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Seesaw Safety Device

Abstract

The goal of this project was to develop a device to improve the safety of playground seesaws.
Seesaws can cause injury or discomfort due to the jarring impact experienced by the user when
the seesaw hits the ground because of the other user dismounting the seesaw. To address this
issue, we designed, built, and tested a modular shock-absorption system that applies a braking
force to seesaw motion, thus limiting seesaw acceleration, and consequently, preventing large
impact forces. The device attaches to a variety of seesaw geometries. Testing shows that the
device successfully reduces the likelihood of user injury without impeding normal seesaw
operation.
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Introduction

For many years, the seesaw has served to entertain children at playgrounds. The seesaw, in its
most basic form, consists of a linear structural member with a horizontally oriented pivot
located at the midpoint of its length. During use, one child sits on each end of the beam. The
children take turns pushing off the ground, which causes each end of the beam, and therefore
each child, to move upward and downward in an alternating manner. This up and down motion
of each child provides amusement for those involved.

For a seesaw to operate properly, both children must cooperate with each other. If this does
not occur, one of the children may experience unpleasant results. One common occurrence of
uncooperative behavior involves the child closer to the ground jumping off the seesaw while
the other child is in an elevated position. This removes the load from one end of the beam, a
load that was helping to keep one child in an elevated position. With this load removed, the
child in the elevated position will accelerate rapidly downward. When this child reaches the
ground, the impact will result in discomfort and possible injury.

To address this problem, our team intended to create a device that would prevent the elevated
child from crashing to the ground if the other child dismounts the seesaw. This device had to be
compatible with existing seesaws, and could not interfere with seesaw operation when both
children remain seated on the device. If one child leaves the seat while the other child is in an
elevated position, the device must prevent the rapid downward acceleration of the child who
remains on the device. By preventing this acceleration, the device will prevent the child on the
device from striking the ground at a high speed, thus minimizing the possibility of discomfort
and/or injury.
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Background

Before developing the device, the team conducted initial research to understand important
topics, such as the current market and playground safety standards. This section details the
findings from these studies.

Seesaw Overview
Seesaws, as shown in Figure 1 below, in their simplest form are rigid beams that pivot on a

fulcrum, which acts as a hinge allowing either side to move up or down. This system is
mechanically a lever and transfers energy accordingly.

Figure 1: Common playground seesaw.

The movement of a mass attached to either side of the seesaw - such as a rider - creates a
torque about the seesaw’s pivot axis at the fulcrum. This is why a small rider can easily lift a
heavier rider on the other side.
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Injury Statistics

Injuries as a result from playground equipment are commonplace in the United States. Almost
211,000 children in the U.S. treated annually for injuries sustained while at playground or using
playground equipment (Tinsworth, 2001). The injuries treated are most commonly severe
including severe fractures and even death. A study conducted by the US Consumer Product
Safety Commission showed that injury cases occurred in children from as young as 1 month to
18 years of age with a mean age of 6.6 years and a deviation of 3.3 years. This study collected
and analyzed data from 1996 until 2005 (Vollman, 2008). These injuries occurred to both males
and females evenly, with males being 54.2% of the injury data collected. The age group of 5 to
12 years old accounted for 70% of the data. Knowing this the team can design the device to
work most effectively for boys and girls ages 5 to 12 to prevent the most injuries possible.

300

250 m

200+

150

100

(&)}
o

Estimated Number of Cases (Thousands)

o

<12 3 4 5 6 7 8 9 10111213 14 15 16 17 18
Age (Years)

|l Male O Female|

Figure 2: Playground injury statistics (USCSPC).

Falling injuries account for more than 75.1% of injury cases reviewed by hospitals in this study.
This suggests that the current standards put forth by the U.S. Consumer Product Safety
commission either require revision to make them more comprehensive and increase safety
requirements or the playgrounds do not adhere to the standards and consist of unsafe and out
of date equipment and layouts.
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A similar study done for the years 2009 to 2014 yielded similar statistical data (U.S. Consumer
Product Safety Commission, 2016). As shown in Table 1 below, this study also showed that 42%
of the 3014 injuries reported to the CPSC and analyzed were a related to a seesaw or teeter-
totter; however, this was due to a faulty device recalled in 2012. Without this device included,
seesaw-related injuries fall to 33%.

Table 1: Incidents associated with playground equipment by type of equipment, 2009-2014 (USCSPC).

Equipment Type Count | Percentage
**Seesaw/Teeter Totter 1,272 42
Swing 363 12
Slide 326 11
Composite Play Structure 220 7
Other 130 4
Steps 124 4
Platform 93 3
Unknown/Not Specified 60 2
Tube, Horizontal 52 2
Non-Play Structure 43 1
Monkey Bars 42 1
Tube Slide 41 1
Inflatable Bouncer 35 1
Playground Surface 35 1
Bars 29 1
Climber 28 1
Incidental 25 1
Rope/Tire Swing 22 1
Safety Netting 22 1
Zip Line 21 1
Glider Swing 16 1
Sandbox 15 *
Total 3,014 100

As shown in the Table 2 below, the number of seesaw-related injuries rises to 25,596 from
2009-2014 when examining emergency department-treated injuries, which is about 2% of the
total injuries. Seesaws only had one reported death investigation due to a head or neck injury.

Table 2: Estimated emergency department-treated injuries associated with playground equipment by product
Code, 2009-2014 (USCPSC).

Product Code Estimate | Percentage
1244 (Monkey Bars or Playground Gyms) 499,797 34
3246 (Swings or Swing Sets) 365,237 25
1242 (Slides or Sliding Boards) 310,198 21
3219 (Other Playground Equipment) 134,472 9
3273 (Playground Equipment, Not Specified) | 128,990 9
1243 (Seesaws or Teeter Totters) 25,596 2
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Safety Standards

Consumers will use this device, therefore it must conform to several standards to ensure that it
is safe to use. In particular, it must follow public playground standards set by the United States
Consumer Product Safety Commission. Additionally, to prove the safety of the device, the Head
Injury Criterion will be used, which is a common standard used in the automotive safety
industry to determine the safety of the passengers during a crash. This section details these two
standards.

Playground Safety Standards

The United States Consumer Product Safety Commission (CPSC) has documented standards
regarding the design and construction of public playgrounds. This set of guidelines covers
criteria from equipment materials to maintenance. The team will keep these standards in mind
when designing any equipment that has an intended use in a playground.

The team must consider material selection in two aspects: surface material and equipment
material, for two drastically different purposes. The surface that covers the ground controls the
maximum fall height, as shown in Table 3. That is, the tallest structure on the playground -
seesaw or otherwise - can only be as tall as the fall height below for the given ground material.

Table 3: Minimum compressed loose-fill surfacing depths (U.S. Consumer Product Safety Commission, 2015).

Inches Of (Loose-Fill Material) Protects to Fall Height (feet)
6% Shredded/recycled rubber 10
9 Sand 4
9 Pea Gravel 5
9 Wood mulch (non-CCA) 7
9 Wood chips 10
* Shredded/recycled rubber loose-fill surfacing does not compress in the same manner as other loose-fill
materials. However, care should be taken to maintain a constant depth as displacement may still occur.

Furthermore, the U. S. Consumer Product Safety Commission constrains the construction of
playground equipment, ensuring that all fasteners should not be removable without the use of
tools, and must be smooth as to not cause injury to the user. All fasteners should be corrosion
resistant, and metal treated to prevent rust. This ensures that the components are safe and
reliable (2015).
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In addition, few guidelines exist for fulcrum seesaws. Besides the following: the fulcrum cannot
present a crush hazard —if a child is able to crush a body part inside the point — during the
operation of the seesaw, there should be no footrests, and the maximum attainable angle
between the seats and the horizontal is 25° (U.S. Consumer Product Safety Commission, 2015).
In addition, the CPSC recommends installing partial car tires under the seats to absorb the
shock of impact, but it is not required (2015).

Injury Risk Standards

One industry that measures the likelihood of injury is automotive design. The United States
National Highway Traffic Safety Administration (NHTSA) developed the Head Injury Criterion
(HIC) to evaluate the risk of injury upon a crash. The test involves a frontal crash at thirty miles
per hour and measures the acceleration of a crash test dummy’s head. In order to calculate the
HIC, the following equation is used:

HIC = ! N d -
= [tz mry ftl a(t) tl (t, —t1)

Equation 1: The Head Injury Criterion (Henn, 1998).

max

The following chart relates the HIC score to the probability of injury, as shown in Table 4
(Canadian Association of Playground Practitioners). The American Society for Testing and
Materials defines a minor injury as “a skull trauma without loss of consciousness; fracture of
nose or teeth; superficial face injuries” and a moderate injury as “a skull trauma with or without
dislocated skull fracture and brief loss of consciousness. Fracture of facial bones, without
dislocation; deep wound(s)” (Canadian Association of Playground Practitioners).

Table 4: Probability of Head Injury Relative to HIC Score (Canadian Association of Playground Practitioners).

HIC Score M[nur Mnd_erate Gri}ical Fatal
Injury  Injury Injury
0 0% 0% 0% 0%
250 40% 20% 0% 0%
200 80% 40% 2% 0%
750 95% 10% 4% 0%
1000 98% 90% B% 2%
1250 100% 95% 10% 2%
1500 100% 98% 20% 4%
1750 100% 100% 45% 10%
2000 100% 100% 10% 30%
2250 100% 100% 0% 10%
2500 100% 100% 95% 90%
27350 100% 100% 98% 95%
3000 100% 100% 100% 100%
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The Canadian Centre for Occupational Health and Safety (CCOHS) published a standard for
children’s playgrounds, which states that “the protective surfacing zone shall have a ... HIC not
exceeding 1000” (Canadian Centre for Occupational Health and Safety, 2014). While it refers to
the design of surfacing material, it also serves as a benchmark for the design of a safety device.
Because the equation is dependent on the change in time (t; and t1), measured in seconds, and
the acceleration, measured in g’s, a prediction of an HIC value can be calculated to design a
safety device with a low injury risk.

Existing Devices and Practices
The team only found one design in searching for existing seesaw safety devices. This result was
a patent filed in 1957 for a “Safety-Type Teeter Board.” A sketch of this device is below in Figure

$SO¥ P TIMVS

YOINTANT

AINYOLLY

Figure 3: Sketch of "Safety-type Teeter Board" (United States Patent No. US2903263 A, 1957).

In the device, attached to the main board are hinged seat plates at the locations where users sit
(Ross, 1957). Underneath each seat plate is a valve, which is spring-loaded in the closed
position. In the closed position, the valve stems stick upward and push the seat plates upward
about their hinges. The valves lead to air tubes, which run to opposite sides of a pneumatic
cylinder. The cylinder body mounts to the base of the seesaw by a pin joint. The piston shaft of
the cylinder attaches to the seesaw board by a pin joint at a distance offset from the lengthwise
middle of the board. When both users of the seesaw sit on the seat plates, the plates move into
a downward position. The seat plates push down on the valve stems, pushing the valves into
the open position. This allows air to flow freely through the valves and air tubes, and into the
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cylinder. As the users move the seesaw, the piston shaft of the cylinder moves into and out of
the cylinder, and the piston moves along the cylinder. Since air can flow freely into and out of
both ends of the cylinder, minimal resistance to seesaw motion occurs.

If one user jumps off the seesaw, the seat plate that this user previously occupied lifts up. This
allows the spring-loaded valve under the seat plate to move to the closed position. When one
user jumps off, the end of the seesaw that the user previously occupied tends to swing upward.
Due to the arrangement of the pneumatic cylinder and hoses, this motion moves the cylinder
piston in a direction that tends to push air out of the valve under the previous user’s seat.
However, since the valve is closed, and the pressure in the system adds to the closing force in
the valve, the air cannot escape. As a result, when the previous user’s seat tries to swing
upward, the cylinder piston compresses the air trapped on that side of the system by the valve.
Since the force applied to the piston is not sufficient for significant compression, the piston, and
thus the seesaw board and the remaining user, comes to a halt. This prevents the remaining
user from crashing to the ground. Having no users sit on the seat plates prevents seesaw
motion in the same manner.

Human Factors

The team will use anthropometric data for statistical data and analysis as presented by the
National Center for Health Statistics (McDowell, Fryar, Ogden, & Flegal, 2008). The appendix
titled anthropometric data contains tables for the weight, height, and appendage lengths based
upon age and sex. Knowing that our target age range will correlate to a minimum supported
weight specification, we can use the table to identify this value. Common playground seesaws
have a target user base of children 5 to 12 years of age. Looking at the first table, we can take
the age range and see the average mass of children in that age range and their percentiles. We
also reference the height data to determine appropriate placement of potential device
components to ensure that no obstruction of the rider occurs when seated. It also ensures any
mechanism we want the rider to interface with will be within a reasonable distance for any
rider. The team will use height data to calculate various body part or appendage lengths based
on formulas derived from a dataset for height of children ages 5 to 12.
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Design Strategy

When developing the device, the design process began by defining the design requirements
that the device must satisfy to pass as functional. Following that, the team defined
performance specifications, which further constrain the scope of the device and all preliminary
concepts to be developed. Additionally, to ensure the completion of the project on time the
team created a Gantt chart. This section details these steps of the design process.

