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Executive Summary

This report contains a serautomated cleaning systefora 3 St £ 'y | SN2 A LI OS
propellant mixing bowl. The final design eliminates the need for an operator to climb into the
bowl to clean it increasinghe safety ofthe cleaningorocess

The final design consists $fmajordesign components includinthe Teflon coatingthe
mechanicabkcrapingblade designthe pressurized water systerandthe machine components
required for a transmission shaffhe Tefloncoatingdecreases thé¢otal friction forcesby a
factor of 16 Themechanicabkcrapingsystem consists of 6 side wall blades placed at 60° angles.
The bottom scraping blade®nsist of 6 bladeat 45° angles relative to the side wall blades,
that rotate about the center of the bowvib push thepropellant waste towards the center
funnel, where it is collecteth a waste collection systenthe scraperare made ohigh
strength neopreneubberandare designed to match theorner fillet radius in thdottom of
the bowl. Furthermore, the pressurized water system consists of 14 diffepmalynozzles that
spray the side walls of the bowl as well as the bottom surfaibe. power input for the system
is aCharLynn S Series03 Gerolerhydraulic motor

Themechanical scrapers, arm blades, and transmission saedtested using finite
element analysishrough SolidWorks software. The max deflection for the ruldzeaperss
0.1 inchesZ.54 mm). Thefactor of safety for thestainlesssteelshaft and bhdesis 3.

Lastly, a cost benefit analysistermined the project was under budget By%with a
total cost of $63L44 CAD. The project algained numerous benefits througin increase in
safety and reduction itotal cleaning timeSimilarly a risk analysis was domed is provided
for the client to consider the various risks associated with the projEee identified risks with
the highest ranking include the risk of wear on the Teflon coating, the risk of cyclic failure, and
the risk of imdequate setup by the operators. Mitigation for these risks include proper training
for the operators and regular maintenance check ups on cleaning equipment.

The report also contains a bill of materials as well as detailed technical drawiregk for
major component®of the design, namelythe pressurized water systerblade designs, and

transmission shaft
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1.0Introduction

Magellan Aerospace is a Canadian space, defense, and aviation company specializing in
using technological advancements for manufacturing many complex parts and sy$le@ae
of the taskgperformed by Magellan Aerospacetae Rockwood Plant is mixing and vacuum
casting the rocket propellant fuel. The mixing is performed once a month using a 600 Gallon
BakerPerkins vertical mixing bowl. After each batch is produtieel bowlmustbe cleaned
before it's next operation. The current cleaning process is manual and requires the operator to
climb inside the mixing bowensuringno residual propellant remainsSine the bowl is hot,
slippery, and not ergonomic for the operator, a better cleaning procedssired.
This project aims to develop a safe and efficient design that cleans the vertical mixing bowl
while eliminating the operator's need to climb inside timing bowl. The new cleaning system
must be automated or serautomated by applying novel techniques and must meet the
customer requiremerg The maximum budget for the project$800,000CAD
This report contains a design solution teaningthe rocke propellant mixing bowlisingsix
rotating scrapers and4 differentpressurized watenozzlego clean the inside surface of the

bowl. The details of thelesignsolutionarefurther investigated throughout this report.
1.1 Current Cleanin@rocedures

This section outlines theurrent cleaning processsed by Magellan Aerospate clean
the 600 Gallon Bakeperkinsverticalmixing bowl It has a working capacity é20 Gallons and

is modified by adihg a ball discharge vahas shown in thé-igurel.

V-Groove
Wheels

Figurel: Propellantmixingbowl [2]
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The mixingoperation is performeadncea month and is required tde cleaned before
its next operation.Theduration ofthe current cleaning process is approximately 45 to 60
minutes After the castingprocess the bowl is transportethackto the mixingbuilding whee
the following steps are performenh order to clearthe mixing bowl
1) Themixing bowl is liftednto the cleaning standby attaching thdifting beamto the
trunnion.
2) A manual hydraulic liftsused toremovethe stainlesssteelball discharge valvigEom
the bottom of the mixing bowlThedischarge valves dissembledas shownrn Figure2.
3) Theballdischarge valves manually cleaned by scraping off fm@pellant and by

handwashingvith awarm soap andvater solution

i

Ball Discharge Valve L
- ww Disassembled Discharge Valve

| Tl

(b) (c)

Figure2: Removal of ball discharge valve (a) Maralrauliclift used to lift the mixing bowl (b) Ball

dischargevalvelifted onto the hydrauliclift (c) Disassembled ball discharge valve for cleaf@hg

4) The mixing bowl is lowered the ground usin@g hoistand awastepropellant container
(standard plastic tote bin lined withn electrostatic discharge bags placedunderneath
the mixing bowht the holelocationfrom the ball discharge valve

5) The operator climbs inside of theixing bowl and scrapes the propellant from the wall
and base surface using n@parking hand toolsThe waste propellant ihen pushed
through the ball valve opening into the waste container lined underneath. The operator
scrapes as much propellant asgsible from the mixing bowl walls before proceeding to

washing the mixing bow! usiregsoap andhot water solution andirying themixing
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bowl using hand wipeas shown irFigure3. Thisensuresno water droplets are left

behindbefore storing thepropellantmixing bowl

(b)

Figure3: Washingpropellantmixingbow! usingsoap andwater; (a) Operator scrapes the
propellant to remove propellant residuals from the bottom radius of the mixing bowl (b)

Operator cleans theropellantresiduals usingoap andwater solution. [2]

6) Finally, he waste collected underneath in thveaste propellant containeis properly

disposedof according to Magella@ standardizel work procedures.

1.2 Summaryof Problem Satement

The currentmixing bowlcleaning process manual and requiresn operator to climb
inside the vertical mixing bowThecleaningoperation is considered a confined spdbat leads
to ergonomic risk factorfor the operata such as prolorned awkwardpostures and contact
streses Moreover, the bowl is hot and slippery which creates safety hazfodthe operator.
In addition, the propellantesidual iSlammable potentially resulting in a riskf fire or an
explosion[2]. This report wilintroduce a new process thaliminates unnecessary safety

hazards for theperator.

1.3Project Objective
The success of the project is determined by the following project objectives:
1) The degyn solutionmustinclude automation onovel techniqueshat removethe
residual propellant from the mixingowl while eliminating the need for the operator to
climb inside the vertical mixing bowl.
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2) The design must adhere to safety standardsddrazard class 1.3 explosive, division 2
electrical classificatiobuilding, andan environmental standarés per (MR 37/201438]
to properly disposé¢he propellant waste.

3) The maximum project budget is $100,008.D however, ifthe total budget for the
projectexceeds the secured budget, thegign solution will still be acceptable ifciin

bejustified with a payback period of 2 yearsing acostbenefit analysis.

1.4Project Constrairgt

Project constraints were identified during the initiation phase of the project to ensure
that the project scope is accomplishadthin the given project time framelhe project
constraintsare outlined below

1) Thepower source for the newleaning process limitedto a pneumatic or hydraulic
power systembecause kctrical motosthat comply with the division 2 electrical
classificatiorare hard to sourc§4]. The design musdlsoavoid any energy inputhat
could ignite thepropellantmaterial such akighimpactforces, friction, hot surfaces,
shocls, open flama, sparksor electrostatic dischargg].

2) The new desigmust account fothe collection ofexplosive wasteand any
contaminated materialsluring the cleaning process

3) The design spadsconstrained to the existing planivhich is approximatelthe size of
atwo-story building. Thenew desigrmustalsofit the current dimensions of the mixing
bowl with a giveninner diameter 064 incheq1625.6mm) andinside bowlheight of
45 incheq1143mm).

4) As previouslynentioned,the cleaning processustadhere to all thaelevantsafety
standardsrom propellantclassl.3 explosivesafety, andclass 2 division 2lectrical
classification building standards.

5) Due to current restrictionfrom the COVIBL9 pandemic all meetings are required to
be held remotelyThis includeéimiting the team to zero site visits at the Magellan
Aerospace facility.

6) The poject team is limited to four team members for the duration of the project
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1.5Project Deliverables:

Themajor deliverables for the project are outlindelow:
1) Detailed preliminary engineering drawings for thejor components of théinal
solution that meetsstandards from theéAmerican National Standasdihstitute (ANSI)
2) An assembly drawing for the finaésign includinga detailed Bill of Materials (BOM)
3) ACostBenefitanalysisandriskanalysisfor the final designsolution

4) Failure ModeandEffects Analysis (FMEA) on the fidasignsolution.

1.6 ProjectAssumptions
The five assumptions made, as shown below, were identified dtimglanning process of
the project.
1) The quantity of propellant mixed remains constant during esating processlhe
thickness of the residual propellant in the bowl will ngiform throughout the mixing
bowl.
2) The secured maximum budget for the project is $100,000 CAD, which will be sufficient
to find an alternative solution for the process.
3) The list of approved venders or any information required from the client will be
avalable upon request.
4) Since there is no CAD model available for the mixing bowvaf thle physicaldimensions
provided by Magellan are assumed to be accurate.
5) The material grade of the stainlesteel mixing bowis unknown andavill be assumed to
be any reasonable gradwiitable for the current mixing process.
1.7 Client Needsind Soecifications
tKS Of ASyiQa ySSRa KI@S 0SSy 2NHIyAI SR FyR
satisfaction. A numbéive represents highegpriority with a numberone meaning lowest
priority for the project. These priorities were established after consulting with the client and are

arranged from highest priority to lowest priorities as outlined below ABLE
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TABLE CUSTOMER NEEDS

Customer Needs Priority
The process shall clean entire inside surface ofithéng bowl 5
The process shall be safe for operators 5
The process shall eliminate the need for the operator to climb into the
bowl >
The process shall provide safe transportation of hazardous wastes a
from cleaning area >
Theprocess shall not generate heat to point of creating spark or
explosion >
The process shall work for 42@llon BakeiPerkins vertical mixer bowl 5
The process shall keep the integrity of the mixing bowl 4
The process shall be easy antiiitive to operate 4
The process shall be retrofittable in the current processing plant 4
The process shall be durable 4
11 The process shall decrease cleaning process time 3
12 The process shall be able to deliver repeatable results 3
The process shall be able to work in warm environmental temperatur
13 that are typical to the climate of southern Manitoba (building is heate: 3
but does not have AC)
14 The process shall be under $100@@ADbudget 2
15 The process shadfficiently minimize operator involvement 2
16 The process shall efficiently minimize the use of consumables 2

In order to measure the project success aondensure all the client needs mentioned in
TABLEare met engineering metricswith ideal and marginal target specificatiowgre
developed for the projecas shown inTABLH below. The description fothe parameters used
for each metric and specificatiare explained below
1. The first metric used is the quality of the cleaning process. This metric will measure how
often the process will pass the quality inspection performed by the client. The target

specifications for this metric were based off the fact that the cleaning m®b@ppens
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once a month. Therefore, a marginal pass is when the cleaning process passes the
guality inspection eleven out of twelve times. This correlates to one failed inspection

per year. Similarly, the ideal case is when the cleaning process failadhty g

inspection once every two years.

. The next metric is safety, which is a pass/fail option on whether the process meets
safety standards from Magellan Aerospace standards, and Manitoba Workplace Health
and Safety.

. The noise level is a safety metrisad to ensure that the noise created by the process

will not cause hearing damage to operators. The noise level will be measured in decibels
where 70 decibels is considered to cause permanent hearing3pss

. The next metricoperator movement, will quantitatively measure the distance travelled

by operators for the mixing bowl to be cleanédis includes movemeimluringsetup of

the cleaning system. Therefordned movement is desired to be decreased in order to
implement Learmanufacturing principles.

. The process equipment size is a constraint that must be considered because the process
is required to be retrofittable in the current plant. The process's ideal size is one in

which can be transported and stored in a separatemoas the mixing bowl only

requires to be cleaned approximately once a month.

. The life cycle of the process depends on the cyclic fatigue that occurs on the process
equipment during the cleaning process. This will be measured in cycles, where one cycle
isan entire cleaning process of the mixing bowl.

. Similar to the life cycle metric, the stress on the equipment will measure the von mises
stresses and shear stresses that the equipment experiences to determine the factor of
safety of the cleaning processu@gment.

. The processing time metric will measure the time required for cleaning just the mixing
bowl. The current time required for cleaning is-80 minutes. Therefore, a marginal

target is to have the process be around 30 minutes. An ideal targehiavie the

process take half as much time.
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9. The process's interface will determine how easy it will be for the operators to use the
new process. The target specifications for this are subjective. The marginal specification
would be the operators requiring adining course, and the ideal specifications would
mean the operators would only need a demonstration to understand how to work the
process.

10.The temperature metric measures the temperature that the process equipment must be
able to handle due to the heatdm the bowl and the environmental heat in the
building. The specifications are based off the mixing bowl temperatures when the
cleaning process is begun. This temperature after mixing is at 150°F and the
temperature when the cleaning process beings i$2Q°F [3].The environmental
temperatures are based off thack of air conditioning during the summer. The building
is heated to room temperature during the cold winter months.

11.The amount of explosive waste produced is desired to be minimal so thatithere
extra processing required to dispose of the waste. The target specifications for waste is
based off the amount of waste that is currently being produced, which is around 50
100Ib. It is important to note that this weight includes the waste produiteth the
current cleaning processiene, newcleaning process is desired to create the same
amount of waste as the current cleaning process [3].

12.Lastly, the cost metric is used to determine if the project is under or over budget. The

target specifications for cost are based on the range of funding provided by the client.

The final specifications for the final design will be adapted after the qurabesign

phase of the project. The metrics and target specifications are shown beloABhH.
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TABLH: NEEDS AND TARGPECIFICATISON

Needs Met Metrics

Target Specifications

1,12 92% Pass Rate 96% Pass Rate

Quality pass/fail

Inspection
2,3,4,5,13 Safety/Risks pass/fail Pass
2 Noise Level db. <70 <50
15 Operator m 25 10
Movement
6,9 Size ftr3 Fits in Facility ~ Can fit through 80"
X 36" door
10 Life Cycle cycles 100 250
7,10 Stress on MPa F.O.S.=2 F.O0.S. =3
equipment
11 Process Time minutes 30 15
8 Easy Interface subj Requires Training Requires
demonstration
5,13 Temperature deg F 61-120 32-150
16 Waste b < 150 50-100
Produced
14 Cost $CAD 75006100000 < 75000
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2.0 FinalDesign

The final desigimtegrates the use of mechanical scraping and pressurized water in a
multi levelrotary motion systemThe design has six different blades to scrape the side walls of
the mixing bow] another six blades to scrape the bottom of the bowl, and fourteen difier
spray nozzleto cover the entire inside surface. Furthermore, a Teflon coating is applied to the
bowl to help reduce the friction force required temove the propellantA hydraulic motors
the power input for the cleaning system andastened tothe top of thelid that coversthe
bowl. A flexible couphgandaroller bearing are used to keep the shafignedduring rotation
While rotating the combination of the blades and pressurized watgl remove the
propellant from the side walland bdtom surface The blades on the bottom witen
incrementallypush thewaste material with each rotationfowards the hole in the center of
the bowl The waste material is then pushed through a funnel and into a waste collection
system.To install the @aning systemtte final assembly can be lowered into the bowl using the
overhead crane andtee lifting boltsfastened to thetop of the lid. The cleaning system
requires external hookups to a pressurized water system amtbsed loop hydraulic system for
the motor. After successful connections have been made there amnanual toggle clamps
andtwo locater pinsthat are used to securely fasten the cleaning equipmerth®mixing

bowl. The final design is shown below in tb&lour coordinateddiagram.
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Hvdraulic Motor___ =

. ) Lifting Bolt X3
Flexible Couplin

Toggle Clamps X

Lid

Mounted Roller
Bearing

Nozzle X8

Side Scraper Xi

Locating Pin X |

-3 —~=3_
IJ I : 3 Point Nozzle X:

Bottom ScrapeX6—, « 7
—

—] A

Main Water Supply/

Figure4: Rendering of théinal assembly

The assembly is designed to fit the current mixing bowl and contain the explosive waste
by ensuring the top of the bowl is covered by thedidd the waste material is collected and

funneled into a waste collection biffthefinal assemblyvith the mixing lmwl is shown below
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Final Assembly

Figure5: Propellantcleaningdevice on themixingbowl.

Propellant
Mixing Bowl

To further explain the details of the design, the assembly components have been divided into

five main parts:

o A WD Pe

Teflon Application
Hydraulic Power System
Pressurized Water system
Side and Bottom Scrapers

Machine Elements
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2.1. Teflon Application

ATeflon coating is incorporated in the design to reduceftiwion forces between the
bowl surface and the propellanthrough aoot cause analysjst was determined that adding a
Teflon coating provides 2 benefits to the design. The first benetigisaduction in friction
forces during the casting proceSshisresultsin less propellanheeding to be cleaned offe
inside surface of the bowivhich decreases the total wasféhe second benefit occudsiring
the actualcleaningprocessDue to the reduction in the frictioforces the shear force required
to scrape the propellantoff the bowl is reduced by a factor of Ibhisis based on the
comparison between the coefficient of friction valuesT@fflon on Teflon, and stainless steel on
Teflon[6]. After reviewing withMagellan Aerospacét was determined that the method of
applying the Teflon coating was aidescope of tle project. Therefore, the type of Teflon and

tools for the application will be determined by Magellan Aerospace.

2.2 Hydraulic Powesystem

A hydraulic motor is the best power solution for a highque, lowrotational speed
requirementthatY S S G a ( K Shazardehsiclass ¥.FeRpiosive designatidrehydraulic
motor is powered by a hydraulic power pack with a closed loop systeehydraulic motor
selection anchydraulic fluid system design are outlché the following sections.
2.2.1Hydraulic Motor

An Eaton hydraulicSeries S 183ydraulic mote was selected for theower input
system becausef its highefficiency smooth low speed operation, extended motor life,
extended leak freand highly customizable hydraulic systgfh TheSeries S 103 isgeroler
motor rated for a torque force of 2804, at a rotational speed of RPM.The calculations for
the required torqueand rotational speedre shown irD.1Force Evaluation The schematic for

a geolertype hydraulianotor is showrbelowin Figure6.
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Thrust Housing Drive Spacer Plate Geroler

Needle Bearing / \
h_l_/*“zé

: S S w—
Qutput —
Shaft N

z — .~ I
Exclusion <]‘
Seal |

- __ B

Pressure Seal Flange Cap Screws Static Seals End Cap View of Geroler Section

Figure6: Gerolemmotor configuration[8]

A mounting plate is required to hold the motor in pladge to thevertical orientation
Therefore,a mountingplate that attaches to the lid was designéal allow for proper housing of
the roller bearing andoupling.Furthermore, a O-ring-152 provided from dynamic machining
is installedon the pressure seal to ensure good clamping fdreeveen the mounting plate and

mating surface othe motor. The mouning platesubassembly is showlmelowin Figure?.
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Hydraulic Motor

Motor Mounting Plate

O Ringl52

Coupler Sub Assemb

Figure7: Subassembly of the motor mount

2.2.2Hydraulic Poweldnit
The hydraulic power unit was customized to meet the required input torque and
rotation speed that wapreviouslyidentified to be a torque force d&280 Nm androtational
speed of7f RPMThe hydraulic power unit consists of a hydraulic pusiih pressurized oil as
the hydraulic fluidThepumpsdisplacementate, pressure differene,andflow rate were all
customizedo fit into a closed loop hydraulic system. The customization process was performed
by Dynamic Machiningnd the results oftie different parametersare tabulated belown
TABLHI.
TABLHI: DIFFERENT PARAMETRERRJIRED FOR TBESIREORQUE ANRPM

Performance Data Value Units \
Displacement Rate 11.4 Qen Qo
Change in pressure 124 Psi

Flow 2 GPM

The closed loop systemas chosen because the systémore efficientand provides

more precise motor controthen an open loop systenfrurthermore, theclosed loop system is
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less expensive and requires less maintengd@¢erhe schematic fathe closed loop hydraulic

system is shown belovin Figure8.

