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December 1, 2014

Dear Dr. Labossiere:

We herewith submit Team #9’s final design report entitled “Fire Truck Cab Entryway
Improvements Final Design Report.” This document is submitted for the final evaluation of our
Mechanical Engineering capstone project.

This report presents our design for a pneumatically actuated, automatically deploying step
system, utilized to integrate an ergonomic full width interior floor into an emergency response
vehicle produced by our client Fort Garry Fire Trucks.

Also included are preliminary finite element analysis results requested by the client to
determine whether this same vehicle meets the roof loading requirements for commercial
vehicles established by the European Union.

Sincerely,

Rhys Werdermann, Martin Long, Chee Him Cheung, and Youssef Amin

Enclosed: Fire Truck Cab Entryway Improvements Final Design Report
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EXECUTIVE SUMMARY

Our team has partnered with Fort Garry Fire Trucks (FGFT) to solve an issue facing their
current emergency response vehicle design. Currently in their Crown cab design, the interior
floor partially overhangs the entrance steps, creating a tripping hazard while entering the crown.
Additionally FGFT’s competitors offer products which have an interior floor that extends the
entire width of the vehicle, placing them at a competitive disadvantage when bidding on

contracts.

FGFT has tasked us with modifying their Crown design to implement a full width floor,
integrating automatically actuating steps to create an ergonomic entrance when entering and
exiting the Crown. Consulting with our client, they emphasized that they desired a creative

concept, one which would differentiate them from the competition.

Our final design achieves a full width interior floor, integrating a pair pneumatically
actuating sliding steps on either side of the Crown. The actuation is designed to automatically
extend the steps when the door is opened past 65°, and to retract the steps when the door is
closed past this same point. The steps have been designed to meet the National Fire Protection
Association’s standards for automotive fire apparatus. The steps are 18” wide, a design
consideration to eliminate any interference between the door and step during the actuation
process, while maintaining a functional width for entering and exiting the Crown. A uniform rise
height of 8-1/4” has been designed between the steps, with a uniform distance of 8” between
leading edges of each step when they are deployed. Steel diamond plate is used to construct the

tread face to provide a non-slip surface.

Considerations have been made within our design to ensure it fulfills FGFT’s

manufacturing capabilities, and to utilize materials common to their Crown design. The frame of
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each step is constructed of 1-1/2” x 1/8” square 6061 aluminum tubing. 2” x 3/16” square and
2”x3”x3/16” 6061 aluminum tubing is used to construct the subframe used to mount all of our
design components into the existing crown frame. Wherever possible, off-the-shelf parts have

been used.

The pneumatics within our design are powered by an air storage tank that is charged by
the fire truck's air brake system. Each step is actuated by its own pneumatic cylinder, an 8"
cylinder for the upper step and a 16" cylinder for the lower step, which are connected in parallel
so they actuate in unison. Double-acting pneumatic cylinders are used to provide powered out-
strokes and in-strokes during actuation. In the fully extended position, the pneumatic actuators

remain pressurized to hold the step firmly in place.

In order to control the pneumatic cylinders, an electrical control system was
implemented. This control system consisted of two limit switches to sense the door position, and
a third switch to allow the user to depressurize the pneumatic cylinders manually for
maintenance. The switches route power to the solenoids of a 4-way pneumatic valve, opening

and closing the valve to provide pressurized air to the pneumatic cylinders.

For our design, we had been given a budgetary goal of $1500. Breaking down the cost of
all the components in our design, without considering labour costs, the total cost of our design
was shown to be $1773.11, an overshoot of 18%. Reviewing our component costs there are no

clear areas where cost can be further reduced within our chosen design.

To implement our design, it is recommended that FGFT builds an initial prototype of the
system. This prototype is needed to fine tune the dynamic interaction between the slides and
pneumatics, by adjusting the air flow within our system to ensure the actuation of the step

doesn't hit the door during operation. This prototype will also be used to assess the need for
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bumpers between the door and steps in the stowed state, and the optimal positioning for the

manual depressurization switch.



1 INTRODUCTION

For our MECH 4860 design project, our group has partnered with Fort Garry Fire
Trucks to design an actuating step mechanism that will allow them to extend the interior
floor of their cab the full width of the vehicle. We have also been asked to analyze their
current Crown cab structure to ensure it meets the roof loading requirements for

commercial vehicles set out by the European Union.

1.1 Background

Fort Garry Fire Trucks (FGFT) is Canada's largest manufacturer of emergency fire
vehicles, providing fire trucks, pumper trucks, water tankers, and other rescue vehicles to
fire departments across North America [1]. FGFT is currently looking to expand its market
share by modifying their current design to better compete in the North American market

and by expanding into the European market.

The initial model that FGFT intends to introduce to the European market, and the
model they have asked us to modify for the North American market, is built on a
Freightliner chassis (as shown in Figure 1); with a supplementary custom built cab, called
a Crown, added behind the Freightliner cab to provide seating for an additional three to

four firefighters and to house the controls for different equipment.



Figure 1: Fort Garry Fire Trucks Pumper Tanker with Crown cab
[1]
The issues facing the current layout of the Crown are the ergonomics of the

entrance steps, and the lack of a full width floor. Currently, when entering the Crown,
there is a considerable tripping hazard created by an overhang of the interior floor as

shown in Figure 2.

Figure 2: Current entrance step of the Crown



This overhang is neccesitated by the seating arrangement of the Crown (shown in Figure
3); without this floor extension, the two seats on the outside of the Crown would lack
support for the feet of the firefighters seated there. Additionally, FGFT's competitors
currently produce vehicles with full width interior floors, which places FGFT at a

competitive disadvantage when bidding on contracts.

FLOOR

SEAT SEAT SEAT SEAT

N : 7

Figure 3: Overhead view of seating arrangement of Crown with current floor configuration

To alleviate these issues, FGFT has tasked us with creating a design concept which
extends the interior floor the full width of the Crown and integrates an actuating
mechanism which will deploy ergonomic stepping platforms when the door of the Crown

is opened.



1.2 Design Requirements

There are some basic requirements for our design as provided by our client. These
requirements are stipulated by the National Fire Protection Association (NFPA) -
specifically NFPA 1901: Standard for Automotive Fire Apparatus [2] which states any

step must:

Support 500 lbs applied to a 5" diameter circle

Be a minimum of 5" wide and 8" deep

Be a maximum of 24" from the ground with a maximum of 18" between steps

Have a non-slip surface

The client has also specified that the step must open and close in conjunction with
the door opening and closing and should be as ergonomic as possible; specifically, the step

should not be ladder-like.

1.3 Design Constraints

Our design must also fulfill a number of constraints related to space availability,

manufacturing capability, and cost.

The major constraint of our design is the space within the Crown that our
mechanism may occupy. Our mechanism must fit within the space currently occupied by
the fixed steps at the Crown door (shown in Figure 1 and Figure 2). Currently, behind this
space is a heater, used to heat the Crown in winter. After consulting with our client, they
agreed that the space currently occupied by the heater may also be utilized by our design,

as the addition of the full width floor above the heater will cause it to be ineffective in



heating the passage compartment. The dimensions of our design space are shown in

Figure 4.

787

Figure 4: Space allocation within Crown for our mechanism, dimensions shown in inches.

There are also some material and manufacturing constraints imposed due to the
manufacturing capabilities of FGFT's facility. The Crown structure is primarily
constructed out of aluminum alloys with steel also being used. This precludes our design
from being constructed out of composites or plastics. FGFT does have a CNC plasma table;
therefore, we can incorporate this into our design to construct more complicated geometry

if needed.

Additionally, FGFT has given us a budgetary goal of $1500. This budget includes
all materials and components required to implement our design on both sides of the

Crown. Labour costs have been omitted.



1.4 Crown Roof Loading Analysis

FGFT is currently looking to expand its market share further into the European
market and gave us the additional task of assisting them in ensuring their emergency

response vehicles meet the standards and criteria for use in Europe.

Only the Crown needs to be analyzed, as the Freightliner chassis used in the model
they asked us to analyze meets European Union commercial vehicle standards. Of prime
interest to FGFT is the roof loading standards, subsection 7.4 of Regulation No. 29 of the
Economic Commission for Europe of the United Nations, which states that the roof of the
Crown must be able to withstand a static load equal to the maximum mass authorized for
the front axle of the vehicle up to a maximum of 98kN [3]. This corresponds to a load of

12,500 lbs, or 55.6kN, for the model being analyzed.

We were asked to perform a finite element analysis (FEA) on the Crown design to
test whether it will meet this criterion. This analysis factored heavily into the early stages
of our project, as it was used to determine the scope of our design content. If the Crown
was shown to pass, FGFT is confident their design will meet the other requirements
presented in the European standards and did not asked for any supplemental analysis
from us. However, if this analysis were to show any deficiencies in their current design,
our design task would have been to modify their Crown structure to fix these deficiencies.
The results obtained from this analysis demonstrated that the crown will pass the static
roof loading requirement, which allowed us to define the scope of our project as outlined.
As this analysis of the Crown roof loading does not factor into our actuating step design,
the results can be seen in Appendix A: Preliminary FEA Results. Based on the results of

this analysis, FGFT intends to perform physical testing to confirm the results.



2 DESIGN CONCEPTS

As the design content of our project could not be defined until the after Crown
analysis was performed, a process which was not completed until mid-October, our
concept development process needed to be condensed. A full Gantt chart detailing our
project development can be found in Appendix D. Additionally, there was a
misunderstanding of scope and client need during the initial concept development of our
actuating step project, which further condensed the time available for concept
development. Our team still developed several ideas to redesign the steps in the Crown
with a concept development process focused on two categories: a rotary step and a sliding

step.

2.1 Rotary Step

The rotary step concept, seen in Figure 5, has the steps rotate into position as the

door opens.



Mechanical Linkage

Figure 5: Rotary step design at fully extended position

For this concept, steps are attached to a pivot located inside the Crown near the
pivot point of the door. The step assembly can be actuated by a mechanical linkage
connecting the door to the step assembly. When the door is opened, the link will pull the
steps to the deployed position; when the door is closed, the link will push the steps back
into their stowed position. Additionally, a locking mechanism will be used to hold the
steps in position while in use. The major limitation of this design is the depth of the
allocated space; as this restricts the maximum width of the deployed step, potentially

impacting ergonomics and usability.