Design Requirements

The first step of the design strategy for this device was to identify the objectives of the device:
what we expected the safety device to perform, and at what performance level. The primary
function of this safety device is to prevent injury to a user should the other user suddenly get
off the seesaw. We determined that a mechanism designed to stop or slow the seesaw would
be the most successful at achieving this main objective.

Safety of the device is of utmost importance, as its primary use is in a playground environment
and used almost entirely around children. The team therefore must follow safety standards set
forth by the American Society for Testing and Materials (ASTM). To provide the consumer a

visually appealing and cost-effective product we will also be considering packaging and budget.

Design Standards

In order to propose a valid design, the team took into account certain design standards and
considerations while moving along with design selection. These are design points that the team
felt would be immediately limiting to development of the design and construction of the
prototype. These eventually evolved to the design criteria that was used to narrow down to the
final design within the selection matrix.

Performance Specifications

The team also developed performance specifications in order to define the preliminary
concepts that serve as the basis for the final design. These specifications limit aspects of the
design, such as the device weight and cost. Additionally, the team will use them to both assess
the viability of the initial concepts and the final design to ensure that they perform as required.
The exact specifications defined are in Table 5 below.
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Table 5: Performance specifications for the seesaw safety device.

Specification

Criteria

Size of Container Used
for Packaging

The size of the container is important to ensure that it can ship via
standard FedEx and UPS ground trucks, not truck freight. According to
FedEx packaging guidelines, a single package can be up to 150 Ibs., up
to 108” in length, and 165” in length and girth. Girth is defined as (2 *
width) + (2 * height). Length is the longest side of the package or
object.

Weight of Device

Device will be less than 50 kilograms in weight.

Tool Requirement

The device must assemble with simple hand tools. Such as wrenches,
sockets and ratchets, screwdrivers, and Allen keys. Some tools can be
included with the device packaging.

Ease of Assembly

No more than two individuals shall install the device. Minimal parts
assembly is ideal.

User Age Limitation

Based upon the statistical data and safety standards researched we
determined the age range this device should be designed for as 5 to
12 to limit total number of injuries.

User Weight Limitation

Based upon the anthropometric data the device must support a
minimum user weight of 60 kilograms.

Positions of Controls
Relative to User
Torso/Arms/Legs

The control for the device must be within arms/legs reach of the user
without full extension, and ideally be ambidextrous.

Weather Resistance

Device will be able to withstand varying weather conditions, and
continue to be safe to use in varying weather conditions.

Temperature
Resistance

Device will remain functional and withstand varying temperature
conditions.

Seesaw Compatibility

The device must install on existing seesaw devices of varying
geometries. The existing seesaw will require minimal modification to
install the device.

Head Injury Criterion

The HIC should have an absolute maximum value of 250 to reduce
acceleration/velocity to acceptable level.
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ASTM Playground
Standards

Meets ASTM F1847 standard.

Signage or Labeling

At a minimum, basic instructional labeling somewhere on device.

Electrical Components

No use of electrical components in device to eliminate point of device
failure.

Cost

Cost of the device must be below $60, with a 15% markup.

Product Lifetime

Parts must be able to withstand 30 years of use or 1,000,000 cycles
without failure.

Braking Operation

Must activate when one user leaves the seesaw. Must not interfere
with normal seesaw operation with two users.

Safety Factor

Device will have a safety factor of at least 3 for one million cycles of
use.

Timeline of Project Completion

To effectively manage and execute this project the team used the Gantt chart shown below in
Figure 4. This created deadlines that enabled the efficient progress on the tasks outlined in the
Gantt chart. It was regularly updated as each event was completed, noted by the categories of
“actual start” and “actual duration,” to keep the project on track.

T
Project Planner
it s e o Al st ik A degent Gescriing e charting fofoms Period Highlis # % Plan Duratior % Actusl Star [ % Complete % Actual (beyond plan: [ 22 Complets
PLAN PLAN ACTUAL ACTUAL PERCENT
ACTIVITY START I:IUH.:\TIIJ START DUFI:TIIJ COMPLETE PERIODS
1234567293211 %33 %3%32333838383
Financing Form i] i] i] i] w00
Create Gantt Chart z 1 z 1 1005 [ ]
Provide Dutline of Report 2 2 H 2 10032 [ ]
Draft Introduction Section z z z H 1003 [ ]
Draft Goal Section 2 2 H 2 10032 -
Draft Background Section z z z H 1003 [ ]
Develop Initial Concept Designs 2 & 2 6 1003 I
Develop Performance H & z 5 1003 [ ]
Further develop Designs G 1 g 1 1003 [ ]
Seletion of design concept 9 1 ] 1 1002 | ]
Draft Design Decision Section | 1 10 1 1003 | |
Develop Selected Design 0 2 0 z 1002 [ |
Produce a prototype model 12 3 12 3 1003 | ]
Edit Draft Sections of Report 12 3 12 3 1003 N
Begin part ordering 12 3 12 3 1003 I
Oral Presentation 12 3 12 3 1003 | ]
Complete Device 15 4 15 4 1003 | ]
Test Device in Real Use cases 1 3 13 3 1003 |
Oral Presentation 2 z0 z z0 z 1003 [ ]
Finalize draft report 21 s 21 5 1003 [ ]
Bring report to writing center 2d 2 24 z 10032 [}
Create Paster for presentation 21 4 21 4 1003 [ ]
Poster Info Session and Printing 23 1 23 1 1003 [ ]
Area and Equipment Request 23 1 23 1 10032 [
Abstracts Submit 23 1 23 1 1003 ]
Project Presentation Day 24 1 24 1 10032 [ ]
Project Report Submission 25 1 25 1 1003 [ ]

Figure 4: Gantt chart used to complete the project.
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The team divided the project into four phases: research and initial concept development,
prototype development, testing, and presentation. Each of these phases lasts approximately
seven weeks. The team had to complete each phase before the next could begin, and was
broken into smaller sub-phases, listed in the Gantt chart. This allowed for further assessment of
the progress completed and created smaller goals and deadlines that are easier to manage.

Throughout this project, the overall objectives in the Gantt chart were met, although the
timeline was adjusted several times to account for the design selection and analysis portion of
the process taking longer than expected. However, this was acceptable in that the team agreed
that a more thoroughly planned design often is more successful, even if it takes longer to
develop.
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Design Process

Once the team created the specifications and standards used to qualify a designs validity, the
initial design process began. The team structured the design process to take our raw ideas and
turn them into a final design concept. The design then progresses into system and design
analysis to predetermine its capabilities before final construction and testing.

Conceptual Designs

In order to develop design concepts, we divided concepts into two groups. The first group
included activation mechanisms for the device. The second group included braking
mechanisms. The activation mechanism serves the purpose of activating the braking
mechanism when one user jumps off the seesaw. The braking mechanism applies force to the
seesaw beam to slow the descent of the remaining user on the seesaw.

The first activation mechanism concept, which we developed, is a manual switch. The
remaining user activates this on a seesaw after the other user jumped off. The second
activation mechanism concept is a dead man’s switch. This device would involve placing a
switch on each handle of the seesaw for users to grab onto and pull. Users would have to pull
the switch while using the seesaw. If one user jumps off, they would release the switch, causing
the braking mechanism to activate. We created several sketches for potential dead man’s
handle devices, as shown in Appendix E. Our third activation device mechanism was for a dead
man’s seat. This device would involve a hinged seat plate with a spring underneath to push the
seat in an upwards position. During regular use, the user’s weight would press the seat into the
downward position. In this position, the braking mechanism deactivates, and the seesaw would
function as normal. If one user jumped off the seesaw, the spring under the seat plate would
push the seat plate into an upward position. In this position, the braking mechanism would
activate. A sketch of the dead man’s seat concept is included in Appendix E.

The first braking mechanism concept, which we developed, is for a pneumatic or hydraulic
piston to apply braking force to the seesaw beam. This design is the same as that of US Patent
number 2903263A for a Safety-Type Teeter Board, as shown in Figure 5.

Figure 5: text (United States Patent No. US2903263 A, 1957).
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The second braking mechanism concept is for a flywheel device. Such a device would be
detached from the seesaw beam during normal operation. When the braking mechanism
activates, the flywheel device connects to the seesaw beam through a clutch device. The large
mass moment of inertia of the flywheel would slow down the acceleration of the seesaw beam
as energy transfers to it. The third braking mechanism concept involved using springs to absorb
energy from the seesaw beam, thus slowing the descent of the remaining user. The fourth
braking mechanism concept involved a cable and brake. The fifth braking mechanism concept
involved using magnetic repulsion to slow down the motion of the seesaw beam. The sixth
braking mechanism concept involved the attachment of a disk brake to the seesaw beam using
brackets. The brake caliper mounts to the seesaw frame using brackets as well. A sketch of this
concept is in Appendix E. The seventh braking mechanism concept involved the use of a drum
brake instead of a disk brake. The eighth braking mechanism concept involved the use of a fan
system similar to that used in rowing machines. During normal operation, the fan disconnects
from the seesaw beam. When the braking mechanism activates the fan connects to the seesaw
beam through a clutch mechanism. As energy transfers to the fan wheel, it would spin and face
air resistance. This concept operates similarly to the flywheel concept, except it uses air
resistance as well as mass moment of inertia in order to slow the motion of the seesaw beam.
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Design Selection
In order to select a design for further development, we paired each activation mechanism

concept with each braking mechanism concept to create combined concepts. The team then
analyzed these concepts using a decision matrix.

For the decision matrix, the team weighted a number of criteria based upon the importance of
the factors. The criteria chosen, along with their respective weights are shown in the table
below.

Table 6: Criteria for the decision matrix.

Criteria Weight
Ease of Use 20%
Maintenance 15%
Assembly 10%
Cost 10%
Durability 15%
Safety 30%

This matrix also narrowed the list of the concepts from an initial 27 to 5, which the team further
examined and evaluated. The design matrix is in Table 7 below.
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Table 7: Design Selection Matrix

Dption 1 DOption 2 Ease of Use Maintenance Assembly Cost Durability Safety Wqgt Avg
20 1532 1052 1052 1532 305 1.00
Dead Man's Seat  Preumatic Piston 5 3 5 5 3 5 4.4
Dead Man's Seat Fluwheel 5 1 3 3 5 5 4.0
Dead Man's Handle Prieumatic Piston £ 3 5 5 3 5 4.0
Dead Man'sSeat  Cable and Brake 5 3 3 3 1 5 3.7
Dead Man's Handle Fluwheel 3 1 3 3 5 5 3.6
Dead Man's Seat  Hudraulic Fiston 5 3 5 3 3 3 3.6
Manual Switch Prieumatic Piston 1 3 5 5 3 5 3.6
Dead Man's Seat  Springs 5 5 5 5 3 1 3.5
Manual Switch Hudraulic Fiston 1 3 5 3 3 5 3.4
Dead Man's Seat  Magnetic Erake 5 1 1 1 3 5 3.3
Dead Man'sHandle Cable and Erake 3 3 3 3 1 5 3.3
Manual Switch Flywheel 1 1 3 3 5 5 3.2
I O=ad Man's Handle Hudraulic Piston & 3 5 3 3 3 3.2
Dead Man's Seat  Disk Brake 5 3 3 3 1 3 3.1
Dead Man's Handle Springs 3 5 5 5 3 1 3.1
Dead Man's Seat "Rowing Machine” Fan Blade 5 1 3 1 3 3 2.9
Dead Man's Handle Magnetic Erake 3 1 1 1 3 =] 2.3
Manual Switch Cable and Brake 1 3 3 3 1 5 2.9
Dead Man's Handle Disk Brake 3 3 3 3 1 3 2.7
Manual Switch Springs 1 5 5 5 3 1 2.7
Dead Man's Seat  Drum Brake 5 1 1 3 1 3 2.6
Dead Man'sHandle "Rowing Machine” Fan Blade 3 1 3 1 3 3 2.5
Manual Switch Magnetic Erake 1 1 1 1 3 5 2.5
Manual Switch Disk Erake 1 3 3 3 1 3 2.3
Dead Man's Handle Drum Brake 3 1 1 3 1 3 2.2
Manual Switch "Rowing Machine" Fan Blade 1 1 3 1 3 3 2.1
Manual Switch DOrum Brake 1 1 1 3 1 3 1.8

The five concepts the team chose for further evaluation are:

Dead man’s seat & pneumatic piston
Dead man’s seat & flywheel

Dead man’s handle & pneumatic piston
Dead man’s seat & cable and brake

Dead man’s handle & flywheel
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Design Criteria
Explanation of each of the design criteria is as follows.

