EST.1877
.

UNIVERSITY
of M ANITOBA

Ambutech Joiner Operation Design

Presented to: Dr. Paul Labossiere
Date: December 7™, 2016

Consulting Team 11 — Melet Plastics

Ahmed Hammad Connor McKay

Curtis McQuarrie Anna Schappert

[MECH 4860] —University of Manitoba — [Mechanical Engineering]




LETTER OF TRANSMITTAL

Dr. Paul Labossiere Anna Schappert
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Dear Dr. Labossiere,

Please find enclosed the final design report for the Ambutech Joiner Operation from Team
11, which consits of Anmed Hammad, Connor McKay, Curtis McQuarrie, and Anna
Schappert. Ambutech is a division of Melet Plastics which manufactures and sells mobility

canes.

The purpose of the enclosed report is to present the design for the joining process within
the Ambutech manufacturing cell. The team was tasked with reducing the operator’s time
spent at the joiner operation of the assembly line. This will allow the operator to spend
more time at the tape rolling process, which is creating a bottle neck further down the
assembly line. The joiner process takes cut shafts from the previous step in the assembly
line, and forces ferrules into the shaft using an actuator. By using a combination of operator

input and automation, operator time is expected to be significantly reduced.

The team successfully designed an automated machine which will join ferrules with shafts
in the appropriate combinations with the operator time reduced to 50% of machine run

time. Please contact me if you have any questions,

Sincerely,

Anna Schappert

Team Administration — Team 11



EXECUTIVE SUMMARY

Ambutech is a division of Melet Plastics Inc. which manufactures mobility canes.
Ambutech provides their customers with a custom product made of aluminum, fiberglass,
or graphite. Aluminum and graphite canes make up 93.8% of total sales. The project

focused on the joining process for assembling graphite and aluminum canes.

The team analyzed Ambutech’s manufacturing process using the 8-step method. Both
aluminum and graphite lines are standalone and run in tandem. The takt time for the cane
assembly process is 281 [s/cane] for both the aluminum and graphite assembly lines.
Currently the only stages of the manufacturing under the takt time are the aluminum press
and final assembly stage of both canes. The goal of the project was to reduce operator
time needed at the joiner process so that the operator can spend more time at the tape

roller, which is the current bottleneck in the assembly line.

With an understanding of the process, concept generation, and concept selection
completed, the detailed design could begin. The team separated the machine into three
sections: shaft delivery, ferrule delivery, and the joiner. Fatigue analysis was completed on
parts which experienced high loads and large cycle counts to extend the life of the
machine. The final concepts were: vibratory hoppers for the ferrule delivery system, three
shaft hoppers with a capacity of 50 shafts are used for the shaft delivery system, and a
shaft rotator with replaceable inserts and an electric linear actuator is used for the joining

operation.

Consideration was made to reduce the payback period, maintenance costs, and costs
associated with machine downtime. The machine was designed to be identical between
the two manufacturing lines, with only the applied force needing to be changed between
the aluminum and graphite lines. One machine will cost $ 44 564.28 CAD, which includes

all materials, components, and labor to assemble the machine, which is within budget.
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1. INTRODUCTION

Melet Plastics is a manufacturing company based in Winnipeg, Manitoba, whose core
business is the manufacture of injection molded plastics. Ambutech is a division within
Melet Plastics, whose mandate is to manufacture high quality mobility canes to their
customer’s specifications to be delivered within 2 weeks of the order being placed.
Ambutech is proud to be the largest supplier of mobility canes in North America and
Europe. As the leading supplier in the mobility cane industry, Ambutech uses a
combination of automated and manual assembly processes to achieve the quality their

customers are looking for.

For this project, the team was tasked with improving the joiner process within the mobility
cane assembly line. The canes are designed to be folded into sections for ease of storage.
For this to be possible, ferrules are needed to align the sections when the cane is in use.
Joining the ferrules to the shafts is one of the more involved processes in the can
manufacturing process. The joiner process is the second step in the assembly line, which
takes a shaft cut to length, and presses three different combinations of ferrules into the
appropriate top, middle, or bottom shaft section of the cane. The team was tasked with
improving the joiner process within the Ambutech assembly line. Figure 1 shows a shaft

with both female and male ferrules inserted.

Ferrule

Figure 1 — Ferrules pressed into a complete cane



The background of the report shows how the joiner process works, the sales of each
model of cane produced, and how the current process is unable to keep up with the
increase in demand. To further define the problem, a client oriented needs analysis was
completed, and technical specification requirements follow. Once the process was
understood, concept creation was initiated. The joiner process was split into three
sections, shaft delivery, ferrule, delivery, and joining to simplify the problem and create the
best solution. The 48 concepts generated were reduced down to three through screening

and scoring, and then confirmed using a sensitivity analysis and client input.

The contents of the detailed design section show a preliminary analysis of how the new
joining machine works and how it will improve upon the old pressing method. This
comparison between the old and new machines is important as the proposed design is
entirely new and does not integrate with the old pressing method. The detailed design
covers the selection of common components used, the design of the shaft delivery system,
the design of the ferrule delivery system, and the design of the joining system. These
sections go in-depth into the material, dimensions, and the operational design of the joining

machine.

1.1BACKGROUND

Melet Plastics has tasked our team with improving the joiner process which joins ferrules
into each section of the cane, hereafter called shafts. Ambutech is projected to see a
194% increase in mobility cane sales. The manufacturing cell is unable to keep up with this
increase in demand, and has created a backlog in work and an increase in overtime shifts.
To combat this, the manufacturing cell needs to be able to withstand a throughput rate
increase from 3,000 to 5,000 canes per month on both the aluminum and graphite

assembly lines.

The scope of this project is to design a machine that is capable of joining different
combinations of shafts and ferrules with minimal input from the operator. This process

includes the operation of the machine and the movement of material through the machine.



The scope includes the immediate area to the machine within 1 foot in all directions. Any
pre-processing and post-processing of the material is considered out of scope. Ladder
logic, timers, manufacturing, and testing of a detailed prototype are to be done upon

completion of the project by the client.

The current machines used for the joining operation are different between the aluminum
and graphite production lines. Ferrules are manually inserted into the shafts, and then
shafts are placed into a bed where they are pressed. The operator must attend the
machine at all times while this process is in operation. The current machines are shown in

Figure 2 and Figure 3.

Summary of steps for the current aluminum joining process:

1. The operator inserts the male and/or female ferrule into the end of the shaft
The shaft-ferrule combination is then placed in the vertical bed of the joiner
A cover is then manually closed to initiate the hydraulic piston used to the join
While piston is pressing, the operator repeats steps 1 and 2 on the next shaft

The next shaft is then placed in a parallel bed that shares the same cover

© o &~ WM

Cover is rotated to cause next shaft to be pressed while completed shaft is

removed

~

Steps 3 through 6 are then repeated until there are no more shafts to join
8. Completed shafts are inspected for incomplete presses, and if found, are re-
pressed in the machine

9. Shafts are then delivered onto the next process

The cover between the two beds creates operator wait time between the first shaft being
completed and the second shaft ready for pressing. The aluminum press is shown in

Figure 2.



Hydraulic Pistons

Protection Cover

Closing Handle Vertical Shaft Bed

Clipping Point

Figure 2 - Aluminum joining machine

The graphite joining process follows a similar process as the aluminum joiner. The

difference is the graphite machine can join multiple shafts per one press cycle. The current

graphite joining machine has the following steps:

1.

© N o o A~ D

9.

The operator inserts male and/or female ferrules into the ends of four shafts

The operator adjusts the platform to the closest of the three heights available
The shafts are placed in the suitable locations

The safety cover is closed

The operator holds down two switches which start the joining process

The joined shafts are removed and put aside

Steps 1 through 4 are repeated until the batch has been completed

The completed shafts are checked to ensure the ferrules have been fully inserted
into the shaft

If a shaft was deemed in need of a repress, steps 4 to 7 are repeated

10. Shafts are then delivered onto the next process

The graphite press is shown in Figure 3.

10
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Multi Level
Platform
Joining Initiation
Double Press Leveling
Handles

Figure 3 - Graphite pressing machine

There are issues with the current machines. The safety of these machines is not up to the
level which Melet Plastics would like to be operating at. The graphite joining process often
requires re-work on shafts after they have been pressed. The operator must attend the

joining machine while it is in operation, which is time that could be better spent at the tape

roller process.

The team determined that the current throughput rate of the joiner process is 78.9 [s/shaft]
and the utilization is 18.5%. By improving the joiner process, the utilization rate will improve

to 50%, which is expected to increase the throughput rate beyond 10 000 canes per

month.

The project focuses on Ambutech’s two best selling canes types, aluminum and graphite.
These canes currently make up 94% of Ambutech’s sales, as seen in Table I. By increasing

product throughput rate, Ambutech will be able to meet increasing demands and function

11



smoothly during peak demand periods. A more in-depth analysis of Melet Plastic’s sales

can be found in Appendix A.

TABLE | - AVERAGE PERCENTAGE OF CANES SOLD PER MONTH

Shaft Material %
Aluminum 47.2
Fiberglass 2.9

Graphite 46.6
Slimline 3.2

By improving both press operations and eliminating the issues specified below, the project
is expected to increase productivity of the equipment, reduce costs related to defects and

operator time, and eliminate any safety concerns.

The specific deliverables for this project are:
o Solidworks models and a drawing package of the new machine in Appendix F
o A process flow diagram and operating instructions for the process in section 2.5
o A cost breakdown of implementing the recommended solution in Appendix A
o Any additional press related documentation created during the course of the work

o A copy of the final report and presentation

1.2 CURRENT PROCESS

The cane assembly process steps are as follows: cut the shaft to length, inserting the
ferrules into the shaft, roll reflective stickers onto the shaft, connect the shafts together
using an elastic cord, attaching the cane tip, and then packaging for shipment. The
operation we are focusing on in the assembly process is the insertion of the ferrules into the

shafts, hereafter called the “joiner operation”.

Table Il summarizes the existing process flow by describing the cane manufacturing
process owner, key stakeholders, stakeholder concerns, process performers, purpose and
outputs, the processes’ customers, the suppliers, and inputs. Understanding the needs of

the joiner operation customer allows the team to narrow the focus on what is needed out of

12



the process to satisfy the processes customers. The metrics for validating the customer
needs are the throughput rate, as it correlates to the proper quantities of shafts being
provided, and the first pass yield, as it correlates to the shafts and ferrules being joined

correctly.

TABLE Il - PROCESS WORKSHEET

Process Owner

Laura Hudek — Production Coordinator

Key Stakeholders Stakeholder Concerns

Operators Easy to use process

Production Coordinator (Laura High capacity/ Low defects

Hudek)

Management (Noel Mattson) High enough capacity
Engineering (Carl Rogers) High enough capacity
Maintenance Easy to maintain
Process Performers Requirements

Move raw materials, control press operation and remove

Ambutech Operator finished product

Purpose Outputs
Tojoin & shaft and two Shaft joined with two ferrules.
ferrules.
Customer Needs and Validating Customer
Customers
Wants Needs
Final Assembl C[;errflriae?e?ju;?:;[lgsagfd Throughput rate [s/shaft]
Y P and First Pass Yield (FPY)
ferrules
Suppliers Inputs
Cutting Station Shafts Ranging from 4” to 16” in 2” increments
Raw Materials Male and Female Ferrules

The next step in understanding the process flow is mapping the process, which is shown in
Figure 4. It is important to note that the aluminum line and graphite line run in parallel. The

projects scope is highlighted in gold in the process map.
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Figure 4 - Process flow chart
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Table Il outlines the current and desired target for process performance. This is important
for knowing how much the process needs to improve to meet requirements. Currently the
process takt time is 281 [s/cane]. The only steps of the process which are under the takt
time are the aluminum press and the assembly station for both aluminum and graphite
canes. The utilization for all of the processes is low, due to one operator focusing on the
shaft cutting, joining and, tape rolling. This shows that the load balancing between the
three process steps needs to be improved. Fixing the issues highlighted in Table [l will
allow for load rebalancing between the processes as the operator will be able to do other
work when less time is spent working with the joiner. This rebalancing will increase the
tape rolling processes speed since the operator will be working at it more, which will

increase the assembly process throughput rate.
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TABLE IIl - PROCESS PERFORMANCE SUMMARY

Output Dimensions Measure AL Target Level
Level
Throughput 1 1 chaft) 42.6 56.16
Aluminum Rate
Assembled Quality FPY (%) 100 100
Ferrule and Number of
Shafts Safety Concerns 2
Utilization % 13.5 13.5
Thr%UQhDUt [s/shaft] 64.3 56.16
Graphite ate
Assembled Quality FPY (%) 85 98
Ferrule and Number of
Shafts Safety Concerns 8 0
Utilization % 14.5 14.5
Inputs Process Steps Output
Shaft Cutter Joiner Tape Roller Final
Assembly
Throughput 130.91 171.43 244.07 144 690.41
Rate [s/cane]
Utilization [%] 23.6 18.50% 21.60% 100.00%
. Increased
Automated Hllgh(.er throughout Few
) . utilization defects
. with minimal through extra .
Target Remains : through and little
" setup time . man power
Condition Constant increase rework
or operator freed up from
. operator . needed on
input . the Joiner
input . canes
operation
Source of Location of Impact
Problem Occurrence P
Joiner needs Pulls operator away from other steps in the process, this
an operator At the joiner causes the throughput rate to decrease and leads to low
to function equipment utilization
Tape roller is Pulls operator away from other steps in the process, this
At the tape
slow to coller causes the throughput rate to decrease and leads to low
operate equipment utilization
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‘puBWSp 139W 0} 3|ge JOU S| pue
uonezn %001 18 st Alquiassy

MOJ SI UOIezZI|IAN
0s Jaulof ay) pue mes ay1
yum ‘_Oum‘_mno ue saleys Ml pue asn
03 sawn ||e 18 343y} aq 03 Jojesado
ue saJinbau Js)j0. adey ay |

Moj
sl uonezijin os Jajjo adey ayy pue
MES 31 yum Jojesado ue saleys
11 pue 3sn 0} sawi || 18 3Jay) aq
0} Jojesado ue sauinbau Jaulof ay |

(malnal
1511} W0y %0p-%0€E pPuno.e)
$109J9p SnoJawnu sajeald mes
wnjuiwnie ayy pue paysiua|das
Appuanbauy aq 03 paau saulydey

HETRI o)

pue
sadusjjeyd

v'61c

61T

v'e1e

61T

(aue) 4ad spuodas)

awil pey

1 :aun Ajquiassy anydeag T'pbe :aun Ajquiassy ayydesn 1 :aun Ajquiassy auydesg 6°0€T :aun Ajquiassy ayydesn (aue) 4ad spuodas)

VN:aul Ajquiassy wniuiwn|y 09€ :aur Ajquiassy wniuiwn|y P TLT :9un Ajquiassy winjuiwn)y 1"28¢ :auI Ajlquiassy wnjuiwn)y ajey Indysnouyy

awiy indysnoayy ; 1d)

Suiddiys Alquiassy |euly uoels Suljjoy ade) Jaulor H3woisn)- 7

aue) pajquiassy S1jeys patano) ade| $3|NJ194 pue 1yeys paulor s1jeys yidua 011n) andino- O
* D + D

ToeTS WSS

a1ey indysnoayL Alquiassy |euly J3]|0y adey Jsutof uopels sunnd _ _ 2njen)ss2001d- o

Jadoud
sjuawaainbay Aay t 1t T T
(sjels21e N -

Mmey) pJo) ‘(sjels1ein mey) dif
‘(sjeluo1e N MeY) 3|pURH ‘(43]|0Y

mey) ade] y18ua 011n3 ‘(Jaulor)
S31|qISSY 3|NJId4/1jeys paulor

(s|el@1eIN MEY) S9|NIIB4 (UonelS
8umnd) siyeys y1guat 011nd

(s;yeys wniuwngy
10 auydeso Jayi3) sjelsale|y mey

anduj- _

:1I3UMQ Weans anjep

Suiddiys ade]) syjeys pasano) ade)
“1awo3sny s|ela1e|N mey pue J3jjoy ade) S|elsale|N mey pue Jaulor s|elI1e|\ MeY pue uofiels Sunin) $3101S
@oueuajuiepy
siojesado 1519WI0IFd SS9901d ‘si0jesadQ ‘wea] 33foid :s19pjoyaxNels Yepny eaneq
Yauow 13d 00Y9 03 00EE

auesy

weasns anjeA ay3 Jo Inding ays st ey M

yiuow Jad saues 000y

éweans anjeA ayi y3noay) SMoj4 1eyl SWN|OA 10 d)ey puewaq

wouy Ayoeded Ajyyuow aseasdur o)

:3soding 4o uoissiA

uoinesadQ Jaulof Yaanquiy

:weass anje;

Figure 5 - Value stream map
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Melet Plastics has tasked us with developing safe and simple to use machines that are
capable of efficiently and quickly inserting ferrules into the shafts of canes. This specific
process was given to us because Ambutech is experiencing an increase in demand, and
desires an increase in production capacity. Ambutech can currently produce 6000 canes
per month and requires an increase in peak monthly capacity to 10 000 canes to meet the
increasing demand. This productivity lever increase increase needs to be done, while

improving the level of safety and reducing the defect rate.

The scope of this project is restricted to the two cane ferrule-shaft joiners in the aluminum
and the graphite assembly lines. The joiner process starts after the shaft is cut to length

and ends before the tape rolling process.

The current aluminum press has a throughput rate of 42.6 [s/shaft] with a utilization of
13.5%. The current graphite press has a throughput rate of 64.3 [s/shaft] with a utilization
of 14.5%. This leads to a throughput rate of 213 [s/cane] for the aluminum line and 321
[s/cane] for the graphite line. The required takt time for the process to meet the increased
monthly capacity is 281 [s/cane]. The only processes which meet the required takt time

are the aluminum press and the cane assembly process for both lines.

Figure 6 and Figure 7 show the current and proposed operator time and run time. Figure 8

shows the process throughput rates in comparison to the takt time.
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1.3 NEEDS ANALYSIS

The following section includes a full analysis of our customers’ requirements. These

requirements were obtained from site visits to Melet Plastics and were further refined by our

team to identify exactly what our proposed designs are to accomplish. The top needs were

identified as the following:

o Improved Joiner safety
o Joiner operation automation

o The ability to accommodate multiple shaft lengths.

After needs were determined, our team constructed engineering metrics that allowed the
team to measure each need. Along with the metrics, the team established target
specifications with the input of our clients. Important target values that our customer set

were the following:

o Zero safety concerns
o A decreased combined operator and setup time to 1.5 s/shaft

o Joiner ability to accommodate all 7 shaft lengths

A more in-depth analysis can be found in the proceeding pages, and a condensed

summary of our findings can be found in the House of Quality, shown in section 1.3.2.

1.3.1 CONSTRAINTS AND LIMITATIONS

The existing constraints and limitations were the following:

o The joiner needs to be as compact as possible
o The joiner fabrication needs to stay within a budget of $ 90 000
o The joiner design will need to be completed within 90 days

o The joiner needs to operate with minimal noise
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After the first site visit to Ambutech, the team found that the work area had limited space

to accommodate any equipment. The current footprint of the existing joiners is

approximately 144 in?. It is possible to move other existing equipment included in the

assembly process in order to accommodate a larger joiner and to reduce operator time

spent traveling. The layout and foot print of the manufacturing cell can be seen in Figure 6.
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Figure 9 - Ambutech manufacturing cell footprint

The current layout of the manufacturing cell leads to the operator spending large amounts

of time walking from station to station. Figure 10 show all the movements one operator

completed during a 1-hour period.
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Figure 10 - Aluminum assembly line spaghetti diagram 2
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Figure 11 shows all the movements one operator completed during a 15-minute period.
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Figure 11 - Graphite assembly line spaghetti diagram
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The spaghetti diagrams show the amount of travel involved in manufacturing the canes.

The travel time and the operator movement is wasted time and effort that costs money and

decreases the quality of work enjoyed by the employees. The new process will greatly

reduce the amount of movement the employee must do in a day due to the ability to start

the machine and then walk away from it to focus on another task. Figure 12 shows the

expected reduced number of movements that the operator will make in a 15-minute

period. The spaghetti diagram in Figure 12 is based off of the expected operating and

cycle times of all of the machines in the cane production process.
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For the design of the new joiner process, Melet Plastics has budgeted $90 000 for a
solution to be implemented, a full cost breakdown is given in Appendix A. Custom parts will
be limited in the design in order to stay below budget because they are commonly more

expensive than the off-the-shelf components.

Designing joiners that operate with minimal noise is a requirement for employee health and
safety. The employees on the floor already wear hearing protection, however it is important

to ensure that the noise level meets the workplace health and safety standards.

1.3.2 NEEDS, METRICS, AND SPECIFICATIONS

After meeting with Melet Plastic, the desired needs for the joiner operation was determined
and agreed upon. Table IV shows each product need statement with an importance
determined by the team and the client, where 5 is high and 1 is low. Table V shows each

metric and which need it relates to.

TABLE IV — PRODUCT NEED STATEMENTS AND IMPORTANCE

ID Needs Importance

—

Joiner machine is simple 4

Joiner process is quick

Joiner operation need to be reliable

Joiner operation needs to allow for operator multitasking

Joiners need to be safe to operate

Joiners need to be able to handle a variety of shaft lengths

Joiners need to be able to handle different materials

Joiners need to be simple to operate

OO N OO | W N

Joiners need to be easily maintained and serviced

=Wl O MW

—
(@]

Joiners need to be standardized
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TABLE V — RELATION OF METRICS TO CORRESPONDING NEED STATEMENT

Metrics ID of Need Metric Relates To
First Pass Yield [%] 1
Sufficient force to join materials [N] 1,2
Cycle Time [s/shaft] 1,2,3
Percent custom parts [%] 3,9, 10
Down time per shift [min/shift] 3,9
Percentage of Similar parts [%] 3,6,7,8,9,10
Setup time [s/shaft] 4,8
Operator Time [s/shaft] 4,8
Number of Steps to Operate [#] 4,8
Number of Safety Concerns [#] 5
Number of non-ergonomic Operator Motions [#] 5
Variety of dimensions [#] 6
Variety of shaft materials [#] 7
Variety of ferrule materials [#] 7
Accessibility of Parts [subjective] 9

The joiners must be simple. The metrics related to joiner efficiency are first pass yield, the

amount of force applied to join the materials, and the cycle time. These metrics were

chosen because the defect rate accurately measures waste in the operation, and the force

applied and the cycle time are measures of how power efficient the process is.

The joiner process must be quick. The metrics related to joiner speed are the machine’s

cycle time and the force required to join the shaft to the ferule. The metrics were chosen

because the joiner’s cycle time directly affects the throughput rate of the process. Having

a high cycle time will result in starving processes further down the line.

The joiners must be reliable during operation. The metrics related to joiner reliability are the
percentage of the machine made of custom parts, the amount of joiner downtime per shift,
and the percentage of similar parts between the two joiners. The metrics were chosen

because the number of custom parts and the number of parts that are similar between the
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two joiners affect the ease of part replacement during repairs, and the down time per shift

reflects the reliability of the machine, which in turn affects throughput.

The joiners must operate in such a way that the operator can do another task while the
machine operating. The metrics related to joiner autonomy are the setup time, the operator
time required for the joiner to function, the cycle time of the joiner, and the number of steps
to operate. As each of these functions increase, the amount of time operator needs to
spend at the machine also increases. These metrics were chosen because the amount of
setup time, the amount of time the operator must spend at the joiner, and the number of
steps required to operate the joiner, determine how much time the operator can spend
away from the joiner. The cycle time was chosen as it determines how frequently the

operator needs to attend to the machine.

The joiners must be safe to operate. The metrics related to safety are the number of safety
concerns with the final design and the number of non-ergonomic operator motions. Safety
concerns are considered to be pinch points, sharp edges, raw material projectiles, and un-
contained moving parts. Number of non-ergonomic motions are considered to be the
operator bending, twisting, and reaching, because they directly relate to the potential for

repetitive motion injuries.

The joiners need to be able to handle a variety of shaft lengths. The metrics related to the
joiner’s flexibility are the number of discrete lengths that the joiner is capable of processing
and the number of similar parts between the two joiners. These metrics were chosen
because the shaft length varies in two inch increments from four inches to 16 inches.

The number of similar parts between the two joiners is a weak indicator of the joiner’s
ability to handle a variety of shaft lengths, as both joiners need to be able to manage the

various shaft lengths.

The joiners must be able to handle a variety of different materials. The metrics related to the
joiner’s flexibility are the variety of shaft materials it can handle, the number of ferrule
materials the joiner can handle, and the amount of similar parts between the two joiners.

The number of materials and number of shafts metrics were chosen becasue they
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accurately represent the variety of materials encountered by the joiner. The number of
similar parts between the two joiners is a weak indicator of the joiner’s ability to handle a
variety of shaft materials as both joiners need to be able to manage the various shaft

materials.

The joiners must be simple to operate. The metrics related to the joiner’s simplicity of
operation is the number of steps required to operate the joiner, including setup steps, the
amount of setup and operator time, and the percentage of similar parts between the two
joiners. These metrics were chosen because the number of operations that it takes to use
the joiner, the amount of setup time, and the amount of operator time all correlate to the
amount of time that the operator will need to spend with the machine. The percentage of
similar parts between the two joiners indicates they will be more likely to have a similar

method of operation and reduce the learning curve required to use both joiners.

The joiner must be easy to maintain and service. The metrics related to the joiner’s ease of
maintenance are the percentage of custom parts, the accessibility of the parts, the amount
of down time per shift, and the percentage of similar parts. These metrics were chosen
because the percentage of custom parts relates to the ease of acquiring a part if it is
needed, the accessibility of the parts affects how easy it is to inspect, remove, and install
parts if needed, the amount of similar parts between the two joiners indicates the number
of different parts that need to be on hand, and the amount of down time per shift is an

indicator of how quickly the joiners can be serviced.

The joiners must be as standardized as possible. The metrics related to the joiner’s
standardization is the percentage of similar parts between the two joiners and the number
of custom parts in each joiner. These metrics were chosen because they directly correlate

to how many of the parts are interchangeable.

After meeting with Melet Plastics, the metrics and specifications for the joiner operation
were determined and agreed upon. Table VI shows the metrics and specifications with the

specifications that define them.
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TABLE VI - METRICS AND SPECIFICIATION

Target
Metric Marginal Specification
Specification
First Pass Yield[%] 98.5% 95%
Force to Join Materials [Ibf] Aluminum: 1575 +/- 10% of target force
Graphite: 270
Cycle Time [s/shaft] <5 <8
Percent Custom Parts [%] <5 <15
Downtime per shift [min/shift] 5 <10
Setup Time [s/shaft] <1 <2
Operator Time [s/shaft] <0.5 <1
Number of Safety Concerns [#] 0 2
Variety of Shaft Materials [#] 4 1102
Variety of Ferrule Material [#] 4 1102
Variety of Shaft Lengths [#] 7 7
Number of Steps to Operate [#] <5 <10
Number of Non-Ergonomic Operator <3 <7
Motions [#]
Accessibility of Parts [subjective] All parts easy to Most parts easy to access
access
Percentage of Similar part [%] >95 >85

The target specification for the first pass yield is 98.5% was chosen because it is a
significant improvement over the observed first pass yield of 85%. This was chosen as a
10-fold improvement over the current defect rate [15,000 defects per million opportunities

vs. 150,000 defects per million opportunities] which is an attainable improvement.
The target specification for the cycle time is 5 [s/shaft], which was determined by looking at

the required takt time for processing each shaft and the current cycle times of the

machines, which are detailed in Appendix B.
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The target specification for the required force was chosen as 1575 Ibf for an aluminum
shaft, and 270 Ibf for a graphite shaft. The value was determined experimentally as the
minimum force required to press the ferules in to the shaft plus a safety factor to ensure the
ferrule is fully inserted. The most efficient process will be the joiner applying the exact
amount of force needed. The results of the testing that the team conducted can be found

in Appendix C.

The target specification for the percent of custom parts is < 5% because that has been
deemed a negligible percentage of parts by the team and accounts for any required stands

and mounting brackets that are unlikely to fail and need replacing.

The target specification for down time per shift is 5 [min/shift], which gives a total of 75
minutes of down time per week on average, so any design created must be easily fixed to

return the joiner to service as quickly as possible.

The target specification for the setup time is 1 [s/shaft], because that is the allowable time
determined after analysis of the current throughput rate and takt times. The times are
measured in [s/shaft] to allow for proper throughput rate calculations and to allow for

variable batch sizes to be accurately compared if needed.

The target specification for the operator time is 0.5 [s/shaft], because that is the allowable
time determined after analysis of the current throughput rate and takt times. The times are
measured in [s/shaft] to allow for proper throughput rate calculations and to allow for

variable batch sizes to be accurately compared if needed.

The target specification for the number of safety concerns is zero, because the joiner

should have all potential sources of injury guarded, altered to be safe, or removed.
The target specification for the variety of shaft lengths is seven because that is the total

number of potential lengths that need to be processed, as the shaft lengths go from four

inches to 16 inches in two inch increments.
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The target specification for the variety of shaft materials is two because that is the number

of different shaft materials to be focused on for cane fabrication.

The target specification for the variety of ferrule materials is two because that is the total

number of different ferrule materials used for cane fabrication.

The target specification for the number of steps to operate the joiner is five or fewer
because that is fewer or equal to the number of steps that is currently needed to operate

the joiner.

The target specification for the number of non-ergonomic operator motions is based on the
process requiring two thirds of the required steps to operate. This is because they can not

be entirely eliminated, but should be reduced over the number of operator motions.

The target specification for the accessibility of the parts is subjective. The specification
focuses on if the parts can be reached without needing to remove other parts, through an

access door or, how easy it is to manipulate the joiner.

The target specification for the percentage of similar parts is 95% or greater, because it is
expected that potential mounts and bases will need to be different, but other parts, such as

hardware, can be similar between the two.

