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Executive summary

Graphic Packaging International (GPI) has tasked Team 8 with designing a cafiteroff
device capable of accommodating varying pallet groove configurations to improve the current
carton oftpiling process. Pallets with different carton styles are requo be separated to prevent
product mixing. The current process utilizes a modified hand truck with fixed loading arm width
which limits both the size and weight of carton piles which can be unloaded and offloaded.
Therefore, GPI aims to improve the pess by accommodatingl possible pallet groove
configurations while reducing the manual operator input and increasing safety.

Based on team brainstorming and client input, the concept development phase involved
generating concepts for four individual dgsisubcomponents of the gdfler design including
adjustable width, loading, stability, and lift. Careful consideration was taken towards client
recommendations and the possibility of uss@pmmercially available material handling solution
as a designdse to modify, decreasing cost and complexity.

The final design concept to proceed for Phase 3 consists of a lead thread rod to adjust the
offtpi |l erds width from adjustable width concepts
load and provide &me stability from loading concepts, a clamp mechanism to secure carton piles
during transportation from stability concepts, and a manual hydraulic lift to provide clearance
between the carton pile and the pallet from the lift concepts. The conceptescsédefhase 3 are
compatible with each other and the decisions were made by considering the client needs and input.

The team performed a design development stage where a base model was selected to start
with the final design and this base structure wated for 880 pounds. The further selected
components included the threaded rods for the adjustable width, side plate for the loading
mechanism with approximate waist height adjust the width of thgileff arms, the center support
bracket to attach théreads in the center of the design, liftingpiter arm to load the carton piles,
the clamp mechanism for the stability and the hydraulic lift which is already attached to the base
structure to lift the carton piles. The selected material for the sadke ghd center support bracket
is 7-gauge carbon steel while for the-pifer arms is 0.6thick alloy steel.

The team performed numerical and analytical analysis to further justify the material
selection and making sure that the design can withstanmdkamum load of 800 pound$he
critical safety of factor is 1.94 for the ACME screw which is used for the adjustable Width.
final off-piler designcan be adjusted within. 500 t .000. Zh@ manufacturing process is also
included along with the engiagng drawings to make sure thhe off-piler design can be easily
manufactured by the client. FMEA analysis was performed to mitigate the risks or failure of the
final designBraking issues for the whole gfiler design has the highest RPN value of W&&h
can be reduced by preliminary testifitpe approximate total weight of the full assemblgi8.19
Ibs. The cost analysis was also performed, and the approximate total desigi$6d4t3.53which
is within the provided budget of $2®0.



The final oftpiler design meets all the client needs and specifications identifiedPhrase
1. The offpiler can beoperatedrom the either vertical or the horizontal rods attached at the back
of the base structure. The back wheels are the caster wheels which are used to maneuver the design
while the front wheels are fixed and will go under the pallet. The handéehett on the side are
used to adjust the width of the gdfier arms and are designed to be around the waist level so that
the operator does not have to bend to adjust the width. The clamp is designed in such a manner
that the operator can adjust the clafmgm the vertical rod to move the clamp up and down and
the clamp will rest on top of the carton piles. Another key feature for the clamp is that there is
threaded rod attached at the plate of the clamp to tighten the clamp on top of the piles thesecure t
transportation of the load. Moreover, this clamp-aabembly is also attached to the loading sub
assembly so that the clamp will also be lifted along with the whole carton piles which helps to
prevent any damage to the carton piles.

In conclusion, he final offpiler design is safe to operate, robust, and ergonomically
friendly.
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1 Introduction

Graphic Packaging International (GPI) & paperboard and papbased packaging
manufacturer. Currently, GPI is usiraycustomized offpiler to transportcarton piles The
customized offpiler can be seen ikigure 3 This customized ofpiler cannot be adjustei
accommodate the different groowgdths on their pallets. Moreover, the current ofbiler design
does not account for the safety of the operator as the operator will have to use their body against
the pile to tilt the offpiler upwards for the safe transportatidrcartons.Thepurpose of the project
is to design a handling device that is capable of loading, unloading and transporting a pile of
cartons from one pallet to anothaith proper safetyin order to prevent a mixture of product
styles from occurring. This report sumnzas the project objectives, problem statements, client
needs, and design constraints. Furthermore, concept generation and concept salelytsis
wereperformed tdinalize the congat for the offpiler design The final design concejs further

analyzed by the teano ensurehat theoff-piler design will meet all the requirements of the client.

1.1 Company Background

Graphic Packaging International ae of the largesmanufacturers ofpaperbased
packaging manufacturerThe vision of the company iinspired packaging to make a world of
difference with products are made from renewable, recycled, and recyclable ma&Riahas
more than 90 facilities worldwide to provide innovatmsestomproduct packaging solutions for
customers' neadromfolding cartons to foogervice containers and mof@ne of their facilities

is located in Winnipeg.

1.2 Project Background

Graphic Packaging International designs the cartons according to the cidswmeesls.
This design varies with the customer as some custrequire differentstyles of packaging
solutions. In that case, the design team designs the difigydedto be printed on the same sheet
as shown irFigure 1 more samples can be seen in Apgix A.6. After the printing idinished
these sheets will go through the die cuttgrswnin Figure 2and will be cut down to the specific

carton size. These carton sizes will come out on a pallet from the die ewtiemsatically.



Figurel: FourDifferent Design Styles oaSheet
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source.
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Figure2: Die CutterProducing Cartonfl] [2].

If a pallethasmultiple stylesof cartonsthe production workemanualy transfes the pile
of cartons to a separate pallet to keep the pallet organized wittybaé he offpiler in Figure 3
is currently usedby the operator® transfer these cartqrilesas shown irFigure 4 There are no
current standards about the usage of thipdér. The oftpiler was developed several years ago
as a temporary solution to move carton pded it is still being used as a solutidihis off-piler
was bought by GPI from the market and some modificati@re made over time to integrate with
two of the commonly used pallet groove widths to transfer the carton Ibitas.carton piles are
not on these specific groove widths which the currerpibéir can accommodate, then the operator
will have tomanualy lift the cartonpiles to transfer them to another pallet.

Since, he current offpiler can only accommodate for two pallet groove widthsaitnot
be used for heavy piles which can be approximately the palleT$ieeurrent design is only valid



for light loads possiblyupto 200lbsdepending on the strength of the operattoreover, the off

piler just has the bagiexiglass plate for the stability of the piles during the transfer of the cartons.
But it does not include any mechanism for siaée operation of lifting the pile. There is also no
mechanism to lift the pile. The operator will have to manually tilt the carton pile upwatd43.0
degrees while transferring the cartons. Husounts fomcreaseaperator fatigue. Also, this off

piler can only be used by the experienced operator. It will be very hard to operate for a new worker.
Since this offpiler will have to be tilted by some angle, then it is very hard for the operator to drop
the offpiler arms in the pallet grooves duringtbnloading proces3his loading and unloading
process is not safe for the operator as the operator will have tbhalsedy as a counterweight

against the ofpiler toersure the pile does not tip over.




Figure4: Off-Piler LoadingCarton Piles

1.3Problem Statement

Figure 5is the current design thangewidth of the off-piler arms This design can only
be used to lift pile from the pallet withgroove widtlso f  9and68 dl Theésedistancesare
obtained byvarying theposition of the armthrough thesquared tubeand testedon differen
distancs of the pallet grooveVith only two differentdistances, that is the limit of this device
lift thepile. Also, when the team collected information from the clients, they mentionedh#hat t
off-piler causes physical fatigue for the operator when #neyoading or unloading a heavy stack

of cartonqusually heavier thaB00lbs)

.. S -

Figure5: Current Arm Configuratioffi3].



To accommodat¢he grooveslistancen the pallef anewmechanisnfor each arnwill
bedesignedo satisfyclient requirementsThis way,operatorcanadjust each arm to thaesired
locatiors rather tharhaving only two ways to adjustTo reducethe physical fatigue for the
operatoranew design wilbe selfsupporedandwill use a simple lifting mechanistaload and

unload gpile of cartons

2 Project Description

To have a bettemnderstandingf the projectthe projectobjectves, deliverables, client

needs, and the constraints and limitations of the prajecltiscussed.

2.1 ProjectObjectives

The objective of this project is to design a material handling device capable of loading,
unloading, and transporting a pile of cartonsrfrone pallet to another to prevent product mixing.
The device must be able to accommodgiea | | et si ze of 40. 5008% 21. 50
different types of carton sizes and pile configuratioasdaweightof up to 80Wbs[4]. The project
team will maintain close communication with the client to fully analyze the cartopilioij
process and to properly develop various concept designs and solutions. The final design will
benefit Graphic Packaging International lipproving the current work process safety,

ergonomics, and efficiency of carton-pifing.

2.2 ProjectDeliverables
The project requireseveral deliverablgsr both theclient, and the universitythe project

deliverablesareoutlined inTable landTable Il
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Tablel: Client Deliverables

Client Deliverables

Detailed Design Processes

Concept Selection Process

Failure Modes and Effects Analys
(FMEA)

Preliminary Engineering Drawings

Estimated Costs
Final Design 3D CAD Model
Final Design Justification

Tablell: University of Manitoba Deliverables

University of Manitoba Deliverables

Due Date Phase Deliverable
Oct. 1, 2021 1 Project Definition Report & Client Evaluation 1
Oct. 47 8, 2021 1 Project Oral Presentation
Oct. 8, 2021 1 Self & Peer Assessment 1
Oct. 29, 2021 2 Concept Design Report & Client Evaluation 2
Nov. 1, 2021 2 Self & Peer Assessment 2
Nov. 29, 2021 3 Draft of Final Project Report
Dec. 1, 2021 3 Draft of Final Project Report Feedback
Dec. 8, 2021 3 Final Project Report & Poster
Dec. 9, 2021 3 Final Project Presentation
Dec. 10, 2021 3 Self & Peer Assessment 3

2.3 Client Needs

After conducting a site visithe verbalinformationgathered fronclient meetingsalong
with the project descriptions providewhich can be found i\ppendix A.3, were carefully
assessed by the tedmanalyzeand determine the client need$ieteamranked the importance
of each client needs from 116, 10 being the most importgrdnd 1 being the leadtheresulting

client needswere appreed by the client andre outlined inTable 1.
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Tablelll : Client Needs

Client Needs Importance
Adjustablewidth andheight 10
Safe 10

Reduce operator fatigue
Ergonomically friendly
Robust
Secured transportation of carton piles
Improved loading process
Eas to maintenance
Easily stored
Easily accessible
Inexpensive

galon|ol|o|N|00|00|©|©

24 Target Specification

After identifying the needsf the client theteamcompiled a list of technical requirements
that are outlined iTable IV. The correlation of each requirement and their relationship with the
client needs weranalyzed inthe House of Quality, which can be faum AppendixA.1, to
determine the rank of eabtlased on their relative weight and importance.