2.2 Sliding Step

The sliding step concept has the steps move out linearly when door is opened, as

shown in Figure 6.

Direction of travel

Figure 6: Sliding step design at fully deployed position

The linear motion of the sliding steps mechanism introduced an additional
constraint on the width of the steps in order to prevent the steps colliding with the door.

This, again, potentially impacts the ergonomics and usability of the step.

With the sliding step, multiple actuation and slide mechanisms were considered.

These mechanisms are described below.

2.2.1 Actuation Mechanisms

In order to deploy and retract the steps as the door opens and closes, two actuation

mechanisms were considered: pneumatic actuators and mechanical linkages.



2.2.1.1 Pneumatic Actuator

Pneumatic actuation utilizes linear pneumatic actuators, also called pneumatic
cylinders, to deploy and retract the steps. Pneumatics was considered over electronic
actuators or hydraulics due to the availability of an onboard air source; the pneumatic
system can be run as an accessory of the airbrake system on the fire truck. Sensors
monitoring the door position are required to control the pneumatic actuators, deploying
or retracting the steps as the door opens and closes. Choosing an appropriately-sized
pneumatic cylinder during our final design process will provide an actuation mechanism
that can rapidly deploy and retract the steps, with valves and flow control being used to

tune the speed of the mechanism.

2.2.1.2 Mechanical Linkage

The second actuation mechanism investigated was a mechanical linkage between
the door and the steps. However, unlike the mechanical linkage used in the rotary step
concept (which merely translated the rotary motion of the door to a rotary motion about a
parallel axis), this mechanism would be required to convert the rotary motion of the door
to a linear motion of the step. Two mechanical linkage concepts that could be utilized for a

linear step were investigated.

The first mechanical linkage design is shown in Figure 7. A rigid arm is used to
connect the door and steps. In this configuration, the linkage acts as a two-force member.
As such, during opening and closing, an equal amount of force is being directed
perpendicular to the step travel at certain points, reducing the efficiency of this

mechanism.
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Figure 7: Mechanical linkage with small rigid arm

The second design is shown in Figure 8. In this design, an arm is connected to the
door, and a pin provides a connection between the arm and the step. A track is mounted
within the Crown. During operation, the pin will move along this track, which shifts the
rotary motion of the door into a linear motion. However, this design increases the
mechanical complexity as compared to the first design, while suffering from the same

efficiency issues.
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Door

Long Arm Step

Track

Pin

Step Enclosure

Figure 8: Bottom view for mechanical linkage with long arm (step at extended position)

2.2.2 Slide Mechanism

To facilitate the sliding action of the mechanism, a pair of mechanical tracks (called
slides) is required. For our design, the slides need to satisfy several functional
requirements. First, they must be of sufficient length to allow the step to extend to an
ergonomic position and have a retracted length which neatly fits into the allocated space
within the Crown. Second, they must be strong enough to support the weight of a

firefighter when the step is fully extended, fulfilling the 500 1b load requirement from the
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NFPA standards. Third, friction from the slide needs to be minimized in order to reduce

the force required of the actuation mechanism we implement.

At first, a custom-designed option was considered. This would require the design of
a fixed track and a wheeled slide. When considering the loading involved when the
extended step is supporting 500 lbs, and the dynamic requirements of the slide, it was
quickly determined that custom-built slides were infeasible due to our manufacturing and
material constraints. Researching commercially produced slides, a number of different
manufacturers were found to produce slides which meet all of the requirements of our
design. It was decided that utilizing an off-the-shelf product would be the ideal solution
for a sliding step mechanism, if it were to be chosen for our final design, with further

research required.

2.3 Concept Selection

The selection of the concept with which we chose to move forward was primarily
driven by discussions with our client and research of competitor designs. Our client
emphasised that they were interested in receiving a creative concept from us that would
differentiate them from their competitors. In our meetings with the client, and our
independent research, we saw that the competitors utilize rotating step designs. As such,
the sliding step concept was chosen for our final design, as it was determined to best

satisfy our client’s wants and needs.

For the two possible actuation methods for this design, it was determined that the
mechanical linkage had some major drawbacks which precluded it from being an optimal
solution. For one, to prevent interference between the door and step during actuation,
there must be a considerable gap between the two when they are fully open. This leaves

the linkage unguarded, meaning it would be easy for the user to accidentally step on and

13



damage the linkage when egressing the cab. Secondly, the off-the-shelf slides we intend to
implement are designed to support vertical loading. As previously mentioned, the
mechanical linkage will cause loading perpendicular to the motion of the step when
opening and closing, a loading condition for which the commercial slides are not designed.
The dynamics of the slides under these loading conditions are unknown, and seizing of the

mechanism may occur.

Considering pneumatics, the major drawback is the increased complexity and cost
over the mechanical linkage. However, pneumatic cylinders don't exhibit any of the
following drawbacks of a mechanical linkage: The pneumatic components can be located
inside the Crown, with the cylinder attached below the tread of the step, which eliminates
the possibility of the user accidentally damaging the component. Also, pneumatic
cylinders operate in a purely linear fashion, which fits the designed loading conditions for

the off-the-shelf slides.

Further research was conducted to determine the feasibility of utilizing
pneumatics, and it was determined that the controls that would need to be implemented
for our application can be fit into our $1500 budget without need for compromise in other

areas.

14



3 FINAL DESIGN

Our design achieves a full width interior floor in the Crown, integrating a set of
pneumatically actuated sliding steps which extend and retract in conjunction with the

door. Renderings of our design within FGFT's Crown model are shown in Figure 9.

Figure 9: Render of our final actuating step design in the deployed position

The actuation is designed to extend the steps when the door is opened past 65° and
to retract the steps when the door is closed past this same point. The width of the step, 18",
has been designed to eliminate any interference between the door and step during the
actuation process, while maintaining a functional width for entering and exiting the

Crown. Figure 10 shows a diagram of the ergonomic factors of our design.

15



Going .
Floor Height
=
o
1
e ) e : ® : ® ¢
=
o,
2
2
[==)
e (3 e ° -] : o : o : €
93"
Tread depth

Figure 10: Measurements of extended step position

From this, we see our step design has a rise height of 8-1/4", tread depth of 9-1/8", and

going of 8". The tread of each step is constructed out of stainless steel diamond plate to

provide a non-slip surface.

The pneumatics within our design are powered by an air storage tank that is
charged by the fire truck's air brake system. Each step is actuated by its own pneumatic
cylinder, an 8" cylinder for the upper step and a 16" cylinder for the lower step, which are
connected in parallel so they actuate in unison. Double-acting pneumatic cylinders are
used to provide powered out-strokes and in-strokes. In the fully extended position, the

pneumatic actuators remain pressurized to hold the step firmly in place.

Considerations were made in our design to address functionality if mechanical
failure or loss of electrical power occurs. If stuck in the retracted position, our design will

still function as a ladder, impacting ergonomics during egress but still being functional.
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The pneumatic control valve we selected has a default exhausted position. This means that
if power is lost, pressure in the cylinders is vented; so, the step can be manually retracted.
This design consideration eliminates the chance of the step being stuck in a deployed
position, which would prevent the door from being closed. A power disconnect switch is
also included in our design, giving the user control to exhaust the cylinders if the step

needs to be manually extended or retracted or to perform maintenance.

Further details of the individual design components, including selection criteria

and analysis, are detailed in the following sections.

3.1 Tread Design

The tread of our design is formed by a welded tube structure, constructed out of 1-
1/2"x1/8" square 6061 aluminum tubing, and a formed piece of 1/8" stainless steel
diamond plate which is riveted to the frame. The tread design is shown in Figure 11. This
tread has a tread depth of 9-1/8" and a width of 18". Mounting holes are provided along
the sides of the tread to fasten it to the slides. To accommodate the pneumatic cylinder
which will be paired to this component, the rear tube is offset above the rest of the frame,
allowing the pneumatic cylinder to be positioned in parallel with the centreline of the step.
A mounting tab to fasten the clevis of the pneumatic cylinder is provided on the front tube

of the step frame.
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Figure 11: Tread design

To meet the design requirements, the tread is designed to support a load of 500lIb.
To test this, FEA was performed on the tread. For this analysis, the sides of the tread
(where it is bolted to the slides) were set as fixtures, and a 500 b load was applied to a 5"
diameter circle on the face of the tread. A stress plot of this simulation is shown in Figure

12.

von Maes (a2 (M)

Figure 12: Stress plot of tread structure with 500 1b load applied

From this plot, we see a peak stress of 85.6MPa in the steel tread face; this is much

less than the 220MPa yield strength of the stainless steel plate. Deflections in the plate
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were demonstrated to be less than 0.5 mm. Notable stress concentrations in this analysis
were seen in the areas of contact between the tube structure and plate, which would be
unexpected in a riveted connection between the two. As such, the tube structure was

analysed separately resulting in the stress plot shown in Figure 13.

von Mises (NAmm*2 (MPa))

— Yield strength: 55.1

Figure 13: Stress plot of aluminum tread frame subjected to 500 1b remote load.

For this analysis, the same fixture conditions were used, with the 500 Ib load now
distributed along the top faces of the aluminum tubes using a remote load application
point analogous to the user stepping on the tread face. From this plot, we see a maximum
stress of 13.4MPa - less than the 55.1MPa yield strength of the 6061 tubes. This analysis

demonstrates that our step meets the loading criteria of our design.

Engineered drawings of this component can be found in Appendix C.
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3.2 Slide

In selecting an off-the-shelf slide, four criteria were considered: maximum allowable
load, extension length, retracted length, and cost. The chosen slides needed a designed
capacity of at least 500 Ib applied at a point near full extension. They need extension
lengths capable of reaching the designed distance for the deployed steps, which are 8” and
16” for upper and lower step respectively, while maintaining retracted lengths that fit into
the allocated space in the Crown. The cost of the chosen slide is a major consideration, as

eight slides are required in total.

Slides from the GSF Sliding Systems DTS 60 series, pictured in Figure 14, were
chosen for our final design. These slides were chosen as they meet all of our requirements

while having an economical price that fits into our budget.

Figure 14: GSF Sliding Systems DTS 60 series telescopic slides.

