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1.0 Objectives

The design objectives that we needed to addredbddyollard project were to
« allow emergency vehicles quick easy access roadways
* minimize obstruction of vehicle path when bollasctollapsed
» assure pedestrian safety (minimal protrusions diaral to prevent tripping)
e provide a user friendly interface
* promote sustainable design (minimal parts repladgeh collapsed) within UBC
» decrease total cost to UBC for bollards
» design a bollard that can adapt to current emesgerats (fire hydrant wrench)

« be aesthetically pleasing

2.0 Project Result

During the course of the last 8 months, we weniffroblem identification, which we
identified deficiencies within the current bollardsd the prototype that a previous
MECH 457 team developed, to research and develdpafemrrent alternative bollards,
which includes designs using magnets, hydraulick sirearing devices. We then chose
our design and developed the load barring mechanadhad the lock ball. Finally we
modified our initial design for the lock ball andanmufactured a new alternative to the

current shear cup road bollards that are usedmiti@ campus.
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3.0 Considerations

The considerations that can be made for this propt be put into two categories

» Design considerations
» Test considerations

3.1 Design Considerations
During the course of constructing the prototypeyesa issues which had not been

foreseen earlier in the design process were ma&@e.cOne of the biggest of these issues
was the kinking of the cable during turning of fire hydrant nut due to a small turning
radius. The pipe that twisted the cables causedc#bles to permanently kink and
deform to what could eventually have become to#durfe of the cable. Also, the
deformation of the cable caused the lock balls #ednes to become eccentric as each

lock ball was shifted off by a couple degrees ipagite directions.

The eccentricity of the lock balls led to one of tbck balls disengaging earlier than the
other, causing the loads to be unequally distribietween the two lock balls (most of
the load was placed on the lagging lock ball). répmsed solution to the kinking cables

is shown in the diagram below:
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Pulley

Cable #1

Cable #2

Pulley

Figure 3.0 — Pulley System to Transfer Wrench Force
This pulley system would take advantage of theaeatrailable space above the bollard
and improve the alignment of the lock balls. Toghthe hydrant nut in the direction
shown in the previous figure would cause both efehbles to compress as indicated by
the green arrows. The turning radius of the cabiesld now be long enough to avoid
long term damage to the cables as well as straigthe positioning of the lock balls.
Another advantage of this design is that it coubtieptially be cheaper as we would no
longer require a long length of pipe and use aecaidtead to cover the length of the nut
and the lower pulley.
The most noticeable difference to the user wouldhia¢ the hydrant nut would now be
located at the side of the bollard rather  than theop.

In the prototype design the holes for the lock lpaides (made from C-Channels) were
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oversized to make installation easier. Decreasiisghole size of the guides to closely fit
the outer diameter of the lock ball would furthecrease concentricity at the cost of a
more difficult installation.

Another problem that was noted during testing vas the base plate itself was bending
under higher loads. This bending caused the eavitiemselves to move. To remedy
this it is recommended to increase the base phit&riess to at least ¥z inch as well as
decrease the overall dimensions down to 4.5 in¢beginally 8 inches) by 14 inches.

This would decrease the moment and thus the bemdiriige plate.

The calculations provided in this document are ordjid as long as the cavities and
angles of the lock balls remain relatively constimbughout loading. Ideally these

suggestions would minimize deflections in the systait can not be fully proven unless

another prototype is constructed.

3.2 Test Considerations

When we performed the prototype testing on theabd)l we only considered the
minimum static load applied by a car to collapsegiototype. This is an important result
for our prototype, but there is also the dynamispomse to our model that was not
determined. We did not consider the situation wlzeocar induced an impulse force onto
the bollard. These results to the dynamic loadiogla vary the reaction forces acting
within the hinge and springs. This may also bripgother concerns for the area around
the bollard, such as road destruction due to theeftranslated through the bollard and
the fatigue life of the hinge and springs. Also, vested our bollard in an ideal

environment where natural elements (moisture, degves, and snow) were not
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considered. Given that the cavity base and thd sihelopen to the environment, the
affects of rusting, moisture and dirt on the caééint of friction and the life on the

springs and hammers were not experimentally detexthi These factors that were not
considered need to be tested to prove the comydditity of our prototype bollard.

As a future recommendation to a future MECH 457gieteam, prototype deployment
onto the UBC campus is needed to address the atmwveern. The exposure to the
environment, under various weather conditions gilMe the bollard various situations
that it must withstand and it will also give anication on the effects of the environment

on fatigue life.

4.0 Summary and Reflections

This project may have seemed like a simple prdjecta small group of mechanical

engineering students, but as with everything ie, lif is not that easy. The one of the
biggest lessons learned from this project is tb@atymunication is vital to success within
any project.

The mechanical engineering department does praaigjuate facilities and resources
for students to use, the only problem with that is divided amongst almost 20 teams,
developing their prototypes. So at times, shop tand materials become a big issue
when availability was limited greatly. By consufiiour client, UBC plant operations, we
had access to their resources as well as the mieahangineering departments. Some of
the machining work was done by the resident wel@er&/BC plant operations sheet
metal shop and some of the metal piping used ®mtiototype was given by the same

shop; both at no cost to our budget.
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Another lesson learned was that outside opinioesaagreat way of solving problems.
Early in the development process, when we weradryd decide on which concept to
continue the year with, we ran into some major ésson how to do the analytical
analysis on magnets. Initially our simplified modslemed feasible to be considered
concrete evidence, to go forth with the project. Wége terribly mistaken, after a lecture
about the brittle properties of magnets, and howgdeous it would have been to use
magnets, it made our decision easy to go with ¢lok ball. By asking for help, it made
our analysis and choice of concept much easierlibéore.

Finally, never under-estimate the time requirednmufacture a part. A process that we
thought would have taken an hour, actually toolodrhk. Always carrying a safety factor
into manufacturing time is a good way of schedubigginst real time progress.

There were two big turning points to the projecheTfirst one was when we had a
concept evaluation presentation, and we were hgwiolglems trying to decide between a
modified shear pin designs and shear cup designMike Vander Loos approached us
and asked if we considered a bollard, which hadmaking parts for the load barring
mechanism. That insight from him made us go intlifferent direction from our original
intentions. Another important point was when wenidwut that most of welding can be
done in house by plant operations. It saved holtisne within a welding shop trying to
get a product half as good as an experienced wetdgd do.

If we did the project again, we would delay when sterted doing final prototyping and
have some sort of design feedback loop incorporattx the manufacturing process.

There were errors found with the design when wetlttd manufacture the next part. By
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incorporating the loop, it would have been easiaeretdesign and build a more effective

solution.
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Appendices

1.0 Calculations

There are three methods of adjusting the impacefeequired to disengage the bollard.
The first method is to increase or decreased ttiegsptrength, the second being an
adjustment to the angle of the base cavity chaméed finally an adjustment of the
distance from the cavity base to the bollard sftiei$ will increase or decrease the
compression length of the spring). Adjustmenthef tavity base can be easily completed
after construction of the bollard, so it is impaotttéhat the angle of the base cavity
chamfer and spring strength are correctly sizedresfonstruction.

These calculations will focus on the selectionhef $pring and cavity angles.

—1
|:impact
K
h10.07m Fexternal
h=0.45m
ot
Cavity Base
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Figure X.1 — Force Diagram of bollard Shell and Lok Ball Interaction

The above diagram illustrates the impact force wélaicle at a bumper height of 0.45m.
This produces a resultant external force at thke @l at 0.07m in height. As we can see
the higher the impact force, the easier it is todtully disengage the bollard due to the
moment.

Figure X.2 shows a diagram of the lock ball andtyanteraction. The true external
force would be going into the page, but as the sludphe cavity is equivalent all the way
around it is much easier to illustrate as it ise ¥dn see that the external force causes a
normal force, which oppose the friction force apdrgy force. For now, our desired
impact force is to be 100kg, which seems to beaaaeable amount to take impact from

vandals, but easily overcome by a moving vehicle.

Frnet=Fnx-Fgy - I:spring

Fix

Fnormal Fspring

Fexternal

Figure X.2 — Force Diagram of Lock Ball and Cavitylnteraction
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The following relationships can be made:

Fspring = Kspring +X max where xmax = 0.75 inches for max. spring compression of
lock ball

Frx = Frormal » SiNG

Fix = t* Frorma*cOS @
We know that coefficient of friction for steel on steel (dry) contact is 0.6

wfor steel on steel lubricated is 0.16

For the sake of testing for this prototype, we Wwéllubricating our steel to minimize our
uncertainties for testing so a coefficient of foctof = 0.16 will be used.

Now the sum of forces in the x direction:

> FX = Frx— Fspring — F#r
We know from this relationship that if the sum lo& forces is positive, the spring will
compress and the lock ball will move to the rigtitthe sum of forces is negative during
impact, the lock ball will not compress at all.

Using these relationships the following graphs iafickmation has been produced. To
do so a range of possible impact forces for a rafigegles were plotted in excel. These
impact forces were translated to a reactionaryefort the lockballFrorma , and then
translated toFw and F«. From that we can determine the spring valuesesin

Fsring = Fnx— Fre if we want to size the minimum spring force. Tokowing graphs are

produced from this:
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Wrench Axial Force Required for
Desired Impact Force
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Desired Impact Force (N) at 0.45m Height from base

The figure above shows a horizontal line at 66 &htlicate a comfortable axial load for
a typical person (~15 Ibs). The intersection &flthes corresponds to the maximum
impact force limited to what would be comfortabde & worker to turn by fire hydrant
wrench. These calculations are assuming lock ba#idubricated. From here we
determined an angle of 10 degrees would be apjitepas this would allow for a 2000N

impact force taken at bumper height.
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Spring Strength for Desired Impact

Force (at 0.4m Height)
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Desired Impact Force (N) at 0.45m Height from Base

This figure shows the required spring strengthofar desired impact strength. In this
case our desired impact strength is 1000N, an@ defjrees we can see that we require
approximately 42kN/m for both springs. So we wadduire 21kN/m for each spring.

So the strength of our spring has now been decided.
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Minimum Cavity Angle to Overcome
Friction + Spring Force
Steel to Steel
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5 -4000
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3 Desired Impact Force (N) at 0.4m Height from Base

Referring back to the force diagrams, we kn®WxX = Fnx — Fring — Fir .

This graph shows the sum of the net horizontalferéor an impact force of 1000N. The
negative region of the net forces indicates thatthrmal force from the lock balls would
be unable to overcome the combined frictional gihg force. The minimum angle to
overcome these forces is where the line cross médrich is approximately 10-11 degrees.
The positive region indicates that the net forck Ivé to the right, so that compression
and disengagement can occur.

It should also be noted that when increasing tipeeted impact force, both curves shift
to the left. This means that if we wanted impacté to be 2000 or 3000 N, the

minimum angles would decrease further.
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3.0 Project Costs
The final cost of our bollard project is shown lire tcatalogued information on purchased

items. Since the Bollard Design Team did most & thanufacturing the costs are

primarily from materials. The total expenditurescamted to $236.33

We an estimated the time it takes to manufacturéhalcomponents and assemble the
prototype for one machinist to be a total of 4 lsodthe wage of a prototyping machine

as stated by PayScale Canada is $22.60/ hr. Télectuztt to completely manufacture this

project is $326.73.

