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Executive Summary

AGI-VIS is a supplier of commercial agricultural equipment and is in the early stages of
expanding its product line to include farm grade equipment. AGI-VIS tasked our team to design a
farm grade version of their distributors. The company has failed to sell many distributors in the
past two years due to large manufacturing costs as a result of long labour hours. On average, a
mild steel distributor with eight outlets has a total manufacturing cost of $10360 (Material Cost of
$4364 and Labor Cost of $5996) and takes 92 hours to assemble. The goal of this project is to
design a farm grade distributor with a total manufacturing cost of $7770, which is 25% less than

the commercial version.

In the concept generation phase of this project, a total of six main concepts were generated
with a focus on different body shell types. The chosen body shell for the final design involves
significantly less forming due to the octagonal geometry, an angled lower section that coincides
with the required 50-degree product discharge angle, and eight outlet spouts. The angled nature of
the new distributor body concept allowed for a simplified outlet spout design made from standard
12-inch, 10-gauge mild steel tubing that is cut to length with welded round flanges. Similarly, the
inlet and internal swing spout will use the same standard tubes and flanges which allow for the
parts to be assembled simultaneously. A significant change from the commercial version is that
the farm grade distributor, except for a few components (outlets, swing spout, service door and
drive assembly) will be composed of galvanized steel. The use of galvanized steel will allow for
many distributor components to be bolted, simplifying the overall distributor assembly process
and making replacing parts more feasible. The final design also includes features such as an air
vent, drip tray, cleanout holes, outlet spout covers, lifting lugs built into the body shell flanges, a
12-inch to 11-inch diameter bolt-on swing spout transition, hanger supports, an inspection window

and shipping legs.

Finally, the main project objective of developing a farm grade distributor with a 25%
reduction of total manufacturing cost and less assembly time was achieved. The new design has a
projected total manufacturing cost of $7828 with material and labour costs of $3700 and $4128
respectively. For the assembly process, the required labour hours were reduced by 28.5 hours to

63.5 hours.
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1 Introduction

AGI-VIS is an agricultural equipment supplier based in Oak Bluff, Manitoba that specializes
in manufacturing material handling and bulk storage equipment that is specifically engineered for
commercial applications. The company product line includes equipment such as bucket elevators,
overhead bin systems, spouting, distributors, control (slide) gates, various types of conveyor

systems used for grain storage purposes.

This report focuses on AGI-VIS distributors, a product line that our team was tasked with
redesigning for farm grade applications. Included in this report is a definition of the project, a

detailed overview of the final design, its fabrication process and total manufacturing cost.
1.1 Project Background

AGI-VIS distributors are designed for material handling applications to convey materials such
as grain, fertilizer, and feed to bulk storage bins. With an electrically operated rotating internal
swing spout that mates with the external outlet spouts (via position sensors), the distributor can
accurately direct product to a chosen storage bin. Currently, the distributor is available in mild
steel or stainless-steel options and have other customer-specific configurations such as spouting
size (D107-16”), the number of outlets (4-24), spout liners, and body type (full round or flat back).

A stainless-steel distributor is shown in Figure 1 and has a full round body type with six outlets.

Figure 1: AGI-VIS Stainless Steel Distributor /1]
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AGI-VIS products including the distributors have been designed for commercial use only.

However, the company has recently invested in a new product development department and plans
to expand its current offerings by developing a new farm grade product line. At the top of the list
are their distributors that currently have a total manufacturing cost of $10360 (material cost of
$4364 and labour cost of $5996). These distributors are of reliable design, but poor sales indicate
that they are too expensive in today’s marketplace. Only nine distributors were sold in the last two
years. As a result, AGI-VIS is targeting farmers who have a high demand for this product but,
historically in most cases, are not willing to pay the high price of commercial distributors. With a
new and more affordable farm grade version, the company hopes that it will lead to a continual

increase in distributor sales and improve their overall earning potential.
1.2 Project Objective

The objective of this project is to design a farm grade distributor with a total manufacturing
cost of $7770 (a 25 percent cost reduction from the current commercial version, $10360) by

December 4, 2019.
1.3 Project Scope

The scope of this project covers the design of a single configuration of a farm grade
distributor. The chosen configuration to be used as a baseline for this project includes 12-inch inlet
and outlet spouting, eight outlet spouts and a 50-degree discharge angle. Additionally, the body-
shell is not limited to the current flat-back and full round types. Further details on the project are

highlighted in the project charter shown in Appendix A.
The project scope includes potential cost savings from the following areas:

= Design changes to an existing commercial distributor
= Process improvements to manufacturing and assembly for labour time reduction

= Design of new tooling and/or fixtures

Any process improvements are required to be within the company’s current manufacturing
capabilities and are limited from the point where the individually processed distributor components
arrive at the assembly cells, up to the point where the distributor is fully assembled, painted, tested

and ready for shipping.
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Items out of the scope include modifications to the shop layout, the design of the transition

from the grain elevator to the distributor inlet, electrical and control aspects, creating prototypes,

and any overhead costs.

Deliverables for this project include the following:

= 3D SolidWorks models and assembly drawings using AGI-VIS SolidWorks templates
= Bill of Materials (BOM) and Standard Routing Reports using AGI-VIS MRP (Material

Requirements Planning) software, Made2Manage

* Final Design Report and Project Poster

1.4 Constraints and Limitations

The following outlines the constraints and limitations of the project that are not within the

control of the project team and limit the methodology to accomplish tasks within the project.

1.4.1 Constraints

The layout of the manufacturing shop cannot be changed

All parts must be made with the existing tooling in AGI-VIS’ manufacturing shop
Discharge angle of the outlet spouts set to 50° cannot be changed

The drive assembly stays the same, adding a base cost of $3457.74 to the new

design when the material and labour costs are added together.

1.4.2 Limitations

Lack of information from competitors restricts the ability to fully benchmark other
distributors on the market

A lack of scheduled distributor jobs at VIS that prevents conducting future time
studies and testing (results rely on old data),

All parts must be cut on standardized sheet metal sizes (4 feet x 10 feet or 5 feet x
10 feet)

The assembly process will be limited to only two assemblers, therefore additional

assemblers cannot be added to fast track the assembly process.
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1.5 Customer Needs

Customer needs were assessed from the perspective of the client, AGI-VIS, and the target
consumer of the product, grain farmers. An initial priority was given to each need ranging from 1

to 5, with 5 being the highest priority. Customer needs are summarized in TABLE I below.

TABLE I: CUSTOMER NEEDS

Target consumer of the product — Farmers

1 Reliable swing spout - The grain goes in a correct bin 5
2 Reliable swing spout - Ensure swing spout does not get stuck 5
3 Inexpensive 4
4 Easy maintenance 4
5 Airtight 4
6 Internal parts easily accessible and can fit through the door 3
7 Easy to operate 2
8 Corrosion resistant 2
9 Wear resistance on the inside of distributor from grain 2
10 Self-cleaning 1
11 Light weight 1
12 Total assembly labour hours reduce 5
13 Inexpensive 5
14 Minimize the total quantity of parts to be assembled 4
15 Minimize the amount of forming on the brake (sheet metal bends) 4
16 Uses hardware and fasteners 2
17 Focus on a single size distributor 1

The design of the distributor focused to address needs with priority values of 2 to 5. The
highest priority items are to ensure the swing spout does not get stuck during operation, the grain
deposits into the correct bin, and reliability for the farmer. For AGI-VIS, the focus will be to

reduce the total labour hours and the total manufacturing cost.
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1.6 Design Methodology

Key problems were identified with the current design and manufacturing process using the
current process flowchart shown in Appendix B.5. Various design concepts were generated to

address each problem using the functional decomposition method shown in TABLE II.

TABLE II: FUNCTIONAL DECOMPOSITION

Hammering flange to
the bottom plate

Body forming 100-150
bends

Additional and
Removal of stiffener
Cut flange 1.5-2” deep
centred between each
bolt

Paint on Mild steel

Stainless steel material
selection

Cut out inspect door
hole

Door opening

Door opening

Door location: elevated
on the center of the
sidewall

Time-consuming, critical path
item

Time-consuming

Time-consuming

Time-consuming

Painting adds waiting time

Expensive

Unnecessary for farm grade
application

Time-consuming

A lot of maintenance is required
after installation of distributors in
the winter, access to the internal
part must be more easily
accessible

Due to a small door opening, a lot
of assembling of parts must be
done when inside the distributor in
a highly confined space.

Tripping hazard

Incorporate tolerances into the
design to ensure a perfect fit

Reduce the number of bends
to have one bend per outlet
A thicker gauge of metal for
the bottom plate

Change circular to the bent
body. The flange can be bent
on flat body panel pieces.
Select galvanized steel which
doesn’t require paint
Galvanized steel is
inexpensive and offers the
durability required for farm-
grade cycles of use

Precut door opening before the
part is formed with water
jet/laser cutter

To have a larger door would
need to bolt components rather
than to weld. A larger hole
would be subject to warping
during welding.

Introduce a port through the
bottom for easy removal of
parts and

Design door opening to be
flush with a bottom surface
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Double inlet assembly,

deadhead. Additional o . Use a removable liner or

. . Farm grade distributor will not be . .

inlet piece to take the . thicker piece of sheet metal
. subject to as much wear. : .

wear and be easily for the internal inlet.

replaced

Bending outlets to the . Buy fixed diameter tubing and
An expensive and long process

tapered tube. laser cut
The piece must be stepped on to Rectangular elevated box
reform correctly to attach to the door. Easier assembly to the

Assembly bent door to

the body body. Poor fit leads to a risk of body panel. The door is flat,

leakage and moisture entering the  therefore no reforming or
distributor leakage

The main problems addressed reducing assembly time and eliminating non-value-added
steps. The proposed solutions column aimed to reduce labour time and change materials to meet

the less demanding needs of a farm grade distributor.

After functional decomposition, concepts were generated during brainstorming. The top
five generated concepts were screened against the voice of the customer by establishing a
quantifiable weighted criterion. A Criteria Weighting Matrix (CWM) was used to quantify the
weighted importance of each decision criteria. Each parameter was compared with one another
and the criteria of greater importance were recorded. The number of times the criteria were selected
as the higher importance was tallied to determine the total hits. The total hits were divided by the
amount of hit possible to determine the weight for that criterion. Each team member filled out the
CWM independently and the totals were averaged. The resulting relative weights for the criteria

are shown in TABLE III below as a percentage.

The detailed descriptions of each criteria are also shown in TABLE III in order of highest
to lowest importance. The decision criteria matrix indicates that the cost, lack of product build-
up and reduce labour time are of the highest importance in the design of the distributor. The
internal space and tolerancing parts proved to be of the least importance in the final design of the
distributor. All weighted criteria were applied to the selection of the distributor’s body shell
design and adjusted for the remaining features. The criterion addressed all the customer needs to

be established by the client in TABLE I with a priority of two or higher in greater detail.

Page | 6



AGIE VIS

Farm Grade Distributor

Cost

Product Build Up

Labour Time

Easy
Maintenance

Airtight

Lifecycle

Ventilation

Easy entrance
and exit into
confined space

Wear Resistant

Number of Steps

Number of Parts

Tolerance

Internal Space

l

TABLE III: WEIGHTED CRITERIA MATRIX

13.8%

12.5%

10.9%

10.0%

10.3%

9.3%

8.7%

8.3%

7.4%

5.8%

4.2%

3.8%

2.6%

Reduce material and labour cost

Minimize product (rain, snow, and grain)
build up on the exterior/interior of the
distributor

Reduce labour time to enable the full
assembly to be able to be completed in a
single workweek

The parts are durable and easy to be
maintained during monthly maintenance
checks

Any moisture can damage the product and
clog the distributor causing build-up.
The container must be sealed.

The distributor must last 15-20 years
before failure

Must be a ventilation system in place to
remove any moisture in the air that enters
the distributor and adjacent spouting
Minimize tripping hazards

Ensure the door can be opened easily from
the interior or exterior

The opening is large enough to fit an
average-sized technician (approx. 200 lbs)
during initial assembly and maintenance.
Resistance from wear as the grain will
significantly erode single side of the spout
on entry into the distributor

Reduce the number of steps for assembly
<60 steps

Reduce the number of parts for the whole
assembly

Parts should have a tolerance of 1/16 inch
to save time during assembly and reduce
the amount of re-forming parts

Increase the amount of internal space in
the distributor for easy maintenance.
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Farm Grade Distributor

1.6.1 Target Specifications

Each of the metrics in TABLE IV correlates with at least one weighted criterion

identified in TABLE III and function to address the customer needs, established in TABLE 1, to

design a distributor that is reliable, inexpensive and easy to maintain. The marginal values

indicate the lowest value that would still manage to meet the needs of the client, however, the

design aimed to meet the ideal values listed below.

10

11
12

TABLE IV: METRICS WITH MARGINAL AND IDEAL VALUES

Spec. # Specifications Unit Marginal Ideal
values values

Cost per distributor
Horizontal surface area
Total labour time
Airtight

Lifecycle

Ventilation system
Door opening

Wear resistant features

Number of steps involved to assemble a
distributor

Number of parts required to build a
distributor

Tolerances

Internal Space

i

hours

Yes/No

years

Yes/No

ft?

Yes/No

steps

inch

i

7,770-10,300

3-4

60-70

15-20

3.5-4

39-30

40-60

35-40

7,770

<3

<60

Yes

20

Yes

Yes

<30

<40

1/16
>40
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Each target specification from TABLE IV has a quantifiable metric detailed below:

Metric 1: Total manufacturing cost of the distributor including materials and labour ($)
Metric 2: Minimize the horizontal surface area to ensure that the product does not build
upon the distributor such as snow, water, grain, and bird nests. [ft*]

Metric 3: Total labour time required to assemble the distributor, not including the control
box or fasteners. (hours)

Metric 4: All seams in the distributor designed are sealed and airtight to prevent moisture
from entering the system and contaminating the quality of the product [ Yes/No]

Metric 5: Lifecycle of the distributor till failure (years)

Metric 6: A ventilation system is provided to release any moisture that enters the system
[Yes/No]

Metric 7: Door opening can fit average-sized technician to enable easy entrance, removal
and maintenance of the internal components [ft*]

Metric 8: Components is the assembly can resist wear or are easily replaceable [ Yes/No]
Metric 9: Number of steps involved to make a distributor (steps)

Metric 10: Number of parts required to build a distributor (parts)

Metric 11: The tolerance between the interconnecting parts within the distributor assembly
to ensure uninterrupted rotation of the swing spout and minimize rework during assembly
(inch)

Metric 12: Volume of internal space can fit an average sized technician to enable easy

entrance, removal, maintenance, and assembly while within the distributor [ft?]

The House of Quality shown in Appendix C related the relationship between customer needs

and target specifications and metrics. AGI-VIS competitors including GSI, Lambton, Schagel,

Honeyville, and Hayes & Stolz were also compared to the customer needs from the client to see

how the current AGI-VIS distributor design compared to the competitors and reiterated the main

needs the current design failed to address.
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2 Details of the Final Design

This section outlines the final design, its operation and its design features that met the

customer needs previously outlined.
2.1 Final Design Overview

The final design of the farm grade distributor shown in Figure 2, was designed to use the
same operational methodology as the original commercial distributor where an internal swing
spout rotates within the distributor body on a central shaft. The central shaft is driven by an electric
drive assembly which includes position sensors that allow the swing spout to accurately stop at the
outlet spout of the user’s choosing. The product can then be fed into the inlet of the distributor

from a grain elevator and discharge into a select grain storage bin.

INLET

INSPECTION /

WINDOW LIETING LUG
SERUIEE AIR VENT
DOOR

BODY SHELL

HANGER
SUPPORT

LIFTING LUG

OUTLET

SPOUT ASSEMBLY/SHIPPING LEG

ELECTRIC DRIVE
ASSEMBLY

Figure 2: Isometric View of the Farm Grade Distributor
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The new design as shown in Figure 3 has an octagonal geometry to coincide with the eight

outlet spouts, a 50-degree product discharge angle and 12-inch diameter tubing (10-gauge HRMS)
for the inlet, internal swing spout and outlets. Major changes (discussed in more depth in later
sections) featured in the farm grade distributor include the switch from mild steel construction to
galvanized steel construction, more bolting over welding, an angled bottom section rather than a

flat one, and a simpler outlet spout design.

INTERNAL

SWING SPOUT SWING SPOUT

SUPPORT
TRANSITION

Figure 3: Inside View of Farm Grade Distributor (Top Body Panel Hidden)

Overall, the new distributor design comprises of six main subassemblies that are discussed

in further detail in the following sections. These subassemblies are:

Distributor Body Shell
Outlet Spouts

Internal Swing Spout
Spout Transition

Shipping/Assembly Legs

AN e

Electrical Control Unit
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2.2 Distributor Body Shell

The body shell, shown in Figure 4, is the housing component of the distributor where the
material is handled. The shell covers the internal spout sub-assembly where grain travels through

and is deposited into outlets located along the lower bottom half of the shell.