6 < Hydraulic Motor

Directional Valve

I

by o

J}way Flow Control

==Z7

/ “\_Return Filter
/ \

7.4 N
Safety Relief Valve (—\>
AN \\\ g g

v pump 4 / N
M ) )
P \\_/
3 phase motor
FLL Hlidlel eI

Figure8: Hydraulicpower system[10]

Asimilarhydraulic power unibbtainedfrom Dynamic machining shown below irfFigure9.
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Figure9: Similarhydraulicpower pack made bypynamic Machinind10]

2.3 PressurizetiVater System

A pressurized water systersincluded in the design solution to help remove the
residual propellantThe pressurized water system inclisde! different nozzles with 6 distinct
branches locatea@t 60° anglefrom the center shaft. This allows for tleatire inside surface of
the bowl, including the bottom surface, to be sprayed with the pressurized waker piping is
made from stainless sé tubing and is routed through the main shaft so that it can be
concentric with the shaft during rotatiorstainless steel was chosen for the piping material due
to its high corrosion resistance and its availabilityposourced. The process for thpressurized
water system can be found iAppendix CPressurized Water Systeffhe entireassembly of

the pressurizedvater assembly is showim Figurel0 below.
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FigurelO: Pressurizeavater systems withcolour coordinatedcomponents

The nozzles selected for this desaye the highpressure flatspraynozzleswith a 65°
spray anglein order to accommodate the large areBhenozzlesare alsoplacedsuch thatthey
aim45° in front of the scraping bladeghsis so thatthe water can effectively shedne
propellantof the surfacerather than contacting the surface perpendiculafurthermore,
calculations were done to determine the distance from thadius of the bowto the location of
the exitnozzle. This ensures that the spray will cover the entire surfadbe vetical direction
while spinningThe bottom horizontal branch of the piping system incluBlemzzles on each
side.Two of the 5 nozzles spray the bottom 32 inc(@&k2.8 mm)f the bowl radiugwhile the
other three nozzles sprape bottom sidewall section andthe corner radius. The nozzle for

the cornerradius is a single streajet rather than a flasspray This is because gt stream will
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blast the bulk of the material away from the edge of th@tom scraping bladeThe bottom

horizontal branb 3-point nozzle system is shown belowfigurell.

Figurell: Bottombranchnozzleqcolour coordinated)

Thewater system has aexternal connectiorpoint through the opening of the ball valve hole.
Furthermore, he connection point includes a swivel joint so that while rotating the external
water piping will not rotatewith the cleaning systenThe nozzle location calculations dam
found inAppendixC.3 Spray Nozzles Calculations

Computational Flow Analysis wpsrformed on the pressurized system in order to fully
optimize the fluid flow and ensuraproper pressure distribution throughout the design. With
an inlet flowof 2400 psithe systenrequired areduce after the first cross connection point so
that the bottom branch could receiva majority of the pressuredistribution. This is because
the bottom branch ha® nozzles compared to the top and middle branches only having one per
branch.Thecomputational fuid simulationresults can be found iAppendixC.

Lastly, the water systeims constrained to the mechanical systems of the de&ign
rubbergrommetsat the holes of the shaftThis igo prevent the water system from rubbing or
abruptly contacting the shit. The total assembly and bill of materials is shown in the drawing

below.
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2.4MechanicalScraper Blades

Therearetotal 12 scraper blades made fronigh strength neopreneubberthat
removethe residual propellant from the insideurfaceof the bowl The arms of each blade are
made from 316 stainless steel and are welded to the main sBafarmsare used to keep
rotational balanceandare located at 60° angles from each oth&he bottombladeseachhave
3 rubber scrapersmountedat 45° angleso pushthe propellant towards the funnels the
system rotatesThe rubber edges are beveled to help shearpghgpellant and the bottom
corners ardilleted to prevent theblades from hitting the lip of the bowl when the cleaning

assembly is being lowered into the bowl.

2.4.1 Sidé&VallBlades
The side wall scraper bladese designed tecrape al5-inch (381 mm) section of the
bowl while rotating. Therefore, the bowl height was divided into three distinct sections. That is,

the top, the middle, andthe bottom section.This is illustrated ifrigurel3.

- I IIA/ Top Blade Xz

—— ez ey Middle Blade X2

Bottom Blade X2

s

Figurel3: Overview olide scrapeis

The blade heights for the bottom and middle blades 15inches(381 mm), but the top blades
are onlyl12.3inches(312.42mm) in heightbecause the toj2.7 incheg68.58mm) of the bowl
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isnot covered in propellant during the mixing pha3ée blades are designéam 3 different
pieces ofstainless steelectangular hollow tulmg. As previously mentionedhé rectangular
tubing is welded togetheand thenlater welded to the main shaft-urthermore, a Iar is
welded to the face of the vertical rectangular tube to allow for the fastening of the rubber
scraper. The-bar essentially acts as a key for the rubber pifdeblades were designed
usingrectangular tibing to save on material coséad becauséhe transmittedtorque force is
carried on the outethicknessof a material Thus, any material in the center ah object is
wasteful. The detailed material selection for the blades and the rubber scrapensvensin
AppendixG. Side Blades Detailed Design

Thehorizontal orientation othe bladess designed to minimize the deflectiavhile scraping
the propellant The $ress profile and total deflection of the bladesnd the rubber scrapers
weretested in SolidWorks FEfmulations. The max stressthre blade was determined tbe
1160 psi8 MPa)and the maxdeflectionwas0.02 incheqg0.508mm). Thiswaswell within the
acceptable rangef criteria. The=EA simulation results can be foundhe Appendix: Finite
ElementAnalysisThe assembly drawing for the total \ded assembly of the blade arms to the

main shaft is shown below.
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2.4.2 Bottom Scrapers

Thee are six scrapers that clean the bottom of the bowl taeg orientated at 45°
angles relative tarms ofthe blades. Thangled scrapers wergesigned so that thgeometry
of the side wall scrapers could remain simflae bottom scrapebladesconsistof two 20-inch
(508 mm)and one 16nch (254 mm)316 stainkss steerms These armare fastened to the
bottom of the rectangular tubing using drbracketon both sidesThe Ebracketis predrilled
to match the locations afhe holes in the armandare fastened to each scraper using stainless
steel hardwareEachscraper armis attachedto a 45° beveled piecef high strengthneoprene

rubber. Thestainlesssteel arms and rubber scrapers can be seen belowigarel5.

20-inch arm

10-inch arm

Figurel5: Bottomscrapingblades

The bottom scraper arms decrease in size so thatithe exposureprofile of a cycle pushes

the material towards the funnelThe bottom scraper orientation is shown belowFigurel6.
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Figurel6: Bottomscraperfinal assemblyorientation

FEA was simulated SolidWorks softwartn determine the forces experienced on the bottom
scrapper arms and the rubber piec@e results for thescraperarmsyieldeda factor of safety
of 5, anda max stress 6f00 Ps{4.8 MPa) Furthermore,in order to maintain perfect contact
with the bottom of the bowkhe team constrained the desigsf the rubber scraperto have a
maximum deflection of 3mnThe FEAimulation resulted in amaximum deflection 00.08
inches(2.032 mm)with a safety factorof 3. The detailed results of the FEA simulatians

found inAppendixl: Finite ElemenAnalysis

2.5 Machine Elements:

This section providedetails on the design dhe various components not directly
involved in the cleaning process. This includes the design of the transmissiontisdattller
bearing, flexible coupling, and tlessemblylid.

2.5.1 Transmission Shaft
The ransmissiorshaft isa hollow316 stainlesssteel shaft with an outer diameter of 3

inches(76.2 mm)and an inner diameter of 2 inch€s0.8 mm) The shatt is hollow to allow for
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the routing of the pressurized water systeRurthermore, the shaft has threkinch (25.4 mm)
holes located % incheg381 mm) apart for the branches of the water systeifthe calculations
for determining the minimum shaft diameter and the wall thicknass found inAppendixD:
Shaft Desigetails

Thedesign of the shafincluded idenifying the total amount of forces applied on the shaft
from all 60f the sidebladesarms To ensure that failurgvashighly unlikelythe minimum
factor of safety was set at 3 anlleéreaction forces at each location of the share analyzed
using both hand calculations and FEA simulatidhsg. total torque experienced by the shaft
was240 Nm which satisfiedhe criteriafor the minimum factor of safetyThe results of the
FEAalsodetermined the max deflection at the free end of the shaft to be @.b@hes(0.1016
mm). The details on the hand calculations and FEA simulations can be foapdendixD:
Shaft Desigetails

The endurance strength of the shaft was determineeé@nsure thathe shaftwill have an
infinite lifespan. However, when determimg the endurance strength there waeveral factors
that were consideredThe shaft was considered to hazenachinedutside surface
experiencebending momentsand work in temperatures of 12@egrees FTherefore, the
following factors were set

1. A surface modification factor was set@R67

2. A sizefactor wasevaluated as 0.79

3. Atemperature factor was set at 1.01

4. Areliability factor of9%%was set at 0.753
Therefore, after considering all the applicable factors and thatdleaning systerwas
expected to operate approximately 20 minutesr month, with an infinite design lifghe
endurance strengthvascalculated to bet8.24MPa.Furthermore, the minimum shaft diameter
using DEGoodman failure criteria resulted in a minimum outer diameteR & incheg63.5
mm)[11]. To account for any wxpected stress concentrations or material cracking, the final

outer diameter was set at 3 inch€s6.2mm).
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2.5.2Key Keyway, and Key seat

A0.75inch (19.05mm) longsquarekeywith a 0.5inch (12.7 mm)width and heightvas
placed at the hulsectionbetween themain transmission sha#indthe coupling shafto allow
for power transmissionThedimensions for thekeyand key seatvere designedaccording to
the information obtained fronthe Machinery Handbook [11T.he most common type dfey
for shaftsup to 6.5 incles(165.1mm)in diameterwas determined to be& square key
Furthermore, he standard key dimensiatior a 2-inch (50.8 mm) diameter shaft would be
squarekey that has deight and widthof 0.5 incles(12.7 mm) The minimum keyengthwas
determined to be 0.5Thches(14.48 mm) but to design conservatively the key was chosen to
be a standard size of 0.T&ches(19.05mm). The calciations for the key dimensions can be
found inAppendixF: Keyselection for shaft and hubMoreover, © avoid catastrophic failure
the material for the key was chosen to be SAE fS@8less steelThisensures that the&keyis
the weakestmaterial in the power transmission systeifhe final dimensions of the key and key

seat are shown below iRigurel?.

W= 0.500in <=

L

W = 0.500 in

0.251in = H/2

A
O’

Hub section at keyseat

Y
0.25in = HI2

Shaft section at keyseat

Figurel7: Keyand key seatlesign[12]

2.5.3 Couplin@pesign

Ahigh torqueflexible couplingrom McMaster Carwaschosen tocouple themotor
with the main transmission shaffrhe flexiblecouplingcovers an angular misalignment ¢f 2
and provides a parallel misalignment of 0.039 inct@89mm). Based on the torque
requirement of 280 N, the high torque split spider couplingas determined to be the best
coupling for this applicationThe main coupling material is made from urethane which
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withstands repeated use and dampens vibratiamghie shaft. Furthermore he couplings
easily sourced and can handle torque forces up96 Nm. Thetype of coupling used shown

belowin Figurel8.

Split
Spider Cover

Split Spider

Figurel8: High torque flexible coupldi3]

Adetailed design of the coupling included placingetining ring on the shaft near the
bearing location to prevent the axial movement of the shafie retaining ringvas added to
resist the forces generated from the weight of the cleaning system during the process of
installing the equipment. The retaining ring isexternal retaining ringnade from15-7 Ph
stainless steel with Rockwell hardness of C43 and thrust load capacity of 33,3D0dstal
weight of all the cleaning equipment was determined to3t lbs

An Oring was installed at the groove of the hydraulic cylingieprovide a compressive
force when the motor is clamped to the upper mounting pldtarthermore, the @ing helps
to create a tight seal that prevenpower losses from the motor to the main transmission shaft.
The OGring-152 was chosen for the design basmdthe technical information on the drawing as

shown inFigurel9 below and he final coupling subassembly is showalow inFigure20.
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2 Bolt Flange

82,55/82,42
[3.250/3.245]
Pilot Dia.

Groove Provided for 82,6 [3.25]
1.0. x 2,62 [.103] Cross Section O-ring
( Dash No. 152)

[13,62//13,55% . ——-I» 15,2 [60]
.550/.530] Dia. Thru 2811

(2) Mounting Holes (1]

—— 98,3[3.87] Max. — ¥ Max.

Geroler Width
-FX-

A Port

Standard Motor
End Cap

Figurel9: Gerolermotor drawingidentifying the recommended O rirj@4]

Hub section with key to
couple withhydraulic Motor

Flexible Coupling

Shaft section with key to couple withe
inner diameter otransmission shaft

o 1

Figure20: Couplingubassembly

2.5.4 BearingDesign

The main requirement of thbearingdesign wagso supportthe radial and thrust loasl

while allowing verysmallmisalignmens. Therefore, amounted4-bolt flangetapered roller

bearingwas selected for the main shaft diametdihe roller bearing was source from

McMasterCarr and can handidynamic radial loads anthrust load 0f12,300 lbs an&150
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Ibs, respectively13]. Thebearing ismounted directly omo the lid of the cleaning machinwith

a¥>13 UNolt as shown irFigure21.

Transmission Shaft

Bearing

Figure21: BearingConnected On The External Diameter Of Thensmission Shaft

The recommended design life for the bearing was considered to be 30,000 hours based
on the recommended design life for the bearing on a sinafgplication for ageneral industrial
machine as per table 14in the Machinery HandboolA reliability factor of 95 % was used and
identified to be 0.62 as per table ®ifor life designatiorf11]. The equivalent load fa
tapered roller bearing was calculatéa be 142 Ibf as shown iAppendixG. Side Blades
Detailed DesigrFurthermore, a basic dynamic load rating was calculated to erikatehe
selected bearingvassatisfactory for the design antiwas evaluated 8262 Ibf This resultvas
significantlybelow the rated dynamic thrust load capacity ahe dynamic radial load capacity.
2.5.5 LidComponents

The lid was designed in order fix the position of the cleaning assembly in the mixewbo
The lid itselicontributes toaligning themain shaft with the center hole of the bowl
Furthermore, this included the centering of theessurizedvater line systemthe side
scrapes, the bottom scrapes, andthe hydraulic motor The maircomponents of the lid are as

follows:
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1. Rotating eyboltsfor lifting: Thereare 3 rotating eyebdislocated at 120 degreespart
from each otherThe eyebolts can be securely fastened to the lifting crane during the
transferring process of the cleaning epment. The equipment will bdifted and
transferredinto the mixing bow! forthe cleaning operatiorand removedonce the
cleaning operation is completed

2. 1.5inchdowel pin: Thel.5inch diameterdowel pinsare used for locating the cleaning
systeminto the mixing bowlThe dowel pins were designed to be retrofittable on the
current mixing bowblnd the pinsconstrain5 of the 6degrees 6freedom

3. Toggleclamps:Toggle clamps were used ¢tonstrainthe verticaltranslation movement
These toggle clamps were sourced frdoMasterCarr and modifiedo sufficiently
clamp the thickness of the lid with tHg of the bowl. Furthermore, the toggle clamps
constrain the last degree of freedom that the dowel pins did not.

4. Holes forbearing location A bearing housing witfour bolt flangesare located at the
centre of the bowl supporting the axial and radial loatlis was done to add simplicity
for the firsttime installation process.

5. Mounting plate for motorAs previously mentioned there are holes to help locate the
correct placement of the mounting plate for the hydraulic motor.

A completelid assembly is shown below kigure22.

Rotating Eykolt

Bearing Mountin&PIate
Toggle Clamps

2N

|
'
A

& F

~1.5inch Dowel Pins

Figure22: Lid andts components
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2.5.6 Waste Collection Funnel

Afunnelwas included in the design to guide the waste propellant wadtewaterinto
the waste collection systenThe funnel was designed to be retrofittable at the ball valve
openingusing the existing tapped holes. The funoehstructed out of aluminen and weidps

4.5 lbs, making it easily removable. The funmelinting plate is shown below Figure23.

Figure23: Retrofittablefunnel
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3.0 CostBenefitAnalysis

This section providethe detailedinformation onthe desigrnsolutionfrom financial
point of view which contributes to the success of the projedherefore, a detailed codienefit
analysis wadloneso that client candentify the feasibilityfor creating a prototype of the

cleaning solution.

3.1TotalCost

The total securd budgetfor the project was $10000 CAD. e cost of the entire
assembly was calculated based off therent market pricesind resulted in a total design cost
of $63144 CAD Any custommadeparts werequotedfrom local vendors in Winnipegnd any
costs based opast market costs were adjustedrfmflation. More details on thequotesfor
variouscomponents provided by the local vendaman be found irAppendixJ DetailCost
AnalysisThetotal costof the sem automated propellant cleanaeras divided it mainparts
the Teflon coating applicatiorthe hydraulic systemthe mechanical components arttie
pressurized water systenT he results are tabulated below.

TABLEV: TOTAL COST OF SEMTOMATED PROPELLENEANINGEVICE

Teflon Coating 5068
Hydraulic System 14000
_ Purchased part 5063
eIl el Designed/ManufacturedParts 34752
Installation Cost 2000
Pressurized watesystem 2262

Total Cost $63144

The installation cost was calculatbg assuminga total of 10hours for the firsttime installation
and assembly of the desigRurthermore, thetotal cost estimate for manual labour hours was
based on amominalhourly rate of 2035/ hour, which gives a total cost fdhe installation to be
2000%.

The miscellaneous cost of 20 percent was adideithe total cost ofthe mechanical

componensand pressurized water system to account f@w equipment training, andhie cost
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increaseassociated with the increase of water usa@eerall,becausehe total cost for the

designwas$63 144 CADthe project was under budget by a margin3a®s.
3.2Benefit Analysis

In order to determine thevariousfinancialbenefits associated with the project the new
design solution was compared to the current cleaning process. In order to evaluate the total
cash flow, be following parameterswere considered

1. Minimum acceptableate ofreturn (MARR)asset at4%][15].
Atwo-yearrate of return on investment was consided acceptable
A nominal hourly rate of operation &valuated at$200/ hour per person
The current cleaning process takes approximadé&yminutes tol hour.

Approximately 5 popleare involved in theurrentcleaning process

I

The cleaning process is done after each casting operation and curoectlys on a
monthly basis.