Once the needs, metrics, and target specifications were determined, the House of Quality
was created. The House of Quality enables one to locate the relationships between needs
and metrics at a glance. These relationships help us to determine which metric to focus on
to achieve a specification. Strong, medium, and weak relationships can be identified using
the symbols in the supplied legend. Needs that have several strong relationships were

focused on as a priority.
Through analyzing the House of Quality, our team found that there are certain needs that

can be adjusted more easily than others. By utilizing the “correlation strength” column we

found that these needs were: operator multitasking, joiner efficiency, and joiner simplicity.
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This is important because those customer requirements also happen to have the highest

weight of importance.

Correlation strength is only part of the analysis because some metrics are out of scope.

The out of scope metrics are illustrated in the bottom row of the House of Quality. Metrics
that are out of scope and therefore not testable include the cycle time, downtime, and first
pass yield. These metrics can only be tested once a prototype is created, which is beyond

the project scope.

The House of Quality is useful because it organizes the target and marginal specifications in
a localized section of the table; making it quicker and easier to see. The completed House

of Quality is shown in Figure 13.

The right hand side of the House of Quality shows a benchmarking of the top three to four
concepts determined in the concept selection phase. This benchmarking allows the
concepts to be compared at a glance as the visualization of the rankings makes it easier to

see the differences between the concepts.
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1.4 CONCEPT SELECTION

The design was separated into three modular sections for better refinement of the design.
These sections are the ferrule delivery, shaft delivery, and the joiner. Through the use of
research, brainstorming, and decision matrices, 48 concepts were created and reduced

down to a final three.

Once a large pool of concepts had been created the team used a comparison screening
process, using the current graphite press as the baseline, to eliminate weak concepts and
move forward with the stronger concepts. The stronger concepts were then scored on a
scale of one through 10 on their ability to meet the specific criteria. The three highest
scored concepts were presented to the client for review and evaluation. With the client’s
approval the team moved forward with the following three concepts: vibratory ferrule

hoppers, the shaft chute design, and the gravity rotation joiner.

To ensure the selection of the concepts was un-affected by differences in opinions, a
sensitivity analysis was completed on the top five criteria. The sensitivity analysis confirmed
that the top concepts for the process were significantly affected by changes in their scores.
This analysis also showed that the top concepts for the ferrule delivery system were
affected by a change in the criteria’s weights. The complete concept generation and
analysis can be found in Appendix D. Once the team had finalized the concept selection,

the detailed design could begin.
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2. DETAILED DESIGN

Once the concept was selected, the team could begin the detailed design. The detailed
design includes a preliminary analysis for specifying the correct parts needed, and ensuring
the lifecycles of the parts would withstand a reasonable lifetime. This section outlines the
common parts in the machine, how the three sections of the machine work, how the
machine operates, workflow through the machine, a preliminary analysis of the required

Boolean logic, a preventative maintenance plan, and a cost overview.

The joining machine, involves nine major components that work together to autonomously
interference fit the ferrules into the shaft. The only input from operator will be loading the
shafts, loading the ferrules, the starting of the process and removing the completed shatfts.
Major components of design include; three shaft hoppers, two vibratory hopper ferrule
feeders, an electric linear actuator, a shaft selector, a shaft rotator, and a discharge chute.
Figure 14 shows the joining machine with the major components labelled. In the figure the
electric linear actuator is transparent to show the position the machine. The details of the

machine are found in the proceeding sections.

Female Ferrule
Contoured Feeder —, _, Bottom Shaft Hopper

Middle Shaft Hopper

Male Ferrule
Contoured Feeder —

Shaft Selector

Electric Linear Actuator

Figure 14 - Joining machine with major components labeled
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2.1 COMMON PARTS

In order to simplify the design of the joiner machine, improve maintainability, and reduce the
number of spare parts that need to be kept in stock, parts of similar function within the
machine were deemed to be common parts. These common parts were selected for the
worst case scenario, and then other instances of the part were kept the same, even if they
were over designed for the specific application. The team determined that there are five
common parts in the joiner machine: the bearing shoulders for the shaft rotator and shaft
selector, the bearings for all of the shaft connections, the stepper motors and drivers used
to drive the rotating parts, the couplings to join the rotating parts to the stepper motors,

and the limit switches for detecting machine parts and shaft locations.

2.1.1 ANALYSIS OF THE SHAFT ROTATOR BEARING SHOULDER

The bearing shoulder for the shaft rotator and the shaft selector needed to be made from a
different material than the main body to make sure that the shoulder was strong enough to

last for at least two years. Figure 15 shows the designed bearing shoulder.

M

A

Figure 15 - Isometric view of bearing shoulder
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To properly determine the required bearing shoulder diameter for the shaft rotator, a fatigue
analysis was performed to ensure that the shaft would last the desired number of cycles.
The method used is for shafts in reversed bending with nearly uniform torsion. The required

values and the equation used, is given in Table VIl and equation 3.1.1 respectively.

TABLE VIl - REQUIRED SHAFT DESIGN CRITERIA [1] [2] [3] [4]

Criteria Value
Design Factor [N] 2.5
Stress Concentration Factor [K] 1.8
Bending Moment [M] (in-1bs) 853.67
Endurance Strength Limit [S,,'] (psi) 18360
Applied Torque [T] (in-1b) 3
Yield Strength [S,] (psi) 57000
p=p2N J[Kt M]z +§[l]2]1/3 Eq. 1[3]
T Sn’ 41Sy

Equation 3.1.1 is used to determine the required diameter of a shaft in bending and torsion
only. The design factor was chosen to be 2.5 due to moderate uncertainty in the material
properties. The stress concentration factor was determined based on the bearing hub
diameter, the fillet radius between the bearing hub and the body of the shaft rotator, and
the diameter on the face of the shaft rotator. The relevant criteria for determining the stress
concentration factor, and the determined stress concentration factor, are given in Table VIII.
The endurance limit at the required number of cycles for two years of operation (1.2 million

cycles), the applied torque, and the yield strength of the material were determined.

TABLE VIII - STRESS CONCENTRATION FACTOR CRITERIA [1]

Criteria Value
Fillet Radius (in) 0.125
Bearing Shoulder Diameter (in) 0.75
Outer Diameter of Fillet (in) 1
r/d 0.166
D/d 1.33
Stress Concentration Factor (K) 1.8
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Using the r/d and D/d values the stress concentration is interpolated from a chart for flat
bars with fillets [1]. Further research and the use of a stress concentration factor calculator
calculated a stress concentration value of 1.63, which makes the 1.8 value used a much
more conservative, and safer estimate [5]. It should be noted that the determination of the
stress concentration factor is iterative, in that first a shaft diameter needs to be determined
to calculate the stress concentration factor, then the suitability of the shaft needs to be re-
evaluated based on the stress concentration determined. The values in Table VI are for the

final bearing hub diameter of 0.75 inches.

The bending moment was determined by finding the deflection due to the distributed load
of the weight of the rotator shaft, and then determining what bending moment is necessary
to bend the ends of the shaft back into a horizontal position. Figure 16 shows a

representation of the distributed load and the bending moments being analyzed.

Ma Mb

Figure 16 - Representation of load and moments on the rotator shaft

Due to the distributed load W, the angle of deflection at each end is equal to the following

equation.

w3

- Eq. 2 [1
0 YV q.2[1]

The bending moment, Ma or Mb, can then be calculated as the moment required to create
the same slope at the end of the beam. When determining this moment, the moment being
applied at the other end must also be considered since it will cause bending at the end of

the beam. Equation 3.1.3, shows the equation for the slope at the end of the beam due to

equal but opposite moments being applied to each end. For the following analysis, only the
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bending moment at location A will be solved for since the bending moments will have the
same magnitude.

ML ML
6EI  3EI

Eq. 3 [1]

Equating Equations 3.1.2 and 3.1.3, the bending moment can be solved for. The solved for
bending moment is given in equation 3.1.4.

WLy
M= —24EL Eq. 4

L
(—gep

2.1.2 BEARINGS

Two bearings where chosen to mount the rotating components on, both of them being low
profile ball bearings with the difference being the shaft diameter they are suited for. The first
bearing is designed for % inch shafts and is used to mount the heavier parts, such as the
shaft rotator, the shaft selector, and the discharge chute. The second bearing is much
smaller, designed for a ¥4 inch shaft, and is used for the male and female ferrule star

wheels, which are made of ABS plastic.

The first bearing is designed for a %4 inch shaft and was chosen for its small size while still
being able to handle dynamic radial loads of 962 Ibs at a speeds of 5800 rpm. These
values are beyond the required loading requirements that the shaft rotator, the largest of
the rotating parts, places on the bearing. The bearing is also double sealed to prevent dust
from the aluminum and graphite shafts getting into the bearings and comes pre-greased

with lithium complex grease [6].

The second bearing is designed for a ¥4 inch shaft and was chosen for its small size while
still being able to handle dynamic radial loads of 256 Ibs at a speeds of 40,000 rpm, which
are beyond the required loading requirements that the male and female ferrule star wheels’
place on the bearing. The bearing is double sealed to prevent dust from the aluminum and
graphite shafts getting into the bearings and comes pre-greased with lithium complex

grease [7].
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2.1.3 STEPPER MOTORS AND DRIVERS

Two stepper motors were chosen for the design, one to power the larger rotating parts and
one to power the smaller ones. The decision for having two stepper motors was made due

to sizing constraints, power output requirements, and the difference in cost of the motors.

The shaft rotator is the heaviest of the three parts so larger stepper motors must be able
rotate the shaft rotator at the desired speed. The same stepper motor type will be used for
the selector and delivery chute to reduce the amount of stock replacement parts. If the

motor fails, the driver does not need to be replaced.

The rotator shaft needs to rotate 45° in 0.25 seconds to match the desired overall process
time of the joining operation. To calculate the torque, T, required by the motor, the
moment of inertia, I, of the shaft needs to be multiplied by the angular acceleration, a, as

shown in the equation below.

T = la Eq. 5

The shaft’s moment of inertia is determined by the mass, m, and the radius, r, using the

equation below.

[ = — Eq. 6

The angular acceleration depends on the angular velocity, w, and the time required t using

the equation below.

oa=w/t Eq.7

The angular velocity depends on the change of angle over the change in time, t, using the
following equation.

AB

_ 40 Eq. 8
At .

w
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By combining the four equations above, we can calculate the minimum torque required to
rotate the shaft assuming no friction from the bearings at the ends of the shaft. The mas
and radius values are found through the Solidworks model of the design. Table IX outlines

the variables and associated values used for the torque calculation.

TABLE IX - TORQUE APPLIED VARIABLES

Variable Value
m (kg) 15.88
r(m) 0.0594
0 (radians) 0.0785
t(s) 0.25

5, AB

_ mr At Eq. 9
2t

The torque required is 0.35 Nm and in imperial is 3.10 Ib-in. The specified stepper motor
has a minimum torque of 4.375 Ib-in to allow for a factor of safety, friction from the
bearings, the weight of shafts and ferrules when loaded, couplings, screws, steel inserts as
well as torque degradation over time from continuous use. The stepper motor chosen to
power the larger rotating components, the shaft rotator, shaft selector and, the discharge
chute, must overcome the inertia of the shaft rotator, which is 3 in-lbs. Due to shaft sizing
requirements for the coupling, the NEMA 34 Position Control DC stepper motor. This
motor has a max torque of 4.375 in-lbs at 720 rpom was chosen [8]. The driver chosen was

the suggested driver model for the stepper motor from McMaster-Carr [9].

The stepper motor chosen to power the smaller rotating components, needed to fit within
the size constraints where they are mounted. The smaller rotating components are the
male and female ferrules star wheel, and is $523.77 less than the larger [10]. The driver

chosen was the suggested driver model for the stepper motor from McMaster-Carr [11].
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2.1.4 COUPLINGS

There are two sets of couplings needed to connect the stepper motors to the rotating parts
in the joiner machine. One coupling is needed to connect a %2 inch shaft to 3 inch shaft for
the larger stepper motor to the rotator shaft, shaft selector, and discharge chute. A
second type of coupling is needed to connect a 0.1574-inch shaft to ¥4 inch shaft for the
smaller stepper motor to ferrule star wheel connections. Both couplings need to withstand
relatively low speeds of 30 rpm or less, with the %2 inch to 3 inch coupling needing to
withstand torques of 4.375 in-lbs and the 0.1574 in to ¥4 inch coupling needing to
withstand torques of 0.1625 in-lbs [12] [13].

Both couplings are flexible couplings, with an acetal disc flexible core and aluminum hubs
with the inner diameter of the connected shafts. These couplings can withstand torques up
to 30 in-lbs and rotational velocities up to 4500 rpm which are more than sufficient for the
needs of the joining machine. The couplings are installed with the use of set screws to hold
the hub to the shaft. The distance between the couplings are adjusted by sliding them

along the length of the shaft to properly hold the flexible core between the two hubs.

2.1.5 L1MIT SWITCHES

The limit switched required for the joiner machine must be as small as possible, easy to
mount, and easy to connect the electrical leads to. A miniature snap acting limit switch
from McMaster-Carr, with screw terminals for attaching leads to was chosen in accordance
to the needs [14]. The limit switch can handle loads of up to 10 amps at 250 V AC, and is
CSA approved. The mounting positions also allow for easy setup and removal if the limit

switches need to be replaced.
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2.2 SHAFT DELIVERY HOPPERS

The first interaction that the operator has with the machine is loading of the different

sections of shafts. There are three different shaft hoppers per machine, which hold the
separated sections of shafts before they are to be joiner. There is an intermediate step
after the section hoppers and before the joiner, which is called the delivery chute. The

features of the design are described in detail in the following section.

2.2.1 Tor, MIDDLE, AND BOTTOM SHAFT HOPPER

The automation in the manufacturing cell is incapable of separating the different shafts
sections, and therefore this must be done by the operator. There are three shaft hoppers,
top, middle, and bottom, in which the operator will load the appropriate shaft. Each
hopper is able to accommodate up to 50 shafts, which is equivalent to a batch of 10
canes, assuming that the average number of shafts in one cane is five. The hoppers are
shaped in such a way that a single shaft can be transferred at one time. At the bottom of
each hopper, there is limit switch that will detect the presence of a shaft. Figure 17 shows
the three delivery hoppers in alignment. The hopper farthest to the right is for the top
sections of a cane, the middle hopper is in the center, and the bottom hopper is farthest to

the left of the image.

Figure 17 - Top, middle, and bottom shaft delivery hoppers
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The shaft hoppers are designed to accommodate shaft lengths from four to 16 inches long.
To align the shorter shafts within the large area and to disallow the shafts from becoming
misaligned when being placed into the hopper, a guide is put in place. The guide will be
used to push the shafts against the wall opposite the actuator tip. This also reduces the
amount that a shaft will slide along the shaft rotator inserts which reduces wear on the full

length of the insert. Figure 18 shows the shaft guide in the shaft hopper.

Figure 18 - Shaft guide in shaft hopper

2.2.2 SHAFT SELECTOR

The shaft selector functions as a selection device for the three different shafts found in a
mobility cane. Dependent on which shaft the machine will work on, it will rotate to the
correct shaft hopper, and allow all shafts from the hopper to drop down into the delivery
chute. It is to be made from an aluminum cylinder with 34 inch cylindrical shoulders, as
mentioned in the common parts, that allow it to mount on ball bearings at each end as well
as attach to the motor. The shaft has a 16.5-inch x 0.56-inch rectangular cut out through
the center to allow the shafts to pass through. The circular form of the shaft selector acts
as a block to the entrances of the other hoppers. The selection occurs between the three
hoppers because shafts from each hopper require a different ferrule combination. Figure

19 shows a top down view of the shaft selector.
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Figure 19 - Top view of shaft selector

2.2.3 SHAFT DELIVERY HOOPER

The shaft delivery hopper acts as a path between the shaft selector and the shaft rotator.
The hopper allows the shafts to travel one by one into the shaft rotator. It is sized so that
shafts can travel through it at their highest tolerance. Moreover, it allows up to five shafts to
line up one after the other awaiting the joining operation. The shaft delivery hopper is
angled at 30°, so that the shaft movement is driven by gravity. Just before the shaft
rotator, is a limit switch to detect the presence of a shaft at the end of the delivery hopper.
By having a switch just before the rotator, the machine will continue to press the correct
shaft-ferrule combination until there are no shafts in the delivery chute. Figure 20 shows

the shaft delivery chute.

Figure 20 - Shaft delivery chute
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2.3 FERRULE FEEDERS

The purpose of the ferrule feeder system is to correctly orient and transport the ferrules into
their respective shaft rotator inserts one at a time. Our team selected the vibratory hopper
and contoured magazine ferrule feeder designs after considering the alternatives and
consulting with the client. In addition to the two mentioned designs, there is an
independent subsystem of the ferrule feeder system that will individually deliver ferrules into
their respective shaft rotator insert. This section introduces the ferrule droppers, star wheel,
and limit switch. The star wheel and limit switch will be needed for both ferrule feeder

designs.

2.3.1 VIBRATORY HOPPER

During our concept design selection, it was determined that the vibratory hopper design
would be the most effective at orientating and transporting the ferrules. To accommodate
each ferrule style, four vibratory hoppers are needed. One for each type of ferrule for both

the aluminum and graphite shafts.

After a discussion with the customer, it was determined that the vibratory hoppers need to
be contracted out to a supplier. Figure 21 shows a vibratory hopper, currently in use in a
different assembly cell within Melet Plastics. Parts are dropped down into the hopper and
when a part is needed, the vibration is initiated, which pushes the parts up a track. The
track is contoured in a way that will align the part in the correct orientation and can be

directed in any way the designer chooses.
With the assistance of our primary contact, Carl Rogers, we were able to obtain a quote

from their vibratory hopper suppliers. The supplier determined that creating hoppers for the

ferrules is possible but each individual hopper will cost $15,000.
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Figure 21 - Sample vibratory hopper [28]

Upon learning this, the customer requested that we consider alternative designs that can
act as a nonpermanent interim delivery system. The nonpermanent design would act as a

transitional step until the vibratory hoppers can be purchased.

2.3.2 CONTOURED MAGAZINE

As mentioned previously, the client requested that we create an alternate design to deliver
and orientate the ferrules. The chosen design will act as a transitional step between
manufacturing the joiner and obtaining the vibratory hoppers. The contoured magazine was
chosen as the ferrule feeding system that will be utilized. This selection was because the
contoured magazine ranked second best in our concept selection and the design can be
modified to work with the vibratory hoppers. This design consists of a sloped contoured

channel where an operator will manually insert ferrules.
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For the contoured magazine to act as an intermediate step it needs to hold and deliver
several ferrules to the male and female ferrule inserts. To determine how much the
magazine should hold we considered the shaft hopper designs which can hold 50 shafts.
Our team then calculated that the magazine will need to accommodate at least 60 ferrules
to match the demand from the shaft hoppers. Once the model was assembled in
Solidworks, it was determined by the team that there was a tight space constraint. To deal
with the space constraint the contoured magazine was formed into an arc in order to
efficiently make use of the space available. This design did not meet the ferrule quantity
requirement, however once the vibratory hoppers are installed, more than 60 ferrules will
easily be available for the joining operation. The contoured magazine design can be seen

below in Figure 22.

Y

PN

Figure 22 - Isometric view of contoured ferrule magazine

The magazine contour will be made from ABS plastic and the side plates will be 1045 steel
plates to keep the joiner frame materials consistent. The steel plates will be laser cut and

will be used to support the contoured base. The connection between the steel plates will
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be similar to the shaft hoppers where L-beams will be welded to the side plates and bolted

to the contoured channel.

Once the vibratory hoppers are obtained, their delivery channels can be connected to the
existing contoured magazines. If the client decides that they want to remove the contoured
magazine to use only the vibratory hopper, then a channel that does not interfere with the

existing components will need to be designed.

2.3.3 FERRULE DELIVERY SUBSYSTEM

Transporting and orientating the ferrules is only part of the complete ferrule feeding system.
The design also needs to be able to detect whether there are ferrules present and then
individually deliver the appropriate ferrule to the ferrule insert. The components of this
ferrule delivery subsystem are the female ferrule dropper, the male ferrule dropper, the star

wheel, and the limit switch.

Beginning with the female ferrule side, the female ferrules must have a profiled opening at
the end of contoured magazine to drop into their shaft rotator insert. The opening will be
3D printed out of ABS plastic and must be the profile of the female ferrule. The female
ferrule profiled dropper is positioned directly above the female ferrule insert. Figure 23

shows how this component will look.

Figure 23 - Female ferrule dropper
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Next, the male ferrule dropper will need to also allow for accurate delivery. The design is
different from the female counterpart however because it needs to allow for the electric
linear actuator to pass through it. The male ferrule dropper will therefore not have the

ferrule’s profile but instead be a small drop into the male ferrule insert.

For both ferrule sides, there will be a star wheel connected to a stepper motor. The star
wheel will be 3D printed out of ABS in the shape of two Xs connected to the star wheel
stepper motor. The extended segments of the X are the size of a ferrule with a 0.004-inch
tolerance. Both X’s will be the same because of part standardization, and it is unnecessary

to have unique star wheels. Figure 24 shows the star wheel in position.

Figure 24 - Ferrule star wheel in position

To detect if a ferrule is at the star wheel, a limit switch will be positioned directly below the
star wheel for the male and female ferrule sides. When a ferrule is positioned within the star
wheel it will press down the cantilever arm of the limit switch and send an input to the PLC.

This input will tell the PLC that there is a ferrule located there.
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2.4 JOINER MECHANISM

The joiner mechanism is the main component of the joiner machine. It includes four primary
components: the shaft rotator, the rotator inserts, the actuator, and the discharge chute.
These components were designed based on the life expectancy, cost, functional
requirements, and maintenance concerns. The final designs of the components include the
use of 6160-T6 aluminum, ABS plastic, and AISI 4130 steel, as these materials are
commonly used in industry for the fabrication of parts and have been verified to work for

the purposes required for the joiner machine.

2.4.1 SHAFT ROTATOR

The shaft rotator is the component which accepts the shafts and ferrules from the delivery
chutes, holds the shafts and ferrules during the pressing operation, acts as a door for the
delivery chute, and delivers joined shafts to the discharge chute. On the shaft rotator, there
are four main features, the bearing shoulders at each end, the male ferrule inserts, the
female ferrule inserts, and the shaft inserts. The main body of the shaft rotator which
supports these four main features, is made of 6061-T6 aluminum. The male and female
ferrules inserts are made out of ABS plastic. The shaft insert is made out of AISI 4130 steel.
These four features, along with the shaft rotators rounded exterior, provide the functionality
required to properly align and transfer the shafts and ferrules through the process. Figure

25 and Figure 26 show the body shaft rotator with the four main features on it.

Figure 25 — Top down view of shaft rotator
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Figure 26 - Side view of delivery chute, shaft rotator, and discharge chute

To turn and support the shaft rotator, a McMaster-Carr NEMA 34 stepper motor, low
profile aluminum bearings, and the bearing shoulders are used, as detailed in section 3.1

Common Parts.

2.4.2 FERRULE AND SHAFT INSERT

In the shaft rotator there are three styles of inserts, the shaft insert, the female ferrule insert,
and the male ferrule insert. These inserts are used to increase the life span of the shaft
rotator, and to reduce maintenance costs. These inserts are tightly fitted to the shape of
the slot which houses them, to allow for the best possible transmission of forces while the

shaft rotator is in motion. The inserts are held in place with #0 Grade 8 cap screws.

Since the body of the shaft rotator is the most complex part of the joining machine, it is
inefficient to replace the entire shaft rotator if any one of the features becomes worn or

broken due to the machining and material costs. The inserts aid in increasing the life span
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of the shaft rotator by being a simple to replace, wearable part that is made of a material
appropriate for the degree of wear each feature is experiencing. To this end, the male and
female ferrule inserts are recommended to be made of ABS plastic on a three dimensional
printer. This material choice for the male and female ferrule inserts is due to the low forces
being exerted on the materials in this area. The only forces are the weight of the ferrules

and shafts. The inserts must be within four thousandths of an inch.

For the shaft insert, AISI 4130 chrome-alloy steel was chosen due to its increased
hardness over the 6061-T6 aluminum body. AlSI 4130 steel has a Brinell hardness of 167
[2] compared to aluminum, which has a Brinell hardness of 96 [15], using the 10 mm ball at
500 kg testing method. The increased hardness for the shaft insert is required to reduce
the amount of wear in the contoured pocket holding the shaft due to the abrasive action of

the graphite and aluminum shafts moving across it.

2.4.3 ACTUATOR AND END EFFECTOR

The actuator is the component of the joining machine that forces the ferrules and shafts
together. To complete this task, the actuator must be capable of delivering a load of 1575
Ibf of force, so that it can join both the aluminum and graphite shafts, be adjustable down
to a 270 Ibf force to not break the graphite shafts, and travel 33 inches in under two

seconds in order to meet the required cycle times.

Pneumatic pistons, hydraulic pistons, rod-end electric linear actuators, and rod-less electric
linear actuators were investigated by the team. The team conducted research on the
alternatives to determine the operation speeds, force limitations, size, and life expectancy
of the four alternatives. Hydraulic pistons were ruled out as an alternative due to the much

slower travel speed of the piston than the other three alternatives.

It was found by the team that pneumatic pistons and rod-end electric linear actuators
posed a problem in that the rod size needed to with stand the force for joining the

aluminum without buckling would make the shaft to large to fit into the guiding slot. It was
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also found by the team that there were no available rod-end electric linear actuators that
were built large enough to support the buckling load at the require 16.5 inch stroke length
without external supports [16]. With this information, the team looked into rod-less electric
linear actuators instead of any type of piston or rod-end electric linear actuators, to both
reduce the amount of extra supporting structure needed and to reduce the foot print

required for the machine.

For the rod-less style of electric linear actuators, the team found two potential options
offered from Tolomatic that could withstand the forces required by the aluminum shafts.
The two potential actuator models are the B3S20 and MXEB3 rod-less actuators, that use
a ball style lead screw for motion, which allows for higher possible applied forces and for a
longer life. A wrap around style platform is used to improve the bending moment resistance
of the actuator for both models. The primary deciding factor between the two actuators is
the life expectancy. The B3S20 has a life expectancy of 5,000,000 linear inches of travel,
which equates to 6 months if integrated within the joining machine [17]. The MXEG3 has a
life expectancy of 22,000,000 linear inches, which equates to 26 months of life if integrated
within the joining machine [18]. Due to the expected cost difference, the team decided to

use the MXEGS, the details of which are shown in Figure 27, Table X, and Figure 28.
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Figure 27 - Diagram of Tolomatic MXEGS electric linear actuator
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Figure 28 - MXEB3 Life expectancy graph [18]

Table X gives the dimensions of the mounting plate to which the end effector must be
mounted. Using the hole pattern shown for the mounting plate, the end effector was
designed to mount to the plate, support the load of the aluminum shaft, and fit through the
end of the male ferrule insert. All of the support structure for the end effector is made up of
Y2 inch AISI 1045 mild steel with the portion of the end effector that guides the ferrule into
the shaft being made up of ABS plastic. Figure 29 shows the end effector along with the
support structure. Figure 30 shows a close up of the end effector where it contacts the

ferrule.
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Figure 29 - Side view of the end effector

Figure 30 - Detailed view of end effector
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2.4.4 DISCHARGE CHUTE

After the shafts have been joined in the shaft rotator, they are delivered to the discharge
chute, which directs the shafts to one of three bins for collection by the operator. The
discharge chute is controlled by a step motor to move to one of three locations, each
corresponding to one of the shaft types. When the collection bin is full, or when the
operator needs more shafts, the operator will replace the bin with completed shafts with an
empty bin while the machine is in operation. Figure 31 shows the discharge chute with the

step motor.

Figure 31 - Discharge chute with step motor

2.5 OPERATION OF THE MACHINE

To improve the throughput of shafts in the mobility cane assembly line, it was determined
that operator time at the joiner process needed to be reduced so operator time could be
focused on the tape rolling process. Currently the operator places the appropriate ferrule
into the shaft to be joined, one at a time by hand. Once the ferrules have been fitted into

the shafts, the shafts are placed vertically in a press. Due to the ferrule interference fit and
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shaft material, the graphite and aluminum line require different pressing forces. This has

resulted in having two different joining machines.

On the aluminum assembly line, the pressing process can be done in parallel with the
ferrule-shaft preassembly. Though this does make efficient use of the operator’s time, the
operator still needs to pre-assemble the ferrules into the shafts and attend to the pressing

machine during machine operation.

On the graphite assembly line multiple shafts are pre-assembled and then placed into the
pressing area. For the graphite pressing operation to be initiated, the operator must take
both hands and hold down two buttons until the pressing process is completed. Though
the process of pre-assembling the shafts and ferrules manually takes two seconds per
shaft, having the operator hold down the operation buttons is time that could be better

utilized at the tape rolling process.

The key to the proposed solution is a reduced number of steps that the operator performs.
This is achieved by introducing automation into the delivery and pressing steps. The
proposed solution, hereafter called the joiner machine, completes the processes mentioned
above in the following order: concurrent delivery of ferrules and shafts, joining, and then

discharge.

There are four steps which the operator needs to complete for the ferrules and shafts to
joined in this process. First, the operator loads the female and male ferrules into their
respective vibratory hoppers. Second, the operator adjusts the shaft guide to the
appropriate location and loads the designated top, middle, and bottom shafts into their
respective hoppers. Third, the operator must close the safety case. The fourth task, is to
turn the machine on for the joining process to begin. By having the operator place a large
amount of ferrules and shafts into hoppers, which will align the products in their correct
orientation, the operator can then take the time spent aligning and placing products

correctly and work at the tape rolling process.
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For shaft joining priority, the machine first completes the top sections, followed by the
bottom sections, and finishes by completing the middle sections. By completing tops,
bottoms, and then finishing with middles, the operator can take the completed top and
bottom sections to the next stage of assembly while the machine finishes the middle

sections.

For every cane, there is only one top section and one bottom section. The average amount
of middle sections found in a cane is three sections. By completing the top and bottom
sections before the middle sections, the operator, if working on a batch of 10 canes, can
then begin the next assembly step on the top and bottom sections, while the joiner

machine is completing the cycle by pressing the joining the remaining middle sections.