Ease of Use

1. Complicated design. The user is unable to understand the activation and purpose of the
device intuitively. Difficult for a child to operate. May hinder seesaw operation.

3. Child can operate with some difficulty. Device is easy to understand but requires some
simple instructional guidance.

5. Simple design. Child can operate freely with no explanation for operation. Does not
require secondary person for assistance. Does not interfere with regular seesaw operation.

Maintenance

1. Requires use of uncommon tools for repair. Requires use of proprietary tools for repair.
Requires maintenance at short intervals. Requires complicated repair procedures. Repairs
require replacement of many components/large components. Repairs require skilled
technician.

3. Repairs may require some uncommon tools. Maintenance is done at regular intervals
but not extremely repetitive. Repairs may require instruction.

5. The assembler only needs common hand tools. Maintenance is required only if device is
malfunctioning or damaged. Repairs are simple and intuitive.

Assembly

1. Lots of parts. Difficult to understand design and requires technician for installation. The
device has many fasteners. Parts are difficult to assemble, may require awkward positioning
and more than one assembler.

3. Minimal parts but more assembly is required. Single person to install with instruction.
5. Minimal parts. The factory pre-assembles a majority of the device into modules.
Instructions are well thought out and easy to follow. Requires only single person to install.

Cost

1. More than recommended amount (~$50). Expensive replacement parts.

3. More than recommended amount or cheap and accessible replacement parts.
5. Minimized manufacturing costs. Cheap and accessible replacement parts.
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Durability

1. Short life cycle. Easily damaged or rendered unusable. Parts require regular
replacement. Cannot withstand expected environmental conditions.

3. Medium life cycle. Occasional replacement of parts. Meets minimums for standards and
conditions.

5. High life cycle. Exceeds “x” standards. Made with tough and reliable materials. Exceeds
requirements for environmental conditions.

Safety

1. Does not meet playground safety standard. Use of unsafe materials. Several aspects of
design may present a hazard to the user. No warning, safety, or instructional labeling. Device
does not function as intended. Head injury criterion greater than acceptable level.

3. Meets playground safe. Most materials are safe. Device functions as intended. HIC does
not exceed acceptable level. Certain aspects of device may present hazard to the user. Labeling
is minimal.

5. Device exceeds playground safety standards. Use of non-toxic child safe materials. Few
aspects of the design present a hazard. Labeling is properly applied to the device, warning
safety or instructional. Device functions as intended. Maximum value for head injury criterion is
well below the accepted level.
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Decision Matrix Rankings

Table 8: Dead Man's Seat & Pneumatic Piston Decision Matrix Rankings.

Criteria

Score

Reasoning

Ease of Use

This combination received a rating of ‘5’ for ease of use, in that the
seat requires minimal instruction, the device is simple to use, and
does not inhibit the user’s experience.

Maintenance

This combination received a rating of ‘3’ for maintenance. While
maintenance is not frequently needed, the assembly is intricate and
may be difficult to repair.

Assembly

This combination received a rating of ‘5’ for assembly, in that all of
the components will be pre-assembled, making the implementation
of the device straightforward and simple to perform.

Cost

This combination received a rating of ‘5’ for cost, in that the
components used are relatively inexpensive, making both the initial
cost and replacements affordable for the consumer.

Durability

This combination received a rating of ‘3’ for durability, in that the
piston requires an airtight seal to perform effectively, and extreme
weather conditions would likely affect this.

Safety

This combination received a rating of ‘5’ for safety. Non-toxic
materials and no hazards, including pinch points, exist on the seesaw
assembly.

Page 19




Seesaw Safety Device

Table 9: Dead Man’s Seat & Flywheel Decision Matrix Rankings.

Criteria Score | Reasoning

Ease of Use 5 This combination received a rating of ‘5’ for ease of use, in that the
seat requires minimal instruction, the device is simple to use, and
does not inhibit the user’s experience.

Maintenance | 1 This combination received a rating of ‘1’ for maintenance, in that
parts are significantly complex to repair, and a trained technician may
be required to maintain the device.

Assembly 3 This combination received a rating of ‘3’ for assembly, in that while
the device is modular and straightforward to assemble, it would
require complex setup to work properly.

Cost 3 This combination received a rating of ‘3’ for cost, in that the material
cost of the flywheel may greatly raise the overall cost of the device.

Durability 5 This combination received a rating of ‘5’ for durability, in that device
will have a large life cycle and repairs should rarely be needed.

Safety 5 This combination received a rating of ‘5’ for safety, in that non-toxic

materials are used and no hazards, including pinch points, would be
added to the seesaw assembly.
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Table 10: Dead Man’s Handle & Pneumatic Piston Decision Matrix Rankings.

Criteria

Score

Reasoning

Ease of Use

This combination received a rating of ‘3’ for ease of use, in that the
activation mechanism requires more complex user control, in that the
user letting go of the handle during normal operation would engage
the deceleration mechanism.

Maintenance

This combination received a rating of ‘3’ for maintenance, in that
while maintenance is not frequently needed, the assembly is intricate
and may be difficult to repair.

Assembly

This combination received a rating of ‘5’ for assembly, in that all of
the components will be pre-assembled, making the implementation
of the device straightforward and simple to perform.

Cost

This combination received a rating of ‘5’ for cost, in that the
components used are relatively inexpensive, making both the initial
cost and replacements affordable for the consumer.

Durability

This combination received a rating of ‘3’ for durability, in that the
piston requires an airtight seal to perform effectively, and extreme
weather conditions would likely affect this.

Safety

This combination received a rating of ‘5’ for safety, in that non-toxic
materials are used and no hazards, including pinch points, would be
added to the seesaw assembly.
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Table 11: Dead Man’s Seat & Cable and Brake Decision Matrix Rankings.

Criteria

Score

Reasoning

Ease of Use

This combination received a rating of ‘5’ for ease of use, in that the
seat requires minimal instruction, the device is simple to use, and
does not inhibit the user’s experience.

Maintenance

This combination received a rating of ‘3’ for maintenance, in that
maintenance would be needed frequently due to the replacement of
the brake pads and the cables after natural fatigue and wear.

Assembly

This combination received a rating of ‘3’ for assembly, in that the
assembly of the device on the seesaw itself would be complex,
specifically for the brake pad, which would need to be clamped onto
the seesaw and calibrated.

Cost

This combination received a rating of ‘3’ for cost, in that while the
initial cost may be low, the frequent maintenance would significantly
increase the lifetime cost of the device.

Durability

This combination received a rating of ‘1’ for durability, in that the
brake pads have a fairly short lifespan and would need frequent
replacement, and the cables used would naturally wear and stretch
from use and would need to be replaced as well.

Safety

This combination received a rating of ‘5’ for safety, in that non-toxic
materials are used and no hazards, including pinch points, would be
added to the seesaw assembly.
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Table 12: Dead Man’s Handle & Flywheel Decision Matrix Rankings.

Criteria

Score

Reasoning

Ease of Use

This combination received a rating of ‘3’ for ease of use, in that the
activation mechanism requires more complex user control, in that the
user letting go of the handle during normal operation would engage
the deceleration mechanism.

Maintenance

This combination received a rating of ‘1’ for maintenance, in that
parts are significantly complex to repair, and a trained technician may
be required to maintain the device.

Assembly

This combination received a rating of ‘3’ for assembly, in that while
the device is modular and straightforward to assemble, it would
require complex setup to work properly.

Cost

This combination received a rating of ‘3’ for cost, in that the material
cost of the flywheel may greatly raise the overall cost of the device.

Durability

This combination received a rating of ‘5’ for durability, in that device
will have a large life cycle and repairs should rarely be needed.

Safety

This combination received a rating of ‘5’ for safety, in that non-toxic
materials are used and no hazards, including pinch points, would be
added to the seesaw assembly.

After completing the initial decision matrix, the team re-evaluated the top four designs in order
to select a design for development. This resulted in the selection of the dead man’s seat
activation mechanism and pneumatic piston braking mechanism for development. The decision

matrix is Table 13.
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Table 13: Decision matrix of second round of concepts.
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Design Analysis

To ensure that the device will function properly and not fail under normal operating conditions,

the team conducted several analyses. The team performed a system analysis to assess the
forces within the seesaw assembly. This was used to determine the requirements for the
pneumatic cylinders used within the device. These included system pressures and the angle and
position of the pistons themselves relative to the seesaw arm. In addition, the team conducted
a stress analysis on the critical points in the system to ensure that they do not fail under use.
The results of these analyses are in this section below.
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System Analysis

In designing the safety device, much of the functional analysis focused on the braking
mechanism within the system. The primary concern of this analysis was to determine proper
sizing and geometry of the pneumatic cylinders for the braking system in order to ensure that
they would be able to provide sufficient stopping force without failure due to large applied
loads. The team performed most of this analysis in a PTC Mathcad document located in
Appendix F.

In this document, the team implemented an iterative design approach to create the geometry
of the braking mechanism based upon the forces experienced within the system. Figure 6 and
Figure 7 below, show the geometry of the seesaw and braking mechanism. Description of the
variables used in these figures is in Appendix F.
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Figure 6: Geometry of the seesaw.

Page 25



Seesaw Safety Device

L, »
* R,
" 1 &
l r L) % "0, L] s
DE - i‘ e J-E - H
l by 8] &, X I
f
[ L§ 4B L, "9

Figure 7: Forces on the seesaw arm.

Fixed values, based upon measurements from the seesaw prototype, were used for all lengths
except for L, and L. It is important to note that seesaws of differing geometries will need
different component sizing and placement. Based on these lengths and a maximum user mass
of 60 kilograms, the value of L; was altered until sufficient results were obtained. For each
value of L;, the necessary piston stroke length was calculated to allow the seesaw to move
from one end of the seesaw beam touching the ground to the other. This allowed for the
selection of a suitable pneumatic cylinder, as the total retracted length was determined
through the Mathcad calculations. With this value and the other geometry, the value for L, was
calculated. Then, the force that the cylinders had to apply to the seesaw was calculated to
achieve static equilibrium for the entire motion of the seesaw. The team created plots of the
piston and pivot joint forces and shown below in Figure 8 and Figure 9. Additionally, the team
created plots for the piston forces parallel and perpendicular to the seesaw beam, as shown in
Figure 10 and Figure 11.
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Figure 8: Piston Force as a Function of Seesaw Angle.
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Figure 9: Force at the seesaw pivot pin as a function of seesaw angle.
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Force applied by the piston parallel to the seesaw beam
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Figure 10: Force applied by the piston parallel to the seesaw beam.

Force applied by the piston perpendicular to the beam
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Figure 11: Force Applied by the Piston Perpendicular to the Seesaw Beam.

The objective of this analysis was to minimize the forces present in the plots above. This was
done to prevent damage to the seesaw system - particularly, the pins in the braking mechanism
- when the safety device activates. Additionally, the force for the piston should be minimized in
order to minimize pressure within the piston and other pneumatic components, and to
minimize the bore of the piston itself. The force parallel to the seesaw board should also be
minimized to minimize the risk of breaking the board, and the force perpendicular to the board
should be minimized in order to limit the possibility of slippage of the connection between the
braking mechanism and the seesaw board. The value of L; was iterated several times until a
reasonable value was found that resulted in safe forces in the system. This value and the other
dimensional values are in the Variables section of the Mathcad document in Appendix F.
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Following the calculation of these values, the piston pressure was determined at all angles the
seesaw would reach during normal operation. This was based upon the piston force and the
selected bore diameter, as shown in the figure below. This was iterated to obtain a maximum
piston pressure of less than 100 pounds per square inch. This resulted in a piston bore size of
1.5 inches.
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Figure 12: Piston pressure as a function of seesaw angle.

Based on the above analysis, we selected a piston with a stroke length of 28 inches and a 1.5
inch bore. The part of the braking mechanism attached to the seesaw beam needs to extend
approximately 23.5 inches above the seesaw beam.
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Stress Analysis
As shown in the figure below, the team identified two critical points in the system. Both of

these points are located within the pins in the braking mechanism. Point A is located at the
bottom two pins at the base of the seesaw, and Point B is located at the top two pins.
Therefore, we conducted stress analyses for these two pins to ensure that they do not fail.

@ Point B

b
"

"\IT.

Figure 13: Location of critical points for the stress analysis.

To begin, the team created a free body diagram for each of the points to determine the
locations and magnitudes of the forces involved. The diagrams for Points A and B are in Figure
14 and Figure 15, respectively.
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Figure 14: Free Body Diagram of Point A.
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Figure 15: Free Body Diagram of Point B.
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To determine the loading and moment functions for each pin, we used Mathcad by applying the
method of singularity functions. As expected, the location of the highest moment is the
midpoint of the pin. The details of this code are in Appendix F: Stress Analysis for Points A and
B, respectively. Additionally, the key data and measurements used are in the table below.