TablelV: Technical Requirements

Rank Technical Requirements Safety | Cost | Efficiency | Technical
1 Maximum load of 800 Ibs O O
2 Movable up to at least Dof distance O O
Transports carton pilest p t oin
3 height at 1 m/s without instability] O 0]

movement of pile
Accommodates a pa
4 21.50 with g0.o83eé& O
pallet designn AppendixA.5)
Accommodatesall pallet groove gay

5 widths betweewgonfigurationdl to 4(see O
configurationdgn AppendixA.5)

6 Maximum finaldesigncost 0f$25,000 O

4 Reduce carton ofpiling process time by o
25%

12



As shown inTable IV,the technical requirementevwegrouped intsafety, cost, efficiency
and technicatategoriesu s i ng t h e foseasefodnkinflo®dpport the results of the
House of Quality Analysis in Appendix A.$afety was prioritized to have thghest importance
weighting,and the rest have equal weights. Therefore, requirements thatlagsiéexinto more
than oneategorywere weighted more in the analyddter completing the analysitie maximum
load of 800 Ibs. was ranked firsihce t targets the client need$ safety and robusess GPI will
occasionally receiverders of carton piles that weigh a maximum of BGG, thereforethe design
must be capable of handling this weightite s ur e t h e dramedesigh failur@vkile s af et vy
carton offpiling. Having a movable design of up to at leasd dDdistance was ranked second.
Pallets can be fafrom one anothewith a distance of at least @8uring the offpiling process
therefore the design mustdomoveable to successfully transfer a cafde to a new palletin
rank 3, the design must maximize stabilifjne carton pilehave a maximum height &f 2, 0
thereforethey must be handled by the design with maximum stakitliije moving at a speed of
Im/st o prioritize tdhrieg trangpertatohlo ratks4, teeadesgh ynust
accommodate a pallet size ©f8Thi@palktsizexsuZiversab o wi t
for GPI, and the only type of pallet used for castdh piling, and therefore must be
accommodatedn rank 5,the design mushccommodate all pallet groove gaydths between
configurations1 to 4 as shown inAppendix A.5 Carton pilesizescould vary excessively
depending on the customer orddowever, they must always fit within the pall@hd having the
off-piler armson anygroove gap widths between configurations 1 &hduldsupportall carton
pile sizesIn rank 6,as stated by the clienhe final design has a maximum cost of $25,80{:h
includes the materials anbird-party expense®n manufacturing labor. Ranked lastreducing
the carton ofpiling process time by 25% heteam has set an initial target of reducing the process
time by 25%, howevethe main goal is to ensutieat the new design process time will not exceed

the currentime.

2.5 Constraints and Limitations
To properlyassess the boundaries and limits of the project, the constraints and limitations
are outlined infable V.
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TableV: Constraints and Limitations

Constraints and Limitations

Constraints and
Limitations

Description

Budget

The total cost of the designustbe under $25,000.

System Footprint

The size of the designustaccommodate thearton offpiling
design spag; anda palletsizoe f 40. 50 x 21. 5
of 0. 870

Time

The carton offpiling process time of the desigmustnot be
greater tha®0 seconds.

Quality

The desigmrmust be capable of lifting 800 Ibsithout failing.

Project Deadline

The project deliverables for both the client and university mug
submittedby Dec. 8, 2021

Study Environment

The project team must adjust to then i v e resmatebnying s
learningenvironment

3 Design Methodology

The methodologysed by the teamo determine the final design concept involveudltiple

steps with coordination from both the team and client. The steps are listed below which involved

1. SiteVisit with Client Input andRecommendations

o g bk w N

3.1Client Input

Design Component Decomposition
ResearchBrainstormingand Concept Generation
Development of Preliminary Concept Sketches and Models
Client Input and Discussion of Concepts

Concept Selection and Integration

Following the project definition phasthe teamconducted a site vistb gather further

information ad search forclient inpus and recommendations preparation for the concept

development phasi addition toasite visit,aseries of weekly meetings were also heldpdate
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the client with the cacept developmeras well as taequest feedback aradiditionalinput. The
client input and recommendations are listed as follows:

1 Maximum Load:Carton pile configuratiothatreaclesthe maximum load of 80Bs. is a
rare occurrengeapproximately fouriines a year

1 Extending Wheels Under Pallet Having wheels under the pallet could limit the
functionality and movement of the gbfler design. Therefore, further analymsequired
to proceed withany similarconceps.

1 Visibility: Operatorshavedifficulties aligning the offpiler arms to the pallet grooves
Thereforeyisibility of the arms is important for the design during difiepiling process.

1 Lift: Operators are currently rocking and swingingdffepiler deviceto load and ofioad
the arton pilesVertical lift couldbe beneficial tasimplify the work process anatevent
these ansafepracticesvhen loading and offoading.

9 Stability: Carton piles could tip over during transportation without proper stahalignt
recommended to usectamping style devicen top of the carton pige

1 Pinch PointsSafety of the operators is the highest priorBynch points are one of the
commonsafetyrisksand must be consideredring concept development.

1 Operator Input: Minimize tasks during ltiag andoff-loading of carton pallets teeduce
strain on operators.

1 Existing Material Handling Solutions: Consider uscmnmerciallyavailablestructures
with the addition of fabricated components to reduce cost and design complexity.

3.2Concept Generation

For concept generation the team conducted brainstorming sessions, searches for existing
lifting devices used within production settings, and patent searches. From patent searches, the team
was able to find designs relevant to the Idtiprocess such as hand trucks and pallet jacks, but
none relevant to the design requirement of adjustable width. Through broad online searches, the
team was able to find commercial applications of manual lift stackers or hand trucks, commonly
used for lifing large packages and bins which served as inspiration for generating concepts. Two

variations of commercially available material handling solutions arershokigure6.
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Figure6: Commercially Available Materidandling Solution$5] [6]

However, the majority our searches found lifting devices that were capable of broad height
adjustment without the ability of automatic adjustable arm width. This prowdednovative
challenge for the team, as the-pffer design requires both a lifting and adjustable width aspect.

Our concepts can be placed into four differsudpcomponent categories of the -gifer
design based on their working principles. Thesegmies were created when considering the
design requirements of the gdfler and insight from our client. They are listed as follows:

1. Adjustable Width: Mechanism to adjust the distance between loading arms and
accommodatearyingpallet groove configurains.

2. Loading Mechanism: Design to support load transfer from carton piles through the arms to
the framestructure

3. Stability: Component to secure carton piles, ensuring stable unloadidgadiifig, and
transportation.

4. Lift: Mechanism to provide ofpiler arms with clearance to safely remove carton piles
from pallet.

A weighted concept selection process was first targeted toward the design of the adjustable
width component. This was based on weighted relevance to the customer needs and design
requirements. Once the adjustable width mechanism was selected the loadhitity;, ind lift
components of the offiler could be selected and designed to complement the adjustable width

component. Emphasis within the selection process was put on client input and feedback received.
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The final design concept consiststhé four dfferent design components integrated to

complete the Carte®@ff Piler Device. Each chosen concept for each design component underwent

a thorough analysis and selection process to be ranked as the best and most feasible concept for

the team and the clienthe four components selected to proceeiint design developmerire

as follows:

1.

Adjustable Width: Independent Lead Thread

2. Loading: Extended Caster Wheels Under Pallet
3.
4. Lift: Manual Hydraulic Lift

Stability: Clamp Mechanism

A simplified visual of allfour components integrated into the full Cartoff Piler concept

is shown inFigure7 to Figure9 below.Here each concept selectedttoe fourdesign componest

can be seem Figure 8and Figure 9

Front View Rear View

Figure7: Final Carton OffPiler Design Concept
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Clamp Mechanism

P

Independent Lead
Thread

Plate Support

Extended Caster
Wheels

Off-Piler Arms

Figure8: Final Design Concept Front View
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Manual Hydraulic Lift Vertical Lift Motion

Figure9: Final Design Concept Rear View

As shown from the figures above, all four components are fully compatible with each other
to form the offpiler conceptuatlesign. The independent lesctewadjusts the distance between
the loading arms that are supported by a plate when loaded. Thelezktesmster wheels will
support the whole device when lifting the maximum weight and provide a stable frame. The clamp
mechanism keeps the carton piles stable during transportation. The hydraulic manual lift will then
lift the plate support which have th#-@iler arms, independent leadrewsand clamp mechanism
attached. This vertical lift will provide a small clearance between the carton pile and the pallet
prior to transportation.

4 Design Development

This section provides stepby-stepdevelopmenin designing thdinal carton offpiler
modelanddemonstrates how the final concepblved from a simple generated concept thi®

final detaileddesign The final detailed design consists ofive main components, the base
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structure adjustable widthmechanismloading assemblystability, and lift. A simple overview of

the final design is shown figure 10

Stability

Base Structure

Lift

Figurel0: Final Design Components Overview

4.1 Base Structure
Based on theshape of thdinal design concepirom Section 3.2 the teamfound a base
structure that was availabde the marketrom Global Industria]7]. The shape of the chosen base
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structure fits with thextendedhannels andaster wheelsoncept to counteractet800lbs. acting

on the model during operation at maximum loadifige base structure is rated for 880 Ibs., and
therefore exceeds the target specificatiequired for the projectn addition, thebase structure
has a built in manual hydraulic IMthich covers thdft requirement of the ofpiling process and
will be further discusseith Section 4.4 Thewheel base of this structuadlows the design to meet
the specification ofat least 1@ of mobility allowing the ofpiler to transport cartonilps to
different departments if requiredhe selectedbase structure moded shown inFigure11 and

Figurel2.

This item has been
removed due to
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Figurell: Base Structure Mod¢r]
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Figure12: Base Structur&odel Side View[7]
The base structurenodel as showrin its manual in Appendix A, has a width of 22

whichfitswi t h t he pal | e toblso 4gvaighpravideamaxighun l@adingwadths
of 22.2® as shown in Appendix A. In addition, the220 width of the base structure modsin
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accommodat& Pl 6 s uni versal p a | lefteright, and eenter of the pgaliag u r e d

shown inFigure 13 to Figurei.

Figure14: Right Configuration
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Figure15: Center Configuration

This base structure will require modifications to meet design requirements and target
specifications as detailed in tf@lowing sections.

4.2 Adjustable Width

Due tothecustomers requirement of adjustable loading arm width to accommodate a range
of palet grooves, our team chose the concept of independent lead #srsadwn in Figuré.
This allows the loading arms to be off centered with respect to thpileff increasing
functionality and accommodating slight groove variations between pallets.

Common leadcrews usedfor industrial powetransmissiorand motiorcontrolareACME
screws which implement a 29 degree flank angle makimgm durable, precise, and cape of
holding position under axial loadin@]. Since our desigmequiresprecise width adjustment
relativeto the rotational input of the operator, deamconsidered screw witha highthread per
inch (TPI)value Increasng TPIdecreaseaxial movement ok meshed nut with constant angular
rotation This ultimately increass resistance tdhread rotatiorunder axial loadingincreasng
safety during transportatioRor operator simplicitythe desigrieam has decided to use opposing
thread directions for the left and right sid€ébhat way rotation of either knob to the front of the
off-piler will always shift thdoading arm inwards regardless of the sitlee initial structureof

the adjustable widteystem can be seen in Figure 16.

23



Figurel6: Lead Screw Placement for Adjustable Width

The length oeachACME screwwasdetermined from theelectedase model widthAs
described in Sectiord.1, the base structurdeas a width of 22. Each thread lengthwill
accommodate half thetal width while havingadditional length for rotation knolvghich should
be easily accessible and operable with one haéneé.length of eacACME screw is required to
be 14.3to extend from the center support to the end of the adjustment knobs.

Due to the limiteddesignspaceand need forincreasedoperatorvisibility, the material
selection consideredigh strengtimaterialsto reduce the diameateequiredfor thelead screws
Since thesecomponents are tbe sourcedmaterialsavailable by common retailers such as
McMasterCarrwere consideredrhey are as follows.