Before starting the joining operation, the machine first checks for ferrules at the ferrule
dropper, and if ferrules are present, the machine will move onto the next step. If there are
no ferrules present the machine will run the vibratory hoppers for a period of time so that
ferrules can be delivered to the ferrule drop. The machine will then check the top hopper
for shafts, if shafts are present in the hopper the joining process will begin, if no shafts are

present the machine will move onto the next step, the bottom section.

The joining process is defined as the operation of pressing the appropriate ferrule
combination into the respective shaft. The shaft rotator will begin at the home position,
which is labelled at “H” in Figure 32. Once the machine has been initiated and shafts are
detected at the delivery chute, the shaft rotator will rotate 45° to accept a shaft. Once the
shaft has been accepted the shaft rotator will rotate another 45° and align with the
actuator. Once the shaft rotator and actuator are aligned the ferrules will drop into place
on either side of the shaft and the actuator will then begin the pressing operation. Once
the actuator has forced the ferrules into the shaft and retracted back into the “Home”
position. The shaft rotator will rotate another 45° to accept another new shaft, and the
process will begin again. The recently completed shaft will be discharged once the shaft
rotator reaches the “Home” position to press in the new shaft. Figure 32 shows the shaft
rotator in an instance where three shafts are accepted, pressed, and discharged, with the

rotator beginning in the “Home” position. The rotation angle was chosen as 45° due to the
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efficiency it provided to the machine, the ability to integrate with the shaft rotator, and

simplicity of the driving stepper motor rotating the same angle.

Figure 32 - Shaft rotator cycle

Once the joiner machine has completed pressing the top shafts, the joiner machine will
then check the bottom hopper for shafts. If shafts are present in the hopper, then the
joining process will begin. If no shafts are present the machine will move onto the next step,
the middle hopper. The machine will then check the middle hopper for shafts and if shafts
are present in the hopper, the joining process will begin. If no shafts are present, the
machine will end the process. Once completed, all shafts are discharged into a bucket,
with three buckets for tops, middles, and bottoms for the operator to easily discern which
shaft is which at the next stage of the assembly line. Shown in Figure 33 is a flow chart

outlining the ideal machine operation.
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The machine was designed with the ability to work in the aluminum or graphite lines to
create redundancy in the process and similarity of parts between the two machines. For
the machine to work on any ling, only the target force needs to be adjusted to press at the
appropriate force for the shaft material being pressed. By having two similar machines, the
appropriate adjustments can be made in the event that if one machine becomes unusable,
the joining process can still be completed, and high quality products can still be delivered in

a timely manner.

Along with a reduction in operator time spent at the machine, there will also be a reduction
in defective products from the joining operation. During the design of the machine, careful
attention was paid not only to operator time, but also to reducing the potential for error.
Though no empirical data was recorded for the different types of defects found in the
shafts, the common types of defects found in both incomplete and completed canes were
discussed with the client. These defects are shafts buckling and ferrules pressed to much

or to little into the shaft.

The first action taken to account for these defects, before any concepts were generated,
was force testing on the different ferrule and shaft combinations, as found in Appendix C.
From this testing, the team was able to select an appropriate actuator which will press in
the ferrules at the force needed and also ensure that buckling of the shaft will not occur.
As a secondary precaution we created the design to support the shaft in all directions to
minimize the chance of buckling. This was done by orienting the shaft pressing motion in

the horizontal direction, as opposed to the vertical direction.

The machine is expected to significantly reduce operator interactions, and increase the
throughput rate of shafts which will free up the operator to focus on the bottle neck of the
process, and to provide a steady stream of shafts when other steps in the assembly are

improved.
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2.6 MACHINE LOGIC

To achieve the minimum operator input required, the machine must be automated. A
preliminary analysis was completed to determine the basic logic for the machine to operate
using a programmable logic control, hereafter called a PLC. By using a combination of
operator controlled inputs and detection sensors, the machine logic can be determined by
using Boolean Table and a truth table. Table XI outlines each input and output to determine

the machine logic.

TABLE XI - INPUTS AND OUTPUTS

Input Label Output Label

On/Off Switch O Rotator Step Motor R

Emergency Off E Female Ferrule Step Motor Mg

Case Lock CL Male Ferrule Step Motor M

Reset Switch Rs Piston P

Top Hopper Ty Delivery Selector Top Dy

Middle Hopper My, Delivery Selector Middle Dw

Bottom Hopper By Delivery Selector Bottom Dg
Delivery Chute Hopper Dy
Female Ferrule Sensor Fe
Male Ferrule Sensor Fu
Piston Retracted Pg
Shaft Rotator Home Ry
Shaft Rotator Chute Rc
Selector Top Position Py

Selector Middle P

Position M
Selector. Bottom P
Position B
Selector Home Position H
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2.6.1 INPUTS

There are 17 different digital inputs which control the joiner machine operation. These 17
inputs can be grouped according to which part of the machine they are related to. These
groups are power control, shaft hoppers, ferrule sensors, piston sensors, selector position,
and shaft rotator position. These groups and how they work are described in more detail in

the following section.

The on/off switch is an operator controlled switch, which turns on the machine and begins
the process. An output of 1 designates the switch turned on and and output of O
designates that the switch turned off. The emergency off is a button which will stop the
process in the event of an emergency. The emergency switch will output a 1 when pressed
and a O when not pressed. The case lock is a switch which can detect when the safety
case is open. If the case is open and exposing the moving parts of the machine, the case
lock input will read 0. Until the switch reads 1, the machine will not turn on or continue
working. The reset switch is an operator controlled switch which allows the operator, to
reset the machine components back to all their respective home positions. Each of the
above variables were compounded into one intermediate variable, power control, to
simplify the logic. If either the emergency stop and/or the reset become 1then the machine
will shut of. The machine will only turn on when both the on/off switch reads 1 and the

case lock is reads 1.

There are four hoppers: the top hopper, the middle hopper, the bottom hopper, and the
delivery hopper. The top, middle, and bottom hoppers correspond to the type of cane
section found in the cane. It is important to separate the three sections due to the ferrule-
shaft combinations. These three hoppers can hold up to 50 shafts each, which will allow
the manufacturing cell to process up to a batch of 10 canes at a time. The delivery hopper
connects the three shaft type hoppers at the shaft rotator. Each hopper has a sensor at the
mouth where the shaft selector or rotator is located. These sensors detect if there is a
shaft in the hopper. As shown in the process flow chart, the machine completes the top
sections, followed by the bottom sections, and finishes with completing all the middle

sections. If there are no shafts sensed in the top hopper and the delivery chute, then the
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machine will move onto the bottom sections. Once there are no sections in the bottom
hopper and the delivery chute, the machine will move onto the middle sections. The
machine will continue operation until there are no more shafts sensed in both the middle

hopper and the delivery chute.

The male and female ferrules are separated in different vibratory hoppers. Before they are
delivered to the ferrule droppers, a switch will sense if there is one in place at the star
wheel. These switches are named female ferrule sensor and male ferrule sensor. If there is
a ferrule at the switch, the switch will output a value of 1. If there is no ferrule at the switch,
the output value will be zero. For simplicity an intermediate variable, FE was introduced.
Before the machine will sense any shafts in the hoppers, the machine must detect if there
are ferrules ready to be dropped into place. For the operation to work, there must be both
female and male ferrules ready, even if the first shaft to be pressed is a top shaft, which will

only need a female ferrule.

There is one piston position input which detects if the piston is retracted. This sensor was
chosen because if the piston is not retracted, then no other components in the machine
should be moving. When the piston is retracted the sensor will output a value of 1. At any
point that the piston is extended, the sensor will output a value of 0. To control the piston,
an intermediate variable is introduced to measure the voltage value. As the pushback force
from the ferrules being pushed into the shafts increases, the voltage to run the actuator
increases. The intermediate variable will switch once the voltage proportional to the target

force is reached, and trigger the actuator retraction.

There are four inputs which can detect the position of the shaft selector. Since the PLC is
unable to store any memory of where the shaft selector is at any moment in time, physical
sensors are used to tell the PLC where the shaft selector is. The four sensors are: selector
top position, selector middle position, selector bottom position, and selector home
position. If any of the three sensors input a 1 to the PLC, the selector is in that respective
position. For example, if the selector middle position is to return a 1, the selector is

delivering middle shafts to the delivery chute.
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There are two inputs which return what position the shaft rotator is at: shaft rotator home
and shaft rotator chute. As mentioned above, when the shaft rotator is at the home
position, from a side view the rotator looks like a “+”. When the shaft rotator is at the chute,
the side view of the shaft rotator will look like an “x”. As with the shaft selector position, the
PLC is unable to record any memory of where the shaft rotator is, which is why these
sensors are necessary. The alignment of the home position in relation to the piston needs
to be very precise and the alignment of the chute position needs to be in line with the
delivery chute for shafts to be efficiently dropped into the rotator. For this reasoning, these

sensors are very important to the implementation of the design.

2.6.2 OUTPUTS

There are 7 different outputs which determine how the shafts flow through the process.

They are listed in Table Xl and are described in detail in the following section.

The output to the rotator step motor is a pulse that is sent to the step motor driver, to will
tell the step motor to rotate 45°. A 45° rotation was determined in conjunction with the
design of the joiner process for simplicity of automation and efficiency of shaft flow through

the process.

The female ferrule step motor and male ferrule step motor outputs send a signal to the step
motors which delivers the respective ferrules by rotating 90°. The rotation will drop the

required ferrule into the shaft selector for friction fitting.
The piston output sends a signal to the actuator which will start the pressing process. The
pressing process will only end and begin retracting to the home position once the target

force has been achieved by the actuator.

The delivery selector top, delivery selector middle, and delivery selector bottom outputs

designate which angle the shaft selector should be at for delivery of the appropriate shafts.
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2.6.3 PROGRAMMABLE LOGIC CONTROLLER

Each machine is designed to be a standalone system. One programmable logic controller
is needed for each machine. A PLC is the most stable system for machine control, and is
most commonly used in industrial applications. The PLC must be able to accommodate all

the inputs and outputs of the machine.

The PLC selected for use is the Click CO-00AR-D. The base model has eight inputs and
six outputs. As the machine needs 17 inputs and 7 outputs for use, the PLC selected
needs more ports for inputs and outputs. To accommodate for this issue, modules are
available for the PLC which expand the input and output ports. One module has four
inputs and four outputs. For the needs of the project, each PLC will need an additional
three modules. This PLC comes with free software for programming the ladder logic with
lots of documentation for troubleshooting. One PLC will cost $450, which includes all

additional modules, the CPU, and power requirements [19].

2.6.4 BOOLEAN METHODOLOGY

The section below presents the preliminary Boolean logic to be implemented in the
automation of the machine. After determining the inputs and outputs of the system, they
were grouped together into different families, and new intermediate variables were created.
This creation of intermediate variables was done to reduce the number of lines required in
the final truth table to fully describe the actions of the joiner machine. The different family

groupings and their associated intermediate variables are given in Table XIl.

TABLE XII - INPUT AND ASSOCIATED INTERMEDIATE VARIABLES

Ints;:;::gte Associated Input Variables
PC O,E R, CL
FE Ff, Fm
B Th, Mh, Bh, Dh, Pt, Pm, Pb, H
M Th, Mh, Bh, Dh, Pt, Pm, Pb, H
T Th, Mh, Bh, Dh, Pt, Pm, Pb, H

66



After the intermediate variables were defined, they were used to create the final truth table

consisting of 8 inputs and 7 outputs. The inputs and outputs for the final truth table are

given in Table XIII.

TABLE XIIl - FINAL TRUTH TABLE INPUTS AND OUTPUTS

Inputs Outputs

PC R

Pr Sf

Rh Sm
Rc P

FE Dt

T Dm

M Db

B

The truth tables for all intermediate variables, as well as the final truth table, are shown in
Appendix VII. The reduction of the logic equations generated by the truth tables are also
given in Appendix E, with the final logic equation for each output variable given in Table XIV.
It should be noted that the equations below need to have the intermediate variables

substituted with the original input variables that were used to create them to get the final

equations for each output.

TABLE XIV - FINAL TRUTH TABLE OUTPUTS WITH EQUATIONS

oot

R (PC+Pr)s(Rh*Rc’+Rh’*Rc)s(T*M’*B’ + T'sMeB’ + T'sM’*B)
Sf (PCePreRheRc)*(T*M’*B’ + T'*M*B’)
Sm (PCePreRh*RcA)*(T'*sM*B’ + T'*M’*B)

P (PCePreRheRc)*(T*M’*B’ + T'*MeB’ + T'*M’*B)

Dt PCe(TeM’eB’ + T'sM’*B’)e(Pre(Rh’ + Rc’) + Pr's(RheRc))
Dm PCe(Pre(RheRc’+Rh’*Rc+Rh *Rc)+Pr's(RheRc’)s T’ *MeB’
Db PCe(Pre(RheRc’+Rh *Rc+Rh *RC)+Pr's(RheRc)s T'sM’+B
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2.7 PREVENTATIVE MAINTENANCE

A preventative maintenance plan is an important part of the design process for any piece of
equipment that is intended to have a long service life. From the failure modes and effects
analysis completed below, it was determined that the joining process portion of the
machine that has a higher number of potentially severe defect possibilities, so the

preventative maintenance plan created, which will focus on that portion of the machine.

To create the preventative maintenance plan, a failure mode and effect analysis (FMEA)
was completed. The FMEA performed in this report is done in two steps, the cause and
effect analysis which leads into the Risk Priority Number (RPN) analysis. The cause and
effect analysis breaks down the process to the different steps that could fail and their
causes are then compared against the effects. The scoring is on a 0,1,3 and 9 scale where
9 represents high impact and 0 is no impact. The values are then multiplied by a customer
rating from O to 10. 10 represents a high priority and O is a low priority. Table XV

summarizes the cause effect analysis of the design.

TABLE XV - CAUSE AND EFFECT TABLE

Customer Rating 5 5 7 8 3 5 10 5
w Shaft- 1 let
Output Process Dela Damaged Broken Broken Broken r;:ziulea Broken 7::::;::‘:
P v Shaft Step Motor | Rotator | Sizing Handle L ELA
Combination parts
Process Step Process Input Total
Load ferrules in 9 o 3 0 0 9 0 3 126
wrong hopper
Load shafts in 9 0 0 0 0 9 0 9 135
wrong hopper
Shaft out of plane 9 3 9 1 1 0 1 9 189
Move shaft sizing
while still partially 1 0 0 0 3 0 0 0 14
loaded
Shaft jams in 9 3 3 1 0 0 1 3 114
delivary chute
Ferrule backwards 9 0 3 0 0 3 0 9 126
Stepper motor 1 9 0 0 3 0 3 143
failing
Joining Stepper motor 9 1 9 3 0 1 3 3 187
failing
Joining Rotator jamming 9 3 9 3 0 0 3 0 177
Joining Ferrule jamming 9 3 3 3 0 3 3 9 -
Joining Build up of 3 3 0 1 0 0 1 3 63
shavings
Joining ELAforce 3 0 0 0 0 0 1 3 40
degrading
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Table XV indicates that the joining process contains the highest number of severe issues
such as ferrule jamming. Due to the joiner being a higher risk area, the team chose to

perform a Risk Priority Number analysis on this section of the machine.

In the RPN matrix, the items and functions being analyzed are ranked based on the level of
severity (SEV) of a failure, the failures level of occurrence (OCR), and the ability to detect
(DET) a failure. The team assigned a value from 1 (best) to 10 (worst) for each of the three
categories and are detailed in Table XVI, Table XVII, and Table XVIII for severity,

occurrence, and detectability, respectively.

TABLE XVI - FMEA SEVERITY BREAKDOWN [20]

Effect Severity Value

System inoperable with minor 6
damage
Moderate System inoperable without damage 5
System operates with significant 4
degradation of performance
Minor System operates with spme 3
performance degradation
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TABLE XVII - FMEA OCCURENCE BREAKDOWN [20]

Frequency Frequency Rate Value

1in 80 6

Moderate 1in 400 5
1in 1,000 4

Low 1in 4,000 3

TABLE XVIII - FMEA DETECTION BREAKDOWN [20]

Detection Chance of Detection Ranking

Low chance for the design control to
. 6
Moderate detect potential problems
Moderate chance for the design control
. 5
to detect potential problems
Moderately high chance for the design 4
Hiah control to detect potential problems
9 High chance for the design control to
. 3
detect potential problems

Table XIX shows the scoring for the severity, occurrence, and detectability of each item or

function. The RPN value is then calculated by multiply each of the three scores together.
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TABLE XIX - RISK PRIORITY NUMBER EVALUATION

Item / Pot_entlal Potential » Potential o Curr_e nt O 3
Function AU Effect E Causes % Design ﬂ g
Mode Controls
Operating
Stepper | b s out | Production halt | 6 while a 1 None 7 | 42
Motors o
part is jammed
Production Bearin
halts, rotator is seizesg Long life
Rotator Jams damaged 6 ’ 2 bearing 6 | 72
shaft o
due to ELA o specified
misaligned
movement
Shafts with
Fefrule Jams less 5 Misaligned 1 Ferruleﬂ 10 | 20
Joiner ferrules than ferrule shaped jig
required
Buildup of Ferrule & shaft COS;:USUS
Rotator shavings o 2 sag 3 None 3 | 18
. misalignment without
in channels .
cleaning
Electric Incomplete Usage beyond Over
. Force ferrule o
Linear dearadation | ioinina with the 2 | recommended | 1 specified 8 | 16
Actuator | ©€9 J Shaﬁ life ELA

Table XIX shows that the stepper motor burning out and the rotator jamming have the

highest RPN, so potential actions will be concentrated on these items. Table XIX shows

that in every item or function the detectability of the failure mode is the worst scored

criteria. This trend meant that the teams efforts were put towards improving the

detectability of the items, so a preventative maintenance plan was created to accomplish

this.

Four primary items in the joining process were identified as having a potential for failure, the

stepper motor, the shaft rotator, the ferrule joiner, and the electric linear actuator. These

parts of the machine are in constant use and see the most wear. To help prevent these

parts from failure the following preventative maintenance plan shown in Table XX, or a

derivative of it, should be implemented.

71




TABLE XX - PREVENTATIVE MAINTENANCE PLAN

Inspection el
Part P Inspection Task Performed
Frequency By
, Check exterior of stepper motor and
Stepper Motor Daily attached wires for damage Operator
Stepper Motor Monthly Inspect coupler from servo the rotator shaft Maintenance
for wear
Check step motor voltage and amperage
Stepper Motor Quarterly draw on step motors for potential wear and Maintenance
problems
Rotator Daily Check all inserts for wear and built up debris Operator
Rotator Monthly Check bearings and bearing shoulders for Maintenance
wear
Rotator Quarterly Replace ferrule drqpper contour and ferrule Maintenance
inserts
Rotator Annually Replace bearings and shaft insert Maintenance
Ferrule Dropper Daily Check dropper contour for wear Operator
Flectric Linear Daily Check end effector tip for wear Operator
Actuator
L Check for alignment issues during travel,
Electric Linear . . ;
Daily ensure that end effector is not rubbing on the Operator
Actuator :
shaft inserts
Flectric Linear Monthly Replace end effector tip Maintenance
Actuator
Electric Linear Quarterly Check voltage and amperage draw to ensure Maintenance
Actuator there are no issues
Electric Linear Evaluate travel speed accuracy to determine ,
Annually . . Maintenance
Actuator if a replacement is needed

This plan focuses on the early detection of wear and the routine replacement of wearable

parts. The current replacement periods for the ferrule dropper, the ferrule inserts, bearings,

and end effector tip are suggestions based on replacement periods for similar parts that

the team members have experience with performing maintenance on from other projects.

The exact replacement periods should be evaluated during operation based on the

operator inspections of the wear each part is experiencing.

[t should also be noted that based on the forces involved, the electric linear actuator as a

life expectancy of 22,000,000 linear inches, which corresponds to a life expectancy of

approximately 26 months, if 5000 canes are processed per month[13]. The annual
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inspection of the travel speed accuracy of the electric linear actuator is to help verify this life
expectancy as the purchase and replacement of the actuator is one of the more expensive

tasks that the joining machine will need to under go for to remain properly maintained.

2.8 COST OVERVIEW

The total cost of one machine comes at $44,564.28 which is under the budget of $45000
however, due to the fluctuations in the Canadian dollar. Parts that were sourced from the
United States were subjected to a 1.35 conversion from USD to CAD [19]. Also, the
costing was subjected to taxes in Canada and Manitoba, 5% GST and 8% PST [20]. All
sheet metal parts can be done on two 4’x 8'x1/8” sheet metal at a flat rate [22]. A
categorized cost of the machine is shown in Table XXI, and a complete bill of materials is

shown in Appendix A.

TABLE XXI - TOTAL COST OF ONE JOINER MACHINE

Description Cost ($)
Material 579.65
Components 42936.63
Labor 1048.00
Total Cost 44564.28

2.8.1 PAYBACK PERIOD OVERVIEW

To validate the decision to purchase the joiner machines, it was decided to calculate the
payback period of the joiner machines for both the graphite and aluminum sides of
production for 3000, 4000, and 5000 shafts every month. The purpose is to see what
levels of production are required to make the fabrication of the joiner machine viable.

Table XXII summarizes the results of the payback period analysis.
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TABLE XXII - SUMMARY OF PAYBACK PERIOD ANALYSIS

Shaft Production Payb_ack
o Level Period
(Canes/Month) (Month)
Aluminum 3000 29.39
Aluminum 4000 5.19
Aluminum 5000 2.84
Graphite 3000 3131.17
Graphite 4000 18.01
Graphite 5000 9.75

From the data shown in Table XXII, the payback period for the graphite shaft production at

a production level of 3000 canes per month, 3131.17 months, is not a viable payback
period. Also, in all cases the aluminum shafts production is a better investment, as the
amount of overtime saved is always higher due to the extra amount of time the operator

can spend at the rolling station or on other products. The full analysis of the payback

period is given in Appendix A.
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3. CONCLUSION

Having completed the preliminary design of an entirely new joiner machine, the team has
prepared a number of recommendations that would help to further improve the process, as
well as the lessons learned from the design process. These two topics as well as a
comparison of the target and marginal specifications to the expected performance of the

joiner machine are given in the following sections.

3.1 DESIGN SYNTHESIS

The design of the joiner machine began with obtaining the input of the operators,
maintenance, engineering, and management at Melet Plastics. This input was distilled into
a number of need statements, metrics, and specifications to be met by the design process.
This user oriented approach was integral to the success of the project since the team knew

precisely what the expectations for the project were.

Going into the concept developments stage the team created 48 different concepts across
three different categories: shaft delivery system, ferrule delivery system, and the joiner
system. The separation of concept categories made it easier for the team to combine the
best ideas together once selected. Once again, meeting with the primary contact at Melet
Plastics was a central part of the team’s advancement, as the input from Melet Plastics
was invaluable in determining what concepts would help accomplish the project’s goal the

best.

In the detailed design stage, the team created a draft model of the machine and presented
it to Melet Plastics for approval and revision prior to advancing into a second draft. The first
draft of a fully assembled model in the detailed design stage helped to point out problems
and gave both the team and the client an overview of the final layout. This overview helped
determine a number of changes to be made, which were included in the final detailed

design of the joiner machine.
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Due to customer oriented process the team followed, the expected performance levels

were obtained in alimost all cases, as shown in Table XXIIl. The one case where the

expected performance level was worse than the marginal specification is for the percentage

of custom parts in the joiner machine due to the unique requirements of the process.

TABLE XXIlIl - SUMMARY OF EXPECTED PERFORMANCE COMPARED TO THE TARGET AND MARGINAL

SPECIFICATIONS
. Target Marginal TR
Metric L . . Performance
Specification Specification
Level
First Pass Yield[%)] 98% 95% 98%
Force to Join Materials Aluminum: 1575 +/- 10% of Target Aluminum: 1575
[Ibf] Graphite: 270 Force Graphite: 270
Cycle Time [s/shaft] <5 <8 1.5
Percent Custom Parts <5 <15 39
[%]
Downtime per shift
[min/shift] 0 <10 8.25
Setup Time [s/shaft] <1 <2 0.8
Operator Time [s/shaft] <0.5 <1 0.4-0.5
Number of Safety
Concerns [#] 0 2 0
Variety of S[:;?ﬂ Materials 5 1102 >
Variety of F?;]rule Material 5 1102 >
Variety of Shaft Lengths 2 2 7
[#]
Number of Steps to
Operate [#] <9 <10 8
Number of Non-
Ergonomic Operator <3 <7 3
Motions [#]
Accessibility of Parts All parts easy to Most parts easy to | Most parts easy to
[subjective] access access access
Percentage of Similar 95 85 95
part [#]

All of the expected performance levels listed in Table XXIII are determined for steady state

operation. At machine start up and during changes from top to bottom to middle shafts

there is a delay as the machine empties of one type of shaft and then fills with another. This

delay will increase the amount of time taken to see the next shaft, but was included in the
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cycle time calculation so it is accounted for. In regards to metric percentage of custom
parts not meeting the marginal specification, the team deemed it an acceptable lapse in
order to make sure that the performance specifications were met. This acceptance was
based on being able to meet more important specifications such as decrease operator
involvement, improved safety, and better quality of work for the operators. The reasoning

behind all of the expected performance levels is summarized in Table XXIV.
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TABLE XXIV - SUMMARY OF REASONING FOR EXPECTED PERFORMANCE LEVELS

Metric

Reasoning

First Pass Yield[%]

Tight tolerances and a voltage controlled actuator make mis-
presses very unlikely (less than 1% chance)

Daily inspections and easy to replace inserts make repairing
defect causing problems fast (take less than 15 minutes to
replace an insert)

Force to Join Materials [N]

Voltage controlled actuator will press until the required force is
met, and then immediately stop

Cycle Time [s/unit]

This was calculated by finding the first part time and the time
required between each consecutive part, then averaged

Percent Custom Parts [%]

This was calculated as the number of custom parts divided by
the total number of parts

Downtime per shift
[min/shift]

This was calculated from best estimates by the team, with the
down time per shift being over a two-year average to account
for the replacement of every part at least once, with an
additional 50% added for unexpected downtime. This
estimate includes all routine inspection, including daily
inspections by the operators.

Setup Time [s/shaft]

This was determined experimentally with the use of the
samples given to the team by Melet and the prototype
produced.

Operator Time [s/shaft]

This is the estimated time required to set all three shaft length
guides, as well as press the on button.

Number of Safety
Concerns [#]

This was determined by the team after a thorough look at all
of the parts during creation to find potential safety problems. It
was determined that there are no safety concerns to the
team.

Variety of Shaft Materials

The designed machine can accommodate both the aluminum

[#] and graphite shafts
Variety of Ferrule Material The designed machine can accommodate the ferrules for
[#] both the aluminum and graphite shafts

Variety of Shaft Lengths [#]

The machine can accommodate all length of shafts within the
range specified by Melet

Number of Steps to
Operate [#]

As shown in section 3.5, operation of the machine

Number of Non-Ergonomic
Operator Motions [#]

The only non-ergonomic motions the team is aware of are for
the placement of the shaft length guide. This amounts to three
motions per use of the machine.

Accessibility of Parts
[subjective]

Due to the placement of panels and fiberglass doors, the
team determined that most parts are easy to access, and
need few to no other parts removed before they can be
worked on.

Percentage of Similar part
[#]

The only differences between the two machines are the
vibratory hopper systems.
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3.2 RECOMMENDATIONS

Throughout the project, the team developed a number of recommendations for improving
the quality and speed of the cane production. These recommendations fall into two
categories: recommendations for further improving the joining process, and

recommendations for improving other processes outside of the scope of the project.

The following recommendations are for improving the joining process. The
recommendations focus around potential alterations to the machine, recommended

performance tests, and methods for reducing cost while keeping quality the same.

* The positioning of the hoppers should be evaluated to see if it is ergonomic, and
changed as needed by altering the heights and rotations of the hoppers to improve the
operator’s quality of work. This evaluation will require the joining machine to be in place,
and tested over a period of days to ensure that the operators have enough exposure to
give meaningful feedback.

* The cycle time of the machine could be increased to reduce wear on the actuator, end
effector, ferrule inserts, and shaft inserts. Currently the joining machine can cycle at 1.5
seconds per shaft on average. Since the rolling process has a cycle time of at least 13
seconds the joiner cycle time could be increased to as much as seven or eight seconds
per shaft and not impact the product flow.

* Force testing should be done before implementing the electric linear actuator. This
force testing should focus on determining the required voltage across either a voltage
meter or a piezoelectric load cell to determine the exact voltage at which the actuator
will be pressing at the required load. The results of this test will help create the proper
control logic to ensure that the shafts and ferrules are not damaged during the pressing
operation, and that wear will be lower than if a higher than necessary load is applied.

* When specifying the components, the team decided to pursue standardization with
common components in the machine over having a lower initial cost so that there are
fewer spare parts to keep stored in stock. However, some of the components such as

the stepper motors and couplings are over designed for the application they are being

79



used in and using a more appropriately designed components would reduce the initial
purchase cost.
* Investigation into the amount of wear on the shaft insert. It may be better to have the

shaft come through the hopper on the male side to make the shaft insert wear uniform.

Throughout the joiner project for Ambutech, the team came across a few items outside of
the project scope. The team suggests the following recommendations for consideration in

for improving other processes within the Ambutech manufacturing cell.

* The cutting saws for both graphite and aluminum should be made more accurate. The
manufacturing tolerance of the saws are large enough such that there is a very
significant waste of material and operator time spent accounting for the errors.

* There is excessive worker movement along both sides of the assembly, and it is
recommended that streamlining the layout would lead to significant improvement in
operator time spent assembling canes as opposed to walking from station to station.

* The tape rolling process should be evaluated and made faster as it is the next bottle
neck in the process that needs to be improved to improve the speed of the cane

production process.
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3.3 SUMMARY

The design team has created a preliminary joining machine design. The main components
of the design are the shaft delivery system, which is composed of an arrangement of
hoppers with a rotating shaft for selection of shaft type, the ferrule delivery system, which is
composed of vibratory hoppers feeding a magazine tray on the machine, and the joining
mechanism, which is composed of a rotating aluminum shaft with AISI 4130 steel and ABS

plastic inserts that hold the parts while an actuator presses them together.