(Reference for the hourly wage)

http://www.payscale.com/research/CA/Degree=mactiihizirly _Rate
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Catalogue information on purchased items

Total Cos

Part & Description Quantity Cost/Unit | (CDN)
1" Sch.40, Type C, Weld-OrSteel Cap 2 3.70 7.40
2-3/8" Dia., 1/4" ThickSteel Washer 2 1.75 3.50
Type 304 Stainless Steel, 7x19 Strand Core, 1/8",Di
Wire Rope 5 feet 0.254 1.27
1/8” Size,Crimp Sleeve 2 0.33 0.66
6" Long, 1.937" OD, .25" Wire DiaBox Grounded
Compression Spring 1 10.85 10.85
HSST 8"Width, 4” Depth,1/4" ThinkRectangular 31.50 inch
Steel Tube Long 2.063 65.00
HSST 3.5"Width, 3.5"Depth, 1/4" Thiclsquare Steel
Tube 6 inch Long | 1.67 10.00
4.25" Long, 2.25" Width, 2.1875 Deptlgteel Block 1 60.00 60.00
Hydrant Nut 1 ~10.00 ~10.00
6"Height Leaf, 5" Width Open, 0.18” Thick, Unfinisd
Steel Surface-Mourtlinge W/O Holes 1 12.50 12.50
Bollard Top Plate 8" Length, 4" Width, 1/4" Thick,
1018 Carbon Steel Plate 1 7.23 7.23
Bollard Base Plate 4.5” Length, 4.5” Width, 1/4"idlh
1018 Carbon Steel plate 1 26.90 26.90
Sch40, 1" Dia.,Steel Pipe 40" Long 0.1175 4.70
1/4" Dia,, Bolts 11 0.188 2.07
1/4" Nuts 11 0.5072 5.58
1/4" Dia, Fasteners 4 1.6575 6.63
1/4" 1D, Washers 4 0.195 0.77
1/8" Dia.,Partially Threaded, 2" Longrasteners 2 0.635 1.27

Total Cost $236.33
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4.0 Prototype Testing

For the final prototype testing, we deemed it neapsto measure the maximum load that
our bollard can take before collapsing. We assuicheal loading condition for our
testing; the bumper height was taken as 12 inaloes the ground, a translational force
was applied to the front of the shell using a hyticgack until collapse. The following

results were obtained.

Maximum Voltage

Test # Height (m) (V) Mass (kg) Force (N)
1 0.6 1.575 99.0628695 971.8067
2 0.6 1.543 97.05016358 952.0621
3 0.4 2.219 139.5685761 1369.168
4 0.4 2.185 137.4300761 1348.189
5 0.3 2.556 160.7648854 1577.104
6 0.3 2.618 164.6645031 1615.359
7 0.3 2.588 162.7775913 1596.848
8 highest point 0.987 62.07939822 608.9989
9 highest point 1.104 69.43835424 681.1903

10 highest point 1.232 77.48917792 760.1688

As validation of data, we also performed the expernit at different heights from the
ground. By doing the calculation, the average libed the bollard collapsed at was 100

kg of force, this was the result we were expectingee.
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5.0 Operations Manual

The following is a full description on the threeeoation modes for our Collapsible
Bollard Design. The first operation mode is Vehithepact Mode (VIM), the second
operation mode is Manual Disengagement Mode (MDM) the third operation mode is
Manual Re-engagement Mode (MRM).

Vehicle Impact Mode (VIM)

This mode of the bollard is passive. The bollasshds upright to the ground and remains
standing until it receives an impact force to isnt facing surface, one that would be
generated by a vehicle’s bumper. Upon impact, it will fall to the ground. This
will occur when the impact force generated by tediole is greater than the reaction
from the dual springs in the bollard.

Manual Disengagement Mode (MDM)
This mode allows for the bollard to be manuallyedigagement from its upright position
without the need of an impact force to its frordifeg surface. The operation procedures
are listed below:

1) Place standard size fire hydrant wrench over ttdrdnt nut located at the top of

the bollard.

2) Turn the fire hydrant wrench 90 degrees until theklballs have conceded
enough into the bollard shell, to allow for lowegiof the bollard.

3) While maintaining the wrench at the torque positiower the bollard to the
ground.

4) Mechanism has been successfully disengaged froapitght position and should
be resting on the ground.

Manual Re-engagement Mode (MRM)
This mode allows for the bollard to be manuallyeregtagement from its lowered position.
The operation procedures are listed below:

1) Place standard size fire hydrant wrench over thdrdnt nut located at the top of

the bollard.

2) Slight lift the bollard from the ground so thatisteasier to turn the fire hydrant
wrench.

3) Turn the fire hydrant wrench 90 degrees until theklballs have conceded
enough into the bollard shell, to allow for liftig the bollard.
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4) While maintaining the wrench at the torque positiifh the bollard to its upright
position. The lock balls should pop into place.

5) Mechanism has been successfully re-engaged frotavitsr position and should
be upright to the ground.
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Purpose of Proposal

This proposal has been prepared in response muastfrom the SEEDS program of the
UBC Sustainability Office to design a sustainabiel @ollapsible bollard system. It is
intended to identify the general requirements ef tlew bollard design and will outline

deliverables upon completion of the project.
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Abstract

The UBC Sustainability Office has submitted a pecojer the design of a new collapsible
bollard design. A UBC Student design team hasgregpa proposal in response to this
request. This document provides an overview of gheblem, design requirements,
evaluation criteria, detailed project plan, budgred the required resources for the project.
Primary requirements of the new design includectyeacity to produce locally at a low
cost, the ease of maintenance during the life cgtlie bollard, and having a minimal
impact to the environment. An additional requesintf the client includes having
minimal or no protrusions along the surface of twdlard for civilian safety. The
currently in use bollard is imported from an Amariccompany on the East coast, and it
is believed that there could be a potential maidetocally manufactured bollards. This
project currently has a $500 budget from the Depemt of Mechanical Engineering
Department of UBC with additional tools and suppfsdm the UBC Sustainability
Office. Upon completion of the project, we will Ider a fully functional prototype
including all supporting documents, drawings, aattuations required for manufacture

of the new bollard design.

M=
=\

SHEARSOLUTIONS I



Table of Contents and List of Figures

Purpose of Proposal
Abstract
Table of Contents and List of Figures
1.0 Introduction
1.1 Background
Figure 1.1 — Static Bollards preventing trafficildowards a sidewalk
Figure 1.2 — Example of the Maxiforce Bollard cuthg in use at UBC

Figure 1.3 — lllustration of the base and top piefca collapsible bollard.

1.2 Scope
2.0 Requirements and Evaluation Criteria
2.1 Requirements Summary:
2.2 Evaluation Criteria:
Figure 2.1 — Satisfaction vs. Cost
Figure 2.2 — Satisfaction vs. Installation Time
Figure 2.3 — Satisfaction vs. Durability
3.0 The Work Plan
3.1 Planning
3.2 Concept Generation
3.3 Evaluation
3.4 Analysis
3.5 Prototype Development
4.0 Role of Team Members
5.0 Resources Required
6.0 References and Appendices

Vii
Vii
viii

Xi
Xi
Xii
Xii
Xiii
Xiv
XV
XVi
XVii

M=
=\

SHEARSOLUTIONS v



1.0 Introduction

1.1  Background

A bollard as shown in Figure 1.1 is defined aslzsicte obstruction device used to
control traffic in areas designated for pedesttiar. Many different types of bollards
exist in the market including static, automated a&otlapsible bollards. Collapsible
bollards can be used in certain locations wherergemey vehicles need to enter but
other forms of traffic must be prevented.

A typical example of the collapsible bollard useédJBC supplied by Maxiforce
(American company located in Eastern America gt:#ttww.maxiforce.com) is shown
in Figure 1.2. An aluminium cup within the colldge bollard is sheared each time the
bollard is knocked over by a vehicle. The bollaeh ¢hen be re-used once the cup is

replaced.

Figure 1.1 — Static Bollards preventing traffic flow towards a sidewalk
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Figure 1.2 — Example of the Maxiforce Bollard currently in use at UBC

The current bollard system used at UBC is of reddyi high cost. In previous
years, a mechanical design team came up with grdesoposal for this project. There
were however a number of problems with their desidpich have prevented the client
from manufacturing these bollards. One of theseads was related to safety as there
were pieces that protruded from the bollard whielgstrians could trip over. This year
the requirements have changed and a completelydesign has been requested. Figure
1.3 illustrates the top and base section of thdatiblwhere the base piece is below
ground level within concrete. The top section @& tollard is the protrusion which will
impede traffic, and will likely be hinged to thedeasection of the bollard. Both the top

and bottom section of the bollard are to be desidoethis project.



Figure 1.3 — lllustration of the base and top piece of a collapsible bollard.

The Manager of the UBC Seeds Program, Brenda Sawadaequested a design
proposal for a cost effective, collapsible and @usible bollard. The primary user of this
device will be Mike Giannias and his crew at the @WBand and Building Services
Department (LBSD). The designed bollards will beduthroughout the UBC Vancouver
Campus where pedestrian traffic is high and veldclkeess is occasionally required. UBC
Sustainability office and LBSD have both expressedinterest to have this design
manufactured locally with the key focus on econgménvironmental and social

sustainability.
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1.2 Scope

Regular meetings with UBC LBSD and tlient will be established so that needs
and requirements are fully understood. Researchrewiously discovered patents and
new technologies will provide invaluable informatioduring concept generation.
Interviews with various emergency departments withe UBC area and other experts in
the field will contribute to the research phasetlad project. The next phase will be
concept generation and concept refinement, whichbased on the functional
requirements, cost, and client/user input on ctitveliards.

When the final design has been proposed accepted by the client, the
prototyping phase will begin, with development oéyk components. In addition,
experiments will be performed on the prototype tonfom that the functional
requirements have been met. At the final phasbeoproject, proper documentation and
a prototype will be presented and delivered todient. The final objective will be to
have the bollards used throughout the UBC Vancouwampus and perhaps mass

produced for commercial resale for other locations.
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2.0 Requirements and Evaluation Criteria

The bollard should be based on a derdbkign, due to impacts from emergency
vehicles while restricting access to other vehicl&ébe bollard design should be easy to
set up from a collapsible position and also acbésspo UBC crews through a manual
disengagement mechanism. It will be sustainabth wirelatively low cost and will be
manufactured locally. With all this in considecatj the design should also consider

aspects of economics, make it environmental frigadd socially sustainable.

Most important is the requirement for budlard is to allow emergency vehicles to
pass quickly. When collapsed, the bollard shooldimpede an emergency vehicle from
passing through. The same situation must applyrevtibe bollard is manually
disengaged. The bollard shall also be designedrilirectional impact from a vehicle.
Another undesired quality for a bollard is to hgvetrusions along the exterior. The last
student-designed bollard currently has an exposetiusion near the base piece when

the bollard is in its disengaged position whichgmdans may trip over and cause injury.

The greatest effort in terms of maintargaarises when a bollard has been knocked
down by a vehicle. It has been stated by UBC Lamdl Building services personnel that
commercial vehicles such as delivery trucks arentlost responsible for knocking over
the existing collapsible bollards. The collapsibtdlard that is currently in use has an
approximate cost of $1100 including shipping. Etwte the bollard is knocked down an

aluminium cup is sheared within the bollard. Thaldyxd may be erected once the
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aluminium cups are replaced, but is a burden tdkingrpersonnel as set up time takes

approximately 30 minutes requiring two workers esehup.

This problem recites the need for gpd@mmethod of erecting the bollard when it
is knocked down. An excellent example of an emgtpatent that solves this issue is
[United States Patent 5,441,359]. A hyperlinkrisvided in the references section of this
proposal. In this patent a spring and latch meisharare used to engage the base and
post pieces of a bollard together. No pieces aok&dn or sheared when the bollard is
knocked over and the bollard need simply be pubiadk into position as the spring in
conjunction with the cramming surfaces offers awttoreengagement. Re-erection of a
bollard can be easily performed by one worker gy short amount of time. A bollard
design with a similar level of functionality andssainability is ideal. Aside from this,
there is little maintenance required on a bollastl@ from an occasional re-painting

every several years.