7. Thetotal time to clearnthe propellant mixing bowlising the new design solution is

assumed to b&0 minutes

8. A constant cash flowas assumedbr the calculations of present worth analysis.
The cash flow analysiketermined that the new design has a cost of $66.67/month whereas the
current cleaning method has a monthly cost of $1000/monthe fEsultsfor the cash flow
analysis can be found TABLE.
TABLE/: CASH FLOW ANALYSIS

Cost (SemAutomated Propellant Cost (Manually Cash flow

Cleaning Device) [A] cleaning) [B] differences (BA)
$63144 $0 $63144
$800 $12000 $11200
$800 $12000 $11200

As shown iIMABLE/ the present worth othe design cost wa$63 144 CADandthe uniform
annual benefitwvas$11 200. Thepresent worth ofthe benefitswas evaluated by usirgy

compound interest tablevith MARR 4%t number of yeasequal to 2 This resulted in a
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present worth factorof 1.886andatotal present worth benefiof $21124.32 Furthermore,

the benefit to cost ratio was calculated to Be34 Therefore, based orthe 2-yearrate of

return, the new cleaning methodas a financiallowngradefrom the current cleaning system.
The year at which the new cleaning design becomes financially viable is after 7 years. The
tabulated results of the benefitost ratioare shownbelow.

TABLE/I. BENEFIT TO COST RATIO

1.886 21124.32 63144 0.34
2.775 31081.12 63144 0.49
3.630 40654.88 63144 0.64
4432 49860.16 63144 0.79
5.242 58711.52 63144 0.93
6.002 67223.52 63144 1.06

Although thecurrent cleaning solution is the smarter choice financjalig main concern from
the clientwas the safety increase from a new design solution. Furthermore, because the new

design solution is under the total budget was deemed successful in thenefi-costratio.
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4.0 RiskAnalysis

The risk analysis composed ofigeneral risk analysend FMEAFailure Mode and
Effect Analysis). Thaurpose of the risk analysigasto identify anypotential failures through
the current designmethodsand to provide mitigation tactics for these failure methdds.
Thegeneral risk analysisackground and identification can be foundAppendixK: General
RskAnalysis

Therefore, his sectiorfocuseson anticipatinghe potential failure modes with theew
designby usinghe FMEAapproach The greatest risks to the new design solution were
identified to be the wear of the Teflon coating, the maintenance of the shaft, and the
application of lubrication on the toggle clamps. However, all the greatestasgaciated with
the design could be resolved with routine maintenance performed by Magellan Aerospace.
FMEAwasperformed onthe entire assemblyand the installatiorprocessn order to identify
any possible failure modeThe fit, form, andunction of each component on the final
assemblyand on the installatioyprocedurewas considere(il6]. Thedetailedstep-by-step
installation procedure is shown #yppendixL

In order to accurately measure ttseverity of a failure mode, theesgerity, frequency
and detection rating scalere used to condudhe qualitative analysisTABLE/lIshows the

severty rating scalewhich is ranked by the impact that a failure mode would have on the

client

TABLE/IE SEVERITRATINGCALEL6]

Severity of effect Ranking

Unreasonable to expect that thainor nature of this failure
would cause any substantial effect on system performance or
Minor

a subsequent process or service operation. Customer unlikel

either notice or care about the failure
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TABLE VII: SEVERITY RATING SCAUBIfiE}ied)

Severity of effect Ranking

Low severity ranking due to nature of failure causing only a sl
customer annoyance. Customer will probably notice only a mi
degradation of the service performance, or a slight impact or &3
subsequent action.e., some quick, minor rework
Failure causes some customer dissatisfaction. Customer is n
uncomfortable or is annoyed by the failure. Customer will
\eh[EIEIEAN  experience some very noticeable inconvenience or performar 4,5,6
degradation. May cause either delay due to rework or irreversil
damage
High degree of customer dissatisfaction due to negative impa
the failure such as an inaccurate payroll run, loss of vital date
an inoperable convenience system (i.e., conguudrashes). Does
not involve safety or noncompliance to government regulatior 7,8
May cause serious disruption to subsequent processing; ms
require major rework or loss to customer and/or create
significant financial hardship.
Failuremode involves serious personal safety hazards, poten

Very high o . . : 9,10
for civil litigation or noncompliance with government regulatior

Furthermore, TABLE/llIshows the frequency rating scale where the probability of failure is

rankedfrom a remote failure ® avery highrate of failure.
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TABLEVIIt FREQUENCY RATING S[@8)E

Possible failure

Probability of failure Rankirg
rates
Remote: Failure is unlikely. No failures ever associated w _
' ' 1 <1in 20,000
almost identical processes
Very low: Process is in statistical control. Only isolated _
_ _ _ : _ 2 1in20,000
failure associated with almost identicgirocesses
Low: Process is in statistical control. Isolated failures ;
_ e 3 1in 4,000
associated with similar processes.
Moderate: Generally associated with processidee previous 4 1in 1,000
processes which have experienced occasional failures, b 5 1in 400
not in major proportions. Process is in statistical control 6 1in 80
High: Generally associated with processes similar to _
_ _ _ _ 7 1in 40
previous processes thatdve often failedprocess is not in _
__ 8 1in 20
statistical control
- - - - - 9 1 in 8
Very high: Failure ialmost inevitable _
10 1lin2

TABLEXshows therating scalébased on thdikelihood of detectiorwhich is ranked fronvery
high toabsolutelyno detection.

TABLEX DETECTION RATING SQA&]E

Likelihood of detection Ranking

_ Current controls will almost certainly prevent the failur
Very high _ _ 1,2
(process automatically prevents most failures)

_ Current controls have a good chance of detecting the
High _ 3,4
failure

Moderate Current controls may detect failar 5,6
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TABLE IX: DETECTION RATING SCALE [15] (Continued)

Likelihood of detection Ranking

Current controls have a poor chance of detecting the
Low _ 7,8
failure

Current controlgprobably will not detect the failure 9

Absolute certainty

_ Current controls will not or cannot detect the failure 10
of non-detection

In order to avoidanybias in the calculatedaluesfor the risk priority number(RPN)
which isthe product ofthe seveity ranking frequencyrankingand detectionranking, theteam

performeda brainstorming exercise to identifige final ranking foreach procedure

4.1 Process FMEA
The followingTABLEK identifies the operations performed during the installation of the
cleaning solution and any failures that could occur during the cleaning cycle. Any potential

failure methods or failure causare identified with each failure mode.
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TABLEX PROCESS FAILURE MODE AND EFFECT ANALYSIS

Water pipe and joint are Leaking joint 5 _h LJS NJ- 3 Visual
not properly connected inattention
h LIS NI 62 Npa Snaftmight fall oftnd h LIS N3

damage the shatft, 8 3 Visual

installation . inattention
Injury to operators
Improper lifting Damaged scraper cannot A
. h LIS NJ .
damagesthe side and applyenoughforce to 8 . . 3 Visual
inattention
bottom scrapes scrape propellant out
Misalignment of assembly
Assembly is placed off would provide unbalanced h LIS NJ .
5 . : 1 Visual
centre pressure forcend effect inattention
the shatft integrity
Lose control of rotating
Lid is not clamped shaft and the assembly Inadequate .
. 4 . 1 Visual
properly would vibrate to damage installation
the blade and scraper
. . h LIS NJ
Incorrect installation of . . .
. The shaft rotates opposite inattention
hydraulicintake and L N .
direction to the direction 3 or 4 Visual
outtake for the . .
: intended improper
hydraulic motor
set up
Operator could not . . .
incorrect installation would A
properly connect . . ) h LIS NJ .
: cause insufficient hydraulic 4 . , 1 Visual
hydraulic power systen inattention

power

with hydraulic motor
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TABLE XROCESS FAILURE MODE AND EFFECT ANALYSIS (Continued)

N/A N/A N/A N/A N/A N/A N/A  N/A

Pressurized water - .
Insufficient pressurized

cannot provide enough water to flash offthe 3 Improper 1 Pre_ventatlve 4 12
pressure due to head ropellant residuals set up maintenance
lossor friction losses prop
Thg(uggogft"r:r}grgght Large deflection of rubber Bottom
required for scraper to would cause insufficient 4 scraper 4 Visual 1 16
r;lush the propeIFI)ant force applied tgpropellant capability
Residual oropellant left Require human manually Residual
Prop scrape the residual propellant .
on the scraper would 7 Visual 1 21
drop into mixer bow propellant and extra laboui left after
hour casting
The mixer
Residual water could require human manuall bowl can
not be drained through q . Y 3 not be 6 Visual 1 18
clean the mixer bowl
funnel cleaned
completely
Components might SIS ERI[ERIEE Improper
P g cause inner or our 1 prop Visual 1 2

get corrosion storage

leakage
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4.2 RcommendedActionfor Cleaning Procedure

From the operatiorprocess analysjshe installation and lifting of the entire assemibigth before andafter the cleaning
process were identified to havbe highestRPNvalues(RPN values greater than 2This was duéo the risk of an operatonot
paying attention durig the installation process and thumcertaintysurrounding theamount ofresidual propellanthat will beleft in
the mixng bowl afterthe castingprocessThe recommended actiafor these highest risk procedures are shown beloivABLEL
CdzZNI KSNX¥2NB>X GKS NBEO2YYSyR fiwlvad @ thd igstallatio? pidcasKase in¥iudet dak thé I3 INLP (O02SNTA 30
knowledge.

TABLXt RECOMMENDED ACTION FOR OPERATION PROCESS

Installation of the Mechanical Ensure all the nuts anablts are fastened together
components such as (Retaining ring, before and after cleaning operation. Ensure there
fasteners, mounting plate, motor and no damage on the location where the retaining rir

bearing) sits on the shatft.
Lifting theassemblyby hooking the three  Ensure the hooks are latched properly onto the
eyebolts eyebolt

Operatorstand ona high stage anthanuallyclean
the residual propellant and water by using lestick
mop or squeegee

Take out and clean the assembly,
disassemble all the components

First time Installation of the pressurizes Do a leak test and ensure there is no leaking.
water system
Ensure the system is connected properly or provi
a user guide for operators or proper training
Assemble hydraulic power system  modules./ Test the entire assembly to ensure ther
is enough pressure to flash off the propellant

residuals
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4.3 AssembifComponens FMEA

The FMEAonducted for eaclof the assemblycomponensis shownbelow inTABLKII
TABLKIt DESIGN COMPOENENT FAILURE MODE AND EFFECT ANALYSIS

surface .
. . The forces required to
. imperfectionsor .
Teflon coating . shear thepropellant will
looseadhesionof

: increase
Teflon coating

Cavitation or VLS (3], (oS

. connections or system
aeration
. leak

Hydraulic h LISNJ G 2 NR

power system ; - Motor might run over
installation or ; . .
; its maximum drive
mismatched
speed
components
- W'th The movablegarts
rotating The toggle clamps
and threads of ; )
eyebolts, dowel cannot tighten the lid
) toggle clamps get
pins and toggle properly
stuck

clamps

Locapng Flaking or skewing Shaft might not operate

bearing properly

Split hub rupture or ,
Couplers crackof flexible STl

elements lekell
Overload on groove Loose control to hold
Retaining ring cause retaining ring shatft in place where the
deformation shaft will fall off
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3

1

D

w

Long time cycles

causeTeflon
Degradation

Improper set up

h LIS NI
inattention

Insufficient
lubrication of
lightweight oil

Improper
lubrication

Excessive
torque loading
or coupling
misalignment

Underestimate
groove load

4

Preventative
maintenance

Hearing
abnormal
noise

Visual

Preventative
maintenance

Hearing
abnormal
noise

Hearing
noise

Visual



TABLE XIDESIGICOMPONENHAILURE MODE AND EFFECT ANALYSIS (Continued)

Water pipe Corrosion or

fatigue
. Corrosion or
Water pipe fatigue
Water pipe Pipe wall rupture
Shaft Fatigue or torsional
fatigue
Side blades Large displacemen

of rubber scraper

Large displacemen

Bottom scraper Lo bher scraper

Swivel joint N/A

Funnel N/A

Pressure fluctuation
cause lowpressure to
flush the propellant

Pressure fluctuation
cause low pressure to
flush the propellant

Pipe rupture or tear
leads to an open wall
that might decrease the
pressure
Longtime cyclical
stresses or loose
coupling fitcouldlead
to shaftfatigue
Thick propellant
remaining on the side
surface leads to extra
force applied to rubber
Thick residual
propellant left on the
bottom surface

N/A

N/A
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Chemical

. 1 Visual 1 1
reaction
1 Cluzmize] Visual 1 1
reaction
Natural failure
1 of Ductile 1 Visual 1 1

material

3 Longtime use 3 Visual 2 18
4 Extra propellant 5 Visual 1 8
left
4 Extra propellant 5 Visual 1 8
left
N/A N/A N/A N/A N/A  N/A
N/A N/A N/A N/A N/A  N/A



4.4 Recommended Action fédrssembiComponens
In theassemblycomponentriskanalysisthe top two failure modes occurredwith the

mechanical scraping componergsanRPN above 1(Repeated use dhe cleaningsystem
couldcause cyclicatresson the shaftandthe scrapes. Thus, resulting in the strengthf the
componens to decreaseThis irtludes the risk of the Teflon coating needing to be reapplied
periodically.Therefore,in order to mitigate the risk of material and components from cyclic
loading or material crackinggular maintenancehould be performed by Magellan Aerospace.
The recommended actions are shown in the table below.

TABLKIIt RECOMMENDED ACTION FOR DESIGN COMPONENTS

RPN Operation Procedure Actions Recommended

Shaft Shaft repaiservice
12 Teflon coating Repair and rapply[17]
Toggle clamps RegulalLightoil lubrications

Regular Maintenance:
! Regular inspection on all the components
1 Check and fasten hardware
1 Proper lubrication on bearing and couplers
1 Cleaning and proper drying, storing assembly

page45



5.0Design Summary arecommendatios

The design components of the final design were considered and compared to the
technical specifications to confirmthatli KS Of A Sy (i Q a Th¢ &Y head thatSviiss
not met was that thenoise levebf the desigrexceeatd the threshold for hearinglamage of a
human. Therefore, it is recommended that any operators in the vicinity require hearing
protection. However, there are some needs that will not be able to be confirmed until the
product istested. Therefore, any technical specifications thanaot be verified until tested
will be denoted with an asteriskhe results are tabulated below.

TABLKIV. FINAL DESIGN COMPARISON FOR NEEDS AND SPECIFICATION

Number Needs Met Metrics Specifications

DesignSolution

Ideal/Marginal

Pass
1,12 Quality Inspection  pass/fail * *
23,4513 Safety/Risks pass/fail Pass Marginal
2 Noise Level db. 78 Eail
15 Operator Movement m >20 m Marginal
6,9 Size ftr3 152ft"3 Marginal
- 10 Life Cycle cycles Infinite Ideal
7,10 Stress on equipment  MPa 3F.0.S Ideal
- 11 Process Time minutes g &
- 8 Easy Interface subj Requires Setup Marginal
5,13 Temperature deg F 180 F Ideal
16 Waste Produced Ib * *
14 Cost $CAD 63,144 Ideal
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There are several design aspects that were not considered in this project due to the
limited scope. Therefore, therae some recommendations that need to be considebsdore
producing the cleaning system for its intended purpose. The largest constfdim project
was that while results were simulated, it is recommended that intense physical testing take
place to confirm the simulated result¥his willaccurately measure the cycle time of cleaning,
and the effectiveness of removing the propellant. thermore, the testing would determine
how much water would be required and the total amount of waste produced from one cleaning
cycle.

Another aspect that was considered out of the scope was the application of the Teflon
coating. While the Teflon coatirgignificantlylowers the amount of shear force required to
clean the surface of thpropellantmixing bow] the coating may need to be reapplied after
applying significant forces or excessive use. The life cycle of an effective Teflon coating is
unknown aml further research and testing is recommended in order to gauge an accurate
picture of how often a recoat would need to be applied. Furthermore, it was assumed that the
Teflon and any materials involved in the design would not interfere with the rocketgtiemt
chemical composition based on company experience. The extent of this knowledge was not
passed onto the team and thus it is not a guarantee that any or all of the components,
specifically the Teflon coating, will not affect the integrity of the mitamt during the mixing
and/or casting phase.

Lastly, other design concepts were generated but determined to not be thedesggn
concept done by screening and scoring methods performed by the team. However, one of the
identified design concepts coutteate a final design that is better suited for the application.

The total list of design concepts can be found in
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6.0Conclusion

Theprimary goabf the projectwasto designanew safe and efficienpropellant
cleaning procest® clean the residulgpropellant from the mixing bowIrhecurrentcleaning
processequired an operatorto climb inside the mixing bovib manually scrapeown and
wipe down te propellant from theside am bottom of the mixing bowlFurthermore, he
current cleaning process is not pleasastthe bowl is hot, slippery, and is considered a
confined spac¢2].

The finaldesignwas developedising a iterative and incrementapproachby dividing
the projectinto three ditinct phases Thefirst phaseincludedidentifyingthe customer needs
andthe required engineering metrics to meet those needhis included research on the root
causeof the problem which was done usitige problemsolvingmethod calledDMAIC(an
acronym forDefine,Measure, Analyzdmprove and Control)The second phas# the project
included generating conceptand ranking these concepts based on screening andrggor
metrics that considered bothuantitative and qualitative analysiBinally the third phase
includel the finaldetaileddesign phasgwhere theconceptselected inthe concept
development phas&vas further refined to meet the customer needs and speatfons The
testing and evaluation phas# the iterative and incremental development wast included in
the scope of the project.

Thefinal designsolutionincluded apressurized water syste andhigh strengthanti-
staticneoprenerubber scrapergo clean thesides and bottom of the propellambixing bowl
Thisnew desigrusesa hydraulic systento provide powerto the systemThefinal designisa
semiautomatedsystem wherehe full assemblygets clamped onto the mixing bowafter being
placed in the bowl! by an overhead crane lift. Tinessurized water systeand hydraulic power
lines arethen connected tatheir respective fluid lineszurthermore, & the designed
components were analyzedifstresses anébads. The most critical component was the shaft.
The final shaft design demonstrated a safety factor of 3 while considering different modes of

failure such as static, fatigue and deflection, hence providing a safe and effective design.
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A cetailed costbenefit analysis determined the total cost of the budget to $63 144 CAD,
which is underbudget by 37%. Furthermore, a pay back period of 7 years was identified when
compared to the current process.

A risk analysis was conducted and determitteel highest risks to be the Teflon coating
requiring reapplication, the toggle clamps requiring lubrication, andrigleof fracking or cyclic
loading on the shaft. To mitigate the risks associated with the project the operators will have to
receive traimng on how to perform routine checkups on cleaning equipment

Toconclude, thdinal designis a success because the dessgiution eliminates the
need for operator to climb inside the mixing boarid providesreduction in operatindime and
cost while icreasing the totasafety forthe operators.Thedesignmeetsall of the currently
verifiabletarget specificationsexceptfor the noise levemetric for whichthe team
recommendsa requirement for operators to wear hearing protection while opargtihe
cleaning equipment. Furthermore, itiscommendedhat the final desigrgo through a
prototype phase and receive physical testing in a controlled environment before being installed
permanently All of the expectedproject deliverables are provided this reportthat included
preliminary engineering drawings the important design componentsith detailed bill of
materiak as mentioned iMppendixM - Engineering Drawis. Therefore, the final design

solution is considered acceptable and a success.
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Appendix AConcept Development

This sectioroutlinesthe varbus desigrconcepts developed to clean the rocket
propellantmixing bowl.This includes general material consideration, the design solution
working principleany waste materials or consumablesd the amount and type of power
requiredfor the cleaning process. Furthermore, all designs use automation or novel techniques
that eliminate the need for the operator to climb into the mixingwl andconsider alfelevant
explosive safety issueghe concept development process was performgdibing both
internal research ideasom Magellan and researching currentlustry solutionsThe concepts
were generated during a brainstorming sessigmere every unique possibility was considered
usingbrainstorming toolknown asrapid idea generatio and round table idea generation
After this initial round obrainstorming the concepts wheréasked toteam memberdo
perform individuakesearch on each ide&fter performingresearch on existing technology,
through patent checks and current industeaders theindividualteam members created
further concept designs based dfffe most optimalworking principlesand presented the new
concepts to the teamTheseoptimal workirg principles were determineldased offsimilar
designdrom the Indian SpacBResearch Organizatigh8] and other aerospaceaelevant parts
such ascurrent cleaning processfor jet enginedarge industrial boilers, and large propellant
mixing bowl!q18].