[4]

These slides are a two section telescopic slides, milled out of C45E+C steel. The I-
beam structure of the middle slide component gives this product high strength while

maintaining a compact profile. Additionally, this product is considered excellent for
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applications experiencing dynamic loading (which describes our application well) and are

designed to be shock and vibration resistant.

The loading rating for these slides is based on a distributed load at the centre of the
slide. As our load is concentrated at approximately 3/4 of the length of the slide, it was
determined the rated load for these slides of 900-1000 Ibs would be sufficient. A summary
of the properties of the selected slides is shown in TABLE I. Full technical specifications

for this product can be found in Appendix B.

TABLE I: PROPERTIES FOR SELECTED SLIDE [4] [5]

Part Number 4015.DTS060.0250 4015.DTS060.0450
Installation 9.84" 17.72"

(retracted) length

Extension length 9.84" 17.72"

(in)

Load per pair of 904 lbs 970 lbs

slides (Ibs)

3.3 Pneumatics

A pneumatic actuating system consists of three main components: the air
compressor, the compressed air tank, and the air cylinder. The first component is the
compressor, providing the high pressured air needed to operate the system. In our project,
our system is run as an accessory of the vehicle’s air brake system, which provides our
pressure source. The second component is the compressed air tank, which is used to store
the compressed air. This results in greater volumetric flow rates and, thus, greater piston
speeds; it also allows our design to operate when the vehicle’s engine is not running. The
team has chosen a one gallon tank to store the pressurized air. The final component is the

pneumatic cylinder, the requirements of which are described in the following section.
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3.3.1 Cylinder Requirements

In order to operate the sliding step in the final design, two pneumatic cylinders are
utilized: one for the lower sliding step and a second for the upper sliding step, as shown in

Figure 15.

Figure 15: The configuration of the two cylinders, highlighted in blue, required for the upper and
lower sliding step

In order to ensure the sliding steps function as intended, the pneumatic cylinders
must meet five constraints: They must be double acting, have appropriate stroke lengths,
operate in low temperatures, have an outside diameter which fits in our space constraints,
and operate under an appropriate pressure. Double acting cylinders will be used, as they
allow for forward movement of the steps when the Crown door opens and backward
movement of the steps when the Crown door closes. To meet the design requirements, the
stroke length of the cylinder attached to the lower tread must be 16”, and the stroke length

of the cylinder attached to the upper tread must be 8”. To fit within our space constraints,
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specifically to nest underneath the step frame, the cylinders must have an outside

diameter less than 1-1/4”. Lastly, the operating pressure of the two cylinders must be

within 80 - 150 psi.

Cylinders from the McMaster Carr switch-ready stainless steel air cylinder product

line were chosen, as they meet all the preceding constraints. The smaller cylinder of our

design is shown in Figure 16.

Figure 16: The Small Cylinder of 8” Stroke Length

A summary of the properties of the selected pneumatic cylinders is shown in TABLE II.

Full technical specifications can be found in Appendix B.

[6]

TABLE II: PROPERTIES FOR PNEUMATIC CYLINDERS

Part Number 4952K229 4952K251
Bore Size 3/4" 3/4"
Stroke Length 8" 16"
Retracted Length  13-1/8" 21-18"
Outside Diameter 1-1/8" 1-1/8"
Minimum -30°C -30°C
Operating

Temperature
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To control the air flow going in and out of the cylinders, an air flow control valve is
used. An air flow control valve is a device that reduces the flow rate of the air,

consequently reducing the extension and retraction speed of the pneumatic cylinder.

3.3.2 Cylinder location

Both air cylinders are located in the allocated space below the interior floor of the
crown, nested underneath and behind the tread in the retracted position, as shown in
Figure 17. The cylinders are centred behind each step to provide even force between the
paired slides during actuation. Furthermore, the location of the two cylinders provides

easy access to perform maintenance on the cylinders.

Figure 17: Location of the pneumatic cylinder. Cylinders are highlighted blue. Tread face has
been hidden to better illustrate cylinder position.
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3.3.3 Cylinder Mounting Components

The choice of mounting style can improve the pneumatic cylinder performance by
avoiding misalignment between the cylinder rod and the axis of step travel and preventing
buckling of the cylinders [7]. The team has chosen rear pivot mounts for both the small
and large cylinders, as shown in Figure 18, utilizing the pivot brackets designed for the
McMaster Carr product line. On the longer cylinder, an additional foot bracket is added at
the front end of the cylinder. This is added to reduce the length of the unsupported
cylinder at full extension in order to reduce buckling loads. Technical specifications of

these mounting components can be found in Appendix B.

Figure 18: Small And Large Cylinders Mounted to Pivot Bracket and Large Cylinder Mounted To Foot
Bracket

3.3.4 Cylinder Maintenance

The selected cylinders are non-repairable, meaning that these parts need to be
replaced as a unit if they fail. Repairable pneumatic cylinders were also researched,

however the cost difference between the two option made non-repairable cylinders the
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preferable option. The piston seals and rod seal of the chosen cylinders are made of nitrile
rubber, which has a high wear resistance; this in turn, increases the life span of the

cylinder [8].

3.4 Mounting

To mount and support the different components of our design, additions to the
frame of the Crown must be made. After determining the geometry of the design and
selecting the different components that will be utilized; a subframe was created to connect
all the components together, which was then integrated into the existing Crown frame.

Figure 19 shows how this frame fits into the existing frame.

Figure 19: Subframe addition to support design components. Dark grey components are new
frame members which will be added to the existing Crown frame.

The subframe is constructed using material and manufacturing operations
consistent with the rest of the Crown frame. The subframe contains mounting surfaces for

the slides and pneumatics. To ensure it is robust enough to support the loading from our
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design, FEA was performed. A plot of the stresses observed in the structure when

subjected to load analogous to 500 lbs on each step is shown in Figure 20.

von Mises (N/m*2)
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Figure 20: Stress plot of subframe subjected to 500 1Ib loading on each step.

From this plot we can see that the 500 lb load is supported by this subframe while

maintaining a factor of safety greater than two.

Engineered drawings of this component can be found in Appendix C.

3.5 Control System

As the steps are to be deployed automatically as the door opens, a system is required

to control the flow of air to the pneumatic cylinders in order to deploy and retract the steps
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at the proper times. The following section details the design process and final design of the

control system for the automatic steps.

The control system was designed by first evaluating the desired behaviour of the
system, identifying the necessary inputs and outputs of the system and their relationships
to each other. With this done, a hardware system was then designed to detect the required

inputs and translate them into the corresponding outputs.

3.5.1 Desired Behaviour

When the door opens, the steps are to deploy; however, if the steps deploy too
early, they will hit the door - forcing it open. Thus, in order to avoid that situation, the
steps should not begin to deploy until the door has opened enough that it will not interfere
with the fully deployed steps. Similarly, when closing the door, the steps should begin to
retract to their stowed position before the door hits them. When the door is fully closed,
the pneumatic cylinders should be depressurized to limit air leaks in the system. Finally, in
order to allow for maintenance; the user should have the ability to move the steps freely, at

their discretion, regardless of the current door position.

3.5.2 System Inputs and Outputs

From the above behaviour, three inputs can be identified: The first is whether the
door will interfere with the fully deployed steps; this corresponds with an opening angle of
approximately 60°. A small buffer will be added and, thus, the point along the door’s arc at
which the steps will deploy or retract is 65° (henceforth referred to as the “deploy/retract
point”). The second input detects whether or not the door is completely closed, and the

third input allows the user to manually depressurize the system.
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Furthermore, these inputs lead to four possible states: The first is the stowed state.
The system is in the stowed state when the door is completely closed. In this state, the
pressure in the pneumatic cylinders is exhausted, and the steps are only held in place by
the door and the back of the slides. The second state is the deployed state, active when the
door is opened beyond the deploy/retract point. In the deployed state, pressure is applied
to the back of the pneumatic cylinders while the front is exhausted, deploying the steps;
and, once deployed, holding the steps in place. The third state is retracted. The system is
in the retracted state when the door is between the deploy/retract point and the fully
closed point. While in the retracted state, pressure is applied to the front of the pneumatic
cylinders while the back is exhausted, pulling the steps back to their fully retracted
position and holding them there so that the steps do not collide with the door. The final
state is the maintenance state in which the pneumatic cylinders are depressurized at the
user’s discretion regardless of the door position. This allows the steps to move freely,
simplifying maintenance. Of these four possible states, the stowed and maintenance states
both result in the pneumatic cylinders being depressurized; thus, these two states can be

considered a single output which can be the result of multiple possible input conditions.

3.5.3 Implementation

In order to control the double acting pneumatic cylinders and put them into the
required three distinct states (deployed, retracted, and maintenance/stowed); a 4-way, 3-
position, double solenoid, center exhausted valve was selected. Such a valve will put the
system in the deployed state when solenoid 1 is energized, the retracted state when
solenoid 2 is energized, and the stowed/maintenance state when neither solenoid is

energized.
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The specific model selected was a NITRA Pneumatics AVS-513E1-24D, as it met
the specific needs of this system (with the exception of poor cold weather performance, as
the valve is only rated to -5°C [9]). There are valves with lower minimum operating
temperatures that fit the needs of this system; however, these options were significantly
more expensive, costing several hundred dollars more. Detailed specifications of the

NITRA Pneumatics AVS-513E1-24D can be found in Appendix B.

To energize the proper solenoid, three switches are used to detect the inputs detailed in
section 3.4.2. One switch senses when the door reaches the deploy/retract point (switch 1),
sending current to solenoid 1 when the door is opened beyond 65° and to solenoid 2 when
the door is opened at an angle less than 65°. A second switch senses when the door is fully
closed (switch 2), at which point it opens the circuit cutting power to the solenoids. The
third switch is used to manually put the system into the maintenance state (switch 3),
again, by opening the circuit. The two limit switches used to sense door position (switches
1 and 2) are both single pole double throw (SPDT). A normally closed, single pole single
throw (SPST) switch could be used for switch 2; however, as the price difference between
SPST and SPDT switches is negligible, it would be more advantageous to simplify the
production and maintenance of the system by having switches 1 and 2 utilize the same
model of SPDT switch. Switch 3 is a SPST rocker switch, allowing the user to quickly and
easily put the system into the maintenance state. These three switches are wired in series
as seen in Figure 21. The specific switches chosen were C&K Components ASKHF3T04AC
for switches 1 and 2, and an Arcolectric C1500WABB-B for switch 3. Detailed

specifications for both switches can be found in Appendix B.
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Figure 21 : Circuit diagram for the step control system

3.5.4 Switch Positioning

Switch 1 is mounted to the floor of the step enclosure, 4” back from the forward
edge of the door frame and ¥4” in from the doorsill. A plate (Figure 22) is attached to the
inside of the door 1.5” from the bottom and flush with the front edge of the door. The plate
is a quarter circle with a radius of 4” and extends out horizontally from the door. When the
door is closed, the plate depresses switch 1, routing power to solenoid 2. When the door is
opened beyond the deploy/retract point, the switch is uncovered, re-routing power to

solenoid 1 and setting the system to the deployed state.