This design is expected to meet all but one of the marginal requirements, with most of the
metrics meeting the target specifications designed for them. This level of performance will
allow for a reduction in operator time spent performing the manually dexterous work
required of the current process, increase the throughput of the system, reduce the number
of safety and ergonomic concerns, and improve the quality of work the operators
experience due to a reduced amount of travel time expected as a result of the new system.
The cost for the machine is also expected to be within budget, with a payback period of
2.87 to 10.65 months depending on the shaft type for the desired throughput of 5000

canes per shaft type per month.

81



4. WORKS CITED

[1]

2]

(3l

[4]

[5]

[6]

[7]

[8]

[9]

[10]

F. Beer and E. R. Johnston, Mechanics of Materials, 6th Edition ed., New York, New
York: McGraw-Hill, 2012.

MatWeb, "AISI 4130 Steel, nomalized at 870 deg C," MatWeb, 2016. [Online].
Available:
http://www.matweb.com/search/DataSheet.aspx?MatGUID=e1ccebe90cfo4502b35
c2a4745f63593. [Accessed 2 December 2016].

R. L. Mott, Machine Elements in Mechanical Design, 5th Edition ed., Upper Saddle

River, New Jersey: Pearson Inc., 2014.

Integrated Computational Material Engineering, "Fatigue Life curve - 4130 Steel,"
Integrated Computational Material Engineering, [Online]. Available:

https://icme.hpc.msstate.edu/mediawiki/index.php/Fatigue-life_curve-4130_Steel.

eFatigue, "Stress Concentration Factor Finder," eFatigue, 2016. [Online]. Available:
https://www.efatigue.com/constantamplitude/stressconcentration/#a. [Accessed 3
December 2016].

McMaster-Carr Supply Company, "Low-Profile Mounted Ball Bearing - 8600N3,"
McMaster-Carr Supply Company, 2016. [Onling]. Available:
https://www.mcmaster.com/#5913k63/=15b8pkq. [Accessed 1 December 2016].
McMaster-Carr Supply Company, "Low-Profile Mounted Ball Bearing with Aluminum
Housing - 5913K63," 2016. [Online]. Available:
https://www.mcmaster.com/#8600n3/=15b8pkk. [Accessed 1 December 2016].
McMaster-Carr Supply Company, "NEMA 34 Position-Control DC Motor," McMaster-
Carr, [Online]. Available: https://www.mcmaster.com/#6627t57/=1579c82. [Accessed
19 November 2016].

McMaster-Carr Supply Company, "Driver for DC Stepper Motor, 12 to 80V DC,"
McMaster-Carr, [Online]. Available: https://www.mcmaster.com/#6627t62/=1579cdx.
[Accessed 19 November 2016].

McMaster-Carr Supply Company, "NEMA 8 Position-Control DC Motor," 20186. [Online].
Available: https://www.mcmaster.com/#6627t33/=15b8c7|. [Accessed 1 December

82



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

2016).

McMaster-Carr Supply Company, "Driver for NEMA 8, 11, & 14 Position-Control DC
Motor," McMaster-Carr Supply Company, 2016. [Online]. Available:
https://www.mcmaster.com/#6627t41/=15b8e31].. [Accessed 1 December 2016].

McMaster-Carr Supply Company, "Slotted-Disc Flexible Shaft Coupling," Mc-Master
Carr, 2016. [Online]. Available: https://www.mcmaster.com/#59985k5/=15b8756.
[Accessed 1 December 2016].

Mc-Master Carr, "Acetal Slotted-Disc Flexible Shaft Coupling," McMaster-Carr Supply
Company, 2016. [Online]. Available: https://www.mcmaster.com/#59985k65/=15b88fo.
[Accessed 1 December 2016].

Mc-Master Carr Supply Company, "Miniature Snap Acting Switch," [Online]. Available:
https://www.mcmaster.com/#7779k13/=1584s6q. [Accessed 27 November 2016].

ASM, "ASM Matweb Aluminum 6061-T6, 6061-T651," ASM Aerospace Specification
Metals Inc., [Online]. Available:
http://asm.matweb.com/search/SpecificMaterial.asp?bassnum=MAB06116. [Accessed
2016).

Tolomatic Inc., "ERD Low-cost Electric Cyclinder for Pneumatic Cyclinder
Replacement," Tolomatic Inc., 2016. [Online]. Available:
http://www.tolomatic.com/products/product-details/erd-low-cost-electric-cylinders-for-

pneumatic-cylinder-replacement#/. [Accessed 01 December 2016].

Tolomatic Inc., "BS3 Ball Screw Linear Actuators," 2015. [Online]. Available:
http://www.tolomatic.com/products/product-details/b3s-ball-screw-linear-actuators#/.
[Accessed 27 November 2016].

Tolomatic Inc, "MXE-P Screw Driven Actuators," 2015. [Online]. Available:
http://www.tolomatic.com/products/product-details/mxe-p-screw-driven-actuators#/.
[Accessed 27 November 2016].

Automation Direct, "CLICK Series Programmable Logic Controllers," Automation Direct,
2016. [Online]. Available:
https://www.automationdirect.com/adc/Overview/Catalog/Programmable_Controllers/C
LICK_Series_PLCs_(Stackable_Micro_Brick). [Accessed 15 November 2016].

83



[20]

[21]

[22]

(23]
[24]
[25]
[26]

[27]

(28]
[29]

[30]
[31]

[32]

[33]

V. Campbell, "Mech 4860 - Presentations - FMEA Presentation," 28 October 2016.
[Online]. Available: http://home.cc.umanitoba.ca/~labossip/4860/Presentations.html.
[Accessed 20 November 2016].

XE, "XE Currency Converter: USD to CAD," [Online]. Available:
http://www.xe.com/currencyconverter/convert/?Amount=1&From=USD&To=CAD.
[Accessed 25 November 2016].

Goverment of Manitoba, "Manitoba Finance," [Online]. Available:
http://www.gov.mb.ca/finance/taxation/taxes/retail.ntml. [Accessed 26 November
2016].

E. Matichuck, Employee, Special Laser Tech Inc., Winnipeg, MB, 2016.
C. Rogers, Interviewee, October 18 Client Meeting. [Interview]. 18 October 20186.
D. N. Anderson, "Fruit Juice Extraction Press". USA Patent US5339729A, 24 May 1993.

M. Z. Baumgarten and C. J. Brown, "Hydraulic Spindle Press for Drawing Metal". USA
Patent US3470725 A, 7 October 1969.

V. J. Haeger, "Hardware Press and Punch Apparatus". USA Patent US4391358A, 05
November 1980.

H. T. Hall, "High Pressure Press". USA Patent US3159876A, 23 May 1962.

K. Lenhof and J. V. Blanke, "Method and Apparatus for Assembling a Shaft to a Golf
Club Head". USA Patent US7017252B2, 21 November 2003.

A. Schappert, Melet Plastics Tour, Winnipeg, MB, 2016.

Aerospace Specification Metals Inc., "ASM Material Data Sheet AISI 4130 Steel,"
MatWeb, [Online]. Available:
http://asm.matweb.com/search/SpecificMaterial.asp?bassnum=m4130r. [Accessed 16
October 20186].

McMaster-Carr Supply Company, "Low-Profile Mounted Ball Bearing," McMaster-Carr
Supply Company, [Online]. Available: https://www.mcmaster.com/#5913k61/=157pxi8.
[Accessed 27 November 2016].

McMaster-Carr Supply Company, "Black-Oxide Steel Set Screw Rigid Shaft Coupling,"
[Online]. Available: https://www.mcmaster.com/#6412k14/=157ppzh. [Accessed 27
November 2016].

84



[34] Roymechx, "Fatigue Modifying Factors," 3 June 2013. [Online]. Available:
http://www.roymech.co.uk/Useful_Tables/Fatigue/FAT_Mod_factors.html. [Accessed 9
November 2016].

85



APPENDIX A - FINANCIAL ANALYSIS

TABLE OF CONTENTS

LISt OF TaDIES .. e et e e A1
A1.1 Analysis of Sales Data and Operation Expenditure..........ccccccvviiiiiii Al
A1.2 Preliminary Estimate of Expected Joiner Upgrade COStS .....ooovvvvvvviiiiiiiiiiiiiii. A3
A1.3 Preliminary Payback Period EStIMation ... A8
WVOIKS CIEA .ttt ettt ettt ettt et ettt e e e e e e e eeeeeees A12
LIST OF TABLES

TABLE Al - AMBUTECH CANE SALES ......oiiiiiiiiiiiee e A2
TABLE All - BILL OF MATERIALS ...ttt e e e e A4
TABLE Alll - THROUGHPUT RATES USED FOR PAYBACK PERIOD CALCULATION ..... A8
TABLE AIV - DEFECT COSTS AND AVAILABLE TIME ...cooiiiiiiiiiieeeee e A9
TABLE AV - PART REPLACEMENT COSTS FOR NEW JOINER AS A MONTHLY COST. A9
TABLE A VI - CURRENT PROCESS MONTHLY NON-MAINTENANCE COSTS............. A10
TABLE AVIl - PROPOSED PROCESS EXPECTED MONTHLY DEFECT COSTS ............ A10
TABLE A VIII - MONTLY SAVINGS AND PAYBACK PERIOD .......ccuvviiiiieiiiiiiiiiiieeeeeees Al1

A1.1 ANALYSIS OF SALES DATA AND OPERATION

EXPENDITURE

To better determine the viability, payback period and cost of the joiner project, Melet has
given the team sufficient data to do an estimate of the current situation to compare to the
eventual proposed solution. The data given includes the number of units sold in the period
of October 2015 to September 2016, the amount of overtime being worked currently, and
an hourly rate to use for operator cost estimates [1] [2]. The overtime being worked

amounts to one 8 hour shift every second weekend by four operators, and the hourly rate

Al



for the operators is $17/hour. Figure 1 and Table | summarize the sales data given to the

Figure A1 - Ambutech division cane sales data
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TABLE Al - AMBUTECH CANE SALES

Monthly Average |Percent of Sales
[units] [%]
Aluminum 2945 47.2
Fiberglass 184 2.9
Graphite 2907 46.6
Slimline 198 3.2

With the sales data it was determined that for the aluminum and graphite production lines a
production capacity of at least 5000 canes per month was needed. Also, from Table A 1 it
can be seen that the fiberglass and Slimline products are a small portion of the total
product sales, equaling only 6.1% of all the product produced. Due to this low level of
demand it was decided to only focus the project on the aluminum and graphite canes in

order to invest in the products earning the most money.

The project is also being undertaken to reduce the amount of overtime being used to meet
the current demand for the canes. Currently, four operators work every second Saturday at
an overtime rate of approximately $25.50/hour. For an eight hour shift this amounts to
$816 in operator expenses along with the additional cost of operating the equipment. With
the planned increase in capacity of both the aluminum and graphite production lines this

expense will be eliminated.
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A1.2 PRELIMINARY ESTIMATE OF EXPECTED JOINER

UPGRADE COSTS

The preliminary estimate for the manufacture of a single joiner machine is given below in
Table A3. The total cost of the machine is $44,564, with the major components being the
vibratory hoppers costing $15,000 each, and the actuator which has a budgetary estimate
of $6,000.
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A1.3 PRELIMINARY PAYBACK PERIOD ESTIMATION

Due to the size of the investment involved in upgrading to the new joiner machine, the
payback period has been calculated to inform the decision on whether to proceed with the
investment. This payback period is a preliminary estimate based on pricing costs from
vendors for individual parts as opposed to a single contracted fabrication. Also, many of
the delivery costs for these parts are still to be decided, and the machining and labour
costs are budgetary estimates. The payback period calculations are done with a month as
the unit of time being examined, so all costs are converted to monthly costs for the
comparison. Also, the time value of money was not considered in the following, so the

results will differ than if am interest rate had been used.

Tables A 3 gives the throughput rates used in the payback period for determining the
amount of operator time needed to produce the requisite number of canes and the amount
of overtime required. The current throughput rates are based on the tape rolling stations
throughput rate and the proposed throughput rate is based on the cutting process for the
graphite shafts, and the tape roller for the aluminum shafts as the joining process is faster

than these other processes.

TABLE Alll - THROUGHPUT RATES USED FOR PAYBACK PERIOD CALCULATION

Shaft Current Proposed

Type (s/cane) (s/cane)
Aluminum 450 278
Graphite 352 327

Table AlV gives the defect rates used in the payback period and the costs associated with
them, as well as the time available on a per month basis to complete the work within
regular time hours. The monthly available time was calculated as 6.5 working hours per
shift x 3 shifts per day x 20 working days per month, and then converted to seconds to

more easily work with the throughput rates.
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TABLE AIV - DEFECT COSTS AND AVAILABLE TIME

Proposed | Current
Hourly Rate (S/hr) 17 17
Discard Defect Rate (%) 0.01 0.03
Rework Defect Rate (%) 0.01 0.12
Discard Defect Cost (S) 1 1
Available Time (s) 1,404,000 | 1,404,000

Table AV shows the total cost, life time, replacement periods, and calculated monthly
costs of all the replaceable parts in the new joiner process. Other than defect rate costs,
these are the only costs considered in the payback period analysis. The maintenance of the

current process was not considered as is in this analysis.

TABLE AV - PART REPLACEMENT COSTS FOR NEW JOINER AS A MONTHLY COST

Life Time e Cost/month
Item Cost ($) Replace
(months) ()
(#)
Actuator (replace every 18 months) | 6000.00 26.67 1.00 225.00
3D printed parts 71.15 3.00 1.00 23.72
Shaft Rotator (5" dia. 2ft Rotor) 321.00 24.00 4.00 53.50
1" x 1", 2ft Rotor Shaft Insert 11.00 12.00 1.00 0.92
2" dia. 2ft, Selector 53.00 24.00 1.00 2.21
70 in-oz Stepper Motors 487.00 24.00 3.00 60.88
1/2"-3/4" Coupling 64.22 12.00 3.00 16.06
3/4" Ball Bearing 11.78 12.00 6.00 5.89
1.6 in-on Motor 79.50 24.00 2.00 6.63
.16"-1/4" coupling 23.40 12.00 2.00 3.90
1/2" bearing 15.14 12.00 2.00 2.52
Limit switch 4.45 6.00 5.00 3.71
Bearing Shoulder 185.00 24.00 4.00 30.83
Shaft insert 115.00 24.00 4.00 19.17
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Table AVI and Table AVII show the monthly costs of throw away defects and overtime for

the current process and the proposed process respectively. The overtime costs are a

combination of rework defect time and time needed to complete the required work load for

the month.

TABLE A VI - CURRENT PROCESS MONTHLY NON-MAINTENANCE COSTS

Graphite Aluminum
3000 4000 5000 3000 4000 5000
Canes Canes Canes Canes Canes Canes
Thrown Away (#) 90 120 150 90 120 150
Reworked (#) 360 480 600 360 480 600
Throw Away Costs
(S) 90 120 150 90 120 150
Overtime Costs (S) 0 2,570.26 | 8,035.33 1,530 8,670 15,810
TABLE AVII - PROPOSED PROCESS EXPECTED MONTHLY DEFECT COSTS
Graphite Aluminum
3000 4000 5000 3000 4000 5000
Canes Canes Canes Canes Canes Canes
Thrown Away (#) 30 40 50 30 40 50
Reworked (#) 30 40 50 30 40 50
Throw Away Costs
(S) 30 40 50 30 40 50
Overtime Costs (S) 0 0 3,504.13 0 0 0

Table AVIII shows the monthly savings and the expected payback period for the joiner

machine by the style of shaft it is designed to produce. Most of the monthly savings is in

overtime costs, as the payback period analysis assumed that the level of production was

the same between the proposed and old process. This assumption led to the current

process having more overtime costs than regular time cost on a monthly basis to keep up

with demand.
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TABLE A VIII - MONTLY SAVINGS AND PAYBACK PERIOD

Shaft Pro:' uctllon Saved Payback Period
Tyee | Cane:/‘:;onth) Monthly ($) (Month)
3000 1,135.08 39.2
Aluminum 4000 8,295.08 5.36
5000 15,455.08 2.87
3000 0 Never
Graphite 4000 2,075.34 21.44
5000 4,176.29 10.65
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APPENDIX B - TIMING STUDY ANALYSIS

LIST OF TABLES

TABLE Bl - ALUMINUM SAW DATA SUMMARIZED ......oooiiiiiiiiiiiiiii e B1
TABLE BIl - GRAPHITE SAW DATA SUMMARIZED ........ooviiiiiiiiiii e B2
TABLE BIll - ALUMINUM PRESS DATA SUMMARIZED .....ccoiiiiiiiiiiiiiiiecit e B2
TABLE BIV - GRAPHITE PRESS DATA SUMMARIZED .......coiiiiiiiiiiiiicc e B2
TABLE BV - ALUMINUM ROLLING DATA SUMMARIZED ........ovviiiiiiiiiiiiii B3
TABLE BVI - GRAPHITE ROLLING DATA SUMMARIZED ......ovviiiiiiiiiiiiiie e B3
TABLE BVII - ALUMINUM ASSEMBLY DATA SUMMARIZED .......cooiiiiiiiiiiiiii e B3
TABLE BVIII - GRAPHITE ASSEMBLY DATA SUMMARIZED ......ccoiiiiiiiiiiiiiiiiii e B4
TABLE BIX - GRAPHITE PROCESS SUMMARY ..ottt B4
TABLE BX - ALUMINUM PROCESS SUMMARY ...ttt B4
TABLE BXI - TAKT TIME SUMMARY ...ciiiiititieeiiit ettt B5

TABLE BXIl - SUMMARY OF GRAPHITE PROCESS OPERATOR INVOLVEMENT CALCULATION B6
TABLE BXlll - SUMMARY OF ALUMINUM PROCESS OPERATOR INVOLVEMENT CALCULATION

To determine the current state of the cane assembly process, and to determine how much the
process needed to improve, the team took timing data of the process across a number of site visits.
After taking the time study data at each of the stations, the following values were calculated: the
cycle time (s/shaft or s/cane), the throughput rate (s/unit), and utilization (%). The results of the

calculations are tabulated in Table Bl through Table BVIII.

TABLE BI - ALUMINUM SAW DATA SUMMARIZED

Total Shafts 61.0
Total Time 752.0
Total Timing
Period [s] 7200.0
Cycle Time
[s/shaft] 12
Throughput Rate
[s/shaft] Ige
Utilization (%) 10.4
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TABLE BIl - GRAPHITE SAW DATA SUMMARIZED

Total Tubes 110.0
Total Time 1083.0
Total Timing
Period [s] 7200.0
Cycle Time 98
[s/shaft]
Throughput Rate
[s/shaft] 9.9
Utilization (%) 15.0

TABLE BIll - ALUMINUM PRESS DATA SUMMARIZED

Total Tubes 169.0
Total Time 970.0
Total Timing
Period [s] 7200.0
Cycle Time 57
[s/shaft] '
Throughput
Rate [s/shaft] 20
Utilization (%) 138.5

TABLE BIV - GRAPHITE PRESS DATA SUMMARIZED

Total Tubes 112.0
Total Time 1046.0
Total Timing
Period [s] 7200.0
Cycle Time 93
[s/shaft]
Throughput
Rate [s/shaft] 649
Utilization (%) 14.5
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TABLE BV - ALUMINUM ROLLING DATA SUMMARIZED

Total Tubes 80.0
Total Time 1040.1
Total Timing
Period [s] 7200.0
Cycle Time
[s/shaft] e
Throughput
Rate [s/shaft] Sl
Utilization (%) 14.4

TABLE BVI - GRAPHITE ROLLING DATA SUMMARIZED

Total Tubes 102.0
Total Time 1660.0
Total Timing Period 2200.0
[s]
Cycle Time
[s/shaft] 183
Throughput Rate
[s/shaft] e
Utilization (%) 23.1

TABLE BVII - ALUMINUM ASSEMBLY DATA SUMMARIZED

Total Tubes 69.0
Total Time 4932.0
Total Timing
Period [s] 7200.0
Cycle Time
[s/shaft] e

Throughput Rate
[s/shaft]

Utilization (%) 68.5

104.3




TABLE BVIII - GRAPHITE ASSEMBLY DATA SUMMARIZED

Total Tubes 25.0
Total Time 3600.0
Total Timing Period 3600.0

[s]
Cycle Time
[s/shaft] 1440
Throughput Rate

[s/shaft] 1440
Utilization (%) 100.0

From the data, the team created a summary of the aluminum process and the graphite process.
These summaries are in Table BIX and Table BX respectively. The time to process does not include

time spent waiting.

TABLE BIX - GRAPHITE PROCESS SUMMARY

Throughput Rate
[canes are 5 segment canes] [s/unit]
Cutting (per cane) 327.3
Pressing (per cane) 3214
Rolling (per cane) 352.9
Assembly (per cane) 144.0
Total | 1145.6

TABLE BX - ALUMINUM PROCESS SUMMARY

Throughput Rate
[canes are 5 segment canes] [s/unit]
Cutting (per cane) 590.2
Pressing (per cane) 213.0
Rolling (per cane) 450.0
Assembly (per cane) 104.3
Total 1357.5
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Once all of the throughput rates were determined, the team decided to compare it to the takt time of
the process. To determine the takt time, the team discussed with the company what the desired
throughput of canes was at peak capacity and what the useable hours in each shift was. The results

of this discussion are summarized in Table BXI.

TABLE BXI - TAKT TIME SUMMARY

Shifts per Day 3.0
Used Hours Per shift 6.5
Seconds/Hour 3600.0
Useable days per month 20.0
Product Per Month 5000.0
Takt Time [s/cane] 280.8
Takt Time [min/cane] 4.7
Takt Time [s/shaft] 70.2
Takt Time [min/shaft] 1.2

In comparing the takt time to the summarized aluminum and graphite timing data, it can be seen
that tape rolling stations are a larger problem than the pressing stations. In fact, the aluminum press
is actually below the required Takt time of the system. With this knowledge the team determined that
the proposed joining operation must free up enough operator time to allow for the tape rolling times
to improve until they are below the Takt time, as well as be able to run without the operator to

improve utilization so that the joiner throughput time improves as well.

To determine the operator time required at the press to reduce the tape roller throughput rate below
the required takt time, the team compared the current and a proposed operator involvement times
at the joiner and determined how much time would be saved per hour at the joiner. The saved time
was then utilized to complete more rolling operations, with 10% of the saved time assumed to be
lost due to travel, refocusing on another task by the operator or some other form of waste. The
proposed times are just low enough to ensure that the throughput time of the tape roll is below the

Takt time. Tables BXIl and BXIll summarize the calculations.
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TABLE BXIl - SUMMARY OF GRAPHITE PROCESS OPERATOR INVOLVEMENT CALCULATION

Shafts per Hour 56.00
ﬁ Current Operator Involvement
a | Time [s] 9.30
e Proposed Operator Involvement
:?} Time [s] 5.00
G Time Saved per shaft 4.30
Total Time Saved 240.80
s Current Rolls per hour 51
= Roll time per shaft 16.27
& | Extra Shafts Rollable 13.32
- New Rolls per hour 64.32
5 5 5| Current Throughput Rate
S 2 2| [s/cane] 352.94
o t:I,D g
§ _g £ New Throughput Rate [s/cane] 279.87
=~ O| % improvement 26.11

TABLE BXIll - SUMMARY OF ALUMINUM PROCESS OPERATOR INVOLVEMENT CALCULATION

Shafts per Hour 84.50
g} Current Operator Involvement
a Time [s] 5.70
% Proposed Operator Involvement
' Time [s] 1.50
<5(’ Time Saved per shaft 4.20
Total Time Saved 354.90
= Current Rolls per hour 40
E’ Roll time per shaft 13.00
a8 Extra Shafts Rollable 24.57
= New Rolls per hour 64.57
E §_ § Current Throughput Rate
2 -§D 'g [s/cane] 450.00
g o g | New Throughput Rate [s/cane] 278.78
i 8| % improvement 61.42




Given the difference in the proposed operator involvement times at the joiner required to reduce
both the aluminum and graphite tape rolling process throughput rate to below the takt time, the
team chose the lower of the two involvement times, the 1.5s from the aluminum calculation, to be
the target specification. This was done to support the goal of standardizing the process between the
two assembly lines and to give greater improvements in the graphite line to allow for more operator

time to be spent elsewhere.
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AIV.1 —=FORCE TEST BACKGROUND AND PROCEDURE

As a part of determining the appropriate actuators for the joining process, Team 11 conducted a series of
tests using the aluminum and graphite cane shaft segments, and the male and female ferrules that are
pressed into them. The tests were conducted to determine both the force required to fully join the ferrules
to the shafts and, the force required to make the shaft segments catastrophically fail. The test was
conducted using an MTS Insight compression and tensile testing machine, and Test Works software.
During the test, the MTS Insight testing machine was used to apply a compressive load to a shaft held
between a support plate at the bottom and the loading plate at the top. The Test Works software was
used to read the information being transmitted from the load cell in the loading plate and generate a set
of time dependent data. The test machine with a sample prepared for testing is shown in Figure C1

below.

Figure C1 - Test Apparatus

The tests conducted covered the six possible shaft material and ferrule type combinations that are
possible to have when making one of the canes. The possible combinations of shaft and ferrule types,

along with the sample sizes tested, are listed in Table C1.
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TABLE CI -SHAFT AND FERRULE COMBINATIONS

Combination Name Shaft Male Female Tip Number of
Type Ferrule Ferrule Adapter | Samples
Aluminum Cane Bottom Shaft | Aluminum Used Not Used Not Used 10
Aluminum Cane Middle Shaft Aluminum Used Used Not Used 20
Aluminum Cane Top Shaft Aluminum Not Used Used Not Used 10
Graphite Cane Bottom Shaft Graphite Not Used Not Used Used 10
Graphite Cane Middle Shaft Graphite Used Used Not Used 20"
Graphite Cane Top Shaft Graphite Not Used Used Not Used 9

*Some of the graphite middle shafts where tested with only the male ferrule, but plotted with the others to

illustrate the difference in between pressing with one or two ferrules in the shaft.

The procedure for conducting the test involved the following steps:

1. Each shaft is paired with an appropriate ferrule. For middle shafts, each end is paired with either a

male or female ferrule.

2. The internal diameter of the shaft and the outer diameter of the ferrule knurl section are measured.

For the middle shafts, the inner diameters at both ends are measured. For the graphite bottom

shaft, the outer diameter of the shaft and inner diameter of the tip adapter are measured.

3. The ferrules are mated with the shaft end they are paired with.

4. The ferrule-shaft assemblies are placed into the testing machine and held in place by the

operator.

5. The test software is activated, which causes a load to be applied at a constant rate. Once the

loading plate contacts the ferrule-shaft assembly the operator releases the shaft.

6. The test loading is applied until the operator turns off the test cycle.

7. With the cycle complete, the data is saved into a text file for future analysis

During the tests, the operator recorded any observations they had about the test sample’s response.
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AIV.2 —SUMMARY OF TEST DATA

Using the test data, six force-time charts were made to compare the test results for each ferrule-shaft
combination. A force-interference chart was also made for the aluminum shafts and the graphite shafts.
The graphite bottom and the aluminum top combinations were excluded from the force-interference
analysis due to having either an insignificant amount of force required to fully join the tip adapter to the

shaft or for having no force plateau, respectively.

From the force-time charts, Team 11 determined that the shaft material was the most significant factor in
the amount of force needed to fully join the ferrule to the shaft, so only two forces, one for aluminum
shafts and one for graphite shafts, needed to be determined. It was also determined that the plastic tip
adapters have such a low force required to break the tip adapter that it may not be feasible to press
these adapters on with a machine. Also, due to the uniformity of the force-time charts it was possible to

visually determine the force required to join the ferrules to the shafts without breaking the shaft.

The force-interference data was used to extrapolate the force required to join the ferrules to the shafts
under the worst case circumstances, i.e. where the shaft’s inner diameter is as small as the tolerances
will allow and the ferrule’s outer diameter is as large as the tolerances allow. In the case of the middle
combinations, the highest interference of the two sides was used, as it would require the higher force of

the two ferrules being joined to the shaft.

From the force-interference charts, Team 11 determined that the spread of the results is large enough
that the numeric relation derived from the data is not useful in determining the amount of force required
vs the interference of the knurl and the shaft. This conclusion was drawn due to the aluminum shaft

relation having a coefficient of determination of 0.021 and the graphite shaft relation having a coefficient

of determination of 0.449. This lack of predictability is most likely due to the fact that measurements were

only taken at the end of the shafts, and that the interior of the shafts is not perfectly uniform in either

diameter or surface roughness.

Table Il below summarizes the test’s conclusions. Following Table Il are the force-time and force vs

interference charts, and the team’s interpretation of the data they contain, used to determine the results.
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TABLE CIl - SUMMARY OF FORCE TESTING RESULTS

Aluminum

7000

none

Graphite

1200

none
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In Figure C2 and C3, the amount of force required for the joining is given by the plateaued
section in the center of the chart. Notably, the amount of force required during the
operation is relatively steady once the initial ramp up is complete, which allows the team to
more easily choose an adequate joining force. Also, the gap between the joining force and
the peak force at the right of the chart, which is the force required to break the specimen,
is large enough that a force 10-20% larger than required does minimally risks damaging the

product.

In Figure C4, the same general trend for the aluminum shafts can be seen as above in
Figures C2 and C3, though there is no significant plateau to determine the average joining
force, the largest required joining force is seen at the point of inflection where the pressing
stage in the center of the chart changes into the rapidly climbing peaks at the right of the
chart. This largest joining force is consistent with the joining forces in the other aluminum

shafts.

In Figure C5, the amount of force required to join the plastic tip adapter to the graphite
cane shaft can be seen to be very low, in the range of 400 N or less. Due to this lack of
strength, the tip adapters may not be a viable candidate for any automated joining
operations since the actuators available may not be able to stop pressing fast enough to

avoid damaging the adapters.

In Figure C6 and C7, the same plateauing and peaking of the joining force can be seen in
the graphite shaft-ferrule assemblies as in the aluminum shaft-ferrule assemblies. The only
significant difference between the two shaft types is the magnitude of the force being
exerted. Unfortunately, the amount of force required to damage the graphite shafts, as
seen in the peaking in Figure 7, is low enough that the same joining force could not be

used on both the aluminum and graphite shafts.

