locked at fabric 
support structure mounted underneath the bell-mouth inlet. Fabric is then tightened by 
moving storage dispenser backward of bell-mouth via hydraulic actuators. Fabric 
storage is kept behind bell-mouth when cover is not in use.  

Pros Cons 

 Compact 

 Less costly 

 Simple design 

 Few materials 
 

 Snow loads on top of 
dispenser/storage 

 Stability issues 

 Might be vulnerable to high winds 

 Requires strong support structure 

 Wind may be a concern 
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TABLE X: Concept 9 Description 

This concept is a fully operational cover setup structured and founded on the bell-mouth 
support structure on both side of bell-mouth. A fabric storage is dispenses fabric from 
top of structure just enough to descend in front of bell-mouth and locked at fabric 
support structure mounted underneath the bell mouth inlet. Fabric is then tightened by 
moving storage dispenser backward of bell-mouth via hydraulic actuators. Incorporated 
fabric support fixed at structure truss is deployed to hold fabric against bell-mouth outer 
circular wall on each side of bell-mouth. Fabric storage and fabric supports are retracted 
and kept behind bell-mouth when cover is not in use. 

Pros Cons 

 Compact 

 Simple design 

 Strong hold of cover 

 Motorized 

 Requires strong support structure 

 Can be costly 

 Many mechanisms and movements 

 Needs multiple motors 
 

Figure 10: Concept 9 
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TABLE XI: Concept 10 Description 

This concept is a fully operational cover setup with its own towable ground support on 
side of bell-mouth. Cover structure is pivoted via a cantilever beam. Brace is set on 
ground to support structure in front of bell-mouth. Fabric is rolled around circular rail 
on circular structure from conical fabric storage until cover structure is fully closed.   

Pros Cons 

 Strong hold of cover

 Motorized

 Very strong structure

 Unique design

 Fully adapt to weather conditions

 Self-contained

 Costly

 Complex and bulky design

 Huge and heavy structure

 Lots of parts and components

 Lots of mechanisms and
movements

 Needs multiple motors

Figure 11: concept 10 
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TABLE XII: Concept 11 Description 

This concept is a fully operational cover setup with its own towable ground support on 
side of bell-mouth. Cover structure is pivoted via a cantilever beam. Brace is set on 
ground to support structure in front of bell-mouth. Umbrella design structure with 
retractable supports containing fabric is opened via center to form umbrella shape 
structure in front of bell-mouth. Umbrella design sides are in contact with bell-mouth to 
fully cover inlet of tunnel.   

Pros Cons 

 Self-contained 

 Motorized 

 Unique design 

 Costly 

 Complex, bulky and heavy design 

 Lots of parts and components 

 Lots of mechanisms and 
movements 

 Needs multiple motors 

Figure 12: Concept 11 
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TABLE XIII: Concept 12 Description 

This concept is a fully operational cover setup with its own towable ground support on 
side of bell-mouth. Cover structure is moved via gear track mechanism. Braces are set on 
ground to support structure in front of bell-mouth. Circular structure is rotated and 
fabric is dispensed around circular rail on circular structure from fabric storage which 
moves along a path to enable full closing of circular structure.   

Pros Cons 

 Strong hold of cover 

 Motorized 

 Very strong structure 

 Unique design 

 Self-contained 
 

 Costly 

 Complex and bulky design 

 Huge and heavy structure 

 Lots of parts and components 

 Lots of mechanisms and 
movements 

 Needs multiple motors 

Figure 13: Concept 12 
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TABLE XIV: Concept 13 Description 

This design concept consists of an inflatable balloon that is attached to ratchet strap 
hooks that will keep the balloon in the bell-mouth. This design concept was proposed to 
MDS as a final design concept from a design consultant company. 

Pros Cons 

 Compact design 

 Simple design  

 Fully plugs the bell-mouth  

 Need a lift to attached the ratchet 
strap hook  

 
 

 

 

 

Figure 14: Concept 13 
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TABLE XV: Concept 14 Description 

This design concept has four major components, the tower car, top frame rail, the side 
sub frame, and the folding square panels. The tower car is where the folded square 
panels are stored. The top frame rail will have a set of rails that the square panels can 
slide through. The top frame has an option that can slide back and forth as well. The side 
sub frame is attached to the bell-mouth structure and it is where the hydraulic hook 
locks will be attached. Furthermore, at the end of the square panel there is a pin 
assembly that is attached to a hydraulic lock. The hydraulic hook lock will be activated 
by the person at the bottom. The hook lock will help secure the square panels from the 
wind loads. 

Pros Cons 

 Self-contained  Expensive to manufacture

 Significant amount of moving parts

 The top frame component will be
difficult to maintain

Figure 15: Concept 14 
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TABLE XVI: Concept 15 Description 

This design concept consists of folding panels that can be retracted onto the ground. The 
structure will be on rails so that it can be move away from the bell-mouth when it is not 
in use.  

Pros Cons 

 The structure is on the ground so it 
has easy access for construction 
and maintenance 

 The structure uses little material   

 Large lever difficult to lift 

 Low stability (hinges/small) 

 

 

 

Figure 16: Concept 15 
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TABLE XVII: Concept 16 Description 

This design concept consists of a fabric cover and a movable base. The structure is self-
standing and has a retractable fabric. The fabric is attached to retractable stabilizing 
bracings that enable the fabric to move up and down.  

Pros Cons 

 Self-contained 

 Completely mobile   

 Complex base 

 Has a tendency to flap on top  

 Large free standing object  

 

 

 

 

Figure 17: Concept 16 



MECH 4860 Engineering Design 

A25 

TABLE XVIII: Concept 17 Description 

This design concept has a fabric cover, braced overhanging arms, and two curved tracks 
(one for arm and one for bracing) that is mounted on the structural steel above the bell-
mouth. The frame structure on top of the bell-mouth can be a potential holding device 
for the retracted fabric.  

Pros Cons 

 Compact

 Has minimal movements

 Stability issues might occur in the
arm of the structure

 Requires containment of fabric

Figure 18: Concept 17 
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TABLE XIX: Concept 18 Description 

This design concept has a fabric that is wound underneath the bell mouth. There are 
hinged arms that swing inward and locks when it is fully extended. The braced track is 
located behind the bell-mouth. The arms will move up to cover the bell-mouth.  

Pros Cons 

 Compact design 

 Stable track   

 Multiple moving parts  

 Arm stability could be a potential 
issue 

 Snow buildup under bell-mouth is 
an issue  

 

 

 

 

Figure 19: Concept 18 
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TABLE XX: Concept 19 Description 

This design concept has bi-fold panels that are stored inside a LHS enclosure and will be 
fixed into a RHS upright. The panels will slide along a track that is mounted on top of a 
cart. In addition, the cart is divided into two parts, with LHS upright mounted on the 
LHS of the cart, RHS upright on RHS of the cart. The cart contains a nested box beam 
frame that allows the cart to extend and contract (it controls the opening and closing of 
the panels). 