Figure 22: Sensor Plate
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Switch 2 is mounted to the inside of the doorframe between the two steps (Figure
23). In this position, the switch will only be depressed (opening the circuit) when the door

is in the fully closed position.

Figure 23: Switch 2 positioning

The exact positioning of switch 3 is relatively unimportant as the only requirement
is that it is accessible to the user. The team determined that the most convenient place
would be just inside the door, about 2’ above the floor of the Crown, as the user could

easily reach this position from both inside and outside of the Crown.
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3.5.5 Control System Overview

The double acting pneumatic cylinders are controlled by a 4-way, 3-position,
double solenoid, center exhausted valve (NITRA Pneumatics AVS-513E1-24D). This valve
is, in turn, triggered by three switches wired in series. Switch 1 flips when the door opens
beyond the deploy/retract point, switch 2 opens when the door is fully closed, and switch 3

is toggled by the user. Figure 24 shows a diagram of the control system in the maintenance

state.
Solenoid 1
Fxhaust To side 1
of Piston
Pressurized Air Inlet
To side 2
Exhaust o plston
Solenoid 2
||=
12v to 24v
DC converter ‘ S; 51
5 3 *— *—
v - h——\_J——.\F_

Figure 24: Control system diagram

3.6 Cost Breakdown

To determine the total cost of our design, it has been broken down to the component
level in TABLE III. This table has been subdivided into three categories to demonstrate the

cost distribution; raw materials, pneumatics, and slides.
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TABLE III: COST BREAKDOWN OF FINAL DESIGN

Total
Cost Per
Part Description Part Number QTY | unit($) | Cost($) | Reference
Raw Materials
1-1/2" x 1/8" wall - 22 ft. 1.65/ft 36.30 [10]
6061 Aluminum
Square Tube
2" x 3/16" wall 6061 - 24 ft. 3.60/ft 86.40 [10]
Aluminum Square
Tube
3”x2”x1/8” wall - 5 ft. 5.99/ft 29.95 [10]
6061 Aluminum
Rectangle Tube
Stainless Steel - 6 sqft | 6.42/sqft 38.42 [10]
Diamond Plate
Subtotal | $191.17
Pneumatics
Air Flow Control 62005K613 2 24.47 48.94 [11]
Valve - 1/8” NPT
Female x 1/8” NPT
Female
Air Hose 1/8" ID 451029 12 ft. 0.42/ft. 5.04 [12]
Air Hose Connector 11924-1-PKG 2 8.12/pack 16.24 [13]
1/8” Pipe to 1/8” acks
Hose Fitting, Pack of P
10
Coupler Plug V4~ G4978023 2 0.77/Plug 1.54 [14]
NPT to 1/8” NPT
Horizontal Pressure 9888K9g 1 202.02 202.02 [15]
Tank, 1 Gallon
Capacity, 6"
Diameter x 11" Long
Pivot Bracket with 4952K675 4 4.48 17.92 [16]
Pin for 3/4" Bore
Foot Bracket for WWG5THP1 2 2.97 5.94 [17]
3/4" Bore Cylinder
Rod Clevis with Pin G0385043 4 6.07 24.28 [18]
for 3/4" Bore
Cylinder
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Air cylinder 8” 4952K229 2 57.36 114.72 [6]
stroke 3/4 bore

Air cylinder 16” 4952K251 2 76.10 152.20 [19]
stoke 3/4 bore

Valve 4-way AVS-513E1-24D 2 42.00 84.00 [20]
3-position

pneumatic valve

Switch snap SPDT CKN9948-ND 4 5.32 21.28 [21]
switch

SPST rocker switch 1091-1161-ND 2 4.14 8.28 [22]
12v DC-24v DC 811-1584-5-ND 1 15.84 15.84 [23]
converter

Subtotal | $718.24

Sliding Rails
DTS-60 Heavy Duty | 4015.DTS060.0250 4 87.73 350.92 [5]
Slide Length of
9.84”
DTS-60 Extreme 4015.DTS060.0450 4 128.22 512.88 [4]
Duty Slide Length
17.72”

Subtotal | $863.80

Total $1773.11

From this, we see that our design has gone over our budgetary goal of $1500 by
18%. Looking at the subsection costs in the table, we see that the slides are the most costly
components, accounting for 48% of our final cost. From our research of other slide options
when determining the optimal slide for our design, the chosen DTS-60 slides were
considerably less expensive than other suitable options, almost half the cost of the other
options. As such, it is unlikely that the cost of the slides can be reduced much more. If this
design is to be implemented widely in FGFT’s production, it may be possible to get a bulk
discount greater than the current 10 percent bulk discount factored into our cost analysis.
Reviewing the cost of other components within our system, it is unlikely overall cost can

be reduced further without modifying the functionality of our design.
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4 RECOMMENDATIONS

An initial prototype of our design will be required before implementing it into FGFT
production. This prototype is needed to fine tune the dynamics of the slides and
pneumatics; as certain mechanical properties, such as the efficiencies of the slides and the
linear speed of the entire mechanism, are unknown or cannot be calculated to a sufficient

degree of accuracy.

To tune the speed of the mechanism as a whole, the air flow regulating valve will be
adjusted to ensure the actuation of the step doesn't hit the door during operation. The
need for a damper on the door to limit the closing speed will also be further assessed

during this test.

When the step is retracted and the door is closed, the system is depressurized. This
means, depending on the inherent friction provided by the pneumatic cylinder and slides,
that the step may shift around and hit the door when the vehicle turns. If it is noted that
the step is moved easily when depressurized, bumpers will be added to either the door or
the step to prevent potential damaging impacts between the two components. In this
situation it may also be necessary to add a mechanical means to fix the steps in the ladder

failsafe mode.

Physical testing will also help to determine the optimal position for the
depressurization switch, ensuring it is adequately accessible when the user is standing

inside or outside of the Crown.
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5 CONCLUSION

FGFT tasked us with improving the entryway ergonomics of their Crown cab
design, by extending the interior floor the full width of the Crown, and implementing

automatically actuating steps.

Our final design achieves a full width interior floor, integrating a pair
pneumatically actuating sliding steps on either side of the Crown. The actuation is
designed to automatically extend the steps when the door is opened past 65°, and to
retract the steps when the door is closed past this same point. The steps have been
designed to meet the National Fire Protection Association’s standards for automotive fire
apparatus. The steps are 18” wide, a design consideration to eliminate any interference
between the door and step during the actuation process, while maintaining a functional
width for entering and exiting the Crown. A uniform rise height of 8-1/4” has been
designed between the steps, with a uniform distance of 8” between leading edges of each
step when they are deployed. Steel diamond plate is used to construct the tread face to

provide a non-slip surface.

The pneumatics within our design are powered by an air storage tank that is
charged by the fire truck's air brake system. Each step is actuated by its own pneumatic
cylinder, an 8" cylinder for the upper step and a 16" cylinder for the lower step, which are
connected in parallel so they actuate in unison. Double-acting pneumatic cylinders are
used to provide powered out-strokes and in-strokes during actuation. In the fully extended

position, the pneumatic actuators remain pressurized to hold the step firmly in place.

In order to control the pneumatic cylinders, an electrical control system was

implemented. This control system consistes of two limit switches to sense the door
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position, and a third switch to allow the user to depressurize the pneumatic cylinders
manually for maintenance. The switches route power to the solenoids of a 4-way
pneumatic valve, opening and closing the valve to provide pressurized air to the pneumatic

cylinders.

Our design has been demonstrated to fulfill all of the requirements and constraints
imposed on our project. However, our final design has exceeded out budgetary goal of
$1500, with our cost coming in at a total of $1773.11, an overshoot of 18%. Further analysis
of our costs has shown that this figure cannot be reduced without altering design

functionality.
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A.1 Introduction

Fort Garry Fire Trucks (FGFT) is Canada's largest manufacturer of emergency fire
vehicles, providing fire trucks, pumper trucks, water tankers, and other rescue vehicles to
fire departments across North America [1]. FGFT are currently looking to expand their
market share further, and have tasked us with assisting them in ensuring their emergency

response vehicles meet the standards and criteria for use in Europe.

The initial model that FGFT intends to introduce to the European market is built
on a Freightliner chassis, as shown in Figure 1, with a supplementary custom built cab,
called a Crown, added behind the Freightliner cab to provide seating for an additional
three to four firefighters and to house the controls for different equipment. As the
Freightliner chassis already meets European Union commercial vehicle standards, only

the Crown needs to be analyzed.

Figure 1: Fort Garry Fire Trucks Pumper Tanker with Crown Cab

[1]



Of prime interest to FGFT is the roof loading standards, subsection 7.4 of
Regulation No 29 of the Economic Commission for Europe of the United Nations, which
states that the roof of the Crown must be able to withstand a static load equal to the
maximum mass authorized for the front axle of the vehicle, up to a maximum of 98kN [2].
This corresponds to a load of 12,5001bs, or 55.6kN, for the model being analyzed. We have
been asked to perform a finite element analysis (FEA) on the Crown design to test whether
it will meet this criterion. If the Crown is shown to pass, FGFT is confident their design
will meet the other requirements presented in the European standards, and have not

asked for any supplemental analysis.

Depending on the results of the FEA, there were two paths forward for the design
portion of this project. If the Crown failed to meet the roof loading standards, we were to
modify the design to meet all loading requirements as outlined in the European Union
standards for commercial vehicles. We would also be looking for ways to optimize the
design with regard to material, labour, and manufacturing costs. If the Crown was shown
to meet the roof loading standards, FGFT invited us to consult on design improvements

for the Crown.