Figure 4: Body Shell with all features

Features on the body include the main body shell, a product inlet, service door, hanger supports,
ventilation cover, drip tray, and clean out covers which are all attached to the four main body

panels.
2.2.1 Body Shell

Shown in Figure 5, the body shell is the main structure of the body sub-assembly and is a

major structural component that holds all parts together.

Figure 5: Body panels that make up the body shell
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The new design consists of six parts: four body panels, top, and bottom caps that are all

bolted together by flanges. The flanges contain built-in lifting lugs, shown in Figure 6 and Figure
7 so that the distributor can be moved with overhead cranes. The upper body panels, top and bottom

cap are 12-gauge and the lower body panels are 10-gauge galvanized steel.

Figure 6: Upper lifting lugs Figure 7: Lower lifting lugs

Attached to the bottom plate, the distributor contains cleanout covers that can be removed
to empty built-up product. This additional feature allows for easy cleaning and improved

maintenance.

Compared to the previous design, the body shell parts have a separate assembly process
due to changed design features. The old design had multiple formed bends and consisted of mild

steel that required painting to avoid corrosion. In addition, these panels were welded together.

To achieve a lower costing farm grade application, galvanized steel allows for lesser labour
costs over mild steel. Benefits in using galvanized steel include lack of painting parts and less
welding in the fabrication process. Since the steel is purchased with a galvanized coating, the metal
is less susceptible to corrosion and does not need a paint coating in the assembly process. Also,

galvanized steel has excellent mechanical properties and life expectancy of up to 50 years [2].

With bolted parts, warpage and weak points are not a problem in the design. Since welding
requires melting metal, cooling after welding adds downtime to the total assembly time and

painting is required to ensure that the welded metal does not corrode.
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With the new features on the body shell, the target specifications earlier discussed highlight

low fabrication costs that include material and labour, fewer steps and parts involved in the
assembly process, proper ventilation during the application, and a fair sales costs that achieve

customer needs. The numbers for costs will be discussed in Section 4.4.
2.2.2 Inlet

The inlet is the top section of the body shell that feeds product into the distributor shown
in Figure 8. The inlet consists of three parts: one cut tube and two flanges welded on one end and
a 7” distance from the lower half. The clearance allows for the UHMW ring on the internal spout
to fit onto the inlet. More detail of flange locations is specified in the Body Shell Drawing found
in Appendix D.

Figure 8: Inlet

The inlet material is 10-gauge mild steel tubing and two purchased flanges. Since the inlet
is more prone to wear during the application, the bolted configuration allows for a replaceable part

for easy maintenance.

Compared to the old design, the new design has fewer parts and fabrication steps. The old
design had sheet metal flanges that were not designed to any standard; furthermore, two sheet
metal rolled plates were welded down the sides to form a non-standard tube. Working with no
standards can increase errors in fabrication and adds room for rework. The new inlet accounts for
tolerances of the purchased flanges and is properly fitted to the tubing to decrease labour time

significantly.
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2.2.3 Service Door

The service door is a component that provides access to the internal distributor
components. Shown in Figure 9, features of the door include a handle, hinged clamp, door hinges,

and a window.

Figure 9: Door

The door is made of 12-gauge mild steel for components to be welded. The window, hinges
and clamp are purchased parts that allow for ease of assembly during fabrication. Most component

features allow for the door to be bolted to the body.

The window is an additional feature that is made of lexan glass. The window provides a
visual of the internal components for improved maintenance. Another additional feature of the
door is the drip tray cover located above the door that is bolted onto the body. The drip tray helps
with water runoff that could leak into the distributor. This feature meets customer needs by

reducing humidity and water contaminating the grain inside the distributor.

Like the old design, the new door is made of a sheet metal part that covers a cutout in the
body shell. However, the cutout for the door is already laser-cut during table processing. As a
result, rework in the overall body is eliminated decreasing fabrication costs. Likewise, the door
design is sufficient to the target specifications and meets customer needs by improving cost,

inspection, and assembly.
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2.2.4 Hanger Supports

The hanger supports allow the distributor to be held in place while suspended above the
bins. Two hanger supports are attached to the body shell flanges on opposite sides of the structure

as shown in Figure 10.

Figure 10: Hanger supports

The hanger support design is different from the old design because it is bolted instead of
welded. The material of the hanger supports consist of Y-inch mild steel sheet metal and a 3/4-

inch pipe schedule 40, mild steel pipe.

Although there is still welding involved in the design, the support is bolted onto the body.
As discussed, reduced welding improves the fabrication process. In addition, the hanger support

is an optional feature in case the customer does not need it for their grain application.
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2.2.5 Ventilation Cover

The ventilation cover shown in Figure 11 is an additional feature of the body used to ensure

water does not leak through the vent and into the distributor.

Figure 11: Ventilation Cover

Ventilation is up to customer need that helps prevent condensation inside of the distributor
when humidity levels increase. Although it is an additional component that adds to the original
design, it eliminates the previous ventilation system composed of unnecessary components. As a

result, the overall cost decreases.
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2.3 Outlet Spouts

The outlet spouts expel and direct product from the internal swing spout to the desired grain
storage bin. A total of eight outlets are included in this design and are bolted to the lower half of
the distributor body. Figure 12 shows the outlet spouts that are made of mild steel so that round
flanges can be welded onto each end. Each outlet has an outer diameter of 12-inch and has a
thickness of 10-gauge. In addition to each outlet is a thin outlet spout cover made of 14-gauge
HRMS as shown in Figure 13. These covers will allow the farmer to close off any unused outlets

and prevent dust from entering the distributor.

Figure 12: Outlet Spout Figure 13: Outlet Spout with Spout Cover
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Figure 14 shows the original outlet spout design of the commercial distributor which

involves a tedious and time-consuming manufacturing process. This process involves cutting the
sheet metal parts on the water jet, forming these sheets on the brake press, welding the parts
together with a round flange on the end to create the tapered shape, and ultimately welding the
entire outlet spout to the distributor. In total, the assembly and installation of these outlets take on
average three to four hours. However, according to the distributor assemblers, it often takes much
longer than this as the formed sheets often don’t fit snug into the round flange and require rework

at the brake press.

Figure 14: Tapered and Welded Outlet Spouts (Old Design)

The new design, on the other hand, will save assembly time as it has a much simpler
manufacturing and installation process. It only requires two assembly steps which are cutting the
spouting to length from standard 12-inch diameter tubes and then welding round flanges that easily
slip on to the ends of the spouting. Afterwards, they are bolted on to the body through the round

flanges.
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2.4 Internal Swing Spout Assembly

The internal swing spout assembly is critical to the functionality of the distributor as it
facilitates the material flow of the product (grain) into the various grain storage bins. Shown in
Figure 15 and Figure 16, the new swing spout design possesses similar aspects to the original
commercial design, but now incorporates a bolt-on transition spout (discussed further in Section

2.5) in place of the sleeve and UHMW (polyethylene) glide plate.

Like the original commercial spout, the farm grade spout will also be constructed of mild
steel due to the spout being completely enclosed within the distributor body and protected from
harsh and corrosive conditions. As such, the swing spout does not require any protective coating
or painting which further generates cost savings for the client. This is because mild steel
construction without painting would be less expensive than using galvanized steel due to a greater

cost per square foot.

1” UHMW RING

@12” DIAMETER TUBING
CUT AND WELDED TO
50 DEG GEOMETRY

SPOUT SUPPORT
ASSEMBLY

/

@12” TO p11”
SPOUT TRANSITION

Figure 15: Modified Swing Spout Figure 16: Original Swing Spout (For a
Larger Sized Distributor)
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2.4.1 Main Spout

The main spout seen in Figure 17, is designed to discharge at 50-degrees as requested by the
client. Since grain has an angle of repose of 28 degrees, the grain should flow without issue as the
minimum angle required for dry grain to flow reliably is 45-degrees [3]. Implementing a larger
discharge angle will only ensure that the chances of product building up and plugging the

distributor are minimized.

Figure 17: Main Spout

Just like the newly designed outlet spouts the spouting will be cut to length from standard
12-inch diameter tubing with round flanges welded on the ends. The new spout design eliminates
the extra unnecessary and time-consuming processes involved in the original design. These
processes include cutting the required part on the water or plasma jet, rolling it and then welding

it to form the tube.
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2.4.2 Swing Spout Support

Figure 18 and Figure 19 show the spout support assembly for which was not drastically
redesigned in this project, but rather modified to integrate well with the other design changes to
the distributor. First, the large formed L-Bracket was elongated by approximately six inches since
the drive assembly and mounting plate connected to the support was lowered as a result of the new
body shell. Gusset plates were then added to provide additional support to the L-Bracket since

structural parts weaken as they increase in length.

SLOTTED FOR
/ ADJUSTMENT
BOLTS ONTO
GUSSETS DRIVE ASSEMBLY
Figure 18: Support Assembly with Fasteners Figure 19: Support Assembly without Fasteners

The next modification was to the bottom ring bracket which will now be bolted onto the
round flange and transition connection, all of which will share the same fasteners. Overall, the
entire assembly was designed to bolt together for easy maintenance and replacement of parts in
the field. Beyond that, the support parts are all slotted to allow for adjustment during the overall

installation of the swing spout assembly into the distributor.
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2.4.3 UHMW Ring

Bolted onto the top of the round flange of the internal spout will be a 1-inch thick UHMW
ring shown in Figure 20. The purpose of this piece is that it will help keep the entire swing spout
centered and prevent the product from falling out of the swing spout when the distributor is fully
assembled and in service. Since the 12-inch diameter inlet will go through the top cap and into the
body, the inlet spouting can be inserted into the UHMW ring and act as a guide as it rotates with
the central shaft.

Figure 20: UHMW Ring

INLET SPOUT GOES THROUGH TOP

CAP AND INTO UHMW RING INTERNAL SWING

SPOUT

UHMW RING

Figure 21: Section View of the Inlet Inside of the UHMW Ring

The internal diameter of the UHMW piece was designed to have an internal diameter that is
1/16 of an inch larger than the outer diameter of the inlet spout tubing for added tolerance and ease

of swing spout rotation as shown in Figure 21. UHMW was chosen for this piece because it has
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outstanding resistance to abrasion, low moisture absorption, high corrosion resistance and better

strength for a thermoplastic [4]. Furthermore, UHMW plastic is durable and inexpensive.
2.4.4 Spout Transition

A significant change that was made to the swing spout assembly is that it now requires a
bolt-on round transition (12-inch to 11-inch diameter) spout that attaches to the end of the main

spout as seen in Figure 22.

TRANSITION

Figure 22: Transition Mating with Discharge Hole Figure 23: Transition — Discharge Closeup View

The transition spout addressed one of the higher priority projects for the grain product to
precisely discharge into the outlet spouts. As previously mentioned, there is no longer a flat bottom
plate, rather an angled body panel with 12-inch diameter round discharge openings. As such, the
swing spout can no longer glide on a flat surface like the commercial-grade distributor and create
a sealed connection with the discharge holes. To ensure a sealed connection and minimize the

collection of products inside of the distributor the following three design features were established:

e The transition spout will be installed with the smaller 11-inch diameter end facing the
discharge holes so that the grain expels into an oversized 12-inch diameter hole as seen in
Figure 24.

e The clearance between the transition and the angled body panel is minimized by

approximately 1-inch to safely clear the fasteners.
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e The positioning of transition was optimized so that the top of the transition is tangent with

the top of the discharge holes to create extra room for the grain to fall into.

When the distributor is in service, the flow of the grain (created by the 50-degree discharge
angle), the oversized opening, the transition to body panel clearance, and the optimized positioning
of the transition spout, the risk of grain spilling out is minimized. More importantly, with oversized

discharge holes, there is 1-inch of tolerance in the event the swing spout stops too late or too early.

In addition to the bolt-on transition, there are optional features designed that can be
attached to the transition spout if the customer chooses. These options include a bolt-on flexible

neoprene rubber boot and a clamp-on brush option as shown in Figure 24 and Figure 25.

Figure 24: Transition with Neoprene Boot Attachment Figure 25: Transition with Brush Spout Attachment

The bolt-on neoprene boot provides an extension to the transition spout that can glide along
the distributor body and fasteners without causing mechanical damage. Due to its soft texture and
flexible behaviour over a wide range of temperatures, the neoprene boot is a feasible option all
year long. The brush spout option, on the other hand, is attached to the end of the transition using
a hose clamp and will allow for an improved sealed connection with the discharge hole. At the

same time, the self-cleaning brush will remove unwanted product build-up.
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2.5 Shipping/Assembly Legs

The farm grade distributor will come with a total of four shipping/assembly legs shown in
Figure 26 that are made from three 3/16-inch thick mild steel pieces that are formed and welded
together. The top piece of each shipping leg attach to the outlet flanges.

Figure 26: Shipping/Assembly Legs Installed on Outlet Spouts

Essentially, these legs serve two main purposes. The first is that they are required during
manufacturing when assemblers are putting the distributor together. The assembly process
(Section 4.3) involves many steps where the distributor must be elevated from the ground.
Secondly, the legs protect the drive assembly during installation and when the finished distributor
is shipped to the customer. Otherwise, the entire weight of the distributor will act on the drive
assembly, stressing the central shaft and possibly causing it to fail. The strength of these shipping

legs is analyzed in Section 3.
2.6 Electrical Control Unit

The electrical control unit [5] [6] shown in Figure 27 and Figure 28 was left out of the
scope for this project and therefore not redesigned. Additionally, since the operational and capacity
requirements are the same as the original, the entire assembly will be reused and integrated

accordingly into the farm grade distributor.
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UHMW THRUST SPOUT MOUNTING
PLATE

PLATES

POSITIONING
ARM

PROXIMITY
SWITCH SENSOR

Figure 27: Drive Assembly without Sensor Box Figure 28: Drive Assembly with Sensor Box

SENSOR BOX

Shown in Figure 29 the control unit is installed underneath the distributor body with the
shaft going through the bottom plate and into the body. On the end of the shaft, a welded mounting
plate contains a connection with spout support assembly. This connection allows the swing spout
to rotate with the central shaft. To ensure that the swing spout is positioned correctly during
service, the spout is synced during final testing to stop when the positioning arm hovers over top

of the magnetic position sensor of the chosen outlet spout.

Figure 29: Drive Assembly Installed (Section View)
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As nothing changed in the design of the electrical control unit the installation procedure also

remains the same. However, the spout mounting plate position was lowered due to the change in
the location of the bottom body panel. In this case, rather than extend the shaft to reach the spout
support the L-Bracket was elongated in the spout support instead. Otherwise, by extending the
length of the shaft, the shaft would ultimately become weaker.
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2.7 Final Design Relating to the Voice of the Customer

Table V below summarizes the design features implemented to the new design addressing the voice of the customer.
TABLE V: DESIGN SUMMARY

Targets or

Voice of the Customer (Target Customer Need

Specifications or Project Needs)

met?