Pros Cons 

 Entirely self-contained structure, it
allows for complete removal from
site

 Extension of the panels would
require a ramp to protect the tracks
and aluminum rails

Figure 20: Concept 19 
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TABLE XXI: Concept 20 Description 

This design concept consists of three collapsible door sections. The door sections will be 
hydraulically powered to lift and lower the system. Also, there are wheels mounted to 
the system to utilize the track. These wheels are attached to a DC motor that is used to 
propel the system. In addition, a third independent non-driving wheel (mounted at the 
rear) is integrated into the system to act as an additional bracing.  

Pros Cons 

 Uses track as means of portability  
 

 Snow ingress from sides is possible 
due to staggering of the door 
system  

 Lack of stability  

 Will remain fairly large even upon 
full retraction 

 

 

Figure 21: Concept 20 
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TABLE XXII: Concept 21 Description 

This design concept couples a bi-fold panel system with a track mounted truss structure. 
The bi-fold panels are controlled by an electric motor. Also, the panels offset towards the 
bell-mouth to allow closer contact with the bell-mouth 

Pros Cons 

 Uses track as means of portability 

 Stable 
 

 Retraction seems unnecessary. If it’s 
on tracks, it may be able to just 
move down the track during 
testing.  

 Power will have to be routed from 
existing systems to power the 
electric motors 

 

 

 

Figure 22: Concept 21 
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TABLE XXIII: Concept 22 Description 

This design concept incorporates the balloon concept while utilizing the rails. The two 
links slide sideways to lower the truss system. The truss system holds the balloon in 
place and keeps it in front of the bell-mouth.  

Pros Cons 

 Uses track as means of portability 

 Forms tight seal with bell-mouth 

 Have a significant amount of 
moving components  

 Could still be a large structure even 
after it’s fully retracted  

 

 

Figure 23: Concept 22 
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TABLE XXIV: Concept 23 Description 

This design concept also incorporates the balloon concept and utilizes the rails for 
portability. The balloon is attached to a truss system that is also connected to a large 
cantilever beam. DC motors or a hydraulic system raises the cantilever up and down.   

Pros Cons 

 Uses track as means of portability 

 Forms tight seal with bell-mouth 

 Easy maintenance due to the 
component being on the ground  

 Could still be a large structure even 
after it is fully retracted  

 Needs a lot of force to lift the 
cantilever up 

 

  

Figure 24: Concept 23 



MECH 4860 Engineering Design 

A32 

A.3  Concept Screening 

The concept-screening phase was performed to determine which concept the 

team would pursue and continue to develop. The screening process compared the 23 

conceptual designs against a reference design. We rated each concept, relative to the 

reference design, on its ability to meet our customer’s needs. In the case of a ‘+’, the 

concept more readily met the customer’s need. A ‘-‘ meant the reference design more 

readily met the customer’s need. If both the concept and the reference design equally 

met a customer’s need, a ‘0’ was given. The total score for each concept was calculated 

as the summation of all ‘+’ , less the number of ‘-‘. The sliding overhead design concept 

was chosen as the reference concept due its relatively moderate design complexity. 

TABLE XXV and TABLE XXVI, break up the concept-screening matrix into two pages. 

The nine concepts highlighted in green scored the highest and were therefore carried 

through to the concept-scoring phase.   
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A.4 Concept Scoring 

The concept-screening matrix provided us with nine concepts that had potential 

to be further developed. In order to justify the selection of our top three concepts, our 

team relied on the weighted customer needs. The weights associated with each need are 

representative of the relative importance of the need. For needs that are of greater 

importance, a high weight factor is seen. The weighting factors ensure that concepts 

which do not perform well with respect to a critical need, are penalized. The top nine 

concepts were rated on a scale of one to five based on their ability to meet a specific 

need. The scale of one to five represents an increasing ability of a concept to meet a 

given need and the specific qualitative meaning of each rating is as follows: 

1. Very poor ability to meet a given need, with high risk. 

2. Poor ability to meet a given need, with high risk. 

3. Ability to meet a given need, with moderate risk. 

4. Good ability to meet a given need, with low risk. 

5. Excellent ability to meet a given need, with no risk. 

The total scores for each concept were augmented by the weights and tallied in TABLE 

XXVII and TABLE XXVIII. 
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A.5 Concept Scoring Results 

 Based on the concept scoring matrix results (as shown in TABLE XXVII 

and TABLE XXVIII), the top five concepts were as follows:  

1. Duct balloon on rails (Concept 23)  

2. Duct balloon on sliding rails (Concept 22)  

3. Sliding overhead (Reference Concept)  

4. Raising uprights with hinges (Concept 18)  

5. Duct balloon (Concept 13)  

The scoring matrix results indicated that the top five concepts had similar 

features and could be categorized into three main types of retractable cover designs as 

follows: 

 Balloon type designs (Concept 13, 22, and 23)  

 Retraction from top to bottom design  (Concept 18) 

 Retraction from the bottom to top design (Reference Concept) 

Concepts 22 and 23 provide different types of mechanisms that can attach the 

balloon cover to the track system. These two concepts evolved from the duct balloon 

concept (Concept 13). In addition, these concepts were generated by incorporating the 

balloon into a rail mounted structure. Incorporating the balloon into rail structure keeps 

the cover aligned to the bell-mouth, and utilizes the rail for mobility.  

The sliding overhead (Reference Concept) and raising uprights with hinges 

(concept 18) designs are concepts that utilize the bell-mouth’s frame structure. The 

structures for these concepts are behind the bell-mouth and address the problems of 

affecting the inlet airflow when the cover is fully retracted. 

After the scoring process was complete, our team discussed the results with the client. 

The client expressed a number of concerns in this discussion. For the balloon concepts 

that moved along the rails, there existed the potential for snow to block the rail mounted 

structure. This would require additional snow removal provisions, which contradicts 

our project objectives. In addition, having something sit far from the bell-mouth but still 
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in front of it may have an effect on the inlet airflow. This risk was unacceptable. For the 

raising uprights with hinges, there was a concern that all the components were near the 

ground. Snow build up near the bottom of the bell-mouth can cause blockage of the 

mechanisms and there is also limited room beneath the tunnel inlet for storage. Due to 

the previously stated concerns, we chose the sliding overhead design as the 

recommended concept to use in the engineering design phase of the project. 
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B.1 Introduction 

Various calculations and tests were completed in order to properly develop the 

final design of the retractable inlet cover, which can be seen in Figure 1. This section 

explores the design process, including all preliminary calculations and computational 

testing used to develop each component. The analysis focuses on the motion and 

strength of each component. Also included in this section is the material explanation and 

cost of each component, as well as the bill of materials for the final assembly.  

B.2 Track Support Structure 

The support structure was designed to attach to the existing bell-mouth support 

structure, withstand the required wind loads, and  support the weight of the 

components resting upon it. This section explores the calculations completed to 

determine the wind force, the finite elemental analysis (FEA) completed to test the 

Figure 1: Retractable inlet cover 
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structure for stress, deformation, and buckling, and the determined cost of the structure. 

The mass of each component was determined by the developed models and used in the 

testing process.  