Through concept generatiogleven different clean methods wedeveloped with a
total of 14 unique desigeoncepts The concept development mamm brainstorming carbe

seenin Figure24.
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Figure24. Different Methodsfor Cleaninghe Propellant Mixing Bow

A.1 Bowl Lubrication

Oneof the designapproachegsaken bythe team was toaddress the rootause of the
problem and attempt tadecrease the amount of propatit waste remaining in the bowl after
casting This would cause more propellant to be remowding casting and thueduce the
amount of residual propellant needing to be cleaned from ltiesvl. In addition, this would
reducethe amount of propellant wastéhat is later burned With lesgresidual propellant the
cleaning processould besignificantly improved andiould require less shear force to remove
the propellant. Thus, this design sthn could be used in conjunction with another design
solution toimprove theoverallperformanceand cleaning process.

The bowl lubricatiortould beachievedby applying a coatingr lubricanton the inside
of the surface of the mixing bowHowever the coating/lubrication needs to not change the

chemical composition of the propellantherefore, arious coatingand lubricans were
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researched Teflonis an example of widely usedmaterialin the aerospace industrgue to its
highly advantageousnaterialproperties. Some of the key attribute®r Teflonincludeits high
chemicalresistanceits low coefficient of frictionjts hydrophobidty (repels waterandits high
temperatureresistancg19]. Another example of a coating that could be applisc polyimide
graphite compositeAn example of this material is TECASINT 20&hich has good slide and
wear properties, lgh thermal and mechanical properties ahigih impact strengttj20]. The

high impact strength is importardecause this concept would have to be paired with another

design solution thatould potentially cause wear on the coating.

A.2 MechanicalScraping

Mechanicdscraping is a working principle that waevelopedby the team wherea
power drive, whether manual or automatiwjll deliver rotational power to a device that
removes the propellant from the bowl. The power input could be eitheekectric motor,
pneumatic system, hydraulic system, or manual mechanisms such as a crarfkkrarmthis
working principle three separate designs were developed thatatér be compared in the
screening and design selection of the report.
A.2.1Pulley Sid&Vall Scrapinda\ssembly

The firstmechanical scraping concegésign is a pullegystem thatmimicsthe existing
Magellan Aerospaceleaning procedurethrough automation2]. The whole assembly conssst
of acover plateacleaning pulleyaninput pulley, CNC pasg a hydraulicor pneumatic power
input systemanda vertical shaft. Thepower is transmitted from the input along a inppulley
to an intermediate shaftonnected to the cleaning pullef¥he cleaning pulley rotates a vertical
shaftconnected to a cover plate witilicore stripson the sidethat remove the propellant and
curvedsilicore strips on the bottom to funnel the ppellant towards theball valve discharge
hole. The cover plate would most likely Ineade ofthe samestainlesssteelgrade as the bowl
to maintain its good corrosion resistance properti€sirthermore, for the sake of this design
report the power input system will not be designed until detailed design is perforrmed.
addition to the mechanical scrapimgechanisma water and soap solution would be used to

clean the surface of the bowhcethe bulk of the propellant wastes removed.Lastly, due to
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the unique shapand size of the bowl, most parts included in this design would be fabricated

using a CNC machin&.sketch and model of tf concept are shown below Kigure 5:

Figure25: PulleySde Wall Scraping

A.2.2ThreeBladesRotating Assembly

The second design concaptmechanical scraping utilizdsee rotating blades with
each blade covering a sectiofithe inside surface of the bowlhe threebladeswould be
designedsuch thatthe edges of the bladkft the propellant off theinsidesurface of the bowl
Thiswould involve rounding the blades torovide forcesnormal to the bowl surfaceand a
sharp leading edge toontact the surface of the bovdl & dzy RS NY S| G K&éThé KS  LINE LIS
blades would also berrappedin a non-sparkingrubber material Furthermore, the blade that
runs along the bottom of the bowl euld havea sharp edge both on the side of the bowl and
along the bottom surfaceThe edge of the bladalong the bottom of the bowl would be bigger
to accommodatehe increase of propellant wastesat isscraped from the top layersThe
bottom blade would also havgeometryto match the bottomfillet radius of the bowl

Thedesignreasonng behind using three blades isdgnamically balance the shaft as
the assembly rotatesThis will lead to less vibration and in increase ingtebfe. A model for

this concept is shown below Figure26.
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Figure26: Three Blades Rotating Assembly

A.2.3LeadingScrew Assembly

Another design solution that works of the principles&chanically scraping the
propellant off the inside surface of the bowslone where the arms spin along a leading screw
that can be powered either manually automatically.The armsof this design would be spring
loaded so that they maintain contact with the surface of the bowl throughout the entire
cleaning procesd his design would work in cycles and would hsixéifferent tool ends
adjusted after each cycl@&he order of théool endsis shown in the following list:

1. Ascooping tool that scoopmost of thepropellant off the sides of the bowl.

2. Ascraping tool that wouldcrap off the remaining propellant leaving just a thin layer
propellant that slightly discolours the surface of the bowl.

3. Next, the bottom of the bowlvould be cleaned using a curved scooping tool that
pushes thavaste propellant towards the ball valdischarge holeThis tool would sit on
the bottom of the leading screwand rotatefor a set time

4. The fourth tool would scrap the bottom of the bowl to ensure there is no propellant left
in the cornerradius andcollect any propellant left after thecoopng tool.

5. The fifth tool would then be anop tool that sprays soap and water while using a
squeegee likeool endto clean the surface of the bowl

6. Finally the bottomof the bowlwould alsobe cleaned with a mop tool.
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The design would be made of stainless steel the tool ends would be from nestatic
polymermaterials. An important design consideration for this technique isaith#gedprocess

time required for using multiple tool configurationdowever, the requiretime would be
determined during the testing of the process and is therefore outside the scope of this project.
Furthermore the required power for the operator to crank thrmechanical mechanisyor the
design of the pneumatic, hydraulic, or electrical poweut, will be designediuring thenext

phase of the projectAn example of this design is shown belovrigure27.
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Figure27: Leading Screw Assembly

A.3 Removable/Replaceable Sleeve

Another design solution is tasert a removable sleeve that fits on the inside of the
mixing bowl. This would eliminate the need for the mixing bowl to be substantially cleaned
because the sleeve could be removed and cleaned using alternative methods. The sleeve could
be designed out offte same stainlessteel grade as the bowl or out ofp@lymer material,
such as Teflon. The method for cleaning the slaés\atill open ended and could be used in
conjunction with another desigooncept. An example of a removable sleeve is shown below

Figure28.
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Figure28: Removable/ Replaceable sleeve

A.4 Piston Cylinder Pressure

A piston cylinder using pressure as thain cleaning method waalsoconsidered for a
design solution. The piston would have to be rigged to the top of the bowl, while ensuring
perfect surface contact on the inside diameter of the bolWlis could be achieved by using a
flexible material on the rim of the piston so that tkentact betweerthe surface of the bowl
and the piston would havthe elastic forces of the material creating a suction like fofde
piston would also have to made of a material that was non sparking. As the piston would slowly
push down on the inside of the bowl therte and pressure would push the excess propéllan
out of the bowl through theopening in the bottom of the bowl. It is important to note that the
pressure forces would have to be greater than the pressure exerted when the propellant is
casted. This is baase the pressure forces must shear the excess propellant off the inside
surface of the bwl. Furthermore,in orderto cleanthe bottom of the bowlthe piston edge
would haveto have an adjustable diameter. This would allow the bottom surface of the bowl to
be cleaned afterll the side walls have len cleanedTheadjustable diameter would also

eliminateanyconcerngegardingresidual propelnt being dragged uphe sides othe bowl
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when removinghe piston head. An example of this working principle can be shown bielow

Figure29.

Figure29: Piston Cylinder Pressure

A.5Burning Process

Another method considered to clean the mixing bowl was to burn off the excess
propellant. The burning process could be performed in a controlled environment outside of the
explosiveclass 1.3 designation buildingfter burning the excess propellant off, other
techniques would have to be explored on how to cleangbet off the inside surface of the
bowl. For example, the propellant could be burned off and then the bowl could béhnaigh
a pressurized water system that would clean aaditize thebowl for the next propellant

mixing batch.

A.6 PressurizedVater:
Another method considered to clean the mixing bowl was to use pressurized water with
multiple nozzles at various anglas shown irFigure30 (b). Thisnozzlemechanisnusesthe
fluid to rotate a turbineconnected toa geardrive systemThedrive system themotates the
hub around thecentralshaft[21], where a greatetiquid pressurgroducesfaster rotatioral
motion around the shaftThe designs intended to work while the mixing bowl is on the
cleaning stand. The shaft will be rotated througmotor, hydraulic system or pneumatic

systemand the water will run through aompressor pressurizing the water witenough force

page- 8 -



to both rotate thenozzle mechanisms arsthear the propellanoff the bowl. Furthermore, a
funnel with negative pressure will be attachemthe ball valve holgas shown irFigure30 (a),
to removethe mixture of propellant residuals and water and guide it in the waste container.
The method of using pressurized water vised orexternal research donfor cleaning
procedures oboilertanks and reactors

Although most degins consider using water to clean thepellant this design concept
uses just the shear force of the waterdtean the bowl Furthermore, in order t@ensure that
the bowl does not fill up with ater andprevent thewater spray from contacting the bowl
surface, the system can be run in cyclése(@ dishwasherjo allow water and propellant to

sufficiently drain.The timing of these cycles would be determined through the testing process.

Figure30: Presurized Water Assemb(p) Using pressurized water to clean the mixing bowl
with the funnel at the bottom tacollectthe propellant residual wast€b) Spraying Nozzle

Mechanism

A.7 Combination ofVater and Scraping

Another methodconsidered to clean the mixing boadnsised of combiningconcepts
from mechanicakcrapingand pressurizedvater. By combiing these two working principles
the cleaningprocessgainsnumerous benefits such dke pressurized water actings acoolant
for the rotating tool scrapingoff the propellant Furthermore, with both the pressurized water
and the tool ends removing theropellant materiawill lead to decrease ithe cleaningprocess
time. In order to sufficiently represent the variety of design ideas under this working principle,

two design concepts were developed are outlined below.
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A 7.1 AixedArm Assembly

The first idea in the categof combining pressurized water witnechanical scraping
consisted ofa framewith hollow tubesas shown irFigure31, where pressurized water will flow
inside the tubs andout the small holes locatedlong the vertical tubeslhe entire assembly is
rotated around the central shaft so that the pressurized water can reach the entire inside
surface of the bowl Furthermore,a curvedscrapng toolis located along the bottom of the
bowl that pushes the waste towards the exit ho&imilarly there is two scraping toolsn the

sides ofthe assemblyhat ensureany propellant missed by the waterresmoved

Figure31: Combination of Water an8crapingFixed Am)

A7.2Extendable Rod Assembly

Thesecondconceptideathat combines pressuizedwater andscrapingogether
involves arinput motorthat isinstalled on the top ofrotating shaftthat rotatesthe whole
assemblyA bearing is installed betweedhe shaft and lid so that the lid will be at a static state
to cover thespilled water.Two water outles areinstalled onthe shaft forsprayingpressuized
water anda soap solutiorin orderto clean thesurfaceof the bowl Two extendable roslare
installed on the shaft tecrap theside wallsandthe bottom of the bowl In order to clean all
surfaces the shaftsanrotate from 0°to 90°. The twoscrapersare covered by rubber material

to ensurenon-sparkng condition. As shown irHgure 32, the entire assembly can be moved up
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and down toensurecomplete inside surface coverage of the bokdrthermore, this design

solution couldbe programmedin a fully automated solution

Lid

Pressure
water or

soop N

Extendable
Rod ’

scraper ' g

FHgure 32: Combination of pressure water arsdgraping Extendable Rod)

A.8 Tumbler

Using a tumbler is a design solution thatislely used in industry toemove any sharp
edges on aluminum parts oo cleanoff rust from steel pars. In order to clean the residual
propellant, the mixing bowl would require some modificatioAs shown ifrigure33 below,
the propellant mixing bowlvould be placed on the vibratory power source athé media
(stones and aluminum) euld be placednside the mixag bowl. The abrasive material inside
the mixing bowremoves the propellant stuck to the inside surfaddter cleaning the media

and waste would be removed through tihall valve discharge hole.
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Bowl

Media (Stone/Aluminum
bristles)
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+«——— (Vibrate the
Bowl)

Stand

| Q
Figure33: Using tumbler to clen the propellant residuals

A.9 Honing

Honingwas another methodonsidered for the cleaning proceasit is also widely used
in industry toclean steel surfaces. As showrFigure34 below, this concept would involva
CNC vertical honing machinsedto clean theresidualpropellantfrom the mixing bowl After
removing all the propellant wastéhe inside surface of the bowl would have to bleaned
using pressurized water. Similar to some previous designs, this design could be used in

conjunction as a preliminary step in the cleaning process.

Mixing Bowl

Honing Stone

Figure34: Design conceptioning
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A.10 FreezingProcess

Thisideabehindthis conceptwasto changethe phaseof the propellantby cooling it
down to freezing temperaturedVhen starting the cleaning procedbe temperature of the
propellant isat 120°Fand has ahigh viscosity ranged fro#00,000 to 800,000 cR].Therefore,
in order to easily break or remowie propellant the phaseof propellantwould be transitioned
to asolidphaseby coolingit. This would allowthe solidpropellantto be easilybrokenoff the

surface of the bowlisinga hard tool

A.11 Chemical Decomposition
The Chemical Decompositiomethod wasgeneratedto try anddecrease the total force
required toremove the propellant. This would involve applya chemical solution to dissolve
the propellant. Thereforethis process wabasedoff a cleaning methodor chemically cleaning
an aluminium alloypropellant mixing bowlIThe composition othe cleaningsolutionis shown
below[22]:

TABLEXV. (HEMICAL CORDSITION

Sodium Silicate 10
Sodium
15
Tetrafluoroborate
Sodium Molybdate 0.5
Water 88

The samequeous solutiortan beappiedto cleana stainlesssteel mixing bowin orderto

soften the residual propellardand decrease theshear forces required
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Appendix BConcept Analysis and Selection

This section providesdetailed step by step engineering process of refining the design
concepts byfirst eliminatingdesignghat are impractical or not feasible. The designs will then
be screenedhroughthe customer needs to determine which dessghouldbe continued to

the scoringphase After screening theesignsthe remaining designwill then be given a final
score to determinavhichdesigngo continue within to phase Il of the project, that is detailed
design Material selection and costs associated with the design conaptsnentioned but not

considered crucial to the design selection process because budget is a low priority need.

B.1 Design Concept Exclusions

The followindgfive concept solutions were excluded from the concept screening process
because they were deematbt feasible for a variety of reasonghe concepts excluded are as
follows:

1. Burning(3.5)- After initial research performed on this potential design concept it was
determined to be not feasible. This is due to the high burning temperature of the rocket
propellant that would damage the integrity of the mixing boflirthermore, the
combustion processf the rocket propellant would be a safety hazard.

2. Tumble (3.8)- Some of the disadvantagédentified with this method was that it will
provide excess wastérom the mediaandthat there isa high risk for the propellant to
ignite from the constanfriction with the media Furthermorethe mediaalsohas the
potential to affectthe integrity of the stainlessteel mixing bowl.

3. Honing(3.9)- There were some disadvantages associatét this design concept such
asthe integrity of the mixing bowirom repeated contactvith the honing stone
Furthermore, this processouldgenerate hea(from the impact) that could potentially
ignite the propellant, causing catastrophic events.

4. Freezing3.10)¢ This tehnique wasleemed infeasible because in order tause a
phase transitior(from liquid to solid}the propellant would have to be cooled down
below negative50°C.This would cost a significant amount of moneychull the entire
bowl below negative 50°@nd would only bgpossible in Winnipeg during the cold

winter months
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5. Chemical DecompositiofB.11)¢ After researchedvasdiscussed wittthe client and
Magellarf @éhemist this design solution was not desirbdcause of the high cost
associated with the solution. Furthermore, it wésterminedthat asoap and water
solution wassuitable enoughor the cleaning process.

Therefore, none of theskve concepts will be considered for the final design solutiorbe

further developed in thaletailed design phase of the project.

B.2 Concept Screening

In order to narrow down the design conceptgualitativeanalysis was done for the
remaining of thedesignconceptideasthat arenot mentioned in sectiom.1 Design Concept
ExclusionsEach design was compared with tteehnology used by IndiaBpaceResearch
OrganisationISRQto clean theipropellantbowl becausehis technologyis semi automated
and performsa similaroperation to whatMagellancurrently desires for the cleaning solution
The matrix shown below gives s€or A y (S NIs&a Aadpdrimg4hE design concepts
with ISR current cleaning solutionThe proposed design was assigneaiaif the concept
designprovides similar customer requirement -tiwasassignedfithe concept design
providesworse resultsbased on customer requirementsy R abé AT Al 61 a
for the specificcriterion. Thenet value waghan calculated by adding all thie-€ and
subtractingl f t -dReSiltsdvith a net value above zero ailvance to the next stage of

concept scoring. Thecreening retrics can be found below iIRABLEVI
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TABLEVI CONCEPT SCREENING

Combination of water andcraping(Fixed Arm Assembly)

MechanicalScrapingPulley Side Wall Scraping)
MechanicalScraping Three blades Rotatirgssembly)
Combination of water andcraping(Extendable Rib
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Clean entire inside surface of the mixing bow! 0
Safe for operators 0 0 0 0 : 0 0 0 0 0
Eliminate operator climbing into the bowl 0 0 0 0 0 0 0 0 0 0
Safe transportation of hazardous wastes 0 0 0 0 0 0 0 0 0 0
Not generate heat to point of creating spark or explosion 0 0 0 0 - 0 0 0 0 0
“ Work for 420gallon BakePerkinsvertical mixer bowl 0 0 0 0 0 0 0 0 0 0
Keep the integrity of the mixing bowl + 0 0 0 : 0 0 0 0 0
“ Easy and intuitive to operate + - 0 - 0 + 0 - - 0
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Based on the concept screening matte design concepts thatill continue in the design selectigrocessjncludeconceptdesign
3.1,designconcept 3.4and design concept 3.7Eurthermore while design concep3.2.2 and concepd.7.1 had an equivalent
score to the ISRO procesiseseprocessesvere not considered to pass becaube level of expectation fothe new design process
is higher tharthe sdution currently being used by ISRIis is because the reference for the screemitgnot yield the highest
scoring. Therefore, any design equivalent to the reference could simply be replaced by the current existing techndlagyesign

solution woud not need to be developed.