TableVI: ACME ScrewMaterial Propertie§9], [10], [11].

Yield ; Modulus of :
Material Strength Tenzl\ll?msl\tgngth Elasticity (E e/rr;s,'\%
(N/m”2) (N/m"2) 9

Carbon Steel 220,594,000 399,826,000 2.1E+11 7800
Alloy Steel 620,422,000 723.825.600 2.1E+11 7700
Black-Oxide 4140 | /15 500 000| 655,000,000 2 1E+11 7850
Alloy Steel
316 Stainless Steel| 515,000,000 485,000,000 2.1E+11 8000

TheavailableACME screwmaterial withthe highesyield strength antensilestrengthis
alloy steelwhich is selected fothe design.Analysis for the selected thread diameter vk
expanded on in Section 5.2.1.

To mount thescrews to the ofpiler structure, baringsareimplemented orthe outer ends
of eachscrewto supportthe load transmitted through them from tbading arms. Aditionally,

to limit operator input force, reduce wear, and limit nalseng adjustmertL2]. For this the team
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selectedbearingswith mounting flange$or ease of assembly and maintenafyemounting the
outer bearings on the outside face of the loading assembly side, @djastable width
functionality andrange isnot limited. Forouter bearingghe design team will implemesealed
ball bearings with twdbolt flangesand set screwas shownn Figure 17to limit the threaded

screw from axial translation

This item has been
removed due to
copyright issues. To
view it, refer to its
source.

Figurel17: Mounted Sealed Ball Bearing with TwRBolt Flange[13]

Thecenterbearingsare within the adjustable width travel rareged would limit total range
of motion depending on their thickneB&cause of this, the design teamplementsa lowprofile,
dry-running sleeve bearing with twbolt flanges.These were setteddue to their high load
capacitywith reduced housindimensionsand weight byhaving thinwalled sectiong14]. The

selected center bearings are shown below.

This item has been
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Figure18: Dry-RunningMounted Sleeve Bearing with TwBolt Flange[15]

Finally, to rotate the lead screwse operator requires a handle or knob whgckasily
accessiblavith one hand. For this steel knob witlsetscrewto mount to the outer enof each
lead screw is implemented@ihe adjustable width componesftthe offpiler design can be seen in
Figurel9. The diameter of ACME screw required to safely support the maximum load requirement
will be analyzed in Section 5.
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Figurel9: Adjustable Width Component

The feasibility of the adjustable width system accommodatimidfiple pallet groove

configurations is shown throughe followingseries of top view figures.
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Figure20: CenteredDff-Piler Pallet Gap Configurations
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Figure22: Offset from CenteDff-Piler Pallet Gap Configuration

As observedrom Figure20to Figure22, the adjustable width mechanism of the-piter
designcanaccommodaté&?7 combinatonsof palletgroovegays for whenthe offpiler is paitioned
at theleft, right and center of the palléthe loading armsangeb et ween 2 cebtertoand 2 C
center distances Thi s tailoros to the clients requi
accommodate varying pallet groove gaps, sufficient for common GPI products.

Considering thedjustable width sy t e imtégsation wititheloading armsa flangeseen
in Figure23 with a threaded mount nut insettown in Figure24 will mesh along the ACME

screw.This flange will attach to the loading arms as described in Sextioh
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Figure23: Flange 1.000i 18 UNS, Stee]16]
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Figure24: ACME Threaded Mouniut, - 8, RH, Bronzg17]

4.3 Loading

The loading design includéwo mains components whi@re theloading assemblgand

lifting arms The loading assembly is comprisedtioé structure that wilintegrate with the base

structure similar to the design of the base structure seen in Settloifthese components are

discussed in the following secti®below. Terminologyusedfor the loading assempls shown in

Figure25.

Upper Support Tube

Center Support Bracket
Side Plate

Lower Support Tube

Figure25: Loading Assembly

4.3.1Side plate

The height of theside plate that came with the modelapproximatelyl 2 . fieorn the

ground when the arm is at the lowest politis height is notargeenoughto prevent the operator
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from bending their backSo, the team wiltedesgn theside plateto a heigh of 33.460 to help
minimize operator physical fatigueThe new height values derived from simulating the
comfortableheightbetween teamtmembersvhen reachingFigure26 is a new shpeof the side
platewhichwill be desigedand analyze in Section5.

Figure26: New Side Plat&hape. Figure27: Bearing Mounting Holes

With a new side platbeight,the nextthing to noteis thelocationsof the mountingholes
as shown irFigure 26 tothe left. These holes wilbe used tsecurebearing onto theplateas
shown inFigure 27 as cyan blueThe other hole ifor the ACMEscrewto pass through.

The materiathatwill be used to manufactuthis componenis 7-gauge carbon steel sheet
metal. Carbon steel ia common material with high strengththat is used widelyn many
applicationssuch asbridges or shipsAlso, 7-gauge sheet metal & standardhicknessthat s
widely availableon the marketTherefore,the team will analyze the side plate based on this

information to validate the feasibility for manufacturing.

4.3.2Upper and Lower Support Tube

Figure 28 on the left is theippersupport tubevhich is the major support for the loading
assembly bcause this tube will be acted on by the force that is transmitted fraertieesupport
bracket. To secure tleentersupportbracket, eight holes will be drilled for the bolting connection.
Without this tubethere is no other way to indirectly support the force coming from the center
support bracket. Figur29 on the right is théower support tubeThe purpose of this tube is to
ensure the stability of tH#ting arm. As the load is applied on the arm, with this tube, the arms

will tend to slightly swing back and forwawdhich resultgo an angle with respect to the ground
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and couldead to unstable loadinghe length of the tube is similar to the tube length of the original

model. The material used iarbon steefo be consistent with th&de plates

Figure28: Upper Support Bracket Figure29: Lower Support Bracket

4.3.3 Center Support Bracket

The center support bracketll support the threads thareused to adjust the lifting arm
width. The brackets one of the main componentsmake the ACMEcrewsmoveindependently
by acting as a divider between the left andtreginewdo allow adjusable width withasymmetrical
configurations along the palléfhe extrudedportion of the brackehasa width of 3.6D and a
height of 4.48 to align with theextruded section of the side plated allow theACME screw o
run perpendiculathroughthe centeand outer bearirgy This portion also has four holésat are
custom made tperfectly align the center bearings witte outer bearings mounted from gide
plate.In addition, itsupports thé\CME screw and reduces iffectivelengthby having a portion
of it fixed onto thecenter bearings and into the support brattkptevent excessive bendidgring
maximum loadingThe back support portidmas awidth of 3.5@ and a height of 4.480 provide
sufficientcontact surfacto properly trasmit theforce to theupper support tube during maximum
loading.This portion also hafour 0.50 holes to accommodaterdware Similar to the side plate,
the materiathat will beused for the center support bracketasbon stedfor ease of manufacture

and as it is widely available on the market.
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Figure30: Center Support Bracket

4.34 Lifting Arm
The lifting arm will be redesignetd accommodate thearrow groove widttand shallow
groove heighof the pallet To describe the contemfffectively, several termsuch as tip, blade,

shank and heealill be usedas shown irFigure 31
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Heel

Figure31: Loading Arm Terminology

To determinghe optimal dimensiorof theblade,the second moment of aredll be used
in the process to calculate the deformation of the hledier themaximumloading situatiorto
minimize thefailure. The second moment of arequation is shown iBedion 5.1

Based on a forklift repair and maintenance shop, a common material used to manufacture
forklift arms is AlISI 4140 or 4340 Stef8]. The properties ofhe material are shown in Table

vir.
|
I ' hereforethe material with the highest yield and tensile strength

is selectedo maximize the safety factoklSl 4340 Stee(Normalized is chosen to bthematerial

for thearm Furtheranalysiswill be discussed in Sectionl52 and 5.2.2
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TableVIl: Loading Arm Material Propertigd1].

Material Yield Strength (MPa) Tensile Strength (MPa)
AISI 4140 Steel, Annealed 417 655
AISI 4140 Steel, Normalized 655 1020
AISI 4340 Steel, Annealed 470 745
AISI 4340 Steel, Normalized 710 1110
4.4 Stability

The stability component of the final gfiler designused the following @nsideratios

derived fromdesign requiremenendclientfeedback

l

1
1
1
1

Lightweight to reduce operator fatigue durcigmpheight adjustment

Quick clampingmechanisnior holding height of pad plate

Slightlateralmovement to accommodate adjustalidth rangeof loading arms

Ea% of asemblyanddisassembly for possible furimodifications

Assuming pileshorterthan 2do not require the clamp mechanism to provide stability for

the piledue to low center of masandlikelihood ofmanuaremovalby die-cutting operator

With the above considerations, te&ability componerit sntegration with theoff-piler

structurewill be through a clamping assembifich can be seen iRigure32.
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Figure32: Clamping Assemblyrerminology

To function, the clamp pad and supporting membéde vertically along theertical tube
member By loosening the Jangle connectolever approximatelyl/4-1/2 turn while holdinga
support memberthe clampassemblycan beslid down to rest on top of the pil§20]. After
tighteningthe T-angle connectgtheclampingscrewcanberotated providing sufficient clamping
force through the pado fix the location of thecarton pile The swivel end of the screw was
implemented to reduce the possibility of the pad rotamtyjdamaging product while being forced
to clamp the pile.

To limit complexity, thisdesign implements 30mm OD tubingth a2mm wall thickness
similar to the base model fram&o conserve weighior ease of operat adjustmentthe two
horizontal memberand clamping pad are made of aluminun6060 alloy materialinstead of
common carbon steélhe T-angle tube connectors are as wetide of aluminunalloy for weight
reduction[21]. The clamp pad dimensions were based on outer dimension of cogtuRocarton
piles to cover maximum sfaice area without overhangiogto different piles. Length and width

dimensionofthepacar e 120 x 120.
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The maximumcartonpile height was provided bgur clientto be 42. Considering the
carton pileheightwith the additiorof the palleheight the stability mechanismill accommodate
a maximuncarton pileheight off the groundf 490. The verticatubemembelis then550in length
which wasselectedto accommodate the maximum height carton piles while providing
additional length fothe threadedclamp pad adjustmernfEabricated «lampsare used to mount
theclamp mechanism to the gfiler loading assembjydue to theestricted space for fastenéos

pass through the side plates.

45 Lift

The hydraulic lift system employed by the Global Industrial manual lift stagkkebe
usedfor the lift component of the ofiler design Thiswas decided by theesignteamto reduce
cost, complexity, and time assembling the-mfér. This hydraulic lift system uses a master
cylinderto lift a sprocketattached tats rod end which allowsa chain fixed on one end to lift the
entireloading subassembly verticallyThe oil reserwir is contained within a sleeve around the

master cylindef7], as shown in Figure 33
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Figure33: Hydraulic Lift Assembly[7]

Manual input is required from the operaby depressing the fodgver shown inFigure
34.This forceshydraulicoil from the reservoir sleeve into the bore end ofciimder, lifting the

off-pi | er 6 assdmbhya di n g
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Figure34: Lift Mechanism for Base Modé¥]

A knob locatedhearthetop of the cylinder barredontrols the lifting and loweringylinder
movementsand is shown below ifigure 35. By turning the knolcounterclockwisghydraulic
pressures relieved on the bore end of the cylinaddrich allows the cylinder to be lowereBy
turning theknob clockwise, the relieving orifice is closed allowing hydraulic pressure to build

whenthe operator presses the fpeidal extendingthe cylinder.