Table 14: Key Data for Stress Analyses

Point Material Diameter Length Force
A Galvanized Steel 6.35 mm 17.780 mm 1249.398 N
B Galvanized Steel 6.35 mm 17.526 mm 1249.398 N

The results of these analyses are in the table below. The safety factor was calculated for one
million cycles by defining a function based upon the number of cycles and several conditions,
such as material and loading method. Additionally, the deflection at the midpoint was
calculated to ensure that it does not interfere with the use and rotation of the pins.

Table 15: Results from Stress Analyses.

Point Safety Factor (1,000,000 cycles) Deflection at Midpoint

A 4.9 0.00098 mm

B 4.5 0.00025 mm

The safety factors for both Points A and B are well above the required value of 3 from the
design parameters, as discussed in earlier sections, at 4.9 and 4.5, respectively. Additionally, the
maximum deflection in each pin is well below 0.1% of the diameter of the pin, indicating that it
will not obstruct the rotation of the pin. In conclusion, the device will withstand the forces it
experiences for one million cycles.
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Prototype Construction

Prototype assembly began with the construction of the prototype seesaw base, using a set of
open sources plans found online (Kenny, 2018). We built this A-Frame base with basic
construction lumber and a ten-foot galvanized steel pipe. All of which was easily purchased
from the local big box hardware store. Using pipe clamps and a 2”x10” board, the axle attaches
to the beam. The beam and axle assembly drop into the cutouts of the A-Frame base. The
seesaw base was now complete and operational. A flange and pipe attaches to the sides to
provide a mounting point for extra weights should the seesaw require it for stability during
operation.

At this point in the construction, the team made the necessary modifications to install our
braking device. The pneumatic piston braking assembly was attached to the seesaw beam at
the previously calculated distance and then secured to a length of 2x4 beams connected to the
seesaw A-Frame. This point is like grounding the cylinder in concrete or to an underground
frame. The necessary adjustments were then made to fine tune the location and fit of the
prototype braking module.

The attachment of the seating and activation mechanism came next. This assembly easily
attaches using our custom adapter plate. At this time, a suitable handle was attached as well.

Finally, any necessary air fittings connect to the respectable locations and hosing runs along the
system. For details regarding the connections and hosing runs see the figure below.

Figure 16: Hosing Diagram

Throughout the construction process, modularity was kept in mind. The team wanted the
prototype to have ease of assembly and transportation. We accomplished this by making
aspects of the prototype modular. The base, seesaw arm, pneumatic piston, braking module
tower, and seat activation module are all individual assembly that are connected in one form or
another. Takedown and setup is simple and takes only a few minutes.
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Figure 18: View of A-Frame Base
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Figure 19: View of Valve and Fitting Testing
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Prototype Testing

To properly test the device, the team revisited the performance specifications and developed a
testing methodology that shows a pass or fail against those criteria.

Normal operation of the seesaw was tested cyclically to ensure that the seesaw did not fail or
exhibit signs that the safety device was interfering with the seesaws standard up and down
motion. This team operated the seesaw by hand repetitively until a predetermined count of
runs occurred and the team was satisfied with the prototypes performance.

After we then tested the seesaws braking capabilities. Using a series of increasing weights, the
seesaw was loaded with weight on both sides to simulate two children using the seesaw. We
then removed one weight while the other caused that side of the seesaw to fall. The braking
mechanism would then provide adequate braking force or not at this point depending on the
weights used.

Accelerometer data was taken for various weights and multiple trials using a smartphone built
in accelerometer via an app. This smartphone application takes data every millisecond for x, v,
and z positions as well as g-force. Time of impact is also recorded and this data can be seen in
Table 16: Results of Load Testing of our results. This data is used to determine the g’s
experienced at the time of impact and is our main comparison showing whether the device is
successful in braking the seesaw.

Table 16: Results of Load Testing.

Average | Acceleration
G-force (g’s) HIC

50 Ibs 3.203 21.618 24.29
75 1bs 6.715 56.003 262.41

To ensure the viability of our pneumatic system, we performed a test prior to installation that
guaranteed the function. The team assembled the pneumatic components separate from the
safety device and pressure put on the cylinders to determine durability and reliability. The team
wanted to ensure quality of the components before moving on with the construction as well as
ensuring functionality of the system was exactly as the team had designed.
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The team tested the size of container and weight together. We removed the device from the
seesaw into its modular components and then placed into a box matching the packaging criteria
of FedEx and UPS mentioned earlier in performance specifications. Standards for packaging
filler is considered with this test. Once placed into the box it was then weighed to ensure it was
under 50 kg.

We tested our devices tool requirement and ease of assembly simply by following those
specifications in the construction of the prototype. Only tools which the end stakeholder would
have readily available were used. The hardware is standard hardware readily available at a big
box home improvement store, therefore ensuring no specialty tools are need during assembly
of the prototype.
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Discussion

When testing the seesaw device’s ability to provide a braking force, the device performed as
expected at weights below 50 pounds. The accelerometer data gathered showed that at a
maximum weight of 50 pounds the g-forces experienced at the end of the seesaw where the
user is located does not climb above 8.599, as shown in the graph below.

g-force vs time for 50 pounds
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Figure 20: G-force vs Time graph of seesaw for load of 50 pounds.

Note that the time range of the impact is considerably small, less than half a second. The
average g-force of 3.203 is calculated by averaging the g-force values within plus or minus 10
milliseconds of the maximum g-force value. Using this information an HIC value of 24.29 was
calculated using Equation 1: The Head Injury Criterion (Henn, 1998).This is well below the HIC
value of 150, which was determined to be the max acceptable value as noted earlier.

During this tests trials the tail of the seesaw seat never hit the ground and measuring the seat
spacing showed that an average of 5 inches of space exists during and after the braking process.
The team determined that this was a successful result.

When testing the seesaws ability to provide a braking force at weights above 50 pounds our
device gave unfavorable results. Our previous analysis had shown this to be the case and we
expected our device to do so. The accelerometer data gathered showed that at 75 pounds the
maximum g-force to be 11.249. With an average value within plus or minus 10 milliseconds to
be 6.715. This result more than doubled with only the addition of another 25 pounds of weight
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G-Force vs Time for 75 Pounds
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Figure 21: G-force vs Time graph of seesaw for load of 75 pounds.

The corresponding HIC value however increased tenfold to 262.41, which is well above the
acceptable level of 150. At this high of an HIC head injury will occur and therefore this does not
meet the requirements of our design.

This last result shows a roadblock we had with our design as a prototype. The device was
limited due to the size of the cylinders chosen for the prototype. Reasonable braking after a
certain user weight became unobtainable. If larger cylinders are chosen, this limitation goes
away and our device can meet the minimum weight specification.

During testing of the pneumatic cylinders, we had hoses that blew out of some of the
compression fittings. An alternate fitting was chosen for the locations in the pneumatic system
to remedy this issue. No further issues occurred with the pneumatic system after this.

When testing a load heavier than 75 pounds, one of the piston rods had a critical failure. The
piston arm succumbed to a bending moment. This was due to the clevis pin joint at the top of
the cylinder being off the needed rotational axis. This caused the cylinder arm to lock up and
then bend. We addressed this issue by tightening the fitting and ensuring that the eyebolt used
in this joint could not rotate out of parallel axes. This brought up a valid concern that the team
had not thought about beforehand. Even with larger cylinders what would the upper weight
limitations of the device be? If for any reason an individual whose weight was greater than the
max weight of the device got on the seesaw, what damage would result.
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Conclusion & Recommendations

As discussed above, the goal of this project is to create a device that will improve the safety of
playground seesaws by reducing the rapid downward acceleration experienced when one child
dismounts the seesaw. The device was designed to support children from ages 5 to 12 and
reduce the discomfort experienced to tolerable levels.

The findings above show that the device performs sufficiently as a “proof-of-concept” model.
That is, it performs as expected, and serves as evidence that the concept has potential in
becoming a fully functional model for commercial use. The prototype constructed was not
intended to support high loads, as it was expected that stronger pneumatic cylinders would
support this, rather than those used. For the lower load of 50 pounds, it slowed the child well
below the comfortable HIC threshold of 150 to a value of approximately 24, which ensures that
the child will not experience injury. However, to improve the model, we developed several
recommendations.

While the prototype was built and performed successfully, there are several points of
improvement that can be made to further the utility and performance of the device.

1. Increase the diameter of the piston cylinders. This will increase the pressure in the
pneumatic cylinders, which will result in a greater braking force and the ability to
support heavier loads during a braking operation.

2. Development of devices for other models of seesaws. We can reach a broader
stakeholder audience by developing this prototype to function with other models of
seesaws.

3. Application of a visually appealing protective shroud over the braking mechanism. This
will serve two purposes. The first is for safety. It will provide an enclosure of the braking
mechanism and prevent injury due to the normal movements of the various
components of the system. Secondly, it is a good platform to dress up the seesaw to
make it more visually appealing to children, i.e. disguise it as a dragon or other fantasy
creature, and provides appeal to the playground as a whole.

4. Develop the prototype into a more manufacturable design. As the prototype stands, it
serves the purpose of proving that the concept works. However, we can improve the
design by making custom components rather than the store bought components that
our budget allowed. By making a custom in house design the device can be
manufactured easier and with stakeholder use in mind, i.e. ensuring that it can
withstand environmental conditions.

5. Reduction of device cost. One of our functional requirements was to keep the device
cost effective. We determined that a value of $60 with a 15% markup was acceptable
based upon the existing cost of seesaws available on the market and our perception of
what we believed a user would be willing to pay for the device. However, we were not
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able to meet this as can be seen in our budget. Finding a way to reduce cost would
greatly increase the value and potential popularity of this device.
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Appendices

Appendix A: Anthropometric Tables

Table 1. Weight in kilograms for children and adolescents from birth through 19 years of age by sex and age, by mean, standard

error of the mean, and selected percentiles: United States, 20032006

Percentile
Number Standard
Sex and age' examined Mean Bfmror Hth 10th 15th 25th H0th Thth B5th Ao0th Ghth
Male Kilograms
Birth to 2 months . .. . ... ... ... 101 52 0.12 * - 42 48 52 59 6.3 - *
Emonths ... 138 7.3 0.08 * 6.2 6.4 6.7 T2 T8 B0 22 *
G-8months . .. ... L. 130 B4 0.13 * 68 T2 T8 o4 a1 0.5 29 *
SMmenths . ... .. _..... ... 124 ar 0.15 * - 26 88 a7 10.4 106 - *
Tyear. . ... 380 116 0.12 ap 22 R} 10.5 1.5 12.8 133 123 14.4
years L. 292 141 D14 1.3 120 12.3 12.8 138 15.1 158 16.4 16.8
Ayears ... 210 15.8 0.15 * 13.4 136 142 16.3 171 18.1 18.7 *
AWEIME L L. 20e 186 0.31 * 152 15.5 18.2 181 20.0 213 27 *
Syears ... ... 202 221 D.48 * 174 18.1 18.9 210 235 252 23.9 *
Byears . ... ... 178 242 0.33 * 18.5 200 208 237 28.2 276 285 *
Tyears . ... 181 266 0.58 * 0.6 21.0 224 2586 29.8 323 xR *
Byears ... ... 151 314 0.20 * 224 242 253 290 343 383 41.9 *
Qyears . ... 178 345 0.7 * 258 268 282 323 39.4 425 441 *
MWyesars ... ... 172 401 D.25 * 284 207 Ny T3 451 LEL 58.8 *
Myears ... ... ... 158 46.8 1.82 * 122 341 355 442 54.0 G633 87.0 *
12years ... 273 508 1.23 320 359 3ro 395 46.8 57.3 65.1 723 B218
13years ... ... 284 578 137 358 0.4 418 439 55.6 094.4 735 21.0 on.e
Tdyears ... ... Lo 2680 G631 1.73 425 419 472 51.4 50.8 T0.7 T6.5 343 9.1
1Gyears . ... 270 702 1.35 435 52.4 55.0 58.2 663 7.9 84T 294 1004
Gyears ... ... L. 308 TE.1 1.50 534 55.3 LT 81.5 To.r 835 95.2 1018 1181
Tyesars ... ... ... L 278 Ta.0 1.20 541 56T 536 50.9 0.5 4.2 gzo 101.3 111.0
1Byears ...l 283 T2 1.67 53.7 572 50.4 4.0 a7 837 gre 105.8 1104
Myears ..o 2mn 802 1.60 543 58.1 §1.2 547 T68.5 929 BoE 107.3 117.3
Female