(Yes/No/Somewhat)

Design Feature

New distributor designed to discharge specifically at 50-

Discharge Angle (50 Degrees) Yes E
Reliable Spout — (Grain discharges P051t19n sensors ensure th§ quut st.ops at the correct hole
. . Yes Oversized discharge openings just in case the spout stops too
into the correct discharge hole)
late or too early
1-inch clearance between the transition and body panel ensures
Reliable Spout (Spout will not get Yes spout does not catch on fasteners
stuck) Spout support and the connection between the inlet and
UHMW ring keeps spout centered with the body
Cost Reduction of 25% from the Yes The total cost savings including material and labour costs are
commercial version ($7770) $2532.86 or 24.5% respectively (described in Section 5).
M Ritiisthze Brrssuc Btk up (Suos, The d1str1butor.bo.dy shell is angled so any unwanted product
slides off the distributor
water, dust, etc.) Somewhat .. h bl 1
T Tabzmtial et mien S o A58) Flat surfaces were minimized as muc as possible but are sti
present on the top cap and body connection flanges (5.6 ft?)
The projected labour-time of the new distributor is 63.5 hours
Reduce labour time (60-70 hours) Yes which is a 28.5-hour improvement from the commercial
version, 92 hours (highlighted in Section 5)
More bolted components and less welded components allow
sy Mifitisieies for easy replacement of parts .
Ves Service door allows for access to }nternal components
Product cleanout holes for removing product buildup at the
bottom of the distributor
Inspection window to easily see the internal features
The distributor is now bolted together through flanges, creating
- more small crevices for potential leakage
Airtight Somewhat Assembly instructions include applying silicone and gaskets to
seal crevices
The body is constructed of galvanized steel which has excellent
mechanical properties and life expectancy of up to 50 years [2].
. Most of the parts are now bolted and are easily replaceable.
it Eysle (115 =0 years) R Product cleanout holes, spout covers, and an inspection
window will help facilitate proper maintenance to ensure a
long product life.
Ventilation Yes A vent was demgned into the distributor body and is
complimented with a vent cover.
fa;g’ezrzgirgcregngn?ﬁlt ;n;o_cé‘ogfzi)ned N/A Service door allows for access to internal components (3.9 ft?)
p pening 3. Will be confirmed when a prototype is created
The use of galvanized steel and mild steel at an increased
gauge will help prevent wear.
Wear resistance Somewhat UHMW was used on parts that make contact during spout
rotation.
Wear resistance could be improved by incorporating liners,
however at an increased cost.
Galvanized steel has excellent corrosion resistance and will
Corrosion resistance Yes D e
The mild steel components except for the internal swing spout
are to be painted to protect from corrosion.
Reduce the total number of assembly Yes Total assembly steps reduced from 39 steps to 29 steps
steps (<30)
Reduction in the total number of parts
S ()= (0 No The number of parts decreased from 75 to 68
Note: Part totals do not include ’
fasteners and drive assembly parts
Add tolerances to parts to save time Ves Bolt holes were made 1/16-inch larger than the fasteners.
during assembly and minimize rework Large assembly parts were designed with slotted holes.
. Large internal space allows for easy entrance and removal of
S LG USR] RIS Yes parts and technicians (46.7 ft°)

(Internal Space > 40 ft*)

Will be confirmed when prototype is created
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3 Design Analysis

The analytical analysis was evaluated on key features of the design to ensure max stresses
were below the point of failure by a minimum factor of safety of two. The following sections

give a summary of the results from the calculations.
3.1 Distributor Capacity Calculation

Flow rates of grain through the swing spout in Figure 30 was calculated using to determine

the overall capacity of the distributor.

Figure 30: Dimensions of internal swing spout

Q = Volume flowrate [gpm]
g = Acceleration due to gravity [ft/s?]
Dy, = Hydraulic diameter [ft]

A = Effective orifice area [ ft?]

Q =0.754/(gDp)
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lin
2

1 2
Q =0.75+ pi( ) J(32.40 ft/s? + 11 in)

= 1345 gpm
~ 10700 ft3/hour

Given a farm grade distributor has an average cycle time of 76 hours per year [7]. The

distributor allows for a capacity of approximately 10700 cubic feet per hour of grain.
3.2 Lifting Lug Stress Analysis

Failure Mode 1 is due to shear stress on the plate of the lifting lug leading to catastrophic
failure. The portion above the hole is in compression while the portion below the hole is in tension
due to the weight of the distributor pulling it down. Figure 31 outlines the area that will be subject

to the shear.

/

Figure 31: Free Body Diagram of Lifting Lug

Prax =Max load the lifting lug will experience due to the weight of the distributor and the
internal spout full of grain [Iby]

a = Length from the center the hole to the edge of the plate of the lifting lug [in]

t = Thickness of the lifting lug plate [in]
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Oqow = Maximum allowable stress before failure [psi]

The following calculation assumes the plate is tension. The forces acting on the lifting lugs

are shown in the schematic below.

Pmax

2at

Oallow =

— (Pgrain + Pdistributor)
2X%2.00inx(2x0.14 in)

_ 1027 Ibf + 137 Ibf
- 1.12 in?

= 1039 psi

The tensile yield strength of galvanized steel is 29600 psi [8]. The calculated stress acting
on the lifting lug is 1039 psi due to the maximum weight of the distributor filled with the grain
still maintains below the yield stress. With a factor of safety of 25, the lifting lug remains well

below to point of failure and proves the proposed is reliable design.
3.3 Hanger Support Strength Analysis

The hanger support is subject to shear stress from the bolts connecting the support to the

body shell of the distributor as shown in Figure 32.

Figure 32: Free Body Diagram of Hanger Support
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Prax = Maximum load the support hanger will experience due to the weight of the

distributor and the internal spout full of grain [lby]
a = Length from the center the hole to the edge of the plate of the lifting lug [in]
t = Thickness of the hanger support [in]

Pmax

Oallow = Dat
_ (Pgrain * Paistributor)
2 *X 0.74in x (0.25 in)
1027 by + 137 Iy
0.37in?
= 3174 psi

Since mild steel’s yield strength, 44 000 psi, is less than the applied stress, the part will not
fail due to shear stress [8]. The maximum yield strength of the }2-inch 5 grade bolt is 120 000 psi
and is well above the maximum stress the part will endure proving the design is safe and reliable
[9].

3.4 Stress from Qutlet to the Body

The stress from the outlet to the body plate is important when the product is exiting from a
12” outlet to 40’ spouting. The normal force acts on the object by an inclined plane shown in

Figure 33.

Figure 33: Normal Force from Outlet to the body
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There is a normal force pulled away from the 10-gauge galvanized steel body when the

product exits the distributor, assuming the 40’ spouting filled with the grain is acting on the plate.

Therefore, the allowable load (normal force acting on the plate) F, in [bf can be calculated as,
F, = mgcos6
Where, m = Mass of the outlet, product exiting, and 40 ft of spouting [lbs]

g = Gravitational acceleration [i—zt]

6 = Angle of the outlet in the y-direction [°]
E, = (322,560 + 6,720) x 32.174 X cos (50°)
E, = 6,809,855.67 lbf

Next, the normal stress shown in the immediate equation below is calculated using the area
of the plate and the normal force previously calculated. Figure 34 shows the trapezoidal shape of

the body plate.

777

Where, A = Area of the trapezoidal plate [in?]
o = Normal stress [psi]

bz

air a

b1

Figure 34: Trapezoidal shape of the body plate

1

Where, h = height of the trapezoid [in]
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b, = bottom length [in]

b, = top length [in]

The height of the trapezoid can be calculated using the right-angle triangle formula [10].
Now, the normal stress can be calculated:
Fa
1
5 (b1 + by)h

o =

6.81 x 10° Ibf
%(13.04 +26.72)in-22.22 in

o =

o = 15,416.20 psi

Therefore, a normal stress of 15,416.20 psi is acting on the distributor body plate.
Altogether, the 10-gauge galvanized steel body can support a normal stress up to 29,600 psi.
From the normal stress calculation, the design will have an overall factor of safety of 2 assuming

the 40 spout is full of grain.
3.5 Shipping/Assembly Leg Stress Analysis

The entire weight of the distributor is supported by the shipping legs. In Figure 35, W
signifies the weight of the distributor on the shipping leg.

Y

Figure 35: Shipping Leg
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The shipping legs act as a column that can fail by buckling when the critical load is reached.

This column can be analyzed with the Euler column formula. Therefore, the allowable load F, in
Ibf can be calculated as: [11]
_ nm?El

a LZ

Where, n = factor accounting for the end conditions
E = modulus of elasticity [l;—bz]
I = moment of inertia [in*]
L = length of the column [in]

The column is made of a mild steel C-channel with a moment of inertia I, = 324.1182 in*.

The Modulus of elasticity of mild steel is 30457924.91 i;—bz and the factor is 4 as the column ends

are fixed. The Euler buckling load of the column, F;, can be calculated as:

42 (304579 x 10° lln—bz) (324.1182 in%)
F, =
! 324 in?

F; = 1.2029 X 10° b,

The support piece attached to the support leg is also in compression. Assuming, the support
piece acts as a column, it can fail through buckling when the critical load is reached. This column
can be analyzed with the Euler column formula also. Since the C-channel support piece is also
made of mild steel, the same factors mentioned above apply. Therefore, the allowable load, F,, in

Ibf can be calculated as: [11]

42 (304579 x 10° lln—bz) (0.3071 in%)
324 in?

F2:

F, = 1.1397 x 106 Ibf

The force acting on the distributor without the support leg is 33,042.7 lbs. Therefore, the
support legs, with a critical buckling load of 1.2029 X 10° b, will easily withstand the weight

of the distributor.
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4 Process Analysis

This section will highlight the assembly process of the final design by reviewing the current
state process, establishing a target operating condition, explaining the methodology for producing
a final process flow and highlighting process changes to proceed with final design implementation.

The sections that will be covered include:

1. Baseline Performance

2. Future State Value Stream Map (VSM)
3. Updated Process Flow Chart

4. Assembly Layout

4.1 Baseline Performance

In earlier stages of design development, the process of the current distributor fabrication
was analyzed. Current state data in Appendix B including the STPOC (Suppliers, Inputs, Process,
Outputs, and Customers) Table, performance data, Current State VSM, and Value-Added Analysis
were used to understand key elements in the manufacturing process. Note that labour costs defined
in this section do not include table processing and forming since the scope is narrowed to the
distributor assembly only. Evidently, the target operating state described in Figure 38 does not

match the cost analysis of the labour described in section 4.4.
Assumptions for the baseline performance include:

e The standard costed BOM and routing reports in the MRP system are the average
fabrication costs based on the demand of AGI-VIS customers
e All factual statements are confirmed by interviews by the assemblers and client

e The process scope only covers the point where parts enter the cell to shipping.
Below is a brief description of the current state data described previously:

1. SIPOC Table
e SIPOC was the first step to the lean method: define the process
e Provided a summary of the manufacturing of the distributor by defining supplier
capability, customer needs, inputs, outputs, and the process flow. Further details of

the table are in Appendix B.1.
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2. Performance Data

Collected data were timesheets of total distributor assembly times were graphed
and analyzed in statistical analysis software, Minitab. Results found in Appendix
B.2 were skewed and unreliable because of the lack of variation and bias in the data
set.

The costed BOM and routing reports provided the proper data needed for the
distributor fabrication found in Table D and E from Appendix B.

Despite skewed data, the process does not follow any standards and is lagging in

the competitor market. Thus, the causes must be determined.

3. Value-Added Analysis

The second step to understanding the problems that arose in the design was to
establish the focus on the current distributor design because the design depended
on the fabrication process.

The Value-Added Analysis, in Appendix B.3, was used to break down the current
process, found in Appendix B.5, to show that the design was long and convoluted.
The datum was collected by interviewing process performers because future jobs
did not occur in the period of the project deadline. Collecting explicit and clear

datum was beyond the team’s capability.

4. Current State VSM

The third step to understanding the problems in the design was examining the
current situation.

A VSM created a linear model of the current process.

The VSM provided information such as low customer demand. In addition, an MRP
system was adding unnecessary production control to a simple process flow. The

Current State VSM is found in Appendix B.4.

4.2 Future State Value Stream Map (VSM)

Based on the current baseline performance, a Future State VSM shown in Figure 38 was

created to establish a target operating condition (TOC) for material and labour costs in

manufacturing.
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A list of potential process times including setup and cycle times were validated with MRP

data and interviews with the process performers. The major design changes modified the overall
process flow. As a result, the manufacturing processes created a TOC that help achieve a state

with no waste.

The Future state value stream map shows a TOC of 39.2 hours. With a current state of 71
hours from the current VSM, the assembly time is targeted to decrease by 31.8 hours. Although
the labour time changes are ambitious, the major changes are a result of distributor design

changes that are confirmed only by the assemblers.
Below are insights from the Future State VSM:

e Removal of the MRP system will decrease the corruption that comes with external
production control.

e Fewer parts in the process flow results in fewer steps

e The linear process allows for the inputs to continuously flow to produce the output.

e The removal of any WIP that existed in the previous design.

e Design changes result in lower cycle times and the removal of non-value-added

steps observed from the current design.

Knowing the process flows, a list of causes to the narrowed focus on long assembly time is

summarized in the cause and effect diagram shown in Figure 36.

Number ofjobs . . Mild steel cost

Use of MRP sys‘[mﬁ'-__
Non-linear model . Gauge CE

» | Long Labour

/ Painting Time
Welding /

Outlet
Body Shape /

) / Table Processing
Inlet Forming / —

Figure 36: Cause and Effect Diagram with Key Variables for Distributor Fabrication
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With the lack of tools for testing, the causes must be analyzed internally to ensure the key

variables are true. However, these variables cannot be confirmed because it is beyond the scope of

the project. Section 6.1 describes further actions to take to achieve the proposed goal.
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4.3 Updated Process Flow Chart

The final design assembly process is defined in Figure 39. The new process flow consists

of the small component assembly that is split into two sections for both assemblers. The assemblers

combine the small components for the large component assembly.

The major design changes including the inlet, outlets, body, and material have improved

the overall process flow. Based on the Future State VSM, the updated process flow was simplified.

Major changes in the final design assembly process include:

Inlets and outlets have proper tolerances and are easily fitted, decreasing labour time.

The body shape is octagonal and consists of four body panels with flanges that bolt
together.

Mild steel is replaced with galvanized steel for ease of manufacturing by decreasing
welding and painting.

The assembly is a linear process.

The total number of steps was reduced to 29 steps.

Non-value-added steps were removed from the old distributor design.

Tying back to the voice of the customer, the following customer and client needs were

considered in the new process flow:

Low fabrication and sales costs
Corrosion-resistant

Easy maintenance
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4.4 Assembly Layout

The assembly layout explains the process tools, layout, and locations of where the process

takes place.
4.4.1 Work Center Layout

Below in Figure 39 is a layout of the work center where all the components of the

distributor are to be assembled.

DRAWING TABLE

CUTTING WELDING
TABLE TABLE

FORMED
PARTS

Figure 39: Work center layout

The new distributor assembly work center has a similar layout to the previous design. In
the figure above, the work center is separated by a wall along the perimeter of the hardware and
drawing table. On the right side, exists a curtain to separate the welding light from other work

centers. The main walkway is located at the bottom perimeter of the cell.

The table positions of the physical layout have remained the same, however, specific areas
are now labelled for specific tasks. The new process of the distributor design allows for two
assemblers to work on separate tables and to complete individual tasks. Tooling and fixtures do
not change in the new design process. These include the forklift, pallet jack, turntable and

overhead cranes.
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4.4.2 Shop Layout

AGI-VIS’ manufacturing shop is conveyed in Figure 41. The lighter orange sections are
the work centers that components of the distributor pass through. The gray areas are other work
centers for various other jobs that include separate material handling equipment. The blue lines are

a map of the crane branches and where they can move.

Despite the distance between the routing processes in the layout, it is beyond the team’s
control to change the location of the work centers. However, the overhead cranes lift the distributor
body without the need for external means of transportation within the shop. With the proposed
farm grade distributor design, the overall weight has decreased due to lighter material. Evidently,

moving the distributor to the shipping bay is deemed feasible.

Although the paint shop is located away from all the work centers, the new design does not
contain painted large components. The few mild steel parts that are welded only need paint if they
are externally exposed to outdoor conditions that contribute to corrosion. Furthermore, with a
galvanized steel body, the distributor process does not contain travel and excess processing. The

assemblers can focus on working on the design instead of waiting on painted parts.

The following section will describe the cost analysis that provides a breakdown of the new

design and supporting data on the improvements made.
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S Cost Analysis

The total manufacturing cost of the distributor is the total of the material and labour cost. The
baseline commercially designed distributor has a total cost of $10360.38 with the material and
labour costs at $4364.13 and $5996.25 respectively. For the new farm grade distributor, the total
manufacturing cost projects to be $7827.52 with material and labour costs of $3700.02 and
$4127.50. Overall, this amounts to a total cost savings of $2532.86 or 24.5% (Material Savings -
$664.11 and Labour Savings - $1868.75), just shy of the project objective, 25%. The following
sections provide a breakdown of these new costs with a detailed Costed Bill of Materials (BOM)
and Standard Routing reports of both the commercial and farm grade distributors found in
Appendix E. Explicit details that are not addressed below are found in Appendix F.1 and F.2 for

labour and material cost analysis.
5.1 Labour Cost and Routing Hours

Manufacturing at AGI-VIS is broken down into different work centers where similar
equipment and operations are grouped together. The relevant work centers for manufacturing the

farm grade distributor are summarized in TABLE V1.

TABLE VI: WORK CENTERS FOR THE FARM GRADE DISTRIBUTOR

Sheet metal parts cut on either the plasma or water

TBLPRO Table Processing et
FRMPRO Form Processing Sheet metal bending on a brake press.
PAINT Painting Painting and kiln drying.
Assembly cells for large and small component
AO# Ay Gl assembly and testing. Each cell is assigned a

specific number (#). AO1 being assembly cell 1 as
an example.