B.3 Concept Selection

This section describes the quaative analysigor the designconceptsthat passed through theonceptscreeningSpecific
criteriawere weighted usinga systematic approacto create a weighting matrishat will be used to give the design concepts a
score
B.3.1 CriteriaWeighting

In order to createaweightingscore for eactleriterion, a weighted matrix was created as showmable Vbelow. The
criteriaconsidered ishe customer needs described $ction 2.0. Furthermore, achof the customer needs wereomparel
directlywith one anotherand aquantitative priority for each neewascategorizedBased on the coparison betweereath
individual customeneed, aweightingwas calculateds apercentageof the total customer needsTheweighted results of the
customer needsomparisonare shownbelowin Table V.

In order to create a weigirigscore for each criterion, a weighted matrix was created as showaleVIbelow. The
criteria considered ithe customer needs described $action2.0. Furthermore, @ch of the customer needs were compared
directly with one another and quantitative priority for each need was categoriz&hsed on the comparison betweencka
individual customer needh weightngwas calculateés apercentageof the total customer needs. The weighted results of the

customer needs comparison are shown below able V
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TableXVIl WEIGHTED MATRIX

Needs Number Customer Requirements

ive to operate
ize the use of

ork for 420gallon BakePerkins

park or explosion
ertical mixer bow!
'ork in warm envi

Retrofittable in the current processi
onsumables

Eliminate operator climbing into the|
[Not generate heat to point of creati
Keep the integrity of the mixgbowl!

o
=
k<]
@
3]
8
5
(2]
o)
i)
(%)
=
o
=
[=
5]
=
a
Q
O

Safe transportation of hazardous
Decrease cleaning process time

Repeatable results
emperatures in the bi

'WISafe for operators
Under budget

- Clean entire inside surface of the mixing bow! - 1
Safe for operators - 2
Eliminate operator climbing into the bow! - 3
Safe transportation of hazardous wastes 4
Not generate heat to point of creating spark or explosiur- 5
— Workfor 420gallon BakePerkins vertical mixer bowl - 6
- Keep the integrity of the mixing bowl - 7
“ Easy and intuitive to operate - 8
— Retrofittable in thecurrent processing plant - 9
_ Longlife cycle - 10
Decrease cleaning process time - 11
Repeatable results - 14
Work in warm environmental temperatures in the buildin- 13
Under budget - 14
Efficiently minimize operator involvement - 15
- Efficiently minimize the usef consumables



B.3.2 Concept Scoring

A quantitative analysis was done for the best 3 concept designs as idefftifradhe
concept screenin@ order to choose the single concepat will mostlikely will lead toa
successfutlesignbased on thecustomer requirementsTherating was done on a scale of 1 to
5 where aonecorrelates to a design being significantly worse, a two correlates to a design
being slightly worse, a three results in the design score being the sathe sference, a four
means the design is slightly better and a five is excellent veloempaed to the relative
performance of the selected design concept to current cleaning process. Furthermore, the
design concepts will now be compared to the curreeding process as the reference. This is
because the concepts have already been screened through the ISRO process. Thus, in order to
accurately determine a concept that is best suited for Magellan, the concepts will receive a
score relative to the currentleaning process. The scoring works by multiplying the weight
score, calculated by the weighted matrix, by the rating. The total summation of all the rankings
will generate the best design concept for Magell@hescoring process is shownTable VI

below.
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TableXVIIl CONCEPT SCORING

Piston Cylinder Combination of water
Bowl Lubrication .
Pressure scraping

Weight Weighted Weighted Weighted Weighte

Rating Rating Rating Rating

[%] score score score d score
Safe for operators 12.50 5 0.63 5 0.63 5 0.63 1 0.13

Not generate heat to point

of creating spark or 11.67 4 0.47 4 0.47 5 0.58 5 0.58
explosion
Eliminate operator climbing
5 0.54 5 0.54 5 0.54 1 0.11
into the bowl
Clean entire inside surface
3 0.30 3 0.30 4 0.40 5 0.50
of the mixing bowl
Work for 42Qgallon Baker
5 0.46 5 0.46 5 0.46 5 0.46
Perkins vertical mixer bowl
3 0.23 3 0.23 4 0.30 5 0.38
hazardous wastes
Keep the integrity of the
- 3 0.20 3 0.20 4 0.27 5 0.33
mixing bow!
Retrofittable in the current
5 0.29 5 0.29 5 0.29 5 0.29

processing plant

Easy and intuitive to
. 4 0.23 4 0.23 3 0.18 1 0.06
operate

Longlife cycle 5 0.18 5 0.18 3 0.18 3 0.18
Repeatable results 5 0.13 5 0.13 4 0.17 4 0.17

Decrease cleaning proces;

. 4 0.17 4 0.17 4 0.17 2 0.08
time
Work in warm
environmental
. 5 0.13 5 0.13 5 0.13 4 0.10
temperatures in the
building
er budget . 3 0.05 3 0.05 4 0.07 5 0.08
Efficiently minimize
. 3 0.05 3 0.05 4 0.07 1 0.02
operator involvement
Efficiently minimize the us¢
5 0.00 5 0.00 1 0.00 4 0.00
of consumables
Total Score 4.03 4.03 4.41 3.46
3 2 1 4
Yes No Develop No
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After adding all the weighted score for each criteritre design concept 3.7.2, that &,
combination of water andcrapingwith extendablerods, rankedthe highest Thetotal score
was4.41.Design concept 3.1 will also be considered for final design becauseliecan
combinedwith design concept 3.7.2

Furthermore in order to get client feedback, a presentation was credtedetermine
which concept designhe client preferred Theclients preferred design solution aligned with
the results from the scoring table and thus tbencept that will continue into phase 1l of the
project will be a combination afdesign concep8.1and design conce.7.2
B.4 Material Selection Proceasd Cost Analysis

The cost of the design concepts was not directly computed because the customer need
for budget only had a 1.67% weighting from the design scoring process. Furthermore, the cost
analysis of the design concepts considered a general costdterials.With the concepts

considering materials that are readily availablenarketand widely used in the aerospace

industry.The market costs fahe materials considered is outlindzelowin TABLEIX

TABLEXIX COST ITEM AND PRICE RANEE}[24] [25]
Marketing Price (C$)/Per

Cost Item _

Unit
Silicon 22.00/1b
Teflon 13.03/Ib
Rubber 2.23/Ib
Nylon 2.23/Ib
Aluminum 6061 2.09/Ib
Stainless steel 1.58/Ib
Alloy steel 0.47/lb

Furthermore, the cost analysis and material selection process will be considered in more detail
in phase lll of theroject
B.5 Final Concept Design Summary

To summarize the concept selection process the design that advances to the detailed

design sectn of the project will include a coating applied to the inside surface of the mixing
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bowl, and a mechanical machine powered by pneumatic or hydraulic systems, with extendable
arms that will be combined with pressurized water to remove the propellant. Téaemals
considered for the final design will be determined based on the specific desired application. For
example, Teflon will be considered for the coating because bigts chemical resistances

low coefficient of frictionjts hydrophobidty (repds water)andits high temperature resistance

[19]. Themodel of concept design 3.7.2 is shown below.

Lid

Pressure
water or

— soap -

Extendable

- -

Figure35: Design Concept 3.7.2
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Appendix CPressurized Water System

This section wiltover the pressurized water system that will help to remove some of
the residual propellant. The pressurized water system is designed to spray both the side wall
surfaces of the mixing bowl and the bottom surface. Furthermore, the water system has an

extemal connection point and rotates concentric with the shatft.

C.1 Material Selection
Several Materials were considered for the selection of the pressurized water system. The
metrics used to determine the materials include the following: corrosion resistdinee,
thermal capability, so that the design can work in the 120°F temperatures, the stiffness of the
material so that the spinning motion will not cause the piping to deflect, the conductivity, to
minimize the risk of an electrical current to ignite a dpdhe strength to weight ratio of the
material, and lastly the cost of the material.

TableXX PIPE MATERIAL SELECTION

_ Stainless Galvanized
Material PVC Copper

Steel Steel

Corrosion

_ 0.15 9 9 7 9
Resistance

Thermal

0.1 3 9 10 9
Capabilities
Metrics Stiffness 0.2 7 8 9 7
Non
_ 0.4 10 9 9 1
Conductive
Strength
0.1 8 7 6 8

Weight Ratio
Cost 0.1 8 6 6 4

Total Weight 8.65 8.75 8.65 5.25
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C.2 Pipe System Routing

For the pressurized water tmontact all inside surfaces of the mixing bowl the water will have

to be rotated around the bowl. Therefore, the water piping will have to be routed such that the
system is able to rotate. This includes a swivel joint on the external connection poirdtso th
there will be no snagging or twisting of the external pressurized water tubes. The connection
point will be located at the ball valve exit hole (at the bottom of the bowl) because the motor is
located at the top of the shaft. The pipes will be routedtsthat the horizontal branches will

exit through the holes of the shaft located above the arms of the blades. The piping will then be
connected to the arms usinggips to securely fasten the pipes during the rotational motion.

The change in vertical tworizontal direction of flow will be used in Tg@nts (at the very top)

and cross joints for the intermediate blade arms. The full routing is shown below in figure

C.3 Spray Nozzles Calculations

The pressurized water system will use many nozzles tor¢beenside surface of the
entire bowl. In order to accommodate the large size of the bowl and minimize the branch paths
of the system the water will be optimized to have as few nozzles, or exits, as possible.

Therefore, calculations were done to ensuhait the nozzles cover the entire surface area.

The position of the branches is limited to 3 separate branches all located above the
attachment point of the blade arms. Therefore, the design component that needed to be
optimized was the spray angle ofeimozzle, the distance from the surface of the bowl, and the
contact angle on the surface of the bowl. Furthermore, considering the height of the blades to
be 15 inches(381 mm), the spray height was set a6 inches(406.4mm). The calculations were
performed as below.

The geometry for the hand calculations was approximated by the figures below
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Figure36: Geometry of Hand Calculation

Therefore, setting Beta to the stock sizes for nozzle sprdihs, x was determined
through equation,

[
0 WE @

Furthermore, after determining the distance from the edge of the surface of the bowl,
the contact angle was used to determine the distance from the center of the shaft. Considering
the radius of tke bowl to be 32 inches and theta=45°. Alpha was determined through the cosine
law to be,

= 24.77 inches
Therefore, to adjust these values to stock size, the distance the nozzle should be placed

from the center of the shaft will be 24 inches.

C.4 Flow Aalysis

In order to ensure that the pressurized water will flow throughout the water system the model
was simulated using computational fluid dynamics simulation software. The CFD was used to
optimize the piping system so that each branch of the systemldvexiperience the correct

amount of pressure forces to have the 14 different nozzles with the same amount of pressure

page- 26 -



coming out. The results suggested a stepvn nozzle to be introduced at the first cross
connection point so that enough flow would be éited in the horizontal direction. After the

simulation was optimized the results can be seen below.

Total Pressure | 176.79876 Ibffin®2

Total Pressure | 165.89917 hifin"2 240588000

232282237
2239.76474
2156.70711
207364947
- 199059184
- 1907.53421
- 1824 47653
F 1741.41805
r 1658.36132
r 157630368
r 1492 24605
r 1409138842
r 1326130749
r 124307316
- 116001553
- 1076.95784

- 993.90026
Total Pressure | 60.41068 [bffin®2

. - 910.84263
Total Pressure | 58.367 94 |bffin"2 L 827.78500

- 74472737
- BA1.66374
- 57861211
- 40555447
- 41240684
- 32943921
- 24638158
- 16332395
- 80.26632

P -2.79132

- -85.04895
-168.90658
-251.96421
-335.02184
-418.07947
-501.13711
-584.19474
Total Pressure | 336.62968 Ibfin"2 Total Pressure| 14 3.02844 bfin"2 ?gg%?ggg

Total Pressure [Ibfiin®2]

CutPlot 1: contours

Total Pressure
2400 Ibffin*2

Figure37: CFD Results for Flow Pressure

The higher pressures in the lowest branckn®ughbecause this path of the flow will require

more exit nozzles and thus have more pressure dissipation.

page- 27 -



AppendixD: Shaft Desigbetails

Shaft is one of the main components in our design &siitsmits power from the motor
and helps align the blades onto the shaft to scrape the propeftam the side and bottom of
the shaft This section talks about the shaft optimization based on analytical results and Finite

element analysis providing thefety of factor above 2.

D.1ForceEvaluation

In order to determine the shaft diameter that has a safety of factor above 3. Team assumed the
shaft diameter to be 3 inches to get the required shape of the side scraper and the bottom
scraper. Furthermorea decision was made to have a hollow shaft to install the pressurized
water system on the shaft. The next step was to evaluate the forces on the shaft in XY plane
that is to the weight of the scraper blades aXdplane due to force required to scrape the
propellant from the walls.

To determine the forces on the shaift YZ plane team was provided with an approximate force
required to scrape the propellant by the operator thaé3 Ibf andthe information onwidth of

the tool used to scrape the propellamtas provided a8 inches From these parameters a
distributed force o#40 Ib / 5 inch was identified which is equivalent to 8 Ib/inch.

Furthermore, clienprovided the information that the sides of the propellamixing bowl

requires less force compare to the bottom. However, to ensure the design can withhold the
required forceteamused the same value fdhe side scraper.

In addition,a Teflon coating will be applied prior to mixing fm@pellant onto the nixing bowl

this will reduce the forcef 8lb/inchby significant amount. The&taticforce of friction (i) for

steel on Teflon was identified to l04andthe static force of friction|() for steel onrubber

was identified to bé.64 Therefor the reduced force of friction is identifiegt using the

formula below:

(&)
ra

0 ¢ QQQRENN® BOIOD I QO WEE @'Qd & £0 QQa
T Y0 DRI QO8N0 H O @@ 0 QQa

From the equation above the reduced friction was identified tdH#&25

YQQ6 OR@O O

Hence the required force for sideand bottom propellant force wasalculated by multiplying

the reduced friction force andniform distributed force that is8 Ib/inch X 0.062% 0.5 Ib/inch
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Thereforafter applying the Teflon coating the forcesl bereduced bya factor of 16 These
forces were then used tturther identify the required torqueThegoalfor the force evaluation
isto get an approximate value for the outsidemeter of the shaft to ensure the safety factor
is above2 for static and fatigue analysad compare thenitial assumption of thehaft
diameter tothe calculated resultsn order to simplify thecalculatiors number of assumptions
were made such as:
1. The blades were aligned at 606m each other however to simplify the calculation it
was assumed that all the blades are aliga¢the sameplane.
2. The holes on the shaft favater lineand thehub key seat forransmitting the power
wasnot considered for thenalyticalresult.
3. Theprofile of thebottom scrapemasconsidered as a cantilever beam to simplify the
calculation.
Furthermore the Finite Element Analysis (FEA) was performed tacgetidence on the
analytical resultend toensure the safety factor is aboveaBdaccount forthe assumptionsas

mentioned above.

D.1.1Force Evaluation in XY plane
This section reflects on how tHerces were evaluated for XY plakggure38represents the

Free Body Diagraffor the forces inXY directiorwhich are mainly due to the weight of ttsde

and bottom scrapers
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Bearing supportin
51 inch g supp 9

+Y
n Q
Weight top blade Left Weight top blade Right X
l 12in
L4
+Z
Weight middle blade Left Weight middle blade Right
15in
L3
Weight bottom blade Left Weight bottom blade Right )
15in
] 2
Bottom Scraper —*| # lin
i A '
32inch L1 32inch

Figure38: Free Body Diagm in XY direction

In order to get the geometry of the blades the shaft diameter was assumed to be 3 inches to
get the weight of the sufassembly including rubber on the sides (neoprene) and the frame that
is (Stainless steel 316) as identified below.
TABLEX] WEIGHT [LB] AND COG OF THEASBBMBLY OF SIDE SCRAPERS AND BOTTOM
SCRAPER

Blade Geometry Weight

Top blade

Mass properties of top blade
Configuration: Default
Coordinate system: -- default --

Mass = 7.97 pounds

Volume = 39.68 cubic inches

,‘LX Centre of Gravity: 26in
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TABLE XX: WEIGHT AND COG OF THSSBRBLY OF SIDE SCRAPERS AND BOTTOM SCRAPER
(Continued)

Blade Geometry Weight
Middle Mass properties of middle blade
Configuration: Default
blade Coordinate system: -- default --
Mass = 8.76 pounds
Wolume = 45.08 cubic inches
Centre of Gravity: 26in
Bottom Mass properties of bottom blade
Configuration: Default
blade Coordinate system: -- default -
Mass = 8.38 pounds
Volume = 52.61 cubic inches
Centre of Gravity26in
Bottom Mass:7.7 lbs
Scraper Assumeccentre of
gravity. 16 in

Based on the information provided Error! Referencesource not foundthe forces and m
oment on the shaft in xy plane was calculat&étieweight of the subassembliesrfbottom and
side scrapers aracting downwardsvhich can be represented a®gative valueny direction
Furthermore the bladesthat are attachedoarallel to each other havemilar cross section and
weight Therefor the net force acting on the shaftl\We the additionof theseweightin the
positive y directionln addition,the positive momentefers to moment in clockwise direction
and negative moment refers to the momenteounterclockwise directio which gives the

resultant moment on the shaft axis to @eas identifiedn TABLEXIbelow. The location L,
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2, HLQ Eo Q and[L4xas shown irFigure38 are the locatioron the central axis of theshaft
where the foreswill beevaluated.
TABLEXIi FORCE AND MOMENT CALCULATIONS FOR SHAFT IN XY PLANE

Description Net Force on | Moment on Momenton  Net

the shaft (xy the central the central moment

plane) [Ib] axis of shaft axis ofshaft  on the

due to left due to right  shaft
blade[lb.in] blade [Ib.in]  [Ib.in]

-123.2 +123.2 0
-217.88 +217.88 0
-217.88 +217.88 0
-227.26 +227.26 0
-227.26 +227.26 0
-207.22 +207.22 0
-207.22 +207.22 0

The resultant forceat bearing location can be identifies as the sum of forces in y direction that
iI$65.62 Ib This force will create a momentalg Z axis that is calculated@&.62 Ib 6 in =
393.72 Ib.in

D.1.2Force Evaluation XZplane
The free body diagram for the XZ plaseshown inFigure39 below. Asthe transmission shaft

rotatesin counter-clockwisedirection the forceCm | yaf theforc® required toscrape the
propellantfrom the sides of the propellant mixing bowl whiglil be equal and opposite in
directionfor all 3 different bladesFurthermoreCH YR CHQ FNB (KS F2NDOS

propellant from the bottom of thescraper.
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Mixing Bowl

Scraping Blade:

F1

32 inch

Transmission Shaf
Figure39: Force in XZ direction acting on the side scrapers
Figure40represents theshear andbending moment diagrangenerated usingmaonline

software[26] providing thedistributed loadon a cantilever bearfor the bottom scraper blade

as0.5 Ib/inand 32 inchfrom the axis of rotation of the shaft to the end of tkeraper blade

AR

N inAANAANNANNNNRARNRNNNEEY)

Figure40: Shear and Bending moment Diagram for Bottom scraper (XZ Diref@&jn)

In order toevaluate theforce onthe sidescraperfor bottom, middle and toghe distributed
loadof 0.5 Ib/inwas evaluated by considerinigas abeam with two fixed supporand was

evaluatedas shown irFigure41 below.
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Figure41: Calculations for the side scraper by consideriragd beam with 2 fixends[27]

In order to evaluate the forcen the side scraper the abowsgjuationshownin Figure41was
used to evaluate thehear forceo further calculate themomenton the different location on
the shaftfor the side scrapeMoreover, the distributed load for the side scraper wassumed
to be same as for the bottom scraper that is 0.5 Itdimd the length of the scrapsifor bottom,
middle and top side scrapesse shown inFigure38. The results for the forces and moment
along XZ plane are shownTABLEXIIbelow.