Lower costs may be attained by manufawgguihe bollard locally. It would also be
worthwhile to consider the feasibility of using lotal manufacturers in preparation, to
batch produce the new bollard design. Manufaatulocally not only produces benefits
of a lower cost but also helps the local economgstly, the aesthetics of the bollard are
important to the final design. For market appe@ny users consider the aesthetics of a

product as important as the functionality.
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2.1

2.2

Requirements Summary:

Allows Emergency vehicles quick easy access

Minimal obstruction of vehicle path when collapsed
Safety (Minimal Protrusions on bollard, to preveigping)
Ease of use

Sustainable design (minimal parts replaced whelapstd)
Low Cost (cheaper than Bollards currently in use)
Adapts to current emergency tools (Fire Hydrant vghg

Aesthetics

Evaluation Criteria:
Cost
Installation Time

Durability

With respect to the Evaluation Criteria, consider following satisfaction curves.
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Cost

The UBC mechanical department has supplied our t€&D $500 to design and
developed a prototype. It should be expected Heatlient will be very satisfied with any
design which is within the $500 supplied. Betwes®n $500 budget and the $1100 cost of
the current bollard, the satisfaction will mostelik decrease at gradual rate. Once over
the $1100 price of the current bollard, the sattida of the client will most likely
decrease dramatically unless there is justificatafnthe cost increase with new

technological advancement in the design of theaball

Satisfaction Vs Cost
Curve

Satisfaction

Expected Value

0.5
0.4
0.3
0.2
0.1
O.

O o D B T Sy Gy S B 9 by s Oy ey X

() [#) Q (®) () Q. [ 0, 0, Q, Yy Yo > 7, S,

(% (% (% (% (% (% (% © (% OO 00 Oo 00 00 00

Cost (CADS)
Figure 2.1 — Satisfaction vs. Cost
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Installation Time

This category is referring to the amount of timguieed by a UBC Plant Operations
maintenance worker to re-erect the Bollard that beesn collapsed. Since the current
design requires approximately 30 minutes to replagm any new design that is relatively
difficult to install (ie. takes more than 30 ming)jl have satisfaction score close to zero.
If any new design improves on the methology of neceng the bollard, a higher

satisfaction is expected. Installation time betwéeh5 minutes has a slow gradual
decrease in satisfaction. From 15 to 30 minute®eerdrastic decrease in satisfaction till
it reaches .5 which will be the expect value ofs$attion for the original bollard to be

set up. Anything passed 30 minutes is expectedaige a satisfaction a low satisfaction

score.

Satisfaction Vs Installation Time
Curve

©.

0.9
0.8
0.7
0.6
0.5
0.4
0.3
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Satisfaction
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Installation time {Minuties)

Figure 2.2 — Satisfaction vs. Installation Time
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Durability

This category refers to the approximate lifespathefBollard’s internal mechanism and

shell. The existing design lasts roughly 10-20 gdzefore requiring some maintenance
work (repainting, sandblasting, and replacemenbraken components). As long as
maintenance is performed, the bollards are likelast indefinitely. The satisfaction of

the client is expected to be low if the new desgganywhere below the current lifespan
of the Bollard. If the new design of the bollarcalsove the current lifespan of the Bollard,
the client is expected to have a higher satisfactithe satisfaction of the client is

expected to gradually plateau after exceeding éggaequirements.

Satisfaction Vs Durability
Curve

0.9
0.8
0.7
0.6
0.5 |
04 |
0.3 |
0.2 |
0.1 |

Expected Value

Satisfaction

0 5 10 15 20 25 30 35 40

Durability (Years)

Figure 2.3 — Satisfaction vs. Durability
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3.0 The Work Plan

The plan purposed for the bollard project will sgeom the beginning of October until
the end of April. The plan consists of five phases.

« 31 Planning

« 3.2 Concept Generation

« 33 Evaluation

e 3.4  Technical Analysis

« 35 Prototype Development

3.1 Planning

The planning phase is as follows

» 3.1.1 Research Current Concepts

> 3.1.2 Interview with Sustainability Office

» 3.1.3 Proposal Report
» Prepare draft of Proposal
» Edit and Format Proposal
» Hand in Proposal

» 3.1.4 Background Materials Report
= Further research on current designs
= Write Background Materials Report
= Edit Background Materials Report

» Hand in Background Materials Report
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The milestones for this stage are handing in tlepgsal which is on Octobef*32008,

and October 1% 2008 for the background materials report.

3.2  Concept Generation

The Concept Generation phase is as follows
» 3.2.1 Research New Designs
» 3.2.2 Develop New Designs

» 3.2.3 Present conceptual designs to design team

The milestone for this stage is presenting conaeptie projected October ®42008

3.3 Evaluation

The Evaluation phase is as follows
» 3.3.1 Apply pugh charts to preliminary designs
> 3.3.2 Evaluate competing designs with weightedsi@cimatrix
> 3.3.3 Design Review Presentation
= Create powerpoint for design review
» Perform presentation
» 3.3.4 Concept Selection Report
» Write draft of concept selection report
= Edit report

» Hand in report
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The milestones for this phase are the design repm@sentation, which is on November

10‘“, 2008, and handing in the concept selection repdrich is on November ih4 2008.

3.4

Analysis

The Analysis phase is as follows

>

>

341

3.4.2

3.4.3

3.4.4

Conduct Experiments for loading specificagion
Size Components
Develop Model
= Develop Drawings
Technical Analysis Report
= Write Technical Analysis Report
= Edit report

» Hand in report

3.4.5 Analyze Critical Function Part

3.4.6 Critical Function Report

= Write Critical Function Report
= Edit report

» Hand in report

The milestones for this phase are finishing théneal analysis report, which due on

December 18, 2008 and finishing the critical function reporhish is due January $p

2009.
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3.5 Prototype Development
The prototype development phase is as follows
» 3.5.1 Construct Casing
» 3.5.2 Construct Critical Function Component
» 3.5.3 Prototype Testing
> 3.5.4 Prototype Review
» 3.5.5 Final Report
=  Write Final Report
= Edit report

» Hand in report

The final milestones for the phase are the finabrehand in, which is on April 29
2009 and the design celebration, which is on Apif, 2009. The prototype must be

finished before the design celebration.
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4.0 Role of Team Members

The following is a brief description of the rolefstbe members of this design project. As
this is not a large team these roles are not qsitégid as outlined below.

Project Manager: Richard Situ

The Project Manager is responsible for co-ordimmptamd maintaining the proposed
schedule of work to ensure project completion ometi Identifies and keeps track of
project-specific issues and manages the scopesgirthfject to ensure what was agreed to
is delivered. Schedule meetings with design giemgbinforms them of their deliverables.
Liaison: John Chang

The Liaison is the primary contact with the cliamd supervisor on behalf of the team.
An important function of the Liaison is to set upetings and address needs/questions on
behalf of the group.

Editor: David Ko

The Editor is responsible for the final assemblyatif documentation and delegates
documentation tasks to group members and deternfirtEgumentation is appropriate
for submission.

Technical Manager: Dan Horne

The Technical Manager obtains equipment and ressuor the project. Other important
tasks include maintaining drawings and calculati@ms ordering parts and scheduling
experiments. The drawings and calculations howaikmot be limited to one single

team member within this design project.
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5.0 Resources Required

Financial

UBC has committed to allocate $500 toward the deefga new Bollard. It is not likely
that this budget will be exceeded judging by timalfbudget expenditures of the previous
student group that worked on the bollard design.ostMof the machining will be
performed by the project group and many materialsb& supplied by the UBC Land
and Building Services Department.

Materials

Although it will not be know for certain until thdesign process has begun, it is
reasonable to assume materials will be requiredh e steel, fasteners, aluminum,
springs etc.

Tools

A machine shop equipped with a lathe, milling maehidrill press, welding machine, as
well as miscellaneous hand tools will likely beuggd.

The design effort will also require more specialiteols such as load sensors.
Workspace

The machine shop facility as well as the workbeschmethe Rusty Hut 118 should
provide adequate workspace to complete the prdjtmiever, the client has offered the
use of workshop facilities if the need should arise

Expert Advice

Regular correspondence with the client and facadtyisor will be necessary. In addition

interviews with local Emergency Response persosingl be conducted.
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6.0 References and Appendices

Figure 1.1
ATG Acess - Products

http://www.atgaccess.com/products/ATGLiverpoolBalkt.bmp

Figure 1.2
Maxiforce bollard website — Product photos

http://www.maxiforcebollard.com/PhotoDetail.cfm? B/

[United States Patent 5,441,359]
Collapsible vehicular barrier, George C. Filippi

http://www.google.com/patents?id=3i8IAAAAEBAJ&preec=abstract&zoom=4&dqg=tr

affic+bollard#PPA1,M1
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1.0 Introduction

This project involves the design of a bollard systeith both an underground base and
an aboveground collapsible section which can beedkin figure 2.1. The bollard is
expected to obstruct pedestrian vehicles from iceaiseas while allowing emergency

vehicles to pass. Ideally the bollard would haseparts to be replaced each time it is
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collapsed due to vehicle collision and should éls@heaper to produce than the

competing American bollard.

The initial bollard prototype will be used and testthe UBC campus by the UBC Land
and Building Services Department (LBSD), with tloggmtial for batch production if it

performs to the client’'s desires. This new bolldedign should be quick to set up once
they are collapsed as the most frequent casedlafdcollapses are through vandalism

or non-emergency vehicle collisions.

The objective of this report is to both demonsteatd increase knowledge of collapsible
bollards in industry. Any relevant information egding the new bollard design to fulfill

the requirements previously stated will be disptaiyethis report.

This report will cover the use patterns of a caibfe bollard design as well as currently
existing products and patents. Any existing stessland codes relevant to the bollard
design will be highlighted followed by the key techogies that will be used to re-

examine the group’s initial requirements and evidduecriteria.

2.0 Use Patterns and Functionality

The following user interactions will be considefedthe design:
* Installation
¢ Operation

* Maintenance
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2.1 Installation

It is intended that the installation of the devik¢o be completed by one person. The
design will consist of a main Bollard body and a8#hat it mounts to. Therefore
installing the device will likely involve: positiang the body onto the base, and inserting
a pin and/or fastener to hold the body onto the béke following diagrams illustrate

this procedure.

Figure 2.1 — Positioning the Bollard onto the Base
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Figure 2.2 — Installing pin and/or fastener

2.2 Operation

In order to operate the device, it is expected tthete be a method to engage a
mechanism that allows the Bollard to collapse.duid be appropriate if this engagement
interface conformed to the standard emergencythatlis currently used to operate the
existing Bollards. Most of the user interactiortwthe device would likely be erecting
and collapsing the bollard so a quick and simpléwoetfor set up would be ideal. A
rough diagram is shown below, but the engagemeatfate will not necessarily be

located on the face of the Bollard.
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Figure 3 —Operating

2.3 Maintenance

Regular maintenance will consist of: replacing dgewBollards, erecting fallen Bollards,

and painting when necessary. The replacement pnoeed|l be similar or identical to

the installation procedure and the erection proeedill be similar to the operation

procedure. If the bollard has been collapsed tjitaollision of a vehicle, a piece of the

bollard holding it in place may have been sheafédral would need to be replaced.
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3.0 Existing Products

There are several existing products currently abgl that can achieve the desired

function. The most relevant type of product toiaet the desired function is the fully
mechanical collapsible bollard type. An Americampany called MaxiForce Traffic
Control Bollards currently supplies the collapsibt#lards used at the UBC Campus.

Consider the following product from them:

Figure 3.1 — MaxiForce ™ Collapsible Bollard
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This bollard has a manual disengagement mechanidroan be brought to and from a
collapsed state relatively quick as long as theaipehas an Allen wrench. An
aluminium cup within the collapsible bollard is ahed each time the bollard is collided
with a vehicle, although it can be re-used oncectheis replaced. The Bollard shown in
Figure 3.1 however currently does not meet alhef¢ustomer needs. Some of the needs
that aren’t being met by the current design include
« The Bollard is not manufactured in the East Co&stroerica, increasing costs.
¢ A sudden impact from a vehicle shears aluminum evithen the bollard and
requires much time to replace. The Aluminum cupstralso be ordered from
Maxiforce.
Positive aspects of this product include:
« Manual collapse and erection of the bollard is ljaied easy as long as correct
tools are on hand.