B.2.1 Existing Structure  

 Due to the fact that we did not have models of the existing structures, no analysis 

was done to test its ability to withstand the additional load put on it by our design. 

However, through observation, our team believes that additional reinforcement would 

be a requirement if this design were to be pursued.  

B.2.2 Wind Force 

 To analyze the force that will be placed upon the cover by the wind, Bernoulli’s 

equation was used.  

𝑝

𝜌
+
𝑉2

2
+ 𝑔𝑧 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

Where, 𝑝 is pressure, 𝑉 is velocity, 𝜌 is density, 𝑔 is the gravitational constant, 

and 𝑧 is the elevation 

When the flow of air is analyzed before and after contacting the tarp, in which 

we assume the tarp completely stops the air flow, Bernoulli’s equation can be simplified 

to the following: 

𝑝 = 𝜌
𝑉2

2
 

This can then be used to determine the force of the wind on the tarp. 

𝐹 = 𝑝𝐴 = 𝜌
𝑉2

2
𝐴𝐶 

Where, F is the force upon the tarp, 𝑝 is the pressure change on the tarp caused 

by the wind, 𝜌 is the density of the air, 𝑉 is the velocity of the wind, 𝐴 is the area of the 

tarp, and 𝐶  is an aerodynamic constant indicating the tarp’s ability to trap air. 
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From this equation it was determined that in the worst conditions, that is, 

61km/h winds and -49°C temperatures, a force of almost 40kN (a pressure of 225Pa) 

would be placed upon the 175m2 tarp. This is assuming a perfect transfer of force 

between the wind and the tarp.  

 

B.2.3 Finite Elemental Analysis  

Finite elemental analysis (FEA) was used to test the structure for stress, 

deformation, and buckling. The structure was tested by fixing the two faces on the 

inside of the outreaching box, in the same way that those faces would be fixed to the 

structural members currently existing. Standard earth gravity  was included to account 

for inertial loading and two 11,200N  remote forces were added 1.5 meters away from 

where the tracks are mounted to simulate the weight of a fully deployed cover. A force 

of 15000N was also placed on each upright to simulate the force of wind on the tarp 

pulling across the outreaching arms. Lastly, the structure was meshed using the finest 

size available. 

The first test completed was a stress analysis, shown in Figure 2. The yield 

strength of the A36 structural steel used in our design is 250MPa. The majority of the 

structure stays under 12.5MPa with the exception of the outreaching boxes shown in 

Figure 3. Due to computational limitations, sharp edges were used in modelling to allow 

for easier testing. These sharp edges cause large stress concentrations which cannot be 

seen on the model and are likely the source of the maximum stress of 4.18x107 Pa. As 

such, this maximum stress is most likely larger than it would be in reality. The low 

levels of stress in the structure are partially due to the design being built to minimize 

defection to allow the other components of the design to function properly. Also, having 

a large factor of safety would allow the structure to be capable of withstanding 

unpredicted scenarios such as additional components being added to it or if in fact the 

Genie lift used for maintenance were to hit it.  
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Figure 2: Track support structure stress FEA 

Figure 3: Track Support structure outreaching arm stress FEA 
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The next test conducted was a deformation analysis, shown in Figure 4. This 

figure shows an exaggerated view of the deformation of the structure and indicates that 

the maximum deformation is 1.6 centimeters, which occurs in the middle of the top 

portion of the structure. This deformation is small in comparison to the overall size of 

the structure, which is roughly 13 meters tall and 15.8 meters wide. 

The final test completed was a linear buckling test which can be seen in Figure 5. 

This analysis shows the deformation under a buckling scenario with of load multiplier 

of 55. This load multiplier indicates the magnitude of applied load that the structure can 

withstand before buckling. A load multiplier of 55 indicates that our applied force 

would have to be 55 times greater to cause the structure to buckle, which is acceptable as 

this structure is not meant to support any additional loading.  

 

  

Figure 4: Track support structure deformation FEA 



MECH 4860 Engineering Design 
 

A50 
 

B.2.4 Cost 

The cost of support structure is based on purchasing stock length steel tubing, 

angle, and plate. These full length items would have to be cut to the appropriate lengths 

and geometries during the fabrication process. The cost of steel angle, 4ftx4ftx½in, 

would be $1,290 for five 20 foot lengths. This steel angle is required to supply a surface 

for fastening components of the track support structure to each other as well as fastening 

the outreaching boxes to the existing bell-mouth support structure. The 4inx4inx¼in 

structural square tubing is the primary structural component of the structure and would 

cost  $27,884.64 for 86 24 foot lengths. For five 24 foot long 6inx4inx¼in rectangular tube 

sections it will cost $2,361.60. These extra-large members are for the bottom of the struss, 

which experiences a large amount of bending stress over its span. One 4ftx2ftx¼in plate 

is also required at a cost of $102.88 for additional support and fastening surfaces [1]. 

Lastly, for the 148 heavy hex head, structural bolts and nuts and it will cost $429.60 [2]. 

In total the track support structure costs $32.068.72. 

 

Figure 5: Track support structure linear buckling FEA 
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B.3 Rolling Suspended Cart and Track Assembly 

The rolling suspended cart and track assembly consists of the tracks supported 

by the overhead truss, motorized end trucks supplied by Modular Crane Products Inc. 

and a housing which holds the cover and the cover roller. All of these components are 

pictured as the yellow members in Figure 6.  

 

B.3.2 Finite Elemental Analysis 

Structural performance of the track assembly and cart under operating 

conditions is the fundamental design consideration required to justify our selection of 

beam types. A preliminary static structural finite element analysis was performed to 

determine the appropriate size of all structural members. The structure was fixed at the 

juncture between the track and the supporting truss structure. Inertial loads were 

included in the analysis to account for the weight of the entire track and cart assembly. 

An additional force equivalent to the weight of the entire cart was distributed across the 

three beams responsible for supporting the cart. The cart itself was omitted from the 

Figure 6: Rolling suspended cart 

Cover housing 
Motorized end trucks 

Tracks 
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numerical model in order to reduce computational efforts. The cart being in full 

extension was deemed to be the most extreme static loading case for the track and cart 

assembly and as a result, a solid model representing a fully extended cart was used in 

the first FEA simulation. The plots shown in Figure 7 and Figure 8 present the 

deformation and equivalent stress results of the finite element analysis. 

A maximum deflection of 4.1cm occurs on the center member responsible for 

supporting the cart. This deflection comes from the external moment created by the 

weight of the cart acting across the length of the supports. The maximum equivalent 

stress is located where the long spanning beams attach to the end trucks. The junction of 

Figure 7: Total deformation of the track system when subjected to inertial 
loads and the load of the cart. 

Figure 8: von-Mises stress plots of track assembly. 
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the end trucks and the long beams is considered a fixed support and constrains all six 

degrees of motion. The fixed support along with the sharp corners at the bonded 

connection between the long beams and end trucks results in concentrated stress risers. 

Consequently, the FEA results near these locations should be interpreted carefully as the 

stress amplifications resulting from sharp corners, or poorly refined meshes may taint 

results. However, this does not mean that the results as a whole should be discarded. 