In Figures C8 and C9, the lack of significant relationship between the amount of
interference and the amount of force applied can be seen. The large spread of points
around the trend lines leads to a low amount of confidence in any estimates that the

numeric relations would produce, and this is best shown in the aluminum shaft relation
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having a coefficient of determination of 0.021 and the graphite shaft relation having
a coefficient of determination of 0.449. Both of these coefficients of determination
are very low, with the graphite coefficient giving approximately a 44% chance of

accurately estimating the required force for a given amount of interference.
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Figure C 9 - Graphite Shaft Force Interference Trend
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Figure C 8 - Aluminum Shaft Force Interference Trend
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TABLE DX - JOINER PUGH CHART ... D23

TABLE DXI - WEIGHTED MATRIX CRITERIA ... D25
TABLE DXII - WEIGHTED MATRIX ...ttt D26
TABLE DXIII - FERRULE FEEDER CONCEPT SCORING MATRIX ....coiiiiiiiiiiiiiiiieeeee D27
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D.1 INTRODUCTION

The team performed multiple iterations of concept generation and utilized screening
methods to obtain a final design. After multiple site visits to understand the process, each
team member was asked to brainstorm 2 to 3 preliminary concepts to discuss later as a
team. During that meeting, our team used the SCAMPER method to reduce and refine the
concepts. Team members were then assigned to pick one concept and further develop it.

Once developed, these the designs were gathered and evaluated on a Pugh chart.

Upon examination of the designs, our team decided to break down the Joiner into three
different categories. The three categories of concepts are: ferrule delivery system, shaft
delivery system and the Joiner system. These designs can be found in the secondary
concepts section and were evaluated on a Pugh chart to select the top designs.
Afterwards, a matrix was created to calculate the weighing of each criteria and show the
top concepts. The weighting was constructing from customer feedback and our

observations of the process.

The final design screening process involved performing a sensitivity analysis on the results
of the weighted matrix. This analysis allowed us to closer examine the top concepts. Lastly,
the concepts were then discussed with Melet Plastics for feedback based on their
experience. A decision on which concepts to pursue in the detailed design portion of the

project was received.
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D.1.1 EXTERNAL RESEARCH

To inform the concept generation, the team researched patents available through Google
Patents. The team used keyword searches to determine what types of patents would be
displayed, collected the results, and grouped the patents to more easily compare them to

the concepts the team generated.

For the keyword search, the terms joiner, press, ferrule, tube, shaft, pipe, press fit, friction
fit, interference fit, and autonomous press were used as the search terms. A sample of
what patents the keyword search produced and brief descriptions of the patents are given
in Table DI.

The patents in Table DI all pertain to other industries, and either perform singular pressing
operations or modify the material as it is being pressed in an automated process. Notably,
the pressing operations found in the search are all more similar to the original pressing
operation that Melet is using now than to the new concepts being developed to improve

the joiner process.

TABLE DI - PATENT RESEARCH SUMMARY

Patents Found | Description

US3470725 This patent is about the press drawing process of the material for a metal
gold club shaft. The operation of the press involves multiple pressing cycles
happening in close succession due to an automated pressing process. [1]

US7017252B2 Single shaft press intended to mate golf club heads and shafts by
application of force at one end of the shaft while supporting the head at the
other end. [2]

US3159876A High pressure press that surrounds entire entity being pressed and presses
it volumetrically [3]

US5339729A Single shaft press for pressing and piece of fruit over a screen to juice it [4]

US4391358A Hardware press and punch apparatus for punching hardware and fasteners
onto sheet metal or other product [5]
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D.2.2 PRELIMINARY CONCEPTS

The starting point for developing design concepts is to come up with as many as possible
to explore every alternative. The team’s first concept generation did not focus on a specific
function of the Joiner, but was instead an all-encompassing attempt to fabricate ideas.
Table DIl contains rough drawings of all 13 original designs ideas the team developed,
along with descriptions and a list of their pros and cons. It is important to note that the

description incorporated in the sketches are re-iterated in the description column.

TABLE DIl - PRELIMINARY CONCEPTS

Drawing Description Advantages Disadvantages
}- ‘\ -\ \ The ferrules and No compressed Cannot
= yal shafts are placed in air. accommodate
| j = M{ a tray that moves No hydraulics. different shaft
1 along a base by No linearly lengths.
| f— / | ‘/ means of spinning moving parts. Requires manual
_\ = | [ 4 disks. The disks will Low complexity. steps.
S Nl | e~ | 7/ o i
ol C=/3 | ¢ eventually converge Potential to exert
T and press them too much force.
de KT together.
Dual pistons will Can fit different Time required to
press-fit the ferrules shaft lengths. adjust piston
) g L s — -y into the shafts. The Piston press fit is position.

pistons have a set
arm displacement
but are adjustable
for varying lengths.

a proven
method.
Pistons are
quick.

Complexity of
method to adjust
piston position.
Tolerances will be
difficult to account

5) deq ble for.
( ;
tor spallt— szes
e The shafts and Ensures proper Manual tray
ferrules are carried alignment before loading.

—Posvas Hat

Vi,

*v
BB B

Poshes e oy tnis prace

in a tray to a location
where pistons will
actuate to press
them together. The
assembled units will
be sent to an exit
conveyer.

joining.
Partially
automated.

Can only press
one length at a
time.
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Drawing

Description

Advantages

Disadvantages

Shafts will be * (Can join batches [t is @ manual
' LR P inserted into holds at atime. method.
DA DTN D to allow for easy Need for shaft
I / alignment for the length
N/ J v/ Joiner operation. organization.
R e —— Less efficient than
o L current method.
LD
T
1] | [ | |
-
gJd4d "7
| ——————
] TS A robot arm will pick | = Completely Expensive.
! J\ up and align the automated. Large footprint.
\ shafts and ferrules | » Correctly
\' into a Joiner orientates
machine. ferrules.
/}M&‘ . A shaft will be * No linearly Cannot
— loaded between two moving parts. accommodate
W M/’/ eccentric disks that | ¢ Compact. multiple shaft
— | ‘7,\\1 will rotate back and dimensions.
X\ | forth to press fit the Difficult to
| stationary ferrules account for
e "\\——].;{g into the shaft end. tolerances.
/) Potential for
7 exerting too much
force.
N
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Drawing

Description

Advantages

Disadvantages

Shafts will be loaded
into a circular holder
along with the
ferrules. Once
components are in
the circular holder, it
will rotate them to a
piston which will
press fit them
together.

An automated
system.

Piston press fit is
a proven
method.

Cannot
accommodate
multiple shaft
dimensions.
Complication of
circular holder.

Shafts are pre-fit
with ferrules and are
fed into the into the

Joiner. The Joiner
will operate by
means of an
eccentric disk which
will push down on a
spring reacting
joining end.

Simple press
mechanism.
Pre-fitting
ferrules
eliminates need
for ferrule
orientating.

Cannot
accommodate
various shaft
dimensions.
Potential for
exerting to much
force.

May include a
manual step.

A shaft that is pre-fit
with the ferrules will
be inserted into a
holder. The Joiner
press fits them
together by the
same method a jack
hammer works.

Quick method of
inserting the
ferrules into the
shaft.

Operates via
compressed air
which is already
available.

Potential for
sudden and
violent presses.
Poses a danger to
operator hearing.
Need for precise
throttle
manipulation.
Includes a manual
loading step.
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Drawing Description Advantages Disadvantages
A shaft that is pre-fit Simple method May include
" with the ferrules will of joining. manual step of
U be inserted into a Can be loading shafts.
holder. Once loaded calibrated to Need for
a calibrated weight accommodate calibrating the
1, will drop to join the multiple dropped weight.
) pieces together. materials. Free-fall weight
¥ creates a potential
i safety hazard.
Shafts are loaded Simple shaft feed Alignment of
ok into the Joiner by system. ferrules are not
‘ means of a gravity Piston press fit is considered.
fed magazine. a proven Cannot
Ferrules are method. accommodate
appropriately Partially multiple shaft
aligned, Joiner will fit automated diameters.
72 the pieces together system.
——lih with a piston.
L i ¥ (A
| |
Ferrules are loaded Partially Ferrules require a
into a contoured automated specialized
channel and will system. contoured
% e then be pushed into Can be adapted channel.
position for the for different
Joiner process. ferrules.
Shafts and ferrules Presses multiple Expensive.
are loaded in the units together at Manual loading
- <— Joiner and a multi- a time. may be required.
— —_— piston system joins Potenha! for full Large footprint.
= e = j“ them. automation.
iz —= |—
‘/r = AN -
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Upon collecting and organizing our initial concepts, we then used our engineering intuition

to determine which ideas were most reasonable. These more reasonable designs were

then further elaborated upon and compared. Specifically, the designs that we decided to

expand upon included components with piston actuation, gravity fed loading, and conveyer

trays.

After combining some designs, reconsidering some of the alternatives, and thinking

rationally about them, we identified four designs that we wished to compare. These designs

are shown in Table DII.

TABLE DIl - PRELIMINARY CONCEPTS TAKEN FARTHER

Name

Drawing

Description

Cam Conveyor Tray

The ferrules and
shafts are placed in a
tray and move
horizontally along a
base by means of
spinning disks which
would eventually
press them together.

Step Motor

Mo

Q)

O Azsembled Unit

g
l i‘\ MaoS'E\LmG Df‘mppf(

‘ if v} pre ss Loadecr
AQryV

/
R, f’:‘;ﬁj Ofload Box

Loader & Press
dewven

CShafy ¢ Feccule ‘_\\

¢

Press Opecation

Press O \oadec are

MnotTor

step

The shaft is gravity
fed to a holder which
rotates and drops it
using a step motor,
into the Joiner
location. A piston
presses the
components
together and then a
step motor rotates to
offload the shaft.
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Name

Drawing

Description

Roller

Shafts and ferrules
are loaded in the
Joiner via some

means and a multi-

piston system joins
them.

Vertical Tray Conveyer

The ferrules and
shafts are place in a
tray and move
vertically along a
guide by means of
spinning disks which
would eventually
press them together.

Our team then applied a Pugh chart analysis to compare these designs with each other.

The Pugh chart applies a rating for each of the designs in terms of a reference design

which enable our team to uncover any design pitfalls. The reference design used in this

case was the existing graphite joiner. Ratings are made with respect to how well a design

satisfied the corresponding metric.

The Pugh chart comparison is done by adding the pros and subtracting the cons to reach

a quantifiable design strength. A plus (+) symbol means that the design in that column is

better at meeting the metric in the corresponding row compared to the reference. A minus

(-) symbol denotes that the design is weaker and a 0 denotes that it has the same ability to

meet the need. Table DIV is the described PUGH Chart applied to our chosen preliminary

designs.
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TABLE DIV — PRELIMINARY CONCEPT PUGH CHART

>
o
= (1]
° [
Preliminary Designs > =2 >
Pugh Chart £ > S 5
= 3 o o — O
Q. S £ o 2 53
g e ] 2 ol o5
O < o n 2 >3
Efficiently Joins Ferrules 0 + + + 0 0
Inserts Ferrule Quickly 0 0 0 0 + 0
Reliable 0 + + + - 0
Allows Operator Multitasking 0 0 + + + +
Safe 0 - + + + -
Allows Multiple Lengths 0 + + + + 0
Allows Multiple Materials 0 - + 0 0 0
Simple to Use 0 + 0 + 0 +
Easy to Maintain 0 - 0 - - 0
Standardized 0 0 + 0 0 0
Foot print 0 0 - 0 - -
Budget 0 - 0 - - 0
Noise level 0 0 0 0 0 0
Positive 0 4 7 6 4 2
Zero| 13 5 5 5 5 9
Negative 0 4 1 2 4 2
Net| O 0 6 4 0 0

From this chart our team learnt that strongest ideas were the step motor design and the
cam conveyor tray. Determining that these two designs had the most potential, the team

chose to improve the designs by adding more functions to them.
It is important to note that new designs were considered moving forward but the findings

from this Pugh chart pointed out issues with current ideas. The specific issues were with

the maintenance, footprint, and budget.
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D.3 SECONDARY CONCEPTS

[t was decided to breakdown the concepts into three sections to refine and focus on each

process better. These section are: ferrule delivery, shaft delivery, and joiner methods. The

final design will consist of the strongest combination of each section.

D.3.1 FERRULE DELIVERY CONCEPTS

Table DV contains all secondary concepts relating to the ferrule delivery system.

TABLE DV - FERRULE DELIVERY CONCEPTS

Name Concepts Description Advantages Disadvantages
0| Slot Feeder slides back Cheap. e Chance of
g , % and forth allowing one Simple. jamming.
o \\*\ \ ferrule to fall through at Small. e Manually
‘- Ve |0 a time. loaded.
s) L— OO~ e Hardt
3 = ard [0
" maintain.
o The ferrules are Can be * Requires more
2 stacked horizontally on preloaded. loading time
L top of each other on an than current
_8 . angle with a spring at method.
35 the bottom of the *  Proneto
L § magazine like holder jamming.
2 and it pushes them up
) to the opening where
2
a an arm pushes the
- ferrule to the next step.
The ferrules are Can * Very prone to
g stacked edge to edge contain jamming.
=) vertically in a magazine more * Hard and slow
like fashion with a ferrules to load

Spring Fed Ferrule Feeder

spring on top the
pushes them down an
angled opening that
allows one ferrule to
exit at a time. An arm
moves down to push
the ferrules out from
the edge.
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Name Concepts Description Advantages Disadvantages
The ferrules are loaded | » Linesupthe |+ Slow loading
3 on a rod one after the asymmetrical time.
8 other vertically then ferrules. * Hardto
% they the rod bends on maintain.
2 an angle and a star
o wheel pushes one
2 ferrule into a separated
L second rod that moves
down to the next step.
Ferrules come pre- *  Simple e Continuous
%33 > assembled in a tray cost.
o = from the manufacturer. * Insignificant
- improvement
A ferrule magazine, * Canbe * Hardto
o g fixed to the operation, preloaded. maintain.
= ( F;fj;@f which is loaded by the * Proneto
o <» operator for a large jamming.
< (= amount of ferrules. It
ol \ e delivers ferrules to the
E @D@—\ process, by allowing
oo e the press to go through
the magazine.
A magazine, which * Canbe * Proneto
L could be loaded by the preloaded. jamming
ye o 'ZET(} Roosshe operator, or the ferrule * Slow to load.
SN D distributor, which the
8 Q > operator can attach to
g = the ferrule delivery
system, or directly to
the press.
Ferrules come pre- * Faster than e Continuous
o packaged from the picking cost.
= manufacturer as 10 ferrules from
g ferrules attached by an a bag.
3 (L easily removable * Pre-lined up
© \}*%\Iﬁ ) ji/ packaging once to match
9 SUPHEEE pressed. A shafts
3 compression fit into the
Cq% ends of the ferrules,

which still allows for
pressing into the shatft.
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Name Concepts Description Advantages Disadvantages
‘ Ferrules slide down Simple. *  Manually
8 5 v feed and onto sloped Efficient. loaded.
273 ’ ; run. Sloped actuator Allows for » Struggles
s @ end effector guides a more multi- with multiple
Qc) o) - o ferrule into the shaft tasking. materials.
= G@) o and sets it up. e Large
c - | R Contouring the end footprint
C 9 | o eebonded effector will provide an
33 L effective solution to
82 different combinations.
n
Servo and gravity Can be * Proneto

o driven conveyors preloaded. jamming.

3 allowing magazines to Systematic. e Cannot

§ fallout slowly into the handle

- joiner system. multiple

,c_E materials

and lengths.
TR Ferrules are put into the Allows for * Does not
SRS \ ’ feeder then fall out onto operator handle
G;J 2 i ‘z a sloped run. The slope multitasking. multiple
el & sets the ferrules onto materials.
w § o 8 3 the shaft and a light
2T Ly o force actuator “sets” it
% E & I prior to the joining.
> —a4)

o N oy Ferrules fall down the Quick. *  Does not
52 |\« = . feed chute and a wheel Improves handle
295 N H; pushes them forward. multi- multiple
o5 § @« »,f,ﬁ,""(‘"’ A light force actuator tasking. materials.
§ T | el — “sets” the ferrules in the Simple. e Hardto

g ‘ . shaft prior to the joining maintain.

process. * large.

B e The operators drops Allows for * Expensive
o) » ‘\4{ the ferrules on the operator. *  Complicated
o - L\{ﬁ/ : hopper which vibrates multi-tasking
£ o T drives the ferrules to a Orients parts
%J 8 profiled hole that correctly.
S orients the ferrule on a
L

slide to the next stage.
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Name Concepts Description Advantages Disadvantages
F The ferrules are put into Orients parts | * Very prone
(0] . . \

5 a perforated basket Simple to to jamming
3 where the wholes are a use * Inconsistent
o specific size that allows * Slow
3 the ferrules to exit in a * Many moving
o specific manner by parts
(0] \
S rotating them. Then
) they slide out to the
L
next stage.
This design has a Quick * large
vibrating base that Allows multi- | *  Noisy
leads the ferrules to a tasking * Hardto
flipper that opens when maintain
5 a ferrule is needed and
IS sends it down a duct to
o the next stage.
(O]
2
o
L

The team was assigned to rank all the concepts in a Pugh chart independently then the

team met to discuss the results and come up with a combined Pugh chart as seen in Table

DVI.
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TABLE DVI - FERRULE FEEDER PUGH CHART

Ferrule Feeder Pugh Chart

Ferrule Rolling Basket

Ferrule of Shaft Slot
Design

Feeder
Contoured A ctuator

Spring Fed Frrule

Feeder
Wheel Fed A ctuator

Upwards Feeding
Variable Slop With
Actuator Ferrule
Ferrule Feeder

Sloped Run With
Ferrule Feeder

o

Efficiently Joins Ferrules
Inserts Ferrule Quickly
Reliable

Allows Operator multitasking
Safe

Allows Multiple Lengths
Allows Multiple Materials
Simple To Use

Easy To Maintain
Standardized

Foot Print|

Noise Level

Positive

Zero

Negative

Net|

Ranking

+|o|Ferrule Rod Feeder
+| o|Removable Magazine

+| o|Fixed Magazine

olo| +|
o+ +|of

|o|lo| +|o|lo|e
|o|lo|+|o|+|o
olo|+| |o|le

+| +|o|o| +|o| o| o|Tray Feeder
+|1 |o|o| +|o| +| +|Ferrule Flipper Design

+| |||+

+
oy
+
+

o

WININO] ) [O]
N

o|o|o|o|x|x|x|x|x|x|x|x]|x]|x|x|x|Removable Packaging

=W |O| OO +

O|O|O| O X [ XXX |X[X|[X]|X]|X|X|[X[Xx
o

O|O|O| O X[ X XXX [X[X|X]|X|X|[X[Xx

=W |O|+|Of
=Wl s|O|+]|Of

'
'
w

»|o|o|R|o|o|o|o|o|o|o|o|o|o|of o o|Graphite
»|o|o||o|o|o|o|o|o|o|o|o|o|o|o| o|Aluminium
I-‘wmav i |o|o| +| 1+ |o] +| +| | +|o|Ferrule Hopper Design

IMLA)AU"O+OI+IO++'+O

=la|o|o|s|olo|o|of +|o|o|o| +| +| +| o|Ferrule Tray

@)
9]

=lba|=a|o|o|jo]|+|o|of +|o|o| +| +]|

slo|w|o|w|
HlO|lWDH|W[(O| 1 [O]
FN IS S FN PN

Q
9]
2
[}

From the Pugh chart we can see the top ranking concepts for the ferrule delivery and how
some concepts tied for 1 place and 3™ place. The top concepts are the ferrule slot feeder
and the ferrule rod feeder. The removable packaging, spring fed ferrule feeder and the

upwards feeding ferrule feeder were disqualified due to close similarity to other concepts.
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D.3.2 SHAFT DELIVERY CONCEPTS

This section discusses the shaft delivery concepts generated and their advantages and

disadvantages. All concepts are then compared to the current methods in a Pugh chart.

The top three methods of shaft delivery are then moved forward into more rigorous

concept selection methods.

TABLE DVII - SHAFT DELIVERY CONCEPTS

Name Concepts Description Pros Cons
A table with dividers Quick. Hard to
and a press pushes Simple maintain.

o the shafts magazines Allows Large.
9 along the table. At the operator Noisy.
= end a switch causes multi-
3 the table to rotate tasking.
(@)} L
= and the dividers
retract and allow the
shafts to roll down to
the next stage.
_ A slanted bin with a Can load Prone to
3 slot opening at the high jamming.
HS;_’ corner that allows for guantities. Does not
o) many shafts to be handle
2 stacked and feeds multiple
; into a slotted wheel materials.
3 that can take one rod
= at atime. The wheel
2 then carries each
'g% shaft to the next
stage.
’ Slot Feeder slides Cheap. Chance of
o o back and forth Simple. jamming.
':CE) 5 S O allowing one shaft to Small. Manually
h 3 B & fall through at a time. loaded.
=R Ve Hard to
& v e maintain.
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Name Concepts Description Advantages Disadvantages
A “lead screw” e Systematic. | * Proneto
rotates the shafts jamming.
along a table until *  Slow.

5 ST | they come up to a
3 [ /’ 1) press. The tableis a
9 Rl “batch” of shafts
< T long, allowing the
operator to put down
all of the shafts that
need to be pressed.
- The employee grabs | *  Simple. * Requires
§ a stack of shafts and more
o slides it over a rod operator
% qE> that will reject the time than
T:; § center shaft while currently.
[P allowing the other * Not efficient.
= shafts to follow a
% e path to the next
station.
Vertical shaft loader e  Small * Not
where shafts are * Efficient. automated.
stacked on top of *  Simple.
each other and there
O is a door at the
o O bottom that opens to
5 ) allow one shaft to roll
5 O out at time then it
= O closes. The shafts are
& Ol enclosed in a casing
kﬁ; that only allows one
shaft horizontally. A
different casing will
be needed for
different shafts outer
diameter.
Servo and gravity e Canbe * Proneto
o 3‘§ driven conveyors preloaded. jamming.
3 \ allowing magazines * Systematic. | « Cannot
§ f || to fallout slowly into handle
> 1 1] the joiner system. multiple
= y W materials
— and lengths.
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Name Concepts Description Advantages Disadvantages
The shafts are * Efficient. * Hardto
S 7 dropped into a maintain.
) AR magazine which then
0 e ' feeds into a step
£ ©) i “ motor driven guide
> @ e roller that is able to
g T o intake one shaft at a
n time to the offload
box.
The shafts are *  Small * Hardto
c et dropped in a maintain.
-% Oy magazine that then
a B feeds into a hinge slot
o) pan which is able to
= X A intake one shaft at a

time.

The designs were subjected to a Pugh chart concept selection with multiple metrics. They

were compared to the current graphite press as shown in Table DVIII.
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TABLE DVIII - SHAFT FEEDER PUGH CHART

- =
g - 5
= §5 =} 8
Shaft Feeder Pugh Chart = s & '§ z |2 2| s Q §,
E|l® | (5u| 2 (E S (o | 8| 2
"g g ; s o : =2 S B £ 5 b4 o o
= = o | 85 £| @ w | = o
S | E|2|Z3EE R EEE |||
6 |2 |z welo S [Galon |~ |6 |5
Efficiently Joins Ferrules| 0 0 0 0 0 0 - + + + 0
Inserts Ferrule Quickly] 0 0 + + + 0 0 0 + o+ 4
Reliable| 0 0 0 - 0 O - 0o 0 0 o0
Allows Operator multitasking| 0 0 + + + + 0 + 0 + 4
Safe| 0 0 > + = 0 0 + 0 + +
Allows Multiple Lengths| 0 0 0 - 0 - - 0 0 0 0
Allows Multiple Materials| 0 0 0 - 0 - 0 0 + 0 0
Simple ToUse| 0 0 + + + + - + + + +
Easy To Maintain| 0 0 - - - - 0 0 - - =
Standardized| 0 0 0 0 0 - - 0 0 0 0
Foot Print| 0 0 - - - - - 0 - - -
Noise Level| 0 0 - 0 0 0 0 0 0 0 0
Positive| 0 0| 4| 4 4 | 2 0| 4| 4 51 4
Zero| 12 [ 12| 5 3|6 | 5|6 |86 51 6
Negative| 0 0 3 5 2 5 6 0 2 2 2
Net| O 0 1 (1|2 (-3|-6]|4]|2 3| 2
Rankingl 5 | 5 | 4 | 6 |Gl s | 1 ey

The Pugh chart concludes that the shaft chute is the strongest idea. The concepts are

compared to the current graphite machine. Only the shaft feeding operation of the current

machine is used for comparison, which is considered as hand fed.
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D.3.3 JOINER CONCEPTS

This section compares the different joining process concepts generated and their

advantages and disadvantages. After the concepts are introduced, they are compared to

the current method graphite joining method in a Pugh chart. This helps determine the top

three strongest concepts.

TABLE DIX - JOINER PROCESS CONEPTS

Name Concepts Description Pros Cons
A belt is on the bottom, | » Efficient. Hard to
which rolls shafts along. | * Reliable. maintain.
There is a removable Many
table on top holding the moving

¥ shafts in position. There parts.
- N 1 is a different table for
2 a u—o—?@—@‘ 7 each type of material
< 3 g\ ¢ and shaft diameter.
2 2ol The shafts are rolled
2 r§;§ Q § along, until the lead one
s ‘5\3% 8 i hits a switch. A door
2 el g will close not letting in
fs —1 Q&£ | any other shafts, the
3 ,\.%%g ; belt will stop moving.
2 igﬁéj’g 1 Once the press
A % 3 operation is complete,
uhd the 2 stop doors will
open, the completed
shaft will roll into a bin,
and a fresh shaft will roll
into place.
The shafts are loaded *  Simple. Hard to
into a star shaped maintain.
wheel that turns a Hard to
certain a certain handle
5 amount after each multiple
.% press. It is powered by materials.
= a pneumatic piston that Hard to
3 stops when a pre- handle
@ assigned force is multiple
reached. The ferrules lengths.

have a similar wheel on
each side of the shaft
wheel.
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Name Concepts Description Advantages | Disadvantages
The shafts and ferrules » Efficient. * Hardto
A move horizontally along *  Quick. maintain.
N Ry o7 each other on a e Simple. |* Large.
2 N T A conveyer belt thenthey | »  Reliable.
S gt Sorer are pressed via pistons
IS} k [ L[]} | oneach side that are
D(L_) a4 41 powered pneumatically.
= %:HU)Q',@‘__ The conveyer belts have
) ; spacers that line up the
= B ! ferrules and shafts. A
! cover is placed on top at
each press for safety.
Y Horizontal wheels slide * Allows * Hardto
E T “ the magazine forward multi- maintain.
T & iy and align an actuator to tasking. e Large.
-g 5 1‘ L] & join the shafts. A hinged, | Allows *  Many moving
= .g J}_ ] } interlocking lid provides multiple parts.
*g = - d safe, covered operation. lengths. *  Complex.
N v i * Simple.
T "
A horizontal tray, set up * Improves | Inefficient.
<4 2 s with ferrules on the back multi- *  Many moving
8 TE¥ |sideofthetray. The tasking. parts.
- e jf 5% | operator would fit the
f_& 3 s %3‘2 shafts into the ferrules,
= oo & <3g¢ |and then the remaining
c ferrules for the middles
.@ into the open end of the
£ tray. Alternative: Ferrules
are already pre inserted
by the operator. The
operator would prepare
batch trays.
Three gravity fed funnels | = Cantake | Large.
c Togs (E which the operator just multiple
L2 Vg ~% L loads the bare shafts into sections
% 2l s NS422 T gy their respective slot feed at a time.
o ! into a rotation device. It | ¢  Quick.
-% W@i} rotateg to the pressing . Simple.
&5 ?i Fasgd operation apd then . . Eﬁlqent.
« ‘ rotates again to drop into | * Reliable.

the finished parts bin.
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Name Concepts Description Advantages | Disadvantages
j - | A conveyor belt delivers | » Efficient. |+ Hardto
o] shafts and ferrules to the | ¢ Reliable. maintain.
C .
S P actuator that presses * Allows * Many moving
) [ i
s - ol them. Safety glass muilti- parts.
& rehrcel surrounds the pressing tasking. * Large.
= operation to increase the
8 safety of the machine.
_ o Vertical tray feeder with *  Simple. * Large.
3 . “~— 4| anactuator to push the * Allows *  Many moving
§ c ‘* T ;‘J ferrules into the shaft. muilti- parts.
=S TN Rollers drive the tray tasking.
23 I . | forward. There is a »  Efficient.
2 o hinged lid that actsasa | ¢« Reliable.
safety interlock.
The shafts and ferrules * Simple. * Many moving
fall into press loaders *  Quick. parts.
c which are a cylinder with | «  Allows ¢ Complex.
2 a cut in the size of the multi- * Hardto
] shaft and ferrule. The tasking. access the
5 cylinder then rotates to » Efficient. interior.
s} drop into another * Reliable.
> . .
o cylinder for a piston to
% perform the pressing
operation then the
cylinder offloads to a
box.
\ } The piston tip pushes * Simple. * Ferrule
c G ‘J into the ferrule and ¢ Quick. misalignment
2 CEAA =~ ) guides it into the shaft, * Allows could
8 TR \“W which then pushes the multi- happen.
o ‘ ' shaft and ferrule to the tasking.
£ end ferrule that sitsona | » Efficient.
T . )
spring. * Reliable.
A table with dividers and | ¢ Efficient. * Large.
a press pushes the * Reliable. * Noisy.
g shafts magazines along
© the table. At the end a
e, switch causes the table
(0] L
) to rotate and the dividers
C
< retract and allow the

shafts to roll down to the
next stage.
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The different joining methods were put in a Pugh chart to compare against the current

graphite press at Melet Plastics on the product needs, which is found in Table DX.