This item has been
removed due to
copyright issues. To
view it, refer to its
source.

Figure35: Lift and Lowering Control Knoli7]

The tydraulic schematifor this lift sygem can be seen belawFigure36, with both the

lifting cylinder andthe operator input cylinder.
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Figure36: Hydraulic Lift Schemati¢7]

In the eventtheload exceelsit modeb maximum rated value @80bs, the safetycheck
valve (3) will openwhen the operatgoushes the work cylinder (Gllowing oil to return to the
reservoir sleevevithout extending theut-pushingecylinder(1). For specified hydraulic oiand lift

system maintenance intervateetheo p e r amarualiroAppendix A9.

5 Detailed Design
Here the analyticaland numericaiethodswill be discussed in detailfter the results are
verified assuitable for the final desigthe manufacturing process ftine modified partsand the

failure modes and effects analysisl be describedelow.

5.1 Analytical Method
All equatiorscanbefoundi® hi gl ey 6 s Mec hani [23.[TodEtermginen e er i n
the force reactions along the desigisummation of momemstand forces are needed through the

static equationgs providedn Equation 1.

To find the normal stress due to axial forces, the f6€z6, acting on a member is divided

into its crosssectional ared@ & as seen in Equatidh
0
5

To find the bearing stress due to aXiahds, thdoad F [N] acting on acylindrical is
divided into theb e a r thiokge8sés[m],and t he cyl jdind.er 6s di amet er
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To find the normal stress due to bending, Equatisrused wheré 0 & isthemoment,
Is the moment of inertia.

@ & is the distance from the neutral axasd Od
:L\) il
o

The momentof inertia of a cylindrical objectcan be calculatedthroughits massm [kg], its

diameterd [m], andits lengthL [m].

O d oQ 10
Ty

The maximum deflection due to bendiwgen the load is applied at tbhenter of the beam

is determined througthe load P [N], lengthL [m] of the material subjected to the loathe
mo me nt

mo H[®d], u sa nodf tehlea sntaitceirtilygil]6 s

materi al 60s

60
7 T PO

The secondmomentareais usedto determinethe usedin the calculationof the beam's
deflectionandthecalculationof stressausedy amomentappliedto thebeamwhereb [m] is the

width andh [m] is the depth

The maximumdeflectian of a beam is calculated usiiguation 8. All the variables are

identical as decribed in Equation 6.
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5.1.1ACME Screw

This section will determinea viableACME screw diameterthrough a series of moment
and stressalculationsstarting with thepreliminarybearing stresacting on theACME screwby
theloadingarm The analysis then leads to thmaximum deflection when the gfiler arm is
configured at the middle of thecrew lengthto ensure thathe choserscrewwould not fail by
deflection duringmaximum loadingoperation The analysis will start with aforce free body
diagram as showrin Figure 37 and Figure 38 determine thenaximumforce acting on the
thread

F threadx

L=17.565in

400 lbs

l
v

Figure37: Maximum LoadFree Body Diagram

Fchannel
e— ——
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Figure38: Resulting Force Acting oACME Screw

Here we assume the maximum design load ofIB&0s distributed evenly between the
two arms, leading to a 4008s. load per arm. We also assume that the load islewhistributed
along the length of the arm and thus can act as a point load at half the distahogvn irFigure

37. With this, a summatin of moments about the adjustable width thieadtionresults in:

0 mOw O 0 i+ O O&) T H—w P
v P®oU
"0 PUH W i

After obtaining the force acting on thettomsupporttube both the ycomponent and-

component of the force acting from the adjustable width thread can be found:

O m 00 | m O y O Tmmoi
'O ™, O O 5 M O 5 O PUH X i

This can be simplifietb a resultant force acting atdegrees from thborizontalaxis.

"0 q PUH W T TTAYW QI
0AT 2 0AT T sa ¢
0§ PUBw
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The resultant force of 440.58 Ibs caeritbeconverted intdNewtons
L QQ a y
TT&tlmw?nauouae%;iz ufﬂ.u(?— p w@mno

Using theyield strength of the choselioy steelmaterial of, ¢ ¢hrtehg o And
the mounting nut thickness df= 1.25 (0.03175 m) Equation3 can be used to determitiee

minimum diameter of a leagtrewconsidering bearing stress

. O P W@TK ‘ ,
Q :
oz, Tﬂtcpchnrccﬁflﬁ'to%pna
Q B W Wil  T8T T 0 WREY

As observed from the calculations, thenmmum diametewas found to be significantly
smallindicating that the thread will not fail due to bearing strieseminal sizesare selectedlo
further analyze the maximum deflectionf the ACME screwwill be consideredvhen the off
piler arm is configured at the middle it adjustable width travetheoreticallyresulting in the
maximum stress and deflection.

Substitutingthe calculated thread force ©960.47 N screwlength of 14.2@ (0.3& m),
andmodulus of elasticity of alloy steel qfp p 11 Painto Equation 6, along with thmoment
of inertiafor a cylinderfrom Equation5, the screw diametecan be obtaineds the remaining
variable Themaximum deflection ofrte ACME screwis plotted along a series of diameté&om
0.10to 20 using theMATLAB code from Appendix A.to obtain a range of deflectioraluesas
shownin Figure39.
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«10°6 Maximum Deflection vs. Thread Diameter
7

o - 3]
T

Maximum Deflection (in)

[~
T

"'\ X 0.19685

M Y 2.75627e-07 X 0.748031
.

Y 1.90512e-08

- | | | | | ]
0 0.2 0.4 0.6 0.8 1 1.2
Thread Diameter (in)

Figure39: Maximum DeflectiorAlong a Series oBScrewDiametes

As observed from the plot Figure39, themaximum deflectiomxperienced by thekCME
screwduring maximum loadingconditionsis significantly lowfor diametergreater tha®.60 0
Due to this, the design teanill selectan ACME screw diameter of &as it is the nexavailable
nominal sizewith high availability of materials varying lengthsandhigh TPI values Here the
analytical results predicapproximatelyp® p 11 0 of deflection.

The selected threaded sofibr the adjustable width componeate %0-8 Left Hand and
Right HandAlloy Steel ACME screw[23][24],imp | y i n g .with Btbreads pEr inckor
further stress and deflectiaalidation, a Finite Element Analysis has been performed in Section

5.21 to validate the screws capability of withstanding the maximum load without failiedo
deflection.

5.1.20ff-piler Arms

In Figure40, the area in cyan blue with width and heighb and h is the dimension of the
armblade. This section will be placed in the groove of the pallet. From Equatibe deflection

resistance can be maximized due to the cubic exponent of the height. From that, the team concluded
the value of the helg must be at an optimal length.
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Figure40: Arm Blade Dimensions
The optimum width of the blade is 0.5". This width can be neither larger nor smaller than
0.5. Because with a larger value, the height will be smaller due to the contact with the fillet of the
groove; and with a small value, the strength of the fork vlpbor. Also, to ensure no product
will get damaged by sliding the fork blade onto the groove, a clearance of 0.12" is needed. Finally,
the blade width and height aselected to b8.5" and 0.85"The second moment of area and the
maximum deflection are:

~
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The maximum deflection of the arm blade is calculatedas 0 . 0.4T&i® maximum
deflectionwill bevalidatedagainwith moreaccurateesult from the simulationshownin Section
5.2.2.

5.13 Loading Assembly

This section willconsider the maximum loading scenaaaetermine forces acting on the
loading assembly to serves as a base for numerical analySexction 5.2.30 5.26. Since the
loading assembly supports the foreeting through the arm from the carton pyeight the forces
resisting movement of thera by theloading assemblwill be analyzegdmainly the bottomube
and side support plates
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As calculatedn Section5.1.1the force acting on the lower chanfreim one loading arm
is"O p Y& «x o Bince both armprovide a forcevhich actson the lower channgethe

maximum force exerted through the lower channel is expréssaegure41.

Figure41: Forces Acting ThougBottom Tube

This implies the total force acting on the lowaoefrom the maximumdading conditionss:
0 ¢ O CPUHW O QROYI B

This value will be implemented in Section 5.2.3riamerical analysisf thelower support
tubeto validatethe selectecheight, width, andvall thickness

Considering a front viewhown in Figure 42thearmload will be transmittethrough the
ACME screwsto the center suppobtracketand side plates. A frelgody diagram of the resulting
forces from the maximum load acting on tbploading assembly is stam below.
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F thread

Figure42: Resulting Forces Acting on Top Loading Assembly

Similar tothe analytical result®btainedfor the ACME screw we will considerone half
of the loading system, W the loading arm positioned atdistancew from the center support
bracketand distanceaxfrom the side plate as shown inFigure 42. Here "O represents the
resultant thread force calculatedSection 5.1.1The following momentbalanceaboutthe side
platefor one loading arns shown belowsing Equatiori.

0 O a O w a 1m0 O — W
o, w «a
Using Equationl, a force balance in theositivey-direction can determine tiside plate

force required to support the loading dmgnsubstitutingn Equation9.
'O 1O O O mt 'O O P —— p Tt

For maximum loading on the side plateg teamconsicers the widest pallet groove
configuration(Case 1 fronFigure 20), which would locatehe threadforce closest tathe side
platesThis results it U 0, @ ¢& owith respect td-igure42. UsingEquationl0, the side
plate force due to the maximum loagiscenarias calculatedoelow.

CBo

. . o
© © P w «a T Tatyp C®o o

ORI @ Qi
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Formaximum loading on the center support bracket, we will consider the narrowest pallet
groove configuratiorfCase 3 frontigure 20, which would locate théhread force closest the
center bracket. The resulting distances @re ¢& Y & (& t.aNith Equation9, the center
support bracket force can be obtained for the described loading case
Ug T

TTMY————— ook Wi

- -
CH Y Yg 1

“

The calculated forces acting on tbading assemblwill be usedn Section 5.20 determine

stresseactingthrough each component and validate the chosen parameters

5.2 NumericalMethod

The Finite ElemenAnalysis (FEA) simulation was performed on SolidWowsich is a
useful tool that allows the team to further gain confidence in the results obtained frbamthe
calculations. The stress values obtained through the FEA results will be directly comghaeed to
stress values obtained analytically and discussed. Also, FEA studies could be performed to validate
the deformation on the bending case to gain further conficembeontrol the safety level before
failure.
5.2.1ACME Screw

An FEA simulationwas perbrmed on the ACMEscrew to support theanalytical
calculationdrom Section 5.11 usingthe maximum loading condition of 8dBs. with the loading
arms positioned in the center of their adjustable travel width. Both ends are fixed to represent the
bearingsupports seen ifigure 19. The resultant force acting on one screvas calculated as
440.58Ibs. from Section 5.1.1To run the simulatiora bearing load resolved in the x and y axis
applied at the centers shown in th&igure43. The center of the thread was extruded as a solid
cylinder to simulatets bearing contact with theountingthread nutand to create a surfate

simulatethe beang load.The resolved forces are:

O K PWFMOEPR ¢J px ybp
O i pw@EAT®& ¢J Ygg

The forces are then applied as bearing loads as shownfiguresbelow:
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Bearing Load ~ Bearing Load ~