The labour costs are directly associated with the number of standard routing hours allocated
to each work center using a fixed labour rate of $65/hr. The following TABLE VII summarizes

the routing hours allotted to the distributor and its subassemblies.
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TABLE VII: SIMPLIFIED ROUTING REPORT SUMMARY

Operation Quantity | Production Hours (HR) Sta(llgzli)(lyg 0st

Item: Farm Grade Distributor (FBDTA-08HFR-5012E) - (QTY - 1)

TBLPRO 1 2 130.00
FRMPRO 1 4 260.00
PAINT 1 1 65.00
AO# 1 18 1170.00
TOTAL N/A 25 1625.00
Item: Outlet Spout (FBDTA-OUTLET-MS) — (QTY - 8)

TBLPRO 8 25 130.00
PAINT 8 S5 260.00
AO# 8 75 390.00
TOTAL N/A 12 780.00

Item: Swing Spout (FBDTA-SWING-SPOUT-MS) — (QTY -1)

TBLPRO 1 1 65.00

PAINT 1 1 65.00
AO# 1 2 130.00
TOTAL N/A 4 260.00

Item: Transition Spout (FBDTA-TRANSITION-MS) — (QTY -1)

TBLPRO 1 .5 32.50

FRMPRO 1 .5 32.50

PAINT 1 .5 32.50
AO# 1 2 130.00
TOTAL N/A 3.5 227.50

Item: Shipping Leg (DTA-SHIPLEG) — (QTY -4)

TBLPRO 4 25 65.00
FRMPRO 4 .50 130.00
AO# 4 1 260.00
TOTAL N/A 7 455.00

Item: Drive Assembly (DTA-DRIVE-E(01-08FR) — (QTY - 1)

TBLPRO 1 2 130.00
FRMPRO 1 2 130.00
AO# 1 8 520.00
TOTAL N/A 12 780.00
OVERALL TOTAL N/A 63.5 4127.50
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The total assembly time for the farm grade distributor is 63.5 hours which equates to $4127.50

in labour costs. This means that the project objective of decreased labour hours in the new design
was successfully fulfilled as the new design will take 28.5 hours less to fully assemble than the
commercial version with a total of 92 hours. Note that these numbers include all routing work
centers which include a total labour time (different from the defined baseline performance

suggested in section 4).

It is important to note that the routing hours allocated to each assembly are estimates since
creating prototypes were out of the scope of this project. Therefore, no time studies were
conducted. To ensure that these estimated labour times were accurate without any concrete data
from the limited capability of performing time studies, the following combination of steps were

taken:

e The process performers (assemblers and brake press operators) were interviewed
throughout the entire duration of the project. They provided valuable input and logical
build time estimates based on their years of experience working on the production floor.

e The routing reports of the commercial distributor and similar jobs were thoroughly
analyzed and used to establish assembly times on common tasks.

e An updated step by step process flow chart of the entire distributor assembly was created
and documented (Section 3.4). Each step in the new process was given an approximate
completion time based on the previous two points in combination with each team member’s
input and manufacturing knowledge/experiences.

e The updated process flow chart and estimated assembly hours were presented and approved

by the client.
5.2 Material Costs

Table VIII outlines the material costs of the entire distributor and its subassemblies. These
costs include all the sheet metal, fasteners, and purchased parts required for the new design. In
total, the farm grade distributor will require a total material cost of $3700.02, a $664.11 cost

reduction from the commercial version ($4364.13).
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TABLE VIII: SIMPLIFIED MATERIALS COST SUMMARY

Distributor Body 1 540.72
Outlet Spout 8 337.44
Swing Spout 1 96.52

Transition Spout 1 16.25

Shipping/Assembly Legs 4 31.36

Drive Assembly 1 2677.73

TOTAL N/A 3700.02

All the listed material costs were determined by matching the SolidWorks bill of materials

(Appendix E) to the standard bill of materials in the company’s MRP software, Made2Manage.
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6 Recommendations & Future Works

This section highlights an implementation plan and some key insights the team encountered

during the project.
6.1 Future Works

To move forward with prototyping and implementation, there are a few suggestions to
consider. These include the next actions that need to be performed such as analyzing and acting

on the causes, prototyping, studying results, and standardizing.
6.1.1 Analyze the Causes

The Future State VSM shown in Figure 38 stems from the analysis in the Current State
VSM described in Section 4.1. Based on the Value-Added Analysis, the current process showed
that the model was not linear, the process included Work-In-Progress (WIP) components, and
multiple steps were not necessary. A cause and effect diagram discussed earlier in Figure 37
describes various key variables that need to be validated by collected data. AGI-VIS will have to
test certain variables in the design to ensure that the causes are explicitly related to long labour

times.
Next, the causes can be analyzed by:

e Establishing key variables contributing to the design such as an inlet or outlet design,
excessive welding, material choice, and body shape in the fishbone diagram discussed
earlier in section 4.2. These are examples of key variables that can be explored.

e Proposing a hypothesis: If the design is improved by eliminating excessive welding,
updating the material choice, and changing the body, inlet, and outlet design, then the
labour time will decrease by 25%.

e Testing the hypothesis by reviewing routing reports on other jobs with similar design
concepts at AGI-VIS that confirm lower labour time rates. Refer to the Future State VSM
to reach the TOC.

e Evaluating data to confirm the proposed hypothesis. A detailed cost analysis should be
performed internally with the company after prototyping. With exact values, the hypothesis

can confirm if the distributor design needs rework or can proceed with acting on the cause.
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6.1.2 Act on the Cause

When acting on the proposed causes and analyzing key variables that contribute to the new
design, a range of tools should be used to help track the changes. Root cause analysis is key to
understanding where and how the process is affected by the changed design. In addition, a series
of time studies and referring to customer demand will help strengthen the design and allow for

improvements to be effective.

The final steps that follow in lean methodology for the proposed distributor are to study
results, standardize, and conclude the changes and improvements made. This consists of a period
of reviewing and tweaking the prototype. Optimizing the design will come with the following

tasks:

e Collecting explicit time studies of distributor labour hours.

e Revisiting the process flow and design

e Understanding that data and facts must support the decisions made moving forward

e Consult with production to create a change management plan (i.e. new shop layout)

e Standardize the distributor sizes by creating thorough CAD models and assembly
and part drawings

e Develop maintenance procedures for farmers highlighting the design features and

critical points in the overall design.
6.2 Key Insights

Key insights throughout the project include accurate data recording. A lack of accurate
reliable data available at AGI-VIS limited the ability to collect information to determine a baseline
performance. In the future, accurate data will allow for further improvement to processes. It is
crucial to document information proactively as soon as a task is completed to ensure there are no

discrepancies between the true data and remembered times.

Compare various resources to determine different ways to communicate ideas effectively to
different audiences. The use of appendix is an effective manner to cater to multiple audiences.
Ensure the project is reviewed by external stakeholders if permission granted from the client, to

ensure documentation is easily comprehendible and has good cohesion between sections.
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The integration of the voice of the customer in each step of the design process is crucial to

ensure the customer needs are being met. The frequent visits with the client ensure the design is

still within customer needs and addresses any changes from the original intent.

7 Summary

The proposed final design achieves the main project objective set by the project sponsor to
design a farm grade distributor with a 25 percent reduced total manufacturing cost from the current
commercial version. The distributor configuration that was selected as the baseline for this project
was AGI-VIS’ mild steel distributor with eight outlet spouts, 12-inch diameter spouting and a 50-
degree discharge angle. Including all material and labour, the total manufacturing cost of this
baseline commercial distributor is $10360. The proposed farm grade design has a projected cost
of $7828 (Material Cost — $3700 and Labour Cost - $4128). This amounts to a 24.5 percent cost
reduction from the baseline distributor and an overall material and labour savings of $664 and
$1869, respectively. Additionally, the required labour hours for the proposed design is estimated

to be 63.5 hours which is a 28.5-hour improvement over the commercial version.

The new farm grade distributor features a design that involves significantly less forming and
welding compared to the commercial version and has a much more simplified outlet spout design.
All of which were identified earlier on in the project as major contributors of nonvalue-added time
in the fabrication process. Overall, six main subassemblies make up the farm grade distributor
including a body shell, internal swing spout, transition spout, outlet spouts, drive assembly and

shipping legs. The major design changes and modifications include:

e Using galvanized steel instead of mild steel for the body shell to reduce welding and
painting

e Bolting most components for easy maintenance and replacement of parts for the product
user

¢ Adding a bolt-on transition to the swing spout and oversized holes in the lower body panel
to ensure proper grain discharge

e Using standard 12-inch diameter tubing for the inlet, outlets and swing spout to eliminate
time-consuming processes, including water/plasma jet cutting, forming, rolling and

welding, that were required in the commercial version
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¢ Built-in lifting lugs into the body shell flanges to reduce components and welding

e Changing the body shell shape to have an angled lower section to facilitate a simplified
outlet design and installation

¢ Using standard round flanges on the tubing for ease of assembly and less rework compared
to the original tapered outlet design

e Incorporating the door opening and air vent into the body panel during table processing

e Implementing features such as product cleanout holes, an inspection window and a service

door to ensure improve maintenance

The new design satisfied 10 out of the 12 target specifications with values within the
acceptable ranges that were established in the project definition phase of the project. These
include reduction in cost, number of assembly steps, and total labour time. The lifecycle and
tolerance requirements were met. The design is also airtight, corrosion and wear resistant,
includes a ventilation system, has a sufficient door opening and internal space for easy entrance
and exit in and out of the distributor. Beyond that, other critical project needs including spout

reliability and easy maintenance were also successfully addressed with the proposed design.

Lastly, several recommendations were mentioned to further improve the final design of the

farm grade distributor. These include:

e Prototyping to identify issues with the design and assembly process

e Analyze causes in the distributor design and process

e Act on the causes by implementing change

e Optimize the distributor by iterating changes between the process and design components
e Track data for improvements and study the results

e Standardize the changes

e Implement the final design as a new farm grade product
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Farm Grade Distributor

AGIS

N

University
o«Manitoba

Project Charter

Project Name: Distributor Redesign and Cost Savings

| Project Sponsor: Tristen Gitzel

Prepared By: Kavan Patel, Mark Marquez, Megan DaCosta, Zerlina Abhazim

| Revision: B

PROJECT BACKGROUND

- The current AGI-VIS product line is designed for commercial use only

- The distributor is one product that requires redesign for framers

- New product development department has recently been added to the company with the goal of adding farm grade versions of AGI-VIS products

BUSINESS CASE

- Currently, the company does not sell many distributors because it is overpriced
- To increase number of sales and to increase profit

- Current level of performance impacts the business by increasing the lead time to the customer
- Benefits from the improved performance will allow target customers outside of the competitive market; i.e. farm grade products

PROJECT OBJECTIVES

- Select the most cost-effective approach in designing a farm grade distributor by the end of the course, December 5, 2019

- Total cost of final design, including material and labour, will be reduced by 25% than the current commercial use distributor from approximately $10370 to $7750

PROJECT SCOPE

RESOURCES

- Distributor to be designed for farming applications only

- Team will design a single distributor configuration (12" outlet, full round, 8 outlets)
- Distributor process flow will start from parts arriving to assembly cell to shipping

- All electrical and control aspects of the design is excluded from scope

- Team to provide drafting of individual parts if time permits

- Any overhead costs will not be investigated

- Cost savings can be from design change, tooling/fixtures, process improvements

- Time from advisors (Tristen Gitzel and Vern Campbell) for project guidance
- Time from AGI-VIS shop welders (Provide information on assembly)

- Distributor time sheets, costed bill of materials (BOM), production drawings
- Time from team for AGI-VIS site visits

- AGI-VIS SolidWorks modelling and drawing templates

- Project budget ($ to be confirmed)

Roster | Role COMPANY KEY PROJECT DELIVERABLES DUE DATE
Zerlina Abhazim | Team Manager University of Manitoba Project Charter 09-24-19
Contact Information 1 Phase I: Project Definition Report 09-30-19
Tasks: Check in on members tasks — help if needed and delegate and develop tasks Gantt Chart & Phase | Meeting Minutes 10-09-19
Mark Marquez | Point of Contact | University of Manitoba Phase II: Concept Design Report 10-25-19
Contact Information Gantt Chart & Phase Il Meeting Minutes 10-30-19
Tasks: Maintain communication between team and client Phase lIl: Final Report (1st Draft) 11-25-19
Megan DaCosta I Team Secretary I University of Manitoba Gantt Chart & Phase lll Meeting Minutes 11-27-19
Contact Information Phase llll: Final Design Report 12-04-19
Tasks: Meeting minutes and other general documentation SolidWorks 3D Model & Assembly Drawings 12-04-19
Kavan Patel | Team | University of Manitoba Project Poster 12-04-19
Contact Information
Tasks: Update schedule and transportation means to and from project site
Vern Campbell | Project Advisor University of Manitoba
Contact Information
Tristen Gitzel Project Advisor AGI-VIS
Contact Information

STANDARD TEAM MEETINGS

LOCATION

Tuesday & Thursday: 10:00am - 11:15am

AGI-VIS (140 Parkland Road, Oak Bluff, MB)

Wednesday - 10:30am - 11:20am

University of Manitoba (66 Chancellors Cir, Winnipeg, MB)

RISKS

RISK MITIGATION PLAN

- Losing a team member
- Entire team has conflicting schedules
- Lack of scheduled distributor jobs at AGI-VIS

- Create a work plan for the team
- Set up weekly meetings and keep schedules availble for urgernt meetings
- Interview assemblers and review products with similar fabrication methods

CONSTRAINTS

- Lack of accurate time sheets available for assembly time of the distributor
- Entire team has conflicting schedules

- Discharge angle, height and bottom plate location cannot be changed from current design

PROJECT CHARTER APPROVALS

AGI-VIS New Product Development Manager (Project Sponsor): Tristen Gitzel

AGI-VIS Enigneering Manager: Chris Trenholm

o

AGI-VIS General Manager: Shawn Conway

Figure A: Project Charter
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Center of Engineering Professional Practice and Engineering Education
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The process analysis used for the current design is shown in the following sections.

B.1 Suppliers, Inputs, Process, QOutputs, and, Customers (SIPOC)

There are five major components in the SIPOC Chart that are critical to understanding
the manufacturing process flow: Suppliers, Inputs, Process, Outputs, and Customers. The

summary of distributor fabrication is shown in TABLE A.

TABLE A: PROCESS OWNERS AND STAKEHOLDERS

Process Owners and Stakeholders

Process Owner Shop Supervisor: Adrien

Process Assemblers: Zhong and Juan

Performers

Stakeholders Stakeholder Concerns
VIS Team Change management
Capstone Team Process/ design improvement
University of Manitoba Budget
Advisor Providing time and guidance
Distributor assemblers Too many parts for assembly
Machine operators Number of parts for forming

after changes

Customers (end user) Lead times

Process Purpose and Output

Purpose Fabricate the distributor
Outputs e Produce a distributor that is functional for farm grade
operations

o The process includes steps from parts arriving at the work
center to the last off step before shipping

Customers and Needs

Internal Customer Target (Need) Specification
Customers
Assembler/ Welders Formed Parts Match drawing
specs.
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External Shipping Variable time for Lead times includes
travel distance traveled for
delivery
End-user Quality, quantity, Meet needs (see
time House of Quality)
Suppliers and Inputs
Internal Suppliers Supplier Input Capability
Machine Operator ~ Formed Parts Quality and quantity
External Premier Spouting Meet lead times
Nord/ WEG Drive and motor Meet lead times and
functionality
Muzeen and Blyth ~ Shaft Meet lead times and
compatibility with
drive
Brunswick Steel Sheet Metal Meets size

requirements of
4’x10’ or 5° x10°

Uniflight and Round Flange Meets lead times
Cadorath
KI Supplier Hardware Meets VIS’

inventory stalk

TABLE A shows that the process performers are only two workers. Assembly of the
distributor is therefore not standardized and only done by two assemblers with experience. The
process contains a list of external suppliers. Since most of the parts are important to the process
output, it is important to highlight the reasons for specific suppliers and their capabilities. From
this, there may be other options for the fabrication of parts and places where problems stem from

within the process if further examined.
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B.2 Performance Data

Total Assembly Time of 12" Distributors w/ 10 Outlets
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Figure B: Baseline Performance I-MR Chart of Total Assembly Times

Histogram of Total Assembly Time of 12" Distributors w/ 10 Outlets
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Figure C: Histogram of Total Assembly Times
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B.3 Value Add Analysis