TABLE DX - JOINER PUGH CHART

s -]

= E’ s - =

= [218 | =2 |3 € |e
C |38 [EE |2 g |o|g |2
Joiner Pugh Chart s |28 |EE [s5]|s1|€ |5|2 |32
£ |= [ © © -~ o g o w ©
g |38 | [l |2|52 |28|8|F
£ = % &2l olol2 |0 |8 | = -
o £ = > IS @ N |N @ 5 22 e o a 2
s | 3|58 S|ES| 5|65 |55/ |2
o < KOO OS5 T TS = |0 =50 | T | <
Efficiently Joins Ferrules| 0 0 + + + 0 0 0 X + + + 0
Inserts Ferrule Quickly| 0 o o o + 0 0 + x 0 + + +
Reliable| 0 + + + + 0 + + X 0 0 0 0
Allows Operator multitasking| 0 0 & + = + + + X + + + +
Safe 0 0 + + + 0 + + X + + + +
Allows Multiple Lengths| 0 + 0 0 + - + 0 X 0 0 0 0
Allows Multiple Materials| 0 - 0 0 0 0 0 0 X 0 0 0 0
Simple ToUse| 0 0 + + + 0 + + X + + + +
Easy To Maintain| 0 - - - - 0 - - X - 0 0 0
Standardized| 0 0 + + + + + + X + + + +
Foot Print| 0 0 - - 0 - - X - 0 0 -
Noise Level| 0 0 0 o0 - 0 0 o0 x 0 0 o0 -
Positive| 0 2 6 | 6 8 2 6 | 6 0 51|16 |6 5
Zero| 12 8 4 4 1 9 4 4 0 51|16 |6 5
Negative| 0 2 2 2 3 1 2 2 0| 2 0|0 ]| 2
Net| O 0| 4 4 5 1 4 4 0 3|6 |6 3
Ranking] © | o [NSNSINGNI 5 [NSWMSMI 0G| ¢ [ 1 [ 1] 4

The step motor and hinge designs scored top place in the ranking with 2nd and 3rd place

concepts not placing too far with a difference of 1 and 2 points respectively. The top

designs received no negative points.
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D.4 CONCEPT SCORING

The following section details the process that Team 11 used to determine the criteria to use
in the scoring, the weights of the criteria, the scoring process, and the sensitivity analysis.
All of the content of this section is on the mechanical process behind generating all of the
data for comparison, and does not delve into the final selection of each component of the

joiner, which is discussing section D.6, Concept Selection.

The first step in the scoring process is to determine the criteria and the weight each criteria
holds in the scoring system. The determination of criteria was done with the client to ensure

that the criteria chosen were valuable. The weighting of each criteria was done internally.

Next, the criteria and weights are taken and used to judge the top three tiers of concepts
from the ferrule feeder, shaft feeder, and joiner concept sections. Each criterion was given
a grade out of 10, which was multiplied by the weight to give the score for each criteria.
The individual scores from each criterion were summed to get a final score out of 100 for
each concept. This process was done internally and then presented to the client for

discussion and selection of the concepts.

The final part of concept scoring is conducting a sensitivity analysis to determine how
subjective the final results were relative to the teams scoring and weighting systems. This
was done in a systematic manner to ensure the validity of the testing and the final results of

the scoring process.
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D.4.1 WEIGHTED MATRIX

The first part in the concept scoring process is determining what criteria are going to be

used and the weight each criteria will have in the scoring process. In choosing the criteria,

the team reviewed the criteria used in the screening process and with the input of the client

chose the criteria listed in Table DXI.

TABLE DXI - WEIGHTED MATRIX CRITERIA

Criteria Description
. Based on the number of steps the machine must take to
Efficiency L
complete its job
Quickly The speed at which the machine does it job
Chance of breaking the How likely the machine is to break either a shaft or ferrule
shaft/ferrule (includes jamming)

Correcting the error of a

How easy it is to fix a broken shaft/ferrule issue (includes

broken shaft/ferrule jamming)
Allows operator How easy the operator can do other work while the machine
multitasking is operating
Safe How safe the machine is

Allows multiple lengths

How easily the machine allows for multiple shaft lengths

Allows multiple materials

How easily the machine allows for multiple materials to be
processed

Operator time required

The amount of time the operator must spend at the machine

Number of steps to
operate

How many unique steps the machine requires from the
operator

Easy to maintain

How easy the machine is to maintain or fix is broken

How similar the machine will be to other machine working on

Standardized different shaft types
Foot print How much floor space the machine
Budget How costly the initial expenditure is for the machine
Noise level How much noise the machine produces

With the criteria decided upon, the team then did a one to one comparison of each criteria
to determine how important each one was compared to the other. The number of times
each criterion was better than another was recorded and divided by the total number of
comparisons to get a weight. Table DXII, shows the comparison of each criterion to one
another and which of the two was more important. The bottom of the table shows the
number of hits, the percent weight and, the ranking of importance of each criterion. It is the

weights shown that are used in the final scoring matrices.
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TABLE DXII - WEIGHTED MATRIX

&=
2
_| =
I3 2 g
gl 2] 3 2| .| 3
31 .13 5| £ 215138
= s| 2 2l s 2| 8
3| 3| & | E sl el g%
2 S| 3] 2| 2 2l 2| 2| 8|3
5| 3| 5| 5| € HEIRIEI R _
SEHFEIR; 22| 5| 3| 5|2l E| .|z
g 2 2| 2| 8 &l g
THHHEPEIHHEHEHEE
51 2|8|8| =| 3| =|=|&[2|3|8|8|3]32
Al B Cl D E F G| H J K Lf M[ N[l O
Efficiently joins ferrules| A A A A E F G A | J K A A A A
Inserts ferrule quickly| B C D E F G H | J K L B B B
Chance of breaking of the shaft| C C E F G C | J K C C C C
Correcting the error of a broken shaft| D E F G D D D D D D D D
Allows operator multitasking| E F G E E E E E E E E
Safe| F F F F F F F F F F
Allows multiple lengths| G G G G G G G G G
Allows multiple materials| H | J K L M [N 0
Operator time required| | | | | | | |
Number of steps to operate| J J L J J J
Easy to maintain| K L K K 0
Standardized| L L N L
Foot print| M N 0
Budget| N N
Noise level| O
A M Nl O
Sum of hits 8 1 4 3
Percent weight| 7.62 3.81
Place| 6 11
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D.4.2 FERRULE CONCEPT SCORING

Taking the criteria and weights shown in Table DXII, the top three tiers of ferrule feeder
concepts from the secondary concept scoring in Table DV, were graded and their scores
calculated as shown in Table DXIIl, with the green, yellow and red highlighted scores being

first, second and third strongest respectively.

TABLE DXIIl - FERRULE FEEDER CONCEPT SCORING MATRIX

5 . g . B
o 5 @ .g g 8 2
& 3 % § 5 |EE22| <2
< B s ] S = =2 3 8
! ) © & g g = & 2,
33 < = g 2 T L 5
o= E s |8 % =
= Z 5] 3 < 2 2 g
[3=1 > > o 2 0 <9
E : £ & 3£ %
= = o S 15}
5%
=
2 lS 2|8 2|8 2|8 2|8 2|8 2|8 ¢
B S|E Z|E S|E SIE SIE SB|E 3
= O |0 a0 a0 a0 a0 «nldO wn
Efficiently delivers ferrules | 7.62 [ 5 38 | 6 46 |3 23| 7 53|17 53]5 385 38
Delivers ferrule quickly | 2.86 7 2017 2013 867 2017 205 1417 2
Chance of breaking/jamming the ferrule 6.67 5 33|15 3319 6013 2013 207 4715 33
Correcting the error of a broken/jammed ferrule 857 |3 2614 3419 7711 86|35 4317 607 60
Allows operator multitasking 1143 [ 7 8 | 5 5711 1114 465 57|15 5719 103
Safe| 1333 | 7 93 [ 6 80 |7 937 93([7 93([7 9319 120
Allows multiple lengths | 1238 | 5 62 [ 5 62 | 1 1215 625 6217 817 87
Allows multiple materials 0.95 7 6717 6711 1 5 48|15 48|17 6717 67
Operator time required 952 |5 48 |5 48 |3 293 29|15 48]|5 489 86
Number of steps_to operate 7.62 4 307 5315 385 385 3816 49 69
Easy to maintain_| 5.71 5 2914 2319 51|15 2915 295 2913 17
Standardized [ 5.71 7 401 7 4019 51| 7 4017 407 40 )6 34
Foot print | 0.95 9 86| 7 6719 86|9 86| 7 674 38|5 48
Budget | 3.81 7 2716 2313 11117 2717 2715 191 38
Noise level | 2.86 7 20| 8 2317 20|17 207 207 20]5 14
Final Scorc |ISGOOBMN 55524 | 496.19 | 498.10 |NOGOMSH 607.62 | 696.19

From Table DXIII, it can be seen that the ferrule hopper design ranks as the option with the
most potential for giving the best design. This first place ranking is notable as the ferrule
hopper design was in the third tier of concepts in the screening process, but performed

much better in the areas of highest importance than the other concepts did.

D.4.3 SHAFT DELIVERY CONCEPT SCORING

Applying the criteria and weights from Table DXII and the shaft feeder concepts from Table

DVII, the concepts were graded and their scores calculated. Table DXIV shows the results
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of the grading, with the first, second and third place concepts highlighted in green, yellow

and, red respectively.

TABLE DXIV - SHAFT FEEDER CONCEPT SCORING MATRIX

&n = gﬂ
5E5| 2 3 | 25| 3
= 9 7
23 ¢ | 2 [2E| %
< g = R 2
218 2|2 g8 gl zle ¢
2 |8 28 |8 Aa|S &[5 A
Efficiently delivers shaft | 7.62 7 5319 69]5 388 618 61
Places shaft quickly | 2.86 6 17|17 2017 20| 8 2319 26
Chance of breaking/jamming of the shaft 6.67 5 3319 609 60| 7 47| 7 47
Correcting the error of a broken/jammed shaft 8.57 3 2613 2613 2613 266 51
Allows operator multitasking 1143 | 7 80 | 7 8 | 7 8 (|7 8 ] 7 80
Safe| 1333 [ 7 93 [ 9 120 7 939 120] 6 80
Allows multiple lengths | 1238 | 7 87 | 7 87 |7 877 87|17 87
Allows multiple materials 0.95 6 5717 6717 6718 76|17 67
Operator time required 9.52 7 6717 6713 2916 5717 67
Number of steps to operate 7.62 7 5317 5313 23|17 53|17 53
Easy to maintain | 5.71 5 29|18 46|14 23|13 175 29
Standardized | 5.71 7 4019 5119 5117 4017 40
Footprint [ 095 | 9 86| 9 86| 3 29| 8 76| 6 57
Budget | 3.81 7 2717 2714 1517 2717 27
Noiselevel | 286 | 7 20| 7 20|15 1417 20| 7 20
Final Score | 639.05 679.05

From Table DXIV, it can be seen that the shaft chute ranks as the option most likely to give

the best solution. However, the second and third place options are physically very similar,

with the main difference between the top three concepts being the delivery mechanism at

the bottom of the chute, and the team believes that the shaft chute rated this highly mainly

for its simplicity.

D.4.4 JOINER CONCEPT SCORING

With the criteria and weights from Table DXI the top three tiers of joiner concepts shown in

Table DIX were graded and their scores determined. Table DXV below shows the resulting

scores, with the first, second, and third best concepts highlighted in green, yellow, and red

respectively.
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TABLE DXV — JOINER CONCEPT SCORING MATRIX

[ [ o
% = AE é E = 5 8 g‘)
5 3 g 25 B | 28 | 558 8
2= 5 eE | s | 2E | =3 2
ER= > 28 | g5 | & = A &
g = z g S& | 2 s g
T s g iz e @ =
< ° 0 =
.‘:fﬂ S gl8 g8 g[8 g[8 2|8 g|8 ¢
5 |2 S|E S|E 2|8 5|12 2|18 5|18 &
B O |0 a0 a0 a0 a0 «n|dO wn
Efficiently joins ferrules | 762 | 5 38 | 5 38| 7 53|15 387 537 536 46
Joins ferrule quickly | 2.86 S5 1416 1717 2016 1716 177 207 20
Chance of breaking/jamming a shaft/ferrule 6.67 5 3314 2716 40| 5 33|17 475 3317 47
yrrecting the error of a broken/jammed shaft/ferrule 857 |3 2619 7712 1717 607 60]4 34|14 34
Allows operator multitasking 1143 [ 7 8 | 7 8 |8 91 |5 57|15 57|17 8|7 8
Safe| 1333 | 7 93 [ 9 120f9 120 8 107[7 93[9 1205 67
Allows multiplelengths | 1238 | 3 37 [ 7 87 |7 816 74|16 7417 816 74
Allows multiple materials 0.95 5 48| 7 6717 6717 67|16 575 48|17 6.7
Operator time required 952 |6 5717 677 6715 4816 57|17 67117 67
Number of steps_to operate 7.62 7 5319 6917 53|13 23|17 53([8 617 353
Easy to maintain | 5.71 3 1715 2913 17|13 1714 233 1713 17
Standardized | 5.71 5 2917 4017 4017 4017 40 (7 40117 40
Foot print | 0.95 5 48| 5 4814 38|13 2913 297 6717 67
Budget | 3.81 3 11 |5 1915 1913 1113 115 1915 19
Noise level | 2.86 S 1415 1417 20|15 1414 117 20]6 17
Final Scorc | 513.33_|NGORDONMINGORI 549.52 | 606.67 | 662.86 | 594.29

From Table DXV, it can be seen that the conveyor joiner is the best scored concept.
However, the spread of scoring among the top three concepts is only 39.05 points. This
gap in score can be over come by simply changing two to four of the scores by a point or

two, so the conveyor joiner is not necessarily clearly the best concept.

D.5 SENSITIVITY ANALYSIS

Taking the top three scored concepts from each of the sections, a sensitivity analysis was
done to the weights for each set of concepts, and for the grading of the top three joiner
concepts. These sensitivity analyses were useful in validating the rankings of the scoring

process.
For the weight sensitivity analysis, only the top five most important criteria: safety, allows

multiple shaft lengths, allows for operator multitasking, amount of operator time required,

and ease of correcting a broken shaft or ferrule, were tested. The decision to only do a
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sensitivity test based on these five criteria was made due to their importance to the client

and they compose of 55.23% of the total weight of all the criteria.

During the weight sensitivity analysis, the weight of the criterion being tested was changed
in increments of one percent, and ranged from ten below to ten above the weight used in
the scoring process. This range was selected as it gives a reasonable view of the
relationship between the weight of the criterion and the score, so that any trends in the

rankings and scores would be easily visible.

The scores of the five concepts are generally insensitive to the changes in weight of the
criteria, with the highest ranked concept either remaining in the lead by the same amount of
points as in the original or pulling further ahead. However, there are a few exceptions to this
behavior. The shaft feeder concept scores during the analysis of the ‘ease of fixing a
broken shaft’ criterion, the joiner concept scores during the analysis of the ‘ease of fixing a
broken shaft’ criterion and, the joiner concept scores during the analysis of the ‘allows

operator to multitask’ criterion.

In the first and third exceptions, the highest scored concept never changes in the range of
weights tested, but at least one other concept does begin to improve relative to the highest
scored concept at a point where the weight is non-zero. In both cases, this improvement
would happen after an increase of the weights importance by at least 300%. This required
increase in weight of the criterion for the lower scored concepts to improve to the level of
the best scored concept is not feasible though due to the criterion then having 25% or
more of the total weight of all the criteria being taken into consideration, so the results of
these tests show that the results of the scoring are effectively insensitive to weight

changes.

The second exception, that of the joiner concept scores during the analysis of the ‘ease of
fixing a broken shaft’ criterion, show the best scored concept becoming the worst scored
concept of the three highest scored concepts when the ‘ease of fixing a broken shaft’
criterion its weight reduced from 8.57% to about 2%. Due to the current importance of this

criterion, the reduction in its weight to 2% is unlikely regardless of how the weights are
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determined due to the criterion being a leading indicator of how much potential down time
the machine will have, and if maintenance will be required to fix the machine instead of an
operator. Because of this reason and the fact that the concepts are insensitive to change in
the other criteria, even though the joiner concept scores are sensitive to the weighting of
the ‘ease of fixing a broken shaft’ criterion, the team has decided to leave the weights how

they are.

Moving from the weight sensitivity analysis to the sensitivity analysis of the grading of the
joiner concepts, it was decided by the team that to keep the tests reasonable two
constraints needed to be created. The first constraint is that no more than two grading for
any concept can be changed at one time. The second constraint is that no grading can be
adjusted upwards or downwards by more than two points. These constraints keep the
grading nearly identical to the original grading that the concept were given to make the
comparison more valid and to show the effect of small changes in grading on the final

Scores.

Using the constraints, five tests were devised to check for the level of sensitivity of the final
scores relative to the grading. These test change either the better graded or worst graded
criteria for the concepts, to highlight changes made in places where the concept may have
been graded too high or too low in a given criterion. The weight of the criteria change was
not considered other than to make sure that the team was not simply targeting high
weighted criterion for grading changes without a good reason. Table DXIV summarizes the

methodology of the five tests.
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TABLE DXVI - GRADE CHANGES FOR SENSITIVITY ANALYSIS TESTS

Test Change to Best Concept Change to All Other Concepts
Two of their best grades are adjusted up by
1 None .
one point each
Two of their worst grades are adjusted up by
2 None
two points each
. One of their best grades is adjusted up by one
3 Best grade is adjusted down by one point .
point each
A Two of the best grades are adjusted down by | One of their best grades is adjusted up by one
one point each point each
Two of the best grades are adjusted down by | Two of their worst grades are adjusted up by
5

one point each

two points each

From this analysis, the team determined that the ranking of the top three joiner concepts is

sensitive to the grading given, and that the three are effectively scored the same since very

small changes in the grading made the final scores of the concepts have a spread of only

seven to twenty points depending on the grading, and that the best scored concept could

become the worst scored concepit.

D.6 CONCEPT SELECTION

After the concepts were scored, the team presented the top three scored concepts from

each category to the client, and the merits of each were discussed. A final decision was

made to pursue the ferrule hopper feeder concept, the shaft chute concept, and the gravity

rotation joiner concept in the detailed design phase of the project. These concepts were

chosen for a variety of reasons, including the scores given in the scoring process, the cost

to benefit ratio of each concept, and intangible benefits such as quality of work of the joiner

operators. The reasoning behind the selection of each concept is given below.

The ferrule hopper feeder design was chosen as the ferrule feeder concept with the

greatest potential to meet the project goals as it reduces the amount of operator input time

to fractions of a second per ferrule being inserted, as opposed to the operator taking a
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second to handle each single ferrule. The other key reason behind using the ferrule hopper
concept is that it improves the quality of work of the employees by an immeasurable value,
due to not having to manually insert the ferrules into the shafts of the canes. This is a time
consuming and tedious process. However, the ferrule hopper design is expected to be the
most expensive of the ferrule delivery techniques, with the current estimate being around
$15,000 per feeder [6]. This higher cost was noted by the client in a meeting with the team,

and was considered an acceptable expense for the benefits given.

The shaft chute concept was chosen due to the amount of flexibility provided during the
detailed design phase of the project, as well as due to receiving the highest score in the
scoring process. Flexibility is desired is for ease of integration with the joiner and ferrule
feeder concepts. Also, an important point about the shaft feeder concepts is that the top
three scored concepts were very similar in how they held the shafts, with the main
difference being in the delivery system that placed the shaft on the joiner. The shaft delivery
system is the section that the joiner needs the most flexibility in, so any of these delivery

mechanism may end up being used based on constraints created in the joiner design.

The rotational gravity joiner was the joiner concept chosen over the better scored conveyor
joiner and step motor concept due to how well it handled the need to keep operator time to
a minimum and removed the need for the operator to setup the appropriate ferrule-shaft
combinations. This second advantage greatly reduced the amount of repetitive manually
dexterous work required by operator from having to individually place shafts in the press to
only needing to drop a bundle of like sized shafts into the appropriate destination, which
was considered a large improvement in the quality of work being done by the operators by
both the team and the clients at Melet. Another contributing factor was the grading
sensitivity analysis done showing that the top three concepts were close enough in score
to be considered equally viable, so any reservations of having chosen this concept as

opposed to a numerically ‘superior’ concept were eliminated.
With all of the above reasoning for the selections in mind, the team has made sure to note

what the unchosen concepts did well in order to make use of these ideas in the detailed

design stage.
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APPENDIX E — BOOLEAN LOGIC

LIST OF TABLES

TABLE El - INPUTS AND OQUTPUTS ... 2
TABLE Ell - INTERMEDIATE VARIABLE AND ASSOCIATED INPUTS.......ccoviiiiieeiiiie 2
TABLE Elll - POWER CONTROL INTERMEDIATE VARIABLE SOLUTION .....ooviiiiiiiiiiiiiee. 3
TABLE EIV - FERRULE INTERMEDIATE VARIABLE SOLUTION.....cccoiiiiiiiiiiiiiiieciiiiie 3
TABLE EV - TOP, MIDDLE, AND BOTTOM INTERMEDIATE VARIABLE SOLUTION ........... 3
TABLE EVI - SIMPLIFIED INTERMEDIATE VARIABLE EXPRESSIONS ........oovviiiiiiiiiiiii. 5
TABLE E VII - INPUTS AND OUTPUTS FOR FINAL TRUTH TABLE ... 5
TABLE EVIII - FINAL TRUTH TABLE ..o 6
TABLE EIX - PRELIMINARY LOGIC EQUATIONS .....oiiiiiiiiiiiiiiie e 7

To make the joiner machine operate without the operator overseeing every operation of the
machine, the machine must be automated to function properly. To facilitate this, the team
performed a preliminary analysis on the Boolean logic required to make the machine
operate. In this analysis, the use of timers, counters, and other ladder logic elements has
been neglected with the focus being on truth table analysis to get the basic equations
needed. Table E 1 shows all of the inputs and outputs that were identified as needed in the

system.
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TABLE EI - INPUTS AND OUTPUTS

Input Label Output Label

On/Off Switch O Rotator Step Motor R

Emergency Off E Female Ferrule Step Motor S

Case Lock CL Male Ferrule Step Motor Sm

Reset Switch Rs Piston P

Top Hopper Ty Delivery Selector Top Dy

Middle Hopper My Delivery Selector Middle Dw

Bottom Hopper By Delivery Selector Bottom Dg
Delivery Chute Hopper Dy
Female Ferrule Sensor Fe
Male Ferrule Sensor Fu
Piston Retracted Pg
Shaft Rotator Home Ry
Shaft Rotator Chute Rc
Selector Top Position P;
Selector Middle P
Position M
Selector. Bottom P
Position B
Selector Home Position H

Due to the number of input variables involved in the system, the team decided to combine
some of them into intermediate variables in order to simplify the final truth table. The

intermediate variables along with their associated inputs are given in Table E 2.

TABLE Ell - INTERMEDIATE VARIABLE AND ASSOCIATED INPUTS

Ints;r:;ae:::te Associated Input Variables
PC O,E R, CL
F' Ff, Fm
B Th, Mh, Bh, Dh, Pt, Pm, Pb, H
M Th, Mh, Bh, Dh, Pt, Pm, Pb, H
T Th, Mh, Bh, Dh, Pt, Pm, Pb, H
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With the intermediate variables associated with inputs the team then determined the
equation for each intermediate variable. Tables Elll, EIV, and EV show the lines of the truth
tables where the intermediate variable would be active, along with the equations for those
lines of the truth tables. In the team’s signage convention, the ‘A’ symbol represents a

negative variable.

TABLE Elll - POWER CONTROL INTERMEDIATE VARIABLE SOLUTION

Inbuts Intermediate
P Variable
Equation
O|E|R|CL PC Associated
with the Line
1/0|0] 1 1 O E~ R CL

TABLE EIV - FERRULE INTERMEDIATE VARIABLE SOLUTION

T Intern_1ediate
Variable
Equation
, Associated
Ff Fm F with the
Line
1 1 1 Ff Fm

TABLE EV - TOP, MIDDLE, AND BOTTOM INTERMEDIATE VARIABLE SOLUTION

Intermediate
Selector Hopper Selector Variable

H Th | Mh |Bh | Dh |Pt|Pm|Pb| T M B Equation Associated with the Line

1 1 1 1 OO0 0|01 0 O|H Th Mh Bh DhA PtA PmA PbA
1 1 1 0O]0|0] 0|01 0 O|H Th Mh BhA DhA PIA PmA  PbA
1 1 0 1 OO0 0|01 0 O|H Th MhA Bh DhA PtA PmA PbA
1 1 OlO0O|O0O|]O0O] O] O0O/|1 0 O|H Th MhA BhA DhA PIA PmA  PbA
1 0 1 1 0O/0|l 0 |0]|O 0 1 H ThA Mh Bh DhA PtA PmA  PbA
1 0 1 Oj]O0]0| O ]0]|O0 1 O| H Thr Mh BhA DhA PtA PmA  PbA
1 0| 0 1 0O|]0] O0]0O0]O0 0 1 H ThA MhA Bh DhA PtA PmA  PbA
0 1 1 1 1111001 0 O |HAN Th Mh Bh Dh Pt PmA PbA
0 1 1 1 110 1 0|0 1 O |HAN Th Mh Bh Dh Pt~ Pm PbA
0 1 1 1 1101] 0 110 0 1 |HAN Th Mh Bh Dh PIA PmA Pb
0 1 1 1 O|11 0|01 0 O |HAN Th Mh Bh DhA Pt PmA PbA
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O O O O O O O O O O O O OO OO0 OO0 0OoO0O0O oo oo oooooooo

1 1 1 O |0 1 010 1 O (HA Th Mh Bh DhA PtA Pm  PbA
1 1 1 0O]0] O 110 0 1 |HA Th  Mh Bh DhA P& PmA Pb
1 1 o141, 0]0]1 0 O (HA Th Mh BhA Dh Pt PmA PbA
1 1 O(1]0]| 1 010 1 O (HA Th Mh BhA Dh PtA Pm PbA
1 1 o100 110 0 1 |HA Th  Mh BhA Dh P& PmA Pb
1 1 o001 0]0]1 0 O (HA Th Mh BhA DhA Pt PmA PbA
1 1 OO0 |0 1 010 1 O (HA Th Mh BhA DhA PtA Pm  PbA
1 1 O|l0]0}| O 110 0 1 |HA Th  Mh BhA DhA P& PmA Pb
1 0 1 1110|071 0 O (HA Th MhA Bh Dh Pt PmA PbA
1 0 1 110 1 010 1 O (HA Th MhA Bh  Dh PtA Pm PbA
1 0 1 1100 110 0 1 |HA Th MhA Bh  Dh P& PmA Pb
1 0 1 O(1] 01|01 0 O (HA Th MhA Bh DhA Pt PmA PbA
1 0 1 O |0 1 010 1 O (HA Th MhA Bh DhA PtA Pm  PbA
1 0 1 0O]0] O 110 0 1 |HA Th MhA Bh DhA P& PmA Pb
1 oOjJoj|1 1] 01|01 0 O (HA Th MhA BhA Dh Pt PmA PbA
1 o]0 10| 1 010 1 O (HA Th MhA BhA Dh PtA Pm  PbA
1 O]0]1]0]O0 110 0 1 |HA Th MhA BhA Dh P& PmA Pb
1 O]O0]O0O|1]07]0]1 0 O (HA Th MhA BhA DA Pt PmA PbA
1 OO0 |0 1 010 1 O (HA Th MhA BhA DhA PtA Pm PbA
1 O]0]0]0] O 110 0 1 |HA  Th  MhA BhA DhA PIA PmA Pb
O] 1 1 11110 ]0]1 0 O (HA ThA Mh  Bh Dh Pt PmA PbA
O] 1 1 110 1 010 1 O (HA ThA Mh Bh Dh PtA Pm PbA
O] 1 1 1100 110 0 1 |HA ThA Mh Bh  Dh P& PmA Pb
O] 1 1 O}1]0]0]O0 0 1 |HA ThA Mh  Bh DhA Pt PmA PbA
O] 1 1 O |0 1 010 1 O (HA ThA Mh Bh DhA PtA Pm  PbA
O] 1 1 0O]0] O 110 0 1 |HA ThA Mh Bh DhA P& PmA Pb
O] 1 o141, 0]0]1 0 O (HA ThA Mh BhA Dh Pt PmA PbA
O] 1 O(1]0]| 1 010 1 O (HA ThA Mh BhA Dh PtA Pm  PbA
O] 1 o100 110 0 1 |HA ThA Mh BhA Dh P& PmA Pb
O] 1 o(of{1,0]0]|O0 1 O (HA ThA Mh BhA DA Pt PmA PbA
O] 1 OO0 |0 1 010 1 O (HA ThA Mh BhA DhA PtA Pm PbA
O] 1 O|l0]0}| O 110 1 O [HA ThA Mh BhA DhA PtA PmA Pb
0| O 1 1110|071 0 O (HA ThA MhA Bh  Dh Pt PmA PbA
0| O 1 110 1 010 1 O (HA ThA MhA Bh  Dh PtA Pm  PbA
0| O 1 1100 110 0 1 |HA ThA MhA Bh Dh P& PmA Pb

Taking the equations in the “Equations Associated with the Line” column in Tables Elll, EIV,

and EV combining them together with an OR statement, the team created the logic
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equations for each intermediate variable. The simplified versions of the logic equations for

the intermediate variables are in Table EVI.

TABLE EVI - SIMPLIFIED INTERMEDIATE VARIABLE EXPRESSIONS

Intermediate Equation
Variable
PC O*ENRA*CL
F F*Fm
B H*ThA*Bh*DhA*PIA*PMA*PEbA + HAYTh*PIA*PmMA*Ph + ThA*(Bh*Dh+Mh*(Bh*DhA+BhA*Dh) +
Mh*Bh*DhA*P*PmA*PbA))
M H*ThA*Mh*BhA*DhA*PIA*PMA*PHA + HA*(PIA*PM*PbA*(Th + (MhA+Bh*Dh)+(Mh*(Bh/A+DhA))
+ ThA*Mh*BhA* DhA*(PIA*PMA*PD + PEYPmMA*PbA)
T H*Th*DhA*PIA*PM*PbA + HA*Th*PHPmMA*PbA + HA*ThA*(Mh+Bh)*Dh

The intermediate variables and the remaining inputs were then used in a final truth table to
determine the equations for the output variables. The inputs and outputs used in the final
truth table are summarized in Table EVII and the final truth table is in Table EVIII. Table EVIII

only shows the active lines of the final truth table, not any lines where there are no active

elements.