ERE ~ ERE v
1 N |a.:1;'_ o [N

[ ] Reverse direction [ Reverse direction
1 M
| 1781 - |n
Reverse direction DReverse direction
(®) Sinusoidal distribution (®) sinusoidal distribution
(") Parabolic distribution () Parabolic distribution

Figure43: ACME ScrewBearing Load Application

To guarantee the accuracy of the simulation, a blended curnzsesl mesh with fine
mesh density was usetihe analysis was performed, and both the resulting maximum stress and
deflection are shown in the Figure 44 and Figue 4
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Figure44: ACME ScrewMaximum Stress
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Figure45: ACME ScrewDeflection Results

As observed from the finite element analysis results from Figdrand Figure 45, the
maximum stress observed wai9.2MPaand wasoncentratedt thefixed endof the threadand
the maximum deflection was 38 mm and was observed at the center of the thr&dmck
maximum stress states a lower value tharatltoy st eel 6 s yi el d strength
yielding with a minimum factor of safety of 1.94#he maximum deflection is significantly low

and can b classified as negligible.
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After performing the analytical and numerical analysis, it has bhewnthat the stress
and deflection due to the maximum loadhégligiblefor the choset hr ead <SBwhickisof [Jo

safe from &ilure due to yielding odeflection

5.22 Off-Piler Arms

The stress calculation of the gfiler arms cannot be performed in the analytical method
asthe geometry is not suitabndthe stress concentration factar is not able to be found
Hence FEA simulatiorwill be usedo validate the stress concentratasmd maximum deformation
when the load is applied

One arm is usetb simplify thesimulation Then the force applied an arm will be half
of the 800 Ibs.maximumload. To set up the FEA, a simpledhaped part was modelled using
SolidWorks software with the dimensions showrFigure 46 The arm blade with a length of
12.880 was applied tlof Two ddferentfixturels wdareeudeshfctoarec e o f
slider and fixed geometry. The slider fixé and the fixed geometry were applied to the location
where the arm will movsidewayswhen it is adjustedthe back of thermareawhereit will be
supported by the lower support tube that is showrigare 25. Figure 47shows he distributed
loadasillustrated by the pink arrows and the two fixtures by the green aflfogvmesh typéhat
was used is thélended curvaturbasedmeshwith fine mesh density This meshcombined

different type of mesh, and the fine density will increase the accuratyeoimulation

°

20.8
21.657

12.88”

foss

15.68”
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Figure46: Dimensions of The Arm. Figure47: FEA Simulation Setup ofhe Arm.

Since the stress at the corner between the blade and the shank s 48gh3\P3a for
AISI 4340, the team added a fillet to reduce the stress. Different fillet radius dimensions will be
tested to optimize the stress and the deformation ofrtheTableVIll shows the result of stress
and the deformation with different fillet dimensions. As the fillet increases the deformation is

greater, but the incrementgiangds not significant.

TableVIll : Maximum Stress and Defleon at Differen Fillet Size

Fillet Radius Dimension Maximum Stress Deflection
(mm) (MPa) (mm)
N/A 437.3 4.203
10 414.8 4.461
20 366.8 4671
30 347.6 4.861

For further optimization, two extended portions from the front and back of the arm are
indicated as cyan blue arshown in Figured8. The front extension is used as a support to the
back of the load so that the bottom of the product will not be damagdsittihg the curvature of

the fillet. The back extension prevents the swinging motion when the arm is loaded.

b

!

Figure48: Extended Support Section.
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According to the FEA studythe maximum stress at the load4®0lbf was found tdbe
347.9MPawhich is undef710 MPa yield strengttof the AISI 4340 Steel (normalized)Hence,
the partis notexpectedo yield. The safety factor of 2.0& calculated by using the yield stress
divided by the maximurstress The area that experienctte higlest stresss the location of the
fillet where the blade and the shantersectFigures49 and50illustrate he maximum stress and

maximum deformation of th&00Ibs. load.

l Min: [ 1.196e-06 {

von Mises (N/mm#2 (MPa))
3.479e+02
3.131e+02
2.783e+02
2436e+02
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1.392e+02
1.0440+02
6.959e+01
3.479e+01
1.196e-06

P Yield strength: 7.100e +02

’ de:]l/ll()o +02 ’

Figure49: FEA Result forStressAcrossThe L-ShapedPart with 400Ibf. Load
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Figure50: FEA Result for Deformation Across TheShaped Part witd00Ibf. Load

5.2.3Lower Support Tube

A finite element analysis using SolidWorks was performed to validastréregth capacity
of thelower supportubewhen a distributed loadf 184.69 Ibs as analytically calculated from
sections.13, is acting on itBoth ends othelower supportubehave been fixed in the simulation
and the distributed load of 184.69 lsapplied to theoff-piler arm contact sections as shown in
Figures51 and 52 belowT o increase the accuracy of the resutsurvature blended mesh with a
fine meshdensity was used in the analyditere he maximum stress and deflection results are

then summarized
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Figure51: Lower SupporfTubeMaximum Stress Results
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Figure52: Lower SupporffubeDeflection Results

As observed fronfrigure51, the maximum stress is concentrated on the center locdtion o
the distributed load, which is tha#f-piler arm contactthe tube However,the maximum stress
experienced by thewer supportubedue to the distributed load 46.14MPa is significantly
smaller than the yield strength of carbon sté@82.7 MPaln addition, the maximum deflection
of 0.02609mm, as observed fromRigure52, is concentrated at the same location as the maximum
stress However,the maximum deflectiomf 0.02609mm is negligible and significantly below
yielding conditions Thereforejt will not affect theoff-piling processand is not of a conceffor
faluree. The model 6s mi ni il Bl whiahdstasignifiaaritly legh valkeidVith
these results, thiwer supporttube is safe fromfailures due to stresand deflectionduring

maximum loading operation.
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5.2.4Upper Support Tube

Similar to the lower suppottibg a finite element analysis has been performed on the upper
supporttubeto validae its safetyand strength capaciguring the maximum loading operation.
By fixing both ends of théubeasfixed structuresa doubled force af480 N, as calculated from
section 5.1.2is applied on the center of thebeto act as thdorce transmittedfrom thecenter
supportbracketduring maximum loadingUsing a fne blended curvature meahd a fine mesh
density the simulation was performed to calculate themaximum stressand maximum

displacemenas shown in the figurdselow.
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Figure53: Upper SupporTubeMaximum Stress Results
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Figure54: Upper SupporTubeMaximum Deflection Results
As observed fronfrigure 53 the maximum stress experienced byupper support tube is

63.15 MPa which is significantly lowehancarbonst e el 6 s vy i e2BX7 MPa whem gt h o
results ina minimum factor of safety 04.476 The maximum deflectioresulted in 0.1068 mm
andwasfound to beconcentrated at the center of the suppore ta shown in Figure 5%Vith
these resultsgnd similar to the lower support tulibe upper support tube of the lifting assembly
is safe from failures due to stress and deflection during maximaeinig operation.
5.25 Side Plate

A finite element analysis using SolidWorks was performed to validate the strength capacity
of the side plate when a load3#3.86lbs, as analytically calculated fro8ection 5.13, isevenly
distributedon the twobearing mounting holeactingas a coupling forcé-or eachmounting hole,
the 323.86 Ibdoadis halved intol61.93 Ibsto act as thenagnitude of thdearing loadduring
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maximum loadingSurfaceson both upper and lower sections of the platre simulated as fixed

structures to represent the upper and lower supgagtonnections.

To apply the bearing loadon the model, the 72 force was resolved intimrces in the x
and y axis using thenguhr direction of the force d@5.22°, as calculated from theh r ef@og 6 s
free body diagram in seoti 5.1.1 The resolved forces are:

XCPOEG®R ¢J ouid
XCPAT @& ¢J o

0
0

¢

=

The forces are then applied as bearing loads as shownFigthres55:

Bearing Load ~ Bearing Load -~
HIE J B v

Reverse direction

|:| Reverse direction

Reverse direction | Reverse direction

(®) sinusoidal distribution
(") Parabolic distribution
Figure55: Side Plate Bearing Load Application

Using a curvature blended mesh with a fine mesh dens#gralysis was performed, and
theresulting maximum stressddeflection are shown in the figures below.

(®) Sinusoidal distribution
() Parabolic distribution
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Figure56: Side Plate Maximum Stress Results
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Figure57: Side Plate Maximum Deflection Resault
As observed fronthe finite element analysis results fréigures 56 andb7, the maximum
stresswas23.49 MPaandthe maximum deflection wa&00G867mm. In addition,the minimum
factor of safety was 12.03he maximum stresgtates a significantly lower value than theboar
steel 6s yi el dthecampaenglitnat faii dnetka yeldang undeignormal operation
As well the maximum deflection is signitantly low and can be classified as negligititeerefore

val i dat i ng stremgh capaciyearsifety auriegdhe maximum loading operation.
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5.2.6Center Support Bracket

To properly align the ACME threads the side plates of the loading assemblgemter
supportbracket will be designednd custom manufactureéd mount the bearing that wislllow
the ACME threads to rotate freelyhen adjustingthe ofpi | er 6 s wi dt h. Prior
support bracketodés dimensions, a fi npafegand!l e me n:
strength capacitwhen a center load of 1480 N, asccdated fromSection5.1.3,acting on it as a
coupled force. The coupled forceegenly distributed on both mounting bearimges, therefore
resulting intoa halved force o740 N for each baing mounting holeTo run theanalysis both
rear ends of thsupportweresimulated asliding support$o representheir surface contatb the

uppersupporttubeand to tle other support brackethe resolved forces are:

0 5 XTIOEG® cJ @X¢§
0 5 XTTAI @& CJ opd

The forces are then applied as bearing loads as shdvigure 58below.

bearing,3 ‘_'hl\: ()
\ R/ -

Fbearing,y
F begring;x" -
B 4 \ R/
Fpearing,y
Bearing Load ~ Bearing Load ~
ERE v ERE] v

[ reverse direction Reverse direction
Reverse direction [ reverse direction

(®) sinusoidal distribution (®) Sinusoidal distribution
O Farabolic distribution O Parabolic distribution

Figure58: Support Bracket Bearing Load Application
Using a curvature blended mesh with a fine mesh denbk#yesulting maximum stress

and deflectiorare shown irFigures 59 ard 60 below.
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Figure59: Center Support Bracket Maximum Stress Results
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Figure60: Center Support Bracket Deflection Results
As observed from thEEA resultsin Figures 59 and60, the maximum stress experienced

by the support bracket 64.96 MPaandthe maximum deflectiors 0.00923mm at the upper left
corner of the bracketn addition,the minimum factor of safety is362 The maximum stress
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significantly lower tharcarbonst e e | 6 s vy iwbidh ohdicateés rofeoarcg tofhits high factor
of safety. In addition, the maximum displacemisnitegligible. With these results, the dimens
and materiabf the center support brackatesafe from yielding and deflection during maximum

loading operation

5.3 Manufacturing Process

This sectiondescribe how eachsubassemblyvill be manufactured anéssembledn
detail Engineering drawing for both individual components and assemblies iacduded in
Appendix AS.
5.3.10ff-Piler Arms Manufacturing & Assembly

Theloadingarmsvi | I be | aser cut from a 0.50 thick
Cutting material fromhe sheet ensures the component malfe a unifornshapeThis eliminates
the need to weld the shank and bladenponentsogethey and therefore reducéise chances of
failure. The ACME flange will be welded onto the gdfler arm, the welding will be piarmed on
both sides to make it more secaeshown in Figurel6 Then the thread will be inserted into the
ACME flange.Figure 62showsthe off-piler arms assemblgndhowthe components interact

Figure61: Weldedon Thelnside (eft) And OutsidgRight).
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ACME Flange
ACME Thread
(Mounting Nut

Off-piler Arm

Figure62: Off-Piler Arms Assembly

5.3.2 Plate Support Manufacturing & Assembly

The main components of the loading assembly are the side plate, upper and lower support
tubes, and the center support bracket as showigimre 63. These componentgquire custom
manufactuing and are all made of carbon stekte side plateand the centesupportoracketsare
fabricated througtaser cuting. The center support bracket wilhdergo bendingp generate its
bracket form.The upperand lower support tubes amade of ® x 40 hollow carbon steel tubes
that with 0.188 walls. They will be cut to their specific lengths of 21.945as shown in the
engineering drawings in Appendix.&\ to fit the sourcedbase structues r ol | feom sy st e
Section 4.1
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Center Support Bracket

O W~

Lower Support Tube

Figure63: Loading Assembly Exploded View
After marufacturing thecomponentshoth ends of thepper and lower support tubes will

be welded orio the side plates as shownHigure 64. The center support bracket will be bolted

on to the upper support tube

Welded

Welded

Figure64: WeldingPoints
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In addition, a chain lock connection piece will also be welded to the back of the lower
support tube to connect withain built with the base structuigs shown irrigure 65, to connect

the loading assembly tbe hydraulic lift system

Figure65: Chain Connection to Lower Support Tube

Preliminarydrawings for each manufactured component in the assembly can be found in
Appendix A8.