Instead, merely approach the areas where the highest stresses are observed with a 

degree of caution.  

A secondary FEA simulation was performed to determine the stresses and deformation 

present in the track and cart assembly when cart had been fully retracted behind the 

bell-mouth. It was anticipated that the results in the secondary simulation would be less 

severe than in the extreme loading case, however, the opposite was true. As 

demonstrated in Figure 9, the maximum deformation remained very similar, deflecting 

a total of 4.2cm, a 0.1cm increase over the previous loading conditions.  

In the stress plot shown in Figure 10, the maximum stress occurs at a location 

directly below where the track would be suspended from the truss support.  

Figure 9: Total deformation of a fully retracted cart under operating conditions. 
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The 3.46x109Pa of equivalent stress shown in the fringe plots demonstrates the 

importance of approaching these regions with a degree of caution. A careful 

deconstruction of the boundary conditions reveals that the area within the red oval was 

the location of the fixed support used to constrain the model. The blue region indicates 

minimal stress because it is not subject to any loading. In order to create such a loading 

condition, a compromise had to be made in the solid model. A thin plate was added to 

the top of the tracks, equivalent to the area of the contact surface between the track and 

the truss support. This plate allowed the fixed support to be applied to a local region as 

opposed to the entire upper surface of the track. The track structure is built from W 10” 

x 30# wide flange beams with the long spanning end truck connection members being 

built from W 8” x 67# wide flange beams. 

B.3.3 Cost  

 The track and cart system constitutes the largest portion of financial investment 

within the design, mostly due to the costs of using partially customized motorized end 

trucks. End trucks are used in overhead crane applications and often carry with them a 

certain requirement for customization based on the needs of the craning application. 

Modular Crane Products Inc. specializes in providing customers with individual crane 

Figure 10: von Mises stress plot of the cart and track assembly when the cart is fully retracted. 
Maximum stresses occur at the junction between the track and the overhead truss. 
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components, which is an ideal solution for our proposed design as we require only the 

motorized end trucks for cart extension and retraction. Additionally, the end trucks will 

be supplied with a variable frequency gear motor capable of reducing the rotational 

speed of the AC motor which is inherently too great for craning applications. However, 

a direct cost was unavailable from the supplier and similar products were sourced to 

provide us with an estimate of $10,000 for the end trucks.  

As outlined in section B.8 the overall cost for the track and cart assembly is 

comprised of the structural wide flange beams, fasteners, 7075-T6 aluminum sheet and 

6061 aluminum flat bar for a total of $19,123.48. 

B.4 Cover Roller  

The cover roller is housed within the suspended cart and serves as the primary 

source of the retracting motion of the tarp. During the deployment of the tarp, the roller 

rotates about its axis and draws the tarp up and down the bell-mouth. The cover roller 

must be rigid enough to supports its own weight and the entire weight of the tarp 

assembly (including the weighted bar).  

B.4.1 Retraction and Motor Requirements 

 The motor required to deploy and retract the tarp cover must be capable of 

providing the necessary torque to overcome the weight of the tarp and the weighted bar 

stitched in to the bottom of the tarp. Given the 8.6 inch diameter of the tarp roller and 

the 1058 lb weight of the tarp and the bar, the motor must be capable of providing over 

450 ft-lbs of torque. Most helical gear motors are very well capable of providing over 450 

ft-lbs of torque but will operate in the range of 1200-1800 RPM. Our application requires 

the roller to operate at 2.8RPM in order to retract the full 42 foot length of the tarp 

within a 5 minute envelope. The 8.6 inch diameter of the tarp roller lends itself to faster 

tarp retraction times, but requires larger torque inputs. 

However, a variable frequency drive motor available from VL Motion Systems 

Inc. provides end users with a high torque, low RPM system with a reasonable form 

factor. The VLH40Z/T0641/27360/CS  motor provides ample torque, in the 
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neighborhood of 2531 in-lb at an operating speed of 6 RPM. Although the operating 

speed of a variable frequency drive motor is lower than most direct drive AC motors, it 

is still not low enough to be acceptable for our application as the tarp would completely 

retract in 2.3 minutes at a rate of 3.5 seconds per foot. For a 42 foot wide tarp, such 

speeds would be considered hazardous and should be avoided.  

In order to solve the problem of high rotational speeds, our team proposed a 

solution incorporating a reduction gear box with a reduction ration of 2.14 that allows an 

optimal roller operating speed of 2.8 RPM to be achieved. Additionally, the gearbox 

facilitates easy packaging of tarp roller motor, as the motor can now be mounted on top 

of the cart, as shown in Figure 11.  The tarp is calculated to require 18 revolutions before 

it is completely retracted. 

 

 

Figure 11: Reduction gearbox and variable frequency gear 
motor required to drive the tarp roller. 
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B.4.2 Finite Elemental Analysis 

To determine the rigidity of the cover roller, FEA was performed using Autodesk 

Inventor 2014. The cover roller was analyzed to determine if it can withstand its own 

weight along with the weight of the tarp and the weighted bar.  

For validity of the FEA results, the material property, constraints (boundary 

conditions), applied loads, and mesh were properly specified in the analysis. For the 

cover roller FEA, the material used in the analysis is an alloy steel with a yield strength 

and tensile strength of approximately 36 ksi and 58 ksi, respectively. 

 

Figure 12a and Figure 12b displays the FEA constraints and loads applied to the 

cover roller. The roller is fixed on both ends to replicate a bearing holding the 

component, as shown in Figure 12a. Moreover, the total mass of the tarp assembly is 

approximately 418 kilograms. Upon applying a safety of more than 2, the roller was 

analyzed for a total distributed load of 2200 pounds. The distributed load of 2200 

pounds along with gravity was applied to the roller at the location shown in Figure 12b.  

 

 
 

(a) Fixed Constraints (b) Gravity and Force Load 

Figure 12: Location of constraints and applied loads 
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Figure 13 displays the mesh size used for the cover roller analysis, as well as the 

location of the applied load.  

 

Figure 13: Mesh size used for the cover roller analysis 

 

B.4.2.1 Stress and Deflection FEA Results  

The stress attained from the FEA converges to a maximum stress of 16.61 ksi as 

shown in Figure 13. The maximum stress result is under the allowable yield strength of 

36 ksi for the steel alloy. In addition, Figure 15 displays the maximum deflection of the 

rollers after the application of the 2200 pounds of distributed load. The resulting 

deflection was less than 0.5 inches over a span of 42 feet. Based on the FEA results, the 

roller will be unlikely to fail under the given loads and the deflection can be considered 

negligible.  
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Figure 14: Convergence plot and the maximum stress location of the FEA (actual results) 

 

Figure 15: Maximum displacement of the cover roller (actual) 
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B.4.3 Cost 

As outlined in the bill of materials in Section B.8 the cover roller assembly has a sub-total 

cost of $2,792.12. The cover roller is made out of 8 inch Schedule 40 pipe tube and cost 

$2,275.20 [3] for 45 foot length of tubes. The adaptor plate that attaches the cover roller to 

the driving shaft is made out of ASTM A514 T1 steel plate that will be laser cut into the 

appropriate dimensions of the adaptor. The shaft where the electric motor and the 

pillow block bearings are attached is to be made out of 2.5 inch diameter of ASTM A36 

hot rolled steel round bar. The flat bar that holds the tarp into the roller is made out of 

3/8”x1” ASTM A36 hot rolled steel and requires a length of 40 feet. 