TABLE E VII - INPUTS AND OUTPUTS FOR FINAL TRUTH TABLE

Inputs Outputs

PC R

Pr Sf

Rh Sm

Rc P

F' Dt

T Dm

M Db

B
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TABLE EVIII - FINAL TRUTH TABLE

Outputs

-
O

iy

92}
157

Sm

P

Dt

)
3

)
O

Equation Associated with the Line

- 4 4 4 4 4 a4 4 4 44 a4 44y ey ey e ey e

oo oo o000 oLOoOoO 4+ 4 444 4444444444444 44 4

—_ a4 4 414 a4 a4 a4 a4 O 00O 0O 0O 0O 0O 0O 0O 0O 0O OO 0O 00O A

O O O OO0 0000000+ 4 4 44 40 4 4000000 o oo

o oo+t oooo0o+*toooo -+ o000 —+To0o0o0o0 +to0oo0oO0 2000 000 —H

OO0 + OO0 000 00O +*T0O0OO0O0LO T OOLOo OO0 00 o —~ oL

o -+ o oo -+ oo oo +*Ttoooo +rTo0o0OoO *ToOoOOLOO T OO0 *TOoOO 00|

O O O OO0 0000000+ 4 4 4 4 4 400 4 4 240 = 2+ 41

O O O OO O O O O O OO0 00000 LO0LboLOboLboLboObobo 00 -~

O O O OO O OO OO0 LbLObLbLObOLObOLbOLOOO ++00 —+ o0

O O O OO O O O O O OO0 OO0 0O0OD0OD0LOO0LbLObLObLbLOOoO 2+ 20 4+ =2 4

oo -+ oo o +Tocooo +T o000 oOoO +To0o0OL0LLL +*TO0OO0O0 *TOOO + 000 —~o0o

o - oo -+ 0cCcoo +Too0oo +T0O0oO0O +*To0oO0DO +*TO000 0 00 +~ 0O

PC Pr Rh RecA F T MA BA

PC Pr Rh ReA F T~ M  BA

PC Pr Rh ReAr F T~ MA B

PC Pr Rh RcA F TA MA BA

PC Pr Rh RcA FA T MA BA

PC Pr Rh RcA FA TA M BA

PC Pr Rh RcA F'A TA MA B

PC Pr Rh RcA F'A TA MA BA

PC Pr RhA Rc F T MA BA

PC Pr R~ Rc F T~ M BA

PC Pr RhA Rc F T~ MA B

PC Pr RhA Rc F TA MA BA

PC Pr RhA Rc FA T MA BA

PC Pr RhA Rc FA T~ M BA

PC Pr RhA Rc FA TA MA B

PC Pr RhA Rc F'A TA MA BA

PC Pr RhA RcA F T MA BA

PC Pr RhA ReAr F T~ M BA

PC Pr RhA RcA F TA MA B

PC Pr RhA RcA F' TA MA BA

PC Pr RhA RcA F'A T MA BA

PC Pr RhA RcA F'A TA M BA

PC Pr RhA RcA FA TA MA B

PC Pr RhA RcA F'A TA MA BA

PC PrA Rh ReA F T MA BA

PC PrA Rh ReAr F T~ M BA

PC PrA Rh ReAr F TA MA B

PC PrA Rh RcA F' TA MA BA

PC PrA Rh RcA F'A T MA BA

PC PrA Rh RcA F'A TA M BA

PC PrA Rh RcA FA TA MA B

PC PrA Rh RcA F'A TA MA BA

E6




Taking the “Equation Associated with the Line” column in Table EVIII and matching them to

the relevant positive outputs, the preliminary logic equations that will run each machine for

each output were created. These final equations are given in Table EIV.

TABLE EIX - PRELIMINARY LOGIC EQUATIONS

Output Variable Equation
R (PC*Pr)*(Rh*RcA+RhA*Re)* (T*MABA + TA*M*BA + TA*MA*B)
Sf (PC*Pr'Rh*RcA) (T*MA*BA + TA*M*BA)
Sm (PC*Pr*Rh*RcA)*(TA*M*BA + TA*MA*B)
P (PC*Pr*Rh*RcA)* (T*MA*BA + TA*M*BA + TA*MA*B)
Dt PC*T*MA*BA + TA*MA*BA*Pr(RhA + RcA) + Pra*(Rh*Re))
Dm PC*(Pr*(Rn*RcA+RhA*Rc+RhA*RCA)+PrA*([Rh*ReA) TAM*BA
Db PC*(Pr (Rh*RcA+RhA*Rc+RhAReA)+PrA*(Rh*ReA)* TA*MA*B

E7



APPENDIX F — DRAWING PACKAGE

TIER 1]OWG [TIER 2 [DW{TIER 3 DWG [TIER 4 DWG [TIER 5 DWG
DELIVERY HOPPER SIDE PLATE P029
DELIVERY HOPPER BACK PLATE P030
DELIVERY HOPPER LOWER PLATE P31
DELIVERY SUB ASSEMBLY Ac0g |DELIVERY HOPPER TOP PLATE P032
DELIVERY CHUTE LOWER PLATE P033
DELIVERY CHUTE SIDE PLATE P034
DELIVERY HANDLE BRACE P35
HINGE - MCMASTER-CARR 15665A477
TOP HOPPER SIDE PLATE P036
TOP HOPPER SUB ASSEMBLY Ac0g [1OF HOPPER CHUTE PLATE PO37
TOP HOPPER UPPER PLATE P38
TOP HOPPER LOWER PLATE P039
z MIDDLE HOPPER SIDE PLATE P040
§ MIDDLE HOPPER SUB ASSEMBLY A010 [MIDDLE HOPPER CHUTE PLATE PoaL
2 - MIDDLE HOPPER LOWER PLATE P42
] g MIDDLE HOPPER UPPER PLATE P43
o BOTTOM HOPPER SIDE PLATE PO44
a BOTTOM HOPPER CHUTE UPPER PLATE P04S
2 BOTTOM HOPPER SUB ASSEMBLY 011 |EOTTOM HOPPER CHUTE LOWER PLATE P046
BOTTOM HOPPER CHUTE VERTICAL PLATE P04
BOTTOM HOPPER UPPER PLATE Po48
BOTTOM HOPPER LOWER PLATE P049
HOPPER MAIN SUPPORTS SUB ASSEMBLY | A012 [Lor HOPPER SUPPORTS POso
L BEAM DUCT SUPPORT POS1
HOPPER SUPPORTS P52
HOPPER SECONDARY SUPPORTS SUB ASSEMBL|A013 |L BEAM DUCT SUPPORT POS1
L BEAM DUCT SUPPORT LONGEST PS4
TOP HOPPER SLIDER PO12
MIDDLE HOPPER SLIDER PO13
BOTTOM HOPPER SLIDER PO14
L BEAM DUCT PO1S
70 INOZ MOTOR - MCMASTER-CARR 6627T62
LARGE SERVO SUB ASSEMBLY 014 |1/ 3/4" COUPLING START - MCMASTER-CARR 59985K250
1/2"-3/4" COUPLING MID - MCMASTER-CARR
1/2"- 3/4" COUPLING END -MCMASTER-CARR 59985K125
> 1.6 IN-0Z MOTOR - MCMASTER-CARR 6627741
g SMALL SERVO SUB ASSEMBLY ot iz - i/d: COUPLING START - MCMASTER-CARR 59985K102
3 | ~1/4" COUPLING MID - MCMASTER-CARR 59985K130
5 |8 16" - 1/4" COUPLING END - MCMASTER-CARR 59985K610
¢ ROTATOR P55
§ ROTATOR SHOULDER P56
. FEMALE FERRULE INSERT PO57
- ROTATOR INSERTS SUB ASSEMBLY A016 [MALE FERRULE INSERT POS8
g g = SHAFT INSERT P059
= £ BOLT #0 - MCMASTER-CARR 91253A026
£ 3 - 5/16" BOLT - MCMASTER-CARR 91306A385
2 8 [BEARING - MCMASTER-CARR 5913K630
< STAR WHEEL P016
i SERVO FEMALE SUPPORT P017
e BEARING SUPPORT 001 PO18
BEARING SUPPORT 002 P019
BEARING SUPPORT 003 7020
BEARING SUPPORT 004 PO21
BEARING SUPPORT 005 P022
BEARING - MCMASTER-CARR 8600N300
BASE 023
DISCHARGE HOPPER LOWER PLATE P0G0
DISCHARGE CHUTE SUB ASSEMBLY 017 [LISCHARGE HOPPER SIDE PLATE PosL
DISCHARGE HOPPER TOP PLATE P62
DISCHARGE HOPPER ROD - MCMASTER-CARR 1886K43
BOLTS - MCMASTER-CARR 91263A524
BOLTS - MCMASTER-CARR 91253A026
FERRULE FEEDER SUPPORT P024
%58 ©  [FERRULE FEEDER SUPPORT COVER P025
553 & [FeRRULE FEDER TOP SUPPORT P026
FEMALE CONTOUR MAGAZINE P027
FERRULE FEEDER SUPPORT P024
*3 3% r~  [FERRULE FEEDER SUPPORT COVER P025
258 S [FERRULE FEDER TOP SUPPORT P026
MALE CONTOUR MAGAZINE P028
Selector P002
BEARING - MCMASTER-CARR 5913K630
FERRULE DROPPER P003
DELIVERY BAR 004
MALE SERVO SUPPORT PO0S
BEARING SUPPORT 001 MALE P006
SCREWS - MCMASTER-CARR 91306A385
ACTUATOR
o ELA SUPPORT VERTICAL P007
22 [» ELA SUPPORT HORIZONTAL PO0S
é 7] § ELA TOP BASE PO09
2 ELA SUPPORT HORIZONTAL 3 P010
END EFFECTOR PO1L

Rotator Guard

POO1

F1



L 4O | 133HS

0

A19W3SSV TVNH

VAOLINVW 4O ALISYIAINN o _. _. MI_<UW

< 91-v0-230

371S ilva

HVY

AWVN

aaxAD3IHD ONIMYIA 3TVOS LON OQ
HY 9190-030 35V TVILNI 0

HSINI4
NMv¥Q V/N S A4 alva NOILdI¥OSs3a AN

0987 HOIW V/N TVINALYW

SNOILD3rOdd ITONY QdIHL

AL34VS dO4 INIHOVW FHL ANNOJIY
d3TIVISNI 38 OL ONISVO SSV1OIXd1d-
ATINO 3SN AIVNIWITFAd dO4-

410N

AT 3L
100V -OMd  NOILVYIdO J¥INIOTr HOILNGWY Wr@
4/v diam V/N v
T ayvNo YOLV1OY 100d €
T AT9INISSY 9NS V13 €00V z
1 AT9INISSY 9NS YOIV Z00v T
ALD *Js3d #14vd  |#N3LI




| 4O | 133HS | VEOUNVW 4O AUS¥IAINN (V70| :JTV DS Q3INDIHO ONIMVA 3TIVIS LON Od
< 91-¥0-3a HY NMVQ V/N HSINI
o >._m<<mmm<m=m~_0_.<<< m_N_m m._.<n_ m<<<Zoowv_._om<< <\24<_W_E<§

HY 91-90-030 3SV3134 VILINI 0
A9 3lva NOILdI¥Os3a AN

$30V1d TVAWIDIA FAUHL YO4 5000 F 35N SNOLOINO8Y IONY GIHL

AJd G D45 3ShiaH0 S53D
zoov:oma NOILVY¥IJO ¥INIOr HOILNAWY W@ e
ATNO 3SN AIVNIWIMTAL 304~

410N
4/v NS SOILSV1d V/N €T
4/V | YHVI-YILSVINDIN - SMIUDS | S8EVI0ET6 | CT
d/v diam V/N 1T
T 700 L4OddNS ONIYV3g 900d 0T
1 140ddNS OAY3S ITVIN S00d 6
1 4ve A¥3IAN3AA ¥00d 8
1 43dd0OYa FT1NYY3A €00d L
7 | YYVD-YILSVINDIN -ONIMVYIG | OE9NET6S 9
T 40103135 200d S
T 4330334 1INYYI4 ITVINIS LOOV v
T 43Aa334 IINYY34 ITIVIN 900V €
T AT9NISSY 9NS HOLVLOY SO0V z
1 AT9INISSY 9NS SYIddOH 00V T
ALD JNVN LHvd #14vd  [#IN3ALI




_. u_o _. ._.mm_l_w VAOLINVW 40 ALISY¥IAINN o _. _. MI_<UW daIND3IHD
< 91-90-3a HY NMVQ
o A1dWISSY 4ns via 371 alva JWVN 098y HOIW
e 1L
coov:oMa  NOILVYIdO ¥INIOr HOILNAWY
4/v aiam V/N L
T 40123443 AN3 T70d 9
T [€TVLNOZIY4OH 140ddNS V13 | 0T0d q
T 3Sv4d 4Ol V13 600d 14
¢ | TVLINOZI4OH 140ddNS v13 | 800d €
1 TVIILY3IA 140ddNS V13 £00d 4
T JILVINOTOL -4OLVNLOV  [€9-IXN| T
ALD JINVN LHvd H#1YVd |#IN3LI

ONIMYIA 3TVOS LON Od

HY 91-90-03a0
A9 3lva

35134 TVILNI 0
NOILdI¥Os3a AN

V/N HSINI

V/N

TVII3LYW
SNOILO3rO¥d J1ONY QaIHL

ATNO 3SN AIVNIWITFd dOS -
410N



L 4O | 133HS

0

VAOLINVW 4O ALIS¥IAINN O _.” _. M|_<UW

< 91-v0-230

HVY

Q3aNd3IHO

NMYdd

A19W3SSV 9NS S¥IddOH 57, 3vA  IWVN 0987 HOIW
A3Y 1L
voov:OMa  NOILVYIdO ¥3INIOI HOILNGWYV
/v aiam V/N | 1T
T 43dI11S 43ddOH INOLLOd ST0d | OT
T 43dI1S 43ddOH 31ddlN ¥10d 6
T 43dI1S 43ddOH dO1L €T0d 8
€ 10Nd NV3g1 c10d L
T | ATAINISSY NS S1HOddNS AYVANODI3S HAddOH | €TI0V 9
T ATdNIESSY dNS S1H40ddNS NIVIA 43ddOH clov S
T ATdINISSY 8NS 43ddOH INOLLOd 110V 1%
T ATdINISSY 9NS 43ddOH F1adIN otov €
T ATdINISSY 9NS 43ddOH 401 600V [4
T ATdINISSY 8NS AY3IAINTAA 800V T
ALD JINVN 1dvd #1HVd |#IN3LI

ONIMYIA 3TVOS LON Od

HY 91-90-03Q
A9 | 3lva

V/N HSINI

V/N  qvpavw

SNOILD3rOdd ITONY QdIHL

3SVITIY IVILINI 0
NOILdI¥Ds3a AR

ATNO 3SN AIVNIWITFd dOS -
410N



Q3aNd3IHO

_. u_o _. ._.mm_l_w <n0._._Z(<<mO>._._mxu>_z:m.w“_. M|_<ow

< 91-50-030 HY

371S ilva AWVN

NMYdd

0987 HOIW

$30V1d 1VaWID3A 333HL 404 S00'0 F 35N

0 A19W3SSV 8NnS ¥OLV1OY
A3Y 1L SRR
NOILVY3IdO ¥INIOr HOILNAWY

S00V :OMda

ONIMVIQ IIVOS ION OQ
V/N HSINI

V/N TVII3LYW

SNOILD3rOdd ITONY QdIHL

=

HY 91-60-03a0

Ad

alva

3SVI13Y VILNI 0
NOILdI¥OS3a A

ATNO SN AIVNIWITIAd JO4 -

410N
4/v YYVI-YILSVINDIN - S1109 9Z0VESCT6 | LT
4/v aiam V/N 9T
4/v YYVYI-43ILSVINDI - S1109 vTsveorTe | ST
T | A19N3ISSY 9NS ILNHD I9YVHISIA LTOV v1
T asvg €20d €T
14 YYVI-YILSVINDIN - ONIYV3IE 00EN0098 | T
T S00 LY0ddNS ONIYYIg ze0d T
T 00 LHOddNS ONIYV3g 120d 0T
T €00 L40ddNS ONIYY3Ig 0z0d 6
T 200 LY0ddNS ONIYY3Ig 6T0d 8
T T00 LYOddNS ONIYYIg 8T0d L
T 140ddNS 3TVINI4 OAY3S LT0d 9
C 73IHM YVLS 910d S
v YHVI-YILSVINDIN - ONIYV3IE OEOETES | ¥
T | A19INISSY 9NS SLYISNI HOLVLOY 910V €
z AT9NISSY 9NS OAY3S TIVIAS STOV z
€ AT9NISSY 9NS OAY3S 304V vIOV T
ALD JNVN 14vd #14vd  [#WN3LI




_. u_o _. ._.mm_l_w VAOLINVW 4O ALIS¥IAINN m_. M|_<ow

< 91-50-030

0

430334 31NYYA4 ITVWEd - 3755

ilva

HVY

AWVN

$30V1d 1VaWID3A 333HL 404 S00'0 F 35N

Q3aNd3IHO ONIMYIA 3TVOS LON Od

HY  91-50-030 3SVI134 WVILNI 0
A8 | 3wva NOILdINOSs3Ia A

NMY¥Q V/N HSINI

098y HOIW V/N TVII3LYW

SNOILD3rOdd ITONY QdIHL

ATNO 3SN AIVNIWITFd dOS -

AT 0L
900v:OMa  NOILVYIdO JYINIOIN HOIALNGWYV Wr@

4/v N1 JILSVId-TVLIN V/N 9
d/v aiam V/N 5

T INIZYOVIN YNOLNOD ITVINIA £20d v

T 140ddNS dO1 ¥3a3d 31NYY34 920d €

T |43A0D LY0ddNS ¥3a3d4 IINYY34| Seod 4

T 140ddNS ¥3a334 I1NYY3S ¥20d T
ALD JINVN LYvd #18vd | #W3LI

410N




_. u_o _. ._.mm_l_w VAOLINVW 4O ALIS¥IAINN m_. M|_<ow

< 91-50-030

0

Q3aNd3IHO

HVY NMYdd

¥3@334 3IN¥¥ad Ivw gzs VG IWVR ORBFHOIW
A3Y 1L
Loov:oma NOILVYIdO ¥3ANIOTr HOILNGWY

/v 3N DILSV1d-1VLIN V/N 9
4/v aiam V/N S

T 3INIZVOVIN ¥NOLNOD TIVIA 8704 ¥

T 140ddNS dOL ¥3a34 31NYy34 9204 €

T | 93A0D LYOddNS ¥3a334 31NY¥3d | Scod z

T 140ddNS ¥30334 3INy¥y3S 7204 T
ALD JNVN LHvd #14vd | #NILI

ONIMYIA 3TVOS LON Od

HY 91-60-030
A9 | 3lva

V/N HSINI

V/N WVISILYW
SNOILD3rOdd I1ONY QIHL

=

3SVI13Y TVILNI
NOILdI¥Os3a

A

ATNO 3SN AIVNIWITFd dOS -
410N



L 4O | 133HS

VAOLINVW 4O ALIS¥IAINN

SN RENLNJON

Q3aNd3IHO

ONIMYIA 3TVOS LON Od

HY 91-90-030 3SVI13Y TVILNI

< 91-50-23a HY NMY3Q V/N e s -
o ATAWASSY 9NS A¥3IAINAA 371S alva AWVYN 098y HOIW V/N  qvpavw
e S
goov:oMa NOILVYIdO ¥INIOr HOILNAWY
S
X
4/v alam V/N 6
T L/PVS99S9T HYVI-HIALSVINDIN - 3DONIH LLPVS999T 8 °
T 30VH4d FTANVYH AY3AN3A Se0d L
c 41V1d 3dIS ILNHD AY3IAITEA €0d 9
4 31V1d 43MOT ILNHD AY3AINEA €e0d =)
T 31V1d dO1 43ddOH A43IAIN3d ¢e0d 14
T 31V1d 43IMOT H43ddOH AYIAITAA Teod €
T 41V1d XOV4 43ddOH AY3AIN3A 0€0d 4
4 11V1d 3dIS 43ddOH AY3AIN3d 6¢0d T
ALD JINVN 1HVvd #1d4vd H#INALI

A

SANN 1V 1AM -
ATNO 3SN AIVNIWITFd dOS -
410N



Q3aNd3IHO
HVY NMVId
JWVN 0987 HOIW

$30V1d 1VaWID3A 333HL 404 S00'0 F 35N
$30V1d TV3WID3d OMLJO4 NI LO'0 F 3SN
A314153dS ISIMIFHLIO SSTINN

_. u_o _. ._.mm_l_w VIOLINVW 40 ALIS¥IAINN m _.M|_<UW
O ATIWISSY ans V oo
¥3ddOH dOL 3715 ¥vd
AT 3L
600v:oMa  NOILVYIdO ¥3ANIOr HOALNGWY
¢
d/v aiam V/N q
T | 3LV1d YIMO1493ddOH dOL | 6€0d | ¥
T | 31V1d 43ddN Y3ddOH dOL | 8€0d | ¢
T | 31V1d 3LNHD Y3ddOH dOL | Z£0d | ¢
Z | 3Lv1d3AISYIddOH dOL | 9€0d | T
ALD JNVN Ldvd #14vd |#NILI

ONIMYIA 3TVOS LON Od

v
v

\z HSINI HY  91-60-030
A9 3lva

/N TVII3LYW

SNOILD3rOdd ITONY QdIHL

=

AV

F

3SV3134 VILINI
NOILdI¥Ds3a

A

SANN LV SLdVd d19M -
ATNO 3SN AIVNIWITFd dOS -
410N



_. u_o _. ._.mm_l_w VAOLINVW 4O ALIS¥IAINN m _.M|_<UW aIaxNdIHD

< 91-50-3a HY NMVQ

A19WasSV dns
¥3ddOH I1aaIW 3715 V@ AWVN - 0F8VHOIW
A3Y 1L
otov:oMa NOILVIIdO ¥3INIOI HOALNAWY
y/v daiam V/N S
T 31V1d 43ddN ¥3ddOH 31aAIN €10d v
T 31V1d Y3MO1 43ddOH 31adIN Tv0d €
T 31V1d 31NHD ¥3ddOH 31aAIN Tt0d 4
z 31V1d 3AIS ¥3ddOH 31aaIN ot0d T
ALD JINVN LYVd #14vd | #A3Ll

ONIMYIA 3TVOS LON Od

HY  91-50-230
A9 3lva

3SV3134 TVILINI 0

HSINI4
V/N NOILdI¥Os3a A

V/N TVII3LYW

SNOILD3rOdd ITONY QdIHL

SANN LV SLdVd d19M -

ATNO 3SN AIVNIWITFd dOS -

410N



L 4O | 133HS

0

VAOLINVW 4O ALIS¥IAINN

G 1:3TvOS

< 91-50-030

371S ilva

A19W3aSSV d4ns
43ddOH WOLLO9

HVY

AWVN

Q3aNd3IHO

NMYdd

0987 HOIW

$30V1d 1V3WID3d 33¥HL ¥O4 G000 F 3SN

A3 L SO AN N 00
tiov:oma NOILVYIdO ¥3INIOr HOALNAWY

u/v aiam V/N L

T 31V1d 43IMO1 43ddOH INOLLOE 6v0d 9

T 3LV1d 43ddN Y3ddOH INOLLOY 8%0d 5

T | 31V1d IVDILYIA ILNHD Y3ddOH NOLLOE |  £¥0d v

T | 3LV1d 43MOT3ILNHD Y3ddOH INOLLO09 9%0d €

T 31V1d 43ddN 3LNHD ¥Y3ddOH INOLLO9 Sv0d z

z 31V1d 3AIS Y3ddOH WO LLO9 0d T
ALD JNVN 14Vd #14vd |#W3LI

ONIMYIA 3TVOS LON Od

ENEENRIT 0
NOILdI¥Os3a A

HY 91-60-03Q
A9 | 3lva

V/N HSINI

V/N

TVII3LYW

SNOILD3rOdd ITONY QdIHL

SANN LV SLdVd d19M -

ATNO 3SN AIVNIWITFd dOS -

410N



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - G1| TV DS Q3INDIHO ONIMVA 3TIVIS LON Od

HY 91-60-03a 3SV313Y TVILNI 0

< 91-50-3a HY NMVQ V/N HSINI
Af alva NOILdI¥OS3a AY

O A19WISSV ans
SINOddNS NIVW ¥3ddOH 3715 V@ IWVN - 98V HOIW v/N ALY

$30V1d TVAWIDIA FAUHL YO4 5000 F 35N SNOILDIO¥d TTONV GRllHL

A3 3L Wr @
clov:oma  NOILVYIdO ¥3INIOI HOILNGWYV

\)

<
A
/v GEN V/N € / @Q
€  [1¥0ddNS1ONAv3Ig1| T150d z
Z  [s140ddNns ¥3ddOH dOL| 0s0d T ATNO 3SN AYVYNIWIIIYL ¥OA -

ALO JINVN LYVd #1MvVd | #W3L 410N




| 4O | 133HS | VEOUNVWHO AUS¥IAIND - G1| TV DS Q3INDIHO ONIMVA 3TIVIS LON Od

HY 91-60-D30 3SV3134 TVILINI 0

91-50-23a HV NMY¥Q V/N HSINI

o >._m<<mww<m=mw._.~_0n_n_:w < EuEn zo_r_;_omun_ >£_
AYVANOD3S ¥3ddOH  3zg V9 IWVN - Oevioaw VN Wi

$30V1d TVAWIDIA FAUHL YO4 5000 F 35N SNOILOIFO¥d JTONY QaIHL

A3d 3L
clovioma  NOILY¥3dO ¥INIOT HOILNAWY W@ e

4/v aiam V/N 7

7 | 1SIONO11490ddNS 1ONA V3G 1| #S0d €

z 140ddNS 1ONA Nv3g 1 €50d z

[4 5140ddNS ¥3ddOH ¢sod I} ATNO SN AIVNIWIIFEd OA -
ALD VN LHvd #149vd | #N3LI -41ON



| 4O | 133HS | VEOUNVWLO AUS¥IAINN - 77| TV DS Q3INDIHO ONIMVA 3TIVIS LON Od

HY 91-50-030 3SVA13Y TVILNI 0
A8 3ava NOILdINOSs3a AN

< 91-50-3a HY NMVQ V/N HSINI

o ATAWASSY 9nS 371S dlva AWVYN 098y HOIW YN v
OAY3S 39¥V1 $30V1d TVIWIDId 3IAHL 4O4 S000 F 35N SNOILOIFO¥d JTONY QaIHL

A3 3L Wr @
riov:oma  NOILVYIdO ¥3INIOIN HOILNGWV

GCTNS866S YYVI-YILSVINDIN- AN ONITdNOD W/€ -, Z/T

0S9NS866S YYVI-YILSVINI - AIN ONIMdNOD . 7/€ - .2/T

aN| | <t

0SCYS866S HYVI-YILSVINON - LYVLS ONIMINOD /€ - . 2/T

| | | -

C91/799 YdVO-4ILSVINOW - HOLOW ZONI 0L T ATNO 3SN AJVNIWITFAL O -

ALD JNVN LHVd #W3LI 410N




| 4O | 133HS | VEOUNVW O AUS¥IAINN | (7 TV DS Q3INDIHO ONIMVA 3TIVIS LON Od

HY  91-60-030 3SV313Y TVILINI 0
< 91-50-030 HY NMY3Q V/N HSINI
Af  dlva NOILdI¥Os3a ARY
o ATAWASSY 9NS 371S dlva AWVYN 098y HOIW YN v
OA¥3S TIVYWS $30V1d TVAWIDIA FAUHL YO4 5000 F 35N SNOILDIO¥d TTONV GRllHL

A3 3L Wr @
slov:oma  NOILVYIdO ¥3INIOI HOILNGWYV

\)
)
)
T 0T9IS866S HYVYI-YALSVINDIN - ANT ONIMNINOD . F/T - .9T" 14
T 0STIS866S HHVYI-YALSVINDIN - AN ONITdNOD 7/T - .9T" €
T Z0THIS8665 HYVI-YILSVINDIA - LHVLS ONI1dNOD .7/T -.9T" 4
T Tr1/799 HdVI-H3LSVINDIN - HO10OW ZO-NI9'T T ATINO 3SN AAVNIWIIFAL 3O4 -
ALD JNVN LHVd #INILI -41ON




| 4O | 13FHS | VEOUNVW 40 AUSYIAINNG {77 | TV DS Q3INDIHO ONIMVA 3TIVIS LON Od

0—|m°|0mﬂ I< Z\S/\N_D <\z Iw_ZI HY  91-50-030 3SV3I13Y IVILINI 0
O AT9WISSV ans VvV R Nouaona ass
alva JWVN 0987 HOIW V/N
LY3ISNI JOLVION 371S VIdELYW
. $30V1d TVAWIOI 3IIHL ¥O4 S000 F 35N SNOILD3rO¥d JIONV QalHL
N3d 31

slov:oMa NOILVYIdO ¥INIOr HOILNAWY

4/V | 44VD-YILSVYINDN - 1109 ,9T/S|S8EVI0ET6| L
4/V| YYVI-YILSVINDIN - O# 1109 |9Z0VESZT6| 9
14 LYISNI L4VHS 6S0d q
t IRENNEINTEEERTY 850d 14 @
t L1H3SNI IINYYI ITVINS £S0d €
14 ¥Y3ATNOHS YOLVL10Y 950d 4
T 4YOLVLOY GS0d T

ATNO 3SN AIVNIWITFd dOS -

ALD JINVN LHvd #14vd (#IN3TLI -31ON



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - Q1| TV DS Q3INDIHO ONIMVA 3TIVIS LON Od