5.3.3 Clamp Mechanism Manufacturing & Assembly

The tube membersvill be cut from Aluminum 6060Alloy tube stockwith 2 mm wall
thickness. The vertical member will be cut fra®l8Carbon Steel round tube stoskth 3 mm
wall thicknessBoth the clamp pad andatamp weldments will bé&ser cut, and the weldments
will be bento their final shape.
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Threaded
Shaft & Swivel

Vertical Member

/

Clamp Pad
C Clamp Weldment

Figure66: Final Clamp Assembly
As shown from Figure 66hec-clamp weldmentsvill be weldedto both the vertical tube

and loading assembly side plalEach tube member requires assembly &iflrangle connector
clamp The T-angle connector which slides along the vertical tube regaicesnector levefor
quick heightadjusmentof the clamp pd. The threaded shaft and swiakere-purposed from a
C-clamp[25], with the swivel endvelded to the center of the clamp pRedeliminarydrawings for
each manufactured component in the assembly can be found in Appeddix A.

5.4 Failure Modes & Effects Analysis

Failure Modes and Effects Analysis (FMEA) is used to identify different possibilities of
failure in the design, in order to mitigate or eliminate the risks of these failures. The failure of a
design comes from compents, assemias, design systes)or human usage. The FMEA uses
Risk Priority Numbes (RPN) to determine how urgent the failure will need interventions to reduce
future risk. RPN is calculated by multiplying the severity, occurrence and detection ranking.

Severity rankinglescribe the consequences the failurewhenit happenedOccurrence
ranking is used to rank the severity of each failure that may happegction ranking is used to
describe the chance affailure being detected before it occuiablelX, TableX and TableXl

showthe definitiors and rankingof each

68



TablelX: Severity Ranking and Definitions

Severity of Effect

Ranking

Minor

Unreasonable to expect that the minor nature offélilisre would cause any substantial
effect on systerperformance or on a subsequent procesensiceoperation. Customes

unlikely to either notice or cambout the failure.

Low

Low severity ranking due to nature of failure causanty a slight customer annoyance.
Customer willprobably notice only a minor degradation of the serpEdormance, or a

slight impact on a subsequeattion; i.e., some quick, minor rework

2,3

Moderate

Failure causes some customer dissatisfacGoistomer is made uncomfortable or is
annoyed by théailure. Customer will experience some very noticeaitenvenience or

performance degradation. May caesther delay due to rework or irreversible damage.

4,5,6

High

High degree of customer dissatisfaction duedgative impact of the failure such as an
inaccuratgayroll run, loss of vital data or amoperableconvenience systerboes not
involve safety or noncompliance to governmegulations. May cause serious disruption
subsequent processing; may require major rewoltissrto customer and/or create

significant financiahardship.

7,8

Very high

Failure mode involves serious personal safety hazpodsntial for civil litigation or

noncompliance witlgovernment regulations

9,10
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TableX: Occurrence Ranking and Definitians

Probability of Failure

Ranking

Possible
Failure Rates

Remote: Failureis unlikely. No failures evesissociated with

_ _ 1 <1in 20,000
almost identical processes
Very Low: Process is istatistical controlOnly isolated failures _
_ _ _ _ 2 1in 20,000
associated with almost identiqgalocesses
Low: Process is in statistical control. Isolatadures associated ]
o 3 1in 4,000
with similar processes
Moderate: Generally associated wigirocesses similar to 4 1in 1,000
previous processeghich haveexperienced occasiorlilures, 1in 400
but not inmajor proportions. Process isstatistical control 6 1in 80
High: Generally associated with processasilar to previous Lin 40
in
processes that have oftiiled. Process is hin statistical Lin 20
in
control
_ . . o 9 1in8
Very High: Failure is almost inevitable _
10 lin2
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TableXl: Detection Ranking and Definitions

Likelihood of Detection Ranking
. Current controls will almost certainly prevent the fail
Very High . yp . 1,2
(processautomatically prevents most failures)
. Currentcontrok have a good chance of detegtihe
High . J ¢ 3,4
failure.
Moderate Current controls may detect the failure 5,6
Low Cgrrent controlfrave a poor chance of detectihg 7.8
failure.
Very Low Current controls probabilitywill not detect thdailure. 9
Absolute Certainty of . .
y Current controls will not or cannot detect the failure 10

Non-Detection
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TableXIll: Failure Modes and Effects Analysis

Design : , Process
Potential : Potential Process Control
Component : Potential Effect SEV OoCC Control . DET | RPN
Failure Mode Causes : Detection
or Process Prevention
Operator unable to Built u .
stg when movin momeEtum Preliminar Physically
1. Brakingissues P g 9 . 2 ) Y| unableto stop 9 162
causing harnor when moving testing .
S . thedevice
A. injuries the off-piler
Base Operator unable to . .
) Rolling over Precautionary| _ .
Structure maneuver device, . Visual
2. . small objects scan of . .
. takes longer time to 6 2 .| confirmation 2 24
Maneuverability . (nuts, bolts, transportation
transfer carton pile tg . from operator
debrig path
new pallet
Operator has :
. Installing
1. Pinchpoints their hand on guards over
) Hand orfingerinjur 10 | the loadin 1 Operatofinjur 2 20
onACME thread gennjury g the ACME P Jury
arm when
— threads
adjusting
2. Adjustment Regularl Physical
) Unable to rotate Set screw . g y y. .
knob became 2 3 tighten set confirmation 3 18
ACME thread loosens
B. loose screws from operator
Adjustable Avoid
Width Increased wear on loadingin | Visual
3. Thread ACME nutand Poor system g . :
. . 7 . 2 excess of confirmation 4 56
damage bearings, possibly design .
. maximum from operator
unable to adjust forkg
load
Adiustinaarm Avoid width
4. ACME Screws| Damagerotation ) . g adjustment | Unable to rotate
: 3 | location 4 . 4 48
will not rotate knob set screw . . while forks handles
during loading
are loaded
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TableXIll: Failure Modes and Effects Analygisc o n 6t )

Design

Potential Potential Potential Process Control | Process Control
eSS Failure Mode Effect SIS Causes Oee Prevention Detection PISI) R
or Process
1. Cqmpoqent Droppm_g 10 | Fatiguestress 1 Pre_llmlnary _Inspectlon 5 50
welding failure | carton pile load testing interval
Carton piles ,
. Properly balance | Visual
c 2.Unbalanced | Cartonpile g |loaded 4 | off-piler before | confirmation from| 2 64
Loading loading falling over unevenly on loadin operator
fork arms 9 P
3. Lifting beyond | Carton pile tips , Visual
maximum design| causng harm or| 8 Neglect safety 2 Warning labels confirmation from| 2 32
g hazard and SOP
load injury operator
Erratic
1.Clamp arm Clamp arm or Vnci(t)r\]/ement Ensureconnector | Visual
unexpected padcontacts 6 3 is tightly fastened | confirmation from| 3 54
rotation operator connector before lifting operator
clamp
loosened
High
D. 2.Clamp pad clamping - Visual
Stability leaves markings Damaged 4 | force with 4 Pre_hmmary confirmation from| 6 96
product testing
on top carton rough surface operator
finish
3.T-angle Unstable - T-angle connecto
connectors slip . Poor system Preliminary . .
transportation 7 : 5 : sliding while 4 140
when force f i design testing forci | d
applied of carton piles orcing clamp pa
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TableXIll: Failure Modes and Effects Analygisc o n 6t )

DS Potential Potential Oces Process Control
Component . Potential Effect SEV occC Control : DET | RPN
Failure Mode Causes . Detection
or Process Prevention
1. Oil leak from Production Routine Visual
hydraulic Slipping hazard 7 1 inspection | confirmation 7 49
: modeldefects :
cylinder interval from operator
Regular
- . . Neglecting maintenance :
2_. Ln_‘tmg chain | Unable to lift or drop 7 regular 5 intervals for _Inspectlon 4 56
binding carton pile . X interval
maintenance chain and
sprocket
3. Cylinder
E. retracts . Routine N
Lift unexpectedly Dan_nage to product or 8 Production 1 inspection Hydraulic orifice 8 64
dur equipment model defects . damage
uring interval
operation
lting past Neglecti Warning | Visua
gp Falling object hazard 8 9 g 2 | labels and confirmation 4 64
required safety hazard
SOP from operator
clearance
5. Operator Storage latch id Warning Visual
trips over foot | Tripping hazard 5 9 1 5 labels and confirmation 3 75
neglected
lever SOP from operator
1 Loosened Excessive use Regular Visual
f ' Subcomponent failure 8 | without 3 inspection confirmation 2 48
asteners . . )
E. inspection intervals from operator
Full
Assembly | 2. Unable to Poor system Preliminar Visual
support 800 Ibs| Subcomponent failure 8 desi y 3 . Y| confirmation 3 72
esign testing

load

from operator
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Referring toTable Xll, the failure mode with the higheBPN equal tdl62 (A.1) would
occur if the braking system from the base structure supplied bpaGlodustrial ©uld not
sufficienty stopthe offpiler from movement when loadethis is due tdhe high severity rate of
9 and highdetectiorrate 0f9. Sincethebase structured would ba axternallysourceccomponent,
analysis of theystemis out of £ope by thalesign teamThis failure mode could lead to operator
harm orinjury, which is alsohard to detect as the operator wobktome aware ahsufficient
braking forceonly whenbraking fails to stop the offiler. Preliminary testing of the basescture
is recommendetb reduce the severity ratiig 1 by ensuring the braking system is sufficient for
GPI 6 s heavi eMdtherdadluret moae wiphi sigrefisant considerationthe T-angle
connector slipingwhenforcing the clamp padvith a RPN equal to 14(D.3). Preliminary testing
of the mechanism is again recommentiedletermine the required for¢e clamp carton piles
without damaging the clamp system or GPI produmcplémenting standard operating procedures
until operatos gain experience with theevicewould decrease the occurreneéng lower than
the current value of.9~or the remaining failure modethe RPN does not exceed 1@ddboth

monitoring and awareness during operation should be sufficient.
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6 Cost Analysis

This section will cover the total costquired to build the ofpiler design.The calculated
overall cost will be an estimate which riequired to build this design. This section will also
evaluate if thefinal cost is within the provided biget of $25,000 from Graphic Packaging

International.