B.5 Cover 

The cover used in our design is a custom tarp hemmed to fit our needed 

dimensions and to hold a weighted rod. The tarp was chosen based on the needed 

properties and strength requirements.  

B.5.1 Cover Properties   

In order to withstand the harsh conditions of Thompson, the chosen tarp is a 

custom heavy duty PVC tarp with straps and clips on each side to aid in fastening the 

tarp tightly to the bell-mouth. The tarp is waterproof to prevent any snow from entering 

as well as to prevent water from affecting the integrity of the tarp. In order to withstand 

the low temperatures of Thompson in winter, the tarp is cold crack resistant meaning 

that it maintains its durability in cold weather. The tarp is also resistant to ultraviolet 

degradation so that it can be deployed in sunlight for long periods at a time without 

degrading.  

B.5.2 Strength Requirements  

The cover is required to withstand the weight of the bar as well as wind loads. 

The breaking strength for a 22oz super heavy duty PVC tarp is 1000N/cm2, which is 

equivalent to 100kPa, which is substantially lower than the pressure caused by the wind 

[1]. Therefore, the wind will not be able to break through the tarp. The straps used for 

the tarp are 2 inches wide and can handle 2900 pounds (12900N) each, and the clips are 5 

inches tall and can support 2000 pounds (8900N) [4] [5]. This strength is sufficient in 
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handling the component of wind force that the structure will experience, as the steel rod 

is designed to support the majority of wind loads and when the clips are active the area 

of the tarp is reduced.   

B.5.3 Cost 

The cost of the cover includes the cost of the custom 42ftx45ft tarp with the 

specifications required to withstand the environment of Thompson, MB. This tarp will 

include additional straps and rings for fastening the tarp to the bell-mouth, and will cost 

an estimated $5185.42 [2]. 2 spring clips are also required for fastening the tarp to the 

bell-mouth. These clips cost $36.70 each [6]. Additionally the bar sewn the bottom of the 

tarp will cost $676.08 for the bar, the caps used to hold the bar in place will cost $48.75 

and the ¼” bolts used to fasten them will cost $6.94 for the package [4] [5]. The total cost 

of the cover is $5,993.59. 

B.6 Swinging Arm Guides 

Swinging arm guides were implemented into the design to prevent the cover 

from blowing in the wind in an unsafe manner. These arm guides are attached to the 

side of the support structure to serve as a guide to the cover as it retracts up and down 

the bell-mouth. The following sections will outline the Finite Elements Analysis that was 

performed in the swinging arm guides to ensure the security of the design.  

B.6.1 Finite Elemental Analysis  

For the swinging arms analysis, Autodesk Inventor 2014 was used to determine 

the maximum stress and displacement the designed structure experiences under the 

given load conditions. FEA was utilized to ensure the swinging arm structure does not 

collapse on its own weight and as well as support the wind loads the structure could 

possibly encounter.  

To obtain valid FEA results, the material property, constraints (boundary 

conditions), applied loads, and mesh sizes has to be properly specified. For the swinging 

arms FEA, the material used in the analysis is an alloy steel with a yield strength and 

tensile strength of 36 ksi and 58 ksi, respectively.  
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Figure 16a and Figure 16b depicts the location of the constraints and applied loads used 

in the analysis. A fixed joint geometry was used at the holes (Figure 16a) to represent the 

rotating pin that would be attached to the arms. A 20000 N applied load is placed in the 

C-channel section of the arm to simulate the wind force that will be acting on that 

region, as shown in Figure 16b.  

 

 

(c) Fixed Constraints (d) Gravity and Force Load 

Figure 16: Location of constraints and applied loads 

Figure 17 displays the mesh size that was integrated in the analysis.  

 

Figure 17: FEA mesh size of the swinging arms  
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B.6.1.1 Stress Results  

Figure 18 shows the stress distribution results from the FEA of the swinging arm. 

The result shows a wide blue region indicating a majority of low stress well within the 

yield limits of the material. The stress values in these regions are below the yield 

strength of the material (36 ksi). Hence, failure and deformation in these areas are 

unlikely to occur. In contrary, the indicated maximum stress in Figure 18 is way over the 

allowable yield strength of the material (36 ksi). However, the maximum stress indicated 

in the analysis is not a true representative of the actual stress because of its location 

(sharp corner). Stress singularities typically occur in a sharp corner and are generally 

omitted in the analysis due to discretization errors during meshing.  

 

Figure 18: Stress distribution in the swinging arms 

To ensure the accuracy of results a stress convergence plot was also performed in 

the analysis. Figure 19 depicts the convergence plot of the FEA, showing a convergence 

rate of 2.55%.  
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Figure 19: Swinging arms convergence plot 

B.6.1.2 Displacement 

Figure 20 shows the region where a maximum deflection of 0.5 inches is located.  

 

Figure 20: Maximum deflection 
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B.6.2 Cost 

As indicated in the bill of materials in Section B.8, the total cost of the swinging 

arms assembly is $4,966.78. The assembly comprises of high structural steel square tube, 

ASTM A36 hot rolled steel C channel, and stainless steel plate. The structural steel 

square tubes were used for the frame section of the arm and the design requires a total 

length of 205 ft (two swinging arms) for a sub-cost of $2,188.40 [6]. The C channel 

member served as guides to the retracting tarp and has a sub-cost of $455.53. The 

stainless steel plates will be laser cut into sections and will be used for mounting and 

locking the swinging arms into the support structure. The stainless steel plates have a 

sub-cost of $1,366.  
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B.7 FMECA Analysis 

A Failure Modes, Effects and Criticality Analysis (FMECA) was implemented in 

order to identify the potential failure modes on the critical components of the retractable 

cover design. TABLE XX in Appendix B the FMECA matrix of the critical components of 

our retractable cover design. The critical components’ features, functionality, possible 

failure types, possible causes of failure, failure detection methods, effects of failure on 

the system, severity, failure rate, criticality, and preventive actions are outlined in the 

following analysis. For the retractable cover design, the critical components that were 

analyzed are as follows:  

 Track Support Structure 

 Rolling Suspended Cart  

 Cover Roller  

 Tarp/Cover  

 Swinging Arms 

 

2.7.1 Failure Modes 

Failure modes are defined in several ways depending the level of analysis, the 

type of system, and the objectives of the FMECA. Listing the possible failure modes for 

the critical components provides documentation and awareness to the types of failure a 

component could experience. Some examples of failure modes are: the component 

becomes distorted, fails to open, fails to close, experiences internal leakage, suffers from 

an open or short circuit, or becomes overheated [8].  

2.7.2 Failure Causes  

The possible causes for each failure mode are identified and described in the 

FMECA matrix. Once the probable causes of each failure mode have been identified, we 

will be able to estimate the failure’s probability of occurrence, uncover secondary effects 

of failure, and develop preventive actions for each failure. 