TABLEXXIHI FORCE AND MOMENT CALCULATIONS FOR SHAFT IN XZ PLANE

Description Force on the Force on the Net Force on | Moment on Moment on | Net
central axis of | central axis of | the shaft (X2 | the central the central moment
shaft due to shaft due to plane) [Ib] axis of shaft axis of shaft | on the
left blade [Ib] right blade[lb] due to left due to right | shaft

blade [Ib.in] | blade [Ib.in] | [lb.in]

L1 -16 +16 0 +256 +256 +512
L2 -3.75 +3.75 0 +120 +120 +240
[ HQ -3.75 +3.75 0 +120 +120 +240
L3 -3.75 +3.75 0 +120 +120 +240
[ 0Q -3.75 +3.75 0 +120 +120 +240
L4 -3 +3 0 +96 +96 +192
[ mQ -3 +3 0 +96 +96 +192
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It is to be noted that the max momentilvhave to calculated iYZ plane however, as the
moments on left side and right side will bgual and opposite in direction they will cancel out
and net moment on the shaft will be zetioerefor the forces in YZ plane was not evaluated

Figure42represent the net force and moment that aracting onthe shaft

D +Moment

Bearing Location___ I +Force in Y direction

IR
Fy=+7.971b
L4 My= +192 |b.in
Fy=+7.97lb ~_
My=+192 Ib.in L3’
_ Fy=+8.76Ib
13 My= +240 |b.in
Fy =+8.76lb

My= +240 |b.in T~ o

— Fy=+8381b
My= +240 |b.in

12
Fy=+8.381b

My= +240lb.in — L

Fy=15.401b
My= +512lb.in

Figure42: Net Forces on a shaf

Thetorque can be calculated as the resultant

[ TT ADDT ET T ATIOAGED 111 ADOT EI T AT 1OATED

Therefor the torque was identifiedtobe p pwq@ o wd ¢ ¢ = 1897 Ib.irthis value can
be approximated to 1900 Ib.iA service factor of.25 was used fomotors withlow power and
low speed?28]therefor the torqueof the shaft was calculated 2565 Ib.in

The next step was to calculate the shaft diameter based orc#theulations from force analysis.
To providean ease of manufacturing and avoid any complexity team considéredninimum
shaft diameter for thdocation of the shaftvhere it experiences thenaximum stress that will

be the topof the shaft

D.2Minimum Shaft Diameter Calculations
The material used to construtlte transmission shaft was determined to be Stainless s8i8

due to its high strength, good machinability aitglability to be norstatic as mentioned above

in appendix CThesafety factor was considered to be 3 for the shaft designthere were
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number of assumptions that were madhence ths indicates there is a moderate level of
uncertainty[29].

From a yielding standpoint, the shear strengtrStéinless steeB16 Steel is required to
determine the minimum shaft radius that can be implemented in the crankshaft design. This

was found fromSolid work simulation a6 =290MPa.Thereforwith safety factor of 3

t =96.67MPathat is 14020Ib/in2. Therequired diameter of the shaft based on static
analysis was calculated as

"YG) s L E@UBREY ¢
t ot 0 pr gl e

v < YE YQ

Figure43: Crosssection Area of Main Shaft

We know the Ri = 1 inch and from thquation above the Ro was identified to b&29 in
therefor diameter i2.06 inch

The section below describes the minimum shaft diameter obtained from fatigue andlisis.
diameter ofthe transmission shafis calculated using thBESoderberg equatiofound from
{ KA3Jf SeQa a30/0miawi SllovbuS ta geHayminimum shaft diameter based on the

fatigue analysis
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- P - Equationl

Here,Mm andMa represent themidrange and alternating bending moments, and Ta
representthe midrange and alternating torques, akgdand Kis representthe fatigue stress
concentration factors for bending and torsion, respectively.

For a rotating shaft with constant bending and torsion, bending stress is completely
reversed and torsion is steady. In thignsmission shafanalysis, M and T, are constats, and

soEquationl simplified by settindim and Tato O.

2 Equation2
0O q

Here™Y and"Y are the actual endurancstrengthand yield strength of the material, N and
"Q are the design factor and stress concentration factor.

The minimum diameter of the shaft is obtained by determiningdbtualendurance
strengthof the material andhen subsequently choosirte value ofthe design factorTeam
usedN= 3 forthe shaft design, which indicates a moderate level of uncertainty about actual
material strengths, loading conditions and letegm environmental factors. The yield strength
for stainless steel 316 290[MPa]asidentifiedin the solid works simulation.

Theoperating condition for the machine paddifferent from those for which the basic
endurance strength was determingtl2]. The ultimate strength of thestainless steel 3168
found to be300[MPa]. The equation for the prisie endurance limit is found in Shiglg0],

which provides arfequation3 as shown below.
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Figure44: SN Curve for Stainless Steel 316

Figure 44gives relationship between the pristine endurance strength and number of

cycles to failure. These results are obtained from laboratory experiment under ideal condition.

Total life of output shaft ig000hours to convert number of hours for failure to number of

cycles we can use the relationd 0 — O QO® & OGQTE 6 i b —— with the

output speed of7frpm.The number of cycles to failure id determined tdoe (16E +06 cycles).

From thefigure above the pristine endurance strength  was identified to beBO0OMPa It

was also identified that the shaft will be designed for an infinite life as the numierlofes

passes the endurance limit.

The number bvariable factors used for calculating the actual endurance limit are shown in

TABLEX\below:
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TABLEXXIVDIFFERENT FACTORS EFFECTIN®URARGE STRENGTH

0.79470492
1
1.01
0.753
1
69964 Psi

Substituting the value fa8  6996.4 Psi, M393.72 MPa, T £856Lb.in,Sy 420609 Psiand
Kt =1.6 as the hub will have a profile of a sled runner.

Therefore the minimum diameter was calculated A¢l5 inch as this formula gives the
RAFYSGSNI F2NJ 0KS &AKIFFaG FaadzyAyd AdQa || az2ft AR
the hollow shafthe outside diameter was calculates (D3 + Dinside”3) *1/3 wdh was
identified to be 2.23 inches. Therefore, our assumption earlier made for shaft diameter of 3
inch will be sufficient to provide a safe design.

Once the required torque was ide

In addition,the FEA analysis was performi@densurethe shaft diameter of 3 incprovides a
safety factor of 3 or above. As shown in calculations abogestaft diameter based on the
fatigue analysis wa2.23 inches however it was assumed at the beginning that tedts

diameter of 3 inch will benoughto provide the torque and support the load dié side plates.
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URES (mmj}
9.805e-02
l 8.825e-02
_ /.B4de-02
_ b.Bbde-02
_ 0.B883e-02
4.803e-02
3.922e-02

. 2.942e-02

1.961e-02
9.805¢-03

=
d 1.000e-30

1.520e+05
1.268e+05
_ 1.216e+05
_ 1.0Bde+05
9.118e+04
7.598e+04
_ 6.079%e+04

_ 4559e+04

_ 3.03%+04

I 1.520e+04
3.454e+00

Figure46: Factor of Safety ofransmission Shaft
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von Mises (N/m#2)

5.987e+07

5.388e+07

_ 4.790e+07

5.987e+07

_ 4.191e+07
3.592e+07
H 2.994e+07
2.395e+07
1.796e+07
1.197e+07
5.988e+06

1.361e+03

—P Yield strength: 2.068e+08

Figure47: Maximum VorMises Stress on a transmission shaft

AsshownFigure45. Figure46 and Figure47 the maximum deflection of the shaft 3004 inch
and provides a safety factor of abovevgh maxmum stress on the hub key of 58BY N/m?.
Therefore overall,we can say that the shaft diameter of 3 inch will be successfully able to

provide a required torque of 2565 Ib and it will be able to support the designed load.
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AppendixE Bearingcalculations

The bearing calculation was performed to ensure if theced mounted roller bearing will be
enoughfor the design requiremenfThe recommended design life for bearisgconsidered to
30,000 hoursonsidering the cleaning equipmeista general industrial machif&2]. The
numberof design revolutions for the bearing cane be calculated as Qi 1 a@ r—

[12].

Here his the specified desiglife in hours = 30,000 hours.

Rpm =7,

Therefore ) =1.26 X 10rev

Theroller bearingcarries thedynamic loadingf the net weight of side and bottom scraper and
it was identified to bé”d =65.62 Ibas identified in sectio.1.1 Force Evaluation in XY plane
Therefore, basic dynamic load rating can be calculated ass@® #1®6)Y | where k = 3.33 for
roller bearing. Substituting the valuésr Py, Ly and kthe dynamic load rating is calcuat as
14044 |

TheDynamic thrust loadapacity of theselected mounted roller bearing .50 Ibg13] which
is way above thealculateddynamic load rating. Therefore, the selected bearing will work
sufficiently well for our desigiHowever,it is suggested to lubricate the bearibgfore each
operationwith greasewith lithium thickener as suggested by suppli#8] to ensure long life of

bearing.
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Appendix= Keyselection for shaft and hub

This section talkthe process and calculation that helped teamdeterminethe size and length
of the key used focoupling the transmission shaft witoupler.

The size of the key was determintbe squarewith width of 0.5 in and Heighdf 0.5 inchas
shown in table 11.112]. Thesuitabledesign factor N was identified to t3which isadequate
to accommodate foaccidentaloverloads and shocK.he material of the key was identifi¢d

be 416 Stainless steelhich hadower strength compare to stainless steel 316 used for shaft
andacoupler.The yield strength of thd16 stainless steel 89,900 psi

In order toidentify the minimum length required for the kefye following equation will be

used becauséhe key issquare,andthe key material has the weakestrength

0 ——; Here T is théorque that is2565 Ib.in as calculated sectionD.1.2Force

Evaluation inXZplane N is 3, D = 2 inch inside diameter of the shaft, W = 0.5 inchyand
39,900 psiSubstituting these valudsr equationd  the minimum length of the key was
calculated as 0.77 inchesherefor we can specify thength of the keyto be 1 inch.

In summary, the key has the following characteristics:

Material: Stainless Ste€16

Width: 0.500 in

Height:0.500 in

Length: 1 inch
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AppendixG. Side Blades Detailed Design

G.1 BladeMaterial Selection
The metallic material selection is focused on comparing the properties of stainless steel 304,

stainless steel 316 and aluminum 6061bEgause thg are all nonsparkle materiabnd they
are easy taveld with each otherBased on the design of each component, the properties have
been selected as following: density, yield strength, hardness, corrosion resistance and cost. All
these propertes have been selected to finalize the component that the material should be
applied to.

TABLEXXV METAL MATERIAL PROPERTIB1] [32] [33]

Material Density Yield Hardness Corrosion Cost
(Ib/in3) Strength (Rockwell Resistance ($/Ib)

(MPa) B) ranking

Stainless Steel 304 0.289
Stainless Steel 316 0.289 290 79 1 0.78
Aluminum 6061 T6 0.0975 276 60 3 0.45

The weight decision matrix is shown below to demonstrate the scoring of these properties. As it
shown, the most important property that has been considered is yield strength and the cost is
the last criterion listed.

TABLEXXVIWEIGHT DECISION MATRIX FOR METAL MATERIAL

Property  Density Yield Hardness Corrosion Cost

Strength Resistance

- 0 0 0 1 1 0.1
Yield 1 - 1 1 1 4 04
Strength
1 0 - 0 1 2 0.2
Corrosion 1 0 1 - 1 3 0.3
Resistance
0 0 0 0 - 0 0.0
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Based on the weight decision matrix and material properties, the final weight of each material
can be calculated to determine the results.
TABLEXXVIMETAL MATERIAL SELECTION

Material Stainless Steel Stainless Steel 31¢ Aluminum

304
Density 0.1 1 1 3
Metrics Yield 0.4 1 3
Strength
Hardness 0.2 2 3 1
Corrosion 0.3 2 1 3
Resistance
Cost 0.0 2 1 3
Total Weight 15 2.2 2.2

As a result, the aluminum 6061 T6 and stainless steel 316 have a better result comparing to
Stainless Steel 304.

The material chosen for mounting plate and motor stand is aluminum 6061 T6 due to its low
density.

The material chosen for shaft is stainlessel 316 due to its high yield strength.

The material chosen for hardware is stainless steel 316 due to its high corrosion resistance.
The material chosen for blade frame is stainless steel 304 becdulse restriction of design
geometry.Stainless steel 304 the only material we consider and provide tmeaterial

geometry we need.

G.2 Scraper Material Selection
Rubber material areplied to the side scrapers to scrape the inner surface. Therefore, a

material selection of rubber material is shown below to determine the best material that can be
applied to meet design constraints.
The following table is the rubber materihlat be talen into consideration including properties

such as resilience, water resistance, abrasion resistance, maximum temperature and cost.
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Based on the research on material property, they use following standard to identify the quality
of the material.
Excellent; 5; Very Good, 4; Goodg 3; Average; 2; Poorg 1.

TABLEXXVILIRUBBER MATERIAL PROPB&TY

Rubber Material Resilience Water Abrasion Maximum Cost

(Rebound) Resistance Resistance Temperature Ranking
('F)

i -
i ¢
R
(i °
Fromsasone

Silicone rubber W

The weight decision matrix is shown blow to indicate the priority of property. The properties

were compared while considering the design condition. Therefore, the most important criteria

is abrasion resistance because the scraper is scraping the surfang datire process, a high

abrasion resistance need to be considered and the last one is the cost of material.
TABLEXXIXWEIGHT DECISION MATRIX FOR RUBBER MATERIAL

Criteria Resilience  Water Abrasion Maximum Cost Score Weighting
(Rebound) Resistance Resistance temperature

Resilience - 1 0 1 1 3 0.20
(Rebound)

0 - 0 1 1 2 0.13
Abrasion 1 1 - 1 1 4 0.26
Resistance

0 0 0 - 1 1 0.06

0 0 0 0 - 0 0.00
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Based on the weight decision matrix and material properties, the final weight of each material
can be calculated to determine the results.

TABLEXXXRUBBERIATERIAL SLECTION RESULTS

Material Neoprene Polyurethane Natural

- Resilience 0.20

(Rebound)

Water  0.13 5 1 4 5 4 5
resistance

EPDM Fluoroelastomer Silicone

- Abrasion 0.26 5 5 4 4 3 2

Resistance

- Maximum  0.06 2 1 1 4 5 4
Temperature

I Cost 0.00 4 1 6 5 2 3
Total Weight 2.67 2.29 2.62 253 2.4 2.21
Ranking 1 5 2 3 4 6

Therefore, the most suitable rubber is neoprene rubber material. Since rubber material has
different hardness, the harder the rubber property, the less displacement it will have when
scraping the propellant. Therefore, the hardness Shore 70A has beetesdisrause the

hardness of this material is similar to the shoe heel, as it is shown in the table below.

Soft Med. . Med. Extra
7\.1 - Soft Medium Hard L ET Hard
SHOREOO [T T 1 T T 1 T T T T T 1 1
20 30 35 40 50 55 60 70 80 90 95 98
SHORE A r T T T T T T T T T T 1 1
10 20 30 40 50 60 70 80 90 95 100
SHORE D r T T T T T T T 1
10 22 25 35 45 55 65 75
\/ LS| &
Chewing Racquet Rubber Pencil Tire Shoe Shopping  Hard Hat
Gum Ball Band Eraser Tread Heel Cart Wheel

Figure48: Rubber Hardness Reference T4BIg

Therefore, neoprene rubber withardness A70 has been selected for the side scraper.
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G.3 Side scrapatetailed size and calculation

The side scrapers are designed with three hollow rectandtdane that are welded togetheas
a horizontalU-shape anda T-bar shapdrameis also weldd on the middleverticalframe
workedas a keyA Neoprene Rubbewith a slutis design to fit thél-bar frame perfectlyThen,
screws, washers and nuts are used to fixe the rubber scraperevent falling off from the
blade.A round cut at the corner of the rubber scraper is design to easily slideldde inside

of the mixer bowl.

LS
8

Figure49: Exploded View of Side Blade

The following table shows the detailemfosssection ar@ and length ofeachblade
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TABLEXXXIDETAILEDESIGN GEOMETRY FOR EACH BLADE

Blades| Height Rectangular Tube T Bar
(inch) Crosssection Crosssection
(inch) (inch)
Top 12.3 1.50 . 15!

1.37

0.75

0.19

Middle | 15 1.50

1.37

0.75

0.19

Bottom 15
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To properlyfit the side scraper inside the mixer bqwall-inch radiuscut is designedor top and
middle bladelt helped the operator teeasily slide the blade into the mixer bowl withla

order to install the bottom scraper on the bottom blade, the crgsstion area of the bottom
blade as changed, besides, the side rubber need to be extendtschlhickness with a 1.5 inch
radius, theefore, A special design for bottom blade shown below:

TABLEXXXHIDESIGN GEOMETRY FOR BLADE CORNER

corner design Design Geometry

/

q_\m

G.4Design Sample Calculation
Theblade can be assumed apaint load isapplied to a hollow bearwith one end fixed

(assumption is shown below in Figls®). A sample calculation for middle blabeam is shown

below. Thestress andlisplacement can be calculated based on the following equation.
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One End Fixed Beam Cross-section Area

Beam and Loading

1

*l‘ ) H
_— |

—r—

Figure50: Assumption of Beam Secti¢86]

TABLEXXXIIEQUATION SELECTED FOR DESIGN CALCULATION

Calculation Equation 1.50
Maximum ow 1.7
shear stress co

Maximum bw,, .. 860 Q

—0mi — — w QY ¥

bendingstress O PC PG i

Maximum 00

— =
deflection 000

From the equation, it indicatgthat the bending stress and deflectiatecrease asmoment of

inertia increases

60  @&Q L ® W
pPCc pPg¢C pPC PG

From the above calculatiomt, tells that the horizontal orientatiomesults in a larger number oioment

BT LU

of inertia. Thereforethe frame of the bladés installedn horizontal orientation. However, in order to
have enough space fdwottom scrapemounting on the bottom blade. The orientati@i bottom blade

crosssection is verticalAll the FEA results are shown in AppenBix
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AppendixH: Bottom Scraper Detail Design Concept

Two design concepts were taken irtonsideration when designing the scrapper to scrap the
propellant from the bottom of the mixing bowl. The first design is straight scrapper and the

second design is inclined scrapper design. An lllustration for both design is shown below:

Figure52: Straight Scrapper Design Figure51: Inclined Scrapper Design

The straight scrapper design consists of 90 deg scrapper which will scrap the propellant as it
rotates at motor rpm The inclined scrapper will be tilted to some degree (will be determined
later) with respect to the neutral horizontal axis. These designs concepts were generated by
team in brainstorming session. Both designs have pros and cons which are summarized below

TABLEXXXIVCOMPARISON BETWEEN STRAIGHT AND INCLINED SCRAPER

Straight Scrapper Inclined Scrapper ‘
Pros: Pros:

Easy to scrap the propellant from the bottor Easy to scrap the propellant from the bottol
Easy to mount on the side scrapper Guides the propellant towards the center of

Requires single arms to scrap thpellant  the mixing bowl
Provides uniform load to side scrapper

Cons: Cons:
Relies on water pressure to guide the Provides a point load to side scrapper
propellant towards the center Difficult to mount on the side scrapper

page-52-



Since guiding the propellant towards the center of the mixing bowl is one the vital component

of the bottom cleaning, inclined scrapper was selected over the straight scrapper.