A.2 Preliminary SolidWorks Analysis

To perform the FEA requirements, FGFT provided us with their SolidWorks model
of the Crown, shown in Figure 2. This model included the full tube structure of the Crown,
exterior panelling, trim, and walkways. As such, significant refinement of the model was
required; so, it would be suitable for usage with our analytical software. To facilitate this
refinement process, preliminary analysis was performed using SolidWorks Simulation; as
this made it easier to move between the modelling environment and the simulation

environment.



Figure 2: Provided SolidWorks model of Crown

We began the refinement process by suppressing all non-structural assembly components,
paring the model down to the tube frame. Some suppressed components may influence
the structural integrity of the Crown, such as the exterior panelling; but we chose to work
on the initial assumption that if the stripped down tube frame passes the loading
standards, the assembled Crown will also pass. The pared down model is shown in Figure

3.

Figure 3: Pared down Crown model. Non-structural components have been suppressed.



To accommodate meshing, further refinement of the model was still required. To
do this, we next removed all fillets and chamfers on the model parts. This was an extensive
process as there were 176 different components, all modeled with filleted edges. To
organize this process, each subassembly of the Crown model was refined individually. This
allowed us to work on a smaller scale, ensuring all mating relations were maintained
locally, and made it easier to identify any component interferences or modelling

discontinuities. An example of one of the simplified subassemblies is shown in Figure 4.

Figure 4: Refined subassembly. All extraneous modelling features have been suppressed.
Component interferences have been resolved.

Once the refinement process had been performed on the 16 subassemblies, they

were compiled into a new assembly to limit the number of suppressed components

associated with the FEA assembly file. We were now able to trial our numerical solution.

A.2.1 Material Properties

For our initial runs, where only the tube frame was used, 6061 aluminum alloy was
set as the material for all components. This material has a yield strength of 55 MPa and a

Young's modulus of 69 GPa. 5052-0 aluminum alloy, with a yield strength of 90 MPa and



Young's modulus of 70 GPa, will be used for any exterior paneling. Carbon steel, with a
yield strength of 220 MPa and Young's modulus of 210 GPa will be used for any floor

surfaces.

A.2.2 Component Connections

To simulate the welded connections present in the physical construction of the

Crown, our simulation uses rigid bonded connections at all component interfaces.

A.2.3 Fixtures

To approximate the physical loading conditions, our model is constrained by fixed
geometry at the 6 points on the Crown where it is mounted to the Freightliner chassis.

These fixture points can be seen in Figure 5.

Figure 5: Under view of Crown, showing fixed geometry. Green arrows indicate locations of
fixtures, corresponding to the six points where the Crown attaches to the Freightliner chassis



A.2.4 Loading Conditions

For our analysis, we needed to apply an evenly distributed 12,500 1b load to the
roof of the Crown. To accommodate this in our model, a plate of 5052-O aluminum was
modeled and rigidly bonded to the top of the structure, which can also be seen in Figure 6
in section A.2.5. A distributed mass of 12,500 Ibs was applied to this plate, and

gravitational force was added to the simulation.

A.2.5 Mesh Structure

Due to the size and complexity of the model, SolidWorks Simulation standard
mesh settings failed to create appropriate global mesh values. As such, custom mesh
properties were established using a curvature based mesh. To ensure convergence of
results, iterative mesh settings were used, refining our mesh model from a maximum
element size of 4.5" to 1.6" in incremental runs. Figure 6 shows one of the iterative mesh

steps.

Figure 6: Highly refined mesh structure of Crown



A.2.6 Preliminary Results

For our initial model configuration, consisting solely of the tube frame, our results
showed a maximum equivalent stress of approximately 45.9 MPa, less than the 55 MPa
yield strength of the 6061 aluminum alloy. Figure 7 shows the convergence plot for this

configuration demonstrating the convergence of analytical results as the mesh is refined.
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Figure 77: Convergence plot for initial FEA run with the tube frame only. The maximum von
Mises stress is shown to converge to a value of 45.9 MPa, less than the 55 MPa yield strength of
the material.

This demonstrates that the tube structure is sufficient to support the load without
yielding; however, a higher factor of safety is desirable. It is expected that the exterior
panelling of the Crown will enhance structural integrity, as it is of considerable grade and
is welded directly to the tube frame. To determine where to include the exterior paneling
in our simulation model, we looked at where in the structure the highest stresses are
foundand where the largest displacements are seen. Figure 8 shows the stress effects

across the Crown, and Figure 9 shows the resultant displacements of the Crown when
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subjected to the load. Note: The results are scaled to better illustrate deformation to a

scale of 234:1.
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Figure 8: Stress Plot for frame only simulation. The maximum effective stress of the simulation
is highlighted.
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Figure 9: Resultant displacement plot for the frame only simulation.
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From these figures, we see the highest stresses are concentrated near the forward
frame mounting points, with considerable deformation seen in the members in this area of
the Crown (shown in more detail in Figure 10). To account for this, the front exterior panel
of the Crown was added into the model as was the interior floor of the Crown. This

updated model is seen in Figure 11.

Figure 10: Stress plot of frame only simulation, cropped to illustrate stress concentrations seen
near the forward mounts of the Crown.

Figure 11: Revised Crown simulation model. The front exterior panel and interior floor panel
have been unsuppressed
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From this model we attained new results. We now see a maximum equivalent
stress of approximately 27.0 MPa, again less than the 55 MPa yield strength of the 6061
aluminum alloy. Figure 12 shows the convergence plot for this configuration,

demonstrating the convergence of analytical results as the mesh is refined.
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Figure 12: Convergence plot for model with added panelling. Here we see the maximum von
Mises stress converges to 27.0 MPa

This is an improvement on the previous run; as we’ve now attained a factor of
safety of 2.07, suggesting our assumption that the panelling has a structural effect was
correct. We can likely improve this result further by incorporating all the exterior
panelling. Effective stresses and resultant displacement in the current model configuration
can be seen in Figure 13 and Figure 14, respectively. These plots have a deformation scale

of 432:1 to make the resultant displacements easier to visualize.
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Figure 13: Stress plot of model with added panelling. Maximum stress is again seen in the front
Crown mounts.
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Figure 14: Resultant displacement plot of model with added panelling.

From these graphics we again see stress concentrations near the forward frame
mounts of the Crown. In general, we see that stress levels throughout the Crown fall within

acceptable values, and deformations are very minimal.

A-14



A.2.7 Preliminary SolidWorks Conclusions

From these preliminary results we can make a decision regarding the direction of
our project, as the results suggest the Crown passes the loading test. These simulations
will be rerun using ANSYS to get confirmation of our results now that we have shown our

refined model produces replicable results.

A.3 ANSYS Confirmation

Issues were encountered when using ANSYS with our model. The license available
to us to perform our analysis was a teaching license, which imposes a node limit on the
mesh geometry. This license limitation prevented us from performing full analysis with

this software, as the node limit was reached before convergent results could be attained.

By observing trends, the initial ANSYS performed before the node limit was
reached can provide a degree of confirmation to our SolidWorks results. Figure 15, Figure
16, and Figure 17 present the results from our ANSYS simulations. Note that symmetry
conditions were used to reduce the node count of the mesh, and as a result only one half of
the frame is presented in these plots. These simulations were run under identical

conditions as on SolidWorks.
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Figure 15: Stress plot of Crown frame using ANSYS
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Figure 16: Stress plot from ANSYS. Notable stress concentrations are seen in Crown mounting
locations.
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Figure 17: Resultant displacement plot of Crown from using ANSYS

From these plots we note that the trends in the stress and deformation conform to
the results we obtained in SolidWorks. We note that the highest stresses experienced in
the structure are seen in the mounting points between the Crown and chassis. Regarding
deformation, the overall deformed shape seen is similar to the deformation seen in
SolidWorks. While we don't have numerical confirmation of results, these observed trends

between the two software packages used are of positive note.

A.4 Loading Limit Simulations

After the submission of our initial SolidWorks results, our client requested further
simulations. They asked us to incrementally increase the load applied to the roof by
2000lbs, until the results indicate a factor of safety less than 1.65. To do this we used the
simulation configuration established in section A.2, adjusting the magnitude of the

distributed load.
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To streamline the process of running multiple simulations, an intermediate mesh size
which demonstrated convergent results in our previous trials at 12,5001bs, was used to run
single simulations at 14,500lbs, 16,5001bs, and 18,500 Ibs. A summary of these intial

simulations is presented in TABLE 1.

TABLE I: SUMMARY OF INTIAL INCREMENTAL LOADING SIMULATIONS

Load Applied Peak Stress Observed Factor of Safety
14,500lbs 29.2MPa 1.88
16,500lbs 33.0MPa 1.67
18,500lbs 36.7MPa 1.50

From this table we see that the 16,500lbs simulation produced an indicated factor of
safety nearest 1.65. However, as noted earlier, some components of the structure have
been excluded from our model. As such, it is possible that the 18,500lbs load could attain a
suitable factor of safety if additional exterior panelling were included in the simulation to
increase the rigidity of the structure. To determine where additional rigidity could be
beneficial, we look to the stress plots attained from our simulation. These plots, as well as

a resultant displacement plot, are shown in Figure 18 through Figure 21.
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Figure 18: Stress plot of Crown under load of 18,5001lbs
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Figure 19: Stress plot of Crown under load of 18,500lbs
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Figure 20: Stress plot of Crown under load of 18,500lbs
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Figure 21: Resultant displacement plot of Crown under load of 18,5001bs

From these plots we see that the highest stress concentrations are seen in the mounting
points between the Crown and the chassis. Also, the deflections seen within our model are
less than 1mm. As such, it is unlikely that including additional exterior panelling in our
simulation will lower stress levels seen, as deflections are minimal, and the stress
concentrations are seen in areas where the additional rigidity provided by these
components will have little influence. As such, it was decided that further investigation

into the factor of safety achieved at loading of 18,500lbs is not needed.
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To conclude our analysis of the Crown structure, a convergence test was performed
with loading of 16,5001bs to ensure the results achieved for this scenario are proper. To do
this, iterative simulations with increasing mesh refinement levels were run. A convergence

plot for these simulations is shown in
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Figure 22: Convergence plot for loading of 16,500lbs
From this plot we see the peak stress to converge to a value of 34.6MPa. This
correlates to a factor of safety of 1.60, less than the desired limit of 1.65. From this we can
state that the Crown will fail to achieve the desired factor of safety when the load is

incremented to 16,5001bs

A.5 Conclusions

Our results indicate that FGFT’s Crown cab structure will support a static roof loading
of 12,5001bs in accordance with the European Union standards for commercial vehicles.