« Very well protected to ambient environment asathponents are fully encased.
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4.0 Relevant Patents

All the relevant patents that were found for cadiéfe bollards, deal with the highest
stressed area, the collapsing mechanism.
The first patent that will be analyzed is similarthe design of the current style of

bollards used around UBC.

Figure 1: Current Design
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The above design highlights the use of shearing.clipe locking mechanism retractor
(10) pulls on a spring supported plate. The pla8 pushes down on the machined base,
so that the bollard is locked in. It will only cafise, while locked in, when the shearing
cups (12) reach their fracture stress limit. WHexnlocking mechanism retractor is turned
with a fire hydrant wrench, the plate is lifted s the springs, and the shearing cups
will not be the load barring components; thus tblielnd can freely be collapsed. This
similar design is still currently in use becausé®tase of use and little maintenance
required. The one fault of this design is the rephaent of shearing cups after any sudden
impact. The cost of each shearing cup can accuenullaén specially ordered from a

supplier.

The next design has not been seen in the markatdome of the major traffic bollard

companies.
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Figure 2: Swing Arm Bollard

The swing arm style is similar to the current ie design with respect to aesthetics. The
swing arm however uses an L shaped bar as itddaathg component as seen in Figure
2. The major flaw with this design of bollard igtreplacement of the L shaped bar after
an impact. The whole bollard assembly would havesttaken apart, to get to the L
shaped bar. The bollard itself would have to undeantinual fatigue analysis, even if
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the bollard was not fully collapsed. For the normgération of the bollard, more

additional funding is needed for maintenance.

The final design takes a more automated apprasbbltard design.
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Figure 3: Automated Bollard
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A motor is connected to the main power transmitghit. At the position of each bollard,
there is a cam positioned at the base of the lblldre motor will turn until the bollard is
fully stood up. A pneumatic cylinder (38) is attadito one of the cams to control the
amount of rotation. One large issue with the sysgeits’ complexity. If one component
in the assembly goes down, more down time is redui repair it. Also, some of the
components may need to be specially made, so itteeyme more expensive than the

previous patents analyzed.

All the patents analyzed above are very specifitheir breakaway mechanisms. When
designing a brand new bollard, we can use theiegisblutions, but each one can be
modified in a way that a new solution can be dgwetbwithout infringing on the past

patent.

5.0 Standards, Codes, and Certifications

Three primary sources were used to research thdastds and certification requirements
for collapsible bollards. The client and user, ¢cherent supplier Maxiforce Traffic
Control Bollards and various online databanks vileeesources used to determine the

types of codes, standards and certification reqerdgs need for our design.
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5.1 Client and User

The client Brenda Sawada and Kelly Coulson weredskout the key standards that
might be imposed on the bollard devices at UBCthHrenda and Kelly recommended

that any questions regarding the key standardddéheldirected towards Mike Giannias.

A similar question was also addressed to the psimaers of the device (Mike Giannias
and the UBC LBSD crew). Mike said, “We do not hawy standards on campus for
these types of bollards. They have been a canigtusef for years and this is the style
we have been using. Like mentioned in the initiakting, change and design would be

a good thing.”

5.2 Current Supplier — MaxiForce Traffic Control Bo  llards

An email was also sent to the current supplier Maxge Traffic Control Bollards.
A specification sheet was received from the compaligh indicated certain
standards that were followed during the manufaestuaind design of their
collapsible bollard. A few standards are listedblglthat specificy the type of
materials and processing used in their design.

2.1 ASTM A53/A53M-04a - Standard Specification Ripe, Steel,

Black and Hot-Dipped, Zinc-Coated and Welded arah8ess

2.2 ASTM A366 - Standard Specification for Steedriibn, Cold-

Rolled Sheet, Commercial Quality
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2.3  ASTM A500 - Standard Specification for Cold-fed Welded

and Seamless Carbon Tubing in Rounds and Shapes

5.3 Codes, Standards and Certification Databanks
Our research through the various databases shiwaethere were no standards,

codes or certification requirements for the keyraeavords: bollards, collapsible
bollards, vertical posts or posts. With this beling case, there were other
standards to take into consideration when desigihisgorototype. Several key
online websites were used to search for relevandsirds for design and
manufacturing.
What was found in the Canadian Standard AssociatiEsitewww.csa.caand
the International Organization for Standards welygWww.iso.org, were various
standards on technical drawings, dimensioningrdolging, processing and
components. Some of these standards will be ugadwrther review during the
design process. The list below represents a feiweo$tandards that will be
considered.

3.1 CAN3-B78.1-M83 (R2002)- Technical Drawings -reeal

Principles (55 pages)

3.2 CAN/CSA-B78.2-M91 (R2002) - Dimensioning andérancing

of Technical Drawings (139 pages)

3.3 B97.1-1970 (R2002) - Standard Tolerances foe&r Dimensions,

Inch and Metric (19 pages)

3.4 B97.2-1970 (R2002) - Interpretation of Limitsdalolerances (14

pages)
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3.5 B97.3-M1982 (R2002) - Tolerances and Standasdér Mating

Parts, Metric Sizes (49 pages)

6.0 Key Technologies

The key technologies pertaining to traffic bollaedte closely related to manufacturing
automation and simple load barring components.cBmeept of conveyer belts and
power transmission can be clearly seen in the aatiehbollard patent. As for load
barring components, a wide range of impact sitnatiman be accommodated by the
material of the shearing material within the cadliiyte bollard. After spending some time
reading about electronic automation, the patestsdiabove can be further developed
into more sophisticated solutions. The automateidtabcan be modified to have a
proximity sensor with a RFID chip, so as a emergemghicle approaches it, the
motoring system will engage and collapse the baolgartomatically, versus someone
turning it on and off from a control room, for exal@. Simple load barring components
are highly dependent on the shape of the compa@amehimaterial chosen. With further
research into the structural integrity of new miatsr cheaper and stronger materials can

be used in the future, depending on the loadinglitions.

7.0 Reasses Requirements and Evaluation Criteria

The bollard should be based on a derdbkign due to impacts from emergency
vehicles while restricting access to other vehicle$he bollard design should be easy to

maintain and also be accessible to UBC crews thiroagmanual disengagement
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mechanism. It will be sustainable with a relatyvidw cost and will be manufactured
locally. Additionally, both the top post and thewker base of the bollard are to be
designed for this project. With all this incongi#on the design should also consider

aspects of economics, environmentalism and sogshmability.

Most obvious of the bollard is the requient for it to allow emergency vehicles to
pass quickly. When collapsed, the bollard shooldimpede an emergency vehicle from
passing through. The same situation must applyrevtibe bollard is manually
disengaged. The bollard shall also be designedratirectional impact from a vehicle.
Another undesired quality for a bollard is to hgvetrusions along the exterior. The last
student-designed bollard currently has an exposetiusion near the base piece when

the bollard is in its disengaged position whichgmdans may trip over.

The greatest effort in terms of maintargaarises when a bollard has been knocked
down by a vehicle. It has been stated by UBC Lamdi Building services personnel that
commercial vehicles such as delivery trucks arentlost responsible for knocking over
the existing collapsible bollards. The collapsilellard that is currently in use is
supplied by a company called Maxiforce with an appnate cost of $1100 including
shipping. Each time the bollard is knocked dowralminium cup is sheared within the

bollard. The bollard may be erected once the aliumi cups are replaced, but is a
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burden to working personnel as set up time takpsogpmately 30 minutes requiring two

workers each set up.

This problem recites the need for gpd@mmethod of erecting the bollard when it
is knocked down. An excellent example of an engtpatent that solves this issue is
[United States Patent 5,441,359]. A hyperlinkrisvided in the references section of this
proposal. In this patent a spring and latch meisharare used to engage the base and
post pieces of a bollard together. No pieces aok&dn or sheared when the bollard is
knocked over and the bollard need simply be pubiadk into position as the spring in
conjunction with the cramming surfaces offers awttoreengagement. Re-erection of a
bollard can be easily performed by one worker uegy short amount of time. A bollard
design with a similar level of functionality andssainability is ideal. Aside from this,
there is little maintenance required on a bollastl@ from an occasional re-painting

every several years.

Lower costs may be attained by manufawgguihe bollard locally. It would also be
worthwhile to consider the feasibility of using lotal manufacturers in preparation, to
batch produce the new bollard design. Manufaatulocally not only produces benefits
of a lower cost but also helps the local economgstly, the aesthetics of the bollard are
important to the final design. For market appe@ny users consider the aesthetics of a

product as important as the functionality.
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2.1  Requirements Summary:

¢ Allows Emergency vehicles quick easy access

* Minimal obstruction of vehicle path when collapsed

e Safety (Minimal Protrusions on bollard, to preveigping)
» Ease of use

» Sustainable design (minimal parts replaced whelapstd)
¢ Low Cost (cheaper than Bollards currently in use)

» Adapts to current emergency tools (Fire Hydrant Wghe

* Aesthetics

8.0 References

Figure 1.1
ATG Acess - Products

http://www.atgaccess.com/products/ATGLiverpoolBalkt.bmp

Figure 1.2
Maxiforce bollard website — Product photos

http://lwww.maxiforcebollard.com/PhotoDetail.cfm? R/
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9.0 Appendices
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Purpose of Proposal

The conceptual alternatives report has been prépargemonstrate the user’s
requirements and necessary functions. This regrshow the methods used to
implement these functions into several design gotsceEach concept will be evaluated

based on the evaluation criteria outlined in thpore
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Abstract

The purpose of this project is to develop a cofgetifve, sustainable, and collapsible
traffic bollard. The primary functions of the useguirements include the ability to
prevent or limit access to unauthorized vehicldsajlew emergency vehicle access.
Additionally a separate manual disengagement mésmmais required operating
personnel.

The primary concepts we have generated are listéollaws: cable hook concept, spring
force concept, lock ball concept and shear pin epticThe report will validate how each
concept satisfies the functional requirements lgyafseveral screening techniques.

The concept selection has been narrowed down e tfiable concepts, one being a low
risk and low uncertainty design, and the other ib&img higher risk but potentially higher
performing designs. It is planned to proceed bthir refining the negative aspects of
each of these concepts as well as using verificatiethods such as FEA, FMEA, stress
and fatigue analysis.
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1.0 Introduction

The purpose of this project is to design a collalpdbollard which can satisfy all the
functional requirements the client has outlinethigir proposal. The following is a list of
key functions that will be the main focus our desig

o Prevent or limit access to unauthorized vehicles

o Allow emergency vehicles access

0 Separate manual disengagement mechanism for a worke

These three functions will have the most influeimcdetermining the final design and are

shown in the function-structure diagram.

Prevent or limit access t@
unauthorized vehicles [~""" 777777
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disengagement
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Figure 1.1
The primary function of the bollard design is teyent or limit access to unauthorized
vehicles. This function can be performed withougdi user interaction. The bollard
should be constructed of a durable material andufiaatured so that it can withstand a

certain amount of impact force before collapsingiet this function.



Another important function the bollard design mpestform is to allow emergency
vehicles access to an area. This function shoufgebiermed without direct user
interaction but may function more easily if therasanteraction from a user. A sensor
system within the bollard could activate its disgaggment mechanism or a vehicle could

directly impact the bollard and collapse it.

If a separate manual disengagement mechanismworleer is a needed, this function
would require direct interaction with the user.eTuse of a special tool or electrical
device could allow the bollard to be manually godled by a worker. With these key top-
level functions implemented into our final desitre majority of the design requirements

should be met.

3.2 Failure Modes and Effects Analysis
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2.0 Benchmarking

An example of an existing product relevant to thgjert is the Maxiforce Traffic Bollard.

Figure 2.1 — Maxiforce Collapsible Traffic Bollard

They are the current supplier of bollards for UB®@ are an industry leader for
collapsible bollards. The Maxiforce Traffic Bollavdll be considered the benchmark
design for this project, with evaluations performeldtive to the performance of this

product as this device has met all the functioeglirements.