H.1Degree Selection:

Since inclined scrapper design was selected, a propgireg of inclination is to be determined.
The degree of inclination depends on the weight attributed to scrapping of the bottom versus
guiding it towards the center. Less degree (<45) of inclination scraps the propellant more than
to guide it towards the enter. Degree on inclination greater than 45 will guide the propellant
towards the center of the mixing bowl more than scrapping it from the bottom. Hence, the
team agreed to use 45 deg of inclination as both attributes are equally important for cleaning

the bottom of the mixing bowl.

Number of scrapper arms, location and its orientation:

One of the key factors considered was the number of arms to perform this operation. Less
number of arms means more condensed load on the side plate whereas a greateenamb
arms means much more distributed load. The minimum length of the scrapper fdediee

inclined design can be determined by the following equation.

AT O 0 Q 0'Mi Q )
U T 0QBFMQ QO G GSME 6 0 £
QOB O Q4 ‘G SEATQ "G

\ %7
N

Figure53: Inclined Scrapper Design

The total length of the scrapper found the equation above is 43.133 inches. The length
obtained is too huge compared with diameter of the mixing bowl. Also, one scrapper is not
feasible as it creates point load on the side wall scrapper for all the propellant scrapped from

the bottom. Hence in order to solve this problem the number of scrappers can increased in
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order to have distributed load and the length of each scrapper willdaluced. The number of
the scrappers were varied, and the corresponding length were obtained which is summarized in
the table below.

TABLEXXXYSCRAPER LENGTH

Number of scrappers  Length

43.1
21.6
14.4
10.8
8.6

Since the rotation of our design is very low less number of scrappers is the most feasible option,
hence 2 and 3 number of scrappers were chosen for further analysis and design approach.

Two Arm Design vs Three Arms Design

In the two arm design concept ela arm length is 21.6 in, whereas in the three arms design

each arms is 14.4 inch. An illustration for both design is shown below:

O

Figureb5:H m®dc € | NI Figure54Y mMn ®n€ | NI |

conceptl
s it was determined that both options are not suitable and

poses two major flaws. The first problem is guiding the propellant towards the center as the

edge of the blade is still inside of the bottom surface and in the end, propellant will be sitting
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on the bottom surface. The second flaw is the gap between each blade as rotates in the circular
motion. Much of the propellant will be left in the middle hembottom will not be cleaned.

After brainstorming, the team agreed to 30% overlap between consecutive plate and length

and distance can be altered so the propellant is guided in the center of the hole. After
discussion, the team decided to have 2 fullddand 1 half blade that will guide the propellant
towards the center. Hence, the following image provides an illustration for the concept design

for further analysis:

. o 0 Q
p ™ Tm& UL Al Ovu Tp

Figure56: Finalized design orientation

In order to provide some clearance for the main shaft it was determined the emmighlpart is
required for the most inner plate to hang inside the hole. Solving for the above equation 19.47
inch was obtained. In order to have better design parameter it was decided totivavef the
20-inch arm andne of thel0-inch arm. At this poinbumber of arms and its location with

respect to the central axis has been determined. The next phase is to determine the number

3 different shapes were brainstormed in the team and following is the side view of them:
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TABLEXXXVISIDE VIEW PROFILE

Triangular Profile Inclined Curved

The three profiles were analyzed for the scrapper for our design. All these profile were aimed to
scrap the propellant as fast as possible as much efficiently as possible. After looking for off the
shelf parts for the scrapper, it was concluded that trialag and curved profile are not

common and were very hard to source. The tip of triangular profile will be wearing constantly
hence it will be very hard to make sure that it will be contact always. The curved profile is very
difficult to mount and providenecessary support while it is scrapping the propellant. The

inclined profile was chosen as the best candidate for the bottom cleaning of the bowl as it is
easy to source, mount, provide necessary support and ensure that that is it always in contact

with the bowl.
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Figure57: Geometry of Side Scraper

H.2Material Selection:

This section will discuss 4 material chosen for the bottom scrapper design. The material were

analyzed and evaluate on the ability of static dissipation, temperature, chemical resistance,

rigidity, easy to source and cost. Each attribute were evaluatewjusiteria importance

weighing and all these attributes were idendified as crucial for the proper functioning.
TABLEXXXVIIIMPORTANCE CRITERIA MATRIX
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TABLE XXXVI: IMPORTANT CRITERIA NZorfdited)

Criteria A) Static  B) C) D) Rigidity E) Easy to F) Cost
Dissipating Temperature Chemical Source
Resistant
- - - @ @ C
- - - - D D
- - - - - E
0.33 0.2 0.27 0.13 0.07 0

The materials considered for bottom scrapper are neoprene, foam rubber, silicondlaad
stength neoporene rubbemBased on the research on material property, following table was
created and to identify the quality of the material.

Excellent; 5; Very God ¢ 4; Goodg 3; Average; 2; Poorg 1.:

TABLEXXXVHIMATERIAL COMPARISON

5 5 4 5
4 4 5 4
3 4 3 5
5 2 2 5
3 4 4 3
4 4 4 3
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A weighted decision matrix was then created in order to chose best material for our
application.

TABLEXXXIXWEIGHTED DECISION MATRIX

0.33
0.2

0.27
0.13
0.07

A A W OO0 w A~ O
A A AN A B~ O
w A AN W O A
A W w o ouo A~ O

The results showed that ultra strength neoprene rubber is the best materighéapplication.

Appendix: Finite ElemenAnalysis

The detailed design is described in this section including the force and stress analysis using
analytical method anthe frequency analysis is also done to avoid resonance situation happen
during the operation.
|.1 StaticAnalysis
The static analysis is to verify the stress of the object is under the safety of factor of two of its
yield strengths Also, displacement should also be in a reasonable range during the operation.
[.1.1 Mounting Plate

TheMounting Plateis experiencingatorque of 280Nm. and a weight of 13lb acting on itself.
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TABLEL FEA ANALYSIS FOR MOUNTING PLATE

Analysis Results

wvon Mises (N/m”2)
6.538e +06
5.884e +06

- 5.231e+06
- 4577 +06

. 3.923e+06

Max Strength 3269406
2.615e+06
- 1.962e+06
1.308e +06
6.53%+05
1.497e+02

— 3 Yield strength: 2.750¢ +08
URES {mm)

2.807e-02

. 2.526e-02

- 2.245e-02

- 1.965e-02

- 1.684e-02

Max 1.403¢-02

diSplaCGment L 1123002
| B420e-03

5.613¢-03
2.807e-03

1.000e-30

l.1.2Lid
Scenario 1: The lid is lifted up through three eye bolts and the lid will need to experience the

weight of mechanical scraping system and pressurized water system.

Scenario 2: The lid is fixed on the mixing bowl while the mechanical scraping systeatirgrot
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TABLELI FEA ANALYSIS FOR LID (SCENARIO 1)

Analysis results Resultscenario 1)

Max Strength

von Mises (N/m*2)
1.143e +07
' 1.02% +07
- 9148e+06
- 8.005e+06
6.861e +06
5.718e +06

4.575e+06

| 3.432e+06

2,288e+06

1.145e+06

1.93de +03

j — Yield strength: 2.750e +08
{

Max displacement

URES {mm)

5.036e-01
4.532e-01
- 4.02%e-01
3.525e-01
- 3.022e-01
2.518e-01
2.014e-01

- 1.511e-01

1.007e-01

> 5.0362-02

3 1.000¢-30
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TABLEKLII FEA ANALYSIS FOR LID (SCENARIO 2)

Analysis results

Results (scenario 2)

Max Strength

von Mises (N/m*2)
7.456e +06
l 6.711e+06
- 5.965e+06
. 5.220e+06
. 4.474e+06
3.729% +06
2.984e +06
”_ 2.238e+06
1.493e +06

7.475e+05

2,067e+03

— Yield strength: 2.750e +08

Max displacement

URES {mm)
5.140e-01
l 4.626e-01
- 4112e-01
_ 3.598e-01
- 3.084e-01
2.570e-01
2.056e-01
_ 1.542e-01
1.028e-01
5.140e-02

1.000e-30

l.1.3Scrapin@lades andRubberscraper
The blade and rubber scraper are experiencing a force pushed by residual propellant on the

inner surface. The distributed force is assumed 0.75Ib/in thalied to the surface.
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1.1.3.1TopBlades and Rubber Scraper
TABLELIII FEA ANALYSIS FOR TOP BLADE AND RUBBER SCRAPER

Analysis Results
results
| won Mises (Nfm#* 2y
MaX 16250 +04
Strength vonises (n"8 . 1.463¢ +04
7.081¢ +06
. s _ 1300 +04
L 7180+
. 6.385e+06 [ 1138
| 55976406 - 9.754e+03
L 4780406 L 8128403
L 3.991e+06 | 65030
L 31030406
| 4878403
L 23050406
o 3.253e+0%
507e+
I 79000405 16282 +0%
1.0032403 3.011e+00
— Vield strength: 2.063¢ +08
MaX LRES frmrm)
H URES (mim) 3415e-01
displace |
p 4.078e-01 | 3.073e-01
L 266701
ment . 3.25%-01 - 273201
- 2.852e-01 _ 2.390:-01
L 25e-01
Lo20d4%-01
L 2.037e-01
L 1.630e-01 L 1.707e-01
L 1222001
L 1.366e-01
8148e-02
I 207402 o l02de-01
1.000-30 6590002
3.415e-02
(N 1.000e-30

1.1.3.2Middle blades and rubber scraper
Thesimilar result happened as the results of top blades and rubber scraper.
1.1.3.3Bottom blades and rubber scraper
The blade and rubber scraper are experiencing a force pushed by residual propellant on the

inner surface with 0.75Ib/in.
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TABLEXLIV FEA ANALYSIS FOR BOTTOM BLADE AND SCRAPER

Analysis Results
Max ] von Mises (H/m"2) JRES ()
00982406 35546400
Strength . 8,189 +06 . 2.298:+00
| 7,280 +06 | 20e00
. 6370406 e
L 1.532e+00
| 54616406 [
| 45520406 | arien0
L 36d3e+06 _ T.E81e-01
L 2733406

1.824e+06
91472405
5.362e+03 Vs{

— Yield strength: 2,068 +08

5.107e-01
2.554e-01
1.000e-30

Max
displacem
ent

A a

URES {rmm)

6.662e-01
| 5.086e-01
- 5.327e-M
- 4.656e-01
_ 3.00e-01
L 3.326e-0M
| 2.661e-01

- 1.9%%e-0

1.330e-01
6.662e-02 Y :
1.000e-30

URES tmm)
2,554 +00
. 2.208¢ +00
| 20436400

. 17882400

L 15326400

L 12776400

L 10216400

_ Te6le-01

5.107e-01
2.55de-01
1.000e-30

The bottom base scrapper consist oR8,inch arm scrapperubber assembly and 2, 10 inch
arm scrapper rubber assebly. The 20 inch arm scragpérubber were analyzed with 10 Ibs

force and 10inch arm scrapper and rubber with 5 Ibs force. Following results were obtained:

1.1.3.4 Bottom blades and rubber scraper
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TABLEXLY FEA ANALYSIS 10 INCH ARM SCRAPPER

Analysis Results

Max
Strength

wvon Mises (N/mA2)
1.705¢ +07
l 1,534 407
. 136de 07
- 11836407
. 1,023 407
' B.523e+06
L 68100006

. 511des06

3A00 + 06
1.705e +06
2269400

—p Yield strengeh: 1.728¢ 402

M aX URES (mm)

displaceme N
nt

- 7.847e-03
- 6.866e-03
| 5.885e-03

. 450de-03

| 392303

L 23303

1.962¢-03
9,809e-04
1,000e-30
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TABLEXLVIFEA ANALYSIS 20 INCH ARM SCRAPPER

Analysis

Results

Max
Strength

von Mises (N/m*2)
1124007
¥..
- 83806
_ 7865406
. 674206
56180006
| a4ses06

_ 33706

22450406
1124406
3277402

— Vield strength: 1.724e +08

Max
displaceme
nt

URES (mm)
1443602
l 1,2990-02
L 1154002
L 1010002
. 0.656e-03
7015009
L 5772000

L 4329000

2,886e-03
14430.09
1,000¢-30
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TABLEXLVIIFEA ANALYSIS 20 INCH RUBBER

Analysis

Results

Max
Strength

von Mises (Nfm )

6007805

..

At

})\ s
: e
l 308305

L 2405

L tamees

127

60

et
PRe—

Max
displaceme
nt

URES (mm)

25962 +00

l 23360400

- 2077e500
Z‘j\“ roew
L 1557e+00

- 1.2982+00

L 1038400

| 7.787e-01

5.191e-01
2,596e-01
1,000e-30
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TABLEXLVItLIFEA ANALYSIS 10 INCH RUBBER

Analysis Results

Max
Strength

Mo del name: 10 INCH BOTTOM SQUEEGEE RUBBER
Studyname: Static 2 Default)

Flot type Static nodal stress Stresst

Defomation scalei 1

von Mises NfmA2)
6762205
6,06 +05
_ 54102405
473405
| 4057405
| L 330705
L 2705405
| 2009405
1352405
67622 +04
3.664e-07

— - Vield strength: 1.724e+07

Max
displaceme T —

Study name: Static 2(-Default)
Plot type: Static displscement Displacement1

nt Deformation scale: 1

URES (mm)
1.730e+00
. 1.557e+00
- 1.38%e+00
- 1.211e+00
L 1.038e+00

8652e-01

L 6921e-01

_ 5.191e-01

3.461e-01

1.730e-01

1.000e-30
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.2 Frequency analysis
The frequency analysis is to verify the motor stand will not have resonance during the
operation. The resonance result will not happen as long the amplitude of frequency of each

mode shape is not the same as natural frequency

l.2.1Motor stand
The followng table indicate the natural frequency at each mode shape and all the frequency
should be above the motor speed which is 0.733 rad/s. Therefore, at this current speed, the
resonance will not happen.
TABLXLIXMODE SHAPE ®I©OTOR STAND

Mode shape Natural frequency (Rad/Sec
619.48
1657.1
1784.9
2701.7
3411.4

a b~ wN PRk
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Appendixt DetailCost Analysis

This section provides details ¢ime cost ofeachmaincomponentin more detailghat is Teflon
coating application, hydraulic system, Mechanical components and Pressurized waten.syste
The parts that were unable to receive a quote were estimated based off similar parts from off
shelf parts. The total cost for all components is ofigad in the table below. The parts that

were estimated have an asterisk (*) to denote the estimated cost.

J1 Cost for Teflon Coating
The cost of the Teflon coating was calculated based on the information provided by the client

List of parameters providelly the client are mentionetdelow [37]

1. The same Teflon coating was performedabsubscale mixewrith diameter 14.5 inch

andheight was assumed to beiizches

2. The cost of the coating was 15@$year 2010
Based on thisnformation this information thesurface ara of the Teflon coatinfpr the
follower platewas calculated a421.37 in“2assuming the coating was done on entire surface
from this thecost for Teflon coating per surface area was calculate@l 26 $/in”2.
Thesurface area for the propellant mixing bowl havdiameter of 64 inches and height of 45
inchesbased on thighe surface aredor the propellant mixing bowl was calculated #2264.8
in"2 considering the Teflon coating will be performedlmritom andsides of the propellant
mixing bowl.Therefore, thetotal price for the Teflon coating was identified to 866.08 in
year2010 with anaverage inflation rate 0f.50 % the price for Teflon coating in todays date

was calculated as068.37$ as shown iRigure58 below.
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Inflation from 2010 to 2020

Cumulative price change 16.09%
Average inflation rate 1.50%
Converted amount $5,068.37
Price difference $702.29
CPl in 2010 117.500
CPlin 2020 136.400
Inflation in 2010 2.35%
Inflation in 2020 2.25%

Figure58: Price for Teflon coatg in todays dat¢38]

J.2Cost for Hydraulic System
The hydraulic system consists of Geroller motor and Hydralic power faekjuote for the

hydraulic motorwas provided by Dynaminachining as shown iRigure59 belowand quoted

as 14000$ for a gefter motor and the hydraulic power pack.

G 9 © >

Tomas Zeljko <Tomas@dynamicmachinecorp.com>
Mon 12/7/2020 4:22 PM

To: Arvinder Saini

Hi Arvinder,

Our best estimate is $13,000.00-514,000.00. Explosion proof valve alone is almost $7500.00. Everything else is not that
expensive.

We didn’t get all prices from our vendors, so this is an estimate

Regards

Tomas

Figure59: Quote on a Hydraid motor and power pack provided by Dynamic Machirj88]

J.4 Cost for Pressurized Water System
Thepressurizedvater system consists of number of parts that are easily available from

McMaster carr as shown iRABLE below. A miscellaneous cost of 20% Is added onto the total
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amount to account for installation cost amahy inflationin price from USD to CABII the
prices mentioned in total cost are in USDich was later convertetb CAD with using a current
exchange rate of 1.30 CAD which is equivalent to 1 USD. The sub total also includes the 12%

total tax based orManitoba tax rates.