Birth to 2 months . _ . . ... ... ... a1 48 0.10 * - - 44 40 5.4 - - *
3-Emonths . ... oLl a4 6.8 0.10 * - - 6.2 66 73 - - *
G-Bmonthse . ... ... ........ 122 81 0.13 * - 71 73 a0 23 0z - *
8 Mmenths . ... ... ........ 128 a9z on * - 20 82 a0 10.0 103 - *
Tyear ... 328 108 on 34 88 a1 249 10.8 1.9 125 13.0 13.4
2yEIME L L. 335 13.4 0.13 10.2 10.7 1.2 124 131 14.4 15.4 16.1 18.8
Ayears ... 191 15.8 0.20 * 12.8 13.4 14.1 18.5 16.2 17e 18.5 *
AWeIMS L L.l 228 7a 0.1 * 143 15.2 18.1 175 19.4 202 20.3 *
Syears . ... 198 20.5 0.27 * 159 16.0 17.8 196 2241 244 25.5 *
Gyears ... ... ... 193 234 D.4p * 12.4 18.1 18.9 221 25.3 T4 a7 *
Tyears ...l 187 273 D.62 * 211 21.7 218 257 29.7 3386 35.5 *
Byears ... ... 124 30T D.94 * 23 2358 250 282 338 =I'R 421 *
Qyears ... ... 183 367 D99 * 5.2 278 29.8 4.0 42.0 4567 50.7 *
MWysars ... 189 424 1.07 * 29.1 T 325 40.5 49.0 55.5 58.5 *
Myears ... 175 402 1.3 * 33 348 380 47.3 58.7 Gz.4 ga8.2 *
12years ... oL 240 520 1.3 * 5.4 40.4 4318 40.5 59.7 G7.4 78.2 *
L= 202 57.4 098 36.8 412 430 471 54.4 63.4 726 78.0 825
Tdwears ... ... Lo 269 588 1.75 * 44.0 458 425 544 g4.2 75.8 81.0 *
Thyears ... oL 248 600 0.75 * 4565 478 507 576 87.8 TE.T 21.0 *
MGyears ... 253 §1.5 0.85 * 472 405 532 588 87.0 1.5 79.6 *
1Tyears ... oL 252 56.0 1.65 * 49.1 51.4 541 G0.6 714 TaT 873 *
1years ... oL 272 676 218 * 4782 40.7 548 G3.0 78.2 862 921 *
MWyears ... 238 674 1.78 * 509 528 553 63.0 738 843 92.7 *

* Figure doas not meat standards of raliability or pracision

"Age shown is age at lime of examination,

MNOTE: Pregnani famales ware excluded.
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Table 7. Height in centimeters for children and adolescents aged 219 years by sex and age, by mean, standard error of the mean,
and selected percentiles: United States, 20032006

Percentile
Number Standard
Sex and age' examined Mean emar Sth 10th 15th 25th Gith Thth Bhth A0th Bhth
Male Centimeters
Fyears ... 258 @18 022 - 268 880 292 218 94.5 og2 95.3 -
BYEAME ... 208 9e.5 0.44 - 028 933 949 gz2 1021 103.8 105.2 -
dyears ... 208 1071 D.44 - e 102.0 104.4 1068.8 108 111.8 139 -
Swyears ... 202 114.4 0.52 - 107.0 108.5 111.4 1145 178 1198 120.8 -
Gyears . ... ... ... ... .. 178 1205 0.47 - 1140 157 117.5 1208 124.0 1258 127.0 -
TWears . ... 181 1247 0.75 - 113.5 15.8 120.2 1252 128.3 1315 1331 -
Bwyears . ... 152 1311 068 - 1236 1248 1271 1203 134.8 138.0 1381 -
Qyears ... ... L 178 1268 0.48 - izoz2 130.3 132.9 1371 141.4 1433 1429 -
MWysars ... ... 171 1422 077 - 133.0 1343 138.8 141.5 147.0 1483 1513 =
Myears ... ... 158 150.0 1.16 - 1406 141.4 144.4 1404 158.1 159.8 181.1 -
12years ... 278 1547 0.54 - 1452 148.5 149.5 1520 1680.3 162.5 184.8 -
12years . ... L 234 161.9 D27 - 1407 151.7 15341 1§22 168.3 7.3 1735 -
Tdyears ... 280 188.7 0.70 - 1584 158.9 163.1 160.0 1747 1776 179.0 -
1Gyears ... oL 270 1736 D81 - 163.5 165.4 169.2 1748 178.0 1802 182.0 -
1years ... ... 308 175.9 0.65 184.2 166.0 167.8 170.4 176.0 180.2 1838 185.9 igar
ATyears . ... 278 176.6 D.48 - 167.5 168.7 712 176.8 181.7 1834 185.2 -
1Byears ... ... 234 176.8 0.54 - 167.1 168.5 1724 176.4 181.3 183.5 186.3 -
1years ... ... 27 1787 021 - 165.3 168.0 170.8 177.4 182.5 185.5 186.5 -
Femalz

DYBETE . .. 235 0.2 D.2e - 240 248 872 802 932 p4s 958 -
JyEArE ... 187 8e3 0.25 - g1e 93T 959 8e.1 101.5 1028 104.1 -
dyears ... 225 105.2 0.40 - 092 100.5 101.9 105.2 107.9 1104 119 -
Swears . ... ... 198 1122 0.54 - 1052 105.8 107.4 my 18.8 1180 186 -
Gyears . ... ... ... ... 192 118.0 0.53 - 127 1313 114.8 1182 122.3 1257 127.5 -
Twears . ... ... 157 125.8 077 - 1180 183 121.4 1256 128.3 1315 1331 -
Bwyears . ... ... 184 1213 0.54 - 123.3 124.3 1268.8 1205 135.2 1378 1387 -
Qwyears . ... ... 188 1385 0.70 - 1302 131.4 133.4 1383 143.7 1468.0 1471 -
MWysars ... ... 188 1442 073 - 135.0 136.9 138.6 1437 148.7 1513 152.8 -
Myears ... ... ... 174 151.3 n.&B - 1411 143.8 148.2 151.4 158.9 158.8 181.3 -
12years ... ... 248 156.7 0.55 - 148.3 140.4 152.0 156.7 160.8 164.0 186.5 -
= 292 158.6 ng2 1471 150.0 151.2 153.8 157.7 163.0 1668.5 187.9 170.5
Tdyears ... 270 180.5 0.58 - 1607 152.3 155.7 161.0 165.0 167.5 189.3 -
Thyears ... ... 254 1821 0.60 - 1543 155.9 152.4 162.0 165.8 1628.5 1701 -
years ... ... 281 1§29 0.58 - 1536 154.7 157.0 162.8 168.7 7.5 172.4 -
ATyears . ... 275 162.2 D.41 - 1556 157.0 158.5 162.2 168.2 168.0 188.2 -
1Byears ... ... 304 163.0 D.4p 151.9 1547 158.1 152.4 162.8 187.8 160.8 1711 173.3
1@years ... ... 287 182.1 0.58 - 1531 155.4 1581 183.3 168.0 1703 172.4 -

* Figure: doss nol meet skandards of reliability or precision.
"Ags snown (3 aps &t time of examination.

Page 44



Seesaw Safety Device

Appendix B: Bill of Materials

Description Vendor Item# Quantity

Pivot Bracket with Pin for 3/4" & 1-1/16" Bore Round Body Air McMaster- | 6498K72 2

Cylinder Carr

Round Body Air Cylinder: Double-Acting, Universal Mount, 1-1/16" McMaster- | 6498K415 2

Bore, 28" Stroke Carr

Rubber-Cushioned U-Bolt: Galvanized Steel, 3/8"-16 Thread Size, 2- McMaster- | 30555734 1

3/8" ID Carr

Rod Clevis with Pin for 1-1/16" Bore Size Round Body Air Cylinder McMaster- | 6498K43 2
Carr

Corrosion-Resistant Fully Threaded Rod End Bolt: 1/4"-20 Shank McMaster- | 2434K35 2

Thread, 3-1/2" Shank Center Length Carr

Pinless Surface-Mount Hinge with Holes: Polyolefin Plastic, 1-1/2" x McMaster- | 1637A71 1

1/2" Door Leaf Carr

Nylon Plug, 1/8" Stem OD for Brass Push-to-Connect Tube Fitting for McMaster- | 51025K651 3

Air Carr

Brass Push-to-Connect Tube Fitting for Air: Straight Adapter, for 1/4" McMaster- | 51025K177 4

Tube OD x 1/8 NPTF Male Carr

Brass Push-to-Connect Tube Fitting for Air: Straight Adapter, for 1/8" McMaster- | 51025K171 5

Tube OD x 1/8 NPTF Male Carr

Compression Spring: Zinc-Plated, Tempered, Closed and Flat Ends, McMaster- | 9657K32 1

2.5" Long, 1" OD Carr

SMC TIUBO7C-20 tubing, polyurethane, TIU POLYURETHANE TUBING SMC TIUBO7C-20 1
Pneumatics

NVM430-N01-30G VALVE, MECH L 1/8 NPT (GREEN) SMC NVM430- 1
Pneumatics | NO1-30G

Seesaw Lumber Home
Depot

Seesaw Arm - 10' 2" Dia Galvanized Steel Pipe Home 1
Depot

Custom Aluminum Brackets Washburn 2
Shops
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Technical Drawings

Appendix E

A4

O

L

2402 133HS 0z:1 3TVOS

v

A3¥

000-10_ D

ON "OMma 37§

ATGWISSY

MVS33S

e

SNAVAC TVD3 10N DT

=3

au

z AT18WISSY NOILVAILDY 00020 €
| A1IWISSY WiV £00-10 4
1 A19WISSY INVAS 100-10 L
ALO NOILJI¥OS$3a AIIWNN L3Vd "ON WLl
L

Page 52



Seesaw Safety Device

L [4 € 14

2402 133KS 9111 3IVIS MM 2V IS ION CU
x| Wrlp. 2
A19WISSY
v IAVA

21Minsu] UYL 42353250\

=5
L&)
V-V NOILO3S
d v ave 900-10 S
[4 3134DN0D 500-10 v
1 I1XV ¥00-10 B
14 1404ddNns €00-10 14
1 IV 200-10 |
‘ALO NOILIOS3Ia YIGWNN L3Vd "ON W3l

Page 53



Seesaw Safety Device

v

|

5| SOl Y
m <<<m m ATLIL

9IMINSUT JTUYIIATO] F9IS9DI0 A\

\\ﬁ
N¥HL [CL]L70 @ ka

Q@ I T

81/€z/1
ava

40s

IWVYN

16°G

m [0S 1]

o~
~O

o
IS

[—

'9¢
3

N}

HSINIS

[©84S AO|IV 4SOD

IVIRIEIVW

000 ¥ TYWIDIQ 30V1d 334HL

SINIAWOD | S00F TVWIDIQ 30V1d OML
.1 7 ON3E. L FHOVW

GDIDIHO AVINONY

‘SIONVAIIOL

SIHONI NI 38V SNOISNIWIA

+@314103dS ISIMYIHLO SSIINN

NMYIa

S i =,
/( \\
N - =1 v6'€d X
05'Lg /6768 05'Lg [oo1]
—  [oog] T T [0001] [008]
8: 1 3IVOS
v 1Iv13a
/8T
(€L

Page 54



Seesaw Safety Device

v

|

1 40 | 133HS [HREIN 20N
vV €00-10 'V
A3 ON "OMd 3718

140OddNS

=i

91MINSUT TUYIA[OJ FISIDF0 \

81/€2/1
ava

80s
INVYN

A
I
<

HSINIZ

[93}S AojlY 4s0D

IVIdALYW

G000 # TVWID3Q 30V1d 333HL

SINIWWOD = S00F 1TVWID3IA 3DV1d OML

ol ¥ AN38 .1 FHOVW
AVINONY
‘S3IONVIIIOL
SFHONI NI 33V SNOISNIWIa

‘@314103dS 3SIMIIHLIO SSIINN

Q3INDIHD
NMYda

NIHL [0S5°61]£2'0 p—

6403
v4

4t
[059¢]

9

—

S

-

~— 1

Page 55



Seesaw Safety Device

|

1 4O | 133HS ¢:€ :3IVOS
YV ¥00-10 'V
A3d ‘'ON "OMa 3718

31XV

93MINSUT JTUYIANA[OJ F9ISIDTO N\

3701

HSINI3

[284$ Aojlv 450D

VLYW

S00°0 ¥ TVYWID3d 30V1d 333HL

SINIWWOD S00 ¥ |‘7\<<_Um0 mU(;E oML
P ST OO
:SIONVHITI0L
8l/ee/l 80§ NMYST | GaHONI NI 38V SNOISNIWIA
ava | IWVN :Q3H103dS ISIMEIHLO SSITNN
GV X910 X
[v]
89°C
LL0 [89]
[05°61]

Page 56



Seesaw Safety Device

|

1 40 | 133HS [ANREILVZON
HSINI
Y mOO| _.O \'/ 3134DNOD
A 'ON 'OMAd 3z IVIEELYW
S000F TYWID3A 30Vd 334HL
J1IAIDNOD
37LL aDOIHO : T vinony
81/cz/1 o) NMYYA ‘SIONVHIIOL
5 SUT OTUUIIATO T I91S9930 SIHONI NI 33 SNOISNIWIQ
AILERLY oY Eﬁ d 41 .\X/ alva INVN “Q3HID3dS ISIMIIFHLO SSITNN
V-V NOILDO3S
16°G | 16'G
[051] _ [05L]
/v0 L |
[Tl

iy ] z9°€T
[00z] s [009]
S/'S1
(o0 ]
/81 /81
[00Z] [ooz]
VA U N TN
[oo¥] _—T
v

Page 57



Seesaw Safety Device

A4

|

1 40 | 133HS [AR=1L /0N

YV 90010 V

A3d ‘'ON 'OMd 3718
dVvd ‘

=i

21MINSUT DTUYINAJOJ F2ISIDFO0 X\

8l/ee/1
ava

40s
IWNVN

SINIWWOD
aPIO3IHD
NMYIa

HSINIZ

[93}$ AQJlV 450D

IVIdELYW

S00'0 ¥ TYWID3AQ 3DV1d FF¥HL
S0'0% VYWIDIA 3DV1d OML
ol ¥ AN3E, | FHOVW

AVINONY
‘S3ONVII0L
SIHONI NI 33V SNOISNIWIQ

*@3141034S 3ISIMAFHLO SSIINN

Page 58



L

Y L0010 2
ATAWISSY Em&%

v

NNSUT IUYIN[O ] 191$II0 N

a

W

E=ry

5 i
W

-
$0))
a
= i
) {
D {
Ia)
\
]
Q
>
[
(]
= B 130ddns Wav 1010 B
@ ar Ti3HS 01010 S
© z ¥3010H ANVH £10°10 v
w z 1304ddNS 1v3S z10-10 €
W z ¥IA0D 400-10 z
© | Wav 800-10 |
% “ALO NOIIdIIDS3Ia JIIWNN L3Vd "ON W31l
v L
w

[ €6'99

£6'99

[o0z1]

looz1]

v

Page 59



Seesaw Safety Device

|

1 40 | 133HS FHRENL 0N

YV 80010 V

A3d ‘'ON "'OMd 3718
WV .