This device has an internally built manual disergagnt mechanism within the bollard
structure. The use of a Hydrant-Wrench allows akewoto manually lower a bollard to
the ground without having it engage a vehicle. €hem breakaway safety feature that
allows emergency personnel immediate access bycitingethe bollard. Two unique
inserts located at the base of the bollard aregdedito shear when impacted by a vehicle.
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This allows the vehicle access without causingiBaamt damage to the bollard or
vehicle. The breakaway feature is a componentsifiEfies one of the key functions of
this project but also prevents it from satisfyimpther. For clarification, the function of
preventing or limiting unauthorized vehicles acoemsnot be satisfied, but function of

emergency vehicles gaining access can.

An estimate of the performance for the Maxiforcaffic Bollard against the following
evaluation criteria is shown below.

e Sunk Cost (Manufacturing/Raw Materials)

o0 The cost for UBC to purchase this bollard is roydgh6D $1100. This is
considered relatively expensive for the client #relvalue of this criterion is
very high.

» Variable maintenance cost

0 The cost to replace the breakaway inserts uporcheeinpact is approximately
USD$20. More importantly, the labour costs asgediavith replacing these
inserts is far greater than the cost of the ingdbamselves. Variable cost is a
criterion which is considered an important as tnekscost of the bollard since
the design is to be built with sustainability innai

e Setup/Disengagement Time

o0 This device ranks exceptionally high in this citt@rdue to its fast and easy

disengagement mechanism. The value of this aitds important to user as

less time spent on setup/disengagement means seldibborir costs.
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e Durability
o Another high ranking value for this device since tineakaway inserts is
designed to limit the impact on the bollard. Duligbcan be seen to have a high
value in the overall design since it can be rel&teslistainability. A longer life
cycle for this device would also entail lower reqg@enent and maintenance cost.
» Effectiveness
o Due to the ability to choose different strengthbrfakaway inserts, this bollard
rates highly in its effectiveness in impeding dowing vehicle access. This is
another criterion of high importance to the clibatause the main purpose
behind a bollard is to control road traffic effeetly.
* Ease of Use
o The Maxiforce Traffic bollard is very easy to operand use. This can be show
in its quick setup and disengagement time. Thisiher criterion which may

have a high value for the user but not necesdarilihe client.

e Safety
o Since all mechanisms are built to function intelsnatith the exception of the
hydrant nut, this device can be considered very. 3&fth the breakaway insert
designed to shear at the bottom of the base, tierdbdoes not have any other
parts designed to fail. Safety can be considerée tonportant in all designs, but
in this project its value may not be as high sitheelevel of danger is not

expected to be high.

The uncertainty of the values for all the evaluatioiteria can be relatively dependent on the

different requirements of the client and user.
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3.0 Concept Generation

The bollard design is broken up into 2 differenttpa
* Manual engagement/disengagement

» Load barring break away mechanism

3.1 Manual engagement/disengagement

These mechanisms allow the bollard to be collagsetre-engaged at the discretion of

the personnel.

Tensioned Line
For any concept that involves a rope or chain thah tension, a lockable attachment

device must implement. This allows easy disengagéofehe bollard

dfdtraining.com/PDF/Truck_Man

_- Comment [RS1]: http:/iwww.s
-~ | allimages/100_0519.JPG

Figure 3.1 - Rotating Carabineer
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This device can be easily released by openingdhebineer and releasing the tension on

the line by being detached from the breaking meishan
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Figure 3.2 - Tensioned line release mechanism
Scissor Lift
The scissor lift is modeled after a typical carkjalt utilizes a power screw to transmit

rotational power to vertical motion.

_ - Comment [RS2]: http://www-
c.inria.frlgamma/OBJECTS/SCH
AUZER/MECHANICAL/31-car-
jack.jpeg

Figure 3.3 — Typical Car Jack
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The scissor lift uses the same principles as tihgack, but inverts everything for the

purpose of lifting.

e

ST —

Figure 3.4 - Scissor Lift
The power screw is turned so that the scissor désigontracted. The end of the scissors
is connected to the load bearing mechanism. Thisrim will raise it to the unlocked

position. Figure 3.4 illustrates this.

Linkages

Linkages allow for transmission of translationaltion of an object connected to the end

of a linkage system from rotational motion of a.ri example of this can be seen in

figure 3.5
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Figure 3.5 - Linkages used to raise block

All other concepts can be found in appendix.

3.2 Load Barring Break Away Mechanisms

The following concepts are mainly concerned wittring the force of a vehicle hitting

the bollard.
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Shear Pin

meyerinsulation.com/images/ac
sories/Shear%20Pin.j

) ( Comment [RS3]: http:/Avww. }
Ces

is dependent on the material used and the grog®d to the pin. The groove

generates a stress concentration, so that theipifailvat a designated spot. This can be

seen in figure 3.6.

Figure 3.6 - Grooved shear pins

Frictional load barring

In frictional load barring, the friction force generated by an applied normal force. This

is illustrated in figure 3.7.

Figure 3.7 - Frictional Force Locking
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The hammer that is in direct contact with the blookates a friction force which can be

used as the bracing force from the vehicle.

Magnet

Magnets create an attractive force that can be asethe resisting force to the force

generated by a car collision. An arrangement af ¢ be seen in figure 3.8.

g MachgeT

HAeNETIC Topce

MeTaL PLaTe
Figure 3.8 - Magnet Load Barring

The magnet attracts the metal plate to the grotihd. plate restricts the rotation of the

bollard; this is how the bollard is in its fullyested position.
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4.0 Concept Selection

The selection process is summarized as follows
« Initial Pugh Chart winnowing
¢ Weighted Decision Matrix
* Final Decision
Initial Pugh Chart Winnowing
Once all the concepts were presented to the geoppgh chart was implemented to each
concept. The concepts were narrowed down to thewiig four.
» Cable Hook Concept
e Magnet Concept
e Lock Ball Concept

» Shear Pin Concept

Cable Hook
—
B ‘
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Figure 4.1 - Cable Hook Design
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The cable hook design is essentially the combinatifothe tensioned line and the shear
pin concepts. The tensioned line is connected dostiear pin through a carabineer. To
manually release the bollard, the removable plateeimoved by unscrewing four set
screws to gain access through the opening. Thik gelease carabineer is then unlocked
and unhooked from the shear pin. When fully ereeted locked in, the shear pin is the
load bearing component. The force applied fromtacke will increase the tension on the
line; the carabineer will apply a direct shearingcé to the shear pin. The pin will then

fracture at a pre-determined stress limit.

Two of the strengths of this design are its sing@sign and its cheap cost of manufacture.
Essentially all this design is a hook pulling osteear pin. The simplicity of the design
significantly decreases the complexity of the asialyon the bollard, compared to the
MaxiForce bollard. Also, all the parts for the laotl can be readily found in most
hardware catalogs and the casing can be easilyingttat any local machine shop,

which lowers the cost significantly.

Some of the weaknesses of the design are the Imegghgement and re-engagement
time of the carabineer and the difficulty of prelogy the tension line after it has been
released. To be able to get to the tensioned lieehamism, the user must remove the
plate that covers the inner workings and then untbe carabineer by turning the screw
lock. The time it takes to do this is a major flamthe usability of the bollard, compared

to the standard Maxiforce bollard. To re-estabiish correct tension on the line and have
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the hook fully engaged with the shear pin will lmengwhat difficult without additional

personnel or tools. This is a major flaw comparethe standard Maxiforce bollard.

Magnet

—MaonET

- HlaeNETiC Topee

MeTaL PLae

Figure 4.2 - Magnet Concept

The magnet concept is essentially using the attemdbdrce of the magnet as the bracing
force. To disengage the magnet, it needs to bergithlled away from the metal plate a
small displacement before the bollard is disengagethave the magnet de-activated

depending on the type of magnet used.

Some of the strengths of this design its use ofdstal parts, small quantity of parts and

lack of fracturing components compared to the mneviconcept.
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The magnet and metal plate can be sized and obtaiitkein a short amount of time. The
availability of the components would be an advaatmga producer, who possibly would
market this bollard and put into service with véte lay over time. This self sustained
bollard has no fracturing parts, this in a sustaeg@erspective is a viable choice because

it reduces the dependency on resources to operdtmaintain the bollard.

The weaknesses of this design are the uncertaémgbgement method and the durability

of the magnet. One of the only ways to disengagenthgnet is to increase the distance
_ -1 Comment [RS4]: someone

between the metal plate and the magnet. Thereaavever lifting magnets which do not | et o fish s point..notsure

require a power source that can be switched offf eviach may be incorporated into the

design.

All magnetic materials have dissipative magnetiditeds over time. The strength of the
magnet will not be exactly the same as the dayai mstalled. Without a power source
or re-magnetizing coil, the magnet within the ballavould need to be replaced

eventually; so consistent surveillance of the pennce of the magnet needs to be done.
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Lock Ball

Figure 4.3 - Lock Ball Concept

The lock ball concept uses the friction load bayrémd linkage concepts. When the user
turns the fire hydrant nut, it lifts the set ofkages that are connected directly to the load
barring mechanism. As seen in figure 12, the sgrioig each side of the bollard apply a
force to each hammer. This force pinches the btmtlboth sides. The frictional force

generated is used to bare the load of a car awilisi
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Side hammers Block A

Figure 4.4 - Lock ball engaged
As the linkages are lifted from the rotation of thet, it raises the block. The block
applies reaction forces onto each hammer; thisaailise the hammers to be pushed back
into the springs. The bollard is now able to bdagded when the side hammers are not

pinching on the block as seen in figure 4.5.

Figure 4.5 - Lock ball disengaged

The benefits of this design are simplicity of tbeking mechanism and operation with no

broken parts.
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The main disadvantage of this design is the engageand disengagement of the bollard
after it has been collapsed. The approximate ftineé a car collision applies is in the
range of 700 Ibs of force. The frictional forcethie main component of barring the load.
For typical maintenance personnel to push the tblimrd enough so that the side
hammers will be pushed back into the sides, wiljuree a large physical effort. The

usability of the design can be questioned becafidgso

Shear Pin

Figure 4.6 - Shear Pin
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The shear pin design involves linkages and a gmbotteeaded shear pin. The shear
block that covers the shear pin, is initially fixéd the overall motion of the bollard.
When the fire hydrant nut is turned, the blockased high enough, so there is no load
barring component engaged; then the bollard caindady collapsed. If the block is left
in its engaged position, the shear pin will take dar collision load that is transmitted

through the block.

The advantages of this design are quick replacenfeht shear pin after being collapsed,
fast manual disengagement and simple manufactyiogesses. The pin is specially
designed so that after the bollard is collapseetetlis a small nut that can be accessed by
a socket wrench. The accessibility of the socketmneih makes it quick and easy, to
replace the pin. Fast disengagement is achievetthdyinkage system, once the block
lifted; it is just a matter of pushing the bollaifthe machining processes required are
fairly simple because there are no complex geometninponents within the bollard. The

processes can be done fairly fast by a machinigt@xC machine.

The main disadvantage of this system is the fraguof shear pins because of the

dependence of raw materials for more shear pins.

Weighted Decision Matrix

The previous concepts are put judged against ahtegigdecision matrix. Each criteria is

describe as follows.
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Cable Hook Magnet | Lock Ballf Shear Pin
Criteria | Weight ¢
Raw] Ad). |[Raw] Adj. |Raw| Adj. |Raw| Adj.
Sunk Cost 25 9l 22.p g 1b 8 40
Variable Cosf 15 5 7.5 759 112457 | 10.5
Setup/ 15 2 3 71 108 7 |10.5
Disengage
Time
Durability 5 4 2 45 22% 7 | 35
Ease of use 15 5p8.25 71 105 8 12
Effectivenes 15 7.5(111.25 5175 85|12.7p
Safety 10 7 7 5 5 8 8
7 Comment [R$5]: replaced .
Net Score [ 100 61.5 62 (= . | e Saores woul be siterent
discuss 2morrow?