2.7.3 Failure Effects  

The failure effects of the analyzed components are stated in the FMECA matrix. 

Failure effects are consequences that could potentially occur in each of the identified 
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failure modes. A failure effect may be the result of multiple failures. For consistency of 

analysis, the failure effects terminology used in the FMECA matrix is as follows [1]:  

 Fails to operate 

 Speed less than specified 

 Capacity inadequate 

 Fails to carry out a required operation 

 Operates prematurely 

2.7.4 Failure Severity  

The severity of each failure mode is also assessed in the FMECA matrix. TABLE I 

tabulates the failure effect severity scale used in the analysis of the retractable cover 

components. The failure severity was assessed for the equipment and facility, system 

operation, people, environment, and test vehicle. It is important to take note that a 

severity of 5 was assigned if the failure of a single component results in a total loss of the 

test facility capability to function.  
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TABLE I: FAILURE EFFECT SEVERITY SCALE [8] 

Equipment 

and Facility 

System 

operation 

People Environment Test 

Vehicle 

Severity 

level 

None or 

negligible 

effect 

None or 

negligible 

effect 

No harm No harm No effect 1 

Failure of a 

single 

component 

Some loss of 

capability but 

work around 

possible 

– – – 2 

Cascading 

failure resulting 

in damage to 

several 

components 

Some loss of 

capability and 

no work 

around 

Small risk of 

harm 

Environmental 

impacts can be 

mitigated 

locally 

Small Risk 

of Damage 

3 

Total 

destruction of 

system 

Loss of 

capability that 

compromises 

test facility 

availability 

– – – 4 

Total 

destruction of 

system and 

damage to 

other systems 

Total loss of 

function 

Risk of serious 

injury or loss of 

life 

Reportable 

environmental 

event 

High Risk 

of Loss of 

Vehicle 

5 
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2.7.5 Failure Rate and Criticality  

As part of the FMECA evaluation, the rate and criticality for each failure mode 

was also evaluated. TABLE II and Figure 21 were used for the criticality assessment of 

the analyzed retractable cover components.  

TABLE II: FAILURE MODES FREQUENCY OF OCCURENCE 

Rate category Frequency of occurrence of failure mode  

1 Once in the life of the system  

2 Once every ten years  

3 Once a year  

4 Once a month  

5 Once a week  

 

        

    
Severity level 

  

  
1 2 3 4 5 

 

 
5 A C C D D 

 

 
4 A B C C D 

 

Rate category 3 A B B C C 
 

 
2 A A B B C 

 

 
1 A A A A A 

 

        Figure 21: Criticality Bands 
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B.8 Bill of Materials 

  In this section the bill of materials is presented. The bill of materials, presented 

below, gives the quantity of each part purchased, the suppliers part number, a 

description of the part, unit cost and total cost for each part. It is split into sections based 

on each component offering a sub-total cost of the component. At the end of the bill of 

material the total cost of materials for the project is given. The estimated cost of the 

project is based entirely on the total cost of materials which is $67,600. 
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Faculty of Mechanical and 
Manfacturing Engineering 

 

MECH 4680 
  

 
 

  
 

  
 

 
Team 8: 

OmegaTech  
   

 
    Client 

 
MDS AeroTest (ENVIROTREC)                                      Date   01/12/2014 

Project 

 
Retractable Inlet Cover 

 
  Q-001 

 
    

Track Support Structure  

Quantity   Part No.  Description Sales Price Total Price 

5.00 A24414 4x4x1/2 Steel Angle 20ft $258.00 $1,290.00  

86.00 T14414 
4x4x1/4 Steel Structural Square Tubing 24ft $324.24 $27,884.64  

5.00 T16414 
6x4x1/4 Steel Structural Rectangular Tubing 24ft  $472.32 $2,361.60  

1.00 P114 
1/4 inch Steel Plate 4ftx2ft $102.88 $102.88  

30.00 
91571A292 

Steel Heavy Hex Head Structural Bolt, 3/4"-10 Thr. 2-
1/4"L Pkg. 5 $7.62 $228.60  

15.00 
98427A250 

Hex Nut for ASTM A325 Structural Bolts, Grade Dh Steel, 
3/4"-10 Thread, 1-1/4" Wide 47/64`` High Pkg. 10 $13.40 $201.00  

 
  

Sub-Total $32,068.72  

          

Track and Cart Assembly 

Quantity   Part No.  Description Sales Price Total Price 

4.00 7870 
ASTM A992 Hot Rolled Steel Wide Flange I-Beam 10" x 
30# 

$570.00 $2,280.00  

2.00 5753 
ASTM A992 Hot Rolled Steel Wide Flange I-Beam 8" x 
67# 

$1,527.60 $3,055.20  

20.00 91571A292 Steel Heavy Hex Head Structural Bolt, 3/4"-10 Thr. 2-
1/4"L Pkg. 5 

$7.62 $152.40  

1.00 - 
10 Tonne Under Running Motorized End Truck and Free 
Running Truck 

$10,000.00 $10,000.00  

1.00 VLH40Z 
Inline Helical Variable Frequency Gear Motor with Foot 
Mount and Solid Shaft: 575 VAC 3 Phase, 6 rpm 

$969.00 $969.00  

5.00 P3316T6 4'x12'x3/16" 7075-T6 Aluminum Plate $666.72 $3,333.60  

2.00 F41142 1-1/4" x 2" 6061 Aluminum Flat 2 ft. $43.20 $86.40  

2.00 F423 2" x 3" 6061 Aluminum Flat 2 ft. $81.80 $163.60  

2.00 92865A624 
Zinc-Plated Grade 5 Steel 3/8"-16, Head: Wd. 9/16", Ht. 
1/4" (Pack of 50) 

$10.37 $20.74  

2.00 90648A215 
Zinc-Plated Grade 2 Steel 3/8"-16 Nylon Insert Heavy Hex 
Locknuts 

$9.97 $19.94  

3.00 92865A802  Zinc-Plated Grade 5 Steel 5/8"-11: Head: Wd. 15/16", Ht. 
27/64" (Pack of 10) 

$10.36 $31.08  

2 22313-E-SKF Spherical Roller Bearing $373.65 $747.30 
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Track and Cart Assembly (Continued) 

Quantity   Part No.  Description Sales Price Total Price 

2 
SKF SAF 
22313 SKF Pillow Block Bearing Housing w/ Labyrinth Seals $869.08 $1,738.16 

 
  

Sub-Total $22,597.42  

          

Cover Roller  

Quantity   Part No.  Description Sales Price Total Price 

3.00 - 8" SCH 40 ASTM A500 Steel Pipe 15 ft $758.40 $2,275.20  

2.00 - 3/8"x 1" ASTM A36 Hot Rolled Steel Flat Bar 20 ft $21.68 $43.36  

2.00 - ASTM A514 T1 Steel Plate 12"x12"x 3/4 thick $100.90 $201.80  

1.00 - 2.5" Dia. ASTM A36 Hot Rolled Steel Round Bar - 1 ft $20.02 $20.02  

2.00 92979A471 
1/2"-13 Thread, 1-1/2" Long, Fully Threaded Grade 5 Steel 
Flanged Hex Head Cap Screw (Packs of 10) 