6.1 PurchasedParts Costing Analysis
This section will cover the cost of the purchapads which are required to build this final design.
TABLE XIII : Purchasedarts Costing

Description Quantity Cost
BaseStructure[26] 1 $1,173.61
Alloy Steel ACME Lead Screw, LIR23] 1 $77.49
Alloy Steel ACME Lead Screw, Rf24] 1 $78.04
ACME Mounting Flangg27] 2 $87.22
ACME Threaded Mount NU28] 2 $69.54
Channel for Lifting Mechanisrf29] 2 $113.14
Adjustable Width HandI¢30] 2 $38.80
Center Bearingf31] 2 $60.62
Outer Bearing$32] 2 $136.74
GN 192 Connector Clam33] 2 $60.32
GN 133 Connector Clamj34] 1 $29.39
C-Clamp Shaft and Swivel3/8"-16 [25] 1 $17.95
ACME Sleeve Nuf35] 1 $23.84
Clamp Handlg36] 2 $43.04
Clamp Bolt[37] 1 $9.15
Clamp Nut[38] 1 8.21
Clamp Arm[39] 1 $123.46
Clamp Vertical Mounting Pipgt0] 1 $157.00
Bolts for Off-piler Arm Bracke{41] 8 $21.72
Bolts for Outer Bearingpt2] 4 $11.78
Bolts for Center Bearingg 3] 2 $14.10
Nuts for Bearing Bolt§44] 4 $19.44
Nuts for Center Bearin5] 2 $14.75
Nuts for Chain Connection to Pld#s5] 2 $12.71
Nuts for Offpiler Arm Bracke{47] 8 $13.41

Total Cost | $2,415.47
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Table XllI providesthe partgequired to purchader the final offpiler designalong with
the quantity and the cost associated with these part€anadian dollarsAll these partslisted

above are easily available to purchase onliine total cost for the purchased parts 415247,

6.2 Sheet Metal Costing Analysis
This section will cover the costs associated with the sheet metal parts that are required to
laser cufrom the sheet metalith different thicknesses.
TableXIV: Sheet Metal Material Costing

Description Quantity Cost
0.5" Carbon Steel Plate Hot Roll§48] 1 $1,672.26
60" X 120" Hot Rolled Steel Sheet (7g4Y] 1 $1,024.50
16x 26Aluminum (8 ga)50] 1 $57.37
Total Cost | $2,754.13

Table XIV describes the cost of the sheet neetalquired tduild the sheet metal parts
using the laser cut.hetotal materialcostfor therequiredsheet metak $2754.13

TableXV: Laser Cutting Cost for sheet metal

Description Quantity | Perimeter | Cost
Sheet Metal Plate for Lifting Mechanis 2 75.36 $21.10
Off-piler arms 2 88.52 $24.79
Sheet Metal part attached to the chain 1 5.57 $0.78
Off-piler Arm bracket 2 4554 | $12.75
Clamp Mounting Bracket 2 19.04 $5.33
Clamp Plate 1 150.46 | $21.06

Total Cost for laser cutting | $39.93

Table XV shows thecost for laser cutting the part§his cost was calcated using the
perimeter ofeach part required to laser cut. The laser cutting cost associated was $0.14 per inch
[51]. Thus the analysis was performdaly multiplying the perimeter of each part with the $0.14

and the quantity required for each pafter thecalculations, e total laser cutting coist $39.93.
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TableXVI: Total cost for fabricating sheet metal parts

Degription Cost
Material Cost $2,754.13
Laser Cutting Cost $39.93
File Processing Fees $75.00
Minimum Order Fee $50.00

Total Cost| $2,919.06

Table XM describes theotal cost requiretb purchas¢he material andaser cuthe sheet
metalparts along with service feasad minimum order fee3 he total cost for the sheet metal parts
is $2,919.06

6.3 Labor Costing Analysis
This section will cover thiabor costanalysisrequired to assemble thdl design.Firstly,
the parts will need to be disassembled from the basetsre After that it will requirewelding
of the parts as listed in the manufacturing processes section along with the assembling of some
parts using bolts and nufBhe team estimated the time required forvtmle assembly process
will be around8 hours with 2 people. The general labor cost is $25par[52]. By calculating,
the total labor coss $400.

6.4 Overall CostingAnalysis
This sectioncovers the totabverall cost of the projeciThetotal costis calculatedby
adding the purchasing cost, sheet metal garts and the labor cost

TableXVII : Total cost for offpiler design

Description Cost
Purchasing Cost $2,415.47
Sheet Metal Cost $2,919.06
Labor Cost $400.00

Total | $5,734.53

FromTable XVII, the overaltotal costfor theoff-piler design is $743.53 It is clear from
the analysis that thisedign is under the budget of $25000 provided by GPI.
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7 Final Design Summary

This section summarizes the whole desifthe offpiler. Initially, the team divided the
concept generation section into four paat$justable width, lift, loading and stability. One concept
was chosen from ead the four sections and theam proceeetl with the final designihe base
structure was found omie by the team andas modified toget the final design. fie loading
mechanism¢lamp mechanisirand oftpiler armssubassembly was added to thase structure.
The teanperformed analysis ogach subassembly numerically and analyticaltymake sure that

the final design meets the client specifications.

Figure67: Final Off-Piler Design

Figure 67shows the final assembly of the -gifer designThe operator cahandletheoff-
piler from either vertical or the horizontabesattached at the back of the base strucitine.back
wheels are caster wheealhich are used tmaneuver the design while the front wheels are fixed
and will go under the palleluring loading Theknobsattached on the side are used to adjust the
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width of theoff-piler arms andr& designed to be around the waist level so the operator does not
have to benaverto adjust the widthThe clampis designed in such a manner that the dpera
can ajust the clamp from the verticalbeto move the clampadup and dowruntil it is resing

on top of the carton pileAnother key feature for the clamp is that thera threadedscrew
attached at thelamp pado apply pressuren top of the pilegor secure transportation of the
load.Moreover, this clamp sudssembly is also attached to the loadingasgembly so the clamp

will also be lifted along with thevhole carton piles which helps to prevent any damage to the

carton ples.

TableX VIl : Satisfaction of Client Needs

Client Needs Meets Requirement
Adjustable width and height Yes
Safe Yes
Reduce operator fatigue Yes
Ergonomically friendly Yes
Robust Yes
Secured transportation of cartpifes Yes
Improved loading process Yes
Easeof maintenance Yes
Easily stored Yes
Easily accessible Yes
Inexpensive Yes

TableXVIIl describes the client needs and if the final design for thpileif meets each
client need. The ofpiler arms can be adjusted very easily usingkimgbsattached on the side
and can be lifted very easily using the manual hydraulic lift. This desigiiegds operate as the
team designed to reduce the pinch poimtere possible and the team also performed FMEA
analysis on each component of the design to consider the safety of the opjétadjustable
knobsare attached at the waist lewelreduce ie operator fatigue as in the current design, the
operator needs to bend down tqustl the width.The clamp mechanism is used to secure the
transportation of the carton pilé&his design can be easily stor@sithefront wheels can go under
the palletminimizing the device footprint when not in usgost analysis is alsperformed,and

thefinal design cost is less than the budget provided by the client.
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This design is simple and easy to maWest of the parts are available online to purchase
Some par are required to be custom madsch are the sheet metal parBut these parts will be
fabricatedeasily as it just requirdaser cuing sheet metahnd some press brakinbhe team also
divided the full assembly process into sraatlubassemblies tmake the assembly process easier
and fasterThe engineering drawirsgn AppendixA.8 will showthe details of the whole assembly
processThe totalapproximateveight of the full assembly &18.19 Ibs

Clamp Assembly

Lead Thread & Bearing
Assembly

Base Structure

Manual Hydraulic Lift

Off-Piler Arms

Figure68: Final Off-Piler Design Components
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Figure69: Expanded View oFinal Off-Piler Design

8 Conclusion andFuture Recommendations

Graphic Packaging International (GPI) is a pap&sed packaging company.eftompany
prints carton sheets according to their custo
machine. The pallet coming out of the die cutter may include different printed carton styles. To
transfer the cartons to a different pallet, therafmes use an ofbiler, which is not a safe solution.
The team will need to design a new device which is capable to handle a maximum weight of 800
Ibs. This device should be safe and ergonomically friendly. The objective of the project is to design
anaduystable device to accommodate the differen
transfer the cartons to a separate pallet. Prd@terablesclient needs andargetspecifications
were identified by the team and verified with the client.

The team divided the concept generation of thepir device into four subcomponents
to develop the concepts individually for each component. These four components are adjustable
width, loading, stability and lift. The team used a selection criteria matrix for each component and

weighted decision matrix to come up with the number one concept for each. The team also used
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feedback from the client for concept screening. The finalgdesoncept involves independent
movement ottwo lead screwsfor the adjustabléoading armwidth, extended wheels under the
pallet for loading, a clamp mechanism at the top for stability and finally, hydraulic lift for the
lifting mechanism.

The team chse the base structure which is availablénento purchase anperformed
numerical and analytical analyas all the modifications required to update base structure
These modifications include the loading sagsembly, clamp sedssembly and the offiler arms
subassembly.The totalapproximateweight of the final design i218.19 Ibs The team also
included the manufaering process of each s@ssemblyalong with the manufacturing process
of the final designFailures Mode and Effects Analysis walso performed on the final effiler
designto mitigate the risks associatedth the final design. The cost analysias alsgerformed,
and the final design costas estimated to B&5,743.53which is less than the provided budget of
$25000 by GPI.

Recommendations
1 Replace the hydraulic cylindef the sourced structure moder a shortercylinder to

increase operator visibilitysincethe oftpiling process onlyequiresup toapproximately
300f clearancé¢o load the carton pileRossible solutio to modify the base frame by fixing
a weldment to vertical height adjustment tutmebmit lifting range
Adjustthe length of offpiler armsto accommodate fdonger carton piledf required
Considerchanginghe material of the bottotbe supporivhich contacts thimadingarms
Likely to alow friction material, to reduce wear, noise, and force required to adjust the
loadingarmpositions

1 Consider optimizing loading arms for higher safety da¢p-3) if the maximum load was
a frequent occurrenc&ince discussing with our client, the 8086. load would rarelybe
required.