Table 1: Weighted Decision Matrix

5.0 Concept Validation

Each of the concepts reviewed in the previous aedtilfills the functional requirements
outlined earlier in this report. This section loé report will check each of the candidates
to see how each design reflects our evaluatioar@itind how they reflect the client’s
desires. The evaluation criterion is composedheffollowing categories:
¢ Sunk Cost (Manufacturing/Raw Materials)
« Variable Maintenance Cost (Lifecycle Costs)
o
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e Setup/Disengagement Time

e Durability

« Effectiveness (Force required to break away)
» Ease of Use

« Safety

The purpose of having costs divided into two défercategories was to differentiate
between the initial manufacturing cost and the e life cycle costs. It can be
assumed for the application of a bollard on the WRGpus it would take approximately
10 minutes to travel to the bollard and 10 minttesavel back to the sustainability

office for operators doing maintenance work on kelbbt. Any amount of time required

to setup or disengage a bollard would thus haweelth20 minutes to factor in travel times,
which is amount in wages that would have to be.p&d a difference in one minute
compared to five minutes in disengagement time deguate to an overall total time
spent of 21 minutes and 25 minutes. The differerigeminutes in labour wages would

be the difference in cost savings in this case.

Cable Hook Concept

The Cable Hook concept is a very simple design feithinternal components that
performs the functions required by the projectisoncept is the simplest to
manufacture of the four concepts and also the @stdp manufacture. Although this
design does meet the functional requirements kislgeeatly in its disengagement/setup

time thus increasing its variable maintenance cdsis estimated that this design would
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take approximately five minutes to go through thecpdure of disengaging or re-
engaging the bollard. This fault is too great aitinot be considered as a final design
the Shear Pin concept functions similarly with shear pin except it has a much faster
disengagement mechanism.

If there were a way in which the cable could battached to the shear pin externally
with a fire hydrant wrench then this concept cdugdviable but the inconvenience of its

use for the operator and the extra time spenttisvoath the sunk cost savings.

Magnet Concept

The Magnet concept relies on a permanent magnébtbrthe manual disengagement
mechanism and vehicle impact break away mechanidmre are no parts broken with
this concept as the breakaway mechanism involvescoming a magnetic force. A
special type of magnet would be used which can haatractive forced enabled or

disabled by a switch.

Figure 5.1 — Lifting Magnet
The magnet illustrated in the figure is an exangbléhe type magnet that will likely be

used in this design, although the type of handtewser interface is not fully developed.
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The validity of this concept is proved howeverftesse magnets can range anywhere
from 100 Ibs all the way to 10,000 Ibs of attraetferces. A model would be chosen
based on the breaking force required. No elettrisirequired and manual
disengagement/re-engagement would be very sinfjaleoperator turning the switch
would be able to disable the magnet, allowing tbiéald to be knocked over. The
breakaway mechanism would simply be a vehicleisgikhe bollard to overcome the
attractive force between the magnet and the batteadfollard.

The interface between the exterior operator’s &mal the switch of the magnet has yet to
be determined. The large advantage here is thai sad for all methods of disengaging
and breaking away would be quick and no parts wbaltroken. The estimated time to
re-engage and disengage the bollard would be @&nadtseconds, with no additional
time effort added in setting up the bollard by Imava vehicle impact. The magnets
however would add a sunk cost of approximately §2800magnet. Additionally, all
powerful magnets have adverse affects to nearlgyretécs, and although the chance is
very small, it could be an inconvenience or evéiazard if a pedestrian with a pace
maker were too close.

Something to improve upon for this design wouldddetermine the exact mechanism
upon how a fire hydrant wrench from the exteriouldcactivate or deactivate the magnet
within the interior of the bollard. If this is in@d out this design could be a very

competitive and sustainable design.
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Lock Ball Concept

The Lock Ball Spring concept is another design imclv no pieces are broken for the
breakaway mechanism, which is great from a sudtditygperspective. This product
would require more physical effort to manually digage and re-engage the bollard, but
could potentially be performed at the same spedkealaxiforce bollard if a

mechanical advantage exists in transferring theefftnrom an operator’s fire hydrant
wrench.

One caution of this design is to validate whethreoperator could apply enough force to
manually disengage the bollard. Some preliminafgudations were performed and free
body diagrams were drawn with different shapedacrdurfaces for the side hammers of
the lock ball concept. It was determined that wll®haped curved contact would be
ideal in for this design as breaking away fromaheity would be more difficult than to
re-enter the cavity with this shape. In termsuwfkscosts they would likely be similar to
those of the shear pin, and once again if a methmatdrequired less physical effort were
refined this concept would be very competitivereese¢ would be very few drawbacks to
this design relative to the maxiforce.

Shear Pin

The shear pin concept is a very low risk desigin féiv uncertainties and very easy to
perform studies on. It functions very similarlyttee maxiforce design. All of the
evaluation criteria are met in this design withontertainties, and the only disadvantage
of a shear pin breaking may be negated due to aeeasons. For one, the shear pin
only breaks upon vehicle impact. Frequency of elelimpact is likely much lower than

frequency of manual disengagement of a bollardngortance of speed for manually
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disengaging and re-engaging will carry more weidfte second point is that the
material cost of a shearing pin is so low thatrdacement cost would be almost
negligible compared to the labour costs associatttdreplacing a broken shearing pin.
Due to this, any method of minimizing the time dprensetting a bollard from vehicle
impact which this concept does quite well and gogsaster than the maxiforce design.

The Lock Ball concept and the Magnet concept waaldaster in this respect however.

6.0 Conclusions and Recommendations

There is not yet a single conclusive design atgtage in development, as there are still
several disadvantages that for each design comltaptould possibly be further refined
and removed with further detailed development. tWis point there are still three
concepts that are promising. One of the desidres Shear Pin concept, is a lower risk
concept with few uncertainties and will be simgleahalyze. The other two concepts, the
Lock Ball and Magnet, are both potentially higherfprming but riskier designs with
more difficult analysis involved.

The advantage to the Lock Ball and the Magnet quiscerere that there are no broken
pieces upon vehicle impact with a shorter re-engage time although this method as no
shear pin is to be replaced. The major disadventaghe Lock Ball concept is that it
may require too much physical effort to manuallgetigage the bollard by fire hydrant
wrench as a great amount of force would be requmesiove the hammers out of their
cavities. The major disadvantages to the Magnetet are the increased sunk cost and

the unrefined design of the external control of thagnet control switch. If either of
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these processes were refined further then thess ictuld be safe enough to replace the
shear pin concept.

The shear pin concept however is not too far beliinperformance. If it is determined
that bollards are infrequently struck by vehiclesl @are far more frequently manually
disengaged/re-engaged by fire hydrant wrench, tierenough pins may be broken to
justify the extra costs of the magnet concept erdinength-reliant lock ball concept. So
in the end it could turn out that any of these éhtencepts could be chosen for the final
design.

Each concept shall be refined in a different wajhe shear pin concept will likely be
focused on making the design simpler and cheappraguce. More analysis will have
to be performed on the Lock Ball concept to veiifythe force required is within a
comfortable physical range. We may have to looklitierent types of interfaces for
lifting magnets or contact manufacturers to sethdfre are different types of magnets
more appropriate for our application for a simglesign. From here additional analysis
including FEA and fatigue analysis will be requirlsd further insight. In the end a
meeting with the clients, Brenda, Kelly, and Mikeyrbe required to see if there is a
concept which is favoured by the three of themalllthree concepts are refined to the

point where they function equally, cost may beuhienate deciding factor.

7.0 References and Appendices
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Figure 1.1
ATG Acess - Products

http://www.atgaccess.com/products/ATGLiverpoolBalkt.bmp
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Abstract

The purpose of this technical analysis was to detex the feasibility of the lockball
concept previously outlined in the conceptual ali¢ives report. The lockball bollard
concept uses spherically shaped lockballs whiclparehed into specially shaped
cavities by spring forces to retain the bollardumerect position. This analysis studies
the level of impact forces required to overcomeptimehing forces of the lockball in the
cavity. It is determined that the shape of thatgaand the strength of the springs
influence the level of impact force required befdigengaging the bollard. An FEA
analysis is performed, concluding that the lockbathponent would be the first to shear

if failure were to occur. The basic geometric lalyis also included in this document.
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1.0 Introduction

The purpose of this project is to design a collaesibollard that will meet the
requirements outlined in the project proposal doenim The key functional requirements
were described as the following:

o Prevent or limit access to unauthorized vehicles

o Allow emergency vehicles access

0 Manual disengagement mechanism for a worker

In addition to these functional requirements oflaetors of consideration were the initial
and operating costs, ease of use, material repEtefdue to impact), safety, and ease of
use of the bollard. After consideration of thedéerent aspects the Lock Ball Bollard
Concept was chosen as the pursued design. Thed¥lagncept was another contender
which was believed to be unsafe due to magnetbeing designed for impact and being
very brittle leading to the possibility of shatteipon vehicle impact. Another
disadvantage of the magnet concept was its subtgnhigher initial costs of
approximate $250 per magnet as well as the costarf@dditional safety precaution to
deter the effects of the magnetic field, which m#uedesign too complex. These costs
did not offset the savings that would be made trupetime when compared to the Lock

Ball design.

Figure 1.1 illustrates the release mechanism #®iLtck Ball design. As seen figure 1.1,

a spring force is applied horizontally to force gide lockballs within the bowl shaped



cavity. The cavities are part of the bollard basdle the hammers are firmly connected
to the shell of the bollard. When the is turnedabiyre hydrant wrench, the linkages pull
the springs horizontally inwards, allowing the hall to be collapsed as the side hammers
are no longer pinching into the cavities. The hping force of the side hammers due to
the springs is what must be overcome by a vehictiigengage the bollard by impact. A
mechanical advantage is created through the shifiee ccavity and creates different

angles for normal forces.
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Turning Nut

d

Figure 1.1 — Disengaged and Engaged Positions ofdktall

The conceptual alternatives report outlined many tbé key advantages and
disadvantages of this design. One of the key adgas to this design is that it is unique
relative to existing bollards in the industry. @©thdesigns rely on a pin to shear upon

vehicle impact, whereas in this design the lock &iahply pops out of a cavity, resulting
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no broken partss. Ideally it should be just askjds the currently used Maxiforce
collapsible bollard when manually disengaging amekmgaging. This is where the

greatest frequency of user interaction is expected.

Another issue is the strength of the chosen spiimgsiited to what is comfortable for a
user to compress through turning the fire hydrart M\ mechanical advantage will be
required through the shape of the balls and cawityrder to amplify the resistive impact
force to a significant enough level to deter vehichpact. In this report, further analysis
of these issues will be completed using Finite ElstAnalysis (FEA), hand calculations,
and Failure Modes and Effects Analysis (FMEA). iBagometries and classification of

standard parts and subassemblies are listed fioltbeing section.

2.0 Product Architecture and Configuration Design

m
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2.1 Schematic and Elements of the Bollard

Obstructing Position

\ 4

Prevent or limit access t@
unauthorized vehicles

(Stand-By)

Allow emergency vehicleg

access

Collapsed Position

™ (Parallel to ground)

Separate manual
disengagement

mechanism for a worker

Figure 2.1

Possible ------

The functional elements of the bollard which haw# yet been reduced to physical

components are shown in figure 2.1. These elenagatsnportant to the bollard concept

and reflect the basic functional requirements neéefite the bollard. All schematic

drawings are attached in the Appendix

2.2 Geometric Layout of the Bollard

Special Purpose Parts

Below are the general dimensions of the manufadtaumb-assemblies which composed

the overall bollard assembly

m
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2.2.1 1x Bollard Shell

Refer to Figure 2.2

Dimensions: Refer to drawings in Appendix A.