TABLE B: VALUE ADD ANALYSIS OF THE DISTRIBUTOR PROCESS FLOW

Does the | Is this
customer | activity
see the required if
value or | prior

Does this
activity Is this
physically | activity

Description be willing | activities change dlcfa.ted by
the policies and
to pay for | are done .
. product/ | regulations?
this correctly or service?
activity? | differently? | >V
Start 1 Parts arrive at assembly cell Yes Yes Yes No VA
2 Outer inlet rolled & welded Yes Yes Yes No VA
3 Weld the flange to the inlet Yes Yes Yes No VA
Inlet 4  Top cap assembled Yes No Yes No NVA
Assembly Top plate, inner inlet, and ring plate all
5 pleiats, AR, & gplatca Yes Yes Yes No VA
welded together
6 Paint Yes Yes Yes No VA
7 Bend and weld outlet together Yes Yes No No NVA
Outlet 8 Hammer and tack flange to outlet Yes No Yes No NVA
Assembly 9  Place outlet on turn table and full weld Yes Yes Yes No VA
10  Paint Yes Yes Yes No VA
Cut and weld bottom of spinning arm to
1 spinning flange (add UHMW) Yes No Yes No NVA
Cut and weld bottom of spinning arm,
12 weld 18" inside and grind off 18" on Yes No Yes No NVA
outside weld
Internal Spout 13 Add bottom to see if it spins easily by hand  Yes Yes Yes No VA
and Control 14 th apd weld upper flange assembly on Yes Yes Yes No VA
Elements spinning arm
15  Add spinning arm holder in proper placing  Yes Yes Yes No VA
16 Assemble, drill half on shaft and weld to Yes Yes Yes No VA
plate
17  Wire sensor box Yes Yes Yes No VA
18 Plug weld hinges on door Yes No Yes No NVA
19 B.ottom plates welded together (2+ Yes No Yes No NVA
pieces)
20  Bolt flange to bottom plate Yes Yes Yes No VA
"n_yn
21 Cut flange 1.5"-2" deep, centered Yes No Yes No NVA
between each bolt
2 Main body tack welded to bottom flange Yes Yes Yes No VA
assembly
23 Tack inside of inlet assembly to body Yes Yes Yes No VA
24 4 welds on holding lugs No No Yes No NVA
25 Waeld lift lugs on the top of the assembly  Yes No Yes No NVA
26 flip Yes Yes Yes No VA
Large .
S e 27 Tack weld stiffener flat bars to bottom Yes No Yes No NVA
plate
Assembly
28 Weld outlets to flat bottom plate Yes No Yes No NVA
29 Remove stiffener Yes No No No NVA
30 For less warpage stitch weld all outlets all Yes Yes Yes No VA
the way around
31 Weld body to flange then the cuts Yes No Yes No NVA
3 Weld top inlet to the body (flip sideways Yes Yes Yes No VA
for welding lugs)
33  Cut out inspection door on body Yes No Yes No NVA
34  Clean inside and silicon edges Yes Yes Yes No VA
35 Assemble internal spout into body assembly Yes Yes Yes No VA
Add drive, sensor and motor box, position
36 sensor and bolt to bottom of distributor Yes Yes Yes No VA
37  Add top cap and door Yes Yes Yes No VA
38 Testing Stickers Yes Yes Yes No VA
39 Clean Yes Yes Yes No VA
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The process flow was split into four sections such that each section can be evaluated more

closely. The four sections include:

= Inlet assembly

=  Qutlet assembly

= Internal spout

= Large component assembly

NVA steps that are bolded in TABLE B have been reconsidered with reasoning shown in

TABLE C below.

TABLE C: NVA STEPS

NVA Step Problem Description

4

11
12

18

19
21

24
25

27
28
29

31

33

Too many parts and too much welding involved
Formed parts can create a bottleneck and added inventory

This step is time-consuming and design features can be added to eliminate
the added labour.

Spinning arm support design can be reconsidered as there are simpler
ways to make it with less welding (from competitor designs).

Hinges can be bolted to reduce the cost of welding.

Redesign to the octagonal body allows for no extra bottom pieces and no
added flange for extra relief cuts.

Welding is not the only option for holding lugs. Holding lugs can be
reduced to two.

The above three steps contain sheet metal warpage which is a process with
added waste. The problem should be further analyzed.

The octagonal body eliminates this step since relief cuts will not be needed
in the bottom flange.

The octagonal body allows for the door to be programmed in the DXF file
since multiple bends are no longer present in the body pieces.
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The problem decomposition shown in TABLE C is based on assumptions including:

= A chosen simple design from brainstorming sessions is compared to the current

design (i.e. Octagonal body distributer)
= Value-add analysis is subject to change based on the actual design selection

The Value-Add analysis provides a direction on what aspects should be evaluated further.

Insights gathered from the Value-Add analysis:
= Welding is time-consuming and excessive in the current design

= There are too many steps in assembling the large component assembly such as the relief

cuts on the bottom flange that are welded

= Tolerances are not accounted for in the design phase

Page | 69



Farm Grade Distributor

AGIE VIS

dejy weong anjeA 9e)S JuoLmn)) ((q 931

sinoy Tt

4y T = (LS) swiL dmas
Jy op = (LD) awiL 394D

oM

J91n0 3 Alquiasse Jusuodwod |jews

Y TL
auilL 1y ot 1y €80°€ 1y €808 sz
|e101
1Y €80°T 1Y €EEE0 4 s¢'0
(@) (@) (@) (@) (@) (@) (@)
MOT= 15 ulw g = 1S ulw g = 1S ulw g=1s uw g =1s ulw g = 1S ulw ST = IS
y1=10 ye=10 ulw ST=12 yg=1o ulw OT = 12 yg=1d
Jiomay aAuQ Alqwiassy Apoq Jjoop Apoq
Jasel pue J0j0|N Jo0( oy de) |[inods jeusayu) 1n0 In)H 03} 19]IN0
AHIHIHI
Suiddiys
@ @)

=

Jnquasia T

JA /si@anqiasip g
Jawoisn)

ddN

|0J3U0) uolildNpoJd

Aep/sqor 0T-9

.-

Jayrnquasip
/S 3 "bs 92T

Aep /sued op-0¢€
sJowuoy yeaug ua1ddng

91e1S Jua.LIn) — (JNSA) de]y weaays anjep

NSA 8)S JUdLI)) p°g

Page | 70



Farm Grade Distributor

AGIE VIS

901U }00] 0] UES[D

SRS

Bugsal

Joop pue ded doj ppy

JOINLESIP JO Wopoeq
0] JjOoq Jjoq pue J0suas uomsod
“¥0( JOJOW PUB JOSUDS ‘SALID PPy

fqwasse
Apoq opun Jnods [BUR)UI SIGUIASSY

Ssabpa UGS PUE SPISUI UE3|D)

Apoq uo J0op uoIISds NG IND

(sbn) buipam 10§ sAEMBPIS
duy) Apoq 2y o} 1ajul do] PR

SnD au ual) abiuey o] Apoq PR

punose Aem au) e sjepno
IIe plam yns abediem ssaj 104

IBULNS BAOWDY

ajeyd woyoq Jey o] S|BANC DM |,

aed
WoNoq 0] SIEq Jefl JSULLS P el

i

fquiasse
au} jo doj auj uo sbnj W PR

sbnj Buipjoy uo spiEm

Apoq o} AQUWIBSSE 13jUI JO SPISUI OB

1By MO[ $S9001d Juanny) 7 2InSi]

Joop uo sabuy pam Bnjd

ajeyd 0} pjam
PUE JIBYS LD J[EY JJUp SqWIBSSY

bupeyd
Jodoid w sepjoy wue bumwmds ppy

uue Buuwmds uo
fquasse abuey Jaddn pjam pue Ino

puey
Aq Apsea suuds 1 1l 335 0] WOR0q PRY|

Piem spisinoe ue gl
1o puub pue apisul g1 P uwe
Bunuuids o WORq PRM pue Ind

(MAHN Ppy) abuey buluuds o)
e Guiuuids 1o WoNoq plam pue 1)

1aaboy
paplam sjuauodwod [ewsju|

pannbay bunued

£S19AN0 [ pajejdwoD

Pram
[N} pUe 3IqE] WIN] U0 1SN0 308]d

190no o) abuey ¥oe] g JewweH

1auiabo] Jopno pfem g puad

PRIqURSSY SIPAN0

ed fpannbay bunuied

fquiasse abuey
wogoq 0} papiam yE] Apog e

100 Yoea usangaq
passuad ‘da9p .2-.57) abuey nd

ajed woyoq 0} abuey yog

(saoaud +¢)
sauyjabo) papjem sajejd wopog

Alquassy Juauodwo?) abie

Jougabo] papem e
ajed buu pue 2 juu ‘seyd doj

paiquiassy ded dol

12Ul 2u3 o} abuey sy pRM

PopRM g P2110J J9{W 18In0

PajqUIaSSY Jaju|

Page | 71

AIquRssy
Jusuodo?) j[ews

}eyD MO $S390.44 9)8)S JUd.LIN)) S'g



AG’ _\% v,s Farm Grade Distributor

Farm Grade Distributor

Appendix C — House of Quality

Prepared for:

Tristen Gitzel, P. Eng.
AGI-VIS

Vern Campbell, P. Eng., MBA

Center of Engineering Professional Practice and Engineering Education

Dr. Paul Labossiere, P. Eng.
Department of Mechanical Engineering

Aidan Topping, M.A.

Center of Engineering Professional Practice and Engineering Education

Page | 72



AGIE VIS

3 g
H g | § g N
© = @ 2 2
@ e g n
T 8 « £ w o o
8 5 € £ @ =) € ) c 5 = S
8| e 2 a|lglo|s]E|= 218|353
o b i R ol _ <
%) @ = @ w = ) @ ® E = < >
s| e8| S ez s|6|c|&]l8]3][8]=2]2
G S - 2 g 5 B ) = < 5
7 3 P b g 3 8 5 - = 5
gl |s|sS|lel2ls|sls8l=z]"]8]s5[ 4%
9.1 | 4.0 |Inexpensive (0] (0] (0] (o] A A 0 5 . . 5 5
Reliability, grain goes in correct spout/swing spout
el 50 aligns perfectly with outlet to spouting o © (o) 4 5 5 4 5 4
11.4 | 5.0 [|Reliability, spout does not get stuck during rotation ® O (o] [C] ® (o] . . s . . .
9.1 | 4.0 |Easymaintenance (0] (0] 0] (o] (0] (0] (o]
1 4 4 3 2 3
114 [ 50 |Low total assembly hours (0] Ol 0| 06
1 4 4 1 1 4
9.1 4.0 [Minimize total quantity of parts assembled (o] (o] ® (o]
— . ] 4| 5| 4] a| s
9.1 | 4.0 |Minimize the amount of forming on the brake (O] (O] (0] (o] (0]
114 | 50 |CorrosionWear Resistant (0] (0] (0] 0 0 5 3 4 5 5 4
114 | 6.0 |Airtight (0] (0] (0] 0 [ C) 0O 3 5 4 5 4 5
68 | 30 |Mernalparts easily accessible and can fit through o) o) o) o) . B s . 5 .

the door

Strong Relationship 9
Moderate Relationship 3

Weak Relationship 1
Strong Positive Correlation
Positive Correlation
Negative Correlation
Strong Negative Correlation
Objective Is To Minimize

Objective Is To Maximize

x> 44| +Froo0

Objective Is To Hit Target

—m— AGI-VIS
—&—GSI
—— Lambton
—*— Schlagel
—e— Honeyville

—— Hayes and Stolz

<]
5 @ ) 4 =
g2l sl el slz|lsl2lelalsalg] e
~ B p w by £ ES & - 2 £ < =
52| % = 8 3 S = v -
3 N R "
5 4 3 10 8 5 0 1 1 1 3 5
9 9 9 9 9 9 9 9 9 il 9 9
518.2 | 2455 | 450.0 | 375.0 | 593.2 | 265.9 | 368.2 | 218.2 | 2386 | 1455 | 1864 | 184.1
137 65 [ 119 ] 99 [ 157 [ 70 [ 97 | 58 | 63 | 38 [ 29 [ 49

Figure F: House of Quality
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The House of Quality shown in Figure B shows the selected metrics that can address every

need specified by the client as indicated by the 9 values in the Max Relationship in Column and
Row sections. The weighted value for each Demanded Quality was determined by the priority
number given in Table 1: Customer Needs. Various metrics have wide coverage and address
multiple needs, indicating it is of high importance during the concept and design of the device.
The importance of the metric was given a calculated numerical value in the bottom portion of the
chart and showed that the cost, labour time, and the number of parts will be crucial technical
specifications in the final design to meet the characteristic needs specified and prioritized by the
client. The right-hand side of the HOQ compares AGI-VIS’s current model distributor to
competitor’s standards with relation to the identified needs. In terms of reliability and functionally,
the current device measures on par with the competitors. However, the labour time and price of
AGI-VIS’ current commercial grade distributor poorly compares to the competitor market

distributors.
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Farm Grade Distributor

Appendix D — Assembly Drawings
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U:\Capstone\final design\NOVEMBER 20 201\NOVEMBER 20 2019\BODY SHELL\FBDTA-BODY

Farm Grade Distributor

BILL OF MATERIALS
ITEM QTY PART NUMBER DESCRIPTION MTL LBS
1 1 FBDTA-INLET-TUBE 12 VIS SPOUT, 12in Cut Length 10ga HRMS 5.0
2 2 |FLARO-ANG-12 o 1D ROLLED ANGLE 5.823
3 1 FBDTA-TOP-PL-GA TOP PLATE 12ga GALV 18.0
4 1 FBDTA-BODY-SIDE SIDE BODY PANEL 12ga GALV 118.9
5 1 FBDTA-BODY-SIDE-DOOR SIDE BODY PANEL W/ DOOR 12ga GALV 99.6
6 2 FBDTA-BODY-BOT BOTTOM BODY PANEL 10ga GALV 67.9
7 1 FBDTA-BOT-PL BOTTOM PLATE 10ga GALV 36.2
8 1 FBDTA-DOOR-PANEL DOOR PANEL 12ga HRMS 23.3
9 1 FBDTA-DRIPTRAY DOOR DRIP TRAY 12ga GALV 1.3
10 1 FBDTA-DOOR-HANDLE DOOR HANDLE 44W 0.34
11 1 FBDTA-VENT-COVER VENTILATION COVER 12ga GALV 2.04
12 2 FBDTA-CLEANOUT-COV CLEANOUT COVER 14ga GALV 1.09
13 2 FBDTA-HANGER-SUPPORT HANGER SUPPORT 4.4
14 1 FBDTA-LEXAN-WINDOW DOOR INSPECTION WINDOW - LEXAN GLASS  |[LEXAN GLASS 0.3
15 1 CLA-JE-71040-SS CLAMP JERGENS 71040 STAINLESS STEEL 0.02
16 2 HINGE-BUTT-4x3-SS BUTT HINGE - 4" LONG x 3" WIDE - SS SS 0.60
17 4 BOLTMACH10-24X075 10-24 x 3/4" Machine Screw - Plated MS 0.01
18 4 NUTMACH10-24 No. 10-24 Machine Nut - Grade 5 Plated MS 0.00
% 19 17 BOLTBH025X075 1/4 x 3/4 Button Head Bolt gr 5 plated MS 0.01
z
7 20 17 NUTFLANGEO025 1/4 Flange Nut - Grade 5 Plated MS 0.01
z
é 21 110 BOLTFLO38X100 3/8 x 1 Flanged Bolt - Grade 5 plated MS 0.07
=3
i 22 110 NUTFLANGEO38 3/8 Flange Nut - Grade 5 Plated MS 0.02
o
z
% 23 4 BOLTFLOS0X150 1/2x 1 1/2 Flanged Bolt - Grade 5 plated MS 0.16
o
- 24 4 NUTFLANGEOS0 1/2 Flange Nut - Grade 5 Plated MS 0.06
5
z
z
<
2
9]
z
b3
[a)
MODEL SPECIFICATION
APPLICATION GRAIN
DENSITY (LB/CF) 48 LB/CF
FEED TYPE METERED
DESIGN CAPACITY 10000 CF/HR
PRIMER GREY SHOP PRIMER
PAINT CUSTOMER TO CONFIRM FOR MS
CLIENT SITE LOCATION so#
THE INFORMATION CONTAINED IN THIS DRAWING IS INTENDED TO
REVISIONS PROVIDE DIMENSIONAL REFERENCES AND LOADING INFORMATION AGI-VIS OAK BLUFF, MANITOBA !
ONLY. ITIS IN NO WAY TO BE INTERPRETED TO PROVIDE ENGINEERING
REV. | DESCRPTION DATE oY Aot DN LI O OSSR A V’s N
0 | INTIAL RELEASE 20-NOV-2019 TEAM 29 g&gﬁ;j{i%% EEEGS»ENES 53%0555%2 é%&ggﬁ%:ﬁgﬁa{ﬁ%‘CT‘ON' PRE LI M I N ARY DISTRIBUTOR BODY SHELL ASSEMBLY DETAILS 4758
REQUIREMENTS INDICATED ON SUPPORTING DRAWINGS PROVIDED. FOR REVIEW DWG NO SHEET REV By DATE G,J. VIS ENTERPRISES INC.
DTAFB-BODY-12-GALV 1 0F2 0 TEAM 29 11/27/2019 140 PQA()'Z’%‘?A}Q—E‘)EEWOVO@BGLSJ@:SAEANBT%AG 0ns

THIS DRAWING IS THE PROPERTY OF G.J. VIS ENTERPRISES INC. AND SHALL NOT BE DUPLICATED IN WHOLE OR IN PART WITHOUT THE WRITTEN PERMISSION OF G.J. VIS ENTERPRISES INC.