$9.00 $18.00  

1.00 92620A542 
1/4"-20 Fully Threaded, 1" Long, Zinc-Plated High Strength 
Grade 8 Steel Cap Screw (Packs of 100) 

$11.92 $11.92  

      Sub-Total $2,570.30  

 
    

Cover 

Quantity   Part No.  Description Sales Price Total Price 

1.00 
- 

Custom. Super Heavy-Duty Vinyl Coated Polyester 22oz 
(42'x45') With Strips  $5,185.42 $5,185.42  

2.00 S0143-D120 Spring Clip with Eye & Special Gate 5 $36.70 $73.40  

3.00 R12 2 inch Dia. Round Bar Hot Rolled A-36 Steel Round 20ft $205.00 $615.00  

1.00 R12 2 inch Dia. Round Bar Hot Rolled A-36 Steel Round 4ft $64.08 $64.08  

1.00 R13 3 inch Dia. Round Bar Hot Rolled A-36 Steel Round 1ft $48.75 $48.75  

1.00 
91236A546 

1/4"-20 Low-Strength Zinc-Plated Steel Cap Screw, 1/4"-20, 
1-1/2"long pkg. 100 $6.94 $6.94  

      Sub-Total $5,993.59  

 
    Swinging Arms 

Quantity   Part No.  Description Sales Price Total Price 

10.00 - 3"x3"x1/4" Structural Steel Square Tube (per 24 ft) $218.84 $2,188.40  

2.00 - 4"x4"x1/4" Structural Steel Square Tube (per 13 ft) $181.43 $362.86  

4.00 - 5"x 6.7" ASTM A36 Hot Rolled Steel C Channel (per 20 ft) $113.88 $455.52  

2.00 - 16"x7.5"x0.5" ASTM A240 304 Stainless Steel Plate  $68.86 $137.72  

36.00 - 5"x5"x0.5" ASTM A240 304 Stainless Steel Plate $34.14 $1,229.04  

 
  

Sub-Total $4,373.54  

          

 
  

Total $67,603.57 
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C.1 Introduction 

The following section display the engineering drawings for the final preliminary 

design as well as each component of the retractable inlet cover. These drawings describe 

the general assembly, the track support structure, the rolling suspended cart, the cover 

roller, the cover and the swinging arm guides. The drawing numbers indicate which 

component they are a subset of. Drawing 1 indicates the final preliminary design 

assembly where drawing 1-3 would indicate the 3rd component of the 1st drawing. As 

such, a number may appear to be missed if a component does not require a subsequent 

drawing. The drawings are presented in the following order. 

 Drawing # 1: Final assembly  

 Drawing # 1-2: Track Support Structure 

 Drawing # 1-2-1: Outreaching Box 

 Drawing # 1-2-2: Vertical Upright 

 Drawing # 1-2-3: Truss 

 Drawing # 1-3-1: Track Assembly 

 Drawing # 1-3-2: Cart Assembly  

 Drawing # 1-3-2-2: Cover Roller 

 Drawing # 1-4: Tarp Assembly 

 Drawing # 1-5: Swinging Arm Guides 
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OMEGA TECH

OMEGA TECH 26-NOV-2014

25-NOV-2014

25-NOV-2014 TRACK SUPPORT STRUCTURE

0

1-2

1-2STEEL



 3842.77 

 3406.14 

 1092.20 

 1092.20 

 1120.14 

 3233.17 

 609.60 

22.23 THRU (TYP)

 78.74 
 185.42 (TYP) 

 185.42 (TYP) 

22.23 THRU (TYP)

1

1

ITEM NO. DESCRIPTION QTY.
  1 4"x4"x1/2" STEEL ANGLE 35.4FT
  2 4"x4"x1/4" STEEL SQUARE TUBING 279.7FT

B

C

D

1 2

A

321 4

B

A

5 6

DRAWN

CHK'D

APPV'D

UNLESS OTHERWISE SPECIFIED:
DIMENSIONS ARE IN MILLIMETERS
MATERIAL IS 4"x4"x1/4" STEEL SQUARE TUBE PART NUMBER:

NAME DATE

MATERIAL:

UNIVERSITY OF MANITOBA REVISION

TITLE:

DWG NO.

SCALE:1:64 SHEET 1 OF 1

A4

C

WEIGHT: 6.6 TONNES 

OMEGA TECH

OMEGA TECH

OMEGA TECH 26-NOV-2014

25-NOV-2014

25-NOV-2014 OUTREACHING BOX

0

1-2-1

1-2-1STEEL



 11995.15 

 2997.20 (TYP) 

 609.60 

 609.60 

22.23 THRU (TYP)
 177.80 (TYP) 

 2438.40 

 76.20 
1

3

22.23 THRU (TYP)
 152.40 

 101.60 (TYP) 

ITEM NO. DESCRIPTION QTY.
 1 4"x4"x1/2" STEEL ANGLE 9.5FT
  2 4"x4"x1/4" STEEL SQUARE TUBING 467.7FT
  3 2'x2'x1/4" STEEL PLATE 1

B

C

D

1 2

A

321 4

B

A

5 6

DRAWN

CHK'D

APPV'D

UNLESS OTHERWISE SPECIFIED:
DIMENSIONS ARE IN MILLIMETERS
MATERIAL IS 4"x4"x1/4" STEEL SQUARE TUBE
 

PART NUMBER:

NAME DATE

MATERIAL:

UNIVERSITY OF MANITOBA REVISION

TITLE:

DWG NO.

SCALE:1:62 SHEET 1 OF 1

A4

C

WEIGHT: 7.4 TONNES 

OMEGA TECH

OMEGA TECH

OMEGA TECH 26-NOV-2014

25-NOV-2014

25-NOV-2014 VERTICAL UPRIGHT

0

1-2-2

1-2-2STEEL



 15849.60 

 914.40 

 508 
 1219.20 (TYP)  1270 

 1270  R152.40 

 304.80 

 101.60 3

4

 622.30 

 39.69 
 101.60 (TYP) 

22.23 THRU (TYP)

1

 622.30 

ITEM NO. DESCRIPTION QTY.
 1 4"x4"x1/2" STEEL ANGLE 6FT
  2 4"x4"x1/4" STEEL SQUARE TUBE 319.4FT
  3 1/4" STEEL PLATE 2FTx2FT
  4 6"x4"x1/4" STEEL RECTANGULAR TUBE 104FT

B

C

D

1 2

A

321 4

B

A

5 6

DRAWN

CHK'D

APPV'D

UNLESS OTHERWISE SPECIFIED:
DIMENSIONS ARE IN MILLIMETERS
MATERIAL IS 4"x4"x1/4" STEEL SQUARE TUBE PART NUMBER:

NAME DATE

MATERIAL:

UNIVERSITY OF MANITOBA REVISION

TITLE:

DWG NO.