Made of 1/8” thick Steel. The Bollard Shell is falated by bending steel plating and welded
together. The shells purpose is to deter vehictebs @ntain the disengagement mechanism.

Hinge pivots are located on Bollard Base (FiguB) 2.

Figure 2.2 Bollard Shell

2
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2.2.2 1x Bollard Base

Refer to Figure 2.3
Dimensions: Refer to drawings in Appendix A.
Custom made steel block. Hinge mechanism is imducavity Bases (Figure 2.4) are attached

on Bollard Base.

Figure 2.3 — Bollard Base

2
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2.2.3 2x Cavity Base

Refer to Figure 2.4
Dimensions: Refer to drawings in Appendix A.
Solid Steel block with custom machined sphericaftga Lock ball (Figure 2.5) interacts with

cavity surface. Welded to Bollard Base (Figure 2.3)

Figure 2.4 — Cavity Base

2
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2.2.4 2x Lock Ball

Refer to Figure 2.5 and Figure 2.6

Dimensions: Refer to drawings in Appendix A.

Lock ball shape is lathed from cylindrical steelten&l. This surface Interacts with Cavity Base
(Figure 2.4). Steel material is lathed thinner pdsthe lock ball surface and is milled at the end

where this section connects to Linkage (Figure BymMolt and nut to guide the springs.

Figure 2.5 — Lock Ball Unit 1

m;
B
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Figure 2.6 — Lock Ball Unit 2

2.2.5 2x Linkage (Yellow)

Refer to Figure 2.7

Dimensions: Refer to drawings in Appendix A.

Linkage connects to Linkage Base (Figure 2.9) amlin@rical Stock with Flat end and Hole
(Figure 2.6) using bolts. The bar linkages trangfe Hydrant Nut rotational motion to the Lock

Ball Assembly (Figure B.1) through linear motion.

2
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Figure 2.7 - Linkage

2.2.6 2x Spring Support brackets

Refer to Figure 2.8
Dimensions: Refer to drawings in Appendix A.
Steel or Aluminum machined block. This block mouatdo the Shell (Figure 2.2) using Bolts

and Nuts. This part guides and supports the Lotksaembly (Figure 2.11)

B0
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Figure 2.8 — Spring Support Bracket

2.2.7 1x Linkage Base

Refer to Figure 2.9
Dimensions: Refer to drawings in Appendix A.
Steel or Aluminum custom machined block. Mountskiiges (Figure 2.7) and Special Hydrant

Nut (Figure 2.10)

o
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Figure 2.9 — Linkage Base

2.2.8 1x Hydrant Nut with cylindrical stock

Refer to Figure 2.10

Dimensions: Refer to drawings in Appendix A.

Steel machined cylindrical stock welded to standgmfant nut. This piece is mounted on to the
Linkage Base (Figure 2.9) using a Bolt. A fire tayat wrench turns the nut, which rotates the

Linkage Base.

m
B
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Figure 2.10 — Hydrant Nut with cylindrical stock

2.3 Assemblies and Sub-assemblies

2.3.1 Lock Ball Assembly

Refer to Figure 2.11
This assembly contains Lock ball (Figure 2.5), @gtical Stock with Flat end and Hole (Figure
2.6) and a spring. It will be positioned in theriBg Supporting Brackets (Figure 2.8) connected

to the Disengagement Mechanism Assembly (B.2)

B0

SHERARSOLUTIONS XV



Figure 2.11 — Lock Ball Assembly

2.3.2 Disengagement Mechanism Assembly

Refer to Figure 2.12 and Figure 2.13 for engagedisehgage mode.
The engagement mode is when the lock balls areeircavity bases, keeping the bollard upright
and ready to receive impact from a vehicle. Thermimgement mode is when the lock balls are

out of the cavities thus unrestricting the boll&am falling to the ground.

This assembly contains two Lock Ball Assemblieg(fé 2.11), two Cavity Base (Figure 2.4),

two Linkages (Figure 2.7), two Linkage Bases (FégRr9) and one Special Hydrant Nut (Figure

2
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2.10). By turning the Special Hydrant Nut, the Kage Base rotates and pulls in the Lock Ball
Assembly. Since the springs are pushing againsStipporting Brackets (Figure 2.8) the spring
force will keep the Lock Balls within the Cavity 8 The normal force of the cavity imparted

upon the lock balls will have to be overcome inesrt disengage the bollard upon impact.

Figure 2.12 — Disengagement Mechanism Engaged P asit

2
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Figure 2.13 — Disengagement Mechanism DisengagedsRion

2.3.3 Mounting Base Assembly

Refer to Figure 2.14 and 2.15.

This assembly contains the Bollard Shell (Figu®,2Bollard Base (Figure 2.3),
2X Cavity Bases (Figure 2.4) and 2X Spring SuppgrtBrackets (Figure 2.8).
The Bollard Shell is mounted onto the Bollard Bagea custom hinge, where it
pivots on. The Spring Supporting Brackets are mediion the Bollard Shell using

Bolts. The Cavity Bases are welded to the BollaadeB

2
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Figure 2.14 — Mounting Base Assembly
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Figure 2.15 — Mounting Base Assembly

A. Standard Assembly

None (motor, gearboxes, pumps)

B. Final Assembly

Refer to Figure 2.16 and 2.17.
This assembly contains the all the Mounting Bassefttbly and the Disengagement

Mechanism Assembly. This is the complete assemibilye Collapsible Bollard.

Figure 2.16

2
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Standard Parts

Figure 2.17

The following is a listing for all the standard fsansed in the Collapsible Bollard design.

Bolts
Thread Min.
Part | Quantity # | Diameter | Length | Purpose
For mounting Spring Support Bracket (Figure 2.8) onto
a 8 3/16” 3/4” | Bollard Shell (Figure 2.2)
For mounting Special Hydrant Nut (Figure 2.10) to Linkage
b 1 1/8 “ 3/4” | Base (Figure 2.9)
For connecting Linkage (Figure 2.7) to Cylindrical Stock with
c 2 3/16” 3/4” | Flat end and Hole (Figure 2.6)
For connecting Linkage (Figure 2.7) to Linkage Base (Figure
d 2 3/16” 3/4” | 2.9)

Nuts

o
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Part | Quantity #

Thread Diameter Purpose

e 12

3/16” Nuts used at the Bolt ends

Washers

Part | Quantity #

Min. Inner Hole Diameter

Purpose

f 12

3/16”

Flat Washers used for Bolts

Springs

Part | Quantity #

Uncompressed Length

Purpose

1.5”

Compression Box End Grounded springs used to
generate repulsive linear force so the Lock ball Unit
(Figure 2.5) stays in Cavity Base (Figure 2.4)

3.0 Parametric Design

The most important parameter to analyze is theildfdiés of the lock ball spring

mechanism. The spring strength should be chosgnthat an operator can comfortably

turn the nut on the bollard by fire hydrant wrerchcompress the springs. However, a

mechanical advantage should be provided from thpesiof the lock ball and cavity due

to the normal forces they provide through conta&@oncerning the feasibility and

effectiveness of the design, a detailed analysishenspherically shaped lock balls and

cavity force interactions must be performed. Tbeia size of the cavity and lock ball

would affect the amount of contact area betweenvtloepieces as well as the strength of

the pieces themselves in case of failure beforendgagement of the bollard.

m
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In this section, an FEA analysis is performed onious parts of the bollard for the
breaking strength of a load that would be appliee tb a vehicle colliding with the
bollard and arriving to a complete stop without thek ball slipping out of the cavity.
The analysis of interaction between the cavity dock ball shapes could not be
completed in a thorough FEA (Finite Element Anaysanalysis through ANSYSO
software due to complexity and time constraintsyéner basic hand calculations with

assumptions were made.

This section is concluded by an FMEA (Failure Moded Effects Analysis) to identify

potential failure modes with the design.

3.1 Models and Simulations

3.1.1 FEA Analysis

Analysis was performed on the bollard design usiofiware called COSMOSXpress.
The situation is simplified from what would actyaliappen upon vehicle impact. 1t is
assumed this situation is for a vertical walled ityawvith a car exerting a force of
approximately 31250 N statically loaded, locatefin®.above the ground, through the
center of gravity of the bollard; using a simplfienoment balance, with AISI 1020
carbon steel used for all components. See Figdréo8.the moment balance calculation.

From our model, it is also assumed that the resuftace acting upon the load barring

m
=i

SHERRSOLUTIONS xXiii



assembly is located approximately 0.08m from treugd. This is the force required to
bring a typical small car to a complete stop whigduld be the worst case scenario if the
lock ball did not pop out of the cavity. This ays$ shows the deflection and stress

distributions of the various parts of the bollardiar load.

m
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Shell

Figure 3.1 — Displacement Distribution of the Bollad Shell

Figure 3.2— Stress Distribution of Shell

2
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Figure 3.3— Shell Deformation Upon Loading

It is clear the hole for the hinge location is fao close to the edge of the bollard shell.
Increasing the distance between the hole and the efl the shell should be able to

remedy the situation, as well as possibly increasiaterial thickness for that area.

Cavity Base

Figure 3.4 — Displacemeht Distribution of the Cavif Base

o
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Comment [RS6]: Can't get a
textbox to say “greatest stress
concentration”

Figure 3.5 — Stress Distribution in Cavity Base

The greatest stress is seen at the bottom of thty dsmse where it would be welded to
the bollard base. Increasing the surface arehebbttom portion to have more weld
area may remedy this situation. Since this is estxease scenario in which the lock ball
would not pop out of the cavity in this piece hias highest minimum safety factor, other
areas would take priority in optimizing as theylwileak before this piece.

This shows that it is likely the first component $bear upon vehicle impact and
potentially even under regular conditions befom ldtkball pops out of the cavity. The
stress concentrations are shown where the holeflahdpiece is connected to the

cylindrical stock.

m;
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Lockball

Figure 3.6 — Displacement Distribution in the Lockiall

Figure 3.7 — Stress Distribution in the Lockball

2
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Figure 3.8 — Stress Distribution in the Lockball

m
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3.1.2Hand Calculations

Figure 3.9

A Typical bumper to ground height is 16-20" ~ 0.5m

Seta =0.5m, b =0.08m

We need to determine a spring force which can caatty turned by a human arm
operating a fire hydrant wrench. Assume for noat thOON of turning force is within
this comfortable range for a human arm. A typfaal hydrant wrench is approximately
0.3m long, so from here we can determine the morizgoé exerted from a human arm

to the turning nut of the bollard.

m
B
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Figure 3.10

We find that M_wrench = 30 N*m

Figure 3.11

It is assumed for now that the turning nut is fudfficient in transforming the turning
force into a horizontal compression force for tipeirgys. In actuality it would not be
fully efficient so the real life value of F_sprisgould be expected to be lower. From this

simplified calculation, F_spring = 1200N.

m;
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Now the k value can be determined from equatiorpfing = k*x where x is expected
compression distance before popping out of thetgawhich for now will be assumed to
be 0.025m.

So k=F _spring/x=1200 N /0.025 m = 48,000 N#rd-8kN/m.

This results in 24 kN/m per spring since thereZasprings.

We know that F_spring is 1200N for both springs.

So the force required to compress a spring enooighave the ball out of the cavity is

600N.

Figure 3.12

Since we know F_B) is a function that forms a gradient as therevaging forces as
we change the angte
F_Bx = F_B@)*sin(0)

For the sum of all x component forces of a giverge

b
z F_Bx= _[ F_B@)*sin@)d@=F _spring where a and b are the limits

m
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I will have to make an assumption for 3 things ahist point:

1. Assume a function for F_BY
2. Assume the upper bound is pi/2 (ie. Forces bey@ndiegrees are negligible).
3. Lower bound is zero (Forces before 0 degrees ajigitge).
Assume a conservative case where the cavity sisapet ivery flat, and the net resultant

force is primarily ab = pi /4 with the following shape:

Figure 3.13

So the assumed function that would produce theaboadient would be
F_B@®) = P *sin(®) where P is the maximum amplitude of force inchegity.