SOLIDWORKS Educational Product. For Instructional Use Only.
Figure G: Farm Grade Distributor Exploded View
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DIMENSIONS ARE IN INCHES. TOLERANCE +0.063" UNLESS NOTED.

E:\CAPSTONE\NOVEMBER 20 2019\OUTLET\FBDTA-OUTLET-MS

Farm Grade Distributor

12X 7/16" X 5/8" _~

NOTE: THIS END ATTACHES
TO DISTRIBUTOR BODY

TOP VIEW - WITHOUT OUTLET COVER

0.074" COVER

‘V

|

|

! SEALANT
! BETWEEN
I 1/41 2-4  WELDS
|

|

|

|

|

|

L

11/2" J

B

——

F ©1123/32"1.D. 4’]

@ 12" O.D.

@15"

FRONT VIEW - WITHOUT OUTLET COVER

101/16"

- —

3\4444444444444444/{ L

1

REVISIONS
REV. DESCRIPTION DATE BY
0 INITIAL RELEASE 17-NOV-2019 | TEAM 29

THE INFORMATION CONTAINED IN THIS DRAWING IS INTENDED TO
PROVIDE DIMENSIONAL REFERENCES AND LOADING INFORM,

ONLY. ITIS IN NO WAY TO BE INTERPRETED TO PROVIDE ENG\NEER\NG
SPECIFICATIONS OR DESIGN RELATED TO SUPPORTING STRUCTURES ALL
SUPPORTING STRUCTURES MUST BE DESIGNED AND INSPECTE!
PROFESSIONAL ENGINEER L\CENSED IN THE Al

G.J. VIS ENTERPRISES INC. ASSUMES NO RESPONSIBILITY FOR T
STRUCTURAL SUPPORT OF PRODUCTS SUPPLIED BEYOND THE
REQUIREMENTS INDICATED ON SUPPORTING DRAWINGS PROVIDED.

FRONT VIEW - WITH OUTLET COVER

BILL OF MATERIALS

ITEM | QTY PART NUMBER DESCRIPTION MTL LBS
1 1 FBDTA-OUTLET-TUBE-12-MS$S SPOUT-12-10GAHRMS, 10in Cut Length 10ga HRMS 14.1
2 1 FBDTA-OUTLET-COV-12-MS OUTLET SPOUT COVER 14ga HRMS 3.7
3 ” FLA.RO-ANG-12 FLANGE ROUND ROLLED ANGLE 5823

?12'ID 12

4 12 BOLTBHO38X125 3/8 x 1 1/4 Button Head Bolt gr 5 plated MS 0.05
5 6 BOLTFLO38X100 3/8 x 1 Flanged Bolt - Grade 5 plated MS 0.07
6 18 NUTFLANGEO38 3/8 Flange Nut - Grade 5 Plated MS 0.02

NOTE: INSTALL BOLTFLO38X100 (QTY - 12) AND NUTFLANGE (QTY -12)
ONLY WHEN OUTLETS ARE BEING MOUNTED TO FBDTA DISTRIBUTOR BODY.
SEE FBDTA-8HFB-5012E ASSEMBLY DRAWING FOR INSTRUCTIONS.

MODEL SPECIFICATION

APPLICATION GRAIN
DENSITY (LB/CF) 48 LB/CF
FEED TYPE METERED

DESIGN CAPACITY

10000 CF/HR

PRIMER

GREY SHOP PRIMER

PAINT

CUSTOMER TO CONFIRM

CLENT

AGI-VIS

SITE LOCATION

OAK BLUFF, MANITOBA

PPROPRIATE JUR\SD\CT\ON.

PRELIMINARY

FOR REVIEW

TITLE

DISTRIBUTOR OUTLET SPOUT (12IN) -

TITLE

ASSEMBLY DETAILS

WEIGHT (LBS)

DWG NO

FBDTA-OUTLET-12-MS

SHEET REV BY

10F1 0 TEAM 29

DATE

2019-11-23

G.J. VIS ENTERPRISES INC.
140 PARKLAND RD. OAK

= VISE

BLUFF MB R4G 0AS

204-897-6949 WWW.GJVISENT.CA

THIS DRAWING IS THE PROPERTY OF G.J. VIS ENTERPRISES INC. AND SHALL NOT BE DUPLICATED IN WHOLE OR IN PART WITHOUT THE WRITTEN PERMISSION OF G.J. VIS ENTERPRISES INC.

SOLIDWORKS Educational Product. For Instructional Use Only.

Figure I: Farm Grade Distributor Outlet Spout
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E:\CAPSTONE\NOVEMBER 20 2019\SWING SPOUT\FBDTA-SWING-SPOUT-MS

BILL OF MATERIALS
NOTE: ITEM | QTY | PART NUMBER DESCRIPTION MTL LBS
- SUPPORT BRACKET PARTS ARE SLOTTED FOR ADJUSTMENT
_BOLT TOGETHER LOOSELY FIRST, FASTENERS TO BE TIGHTENED 1 1 | FBDTA-TRANSITION-12-M$S SWING SPOUT TRANSITION (12IN TO 11IN) 20
AFTER FINAL ADJUSTMENTS ARE MADE DURING INSTALLATION 2 1| FBDTA-SPOUT-TUBE-001-MS | SPOUT-12-10GAHRMS, 8in Cut Length 10ga HRMS | 4.1
INTO DISTRIBUTOR. (SEE FBDTA-8HFBR-5012E FOR INSTRUCTIONS)
3 1| FBDTA-SPOUT-TUBE-002-MS SPOUT-12-10GAHRMS, 27 3/16 in Cut Length | 10ga HRMS | 35.2
4 1| FBDTA-SPOUT-BRACKET-MS SPOUT SUPPORT L-BRACKET 1/4" 44W 19.5
5 1| FBDTA-SPOUT-RING-MS TOP CLAMP RING BRACKET 1/4" 44W 1.6
13 1| FBDTA-SPOUTCLAMP-TOP-MS | TOP CLAMP SPOUT SUPPORT BRACKET 1/4" 44W 6.8
7 1 | FBDTA-SPOUTCLAMP-BTM-MS | BOTTOM CLAMP SPOUT SUPPORT BRACKET 1/4" 44W 10.9
8 1| FBDTA-SPOUT-GUSSET-L-MS SPOUT GUSSET SUPPORT - LEFT 3/16"44W | 2.2
12x @ 7/16"THRU 9 1 FBDTA-SPOUT-GUSSET-R-MS SPOUT GUSSET SUPPORT - RIGHT 3/16" 44W 2.2
10 1| FBDTA-GUIDE-12-UHMW UHMW SWING SPOUT GUIDE 1" UHMW 1.9
FLANGE ROUND ROLLED ANGLE
a 1 2 | FLA.RO-ANG-12 82
®151/8 O-ANG @12'ID L2 5823
12 14 | BOLTFLO38X125 3/8x 1 1/4 Flanged Bolt - Grade 5 plated MS 0.08
13 14 NUTFLANGEO38 3/8 Flange Nut - Grade 5 Plated MS 0.02
14 12 | BOLTHEX038X200 3/8 x 2 Hex Bolt - Grade 5 plated Ms 0.08
15 | 24 | WASHFLATO38 3/8 Flat Washer- Grade 5 plated MS 0.01
16 12 | NUTHEX038 3/8 Hex Nut Gr 5 Plated Ms 0.02
17 14 | BOLTFLO50X125 1/2x 1 1/4 Flanged Bolt - Grade 5 plated MS 0.15
18 14 NUTFLANGEO50 1/2 Flange Nut - Grade 5 Plated MS 0.06
TOP VIEW
SWING SPOUT
SUPPORT DETAIL
. = P12 1 oo
_1"UHMW
N T =

‘ﬁ’—‘ﬁ’—‘ﬁ'—‘ﬁ"—w
SEALANT NOTE: FULL WELD HERE IF NO
L BETWEEN ‘ NOTICEABLE WARPAGE
WELDS  ~ 1/4]/2-4)

DIMENSIONS ARE IN INCHES. TOLERANCE +0.063" UNLESS NOTED.

50°
CRITICAL

yd ANGLE
N (rd
® e
1811/16" J :
L SEALANT
NOTE: ROUND FLANGES FLUSH . BETWEEN
\/ TO ENDS OF SPOUT TUBES 1/4)/ 2-4 "WELDS
NOTE: FLAT END OF / RIGHT VIEW V7
TRANSITION
SWING SPOUT DETAIL
FRONT VIEW EXPLODED VIEW
S R L R G NENED
QLY TR SN D RIS ROV Sotishe, e SRRET ATOR
A A . ALL
|| ¥ e R AR Ao | [PRELIMINARYL ™ =N
5 AL RELEASE ovaots | erman R R R L T A R R T RIS : DISTRIBUTOR INTERNAL SWING SPOUT ASSEMBLY ASSEMBLY DETAILS 1213
STRUCTURAL SUPPORT OF PRODUCTS SUPPLIED BEYOND THE
REQUIREMENTS INDICATED ON SUPPORTING DRAWINGS PROVIDED. FOR REVIEW DWG NO SHEET REV BY DATE 140 PARK(EA‘JI\'lI\D/gSNéTEEIEEEQTA% R4G OAS
FBDTA-SWING-SPOUT-12-MS 10F1 0 TEAM 29 | 2019-11-23 204-897-6949 WWW.G JVISENT.CA

THIS DRAWING IS THE PROPERTY OF G.J. VIS ENTERPRISES INC. AND SHALL NOT BE DUPLICATED IN WHOLE OR IN PART WITHOUT THE WRITTEN PERMISSION OF G.J. VIS ENTERPRISES INC.

SOLIDWORKS Educational Product. For Instructional Use Only.

Figure J: Farm Grade Distributor Internal Swing Spout Assembly Drawing
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E:\CAPSTONE\NOVEMBER 20 2019\SWING SPOUT\FBDTA-TRANSITION-MS

BILL OF MATERIALS

ITEM | QTY | PART NUMBER DESCRIPTION MTL LBS

12x @ 7/16" THRU

FBDTA-TRANSITION-001-MS | 10GA FORMED SPOUT PANEL (12INTO 11IN) | 10ga HRMS 8.2

N

FBDTA-TRANSITION-002-MS | 10GA FORMED SPOUT PANEL (12IN TO 11IN) 10ga HRMS | 8.164

w

FBDTA-TRANSITION-003-MS | TRANSITION SPOUT FLANGE 3/16" HRMS 3.2

HOSE CLAMP
\
MR

TOP VIEW 50 VIEW FRONT VIEW
BRUSH SPOUT OPTION
®15"

DIMENSIONS ARE IN INCHES. TOLERANCE +0.063" UNLESS NOTED.

I

I

|

NOTE: STTCH WELD THIS FLANGE
SEALANT ! (SEE FBDTA-TRANSITION-004MS)
1/4|/ 2-4 > B/W WELDS \
N
16 ‘ ? \ R
) 4 ! P 3/8" FLANGE BOLT
i % 8' NEOPRENE | ! b 3/8" FLANGE NUT
BOOT ‘ 1
|
| NOTE: BOLT ON FLANGE
>‘V/ ! (SEE FBDTA-TRANSITION-004MS)
FRONT VIEW
NEOPRENE BOOT OPTION
11"0.D. Q
FRONT VIEW
EXPLODED VIEW
CLENT SITE LOCATION SO#
REVISIONS THE INFOR TION CONTAINED IN THIS DRAWING IS INTENDED TO
B R R LA IR Aovs OAK BLUFF, MANTOBA [
REV. DESCRIPTION DATE BY SPECI#\CAT\ONS OR DESIGN RELATED TO SUPPORTING STRUCTURES. ALL
ssmensemaaeriniatg gn e | PRELIMINARY) 7o eassiion oo 1 " asemevomas | —_—
Y INITIAL RELEASE 17-NOV-2019 TEAM 29 G.J. VIS ENTERPRISES INC. ASSUMES NO RESPONSIBILITY FOR THE ’ FOR REVIEW
B SUREMENTS MOICATED ON SUFFORTING DRAWNGS FROVIDED pwene SHEET ey BY DATE 140 PARKLAND RD. AR BLURE MB RAG 0AS
| FBDTA-TRANSITION-12-MS 10F1 0 TEAM 29 | 2019-11-23 204-897-6949 WWW.GJVISENT.CA

THIS DRAWING IS THE PROPERTY OF G.J. VIS ENTERPRISES INC. AND SHALL NOT BE DUPLICATED IN WHOLE OR IN PART WITHOUT THE WRITTEN PERMISSION OF G.J. VIS ENTERPRISES INC.

SOLIDWORKS Educational Product. For Instructional Use Only.
Figure K: Farm Grade Distributor Swing Spout Transition
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E:\CAPSTONE\NOVEMBER 20 2019\SHIPPING LEG\FBDTA-SHIPLEG

BILL OF MATERIALS
ITEM | QTY | PART NUMBER DESCRIPTION MTL 18S
1 1 | FBDTA-SHIPPING-BRACKET | DISTRIBUTOR SHIPPING BRACKET 3/16" 44W | 15.59
2 1 | FBDTA-SHIPBASE DISTRIBUTOR SHIPPING LEG BASE PLATE | 3/16" 44W | 1.46
3 1 | FBDTA-CROSS-BRACE SHIPPING LEG CROSS BRACE 3/16"44W | 9.07
4 2 | BOLTFLO38X100 3/8x 1 Flanged Bolt - Grade 5 plated MS 0.07
5 2 | NUTFLANGEO38 3/8 Flange Nut - Grade 5 Plated MS 0.02
D @
TOP VIEW
ISO VIEW
P .
RN ¢
N\ /N
a Y N P \
2 Ny ©X 2
o Q% N Yo
z W P 4 A 4
2 § 2.
=1 \
e N
=1
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w
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=
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]
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5
z
&
b
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i
[
" | !
51/2 |
[
[
| 119/32"
|
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FRONT VIEW
RIGHT VIEW
CLIENT SITE LOCATION so#
REVISIONS THE INFORMATION CONTAINED IN THIS DRAWING S INTENDED O
PROVIDE DIMENSIONAL REFERENCES AND [OADING INFORMATION AGLVIS OAK BLUFF, MANITOBA
NLY. IT IS IN'NO WAY TO BE INTERPRETED TO PROVIDE ENGINEERING —
REV. DESCRIPTION DATE BY SPECIFICATIONS OR DESIGN RELATED TO SUPPORTING STRUCTURES. ALL TE TiLE WEIGHT (L8S) \\
SUPPORTING STRUCTURES MUST BE DESIGNED AND INSPECTED BY A PRE LI M I NARY —
0 INITIAL RELEASE 23NOV-2019 | TEAM 29 PROFESSIONAL ENGINEER LICENSED IN THE APPROPRIATE JURISDICTION. FBDTA DISTRIBUTOR SHIPPING/ASSEMLY LEG ASSEMBLY DETAILS 26.30
G.J. VIS ENTERPRISES INC. ASSUMES NO RESPONSIBILITY FOR THE
STRUCTURAL SUPPORT OF PRODUCTS SUPPLIED BEYOND T FOR REVIEW DWG NO SHEET REV. oy AT - PARK?AJNS%NEJTEEEEEQTA% 4G OAS
RESUREMENTS INDICATED DN SUPPORTING DRAWNGS PROVIDED. )
< FBDTA-SHIPLEG 10F1 0 TEAM 29 | 2019-11-23 204-897-6949 WWW.GJVISENT.CA

THIS DRAWING IS THE PROPERTY OF G.J. VIS ENTERPRISES INC. AND SHALL NOT BE DUPLICATED IN WHOLE OR IN PART WITHOUT THE WRITTEN PERMISSION OF G.J. VIS ENTERPRISES INC.

SOLIDWORKS Educational Product. For Instructional Use Only.
Figure L: Farm Grade Distributor Shipping/Assembly Leg
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Farm Grade Distributor

Appendix E — Bill of Materials and

Routings

Prepared for:

Tristen Gitzel, P. Eng.
AGI-VIS

Vern Campbell, P. Eng., MBA

Center of Engineering Professional Practice and Engineering Education

Dr. Paul Labossiere, P. Eng.
Department of Mechanical Engineering

Aidan Topping, M.A.