This loading indicated a factor of safety of 2.07.

Attempts were made to use ANSYS to confirm the results obtained through
SolidWorks, but issues were encountered due to limitations imposed on the license
available to us as students of the University of Manitoba. However initial simulations

performed using ANSYS before node limitations were reached demonstrated similar
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deformation characteristics and areas of stress concentration as seen in our SolidWorks

results.

Further simulations were performed, incrementing the load in steps of 2000lbs, to
determine the loading limit of the Crown structure before the factor of safety observed
dropped below 1.65. Our results indicated that at a loading of 16,5001bs, the factor of
safety in the Crown will drop to 1.60. Alternatively, it can be stated that 14,5001bs is the
largest load that can be safely applied to the Crown roof while maintaining a factor of

safety of 1.65.
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B.1 Introduction

In this appendix, relevant product details for the final design components are
presented. These details are presented as excepts of relevant manufacturer product

manuals and brochures. The following components are included in this appendix:

Slide specification from the GSF Sliding Systems DTS 60 series [1].

e Pneumatic cylinder specification from McMaster Carr switch-ready stainless steel
air cylinder product line [2].

e Control valve specification from NITRA Pneumatics AVS-5 series [3].

e SPDT switch specification from C&K Components general purpose snap-acting
switches A series [4].

¢ Rocker switch specification from Arcolectric 1500 Standard & 1300 High Inrush
Switches series [5].



B.2 Slides Specification
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B.3 Pneumatic cylinders Specification

More About Stainless Steel Air Cylinders

Al of these double-acting cylinders have two ports. Al prossure ap-
plied through the back port pushes tha piston and extends the piston
rodt pressure applied throwgh the forward port pushes the piston back
and retracts the piston rod. Al can be noss or pivol mounted.

Switch-Ready Stainless Steel Air Cylinders

The cylinder barral is Type 304 stainless steel. Piston rod s Type
303 stanless steel. Piston = high-strangth aluminum alioy. Piston
seals and rod seal are Buna-N, The rod bushing is an oil-impregnated
sintered bronze that provides smooth performance. The head cap
festures double-rolled construction, providing added strength,
High-Perfo Staintess Stool Air Cylinders with Cushion

The cylinder baral & Type 304 stainiess steel. Piston rod is Type
303 stanless steel. Piston is high-strangth aluminum alloy, Piston
seals and rod seal e Buna-N. The rod bushing |8 an oll-impeagnated
sintered bronze that provides smooth performance. The head cap
features double-rolled construction, providing added strangth,

High-Performance Stainless Stoel Washd Alr Cylindors

The cylinder barre 15 Typa 304 staniess steal. Piston and piston rod
are Type 303 stanless steel, Piston seals and rod seal sre nitrile. The
rod bushing s PTFE. The head cap features doubiie-ralled corstruc-
tion, providing added strangth.

Switch-Ready Stainless Steel Air Cylinders

C
Por— o
H
Side View L Rear View
Rod L Wd Rod
Port Thread Rod  Across Throad
A P P L Pl P
ze
B 1033 UNF | [N 1y A — X X R 0.5° 0.3% V20 Y20 6.“5&" 387
3t 4" NPT V28 [ 0.312" | 025 [ 1.12° | 0.44° | 0.22° 059" | 0.6 At 18 hh'-18 | 0.3¢° 0.5
1'Ae* ‘4" NPT Wie®-24 | 0375 | 0.3 1.12° | 0.5° 0.25%° 082" | 0.7 Ya*-16 ¥a*-18 0.38* 0.63°
1% A" NPT Wr-24 | 0.437° | 038 1.3¢° | 0.62° | 03157 0.75" | 0.81 A4 TA*-14 0.47° 0.75°
1V AT NPT 7/16"-20 0.5° | 0.44" 1.56" | 0.69° | 0377 088" | 0.97 1714 17-14 0.54* 0.81*
V¥ 4T NPT W-20 | 0.562" 0.5 LBL 0,75" | 0378 1" 0.97 17412 1412 | 0.56° 0.94°
2" T4 NPT W20 | 0.625" 05 | 208" | 0.86" | 0439 1" 1000 | Va-12 14°-12 | 0.68" I
2vr 34" NPT 5% -18 075" | 06Z | 2.62° 1" | 0.502° 1.25° 131" 134712 134712 LY 1.06"
Bore Retracted 1°-3* 46" 79" 10%-12* 13%-15" 16°-18"
Sae Lg. (A) Stroke Length Stroke Length Stroke Length Stroke Length Stroke th Stroke
She' 3.5 + Stroke Length 4052178 4852K186 4952K194 4062K202
Lt 5.18" « Stroke Length 498625200 4052K217 4662K233 4052K241 4962K248
1%46" 5.4° « Stroka Length 4062K256 4952K264 4952K272 4852K279 4952K287 49625296
14" 5.75" + Stroke Length 4052K311 4952K318 4952K334 4952K342
1w 6.41" + Stroke Length 4052340 4052K357 A4952K365 4652K373 4052K381 49625388
19 6.97° « Stroke L 4062K306 4952K404 4952K412 4552K419 4082K427 49625435
z 7.62" + Stroke Length 4052K443 4052K451 4952K458 4052K 466 4052KAT4 4052K482
2% 8.668" + Stroke Length 4052%489 4052K407 4952K505 4052K513 4852K521 4952K528
Copyright © 2011 McMaster-Carr Supply Company. All rights reserved. Document 4952KAC
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Attachments for Switch-Ready Stainless Steel Air Cylinders

Page2of 6

Foot Bracket
End View A

Fits Bore Dia.,
Size AA AB AC AD AE AF AG  AM Ad AK

Wr 063" 038 1 012" D44" _019° 138 009 056" 074 4952K126

P 1 056" 1.5 025 06" 027 188 010° 081" 1.26" 4952K127

Y 084° 053 138" 024° 075 028 188 012 081 131 4952K667

1 1.96° 086" 156° 032° 088" _028' 212° 016 1" 1.59" 4952K668

114 181" 075 1.8 038 1 028 238 012 112 1.81° 4952K669
TV 144" 081 212" 038" 112" 034 275 019" 125"  2° 4952K671
z 159" 091 238 044" 125" 034" 3 022 138 222
24" 188" | 1.067 3 06" 138" 041" 375 025 162"  2.568 4952K673
Rod Clevis with Pin
Fits Bore Dia., a5
Size BA BB BC BD BE BF _ BG 8C

Ure 019" 084" 075 038 056 056 0.19°  4952K101 2

3/ 022° 144" 118" 044" 0.75° 062" 0.22° 4952K684 ;
135" 0.25° 144" 119" 05" 075 06 025" 4952K685 =ns

A 088 20)  Ye Ove 11> 103 Oai- 4geexesr S5 P ~3d
V3" 038" 212 1.75° 075 1.12°. 1.03° 033" _4952K688 e i

044" 231" 168 088" 131 114" 0.44" 9
294" 05 275 225 1° 15 138 08  4952K112
Pivot Bracket with Pin
co o
<G cH L
—"
Al
Side View Top View

Fits Bore Dia.,
Size cA c8 cc co CE CF cG CH cJ cK

g 05 0.28° 0.6 016 0.19° 0.75" 0.06 077 0.12° 0.56° 4952K114

Yy 0.81" 05 0.56° 0.22" 0.28° 1.06" 012 1.00° 0.25° 0.81° 4952K675
16" 0.61" 0.5 0.56" 0.25° 0.28" 1.12° 012 1.06" 0.25° 0.81° 4952K676
14 0.87" 0.56' 0.81" 0.31° 0.28" 141" 0.16" 1.31° 025" 1 4952K677
A" " 0.62° 1 0.36° 028" 1.57 0.1 1.5 0.25° 1127 4952K678
s 1.92° 0.69" 1 0.38° 0.34" 162 09 1.62% 0.31° 1.25° 4952K679
. 1.19" 0.75° 1.10° D.44" 0.34" 1.81" 025" 1.81" 0.31* 1.38" 4952K581
2 1.38° 0.88° 1.38" 05 041 2.14° 0.25° 212" 0.38° 162" 4952K682
m Copyright & 2011 McMasterCarr Supply Company. All rights resarved Document 4952KAC



Performance Data for Switch-Ready Stainless Steel Air Cylinders
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1,250 1,280 :
1,200 1.200 -
‘- , -
1,150 1,150
2% Bore - ne S
1,100 1,100
1,050 1,080 L
1,000 - - - 1,000 f== :
- 2" Bore
250 a50
200 ¥ 200
50 880 ==
. 2 FiH
800 800 .ﬂ
750 750
7 2 Bore 700 — L
o ; A e :
650 - 650 == ———r
600 -— 600 T
| R e s W - . -
550 e 550 ﬁ
F .
50 T AT - 3 EEiEs 134" Bore
450 F 450
= i
400 1% Bore 400
Eanw 7. :
4 as0 =r.a8 = § %0 : 1% Bore
5 300 5 300 — e
5 A 1% Bore g IR
250 71 5 250 194" Bore
3 200 —A 1% Bare 8 200 .ﬂ“ ==z
8746 t 8 I F i 1944 Bore
150 |- y4R) SRRV 48 150 ftifh : e
ITAL 71 E
T 1
b g ) — . g - - ~
100 = AT o * Bore 100 T Lo % Bore
N - . | - = oo f
= A b 1 B wf e v sore
;= =sEEESEEEEEREEN === SEEREEEEEE
0 50 100 150 200 250 0 50 100 150 200 250
Air Supply, psi Air Supply, psi
m Copynght © 2011 McMaster-Carr Supply Company, All rights reserved Document 4952KAC
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B.4 Valves Specification

Frices a5 0f Dorober 22, 2014 Check Weti s for mos curment prices.