=i

21MINSUT 2TUY2ANL[O] F9I599F0 X\

10T
[1S

SINAWWOD

@aNOIHD

8l/ez/1 408 NMY3a
ava IWYN

4R

[09°€¢] H

HSINIZ

[994S AojlV }sPD
WIELYW

$00°0 # TYWID3A 30V1d 334HL

SO0+ TVYWID3A 3DV1d OML
o ¥ AN3E .| FHOYW

AYINONY

‘S3ONVIII0L

S3HONI NI 33V SNOISNIWIQ

@314103dS 3SIMIIHLO SSIINN

[N

21:1 J1VOS

Page 60



Seesaw Safety Device

|

1 4O | 133HS ¢:€ J1VOS

HSINI3

< @OO _. O < [984S Ao|lY 4sPD
A3d ‘'ON 'OMd 371S WINELYW
S00°0 ¥ TYWID3A 3OV1d 33¥HL
M m > O U SINIWWOD | S00F T¥WID3A 30V1d OML

o1 aN38. | THOYW
37LL IO AYINONY
sUez/l | 8os NMvYaa 'SIONVAIIOL
3 SUT JTUyd9 ATO.T 19182030 SIHONI NI 33V SNOISNIWIQ
< i WOd 493 AN ava IWVN :@3H1D3dS ISIMITHLO SSTINN

¥0'0d S XCL0

N

00

Page 61



Seesaw Safety Device

|

1 40 | 133HS ¢:€ 3VOS

YV 0l0-l0 V

A3d ‘'ON "OMA  37IS

T13HS

HSINIZ

[93}s Aojlv 50D

IVIEIVW

S00°0 # TYWID3A 30V1d 334HL
SINIWWOD = S0'0* TVYWID3A 3DV1d OML
ol ¥ AN3E .| FHOYW

=il QINOIHD

21MINSUT 2TUY2ANL[O] F9I$99F0 X\

A4

8l/ez/1 408 NMY3a

FVINONY
‘SIONVIFIOL

SIHONI NI 33V SNOISNIWIQ
dlva JNWN :Q314103dS 3SIMYFHLO SSTINN

_ .S7 X800

(]

NYHL [05°0Z] 180D

(NP

4OgN0)

[92]

Page 62



Seesaw Safety Device

|

N

L 4O | 133HS 1L :FIvDS
< —! FOI —no < HSINI
AZY "ON "OMd  37S WLV
G000 * TYWID3A 3DV1d I3¥HL
1d0OddNS WaV i) o,
3L QAO3HO ’ * avinony
gl/ez/l | 80S NMVIQ NI
< uuﬂuﬁmCH &GLU@E&O& uUumuqu\X/ alva IWVYN “omzm_w_ww”,mm_“\wwwunw MMM_\“M
86°0d
[se]
| ml
N
STXTLOXT _| m&u — 8l'L L W_w
[€] [og]
NYHL [92]20'L @
e 9€'T

6£°0 [09]

[o1] ]

Page 63



Seesaw Safety Device

| ¢

1 40 | 133HS TAREN o
HSINI3
/MM_ N _.Ol | O A" 19345 A0V 150D
A 'ON 'OMd 3718 WILYW
14OddNS 1v3S wowes 1] R
L Q3N0IHO R 4 -
8l/€z/l  80S NMY3Q ”moz_<_w_5n_t
Pt i S Wil
g€ o : 66708 X
ol oﬂo o] ] NAHL [£]82°0 @ X¥ 0] N
S
- “ 1S - - - o +)
gle 9¢€C ! |
[08] [09]
+ & - - = & +)
- L1671 16°S
[05] [051]
¥8'6
! [052]

Page 64



Seesaw Safety Device

|

B | BN Y
43ATOH ANVH,

21MINSUT JTUYINA[OJ FOISIIFO A\

8l/ez/1 N
ava INVYN

o

HSINI4

IVIdELYW

5000F WWIDIQ 30V J34HL

SINIWWOD | 007 TYWID3A 3OV1d OML
.13 ON3E . | THOVW

QIO Al

‘SIONVATTOL

Nmvad SIHONI NI 34V SNOISNIWIA

*@314103dS 3SIMIIHLO SSITNN

8L L3 XT
[og]

6800
[oL]

LE0

oL
[881]

f-———

[ ——

Page 65



Seesaw Safety Device

L 4 € 4

| 000€0..2
ATANISSY
NOILVAILDY e B

v

i
= = ane s Mg BN A RCY NG
AMNSU] AUPNLOG INSPION o e

d

D)
L JATVA AVM-33¥HL (070)20€- LON-0EPWA
3 M3YOS AV3H 114 1331S SSTINIVLS 881 WY L £OXPW £61¥52126
[4 M3I¥OS O¥3H NOLLNE T33LS SSTINIVLS 8-81 WAF L LOWPW 76156026
8 M3IOS O¥3H NOLLNE T331S SSTINIVLS 8-81 WO £ OXPW 061¥56026
v LNN X3H 1331S SSTINIVIS 8-81 £'0XFW 1£2v82816
9 M3I¥DS AV3H 13XDOS T331S SSTINIVIS 881 WIWOZ £ OXFW 121926216
v M3IYDS AVIH 13XD0S 1331S SSTINIVIS 881 WWZL £ 0%FW £11VZ6T18
[ ond 159452015
€ 3AIVA 1£1¥52018
| 3ONIH LLVLE91

d 3 31v1d ¥3A0D 90020
L dOLS Lv3s 50020
[ 1431 - 13¥0v¥8 ¥00-20
[ IHOW - 1330va8 £00-20
[ Ve 20020
L 1v3§ 10020

“ALD NOILd¥OSIa ¥IGWNN LAVd “ON Wall

L 4 € 4

Page 66



Seesaw Safety Device

v

|

1 4O | 133HS G:1 :3vOS
< — Oo NO < HSINI3
ATY "ON ‘OMd 371S TN
G000 ¥ TIYWID3IA 30V1d 33¥HL
l—l<m m SINIWWOD S00 uﬁ NJMHm_Hmumn_u MWWG“YOZF
AL aFA23HD : T avinony
‘SIONVHIIOL
mnsu] dupA[og Isr0N Tt T T s oo mw.mw_ Xe
: 1194 XC
p, o 050y
R — |
3 a -~
N + + S/°€ o 11
u $ % « ==l
dAL G20 0G°0d Xv 820
[4] 059 Ge'e
G91 g8
wo || 1] T
[51] EREA1AAON - ~—GZ°0
Vv 1Iv13d —
TN i

NIHLBL'O @ XT

A4

Page 67



Seesaw Safety Device

A4

|

MM_ NﬁVOI.NOZOAO\SQ M_m
m .._|<I_ & AT0L

M ‘SIONVIIIOL ON _.
BT AP FIIOM s o | s 2
6508 X¥ L0 1.
[51] [V]ot0o A [vLjsSo@ 1 [8879]
: 8]ze0 A [£]8T0 @ X¥ —
v@mmxmx\/ NYHL [0S7]8L°0 @ XT #] g [
N AN n
—t— [85°8C] % : = -
B O ,
\\‘m,n”_Uag [1£°0€] i \ﬁ
S £ . I T
i b -
I S0 __| 16S gLy
8] [se L L] [0S1] [s01] L
56Tl
[0"6z€]

SINIWWOD
aD3IHD

HSINIZ

IVIdELYW

G000 * TYWID3AQ 30V 1d FF¥HL
S0'0% TVWIDIA 3DV1d OML
ol ¥ AN3E, | FHOVW

FVINONY

Blzeo A lsylZiop M1 |

[V]91°0 A [8]1€0 @ X¥

€0’
90°9Z]

€0'L
[90'9Z]

(510
[ov]

Page 68



Seesaw Safety Device

| ¢

[ 4O | 133HS €2:3vOS

HSINI
< MUOO|NO < [234S AOjIV 4s0D
AJY 'ON "OMd 378 DL

G000 ¥ TYWID3A 3DV1d 333HL
I_l I O _ M - |_'m ¥ '< m m SINIWWOD | SO0+ TVWIDIA IDV1d OML

ol ¥ AN3F .| FHOVW

=l aaAD3IHD S n%(@:u@.uu/x
8l/6z/L | 40S NMvad SIHONI NI m%\” o aNa
< uuﬂuﬁmCH UMGLUBEO& uuu‘muu.HO\V/ i A :@314103dS 3SIMYITHLO SSIINN
860 ~~—2€0 080
080 A 810 @ Xe— — o STYo
10— N
& g
muv »‘ Ge0 GC'¢C
€9°¢ [
S ST 97’0 — . ¥
88’
— 3o e=i— 9%°0 ] N
— mmru% I%_mamm — E / L€0 A HY - L OX¥YW
G » HH 0v'0 A €0 @ XT
0 _ 8810 = (=—
€9°1 GLEQ = =
0 LE0 A H? - L OX¥YW
m 8810 = [=— oF0AEL0 QD XT
50— T
: =i
a s
* _
¥5°0 A%Wmm|

Page 69



Seesaw Safety Device

A4

1 40

Y

A3

1437 - 13O Vg

|

L 133HS €:¢ JIvOS

¥00-¢0

\'4

‘'ON "OMd 3718

A7LL

21MINSUT JTUYDANA[OJ FOISIIFO \

81/62/1 908
alva IWVN

HSINIA

VIE3LYW

§000 # TVWID3Q 3DV1d 333HL
S00F TVYWIDIA3DV1d OML
ol ¥ AN3E .| FHOYW

HVINONY
‘S3ONVIIIOL
SIHONI NI 33V SNOISNIWIQ

*A314103dS ISIMI3HLO SSITNN

860

\low.o 2 8L0 @ XE

080
=l =70
ST'T
€0 A H9 - LOXYW sl
0’0 A EL0 @ XT /
97'0 — |||
QV.OJ
i i
61°0—= =
880 —= =
10 A HY - £0XPW s &l
0’0 A EL'0 @ XT i
750 — T
7 E i B
33
50—
@
R

Page 70



Seesaw Safety Device

|

1 40 | 133HS [HAENL 0N
YV §00¢0 V¥
A3 ‘'ON "OMA 3718

31V1d dOIS _,

81/st/1 80§
21MINSUT JTUYINA[OJ FIISIIFO X\

alva IWVN

[EERYAS\ AN vo}

G000 ¥ TYWID3Q 3DV1d 333HL
S0'0F 1VWIDIQ3DV1d OML

SIHONI NI 33V SNOISNIWIA
*@314103dS 3SIMIIHLO SSITNN

dAL€00d

900)

oLo
NYHLSL'0Q XC

_— 5004 X¢

Page 71



Seesaw Safety Device

v

|

MM_ 0ﬁVOI.NOZOAO\SQ M_m
M m > O U 3T0L

21MINSUT DTUYINAJOJ F9ISIDTO0 X\

81/st/1
ava

0S°1

Leo

ON
IWVN

HSINIZ

[234s Aojly 450D
WIRALYW

S00'0 F WWID3A 30V1d 334HL

SINIWWOD | S0'0F TYWID3IA 30V1d OML
.1 ¥ ON38. | FHOVW

aPOIHD AYINONY

‘SIONVAIIOL

SIHONI NI 33V SNOISNIWIQ

*@314103dS ISIMAFHLO SSITNN

NMYIa

850 —

\’j< NAHLBL'0 ¢

or'0—

G0¢C

=620

€9°C

dAL GO'0d

Page 72



Seesaw Safety Device

Appendix F: Mathcad
System Analysis

Variable Labels

L, = distance from pivot pin to piston-beam attachment

L, = distance from pivot pin to center of mass of half of the seesaw beam
L, = distance from pivot pin to application point of user weight on seesaw beam
L, = distance from pivot pin to ground