Center of Engineering Professional Practice and Engineering Education
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COMMERCIAL DISTRIBUTOR (DTA-08HFR5012E-MS) COSTED BOM

TABLE D

AGIE VIS

FepEaow oo 330 988 £906 00roak S LER O 054000 WL10u04 770 v g8 2dvy prd 2 99-ONY-OH-Y14
905 BHOZI LSD ooo %966 B8y 8008 0SS S ¥3 0l 0Fiona VL0 Y04 1701 Y #E s1Bwy puy 14 FCONY-0U-Y 14
25 GLOZFELD ooo EFEE 220 e e g 41 00E 1000 0%YIS Jatalei] uigs '] adid CL-DPHISdId
¥ BHOZG DL ooo STET BTOF cLHal oooke S 408 00'GL 0Zio0na efiZ) 3215 SIVUY 182Lg VOCISWHHIHS
L BHOZECIDL ooo %ELBE wRES L6664 SEESE S 405 O00BE oLiana 12205 PI MR WISE 0 208l 0SE-MFFY1d
9 LR ) oo L LAT AN A ) Cily 065 g 408 00Eh 021000 [3215 PN MFR WESL0 Bl SB-MFFY 12
i BHOZSEE0 ooo LA TS 25l HE S Y3 00eF 080000 pajeyd 5 45 sinu pabuey o BEDFONYIALNN
28F BHOZGES0 ooo %ISTE PRE 9908 05%E s ¥3 W 00000 UOBIY (Ing - 2550, suabsar sdweyy BLS0L-2M-Y10
181 BHOZELTRD ooo oREe 9L 9670 FLS cla S ¥3 0ok 020000 J3.L90d S U9 1708 FONVIL L X L 00120741708
£ BHOZDEGD ooo 0L PR 8Ltk 096k S ¥3 0T 020000 E20H 0N-§5-uad) £x0] f-2buly ung S5 LING-FONIH
31Ep se) o cz'le %586 ZTE eLnk ool W LER 050000 Alquassy uap Y L0 SW-LNSAYLD
3IEp JEB) OW ooosL %S0ZT  JEYE SEE0E 068FE ] Y3 0l 00000 SWH0.ZH1089 sy inods W10 . SW-CL-880-LN0de-vYL0
31Ep 1EB) OW 00°55% S%ls S SER iras Flint ] ¥3 Wy 00000 BN 9142 1-01-037 diyg w10 OdIHS V10
FepEaow 000F0° WIS 0FLE 00gal 0%'6EE W ¥3a 008 0Z0000 S - NI T - LIRSS 1N g W LG SIZL-1311N0-Y.1a
3IEp JEB) OW 00054 IELL £9RIE IS DLBLE'E ] Y3 0l oL00na 10Hg FED-H 4 WOIEDd -0 W10 HARrE03-2NET-YLD
sepyd e oge1  BA% EAS  pewbay  penms ous wn AD #wey uopduosag JaquinN yed [oheT]
wody ANIY
shep ¢ Od e
%99/ 9796/ 6820701 98661 L1 1500 Jusing
%018 16'8E8 2E'09€°0) 92661 L 1500 [Bje L aL0Z/ZzZIeD UOISIAGY J5ET
%000 000 57'966'C GZ'966'S 1500 Joge] 000000  ®iEEAY AD
%ZT 6l 16'8E8 chpec'y 01'€02's 1500 |eusien 000000 PUEH U0 A
000 A8y SI- 9313 Z100G Punoy JInd S1oH 8 uoyduaseq
S0UBLEN 9%, soueuEN ¢ abesany pJEDUE]S
SIW-3Z10SH4H80-YLa Jaquiny yed
£9'96¥) WBie [E}0
SN-IZL0SHIHE0-YLa oL |enb3 oN Led
102

HIFNINN 1Hvd A9 pU3pi0 13A3T ITONIS

aoueLie/ 1509 abelany SA plepuels - Hoday INOE paiso)

Wd BE1LGICO T Awn)
§L0Z/0S/0L ¢ e
biop @ ebed

SIN SV




AG’ ._\% v,s Farm Grade Distributor

TABLE E: COMMERCIAL DISTRIBUTOR (DTA-08HFR5012E-MS) ROUTING REPORT

AGI= VIS Page - Aol

i Date : 1003052049
Standard Routing Summary pate 10002019
coT

LUnit of Standarnd
Facility Part Number Rev Description Maasurs Process Qty
Default DTA-DBHFRS0M2E-MS 000 8 Hole Full Round 50012 Elec -MS EA 1.0000¢
Operation Selup  Production Move: Sub-Contract Other Standard

Op  Work Center &y Hours Hours Hours Costz Coste  CostiOperation
M PROGR  PROGRAMMNG 1.000 0o 0.00 0.00 0.00 am .00
3 OFSFRO  DRILLFUMCH SAW 1.000 0o 0.00 0.00 0.00 a.0a 00
4] TELPRD  TAELE PROCEISING 1.000 00 8.00 0.00 0.00 .00 .00
51 FRUPRO  FORMFROCESSING 1.000 0o 0.00 0.00 0.00 a.0a 00

Todals per Unit 0.00 6.00 fuoo 000 ¢.00 CanE 2,980.00
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AGIE VIS

TABLE F: FARM BRAND DISTRIBUTOR (FBDTA-08HFR-5012E) COSTED BOM
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AG’ _\% V’s Farm Grade Distributor

TABLE G: FARM BRAND DISTRIBUTOR (FBDTA-08HFR-5012E) ROUTING REPORT

- Page : 1of1
AGIS VIS Standard Routing Summary Date : 111262019

Time @ 10:54:18 AM

CS8T
Unit of Standard
Facility Part Number Rev Description Measure Process Qty
Default FBDTA-08HR-5012E 000 *12 HOLE FULL ROUND 50012 ELEC EA 1.00000
Operation  Sefup Production Move Sub-Contract Other Standard
Op  Work Center Qty  Hours Hours Hours Costs Costs  Cost/Operation
20 PROGR  PROGRAMMING 1.000 0.00 0.00 0.00 0.00 0.00 0.00
30 DPSPRO  DRILLPUNCHSAW 1.000 0.00 0.00 0.00 0.00 0.00 0.00
40 TBLPRO  TABLE PROCESSING 1.000 0.00 200 0.00 0.00 0.00 130.00
50 FRMPRO  FORM PROCESSING 1.000 0.00 400 0.00 0.00 0.00 280.00
&0 KIT KITTING 1.000 0.00 0.00 0.00 0.00 0.00 0.00
T0 RACK PUT ON RACK 1.000 0.00 0.00 0.00 0.00 0.00 0.00
80 A03 CELL A03 1.000 0.00 18.00 0.00 0.00 0.00 1,170.00
90 PAINT PAINTING 1.000 0.00 1.00 0.00 0.00 0.00 €5.00
Totals 0.00 2500 0.00 0.00 0.00 Cans$ 1,625.00
Totals per Unit 0.00 2500 0.00 0.00 0.00 Can$ 1,625.00
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AGIE VIS

TABLE H: FARM BRAND DISTRIBUTOR SWING SPOUT (FBDTA-SWING-SPOUT-MS) COSTED BOM
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AG’ _\% v,s Farm Grade Distributor

TABLE I: FARM BRAND DISTRIBUTOR SWING SPOUT (FBDTA-SWING-SPOUT-MS) ROUTING REPORT

AGI= VIS e msa0te

1 Date
Standard Routing Summary Date - Jnasame
CST

Unit of Standard

Farility Part Mumber Rev Description Measure Process Oty
Diefauit FBOTA-SWING- 000  INTERNAL SWING SPOUT ASSEMBLY EA 1.00000
Operation Selup  Produciion Move Sub-Confract Other Standand

Op  Work Center Oty  Hours Hours Howrs Costs Coste  Cost'Operation
o PROGR PROGRAMMMG 1.000 0.00 0.00 0.00 0.00 0.00 Qo
mn TELPRO TASLE PROCESSING 1.000 0.00 1.00 0.00 0.00 0.00 63.00
n FRMPRO FORM PROCESSING 1.000 0.00 1.00 0.00 0.00 0.00 &5.00
40 EIT EITTING 1.000 0.00 0.00 0.00 0.00 0.00 0
50 RACK PUT Ol RACK 1.000 0.00 0.00 0.00 0.00 0.00 0.
B ALG CEll AD3 1.000 0.00 200 0.00 0.00 0.00 130,00

Totals 0.00 400 0.0 Q.00 0.00 Can§ 260.00
Totals per Linit 0.00 400 0.0 Q.00 0.00 Can§ 260.00
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AGIE VIS

TABLE J: FARM BRAND DISTRIBUTOR TRANSITION (FBDTA-TRANSITION-MS) COSTED BOM
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AG’ _\% v,s Farm Grade Distributor

TABLE K: FARM BRAND DISTRIBUTOR TRANSITION (FBDTA-TRANSITION-MS) ROUTING

REPORT
AG"- v,s- Page : 1ofi
= .
) Date : 117262019
Standard Routing Summary Bate e
C5T

Unit of Standard
Facility Part Number Rev  Descripfion Meazure Procese Oty
Defauit FBOTA-TRANSITION- 000 *ROUND TO ROUND, 212 TO 211 EA 1.00000
Operation Selup  Producion Mowe Sub-Confract Other Standard
Op  Work Center oY  Hours Hours Hours Costs Coste  Cost'Operation
1 FROGR  PROGRAMMNG 1.000 0.00 0.00 0.00 0.00 0.00 om
0 TELPRO  TASLE PROCESSMNG 1.000 0.00 0.00 0.00 0.00 0.00 65000
30  FRMPRO  FORM PROCESSING 1.000 0.00 0.00 0.00 0.00 0.00 om
4 RACK FUT ON RACK 1.000 0.00 0.00 0.00 0.00 0.00 o
o AR CELL ADZ 1.000 0.00 2.00 0.00 0.00 0.00 130,00
B0 FAINT FAINTING 1.000 0.00 0.50 0.00 0.00 0.00 23
Totals 0ua0 1250 000 000 000 Can$ 81250
Totals per Unit 0.00 1250 000 0.00 000 Can$ 81250
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AGIE VIS

TABLE L: FARM BRAND DISTRIBUTOR OUTLET SPOUT (FBDTA-OUTLET-MS) COSTED BOM
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AG’ _\% v,s Farm Grade Distributor

TABLE M: FARM BRAND DISTRIBUTOR OUTLET SPOUT (FBDTA-OUTLET-MS) ROUTING
REPORT

AGI= VIS il

1 Date - 1172620159
Standard Routing Summary Date - 1zaa0l
C5T

Uit of Standard

Facility Part Number Rev Descriplion Measure Procese Oty
Default FEOTA-OUTLET-MS 000 FBDTA OUTLET WELDMENT - 12 IN - MS EA 100000
Operation Sefup  Producion Mowe Sub-Conltract Ofher Standard

Op  Work Center Oty  Hours Hours Hours Coste Coste  Cost'Operation
1o PROGR PROGRAMMMNG 1.000 0.00 0.00 0.00 0.00 0.00 000
2 TELPRO TASLE PROCESSING 1.000 0.00 025 0.00 0.00 .00 1625
o FRMPRO FORM PROCESSING 1.000 0.00 0.00 0.00 0.00 0,00 000
40 KT KITTING 1.000 0.00 0.00 0.00 0.00 0.00 Q.00

= RACK PUT O RACK 1.000 0.00 0.00 0.00 0.00 0.00 Qo

2] Al CELL A3 1.000 0.00 0.75 0.00 0.00 0.00 45375

i PAINT PAINTING 1.000 0.00 0.50 0.00 0.00 .00 et
PAINTING DEPARTMENT

Totals 0,00 1.50 000 0,00 0,00 Can3 97.30

Totals per Unit 0.00 1.30 000 0.00 0.00 Can} 97.30
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AGIE VIS

TABLE N: DISTRIBUTOR DRIVE ASSEMBLY (DTA-DRIVE-EO1-08FR) COSTED BOM
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AG’ _\% v,s Farm Grade Distributor

TABLE O: DISTRIBUTOR DRIVE ASSEMBLY (DTA-DRIVE-EO1-08FR) ROUTING REPORT

AG’- v,s- Page : 10of1
== .
: Date : 112672019
Standard Routing Summary Date - 11282018
C5T
Uit of Standard
Facility Part Number Rev  Description Measure Process Oty
Defauit DTA-DRIVE-E01-0B8FR 000 DTA Blec DRV -8 Posifion Full Round EA 1.00000
Operation Selup  Producion Mowe Sub-Coniract Other Standard
Op  Work Center QY  Hours Hours Hiowrs Costs Costs Cost'Operation
1 FROGR  PROGRAMMNG 1.000 0.00 0.00 0.00 0.00 0.00 m
0 DPSPRC  DRILLPUNCHSAW 1.000 0.00 0.00 0.00 0.00 0.00 0w
30  TBLPRO  TASLE PROCESSMNG 1.000 0.00 400 0.00 0.00 0.00 25000
40  FRMPRO  FORMPROCESSING 1.000 0.00 0.00 0.00 0.00 0.00 0m
50 KT KITTING 1.000 0.00 0.00 0.00 0.00 0.00 000
Bl RACK PUT ON RACK 1.000 0.00 0.00 0.00 0.00 0.00 om0
AN CELL AS 1.000 0.00 8.00 0.00 0.00 0.00 52000

Totals 000 12.00 000 0.00 0.00 Can$ 780.00
Tolals per Unit 000 12.00 000 0.00 0.00 Can$ TE0.00

Page | 94



Farm Grade Distributor

TABLE P: DISTRIBUTOR DRIVE SHIPPING LEG (DTA-SHIPLEG) COSTED BOM

AGIE VIS
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TABLE Q: DISTRIBUTOR DRIVE SHIPPING LEG (DTA-SHIPLEG) ROUTING REPORT

AGI= VIS e sa0te

1 Date
Standard Routing Summary Date - Hias2m
C5T
Unit of Standard
Facility Part Number Rev  Descriplion Mezsure Procese Qty
Default DTA-SHIPLEG 000 DTA Ship Leg-10-12-14-18 Ouliet EA 1.00000
Operation Selup  Producion Move Sub-Confract Ofher Standard
Op  Work Center oY  Hours Hours Howrs Cosls Costs Cost'Operation
1 FROGR  PROGRAMMNG 1.000 0.00 0.00 0.00 0.00 0.00 00
M  TELPRO  TASLE PROCESSMG 1.000 0.00 0.75 0.00 0.00 0.00 4575
3  FRMPRD  FORMPROCESSING 1.000 0.00 0.00 0.00 0.00 0.00 LT
& KT KITTING 1.000 0.00 0.00 0.00 0.00 0.00 (1]
S0 RACK PUT ON RACK 1.000 0.00 0.00 0.00 0.00 0.00 0o
= CELL AS 1.000 0.00 100 0.00 0.00 0.00 6500
Tatals 0.00 A 000 0.00 0.00 Can$ 11375
Totals per Unit 0040 175 000 0.00 0.00 Can$ 11375
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Farm Grade Distributor

and inlet subassemblies. The labour distribution among these subsections are shown below

The items in the main body can be further broken down to include body shell, door,

and added together to create the main distributor standard routing summary.

Op
20
30
60

50
40
10

Op
20
30
60

50
40
10

Op
20
30
60

50
40
10

Inlet
Sub-
Operation Setup Production Move Contract Other
Work Center Qty Hours Hours Hours Costs Costs
Table Processing 1
Form Processing
Painting 1 0.5
Cell
A02 1 0.916667
Put on Rack
Programming
Totals 0 1.416667 0 0 0
Totals per Unit
Body Shell
Sub-
Operation Setup Production Move Contract Other
Work Center Qty Hours Hours Hours Costs Costs
Table Processing 1 2
Form Processing 4 4
Painting 1
Cell
A02 1 15.75
Put on Rack
Programming
Totals 0 21.75 0 0 0
Totals per Unit
Door
Sub-
Operation Setup Production Move Contract Other
Work Center Qty Hours Hours Hours Costs Costs
Table Processing 1
Form Processing 1
Painting 1 0.5
Cell
A02 1 1
Put on Rack
Programming
Totals 0 L.5 0 0 0

Totals per Unit

Standard
Cost/Operation

$ -

$ -

$ 32.50

$ 59.58

$ -

$ -

$§ 92.08 Can$
Standard
Cost/Opertation

$ 130.00

$ 1,040.00

$ -

$ 1,023.75

$ -

$ -

$ 2,193.75 Can$
Standard
Cost/Operation

$ -

$ -

$ 32.50

$ 65.00

$ -

$ -

$§ 9750 Can$
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Drip Tray & Vent Cover
Sub-
Operation Setup Production Move Contract Other Standard
Op Work Center Qty Hours Hours Hours Costs Costs Cost/Operation
20 Table Processing 1 $ -
30 Form Processing 1 $ -
60 Painting 1 $ -
Cell
50 A02 1 0.166667 $ 10.83
40 Put on Rack $ -
10 Programming $ -
Totals 0 0.166667 0 0 0 $ 10.83 Can$§

Totals per Unit
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The swing spout is a summation of the following three subsections including the

internal spout and bracket support. The brush will be purchased externally and sourced in
future works. The neoprene boot is not included in the total assembly cost as it is an

optional item. But the potential cost is provided below.