N -  Pneumatic Directional Control Solenoid
menurcs Valves - AVS-5 Series

NTRA™ prieumctic AVS. 5 seres diedwonml control soleroid valves
ame bady poried S port [4.wny) spool valves. Axadoble port szes o
1/8%, 174", 3/B" or 1/2" NPT with llow coellicients |Cv) ftom 0.50
to 2.79. Modal are avadable with sirgle solencid, spang retumn
ar double solenord 2- postion operahon. In add fion, double sole-
noid modek are available wih 3. postion, carter closed or cerder
axhaust opemton. Solanowd cols are avarkable in ether 24VDC o
120VAC control volloges. The AVS.S sanes can be vied n ind

wdudl valve opplicatons or multiple valves can be field assembled
an AM-5 senes manslolds simplifying piping connections. AM-5
sanss manifolds are aealloble in 2, 4, 6 or 8 stohars. The DIN style
wdes LED indication of the solanoid cod status

AVS-5211

wirng connecor i

Features
AVS-5221 + Body ported, 5-pont (%-way) 1900l valves
« LB", IM", 378" ar 1/2° NPT porty

+ 2-position, single solenoid normally dlosed. speing return
2-position, double solenoid, energize apenvenerfize clased:
J-position, double solenaid center closed or center exhaust

« 24VDC or 120VAC solenold colls
+ DIN style wiring conmaciar with LED indication
« Singlu valve or mulliple manifold mounted vilve applications

Stactad solenoids shown owated + Lodking manual operalor

a0 oyt el mants | 'zmm CE m

§

AVS-5111-24D
AVS-5111-1204

=
$N00 | 2500 | 2900 | $2200 | $4200 | $A20G | $4200 | 2100 | £21.00 | $3150 | $11.50 | $2100 | £2140 | $3150 | 8310
8

= - 3 -
$1A00
b, 03 | 08 | o4 | o4 [ o5 | o5 [ o5 | o5 [ o5 | 05 | o 08 | 05 s | o8 | o8
Vaive $ pott 2 paghon % poet 3 posbon £ pont 2 pogton
Indamsaly Pkt

4 | [] ¢ | 4 ) | B B | []
Sire | nOwbamg' | nOaBeasist | WOwbsam TR

Size A2 {Can0AT) Sones (Coal] S0 VamrF (Ceel 7H) Wi (Cedl40)

A1 0 b Sesnd By Ay st seneel)

Working 20-114 pei. (1154115 NP3, (1.5-81) iy Prook: 21505, (1 8 MPal (148 bar)
24000 | QUNE | 2DC | IKAC
20C | RO0AL | 200C | DOMAC | owter | conte | oerter | omle | 200C | ROAC | 20DC | ROE | 2000 | ROVAL | 2WVDC | 1ZNRE
Wc sitge | wige | dochie | doutke | clowd | e | edud | ehand | siegle | snge | doubie | doutde | sagle | sige | dodse | dnidde
’” bl | soeiend | soendid | somiend | dosbie | Qo | doclie | doudie |adesoid | sokeroed | soReonl | SO | nokeein] | solefoed | soaod | sserend
ko] | somrodd | soleoid | sokenond

o Zb’wmjl Y’gﬁ%&nm:m oy OF 300 | AL 15 VA carbrusts duy [ 100% EDY

5 Cpeac Jopmaiw ] Sopcetise
sy

h Resporse 005 3%
580°C (41407
Wl Fegared
5 (IR0
G4 ren DN Terrnind ] 1 1o D Tevmaral
A Alky

Sakenod OE markart. AokS

s 2

eP‘.N-34 Pocumatics 1-800-633-0405



Prices as of Octobier 22. 2014, Chech Web site for mest curnent prices.

Diagram A"

A

Pneumatic AVS Directional Control
mesuics - Solenoid Valves — AVS-5 Series

Diagram “8"

W Zo e[ e

RP
2-Pos, Spring Relurm 2-Pos, Double Sotenoid
Diagram “C" Diagram “0”
A E
ﬁgllﬁllm‘n v AN V| WA
RPS P
3-Pos, Closed Center 3-Pos. Exhaust Center
& & & R AR § ] §
L S B = | ™| | =% = = = s = | =3
Price 050 | RE50| SIS | 050 | SN5) | 250 | $4050 | SA0S0 | S5U00 | 35000 | S5O0 | SSAN | 520 | $S400 | S5U0 [ SAA00
Weight () a8 an W 1w | ar | a7 0 | 1w | 09 g | o0 00 | no | o2 | 0% | aa
Valve 5 3art 2 pesbion Spod 3 postion
cting bty P
Diagram A B T C [ C D
FPort Sizy nDulEhamk 1M N, Bt U8 I DuMatiaass 1 IO Brast Vi
Orifice Size 25 (Gl 4) Tl (Cva) 68 2 (Ol 67}
Fluid Ar (0 de Seredd Ly &) ke drenent)
Prassure Working: 20-115 g, 101508 MP3). (1 5-60 tar); Prook: 215 i, [1.43 M) (148 ter)
| V00 [ 12VAC | 29000 | 1ANAC| 2000 | TANAC| 290 | T
(VAC 2VOC | 120VAC | 200G | ZOVAC| 24000 | YANAC| 24000 | TANAG] cmby | cenber | cermer | omher | cmrier | o | cerder | ool
'y smh | sege | doble | dobe | segh | snghe | double | doudhe | chised | coood | ofeunt | edoud | cosed | Cosed | extued | edind
'” sohed | sokoond| Solenced | solnond| solaid | scknod| soenaid | soerod| doobl | doitle | dosbie | dabi | oot | doke | teudie | doubie
| ki | suencis | sedmncid| scsenod| sokbnod | sdned | stk oid| sckerod)
% DC: 10W JAC 35 VA ccrthiunss ddy (100% D)
Max Frog 4 pyclesvec l Joythevsee
Insutation 5 thass
hhwl b
Temperature BB (23-140°T)
Lubrication et Bqurad
Protection S (UG
Conoection Trmm DAN Terreinal
Body Kgmvym Ahy
.mt Soknod CE murad AokS
www.automationdirect. com/pneumatic-parts Pocumatio QPN.SS




Prices 35 of October 22, 2014, Check Web sto tor most corront prices.

Pneumatic AVS Directional Control
mees - Solenoid Valves - AVS-5 Series

=
gggg TRHERRHBE ;
= = g = = | = | | = = i = g = | =
|Price smo0 | smoo | smoo | oo [ smo0 | sosm | oo | wseo | st | stem | sseo0 | s | smoo | s | s | v
(ib) ! 11 11 Ll 11 1 11 11 1 | 13 | 15 | 1§ | o7 | 4y | x| a2
Valve Type 5 poa 3 gostion 5 port 2 gostion 5 port 3 postion
WActing hsrrally 2 foted
|Diagram c 0 C 0 A B | ¢ D
|Port Size W Ou =14 INOL3E", Bt 14 WOulEdiE=12
|ontice Size 18T (w1 0 S0 (0 ) | 30mm' [Dve1 )
IM A (10 b fltzod by 40) fider elsenl)
men Working: 20-115 gai. 1).15-0.8 MPal (1590 w). Prook: 715 g {149 MPa), (188 bir)
240C | YAWAD | 24VDC | 12VAC | 2000 | T2VAC | MVDC [ 120VAC t VD5 | 120VAC | 20VDC | 12NAC
ol | certsr | oenfer | centsr | cby | oseler | ceder | certer | 2WDC | V2NAC | 2VDC [ VAVAL | cenler | cendy | o | cenley
W chsed | cosd | extoant | exhooat | closed | ched | edwart | axteust | singh | dinghe | double | dodle | dosed | dosed | ehael | et
H2) | osie | doubie | tuew | dable | deatie | doutie | dutse | double | sclemiz | sclenad | sokeeid | stenod | e | double | doutés | dotie
sctenowd | srenod | soknol | wienod | sokmid | wEntid | soksod | mkeod kol | sokeooid | soken)ad | sokenod
E:.". D0 30 ) AC 35 VA, sormtucus auty (V0% ED}
hm 3 oyl
Mﬂ Bebrs
H’mﬂu oot
|Temperature S5-BrC 3 0F)
|Lubrication ol Fexpared
|Protection PGS (DIN00))
bm 11w ON Termana
P” Hyeeum Aoy
fagency Sl C e s
| i 66.7
Dimensions g7
mm [inches] : m
avssit, | @ | |
AVS-5211, ! '
AVe-8212, i ! ! DIMENSION TABLE
AVS-5312, | 174 1 PART NOL A | 83 | ¢ | o
AVS-5313, G t s 5 AVS-SLI-X0K | 1173 (4610 667 (2430[3%0 1381220 (0871
AVS-5414 [ AVS-5211-)00K | 117 (460 (667 (2430[359 130|220 A7)
l o AVE-S22-300¢ | 1171 (4600 {667 (A3 [1.381[E20 A7)
H MVS-SA2-X0K | 1345 1330 652 7=l nanz7a nas
@ I o AVE-ST13-00 | 1349 153) Jes2 272|400 0.571[270 (06
=) : ! o [AVS-S544-2000 3684 1663|740 (290|530 [L572[340 1343
| | 200 L_ =, $08 0ar webaite www. AutomationDivest. com
6671 for compiefe Enginsering drawiags.
ePN-36  Pacumatics 1-800-633-0405
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Prices a5 of Octaber 22 2014 Check Web st dor most curmstt prices