SCALE:1:72 SHEET 1 OF 1

A4

C

WEIGHT: 1.7 TONNES 

OMEGA TECH

OMEGA TECH

OMEGA TECH 26-NOV-2014

25-NOV-2014

25-NOV-2014 TRUSS

0

1-2-3

1-2-3STEEL



 10218.02 

1
2

 3568.15 
 1848.10 

 9470.24 

4

 438.98 

3

ITEM NO. DESCRIPTION QTY.
  1 MOTORIZED END TRUCK 1
  2 FREE RUNNING END TRUCK 1

    3  W8x67 STEEL BEAM 24FT
  4 W10x30 STEEL BEAM 64FT

B

C

D

1 2

A

321 4

B

A

5 6

DRAWN

CHK'D

APPV'D

UNLESS OTHERWISE SPECIFIED:
DIMENSIONS ARE IN MILLIMETERS
 PART NUMBER:

NAME DATE

MATERIAL:

UNIVERSITY OF MANITOBA REVISION

TITLE:

DWG NO.

SCALE:1:70 SHEET 1 OF 1

A4

C

WEIGHT: 1.4 TONNES

OMEGA TECH

OMEGA TECH

OMEGA TECH 26-NOV-2014

25-NOV-2014

25-NOV-2014 TRACK ASSEMBLY

0

1-3-1

1-3-1STEEL



14
5

6

2
3

3

4

4 8

4

 420.87 

A

A

7

 484.65 

 2706 

B
SECTION A-A

9
19X  11.11  9.65

16.67 THRU (TYP)

 42.50 
 135 (TYP) 

DETAIL B ROLLER HOUSING
SCALE 1 : 75

ITEM NO. DESCRIPTION QTY.

4 W10x30 STEEL BEAM 3

2 COVER ROLLER 1

3 PILLOW BLOCK BEARING 2

4 4'x12'x3/16" 7075-T6 ALUMINUM 
PLATE 5

5 VARIABLE FREQUENCY GEAR 
MOTOR WITH FOOTMOUNT 1

6 GEAR HOUSING 1

7 ROLLER HOUSING 1

8 1-1/4"x2" 6061 ALUMINUM FLAT BAR 4FT

9 2"x3" 6061 ALUMINUM FLAT BAR 4FT

B

C

D

1 2

A

321 4

B

A

5 6

DRAWN

CHK'D

APPV'D

UNLESS OTHERWISE SPECIFIED:
DIMENSIONS ARE IN MILLIMETERS

   

PART NUMBER:

NAME DATE

MATERIAL:

UNIVERSITY OF MANITOBA REVISION

TITLE:

DWG NO.

SCALE:1:150 SHEET 1 OF 1

A4

C

VARIOUS

WEIGHT: 1.4 TONNES 

OMEGA TECH

OMEGA TECH

OMEGA TECH 26-NOV-2014

25-NOV-2014

25-NOV-2014 CART ASSEMBLY

0

1-3-2

1-3-2



 257.18 

63.50 THRU
 63.50 

8X  5.11  19.05
 1/4-20 UNC  12.70

 329.60 

 12839.70 

 2978.15 (TYP) 

4X  13.49 THRU (TYP)

 973.67 (TYP) 

 260.48 

 184.15 (TYP) 

 257.18  219.08 

1

4

4

2

3 3

ITEM NO. DESCRIPTION QTY.

1 8" SCH 40 STEEL PIPE 45FT

2 3/8"x1" STEEL FLAT BAR 40FT

3 12"x12"x3/4" STEEL PLATE 1

4 2.5" DIA. STEEL ROUND BAR 1FT

B

C

D

1 2

A

321 4

B

A

5 6

DRAWN

CHK'D

APPV'D

UNLESS OTHERWISE SPECIFIED:
DIMENSIONS ARE IN MILLIMETERS

   

PART NUMBER:

NAME DATE

MATERIAL:

UNIVERSITY OF MANITOBA REVISION

TITLE:

DWG NO.

SCALE:1:100 SHEET 1 OF 1

A4

C

STEEL

WEIGHT: 675KG 

OMEGA TECH

OMEGA TECH

OMEGA TECH 26-NOV-2014

25-NOV-2014

25-NOV-2014 COVER ROLLER

0

1-3-2-2

1-3-2-2



 12801.60 

 13768.32 

 260.60 

 973.58 (TYP)  184.15 (TYP) 

13.46 THRU

3

2

1

3

 12.70 

 76.20 

1/4-20 Tapped Hole

 12903.20 

 50.80 1/4-20 Tapped Hole

2

3

Scale 1:10

ITEM NO. DESCRIPTION QTY.
1 CUSTOM HEAVY DUTY PVC TARP 1
  2 2" DIA. STEEL ROD 24.33FT
  3 3" DIA. STEEL ROD 0.05FT

B

C

D

1 2

A

321 4

B

A

5 6

DRAWN

CHK'D

APPV'D

UNLESS OTHERWISE SPECIFIED:
DIMENSIONS ARE IN MILLIMETERS
 PART NUMBER:

NAME DATE

MATERIAL:

UNIVERSITY OF MANITOBA REVISION

TITLE:

DWG NO.

SCALE:1:150 SHEET 1 OF 1

A4

C

WEIGHT: 194KG

OMEGA TECH

OMEGA TECH

OMEGA TECH 26-NOV-2014

25-NOV-2014

25-NOV-2014 TARP ASSEMBLY

0

1-4

1-4VARIOUS



 952.50 

 76.20 

 1155.70 

 609.60 

B

(TYP)

4

 876.30 

 12547.60 

 1629.70 

 1482.73 (TYP) 

A

4

1

3

DETAIL A 
SCALE 1 : 45

 R88.90 

 25.40 

 228.60 

 R50.80 

 88.90 
DETAIL B 

SCALE 1 : 45

NOTE: ASSEMBLY REQUIRES 1 LH AND 1 RH CONFIGURATION

ITEM NO. DESCRIPTION QTY.
 1 4"x4"x1/4" STEEL SQUARE TUBE 26FT
  2 3"x3"x1/4" STEEL SQUARE TUBE 240FT
  3 5"x6.7" STEEL C CHANNEL 80FT
  4 16"x7.5"x.5" STAINLESS STEEL PLATE 2
  5 5"x5"x1/2" STAINLESS STEEL PLATE 36

B

C

D

1 2

A

321 4

B

A

5 6

DRAWN

CHK'D

APPV'D

UNLESS OTHERWISE SPECIFIED:
DIMENSIONS ARE IN MILLIMETERS
MATERIAL IS 3"x3"x1/4" STEEL 
SQUARE TUBE
 

PART NUMBER:

NAME DATE

MATERIAL:

UNIVERSITY OF MANITOBA REVISION

TITLE:

DWG NO.

SCALE:1:90 SHEET 1 OF 1

A4

C

WEIGHT: 205KG

OMEGA TECH

OMEGA TECH

OMEGA TECH 26-NOV-2014

25-NOV-2014

25-NOV-2014 SWINGING ARM GUIDES

0

1-5

1-5VARIOUS
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