Internal Spout

Sub-
Work Operation Setup Production Move Contract Other Standard
Op Center Qty Hours Hours Hours Costs Costs Cost/Operation
20 Table Processing 1 $ -
30 Form Processing $ -
60 Painting $ -
50 Cell A02 1 1.333333 § 86.67
40 Put on Rack $ -
10 Programming $ -
Totals 0 1.333333 0 0 0 $ 86.67
Totals per Unit
Support
Bracket
Sub-
Work Operation Setup Production Move Contract Other Standard
Op Center Qty Hours Hours Hours Costs Costs Cost/Operation
20 Table Processing 1 1 § 65.00
30 Form Processing 1 $ -
60 Painting $ -
50 Cell A02 1 0.33 § 21.67
40 Put on Rack $ -
10 Programming $ -
Totals 0 2.33 0 0 0 $ 86.67
Totals per Unit
Neoprene
Boot
Sub-
Work Operation Setup Production Move Contract Other Standard
Op Center Qty Hours Hours Hours Costs Costs Cost/Operation
20 Table Processing 1 $ -
30 Form Processing $ -
60 Painting $ -
50 Cell A02 1 $ -
40 Put on Rack $ -
10 Programming $ -
Totals 0 0.00 0 0 0 $ -

Totals per Unit
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Farm Grade Distributor

Appendix F — Cost Analysis

Prepared for:

Tristen Gitzel, P. Eng.
AGI-VIS

Vern Campbell, P. Eng., MBA

Center of Engineering Professional Practice and Engineering Education

Dr. Paul Labossiere, P. Eng.
Department of Mechanical Engineering

Aidan Topping, M.A.

Center of Engineering Professional Practice and Engineering Education
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For the new farm grade distributor, the cost analysis was broken down into material and

labour costs.
F.1 Material Cost Analysis

The following TABLE R, TABLE S, and TABLE T outline the selection process to
determine the material for the main components of the distributor. The table compared the cost
of buying the materials raw and forming vs buying pre-prepared components such as standard
tubing. GS, CS, SS, and MS represent galvanized steel, carbon steel, stainless steel, and mild

steel, respectively.

TABLE R: BODY MATERIAL SELECTION COST ANALYSIS

Per sqft Gauge  Total for body

Materials

'GS  sqft 3 274 12§ 20550
ICSI sat

ISSI sat

MS gt $ 215 12 8 16124
'MS+Paint  sqft $  75.00 12 8 42124

TABLE S: SWING SPOUT MATERIAL SELECTION COST ANALYSIS

Tubing Rolling Brush Clamp Rubber Boot
12" std tubing  (Manufacturing 12"

Premier in House

$§ 1,468.80 TBD ~$50 $ ~50

$ 828.00 TBD
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TABLE T: OUTLETS MATERIAL SELECTION COST ANALYSIS

Transitions Standard Tubing

12" 12" Shipping  In house Premier Length ft Gauge
Premier Nolan 12"
Materials
- sqft ~ $ $ TBD - $ 853.20 40 10
1,468.80 1,117.00
€S sqft $ 68680 40 10
'SS sqft $2,888.80 40 10
- sqft ~ $ $ TBD $2,008.00
828.00 961.00

The table shows that using galvanized steel is cheaper than mild steel due to the additional

labour time required for the painting to ensure the distributor is corrosion resistant.
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F.2 Labour Cost Analysis

The following TABLE U outlines the steps allocated to each step during the manufacturing
of the proposed farm grade distributor design. The table indicates the labour allocated to each std
routing category as well was used to create the standard routing summary provided in Appendix
F. The tables display the steps in a sequential pattern however the small components will be made

in parallel with the use of two assemblers.

TABLE U: LABOUR ALLOCATED TO EACH ROUTING CATEGORY

Table Laser cutting sheet metal Main items (body, drip 120 120 min
Processing tray, vent cover)
Forming Sheet metal bending Main items (body, drip 240 240 min

tray, vent cover)

Small Components
Inlet/Outlet

I
i Table Cut Tubing 11 tubes 60 60 min
Processing

- 8 outlets

- 1 inlet

- 2 spouts

- Cell Weld flanges to inlets/outlets 1 inlet 30 30 min

] 8 outlets 30 240 min

- Painting painting inlet/outlets 1 inlet, 8 outlets 30 270 min

. HagerSwppos |

- Cell hanger support assembly 2 supports 15 30 min

1 T

. Cell weld door components 1 clamp, hinges, door 10 30 min

handle
- Painting painting door 30 30 min
. Cell add gasket door rim and window 10 20 min
rim

- Cell tack weld bolts with glass door 10 10 min

. OufletAsemby |

. Bolt outlets to bottom body outlets, body bottom 5.625 45 min
panel panel

T el Spowt Assembly

. Cell Spout tube stitch weld 50 tubing 15 15 min
degrees

. Cell flanges - stitches weld round  flanges, tubing 15 30 min

angle flanges
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- Cell Bolt upper UHMW UHMW, flange 5 5 min
Forming bending sheet metal into form  sheet metal 60 60 min
Cell wels flange to transition and swing spout, transition 120 120 min
loosely bolt to swing spout flanges

Table laser cutting sheet metal piece  sheet metal 30 30 min

Processing

Forming bending sheet metal into form  sheet metal 30 30 min

Cell loosely bolt support pieces 6 pieces 10 10 min
together

Cell bolt inlet to top plate inlet, top plate 15 15 min

Cell bolt trip tray and vent cover to  drip tray, vent cover, top 5 10 min
side panels side body panels

Cell bolt door, side panels, hanger  door, upper side body 120 120 min
and top plate panels, hangers, top plate

Large Components
Support Bracket-->Bottom Plate

Cell thread shaft into bottom plate  shaft, bottom plate, 1 1 min
and the bearing sheet metal bearing plate
plate

Cell sandwich pieces and bolt it UHMW, bottom plate, 15 15 min
down and bolt windows on bearing plate, fasteners

Cell weld shaft to top plate of support bracket, shaft 10 10 min
support bracket

Cell Bolt-on spout support onto support bracket, shaft 5 5 min
welded shaft plate

Cell bolt and welding spout tube to  internal spout, support 60 60 min
support spout bracket

Cell bolt transition onto spout tube  internal spout, transition 10 10 min

Cell bolt lower body panels and lower body shell, upper 60 60 min
lower plate and bolt shipping  body shell, shipping legs
legs

Cell Add motor drive, sensor box motor drive, sensor box 480 480 min
assembly

Cell Silicone and clean silicone 120 120 min

Cell testing/rework all parts 600 600 min
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Farm Grade Distributor

Appendix G — Project Schedule

Prepared for:

Tristen Gitzel, P. Eng.
AGI-VIS

Vern Campbell, P. Eng., MBA

Center of Engineering Professional Practice and Engineering Education

Dr. Paul Labossiere, P. Eng.
Department of Mechanical Engineering

Aidan Topping, M.A.

Center of Engineering Professional Practice and Engineering Education
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The Gantt Chart below shows the schedule to complete phases I to III. Phase I defined the

customer needs and design criteria for the project. Phase II focused on the development on the
concepts and Phase III detailed the final design elements. The Gantt Chart involved project
management milestones and design milestones to be achieved. The team successfully completed
the project within the specified timeline and only future works and recommendations remain to

completed post the December 4, 2019 deadline.
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ID Task Name Duration Start Finish Predecessors | Total Slack ler 2019 October 2019 Nover
| 06 09 12 15 18 21 24 27 30 03 06 09 12 15 18 21 24 27 30 02
1 |Phase 1 Completed 24 days Fri 19-09-06 Thu 19-10-10 0 days T
2 Initial Team Meeting 1hr Fri 19-09-06 Fri 19-09-06 2 hrs|i,
3 First Site Visit 3 hrs Fri 19-09-06 Fri 19-09-06 2 36 hrs|I——
4 First Draft Project Charter 5 days Mon 19-09-09  Fri 19-09-13 3 21 days T |
Completed
5 Initial Advisor Meeting 1hr Fri 19-09-06 Fri 19-09-06 2 2 hrs|]
6 Phase 1 Report Submitted to 14 days Fri 19-09-06 Wed 19-09-25 5 [LEWe——(© |
Advisor for Review
7 List of Customer Needs 7 days Mon 19-09-09 Wed 19-09-18 3 3.63 days h ¢
Identified Il
8 Customer Needs Confirmed and 3 days Wed 19-09-18 Mon 19-09-23 7 3.63 days | i
Prioritized with Client
9 Gantt Chart Completed 11.5days  Fri 19-09-06 Sun19-09-22 3 6 days i
10 WBS Completed 11.5days  Fri19-09-06  Sun19-09-22 3 6 days| I
1 SIPOC Completed 115days  Fri19-09-06  Sun19-09-22 3 6 days| I
12 House of Quality Completed 2 days Mon 19-09-23 Wed 19-09-25 8 3.63 days e
13 | Phase 1 Report Completed 3 days Thu 19-09-26  Mon 19-09-30 6 10 days T I
14 Phase 1 Report Due 0 days Tue 19-10-01 Tue 19-10-01 13 10 days < 10-01
15 Oral Presentation Slides 4 days Thu19-09-26 Tue19-10-01 6 3 days h —_—
Completed
16 Oral Presentations 1 day Mon 19-10-07 Mon 19-10-07 15 5 days ) & E.
17 Peer Evaluation 1 Due 0 days Tue 19-10-08  Tue 19-10-08 16 5 days 4'1 =
18 Gantt Chart and Meeting Minutes 0 days Thu19-10-10 Thu 19-10-10 16 3 days -
Due
19  |Phase 2 Completed 15 days Thu 19-10-10 Wed 19-10-30 0 days
20 Phase 2 Draft Report Completed 7 days Thu 19-10-10  Fri 19-10-18 15 0 days
21 Research Gathered 5 days Mon 19-10-07  Fri 19-10-11 8 days [} !
22 Client Meeting Quality Manager 0 days Thu19-10-10  Thu 19-10-10 9 days @ 10-10
23 Client Meeting Shop 0 days Tue 19-10-08  Tue 19-10-08 12 days «.10-08
Assemblers
24 Brainstorming Session 1 day Thu19-10-10 Thu19-10-10 1 3 days Ivll
25 List of Concepts Established 2 days Fri 19-10-11 Mon 19-10-14 24 3 days I
26 Top Two Concepts Selected 2 days Tue 19-10-15 Wed 19-10-16 25 3 days H
27 Concepts Presented to Client 1 day Thu 19-10-17 Thu19-10-17 26 3 days I¢li
28 Final Concept Selected 1 day Fri 19-10-18 Fri 19-10-18 27 3 days 1L
29 Report |l Submitted for Review by 0 days Mon 19-10-21 Mon 19-10-21 20 8 days Y%10:21
Aiden Topping |
30 Report 2 Submitted for Advisor 0 days Mon 19-10-21 Mon 19-10-21 20 3 days %, 10-21
Review (Vern Campbell) 1
31 Phase 2 Report Completed 4 days Mon 19-10-21 Thu 19-10-24 30 3 days I h
32 Phase 2 Report Due 0 days Fri 19-10-25  Fri19-10-25 31 3 days €.10-25
33 Peer Evaluation 2 Due 1 day Mon 19-10-28 Mon 19-10-28 32 2 days Y e
34 | Gantt Chart and Meeting Minutes 0 days Wed 19-10-30 Wed 19-10-30 33 1 day ‘L“@-BD
Due |
Task Project Summary I 1 Manual Task I 1 Start-only C Deadline L
Project: Gantt Chart Split  aiiirrarraaanan Inactive Task Duration-only Finish-only Progress
Date: Wed 19-11-27 Milestone L Inactive Milestone Manual Summary Rollup se—— External Tasks Manual Progress
Summary "1 Inactive Summary ! I Manual Summary 1 External Milestone ¢ Slack
Page 1

Figure M: Gantt Chart Phase I and II
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D Task Name Duration Start Finish Predecessors Total Slack 2019 Movember 2019 December
30 02 05 08 11 14 17 20 23 26 29 02 05 08 . 11
35 Phase 3 Completed 28 days Thu 19-10-31 Mon 19-12-09 19 0 days
36 Final Concept Modelled 3 days Thu 19-10-31  Mon 19-11-04 28 4 days
37 Final Model Approved 10 days Tue 19-11-05 Mon 19-11-18 36 4 days
38 Detailed Design Technical 7 days Mon 19-11-04 Tue 19-11-12 28 3 days
Specifications Finalized
39 Process Flow Chart Updated 9 days Wed 19-11-13  Sun19-11-24 38,36 3 days hid | | 3
40 | Current State Process Analysis 3 days Mon 19-11-25 Wed 19-11-27 39 4 days | s veow T
Completed
41 Meeting with Client to Discuss 1 day Mon 19-11-25 Mon 19-11-25 39,36 6 days T' b,
New Assembly Process
42 Analytical Analysis on Outlet, Inlet 4 days Wed 19-11-13 Sun 19-11-17 38 4 days \é I
and Internal Spout Completed i
43 FEA on Lifting Lugs and Hanger 8 days Mon 19-11-18 Wed 19-11-27 42 4 days I+ | I _——
Supports Completed
44 Client invited to Final Presentation 1 day Fri 19-11-22 Fri 19-11-22 38 9 days T
45 | Phase 3 Draft Report Completed 14 days Fri19-11-01  Wed 19-11-20 31 4 days A | i
46 CAD Assembly Drawings 16 days Wed 19-11-06 Wed 19-11-27 28 0 days I
Completed
47 First Draft of CAD Assembly 7 days Wed 19-11-13 Thu 19-11-21 38 3 days [} |
Drawings Completed j'
48 CAD Drawings Submitted to 0 days Fri 19-11-22 Fri 19-11-22 47,42 3 days o 11-22
Advisor (Jim Sykes) 1
49 Second Revision of Drawings 2 days Fri 19-11-22 Sun 19-11-24 48 4 days I H
Completed
50 CAD Drawing Reviewed by 1day Mon 19-11-25 Mon 19-11-25 49 4 days o
Client (Tristen Gitzel)
51 Draft Report Due 0 days Mon 19-11-25 Mon 19-11-25 38,45 2 days “a11-25
52 Costed BOMs and Standard 2 days Mon 19-11-25 Tue 19-11-26 39 3 days v
Routing Summary Completed
53 Final Formatting of Report 2 days Wed 19-11-27 Thu 19-11-28 51,52,50 3 days i
Completed
54 Gantt Chart and Meeting Minutes 0 days Wed 19-11-27 Wed 19-11-27 1 day
Due
55 Final Report Completed 1 day Fri 19-11-29 Fri 19-11-29 53,40,43,41 3 days
56 Solidworks Renders and 10 days Tue 19-11-19  Sat 19-11-30 37 4 days "
Animations Completed
57 Presentation Completed 5 days Tue 19-11-26  Sun 19-12-01 51 1day h
58 Presentation Rehersal Sessions 3 days Mon 19-12-02 Wed 19-12-04 57 1 day
59 Poster Completed 5 days Tue 19-11-26  Sun19-12-01 51 1 day A
60 Poster Printed 2 days Mon 19-12-02 Tue 19-12-03 59 1 day
61 Final Report, Poster and 0 days Wed 19-12-04 Wed 19-12-04 57,59,56,55 2 days
Presentation Due
62 Poster Presentation Evening 0 days Thu 19-12-05 Thu 19-12-05 61,44,58 1 day
63 Peer Evaluations Completed 1 day Thu 19-12-05 Thu 19-12-05 62 1 day
64 Peer Evals Due 0 days Fri 19-12-06 Fri 19-12-06 62,63 1 day
65 Library Copy and Copy Write 0 days Mon 19-12-09 Mon 19-12-09 61 0 days
Agreement Form Due
Task Project Summary j 1 Manual Task [} I start-only C Deadline 4
Project: Gantt Chart Split versrrarrnennen Inactive Task Duration-anly Finish-only ] Progress
Date: Wed 19-11-27 Milestone ® Inactive Milestone Manual Summary Rollup seeesssssssssss—s  External Tasks Manual Progress
Summary =1 Inactive Summary I | Manual Summary 1 External Milestone & Slack
Page 2

Figure N: Gantt Chart Phase
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