Ls = distance from frame to piston-ground mount

L,, = piston length (pin joint to pin joint)

L¢ = piston stroke length

A,B = triangle side lengths (see included figure)

R,, = x-direction reaction force at the pivot point

R,y = y-direction reaction force at the pivot point

R, = x-direction reaction force at the piston-beam attachment

R,, = y-direction reaction force at the piston-beam attachment

R, = magnitude of the reaction force at the piston-beam attachment

0; = seesaw beam angle measured counter-clockwise from +x-axis

Omax = Maximum seesaw angle possible before beam strikes ground

d = piston head diameter

A = piston face area

P = piston pressure

m;, = mass of the seesaw user

g = gravitational constant

my = mass of half of the seesaw beam

Fparaiier = force applied from the piston to the beam, parallel to the beam length

Fperpendicular = force applied from the piston to the beam, perpendicular to the beam length
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Seesaw Safety Device

Forces on Seesaw Board

e — -
.~ by 4
9 F L /v\ )
Cro——, ' e
—— - C
D —_
— \_:\\\\ >
- W T :
B
L“!.
Seesaw setup.
L L3 o
{ b
F
m 9y t r'—’
¢ o2 Ls = Jle
D L, I | E | H
B TR 1
e L m
rv L‘ | ] ‘)
Forces on seesaw board.
Variahles:

Select L1, Lp, and d values for optimization. Select other values based on seesaw geometry and
user weight.

my = 60kg user mass
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=981 32 gravitational constant
S

Ly:=1.7m distance from seesaw pivot to user
Ly:=12m distance from seesaw pivot to center of mass of seesaw half
L= .613m height of seesaw pivot above ground

m; := 11.6kg mass of half of the seesaw

Ly := 85m distance along seesaw board length from seesaw pivot to pneumatic piston

attachment
d:=15in Pneumatic piston bore. Note that there will be 2 pistons.
Lg=14 distance from seesaw frame to pneumatic piston attachment to ground

L
0 ax = asir{—4J =21.136-deg  maximum seesaw angle possible before beam strikes ground
L
3

Ly, 5= By 'Sin(emax) =24134.in Piston stroke length necessary to move through full range of
motion. Select piston based on this length.

Lp = 3262in retracted length of selected piston

L, := 21.53in Distance above seesaw beam of pneumatic piston attachment point. L7 is

determined using existing seesaw geometry as shown in the image below from
SolidWorks.
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Seesaw Safety Device

Seesaw geometry for L7.
Plots:
8y := —21deg,~209deg.. 21deg
Eguations:

mk-g-L3-cos(91)

R,.181]:= .

ri] Eyyecaty) ~Tpecd0loe ) I5) o mmps, vt s B
Ly +Ly-sin(8) + Ly-sin{00deg - 6;) (Ly-sin®y) + Ly-sin(00deg - 6 )) ~ Ly -cos(0y)

Ro(er) = Rp(81) (L1 -co.5(91) = L?-ct:i.é(gﬂdeg— 8) - Ls)
pxiL Ly +Ly-sin6)) + Ly sin[90deg - 6;)

Roy(el) = myeg+ 2:myg- pr(°1)
Rox(el) = Rpx(el)
Ro(8) = ‘,Ro},(el)2 + Rox(el)2

Ry(e1) = JRpx(91)2 + pr(elf
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Seesaw Safety Device

Plots:
Piston Force as a Function of Seesaw Angle
300, T T T T T
o 280 g
=
N’
Q
Q ]
g Rol61) | |
S bt
g
=
]
= 2401 .
290 1 | 1 1 |
- 30 -20 - 10 0 10 20 30
%
deg
Seesaw Angle (degrees)
Pivot Force as a Function of Seesaw Angle
480 T T T T T
o 460 .
=
N’
o]
2 R0 | :
5 440
V= b
8
2
(=9
420 -
400 1 1 1 1 1
- 30 -20 - 10 0 10 20 30
9
deg

Seesaw Angle (degrees)

Pog(6) = | (L1-008(8) ) — L-cos(00deg — 8y ))” + (Ly-sin{8y) + Ly-sin{90ci )
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Lq-cos{87) — L4-cos{90deg — 6
&, (91) (L1 .sm(el) < L7.sir](90deg = 61))
VA

Poo(®)

Force applied by the piston parallel to the seesaw beam
- 10 T

| T T T
g 120 |
= Fparallel( ©1)
o O
5 M - )
3
- 16 1 1 | \
%
deg
Seesaw angle (degrees)
Fparallel(21deg) = ~157.233-1bf

Fparallel(~21deg) = ~102.597-Ibf
Fperp(el) = Rpx(el)-cos(ﬁl + 90deg) + pr(Gl)-sin(Gl + 90deg)

Force applied by the piston perpendicular to the beam
- 99

| I | | I
.-C(D\ 240 u
S Frer®)
2
5 e &
R
28 1 | 1 1 1
- 30 - 20 -10 0 10 20 30
%
deg
Seesaw angle (degrees)

Fperp(0deg) = ~264.645-1bf

Piston Pressure:
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2
27d g
- “4 558 T

Piston pressure as a function of seesaw angle

80 T T T T
=
wn
o,
o
2 P& | .
2 o)
8 psi
=
8 65 .
4
A
60 1 1 | | 1
—30 - 20 - 10 0 10 20 30
%
deg
Seesaw angle (degrees)
Conclusion:

As a result of this analysis, we determined that the pistons should act on the seesaw beam at a
distance of 0.85 meters from the seesaw pivot. Pistons should have a stroke length of 28 inches
and a bore of 1.5 inches. The upper portion of the braking mechanism which is attached to the
seesaw beam should extend 21.5 inches above the seesaw beam.

Page 79



Seesaw Safety Device

Seesaw Beam Forces Equation Derivations

Sum of the forces in the x-direction

ZFx=0
1

0 =Rox + Rpx
Rpx = —Rox 2
Sum of the forces in the y-direction
> B =0
0=-mg —2myg + Rpy + Ry, 3
R,y =myg +2myg — Ry, 4

Sum of the moments about the pivot pin

ZMO:O

0 = mygLs cos(8,) + mygL, cos(6;) — Ry, (L sin(6;) + L;sin(90° —
61)) —RpyLy cos(68;) — mygL,cos(6;)

0 = mygL; cos(6,) — Rpx(Ly sin(6,) + L;sin(90° — 6;)) — R,y Ly cos(6;) 5

Position and force vectors in the direction of the piston force

PTZ = [L, cos(6;) — L; cos(90° — 8,) — Lg] i + [L4 + L, sin(6;) + L, sin(90° — 6,)]j

|Pi2| = /(L1 cos(6y) — L, c0s(90° — 6;) — Ls)? + [Ly + Ly sin(6;) + L, sin(90° — 6,)]?
15\ [Ll COS(91) - L7 COS(90° - 01) - L5] n " [L4_ + L1 Sin(@l) + L7 Sin(90° - 91)] n
l

= —_ —_—
|P.s| |P12|

12 —

By =i+ o2
[Rol  |Ry|
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Rpx  [Ly cos(6;) — L, cos(90° — 6;) — Ls]

IRy | Py
- Rl

P1[L; cos(8;) — L, cos(90° — 8;) — Ls]
R,y _ [Ly + Ly sin(6;) + L, sin(90° — 6,)]
Ry Pz
7] = Rpy|Pr|

P1 [Ly + Ly sin(6;) + L sin(90° — 6,)]

Roul P _ Ry P

[L1 cos(8;) — Ly cos(90° — 0;) — Lg] [L4 + Ly sin(6;) + L, sin(90° — 6,)]

R . = RpyILy cos(61)—L; cos(90°~6) 1] 6
DX [L,+Ly sin(61)+L; sin(90°—0,)]

Combining sum of the moments and piston position/force vectors

0 = mygL; cos(6,) — Rpx(Ly sin(6,) + L;sin(90° — 6;)) — R,y L4 cos(6;) 5

pr[Ll COS(gl)—L7 COS(9OD—91)—L5]
[L4+L1 Sin(91)+L7 Sil’l(90°—91)]

0 = mygLs cos(8,) — (Ly sin(6,) + L;sin(90° — 61)) — R, Ly cos(6;)
[Lq cos(61)—L7; cos(90°—01)—Ls]

(L, +L, sin(@1)+ Ly sin(90°—,)] (L, sin(6,) + L;sin(90° — 81)) — L, cos(6,)]

0 = mygLs cos(6;) — Ryy[

RPJ’ = Licos(@D-Ly COS(90°—91)—zkgL3-COS(91) :
[ [LatLysin(@1)+Ly sin(90°—a))] (L1 sin(61)+L7sin(90°-6,))—L; cos(61)]
7
Position vector from seesaw pivot pin to piston attachment on seesaw board
@ = [L4 cos(6;) — L;cos(90° — 6,)] T + (L, sin(6;) + L, sin(90° — 6,))]
|Poz| = /[L1 cos(6;) — L,c0s(90° — 6,)]2 + (L, sin(8;) + L, sin(90° — 6,))?
— Lycos(6,) — L;c0s(90° — 6,) Ly sin(6;) + L;sin(90° — ;)
=" o] - o]
Force applied by the piston to the board, parallel to the board direction
Fparallel = R_p) ) P/o\z
Fparallel _ Rpx Ly 605(91)11%;:?5(90“91) n pr Ly sin(el)Tlijin(%C’—el) 8
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Force applied by the piston to the board, perpendicular to the board direction

i = cos(6; +90°) 1 + sin(6; + 90°)j

Fperpendicular = Rp ‘n
F.

perpendicular — Rpx COS(BI + 900) + prsin(91 + 900)

Piston pressure
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Stress Analysis — Point A

kg

L= 17.78mm D:= 6.35mm N = 7870 — = 280.8761bf = 1.249-kN

L —a=14.986-mm

a;= (1.27 + 2 048)mm =2.794-mm b:

f:=12.7mm fl = L - £ =2.54-mm f2 = E + £ =15.24-mm
2:. 2 2 2
N
W= (%)-Dz-w-g =2.444.— ;= w-L=0.043N
m

S, = 203943242.6Pa = 203.943-MPa S, := 356900674.5Pa = 356.901-MPa

y ut
Defining the singularity functions:

return 1 if x>z
0

x:= 0m,0.005L..L /§/(x,z) =

Atx=R;,M=0

Ry~ 1 [F(E _ a) T w.(k - ﬂ = 624721N
(b —a) 2 2

R :=F+W-R,=624721N

q(x) == Ry-S(x,a)-(x —a) Ly R,-S(x,b)-(x —b) b ws(x,0)-(x-0)° - ;S(x,fl)(x - fl)o
F
# = S(xh) (x- £y)°
V(x) = R;-S(x,a)-(x — a)° + Ry-S(x,b)-(x — b)0 - w-S(x,0)-(x — 0)1 - ?S(x,fl)-(x - fl)l
F
+ = S(n D) (x- B)'
M(x) == Ry-S(x,a)(x — a)] + Ry-S(x,b)-(x — b)l = % S(x,0)-(x — 0)2 = z—Ff-S(x,fl)-(x - fl)z

F 2
+ ES(x,fz)(x = fz)
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| 110 T 2 '
1.5¢10'F . L3 }
0 Ve o | B '
i |
— sx10° ' — 1x10° ‘ - 0.5 '
0 0.015 0 0.015 0 0.015
X x X

Locating the critical point and the calculation of the resulting moment:

Based upon the location of the maximum value of M(x), the critical point of the shaft is located at
L/2, the midpoint of the shaft.

M(%) =1.825-N-m

Calculation of principal stresses at each of the axial points at the cross-section of L/2:

A is located at the positive y intersection; B is located at the negative x intersection;
C is located at the negative y intersection; D is located at the positive x intersection.