1 Addition of clear guarslto cover the ACME screws from the adjustable width mechanism

to reduce risk of pinch points.
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A.1i House of Quality Analysis(Target Specificationg
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5 | 11%| 9 9 Reduce operator fatigue (]
6 | 11% 9 | @ Ergonomically friendly ® O
7 |l 7% | 6 | 9 Easy to maintenance ® o
8 m 6% | 5 9 Easily Stored o
9 m 6% | 5 9 Easily Accessible o
10 |m 10%| 8 | 9 Robust ®
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— g E . . |8 E
Positive + = g B e % | & -
Negative T % g g |83 2 o j o
a |35 |25 = =] 2 | B e
No Correlation Target = s E| =g =4 In ° g 5,
[ | = 4] 9 =
Relationships T -E' é i -E" A o : _g
Strong 0 = % B E S & |8
FE-RR: g -
Moderate 3 AR oo
Weak Max Relationship 9 9 9 9 9
Direction of Improvement Technical Importance Rating | 120.7| 135.4 | 135.4 | 424.4| 336.6 | 7 92.7
Maximize ~ Z Relative Weight | 8% | 9% | 9% | 28% | 22% 19%
Target
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Weight Chart
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TheHouse of QualityAnalysisin AppendixA.1 shows the relationships betwedie client
needs and technical requiments of the projeciThe technical requirement metriage listed as
follows:

1. Cost:Thetotal cost of the finatlesignas provided by the cliemhustbe undei$25,000.
(Minimize)

2. Pallet Size Accommodation: The final design must accommodate the universal pallet for
the offpiling process with a size of 4@5 x &ndl a gsoove width of.2cm. (Target)

3. Groove Gap Width Accommodation: Thaeal design must accommodad# groove gap
widths betweertonfigurationsl to 4 (see Appendix A.5f the pallet to accommodate for
all types of carton products. (Target)

4. Able toLift Max Load: The finaldesign must beapable of lifting a maximum load of 800
Ibs. (Maximize)

5. Movable: The final design must be movable up to at leastof@istance to successfully
transport the carton piles from one pallet to another. (Maximize)

6. Pracess Time: The team have set an initial target of reducirafftp#ling process time by
25%. (Minimize)

7. Stable: The final design must handl e at
with maximum stability. (Maximize)

The client needs and thechnical requirement metrics are scored withid hits @ to show a
strong rehtionship a hollow hit (3) for moderate, and an inverted triandgle) for a weak
relationship. The total scoring then calculated tprovidethe technical importance rating and
relative weight of eackechnical requirement in the bottom rows of the House of Qudlitg.
maximum load, movability, stability, and adjustability (pallet size and groove gap
accommodationsgcored the highest numewralues and therefore will be cruciab the concept

developmenand concept selection for the final design.
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A.21 House of Quality Analysis(ConceptDesign Components

Column #

Direction of Improvement
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6 |/ 16%| 10 | 9 Pallet Groove Gaps ®
T | 16%| 10 | 9 Safety @) ® ® o
8 (I 11%| 7 | 9 Process Time ®
Correlations Max Relationship 9 9 9 9
Positive + Technical Importance Rating | 4266 | 393.8 | 351.6 | 267.2
Negative 1 Relative Weight | 30% | 27% | 24% | 19%
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Direction of Improvement
Maximize Z
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The House of Quality Analysis in Appendix?2 relates theconcept desigiromponents
with the technical requirements and client needs of the project from phasevéll as to analyze
their relationship with each othérhe concept design components astell as follows:
1. Adjustable Width: Mechanism to adjust distance between arms and accommodate varying
pallet groove configurations (Target)
2. Loading Mechanism: Design to support load transfer through the arms to the frame of the
off-piler from the cartonifes (Target)
3. Stability: Component to secure carton piles, ensuring stable unloading, offloading, and
transportatior{Target)
4. Lift: Mechanism to provide ofpiler arms with clearance to remove carton piles from pallet
(Target)
The concept desigooncep design componentare scored with solid hitsd(to show a strong
relationship, a hollow hitz) for moderate, and an inverted trian@le for a weak relationship.
The total scoring is then calculated to provide the technical importance ratingjaneg weight
of eachdesign componer the bottom rows of the House of Qualithe adjustable width scored
the highest numeric value, and therefore will be used as a reference for compatibility with the rest

of the components fdhe concept selectn process of the project.
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A.371 Design Requiremens Importance Ranking

TableA-3: Design Requiremenid]

Design Requirement Analysis | Importance

The design needs to transport a pile of cartons from one pa| Movable -

another.

The design must be able to accommodate pallet size of 4(

21.5" with groove width o® . 8(%e® detailed drawing of pall

in AppendixA.5)

The design must be compatible with @ik pallet groove gay .

widths betweenconfigurationsl to 4. (See configurations i| A~diustable 10

AppendixA.5)

The design must be compatible with various carton sizes.

The design must support the load to prevent ffalimg from Load Suppor !

the sides. Safe 10
Lift a Load

The design must be able to lift pile of cartons up to 800 Ibs.| of Up to 800 8

Ibs

The design must be ergonomically friendly. Ergonomic 9

The design must prevent the operator from any righoténtial Usor S

o : : and User 10

injury during operation. Eriendly
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A.47 Gantt Chart

The following project schedule was implemented to ensure the team met both internal and external deequailiedfor project
completion. The team finished on schedolethe final design report and presentatioeluding all requested client delivetab.

D TakName r)m Fzz‘ |r-.s|| L October 2021 | | -
79 In\ﬂhslﬂha\nlzi|3\21|a|1'rhiul sl lanBlisiz/w|nin(sim|nl2 \4?%'\ E] \I'.l|12\l4|ﬁ\1!|20|2\24|25|2!\!1D\uﬂ‘:'\ 68 |10/12/1

1 Phosel Tdays W WA 1

| 2 | Project initistion THdns SAH assn —

2| Team Introduction Meeting 1 o121 ofof

| 4| Generte Questions for Cient 1day 91321 g1

| 5| mimduction Meetingwith Cient 1 AR YU

| 6 | intmduction Meeting with Advisor 1 AR/ YIRA

| 7 | FirstSite Visit 1day shizn gun

| 8 | ProjedDefinition Repost 12days  WIB/ WA/ I
9 Ideniify Gustomer Needs, Constraints and Spedficiionsdays 98/21 93/

| W | Generate WBS Adys WA oryn

| M| Generate GanttChart Adys YN on

2 | AdvisortoReview Prefiminary Draft 1day os gsn

| B | Generate House of Cuslity 1day LYY L

| A Edkit andd Report Submissi Sdays WML yHYA

5 | Phase 1Pmject Definition Report Due Odwys  1¥y21 wyn <+ 1001

% | Oval Presentation1 Ldays W@/ narn P

| 7 | (xeate Presentation Slides Gdays XN Wy

| ® | Reherse Presentation 1day Wy Wy

| ® | Ord Presentations 1cay we2 w0/e2

| @ | selffPeerAssessment1Due Odys W& WE/n +nz
A Plese2 iFdays  IVR/M  nf/m I 1

| 2 | Concept Genesation 13days  AMRFH W I 1

| 8| SiteVisit 1day RS AR

|| Concept Brainstorming Session 1cay we2 w0/e2

35 | Generate List of Concepts Sdwys 1921 W19/21

| & | Comept and Additi i i ldy W21 WA

| & | Gient Input and Disoussion 1day WA A

Finalize WOM for Concept Selection 2days  WNRYN WYEM

| ® | ConceptDesign Report lidays  10B/N mA/MA f
El Prepare Preliminary Draft odwys  WB/A WA

| 31| Submit Draft Report for Tedmical Review 1day WrEA W

| 2 | Submit for Review with Advisor 1day WA MR

ER Fe Edit and Submissi 3dys  WTM wEn

|3 | Phase 2 Conoept Design Report Due Odwys 1™ Wy o—flm
] Self/PeerAssessment 2 Due Dudays wyn njyn + 1A

ERL) Wdays AN DR ‘ 1
¥ | Final Design Deliverables Bdays LA DA | 1

| ® | Selectionof Final Conoept 1day wyn nyn

|3 | Develop Tedhnical Spedifications Rdwys W nayn
0 Complete Detalled Design CAD Madel Wdays W WS

41 | FMEBA Andlysis of Final Design 3dys WS 1282

|2 | Cost Analysis of Final Design Componens 3dys WA 1/

| ® | Genenate ing | Bdays AN RAn
# | (lient Input and Disaussion 1y WIRF 1R

|4 | Prepare Prefiminary Drait Ldays WA 1R

| % | Draft Report Due Odys WX 1 111U'E
& | Implement Feedhadk, Final Editing and Submission Gdys WX/ »/en

| | Develop and Rehearse Veerbal Presexntation Gdays  17yYN 2/8/0

| ® | Develop Poster 3dys 12y /3N

| ™ | Final Froject, Presentation and Repart Due Odwys 1821 e %mn
51 Final Poster Presentations 1day 12/9/21 2/on

| ® | SelffPeer 30ue Ddwys  12AYN AR + =
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A.57 Pallet Design

FigureA-5.1: 3D Model of a Palletof 0. 50 x GdoveW®idth af2.2 cm

This item has been
removed due to
copyright issues. To
view it, refer to its
source.

FigureA-5.2: Detailed Drawing ofaPale of 40. 50 x 21.50 wWlth Groove Wi
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FigureA-5.3: Pallet Groove GapVidth Configurations
TableA-5: Pallet Groove GajVidth Sizes

Pallet Groove GapWidth Sizes
Number -
inch cm

1 4.83 1227
2 10.20 25.91
3 15.57 39.55
4 22.26 56.54
5 26.48 67.26
6 32.81 83.34
7 36.72 93.27
8 3.35 8.51

9 8.14 20.68
10 13.99 35.53
11 15.94 40.49
12 2.68 6.81

13 5.37 13.64
14 8.71 22.12
15 10.82 27.48
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A.671 Carton Product Example

Carton Pile
Configuration

Example

4 Up with 2
Designg2]

8 e g
dauy uayn|d

4 Up with 3
Designg2]

e

3384 N3LMD
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4 Up(Stack
Height of 4 [2]

25 Up with 2

Designg2]
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A.71 Lead ScrewMaximum Deflection Analysis

The following MATLAB script was implemented to determine the defection within a rod for
varying radii.With material properties and the moment of inertia equation for a cylindrical cross
section, a plot is producddr deflecton vs. rod diameter.

Ys = 620422000; % Yield Strength [Pa]

E =2.1E11; % Modulus of Elasticity [Pa]

M =199.84*(0.453592); % Mass in Ibs x 0.453592kg/Ibs [kg]
g =9.81; % Gravity Acceleration Constant [m/s”2]

F=M*g; % Force Applied on Lead Thread [N]

rho = 7700; % Alloy Steel Density [kg/m”3]

d = 0:0.001:0.0254*2; % Diameter of Lead Thread from O to 2 inches [m]

dinch = d.*(1/0.0254);

| = 14.27%(0.0254); % Length of Lead Thread [m]

m_thread = pi.*(d.*2).*l.*rho./4; % Mass of Lead Thread for varying dia meter
[ka]

Iz = m_thread.*(3.*(d."2)+4*1"2)/48; % Moment of Inertia of Lead Thread
MaxDeflection = (F*I"3)./(48*E.*1z); % Maximum Deflection [m]
MaxDeflnch = MaxDeflection.*(1/0.0254); % Maximum Deflection [Inches]
figure(1)

hold on

plot(dinch,MaxDeflnch)

title(  'Maximum Deflection vs. Thread Diameter' )

xlabel( 'Thread Diameter (in)' )

ylabel(  'Maximum Deflection (in)' )

hold off

A.81 Detailed Engineering Drawing
This section provides thengineering drawings for both individual components and assemblies
of the final offpiler desigrto provide guidancevith the manufacturing and assdimy process of

the full prototype Thedrawingsare includedn the following pages.
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