This comes out to the following equation:

m
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2

> F _Bx= [ P*sin(20)*sin()d6 = F _spring
0

> F _Bx=P[((-sin(7/2)*cos(r))/ 2} (£ sin(0)*cos(0))/2 = P[1/2]

F_spring = 1/2P, 2*F_spring = P

So for F_spring = 1200 N, P = 2400N

This is the total normal force that would existth¢ bollard cavity which would be

effective in compressing the springs. We know tiay vertical component form the
normal forces would apply stresses directly tolthenmers so too great a vertical force
due to the shape of the cavity could cause thebkitko shear. The force P is applied

assumed to be concentrated at the angle pi/4drestd@mple.

From this we have determined that the shape ofcthaty influences the eventual
effective compressive spring force. In this exampk assumed a shape where the peak
and majority of the forces occurred around pi/4hat midpoint. If a function with the
peak force so that the majority of the forces woatttur around pi/16 were used, a

greater resulting force P would occur.

Since F_spring or F_Bx will remain constant at 120€he vertical component, F_By,

would be increased as well as the overall forc&\We. got with a conservative angle of 45

m
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degree peak force that P would be 2400N. In alieearalculation on page 22 we
determine that a desired breaking force would bberad 30,000 N. This is a magnitude
of 10 times less than what is expected, but coalavithin reach if the angle is reduced.
The main concern here would be whether the lockvbalild shear or not due to these

forces.

Figure 3.14

Some insight is provided here even though somengssons had to be made. In

particular, the relation between the stress digtidim of the normal force on the ball and

angle of overall normal force from the shape of ¢taeity. In the calculations it was

assumed that the peak stress was located at 4Bederglative to the spring force, and

this was a conservative estimate. The end resadtavwery low force being required to
o
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knock over the bollard, but the shape of the cawéty be manipulated when it is being
manufactured. It has been determined that if #akdorce occurs at a lower an@lea

greater amount of force will be required to popltiek balls out of the cavity. It has also
been determined that as the ball moves along thigycand the area flattens out, the

angled will tend to decrease thus increasing the mechhaitvantage.

The trade off with decreasiryis that the vertical component of the normal feresll
increase, causing a greater amount of stress t@dhgonents of the bollard. If the
vertical components increase too much then theblaltk themselves may break, as the
FEA in the previous section indicated that the ladls would likely be the first to break
in this system. The other factor that can be adlett to increase the required force to
disengage the bollard through impact is increa#liegspring forces. The limiting factor
here is the strength of the operator and it cabeancreased to a degree in which users

cannot turn the nut with a fire hydrant wrench.

A shape such thé@tdecreases would ultimately call for more a moreatie lock ball by
increasing either its material thickness or usingfranger material for its construction.
The final initial calculation showed a resistivede of only 384N for a given strength of
springs. Several assumptions were made howeveat deest this can only be an
approximation to the true force required to diseyegtne bollard through impact. Further
empirical modes of testing as well as an in dep#A Fanalysis will be required to

confidently confirm this calculation. If throughcambination of the peak normal force

m
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angle and spring strength is changed, a much gresgistive force in the magnitude of

thousands of Newtons may possibly be achieved.

3.2 Failure Modes and Effects Analysis (FMEA)

The FMEA indicates that the two greatest conceroglavbe deformation of the lockball
and fracture of the spring due to corrosion cragkiAll other failure modes are indicated

below. The RPN column scores the failure modeb thié highest areas of significance.

4.0 Conclusion

The basic geometries and interactions of the Ldtkindlard design have been covered
in this report. It has been concluded that theeeh@o ways to influence and increase the
amount of force required upon impact to pop thé&badls out of their cavities. The first
option is in changing the shape of the cavity gheth the sum of the normal forces acting
on the lock ball would have a lower angle, whichuldo decrease the horizontal
component of the forces upon impact of a vehidlhis would make it more difficult for

a vehicle to disengage the bollard for a givenrgpstrength. The trade off to this is that
the vertical component of the forces would increiégiee angle were decreased, causing
a greater amount of stress on the lockballs therasel It has been determined through
our FEA analysis that the lockballs would be thetfto break if failure were to occur.
Too much force distributed to the lockballs rathiean the springs would increase the

chances of the lockballs themselves shearing. alanbe this, either larger lockballs with

m
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greater material thickness would be required esfigén the flattened transition region,

or to use material with very high strength.

The other method of increasing the impact resigtdarce is to increase the strength of
the springs themselves. This is limited to whabparator could comfortably manually
disengage by turning. Unless a mechanism where fsea mechanical advantage for
transmitting the wrench force to axial spring coegsion is in place, these springs cannot

be strengthened further.

Several assumptions were made in our calculationsosplete confidence cannot be
placed in the results. It is advised to spend niare performing a full FEA analysis on
the cavity shape and lockball interactions. Somepigcal experiments may also be

required to confirm the feasibility of this design.

5.0 References and Appendices

All calculations and drawings in this document wereduced by Shear Solutions.

APPENDIX A: Schematic Drawings

The following schematic drawings are provided ie tbllowing pages:

Bollard Shell
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Bollard Base

Cavity Base

Lock Ball Unit

Linkage

Spring Support Brackets
Linkage Base

Hydrant Nut with Cylindrical Stock

Note: The unit of values within the brackets areentimetres.
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The purpose of this critical function prototype wasletermine whether the lock ball
mechanism was viable using a physical prototyp&ak concluded in the last technical
analysis report that the calculations alone weteenough to prove the viability of this
design due to the complexity of the forces actiayieen the ball and cavity surfaces.

Pictures and video footage of our physical protetyill be discussed and reviewed in
the body of this report.

1.0 Identification, Importance and Abstract

The critical function that the design team has dketito prototype is the lockball force
restraint system, as seen in Figure 1. The maiectigs of building this prototype is to
prove our concept’s validity and to obtain somemjitative values of force for a given
design. We will then use that data and incorpagagégn modifications to the final
prototype, to reach the desired design conditions.

Figure 1.1 — Lockball Mechanism

The importance of the lock ball restraint systetiméumental to the success of the
design, given that this function encompasses althesivhole design (with exception of
the manual disengagement linkage system). Withmultack ball restraint, we would
have gone into a different direction in terms & fimal product.
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Insights that can be expected from this prototygeetto do with the cup shape on the
base, depth of lock ball entering the cup and phimg sized from the technical analysis
report. The shallow-ness and chamfer angle of tipewdll drastically affect the amount
of mechanical advantage obtained when the wholenalsly needs to resist the force of a
car; doing the test at a certain angle and cupeshépgive us a sense on what we need
to change for the final design. The depth of thek loall into the cup will be put into
guestion because of the stress that the lengthoputse frame of the prototype.
Excessive stress before retraction may be thetrasdlcause the prototype to break.
Finally, when we did the analysis in our technmaélysis report, we used a simplified
control environment and assumed it would work @ rbal world. This may not be the
case, which is why we may need to modify whichrepme need to use after testing.

2.0 Documentation of Prototype

It is intended to model the disengagement/re-engagé mechanism of the bollard on a
1:1 scale with our intended design for the protety@nly a single spring lockball will be
modeled in this prototype as it should be suffitierprove its viability. Parts of the
bollard design that already seem feasible willm®tmodeled, unless it is a critical
function for the lock ball mechanism. Parts whidgh be omitted include: The bollard
shell, the turning mechanism which transmits torfjam a fire hydrant wrench to a
horizontal force to compress the springs in thé loall.

Below is an illustration of the completed bollambiptype. A lever was added to
simulate the moment force which would be appliedhwehicle’s bumper striking the
bollard shell. The manual disengagement and regsmgent method was simplified to a
simple handle which is to be pulled to compresssfireng.
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Lever to Apply Moment Forc
l'\*
(73

Handle for manual
disengagement/re-
engagement

T

b |

Figure 2.1 — Engaged Position of Lockball Mechanism
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(63
Figure 2.2 — Engaged Position of Lockball Mechanism
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Ball End

Figure 2.3 — Disengaged Position of Lockball Medtian

In order to disengage this device the user woulbgmuthe handle to compress the spring
and allow the lock ball to be removed from the tavVideo footage of this process is
provided in the video:

WMV

Bollard_Manual_disengagement.wmv

Re-engagement of the bollard is performed in alammanner. The handle is pulled
back to compress the spring and allow the ballterglide back into the cavity. Video
footage of this footage is linked below:

E‘.
WMV

Bollard_Manual_reengagement.wmyv

Impact force of a vehicle was to be simulated kylypg a horizontal force from the
level at a similar height to a vehicle bumper. &6dootage of this process is provided
below:
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WMV

Bollard_Manual_reengagement.wmyv

It is apparent in the video footage that the woseduto mount the lockball mechanism is
not sufficient to guide the mechanism as thereisesdeflection and the wood screws
are not holding. The wood will be replaced witHdesl sheet metal to increase the
strength and the accuracy of this physical pro@typntil this prototype is updated the
results of these experiments will be inconclusive.

3.0 Test Documentation

Test: Bollard Pull Test

Objectives - To prove feasibility of lock ball concept
- To measure approximate force requiredisengage prototype

Equipment: - Prototype
- Force Gauge

- Lead Weights
- 5-8 ft of chains
- Ratcheting Come Along

Procedure
Part 1: Concept Validity

1. Secure prototype to ground using lead weights

2. Attach one end of the chain to the top of the t@rmding the prototypes
effective lever arm.

3. Attach other end of chain to the ratcheted comeglo

4. Allow approximately 6 ft of chain to be put inton@on between the prototype

and the come along.

Start to ratchet the come along until movemenheflock ball begins.

Slowly increase the ratcheting until full disengengat is obtained.

Once disengaged, release tension on the chain gpogitype into engaged

position.

Nooa

Part 2: Force Measurement

8. Take end of chain that was attached to come alod@g#ach to the force gauge.
9. Attach force gauge with another chain, to the caionag.

10.Attach as pointed out in figure

11.Repeat step 6, read force reading from gauge atngiégement point

12.Repeat step 7
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Extended Rod

Come Along \/

Prototype

Figure 1.2 Validity Test

Extended Rod

25ttafchain
25ftof chain
Carme Along

Protatype

Figure 1.3 - Force Measurement
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4.0 Quantitative Analysis and Assumptions

5.0 Considerations for the Future

Quantitative analysis of the results and a disomssf possible errors assumptions and
resultant limitations of the analysis.

Unfortunately at the time of testing prior to hayitmis report submitted in, we were
unable to quantify our test results and determtieeaimount of force we need to
completely disengage our prototype. With that inaniwe were able to conclude that the
concept worked. A few limitations of our analysghe physical size of our chamfer hole
in the cavity base. The degree of chamfer willatiethe amount of force necessary for
the bollard to disengage. If there is no chamfes, nighly possible that the lockball unit
would not slide out but have a large enough bendingent on it to cause it to break.

Future Steps

There are a few things that need to be done notwhdave finished building and
testing the critical functioning prototype.

Modifications of the cavity base hole may be neagsafter testing the critical
functioning (CF) prototype. The lockball unit aravity base unit were able to disengage
after applying enough physical force generatedri®/moan. A decrease in angle
protruding into the cavity base to 10 degrees ftioencurrent 20 degree angle may secure
the lockball unit more effectively in the cavitydgaunit.

During testing, the two wooden guides for the ladkhnit started to break away from

the wood screws causing the lockball unit shiftrfrihe back plate that it was connected
to. This may have caused the disengagement to aocler lower forces then intended.
To correct this malfunction, we plan to replacewa®den guides with ¥4’ steel plating
that will be welded on to the back plate connectmthe hinge. With secure guides for
the lockball unit, accurate force measurementstesithg can be conducted without
having any parts prematurely failing.

From this point on, we will be further refining tdesign of the linkage mechanism and
start manufacturing those parts. Materials needethé disengagement mechanism may
change depending on cost and availability.
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