D: A:
L\l D
0 ’M(5)| 2
Opyx = 7~ = 0-Pa Opaxx] =~ — = 3.63 x 107Pa
™ 2 ™ 4
— |.-D — |-D
4 32
I
V —
4 . 4786x 10 P 0 0-P
T = — =il X a (o} = — =0-Pa
Dxyl = 37 o Axx2*= T
—.D —-D
4 4
0.2 D
2 0
TDxy2 = T o 0-Pa T s =0-Pa
—_ ™ 4
32 2
= =—4 10 ’p = = 7p
TDX)’T = —Tnyl + Tnyz =-4786x 10 a O'AXXT = —O'Axxl + O'Axxz =-3.63x 10 a
2 2
_ “Dxx IDxx 2 _ 9AxxT TAxxT 2
O'ID.Z ) + +TDXyT O'IA: 5 + 2 +TAXZ
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Seesaw Safety Device

oqp = 4.786 x T

0'1 A =0Pa
2 2
) 9Dxx 9Dxx 2 ) IAxxT IAxxT 2
93D= T, > + TDxyT T Ty - > Axz

o3p = —4.786 x 10 “Pa O3 =—3.63 x 10 Pa

2 2
TymD = J"lD +03p ~91D'93D

2 2
TvmA = JGIA tO3A ~O1A03A
D = 829 % 107 -MPa

TymA = 36.296:-MPa

’ L\l D
) : c: M3)| 3 :
OBxx =7~ — = 0-Pa OCxx] =~ — =3.63x 10" Pa
™) p? LRSS
4 32
4 2 -9 0
TBxyl = ;——— =4.786x 10 ~Pa OCxx2 = =0-Pa
™ .2 ™ 2
—.D —-D
4 4
D D
0~; 0-;
TBxy2 = — =0-Pa TCxz = o =0-Pa
—.D —-D
32 32
TBXyT = TBXyl + TBxyZ =4.786 x 10_ 9Pa O-CXXT = O'Cxxl + O'Cxxz =3.63 x 107 Pa
2 o g, 2
CxxT CxxT 2
o o -
—— Bxx " Bxx L 2 o|c= + ( ] o
1B 5 P BxyT 2 2
-9 O1~=3.63x 107 Pa
og=4.786x 10 " Pa 1c==
2 2
~ 7Bxx 9Bxx 2 _9CxxT OCxxT
Q= > + TBxyT L T 5 TCxz
-9
O3B = —4.786 x 10 " Pa o3c = 0 Pa

2 2 2 2
OvmB = \/UIB +038 ~91B'93B OymC = J"lc T30 eI %3c
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Seesaw Safety Device

Gy =829 % 107 °-MPa GymC = 36.296:MPa

At cross section L/2, points A and C are the most important for evaluation. This is due to the fact
that they have the higher von Mises stress values.

Tyma = 36.296-MPa Gymp = 829 % 107 -MPa

—13
TymC = 36.296-MPa Oymp =829 % 10 ~-MPa

Calculation of safety factors at section L/2 using the Distortion Energy Theory:

s s
Npi= —— =246x 10'° Ny = —2— = 5619
9%mB 9ymA
s s
Np = —4— =246 10'° Nei= —2— =5.619
OvmD TymC
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Seesaw Safety Device

Calculation of fatigue strength:

load := "bending" surface := "machined" T = 72

S.a=

& return (O.S-Sut) if Sut <200ksi = 178.45-MPa A;lsv:= 0.9999 d=D

(100ksi) otherwise

d =d =0.25-in

equiv

C return 1 if d <0.3in =1

size =

d

K= 0.097
eq”‘vj it 031 < d =10
m

return 0.869-[

if 8mm <d <250mm

- 0.097
dequiv
in

return 1.869-(

0.6 otherwise

return 1 if load = "bending" =1

CIoad g
return 1 if load = "torsion"

return 0.7 if load = "axial"

return 1.34 if surface = "ground" =277

&

return 2.70 if surface = "machined"

return 2.70 if surface = "cold rolled"

return 14.4 if surface = "hot rolled"

return 39.9 if surface = "forged"

b= |return (-0.085) if surface = "ground" =—0.265
return (—0.265) if surface = "machined"

return (—0.265) if surface = "cold rolled"

return (—0.718) if surface = "hot _rolled"

return (—0.995) if surface = "forged"
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Seesaw Safety Device

Ctemp = |return 1 if T <840 =1

[1 —0.0032-(T —840)] otherwise

b
Sut
Creliab = [return 1.000 if R =0.50 =(0.702 Coure =& k_ =0.949
si

return 0.897 if R =0.90

return 0.814 if R =0.99

return 0.753 if R =0.999

return 0.702 if R =0.9999

return 0.659 if R =0.99999

8
Se1 = Cload'Csize'Csurf'Ctemp'Creliab'Se = 1.189x 10 -Pa
Sp = |return (0'75'Sut) if load ="axial" =3.212x 108-Pa
(0.9:Sy) otherwise
Calculation of function pertaining to fatigue strength:
b

Sg=aN z = -3.000

S S

1
b = —-log[;n} =-0.144 g = 2 8.681 x 108-Pa
g o b
el 3
10

Sg(n) := |return a-nb if n< 106

Sel otherwise

Calculation of Final Safety Factor:

Sg(n)-Syy

Naa(n) =
3A
9vymA OvmA
> 'Sut+ 5 -Sf(n)
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Seesaw Safety Device

infinL := lO6

N3 5 (infinL) = 4.913

1x10° 1x10* 1x10° ix108

Deflection at point L/2:
AlN:: f2 - f] =0.013m

1 o
E := 200GPa [:= E-I-DB’ =2.71x%x 10 IOm4
SE 7 4
/é/\:= F— =9838x 10 'm 5=9.838x% 10 -mm
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Seesaw Safety Device

Stress Analysis — Point B

L:=17.526mm D:= 6.35mm
MWV
175
a= (2.413 + )mm =4.-mm
f = 6.35mm f = E =
2

N
W= (EJ-DZ-’Y-g = 2.444.—
4 m

Sy = 203943242.6Pa = 203.943-MPa

Defining the singularity functions:

x:= 0m,0.005L..L A%(x,z) =

0

Atx =R, M=0

f = 5.588-mm fz = E -
2 2

return 1

K
~ = 78705
3

F := 280.8761Ibf = 1.249-kN
M

b:=L-a=13.525-mm

=11.938-mm

N |+

W= wL =0043N

Syt = 356900674.5Pa = 356.901-MPa

if x>z

Rip = =l {:F(L - a) + W(E — ﬂ =—-624.721N
(b -a) 2 2

Rj:=-F-W-Ry=-624721N

q(x) = R -S(x,2)-(x —2) |+ Ry:S(x,b)-(x —b) ' — w-S(x,0)-(x = 0) + ?S(x,fl)-(x 1)

+ ——:-S(x,fz)-(x -5)’

V(x) = Ry -S(x,a)-(x - a)O + Ry-S(x,b)-(x — b)0 - w-S(x,0)-(x — 0)1 2. ?S(x,fl)-(x - f])l

=E
= S(n ) (x- )’

1 1w 2 F 2
M(x) = Ry-S(x,a)-(x —a) + Ry-S(x,b)-(x — b) —;-S(x,O)-(x—O) +E-S(x,f1)-(x—f])

-F 2
+ E'S(X, fz)(X = fz)
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Seesaw Safety Device

1x10 . 1x10° . 0 '
—0.5F .
q(x) —1x10’F 4 V) 0 4 M©® -If .
—15F .

|

~3x10’ ' ~ 1x10° ' -2
0 0.015 0 0.015 0 0.015
X X X

Locating the critical point and the calculation of the resulting moment:

Based upon the location of the maximum value of M(x), the critical point of the shaft is located at
L/2, the midpoint of the shaft.

L
M(;j =-1.984-N-m

Calculation of principal stresses at each of the axial points at the cross-section of L/2:

A is located at the positive y intersection; B is located at the negative x intersection;
C is located at the negative y intersection; D is located at the positive x intersection.

=——=0"Pa Ayl = el =3.946x 10 Pa

4 3
Tnyl = g = - =1.804x 10 Pa O'Axxz = = 5 =(0-Pa
=D —-D
4 4
O'g 0.2
T i =0-Pa 2
Dxy2 4 T k™= — =0-Pa
32 %

TDX}/T = —Tnyl < Tnyz =—1.804 x 103 Pa GAXXT = —O-AXX] -+ O-AXXZ =-3.946 x ]07 Pa

2 2
~ 9Dxx “Dxx 2 _ 9AXxT IAxxT 3
O'IDZ ) + ) + TDXyT O'IAZ ) + ) + TAXZ
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Seesaw Safety Device

o1 = 1.804x 10° Pa

2

) 9Dxx 9Dxx
9p = -

2
) ) ] + TDxyT

O'3D =-1.804 x 103Pa

2 2
OymD = J"lD T 93— 91D 93D

-3
Oymp = 3-124x 10° ~-MPa

B: :
o : : 0-Pa :
Bxx™ 7oty 5 O
Y 2
4
L
4 ME)‘
Thgop = =220 _ 1804 x 10° Pa
Bxyl 3 7w 2
4
D
0-;
TBxyZ = - 4 = OPa
32

3
TBxyT = TBXyl + TBxy2 =1.804 x 10" Pa

2
] IBxx 9Bxx 2
9B T, * 5 + TBxyT

o1 =1.804x 10° Pa

~ IBxx IBxx
o3p = -

2
. 2
) ) TBxyT

O3 = —1.804 x 103 Pa

2 2
OymB = \/"1}3 +O38 ~91R93R

O'IA =0Pa
2
T AXXT 9 AXXT 2
O3A = ' 5 *t TAxz

35 = ~3.946x 10’ Pa

2 2
OvmA = \/GIA t03A ~91A73A

Fomh = 39.455-MPa

~3.946 x 10 Pa

g, = e
Cxxl ™ D4
32

0
OCxx2 = ——=0-Pa

TCxz =

7
GCXXT = GCXX] + O'Cxxz =3946x 10 P:

2
) OCxxT OCxxT 2
0'1 ¢ = > + 5 + TCXZ

o1c =3.946 x 107Pa

0'3C=0Pa

2 2
ymC = JGIC T30 TIEIBE
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Seesaw Safety Device

Calculation of fatigue strength:

load := "bending" surface := "machined" =12

S, =

o return (O'S'Sut) if Sut <200ksi = 178.45-MPa AI}N:= 0.9999 d=D

(100ksi) otherwise

d = d =0.25-in

equiv *

return 1 if d <0.3in =1

-0.097
dequivj

(&

size "~

if 0.3in <d £ 10in

return 0.869-
in

if 8mm <d <250mm

- 0.097
dequiv
in

return 1.869-[

0.6 otherwise

I
—

Il

Cioad = |return 1 if load ="bending"
return 1 if load = "torsion"

return 0.7 if load = "axial"

return 1.34 if surface = "ground" =27

&

return 2.70 if surface = "machined"

return 2.70 if surface ="cold rolled"

return 14.4 if surface = "hot rolled"

return 39.9 if surface = "forged"

b= |return (-0.085) if surface = "ground" =-0.265
return (—0.265) if surface = "machined"

return (—0.265) if surface = "cold_rolled"

return (—0.718) if surface = "hot rolled"

return (—0.995) if surface = "forged"
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Seesaw Safety Device

Ctemp = |return 1 if T <840 =1
[1 —0.0032:(T — 840)] otherwise
b
. ’ _ . Sut
Creliab := [return 1.000 if R =0.50 =0.702 Conrf =& k_51 =0.949
return 0.897 if R =0.90
return 0.814 if R =0.99
return 0.753 if R =0.999
return 0.702 if R =0.9999
return 0.659 if R =0.99999
8
Se1= Cload'csize'csurf'Ctemp'creliab'Se = 1.189x 10 -Pa
Sy = [return (0'75'Sut) if load ="axial" =3.212x 108-Pa
(0'9'Sut) otherwise
Calculation of function pertaining to fatigue strength:
b
Sg=a:N z .= =3.000
S S
1
o] e | 0,744 g:= — = =868 x 10°-Pa
o Z SC] - b

Sg(n) == |return a-nb if n< 106

Sel otherwise

Calculation of Final Safety Factor:

Sf(n)-Sut
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Seesaw Safety Device

10] ]
1 AT infinL = 10° finL:= 10°
IR \ N3 A (infinL) = 4.52 N3 A(finl) = 5.733
1
1x10° 1x10* 1x10° 1x10°
n
Deflection at point L/2:
_ ~3
AIN.= f2 - fl =635%x10 "m
1 _

E := 200GPa I:= 1—2-1-03 =T858 10

3

F-l _ _
§:=—=2459x% 10 7m 6=2459x 10 4-mm
M 48-E1
ymp =3.124% 107 >-MPa Gy = 39.455-MPa

At cross section L/2, points A and C are the most important for evaluation. This is due to the fact
that they have the higher von Mises stress values.

A = 39.455-MPa Gyp = 3124 x 107 >-MPa

Gy = 39.455-MPa Gy = 3124 % 107 7-MPa

Calculation of safety factors at section L/2 using the Distortion Energy Theory:

S S
Np = —— =6.529x 10° Ny = —Y— =5.169
vmB TvmA
S S
Np = —— =6.529% 10" Ng = —— =5.169
9ymD 9ymC
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