TABLE: COST FOR THE PRESSURIZED WATHKER SYSTE

Source Part Number Qty Total Cost

t A L) McMaster Carr 48395K42 1 35.2

t A LY McMaster Carr 46755K112 4 110.48

t A L McMaster Carr 48395K623 4 156.56

t HEIS y ¢ McMaster Carr 46755K82 2 38.36

t A L McMaster Carr 46755K72 2 29.02
HP Cross Connector McMaster Carr 4443K652 4 172.96
HP Tee Connector McMaster Carr 4443K642 5 111
HP 45° Elbow McMaster Carr 4443K622 12 315.84
Connector
HP Straight Adapter McMaster Carr 4443K662 4 26.24
HP 90° Elbow McMaster Carr 4443K612 4 74.84
Connector
% NPT x ¥ BSPP McMaster Carr 48221339 1 17.13
Adapter
%2 BSPP Reducer McMaster Carr 51205K754 1 72.04
Y4 FullyThreaded McMaster Carr 46755K12 1 4.5
Nipple
% NPT Reducer McMaster Carr 482271337 1 39.81
Y4 65° Flat Spray Nozzl  McMaster Carr 3234K251 12 103.44
Y, Solid Spray Nozzle McMaster Carr 3234K246 2 19.4
Swivel Joint Tameson FIZEMFSFP 1 356.1

014GR
- 20%Miscellaneous 336.584
Sub 2261.844
. Total

J.5 Cost for Mechanical Component

In order to calculate the total price of the mechanical comporientas divided into two parts:
purchase partand manufacturing partas shown immABLEIand TableLll
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TABLEL COST FOR MECHANICAL PURCHASED PARTS

Top and Middle Blade T Bar

Top and Middle Blade Rectangular Tuk
Bottom Blade T Bar

Bottom Blade Rectangular Tube

1.5-inch Dowel pin

Cotter Pin (3/16)

Socket head Capscrew( 5/ Thread

Size)

Hex Head Fastner(5/81)

USS Washer
Lifting Bolt
Lifting Nut

O ring(Dash Number152)
Retaining Ring (3inch Dia)

Set Screw

Top and middle blades Screws
Top and middle blades Washers
Top and middle blades Nuts

Bottom Screws

Bottom Washers

Bottom Nuts

Hold Down Toggle Clamp (Holding
Capacity: 750 Ibs)

Mounted Roller Bearing

Mounting Plate for (Motor)

Hub
Split Spider

Steel Spider Cover

Source

McMaster Carr
McMaster Carr
McMaster Carr
McMaster Carr

McMaster Carr
McMaster Carr
McMaster Carr

McMaster Carr
McMaster Carr
McMaster Carr
McMaster Carr
McMaster Carr
McMaster Carr
McMaster Carr
McMaster Carr
McMaster Carr
McMaster Carr
McMaster Carr

McMaster Carr

McMaster Carr
McMaster Carr

McMaster Carr
McMaster Carr
McMaster Carr
McMaster Carr
McMaster Carr

TOTAL COST IN CAD
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Part Number

89825K56
1352T11
89825K23

98306A907
98355A245
92185A578

92186A804
93852A138
30597750

94805A247
9452K173

91590A185
94355A535
92314A115
92844A121
90257A005
91720A249

90107A011

90257A011
51325A64

1498N16
8896K24
3565N8

3565N47
3565N63

Qty

3 (6 ft.
Lg.)
1(3ft.
Lg.)
3 (6 ft.
Lg.)
2
2

24

R PP WwwsND

12
12
12

oD O

R RPN R R

Total
Cost

198.84
105
40.69

88.42
13.9
11.34

7.36
11.88
546.45
25.74
10.46
22.73
4.66
97.44
45.24
67.92
41.04

21.84

43.74
447.66

659.89
475.98
218.7
40.95
41.96
5063.138



TableLlt COST FOR MANUFACTURE PARTS

Source Part Number Qty Total
Cost

Rubber Scraper(Side, Middle, Argus 08,09,10,12,07, 17000 1 17000

Bottom)

10 inch arm bottom scraper (Labor) Standard Machine 11 300 2 600
Work

20 inch arm bottom scraper (Labor) Standard Machine 13 400 4 1600
Work

Bottom Blade Assy (Weld) Standard Machine Sub Assy-2 200 2 400
Work

Bottom Blade BrackefLabor) Standard Machine 13 300 2 600
Work

Bottom Blade Bracket (Material) Standard Machine 13 100 2 200
Work

T bar(Welding to blades) Standard Machine Sub Assy-3, 32,33 200 6 1200
Work

Middle and top Blade T bar(Labor) Standard Machine 1352T11 Cutto 50 4 200
Work length

Motor Mount Assy weld Standard Machine 1 490 1 490
Work

Upper mounting plate (Labor) Standard Machine 1-1' 200 1 200
Work

Upper mounting plate (Material) Standard Machine 1-1' 50 1 50
Work

Gusset (Labor) Standard Machine 1-2' 100 1 100
Work

Gusset (Material) Standard Machine 1-2' 60 1 60
Work

Bottom mounting plate (Labor) Standard Machine 1-3' 50 1 50
Work

Bottom mounting plate (Material) ~ Standard Machine 1.-3' 50 1 50
Work

Side Mounting Platglabor) Standard Machine 1-4' 49 1 49
Work

Side Mounting Plate (Material) Standard Machine 1-4' 50 1 50
Work

Sleeve for Hydraulic Motor (Labor) Standard Machine 3 250 1 250
Work

Sleeve for Hydraulic Motor Standard Machine 3 138.62 1 138.62

(Material) Work

Coupling for Transmission shaft Standard Machine 4 75 1 75

(Labor) Work

Coupling for Transmission shaft Standard Machine 4 138.62 1 138.62

(Material) Work

Lid* Guestimate 6 1500 1 1500

Funnel * Guestimate 14 500 1 500

Flange* Guestimate 16 800 1 800
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TABLE LI: COST FOR MANUFACTURING PARTS (Continued)

Source Part Number Qty Total
Cost
Weld assembly for (Shaft and Guestimate 17 1200 1 1200
bladeg *
L Bracket (Sub Asgy2) * 13 200 6 1200
Miscellaneousost (10%) and (12% 6314.273
tax)
Total Cost of Mechanical Components 34751.51

All the values above with * refers to the guestimate values.
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AppendixK GeneralRskAnalysis

K1 General Risk Management
The risk management plan is a procedure used to manage asyhakthe team or

project might encounter during the project. By identifying and analyzing the risks, a risk
response plan is developed to respond totlaé potential risks that might occur.
K 1.1Risk Identifications and Description

Updated riskdentifications and descriptiagis shown below to indicate potential risk
of top 2 design concepts generated after design screening and scoring. The risks were ranked
based on the date team registered each risk and categorized by safety, budget, quality and
schedule. The new risks are categorized by design concspbas inError! Reference source n
ot found. table below.

TABLEIt UPDATED RISK IDENTIFICATION AND DESCRIPTION

Risk Category Risk Description

Explosive safety and environmental issues v

and impact the plan to complete the desirec

tasks

1 20-09-16 Safety cause danger to the environment and to the
operators
Project exceeds the planned budget will cau
2 20-09-16 Budget o _ _
dissatisfaction of thelient
_ Operators find new process difficult to use,
3 20-09-16 Quiality _ _ _
causes a failure of project design
20-09-16 Quality Design fails to achieve client's expectation:
_ Design is not practical to build, which will
5 20-09-16 Quiality _ N _
cause aisqualified project team
Team members become sick or are unable
work, which willcausea loss of team resource
20-09-25 Schedule
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TABLE LII: UPDATED RISK IDENTIFICTION AND DESC&itiuedy

Risk Category

Schedule

Quality

Concept
(Extendable Rod)
Concept
(Extendable Rod)
Concept
(Extendable Rod)
Concept
(Lubrication)
Concept
(Lubrication)
Concept
(Extendable Rod)
Concept
(Lubricatior)
Concept

(Lubrication)

Risk Description

Team member not abiding to team rules wil

cause a delay of desired tasks
Design fails to eliminate the need for the
operator to climbinside the propellant mixer
bowl
The concept design could create sparkles
during mechanical scraping process
Residual propellant cannot be cleaned
completely
Remote control or electric equipment canno

be installed in warehouse
Coating may come off after multiple use

Coating is too thick for tolerandeetween
blades and the inside surface
The scrapper cannot reach the corner of
mixing bowl
Hard to control excessive wear on the oute
diameter during vertical scraping motion
Extendable Rod may cause buckling due t

high scraping force
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K.1.2Probability and Impact Matrix
Different risk has different impact on the project, so the probability rating and the impact rating

decides the level of threat that each risk impose onto the projébe probability of each risk

rating is described in the following table:
TABLEIV. RISK PROBABILITY MA[ER]X

Risk management likelihood descriptors % likelihood

_ Risk s expected to occur in most circumstance:
S Almost Certain >95%
>95% chance to occurrence

_ Risk willprobably occur in most
Likely _ 50-95%
circumstances: 585% chance of occurrence.

Risk might occur at some time: -Bb%
Unlikely 25-50%
chance of occurrence

Risk could occur at some time25%
Rare 5-25%
chance of occurrence.

Risk mayccur only in exceptional
Extremely Rare _ <5%
circumstances: <5% chance of occurrence

The impact that can affect the project is given a rating on how significant of an effect it may
haveon a project and is described in the following table.

TABLEV RISK IMPACT MATRIX
%

Riskmanagement likelihood descriptors

likelihood

Risk will have an extreme impact on the project scop

schedule, and/or cost and may prohibit the project fro

S Extreme . >95%
proceeding. Key stakeholders must be engaged
I immediately.

4 Major Risk wilhave a major effect on project scope, schedu  50-95%

and/or cost. There is a need to engage key stakehold

before continuing with project work.
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3 Moderate Risk will moderately affect project scope, schedule, 25-50%
and/or

cost. Key stakeholders may needa® contacted.

TABLE LIV: RISK IMPACT MATRIX [40] (Continued)

Risk management likelihood descriptors %
likelihood
4 Minor Risk may have minor impacts on project scope, schec  5-25%
and/or cost but remain within the threshold stated in tt
PMPIan.

S0 Insignificant  Risk will not have a measurable impact on project scc <5%
schedule, and/or cost.

The total risk rating is then calculated by multiply the probability rating and impact rating. The
results can be shown in the tabitelow:

TABLEVI TOTAL RISK RANKING
Total Risk

Impact

Rating

Extremely
4
8

4 6

B

Therefore, the riskating for the project is calculated as the table shown below:

TABLEVII RISK RATING OF THE CHOSEN DESIGN

Total Risk

Risk

Risk Description Probability | Impact
Number

Rating
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The concept design could create sparkle

duringmechanical scraping process
Residual propellant cannot be cleaned 5 5 .
completely
Remote control or electric equipment 4 3 12
cannot be installed in warehouse
Coating may come off after multiple use 3 2 6
TABLE LVI: RISK RATINGHEH-CHOSEN DESIGN
Number Rating
Coating is too thick for tolerance betweer 2 3 6
blades and the inside surface
The scrapper cannot reach the corner of 4 3 12
mixing bowl
Hard to control excessive wear on the out 3 2 6
diameter during verticatcrapingmotion
Extendable Rod may cause buckling due 2 2 4

highscrapingorce

K1.3Risk Response Plan

The risk response plan provides a response to each risk ebphtree design concepts. The

risk response plan is created to tackle/deflect/mitigate the abawentioned risks.
TABLKII:RISK RESPONSE PLAN

Risk
Risk Description response Risk Response
category
Remote control oelectric Try to use hydraulic
12 equipment cannot be 11 Mitigate method or pneumatic
installed in warehouse method

Scraper can be wrapped k

more elastic rubber
The scrapper cannot reach
12 14 Mitigate material and apply extra
the corner of mixing bowl
force when scraping the

corner
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Explosive safety and
Make a list of parts and
environmental issues will
materialscompatible with
causedanger to the 1 Mitigate
propellantto avoid
environment and to the _ _
explosion or safety issue
operators

TABLKIII: RISK RESPONSE PLAN (Continued)
. Risk
_ — Risk _
Risk Description response Risk Response
Number

category

The concept design will apply nonspark material
10 create sparkles during 9 Mitigate on the edge of scraping
mechanical scraping proces tool

Communicate with
Operators find new process

operators and improve
difficult to use, causes a 3 Mitigate

design regarding to their
failure of project design _

requirements

Design is not practical to

Look for improvement in
build or does not work for

Mitigate order to come up with a
420-gallon BakeiPerkins

realistic design
vertical mixer bowl

Apply multiple cleaning
Residual propellant cannot

10 Mitigate cycles for thecleaning
be cleaned completely

process

Look for improvements ani
Design increases the

5 Mitigate do optimization on the
processing time for cleaning _ _

existed design

Coating may come off after - Apply coating to the inner
_ 12 Mitigate o
multiple use surface periodically

I
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Coating is too thick for Change the size of blade:
tolerance between blades 13 Mitigate to fit in the mixing bowl

and the inside surface after coating

TABLE XllI: RISK RESPONSH@GuAued)
Risk

Risk Description response Risk Response

category

Hard to control excessive Design additional edge

wear on the outer diameter N around outer diameter to
. _ _ 15 Mitigate . _
during vertical scraping complete vertical scraping

motion motion

Team members become sic
or are unable to work, whicf
_ Reallocate team members
will cause a loss of team -
_ 7 Mitigate  tasks and reschedule the
resources and impact the _
_ desired plan
plan to complete the desirec
tasks

Design fails to eliminate the . _
Improve exishgdesign to
need for the operator to

. 8 Mitigate minimize the operation
climb inside thepropellant
_ process
mixer bowl
Extendable Rod may caust Increase the crossectional
4 buckling due to high scrapin 16 Mitigate  area of extendable rod to
force endure more internal force
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Project exceeds the planne:
budget and causes 2 Mitigate

dissatisfaction from client

Team member not abiding t
team rules will cause a dela 6 Mitigate

of desired tasks

Appendix_ Installation Instructions

Communicate with clients
and ask if they can providt
more budget for this
project
Discuss team rules and
responsibilities to make
sure all the team member:

are agreed with team rules

Installation instructions are includddr specific assemblies that could confuse operatws

that the operators mayunderstandthe design intent.

L.1First Time Installatioof Water System

1. The water system needs ttave the main pip@andall the relevant Foints and cross

connectionsassembledefore being placed iside ofthe main transmission shaft

2. The holes on the main shaft will align with the threaded holes for the 6 different branch

paths of the water systenThe branches can then be threadedio the main pipinglt is

important to note that the branches should through the rubber grommets and not be

touching the shafto prevent risk of rubbingensure that theconnection is tight and

sealed.

3. The water system witlow be fixed to the transmission shaft aliled out when the

entire cleaning system is removed via the crane

L.2First Time Installation dflechanical System

In order to assemble the mechanical system following steps are to be followed in sequential

order:

1. Installall the sub componentas shown irSUB_ASSEMB2YLID AR CLAMP
ASSEMBLY DWG) onto thBPART _06 as shownAppendixM - Engineering

Drawirgs.
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2. Install the water pressurized systamthe SUB ASSEMBLY 5 (SIDE WALL SCRAPER
ASSEMBLY DRAWINW Yollowing the steps frorh.1First Time Installationf Water
Systemas shown above.

NOTE: The SUB ASSEMBLY 5 is welded and agpgbsimately 65 Ibs ensure safe
work procedure when assembling the water pressurized system

3. Lift the entire assembly with a combination of water pressurized system installed in step
2 in conjunction with SUBSSEMBLYi5to the mixing bowl.

4. Lift the SUB_ASSEMBLY 2 (LID AND CLAMP ASSEMBandW@)it with the
transmissiorshaftassembled in step.3 hereclearance hol®f 3.125inch provide an
ease of alignmento the shaft diameteof 3 inch Before proceding to step 5 ensure
the lid is aligned with the holes of the mixing bowl and clah®lid using pusldown
toggle clamp.

5. Add the retaining ring on the shadihd than assemble the bearing ensure the set screw
are tighten until theallenkey starts twising.

6. Assemble all the other components as shown in SUB ASSEMBOYOR ASSEMBLY
DRAWING.

NOTEAfter the first installation It is not necessary to remove all the components unless

there is amy damage Once the cleaning is doradl the assembly can bidted with the help

of threerotating eye bolt located on the liithout removing any sub assemblies

Moreover, the retaining ring will support the load the whole assemblyveighing

approximately305 |bsas theretaining ring prouwes a thrust loadapacity of 33,300 Ibs. It is

recommended to check the shaft for any damags the location of the retaining rirajter
lifting the whole assemblyf there is any damage the shaft diameter can be reduced to add

a shoulder instead.

L.3External Connections
Upon thestart of the cleaning process the cleaning system will have several external hookups
The list of connections that need to be connected before and after the cleaningargces

follows:
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1. The pressurized water system will haare external connectionequiring hookup to a
pressure washer.
Note: If the pressure washer can incorporate a soap solution with the water, then this is
recommended

2. Thehydraulic motor will have to be connected to the external hydraulic systerthéor

power input.

L.4 Cleaning Procedure
The cleaning procedure consists of number of different steps that needs to be followed in
sequential order as mentioned below:
1. Insert the pressurized water system on the subassembly (first time installation).
2. Theassembly will be done in house while all the subcomponents are assembled such as
blades on shaft, clamps, mounting plate on the lid (first time installation).

3. Insert water pipe inside the hollow shaft and connect pressurized water system.

»

Connect shaft tdhe lid by installing bearing, couplers, hydraulic motor and mounting
plate.

5. Lift lid by hooking the three rotating eyebolts.

6. Insert assembly into mixer bowl, fix dowel pin and clamp the lid using toggle clamps.
7. Assemble hydraulic power system

8. Connect presurized water system with swivel joint through funnel.

9. Cleaning process Phase | (pressurized water system open).

10.Cleaning process Phase Il (pressurized water system closed).

11.Take out and clean the assembly, Store the assembly indoors in a clean, dry,

noncarosive atmosphere.
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AppendixM - Engineering Drawgs

This section provides all the engineerieghnicaldrawingsand Bill of Materia(BOM)for each sub assembliésr the parts
designed by the team. All the other part drawings can be found on the McMaster Carr with their detail part raeriigmed in

the BOM.
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8 : 6 i 5 ; 4 ; 3 : 2 | 1
ITEM NO. PART NUMBER DESCRIPTION QrTY. é o
@ I ] 93190A714 1/2"-13 THRHEEI.;(DSSCIJIZ?%V;II-” " LONG 2
| i 2 92147A033 1/2" SCREW SIZE WASHER 2
USER LIBRARY-
3 HYDRAULIC MOTOR-2 HYDRAULIC MOTOR 1 _
4 9452K173 3/32 OIL-RESE;I"\‘ACI;\IT BUNA-N O- 1 :
i @
@ i 5  |PART 01 MOUNT PLATE_ MOTOR 1 =
@ 6  |PART 02 KEY MOTOR0.5" X 0.5" X 2" 1 3
o ] 7 PART 03 SLEEVE FOR MOTOR 1 o i
<
8 3565N63 STEEL SPIDER COVER 1 g a
9 3565N49 MEDIUM SPLIT SPIDER 1 =
< A 10 PART 04 COUPLINGSSI!I-IK\FEI_T _TO MAIN 1
"“ 11 |PART 05 KEY _TRANSMISSION 05" X 0.5°X|
1
| HIGH-TORQUE SET SCREW FLEXIBLE
1% | [PSSONSIS SHAFT COUPLING 2
MOUNTED ROLLER BEARING
13 1498N16 WITH FOUI?h]%aLgHF;LérNGE FOR 3 1
EDUCATIONAL AND PROPRIETARY MECH 4860 Engi ing Desi
= UNLESS OTHERWISE SPECIFIED DIMENSIONAL UNIT: G I\ PEORMATN CONTANED s gm‘;%lg Députiant v bbb Eﬁgﬂeering
cKo NONTOLERANGED DIMENSIONS ARE BASIC mS prton il iy TITLE:
EI D Mo = S USED wTHOUT T NI :
Ea NONDIMENSIONED GEOMETRIES PER CAD MODEL WK =T APPLICABLE CONSENT OF THE PROJECT TEAM. SEMI-AUTOMATED PROPELLANT CLEANER
z‘:DN;:! TOLERANCE CHAMFERS 0.25:0.1 X45°:2° MATERIAL MOTOR ASSEMBLY DWG
T o ~.010 A-|—|—\B c FILLETS R02:0.1
ot BREAKSHARP R003:001 T SZE | DWG. NO. REV
0 |20111/12| ORIGINAL RELEASE ‘C";’: E* A"‘"Ss.s n::imen FEATURES R TIREADSAT GhioR. SHARP SROZBMANANE B SUB-ASSEMBLY 1 O
L B B SCALE 1:10 SCALE: 1:10 | WEIGHT: 13.2kg SHEET 1 OF 1
T T

T
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ITEM NO. PART NUMBER DESCRIPTION Qry.
1 Mount Plate_ Upper piece | PART_01_01 1
—) 2 Side Part PART_01_02 2
3 Mount Plate_ Bottom piece| PART_01_03 2
4 Gusset PART_01_04 4
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