- Pneumatic Directional Control Solenoid
mesuncs \falves — AVS-5 Series

Dimensions
mm [inches) A m
AVS-5121, | !
AVS-5221, | |
AVS-5222, =|4=
AVS-5322,
AVS-5323, -
AVS-5424 ) DIMENSION TABLE
Ol A X PARTND | A | 3 [ € [ D
I Q AVS-TI-XXX | 1434 (361|348 (2363[27.0 £.06)| 180 (871))
] AVE-SE21-X00 | 171 T4611 [667 220 (387]
l ¢a AvS-aERa-oex| 174 T465 (667 AN[I™S OW|{RR0 (2877
T > AVS-S3e-a0x| 1349 (S0 652 @RI[400 DSN[E7e B0l
| AVE-5323-xxx| 1349 (530|652 £2721/400 01571[27 [Lo&l]
| ! AV3-342 430X OR.77)| 740 (250 {300 [1.57)| 340 D3G|
] '
e Creen)
AVS-513xx, i}
AVS-523xx, a1 (e P
AVS-533xx, ! 1 !
AVS-543xx ? | |
1 ] [
| : 4
| | |
3 H H DIMENSION TABLE
| @ N | FakT WO, A [0 - 0
1 AVI-SIIOM00] 157 A Q201|940 (204006 [105Y 180 tard
@ I v} AVE-SLIRR-OAE TP D ITAT)[eA T (2AYETA 10 mery
t : 3533000 k0% | 2058 (422)[692 [2T20460 (1571|270 18]
@ I a AVE-S420K-txX (2400 COR0| TAR (25117900 [1.971)34 0 (1L34]
2 | | 2
T T T
i L |
0 —c—
Soe our wadeite waw. Awtomatio nDiect, com
for compleds Enginsering duawings.
www.automationdirect.com/pneumatic-parts Preumatics .ePN“-I37
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B.5 SPDT Switch Specification

A Series

General Purpose Snap-acting Switches
Features/Benefits Typical Applications
* Low cost—high performance * Enclosure equipment
* Long electrical life * Garage door openers
* Single and double pole * Vending machines

* Sealed actuator option available

Specifications Materials
CONTACT RATING: From low lavel' 10 301 AMPS @ 277V AC SWITCH HOUSING: Heat resstand phenaic {UL 94v-0)
ELECTRICAL LIFE: 75,000 cycles at 25 AMPS @ 250 V AC, ACTUATCR BUTTON: Heat resmtant phenolic fUL 94Vv-04
200,000 cyckes ot 15 AMPS @ 250 V AC. SPRING: Capper allay
INSULATION RESISTANCE: 1.000 M ctim min PIVOT. Brass alloy for modss up 10 15 AMPS,
DIELECTRIC STRENGTH: 1,000 Vrms min. @ sea level Gopper for 25 AMP modals
OPERATING TEMPERATURE: —67°F 10 185'F (-85°C to 85°Cy MOVABLE CONTACTS: Gold alloy for mtings | AMP or less
OPERATING FORCE: 20 ox. (567 grams) max. BP models, Fine gitver dor rtings up % 15 AMPS. Silver alloy
40 o2, (1194 grams) max. DP moceds a8 actuator button. for ratings of 30.1 AMPS
MOUNTING: Torgue screws 3 nibs max STATIONARY CONTACTS Goid afloy on brass base sioy
MOUNTING NUT. 20 nfbs max. torque for ratings 1 AMP or leas. Fina siver welded on brass base
. X aloy for ratings graater than 1 AMF up 10 15 AMPS.
mu:,\li:":;é::':“ T 0 ST DAEI CHMMTEAND, L= M4 Whmar. Fine gitver waiged on copper tloy for ratings 30 1 AMPS
TERMINALS: Brass alloy for 1 AMP up o 15 AMPS.
NOTR: Spectiavdons aoxd raderinhs SRod Dowe e for swiichins with ssaeed o tonm CCCDPU oy tor 30.1 AMPS.

Fir arkerrudion oo spechic W costen swbohes, contast Customir Sarvien Caten

Build-A-Switch

To erder, simply salact desired option rom aach category and placs In the sppropriste bow Avallable oplons are shown and
described on pages J-56 thvough J-59. For additional oplions not shown in calaiog, consull Custorner Service Centec

TG

|

Sarles
A Genaral Purgose Snap-acting Switches

No. Poles
s &
o o
Operating Force
KH* 20 o567 grams
P07 30 e/ 880 gram
GG*S 02142 grams
PP 1134 gues  Ek Rating
C2 WA 2 M0OVAC A
SAHP S2SVAL 1 12 R 2SOVAL PO Pin phanger
F3 20A125, 250VAC T WPI2SV A TO Lever
ZHR 250 VAC 2A. 24V DC AD Levar roder
FS 1A 1ZSVAC 30V DC A2 Lewer rodier, Ngh foros
B8 Lorge rd tution
B Lvgs back tutien
J0 High ovesyave plurges

L0 Leal
QO Huh opuing podion plunger
WO Leaf wlar Terminotions
* Sirght Ade A 2507 quek connect
** Doubin Pote
Ci y
c or
W STNC
Y STHD

DWNerieoms e iOmIT ophes Moy
M Roectcaton sod FErennom sONCT 15 (nangn

J55 Www.ck -Components.com
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A Series

General Purpose Snap-acting Switches

UATOR

SWITCH CHARACTERISTICS

MAXIMUM OPERATNG | MtaMUM NELEASE MAXMUM MIREMM
FORCE jOZJGRANS) FORCE [OZ/GIRAMS) PHETRAVEL OVESITRAVEL
OFNON f aa |xn [0 | Joo [k Jro | )l oo fxn |0 | ] cc|xn
cooe 8P 5P |Or jOon JaR |80 orj sr |52 orj 88 | 82
AD -~ o "w o3 o 1 13 8 3
m ™ <) aAs 4 n /0 7se
1.4 a n 0 b4 Jos 1 25
Az
a5 m2 1 .5 ) n “ s 84
- s ) 3w | 40 1 ) 0 050 o0
a7 Wy 50 LR " nn 170 2N nz2n
" L] m ):1 o] 1 1 ° osu sy
J e | tET) BEU L n t.27) n2r
o) W0 1 1 o mo
13 m L L e 27
W0 2 0s 2 -
w4 4 an w 4
" 8 ] %) an 1 3 3 050 %0
. Ry M " s m N a2n
- s 20 w0 | 0 t 1 ) 050 050
42 ! =0 354 o 1L o 127 nz
10 1.5 0 w0 f 03 e 1 )3
“Qa mn " i | 53 <+ an e
wo ) 12 22 s | v 2 a8 0ag
L a0 es 1* 26 w7 (7,54} ZE N

[ |

l

VRSt Arel Al ST ML Swhos

CIRCUITRY B

Cc
w =
o

NC

Singde Throw

Moty Closed)

BT NGO fEagie Thwes Sormmaly Gpen)

NOTE: T skt runtwer of potes. sse NO. FOLES sect

CeK

TERMINATIONS

OF Doubils Theow, Noomadly Open & Nomaly Gl

. page )56

ROTE: Jeerrwads con Do suppied ot vancus angies. O Secrmaal sty e
soucit npprications, Corault Customer Sarvior Cortir lor spectsl roguind

Ao and dmmmsens saect

Do mapyaact tor

oy
Sange

O mensin aw b

www.ck-components.com
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A Series
General Purpose Snap-acting Switches

A -
OFNON Postion
r. o) omec §omofl osee || owar I
. 2185 « 0% = = = - T
PO 2400
718 = 06 376 A ) 50
AO d ooy fIA2s 1471 ] ®R9Xy an oan =
1.39 379 da w 3
2 - -
A2 4 o 055 an FIG. 1
o = 150 YT D o High Overtraved Plunger
B8.1) § NeZ =25 § @430 NOTE: T “HI" g ceeravd phusger cgten
Y0 20=01 4 00 Provoes 100 254 aén. overtrove At longer
a8 " py | 12250 | 2o = - seduankon) W (1.000.000 oger sonn typi
) 210 « 00 30 25
Jo " ) ozn | cusso8 o.n B0 - -
~ 142 32 » Lo 50
Lo 3 WLy fivses1an g e 5 = =
. " . ) 25 de
Qo = nan o o0 nAQ
o 1.50 215 « 002 = )
0 J pyy | m0e 157 oan nan B B
7] T BT 3
wo bl sy | oosesisn] masw [ ozn - -

PG4
Lever mtar Mgh Forcel

R PANEL MOUNTNG

BTAINLEWS STITR — i mrm
FLiMES S | ' - >0
¥E-32 12r T, — :j ‘ 5 MANEL MOUNTIIG oaom |
—— c —_
4
= -
Y

®)

0044 DA et
P D 2 e

0= 008 -

FIG. § G208

High Overtravel Plungorc

Torgue 20 inits e (g

AG.7 Fig.a

Laver Loaf Rotler
ST ] TedAnge
7y "——_J Iecpection
Crenmons are stewe wch rum)
M SPOCHTANE 3l (VTGRS SAROCT 15 ChmIge
J-59 www.ck-components.com



A Series
General Purpose Snap-acting Switches

OPERATING FORCE [l = == sn =

DASC SWITCH
NO. OFERATING FORCE

OPNHON COOE ,OLES DL GRamE
N
KH w s}
- ¥
PD oo "
a0 > P
@
PF o 14

NOTE: Operating Lron virten wilh schusor. 500 ACTUATON apthon secoom

CONTACT MATERIAL
MOVANLE COMTAST NEATIINANY CONTACY
| e T Tre it ew wecec ar wams v ‘
} '
£3 o A
} 4 {
[ x . . P e bl =1 1 AMIP @ 129 7K ‘

Moty Sen Technicd Diea secton of T Catnbog S AOHS complant s comp attie edntion s Tpecis: 28ony

RPSETEF, || (p— s

§ ot e ety

AVAILABLE COMBINATIONS

OFERAT

o | o |

5 N 0 “

W2 ol [ 1t

B . . ‘ . .
SR N W | B
" x - l . .

S = . . .

¢ AAlLABILE
X NOT NAILABLE

Thirs Angle

Duormrusies sw showsr Ioctws frusy
Spaciicatians and grveatns suiyec? fo chatge

J-58 www.ck-components, com




A Series
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B.6 Rocker Switch Specification
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APPENDIX C: ENGINEERED DRAWINGS
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C.1 Introduction

For the components of our design intended to be produced at Fort Garry Fire Trucks
(FGFT) manufacturing facility, engineered drawings have been produced. These
components include the upper and lower steps, and the subframe addition to the Crown

required to mount all of our system components to.

C.2 Step Tread

The upper and lower steps of our design will be produced in FGFT’s facility, using
materials common to their production line. On the following pages are engineered

drawings for the frame of the upper and lower step, and the tread plate.
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C.2.3 Tread Plate
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C.3 Subframe Addition

For the subframe addition to the Crown frame, an assembly drawing and two
subassembly drawing has been produced. These three drawings are included in the

following pages.
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: GANTT CHART
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