HY 91-60-030 3SV313d TVILINI 0

< 91-50-3a HY NMVQ V/N HSINI
Af alva NOILdI¥DS3Ia A

O A19WISSV ans
JLNHD IDYVHOSIA gz15 3va IWYN 098P HOIW v/N WL

$30V1d TVAWIDIA FAUHL YO4 5000 F 35N SNOILOIFO¥d JTONY QaIHL

A3 3L Wr @
lov:oma NOILVYIdO ¥3INIOI HOILNGWYV

/v diam V/N S
1 YYVDI-YILSVINDIN - AOY 4IddOH IDYVHISIA | €90d | +
1 3LV1d dOL 43ddOH I9¥VHISIA 790d | €
1 31V1d 3AIS Y3ddOH 3DYVHISIA 190d | ¢ SANN LV SINVd QTIM -
1 31V1d 43MO1 43ddOH I9¥VYHISIA 090d | T ATNO 3SN AYVYNIWITING 3O -
ALD VN LYvd #14vd |#N3LI -41ON



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - G1| TV DS Q3INDIHO ONIMVA 3TIVIS LON Od
< 91-v0-23a HY NMYId VINILYW SV gl MY 7090030 ISV VILNI 0
Ad iva NOILdINDS3a Ay
o aivno Y01VIOYN 371 Jlva AWVN 098V HOIW  1331S SYOL - .8/L | \uzium
AJY 1L mwwﬁuﬂ«w&muummwmmm%mmmm%m SNOLLO3NO¥d TIONY GHIHL
tood :oMa  NOILVYIdO ¥INIOr HOILNAWY w
>
(00)
O .W%
ik
68" LY
(0 0]

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 13FHS | VEOUNVWLO AUS¥IAINN {77 | JTV DS @aA03IHD ONIMY3A 3IVOS ION Od

< 91-90-030 HY NMY¥d  IVI¥ILYW SV HSINI H“ fwﬁa ”_w_mmwww_mzn,_ >w¢
o yO1D313S 371S lva JWVN 098 HOIW 91-1909 WNINIWNIV .-
>m N— HMI_._I_I_l SNOILO3rO¥d I1ONY QdIHL
200d :oMa  NOILVYIdO JINIOI HOIALNGWYV .Wr@
/8°9C
LL°EC
v9°€e
69°1¢C
61°G
N|— = o o .
ol |w |os | NS
OO |0 WO |
ﬁ L1'¢
| N
\

1O1S 99°XG 91

¢1€d - LOd4ASTIVIAW TVIdILVW HOOLS Adddd4dad -
ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VeOuUNVWHO AuS¥IAINN || TV DS @aA03IHD ONIMY3A 3IVOS ION Od

< 91-90-23a HY NMYA | TVI¥ILVW SV HSINI ”“ ehﬁ_a ”_w_mm_ww”_wzn__ >M~
o ATAWASSY TVNIS 371S alva JWVN 098 HOIW sav WINILYW
A E | :Z3IVOS
£00d:oMa  NOILVY¥IdO ¥INIOr HOILNIWVY W@ v iiviid
| :Z3TIVOS ]
D Ivlad ]
SV
Ny
680 S
v o0 SZ0
—m T G/ p
V-V NOILD3S !
NI ¢c0
v N
| N S8
D _
“
Y _

Ge'l

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - G1| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

< 91-90-23a HY NMYYQ IVINALYW SV HSINl MY 910030 35VITIY VILNI 0
Ad iva NOILJNDOS3a A
o AV ANIAINAA 371 Jlva JWVYN 098V HOIW  T3AUS SVOL.8/L | umium
AT 1L s ﬂ«m&n_mu“mumwmmmwﬂwmmmm%mm SNOLLO3NO¥d TIONY GHIHL
v00d :oMa  NOILVIIdO ¥3INIOr HOILNAWY W

©

U

O

e —

00'9¢

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - G1| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

o 1YW < 91-90-23a HY NMV¥Q TVIRILYW SV HSINI4 ”“ oﬂﬁ_mo ”_wwawzn,_ >mg
S1¥0OddNS OA¥3S 371S ilva JWVN 0987 HOIW  1331S S¥OL .8/L WINELYW .
A3Y 1L m(w.__mﬁ_M%m
§00d :9Ma  NOILVYIdO JINIOIN HOIALNAWYV Wr@
o
N X |
& v N
B > >
~ G 0
3 |/ N
(0,8
o~
N
ov'S
L/°G
S 96'S
or'9
ys'8 ATNO 3SN AIVNIWITIEd 3OS -
‘310N




| 4O | 13FHS | VEOUNVW 40 AUSYIAINNG C1| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

OFuﬂouomn I< Z\/\’{N_D |—<_zw.—.<2 m< IM_ZI HY 91-90-03Q 3SV313Y TVILINI 0
VW < A8 3va NOILJI¥DS3a ATY
o 140ddNns ONIvag 371S ilva JWVN 0987 HOIW  1331S S¥OL .8/L WINELYW
2 IVIWI 0T SNOILD3rOdd I1ONY QIHL
pa u
900d :9Ma  NOILVYIdO ¥IANIOI HOIALNAWY w
Yy
0 o
% O
o~
(@)
w
9 \m.w

9 ao@ 50°E
/ A0 ATNO 3SN AYVNIWMIND 304 -
310N



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - €7 TV DS @aA03IHD ONIMY3A 3IVOS ION Od

HY 91-90-03a 3SV313d TVILINI 0

< 91-90-3a HY NMY¥d  TVI¥ILVW SV HSINE - o va NOLLAI¥DS3a A3y

TVOILNIA
aiva JWVYN 098V HOIW  T3AUS SVOL.8/L | umium

L¥40ddns via EVAN

S30V1d VAWIDd 338HL Y04 5000 F 35N SNOILDIO¥d TTONV GRllHL

A3 3L Wr
£00d:oMa  NOILVYIdO ¥INIOI HOILNAWY

)

10761 001

00¢

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - G1| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

91-90-33d HY NMVIQ | TVINILYW SV HsINi 7o SV VN o
o TVINOZRNOH Ad | alva NOILdI¥Ds3a AZ¥
098y HOIW  1331S S¥OL .8/1
1404ddns V13 gz VA IWWN WitV
AJY =il SIOV1d VAWIDIA 334HL ¥O4 S000 F 35N SNOLLDIrOAd J1IONV QdiHL

$30V1d TV3WID3d OMLJO4 NI LO'0 F 3SN
800d :OMd  NOILVY3IdO ¥INIOI HOILNAWV W@

00°¢

vicy

|
!

GLC

ATNO 3SN AIVNIWITFd dOS -
410N



L 4O | 133HS

0

AJd

VAOLNVW 40 AUSYIAIND - G:| 1TV DS Q3INDIHO ONIMY¥A 3TVOS LON Od
< 91-90-23a HY NMYYQ IVINALYW SV HSINL MY 9190030 ISV VNI 0
A9 3lva NOILdI¥OSs3a A
3svd 4Ol v1a 371 alva JWVYN 098V HOIW  T3AUS SVOL.8/L | umium
. $30V1d TVAWIDIA FAUHL YO4 5000 F 35N SNOLOINO8Y IONY GIHL
UL W
6004 :oMa  NOILVYIdO ¥INIOI HOIALNAWYV

059

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWLO AUS¥IAINN - 77| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

ENEREERVATN 0

< 91-90-03a HY NMY¥Q  TVI¥ILYW SV Hoinig Y 7190030
Ag iva NOILdINDS3a AN

o € TVINOZINOH
130ddNns v13 371S ilvda JWVN 0987 HOIW  1331S S¥OL .8/L WINILYW

$30V1d TVAWIOI 3IIHL ¥O4 S000 F 35N SNOLLDIrOAd J1IONV QdiHL

A3 3L Wr
olod:oMa  NOILVYIdO ¥INIOI HOILNAWY

0G9 00|

i

00°¢

ATNO 3SN AIVNIWITFd dOS -
410N



L 4O | 133HS

0

J0O1D3443 AN3

VAOLINVW 4O ALIS¥IAINN N _. M|_<UW

< 91-90-030

371S ilva

HVY

AWVN

$30V1d 1vawId3a

HSINI HY 91-90-030

Af  3lva

Q3aNd3IHO ONIMYIA FTVOS ION O
NMYYA TVIRIALVW SV
0987 HOIW sav

TVII3LYW
SNOILD3rO¥d IIONY Q¥IHL

AJd =Rl 5V VAo
Liod :M¥d NOILVYIdO 4INIOIM HOIALNAWY W@
[ - 1 ITVOS
4 11v13d
\
o O
o N[N
N w |O
o
= LL°CL
GZ0

o

N

(@)

HE
i
& I=
wz d \
GZ0
GG 0

3SV3134 TVILINI
NOILIIOSs3a

040

CLILAWVOS A
= yvlad /S

0cy

] )
R

Gee

ATNO 3SN AIVNIWITFd dOS -
410N



L 4O | 133HS

0

AJd

y3aans
Y3ddOH dOl

¢L0d :oma

7L

VEOLINVW 40 >._._mxm>_z=,m. _. _. m|_<om

< 91-50-030

EVAN

ilva

HVY

AWVN

Q3aNd3IHO

NMYdd

0987 HOIW

NOILVYIdO ¥INIOr HOILNAWY

ONIMYIA 3TVOS LON Od

HY 91-60-030 3SVIN3Y TVILINI 0

IVIIILVW SV HSINI4

1331S S¥O1 .8/1

Ag  3lva NOILdI¥Os3a A

TVII3LYW

SNOILOArO¥d I1ONY QdIHL

=

OB

87

6G°0 ﬁ

G9°¢

R

8E'¢C

L0°¢C

061

€LY

06y

LLY

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVW O AUS¥IAINNG | 1| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

< OFumouomn I< Z\/\’{MD .—<_xm.—.<E m< IW_ZI HY 91-50-03a 3SVI13Y IVILINI 0
o J3Aiis A8 ava NOILII¥DS3a A3Y
¥34ddOH I1aaiw 371S lva JWVN 0987 HOIW  133LS SO0l .8/1 WINELYW
>m M HMI_u_r_n_l me%«.‘,_mm M«um(\AM_QWND JIYHL N_O“WANWWMWWMME SNOILO3rO¥d I1ONY QdIHL
€l0d:OoMa NOILVYIIdO ¥INIOr HOALNAWY w @ /60 N
szol |
w
~O
(@)
ha
o
@]
&
o
Oy N
o
O
\
& €70
je L |
o
X
gel
0y
Olv
vé6'yv
¢l'g

ATNO 3SN AIVNIWITFd dOS -
410N



_. u_o _. ._.mm_l_w VEOLINVW 40 >._._mxm>_z=,m. _. _. M|_<UW aIaxNdIHD

ONIMYIA 3TVOS LON Od

< OFumouomﬁ I< Z\/\’{MD .—<_zm.—.<§ m< IW_ZI HY 91-50-030 3SV313Y TVILINI 0
o 31V1d ¥43ddN A8 3va NOILdI¥DS3a A
¥43ddOH WOLLO9 371S ilva JWVN 0987 HOIW  1331S S¥OL .8/L WINELYW
>m M HMI_u_r_n_l Mmm%&(\.‘ﬁ M«um,\AM_UWM_Mu_UmmMIk “MWHWWMWWWME SNOILO3rO¥d I1ONY QdIHL
vlod :oMad  NOILVYIIdO JINIOr HOILNAWY w @
A%
vy
00" |
G¢o
w
w
(0,8
w
o~
>
N
n
>
(0,8
LC |
Ge'l
1G°¢
09°¢

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - €7 TV DS @aA03IHD ONIMY3A 3IVOS ION Od

< 91-§0-23a HY NMYId VINILYW SV gl HY 9S00 3SVITIY TVILNI 0
o A8 alva NOILdI¥DOs3a A
1onawvag i 371S lva JWVN 0987 HOIW  1331S S¥OL .8/L WINILYW
AT TIL mwwﬁuﬂ«m&n_muumumwmmmmmmw‘mmmw% SNOILD3FO¥d TIONY QlIHL
§lod:oma NOILVYIIdO ¥3INIOr HOALNAWY w
GL 91

00°¢

~ 1
001

88’1

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VeOuUNVWHO AuS¥IAINN || TV DS @aA03IHD ONIMY3A 3IVOS ION Od

< 91-90-030 HY NMVIa | TVINILVW SV HSINI N qwﬂa ”_M_H_N_gw”,mzn,_ >”~_
o 13IHMYVIS 371S dlva JWVN 098 HOIW sav WINILYW
>m W_ HMI_l_l_n_n SNOILO3rO¥d I1ONY QdIHL
9104 :9Ma  NOILVYIdO ¥INIOr HOALNGWY .Wr@
Gg0'¢
G5l 2\
N A (o)
0¢'1 + O bQ.
: & o
Ggco QQ\
,@/ —_—
o |
N
(@]
o |-
w L | ]
% 0
o, S
%

ATNO 3SN AIVNIWITFd dOS -
410N



_. H_O _. ._.mm_l_w VAOLINVW 40 ALISY¥IAINN m”_. HMI_<UW aIaxNdIHD
91-90-2
o - < 1-90-23a HY NMVQ
S1¥OddNS OA¥3S 371S ilva JWVN 0987 HOIW
A3 1L
£10d:oMd  NOILVYIIdO ¥INIOr HOALNIWY
sl ave | wousmoma

4

o

ONIMYIA 3TVOS LON Od

TVIRIALVW SV
1331S S¥O1 .8/1

HSINI4 m,m _. _.
SNOILO3rO¥d I1ONY QdIHL NN- _- _-
W@ 586
8y'8
€89
LC9
N
)
o N
% 0
- - \../.mw. %
N | 5
® A-4|-V X |=
_ NP7/ o
N N P
~ T2
N O |
W on
N
Ol
N
o
~O
€eo
0/
VAR
0C'9

ATNO 3SN AIVNIWITFd dOS -
310N



_. u_o _. ._.mm_l_w VAOLINVW 4O ALIS¥IAINN .V_. M|_<UW aIaxNdIHD

< 91-90-030 HY NMVQ

o L00 L4OddNS ONIRV3Ig 371S alva JWVN 098y HOIW

A3
810d :OMda

. $30V1d IVAWID3A 334HL ¥O4 S000 7
m_l_._._._. S3OV1d vawId3a 4 NI [00F
nmm_u

asn

IMIFHLO SSIINN

1331S S¥O1 .8/1

ONIMYIA 3TVOS LON Od

IVIIILVW SV HSINI4

TVII3LYW

SNOILD3rOdd ITONY QdIHL

AR=2C,

NOILVYIdO ¥INIOr HOILNAWY

HY  91-60-030

Af

Yy

aiva

3SV3IT3Y TVILINI
NOILdI¥OSs3a

€G 91

G el

60 L1

GO0¢

A

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVW 4O AUSYIAINNG 7 | TV DS @aA03IHD ONIMY3A 3IVOS ION Od

< 91-90-23a HY NMYId VINILYW SV g MY (915003 35V3T3Y TVILNI 0
o ¢00 A8 awva NOWLdINDSIa A
10ddns 9NI¥vag 3718 ilva JWVN 0987 HOIW  1331S S¥OL .8/L WINILYW
AN TLIL mwwﬁﬂ«uw&n_,_uwwo mww_zmow*mmmmmww% SNOILD3rOYd TIONY GHHL
6104:9Ma  NOILVYIIdO d3ANIOr HOIALNAWY Wy@
oCY
Vs
o 5
1)
>
(@)
N
o
~O
N
o
N

Ly 0l

% _oc'l

LEC

/ ATNO 3SN ASVNIWITFAd §O4 -
410N




_. u_o _. ._.mm_l_w <=0._._Z<<<m0>._._mxm>_z:_.“m._. M|_<UW aIaxNdIHD

< 91-90-030 HY NMVQ

€00
O 140ddNs ONIYVIe jzig MVQ IWVN 0%V HOIW

$30V1d 1VaWID3A 333HL 404 S00'0 F 35N

A3 =i SOV WANIS

0zod :oMa  NOILVYIdO ¥INIOI HOILNAWY

S .Q%

Q
Q

ONIMYIA 3TVOS LON Od

._<_~_m._.<<< W< Iw_ZI HY 91-90-03d 3SV313Y VILINI 0
A aiva NOILdI¥OS3a AN

1F3US SYOL8/L o

SNOILDIrO¥d INONY Q¥IHL
|

0c'L o
[ I— - 7u
ﬁ G6'0 o

A

44

S
vee

0S¢

<O GE0

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - €7 TV DS @aA03IHD ONIMY3A 3IVOS ION Od

3SVI13 TVILINI 0

< 91-90-03a HY NMV¥a  TVINILYW SV HeiNg Y7o

o 00 A8 3va NOILdINDSIa A
140ddNsS ONINvag 371S lva JWVN 0987 HOIW  133LS SO0l .8/1 WINELYW

SNOILOArO¥d I1ONY QdIHL

$30V1d 1VaWID3A 333HL 404 S00'0 F 35N

AJd 7101 $35V1d WANID:

lzod:oMa  NOILVYIdO ¥3INIOI HOILNGWYV Wr@

JASH!

69 11
8E L1
Ly 0l

/
L0°CL

lv°Cl
g
ﬁi\

GC'¢
G9°C

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWLO AUS¥IAINN - 77| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

< 91-90-23a HY NMYAQ VINILYW SV HiNl | HY (915093 ISV VNI 0
o moo 095 HoIW — w\_. Ad alva NOILdI¥OS3a A
140ddNS ONI¥V3e S e o 0s wzo:umﬁomuﬁo? om.__H_N_m?\E
o St
2eod OMa . NOILVYIdO ¥3INIOr HOILNAWY Wy@
>
o~
i
O]
w
o
~O
RN
N
w
507
N o000 50
¢8’l
° 61°¢
0 .
vo'e
U
/ ATNO 3SN AIVNIWIIFAd dO4d -

410N



_. u_o _. ._.mm_l_w VAOLINVW 4O ALIS¥IAINN N _. _. M|_<UW aIaxNdIHD

ONIMYIA 3TVOS LON Od

< 91-90-03a HY NMYYO  TVINILYW SV HSINI . 8C ey
o asvd 371 aiva JWVYN 098V HOIW  T3AUS SVOL.8/L | umium mwN 24
. SNOILOArO¥d I1ONY QdIHL OR ’ vm
ATY =1 @ 8G'v¢
€20d 'OMd NOILVYIIdO JINIOr HOALNAWY .Wr 73
e siso v i . AINO 3SN AIVNIWITFAd §OA - Gy IE
A9 3lva NOILdI¥Ds3a AZY m._.o—/_ Nm OMU
1C°6
89/
96/
Gé6v
€8y
v1'¢g
vl
- —
N
. N
N 3o | NN ~
™ RS S
aglee
S TRREk
N
|
vy 6 _
956 =
w
/ A [T 11 N
6¢ |1 ©
~N N 71°8C ~
LC8C
L66C
N 60°0¢
738G
96'GE

Glyy




L 4O | 133HS

0

AJd

A

VEOLNYW 40 ALSSIAND - Q7| 1TV DS @aNdIHD ONIMY3A 3IVOS ION Od
< OFumouomn I< Z\/\’{MD .—<_zm.—.<§ m< IW_ZI HY 91-50-03a0 3SV3T3Y TVILINI
140ddNS A8 alva NOILdI¥DS3a
FEEEFERIYRER 371S ilva JWVN 0987 HOIW  1331S S¥OL .8/L YINILYW
HMI_u_I_I_l %W%«a“g«um@%wﬂ J3NHL N_O“WAHWWMWWMMME SNOILO3rO¥d I1ONY QdIHL
¥20d oM NOILVYIIdO JINIOr HOALNAWY w @
68 /1
b 2691
o\ O
A 8151
o
AR
0
-9 —
N
i
$
& 660
L :
© 68791

98°LC

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VveOouNvwio Aus¥IAINN ()| 1| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

HY 91-50-03a0 3SV313Y TVILNI 0
=G0~ HSINI4
< 91-50-03a HY NMV¥Q  TVI¥ILYW SV SNH - e e

o 43IA0D 140ddNS

¥3a33d 31nyy34 371S lva JWVN 0987 HOIW  133LS SO0l .8/1 WINELYW

S30V1d VAWIDd 338HL Y04 5000 F 35N SNOILDIO¥d TTONV GRllHL

A3 3L Wr @
§zod:oMa NOILVYIdO ¥INIOr HOILNAWY

V6l

61°91

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VeOuUNVWHO AuS¥IAINN || TV DS @aA03IHD ONIMY3A 3IVOS ION Od

< 91-§0-23ad HV NMVYYQd TVINILYW W< HSINI HY  91-50-030 3SV3134 TVILINI 0
A9 3lva NOILdNOSs3a A

o 140ddNns 401
NEEEFERNYER] 371S ilvda JWVN 0987 HOIW  133LS SO0l .8/1 WINILYW

$30V1d TVAWIOI 3IIHL ¥O4 S000 F 35N SNOILOIFO¥d JTONY QaIHL

A3 3L Wr
920d:oMa  NOILVYIdO ¥IANIOr HOILNAWY

TAN

60°¢

GC91 d

G60

ATNO 3SN AIVNIWITFd dOS -
410N




_. u_o _. ._.mm_l_w VAOLINVW 4O ALIS¥IAINN O _. _. M|_<UW aIaxNdIHD

< 91-90-030 HY Nivaa
0 ANIZVOYW
¥NOINOD VW34 715 VA IWYN 0sErHOIW

$30V1d 1VaWID3A 333HL 404 S00'0 F 35N

A3 =)
zod:oma NOILVYIdO ¥IANIOr HOILNAWY

¢80

68°0

G¢o
600

0/l

\J/
@

ONIMYIA 3TVOS LON Od

HY 91-60-23a 3SV3134 TVILINI 0

A9 3lva NOILdNOs3a A3¥ N ” _. m I_ < U m

HSINI4

TVII3LYW < I_ _<|_|m D

SNOILOArO¥d I1ONY QdIHL

VAN
[ L

-
//%w *

600

B

€0

68°L1

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - G1| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

HY  ?1-90-03a0 3SV313d TVILNI 0

< 91-90-030 HY NMY¥d  IVI¥ILYW SV HSINI
Af alva NOILdI¥OS3a AN

ANIZVOVW
o ava JWVYN 0987 HOIW sav VIV

z:o._.zoo m|_<2 MN_w o SNOILO3rO¥d IIONY QdIHL .
AJY 1L R i ¢ - 1 d1vVOS
8204:o0Ma  NOILVY3dO ¥INIOr HOILNAWY Wr @ v Iviad

6010

68°0

]

280

0

0
60

G¢

68°/1

0/l

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VeOuUNVWHO AuS¥IAINN || TV DS @aA03IHD ONIMY3A 3IVOS ION Od

OFumouomn I< Z>><MD l_<—xmh<2 m< IW_ZI HY ?21-90-03Q 3ISVIT3Y TVILINI 0
o 31V1id 34IS A awva NOLLdINDS3a Ay
¥3ddOH A¥3IAINEA 371S lva JWVN 0987 HOAW  1331S S¥OL .8/1 WINELYW
. SIOV1d VAWIDIA 334HL ¥O4 S000 F 35N SNOIDIFO¥d TIONV QAIHL
AT 1101 $3OVId VAW

620d:oMa  NOILVYIdO ¥INIOr HOILNAWY Wr@

— |= o o .
S B 3 @ - -
il 80
[ m

—_ N
o~ |
N N

SN

AN Ay

a 29T
v/C
z/'S
¥8°G

GC'9

ATNO 3SN AIVNIWITFd dOS -
410N



[ 4O | [JIHS  VEOUNVW IO AUS¥IAINN G*7: | TV DS @3ND3IHO ONIMVYA 3IVOS LON Od

1V1d OV W oo w NMVIO IVRELYWSY  eNs T e
O ¥3ddOH A¥3AITIA azg VG IWYN OBV aaisevor.en wesn
AT =alll
0g0d ‘oMa  NOILVIIdO ¥IANIOT HOILNGWY _w
001
0 o
O /_
. [
001
|
el
- :
88°¢G1

0091

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWLO AUS¥IAINN - 77| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

W e w NMVIO TVRALVWSY ks T SR
31V1d ¥IMO1
0 ¥3ddOH A¥IAINAQ grs AVG | AN IS masavorent veann
A3 UL W
120d :OMd NOILVYIIdO ¥INIOr HOIALNIWY @
- (@)
0021 m
8851 dALEL0 =
oX OSEl . o
00l :
o .
q (]
o
n
(@]
q (]

ATNO 3SN AIVNIWITFd dOS -
410N



_. u_o _. ._.mm_l_w VAOLINVW 4O ALIS¥IAINN m_. M|_<OW aIaxNdIHD

ONIMYIA 3TVOS LON Od

o 21v1d 4Ol < 91-50-3a HY NMVIa | TVINILVW SV HSINI HM z%ﬁg ”M_Hﬂ%“,o >“=
¥3ddOH A¥IAINAA zig VA IWUN ORVHOW ygaisepou.ei e
>m M HMI_I_I_I_l wmmww/w\.‘,_uﬂ«uw,\&ﬁ_,_owmumummw:ﬁ ”MMHWWMWMWZME SNOILD3rOdd I1ONY QIHL
ze0d :oma NOILVYIdO JINIOIN HOIALNGWYV .Wr@
. ‘dAL€L0
X OS €1 o
(@)
(@)
I_
|A
.9
n\ il
>
N
O
O O
00°Z1

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWLO AUS¥IAINN - 77| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

N e v wess wemwwsy e DR T
o e reiads ilvda JWVN 098% HOIW 1331S S0l .8/1
JINHD A¥3AIN3A 371 VOL.8/L Jvigivw
>m W_ HMI_n_n_n_. wmw%«.ﬁﬂﬂ%&MMMmWMMmWWMWHWWMWMMm SNOILD3rO¥d ITONY Q¥IHL
£20d :OMa NOILVYIdO ¥INIOr HOILNGWY Wr@
00/l o
. N w
- - dALEL0 0o
X "' OSEL0 =
o
n\ i
N
@)
N
o O

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVW O AUS¥IAINN | (7 TV DS @aA03IHD ONIMY3A 3IVOS ION Od

o 114 31 < 91-50-23a HY NMVQ VIHILYW SV HgN 7 72 wm_wﬂwﬁ,n o
jlva JWVN 098y HOIW  1331S S¥OL .8/L
thIO >¢m>—dmo MN_w ‘A F SNOILD3Iro¥d MAUZ/\ON_A__H_N_NH/\E
e 1L
v20d :OMd NOILVYIIdO ¥INIOr HOIALNIWY .Wr@
o lo |o
—_ (0)3 (00
w O —
8¢0
090
v0'¢C
L1LC
14504

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVW O AUS¥IAINN | (7 TV DS @aA03IHD ONIMY3A 3IVOS ION Od

< 91-50-030 HY NMY¥d  IVI¥ILYW SV HSINI H“ fuﬁwa HM_H“MMM_ >w¢
o JOVY¥9 ITANVH A¥3AINEA 371S alva JWVN 098V HOIW  TAUSSVOL.B/L . ym vy
>m W_ HMI_l_l_n_n MWW«L_MLQMSMMwD EENITE mwmmmmvmWWMm SNOILDIrO¥d INONY Q¥IHL
§80d :OMa  NOILVYIdO JINIOI HOIALNGWYV W@
w
m .
%8
- T . o
o ) 05 L %
Ne) O 00
o 2
>< e . .
35 ﬁ dAL GT0
/ /
)Y Y
¢ <
\ \
\ \
/ /
/ A\\ A\
_ | _ v
ZX 06 NMA g | B "dAL 8€°0
¥
60’1
911
00°ZL

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWLO AUS¥IAINN - 77| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

91-50-03a WY NMYSa TVINILYW SV HSINI HY 91-50-030 ENEIENRIT] 0
o mh<._m WQ_W A4 alva NOILdI¥Os3Ia A

¥3ddOH 4Ol 371S ilva JWVN 0987 HOIW  1331S S¥OL .8/L WINELYW

SNOILOArO¥d I1ONY QdIHL

AJd 7L

9204 :OMa  NOILVYIdO ¥IANIOr HOILNAWY Wr@

18°C1
1€C1
glzl
¢/ N
o 0z’/
o €9°0
0570 *
LI LI O
o
(@)
o o~ L
o 0 60'8 @
/18 . N
N
. €96 Q
CL 6 .
L0l

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - €7 TV DS @aA03IHD ONIMY3A 3IVOS ION Od
0—.|m°|0mn I< Z\/\’(N_D |—<_“w.—.<E m< IM_ZI HY 91-60-03a 3SV313Y VILINI 0
31Vid 3LNHD A8 | dlva NOILdI¥DS3a AR
o ¥3ddOH dOl1L 371S ilvda JWVN 0987 HOIW  1331S S¥OL .8/L WINILYW
>m M HMI_I_I_I_l mew,w\.‘,_mmﬂ“%&MMMmWMMMWWMWHWMMWWMMm SNOILD3rOdd I1ONY QIHL
£0d:O9Md NOILVYIdO ¥INIOr HOALNAWY Wy@
00°ZL
o o
N
o
(@)
(@]
|_
=<
.0
n_/ o
X' OSEL0

dALEL0

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWLO AUS¥IAINN - 77| TV DS @aA03IHD ONIMY3A 3IVOS ION Od
< 91-50-23a HY NMYAQ VINILYW SV gty HY 71003 3513 VILNI 0
o 31V1d ¥43ddN A8 | ava NOILJI¥DS3a A2y
¥3ddOH 4Ol 371S ilva JWVN 0987 HOIW  1331S S¥OL .8/L WINELYW
\/m M HMI_l_l_n_l wmmw%,w\.‘,_uﬂ«M&MMMmWMMMWWMWHWWMWWMME SNOILD3rOdd I1ONY QIHL
8e0d :oMd NOILVY¥IdO d3ANIOI HOIALNAWY .Wr@
00Z1 R
"dALESL0 X OSEL0 oS7 ANIDO
2w
o (@
o [m]
I I I I I I I I I I I I I I I M U
o 9¢°0
3
- 6v°0
=<
. 'dAL 880
¢ 1

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 13FHS | VEOUNVWLO AUS¥IAINN {77 | JTV DS @aA03IHD ONIMY3A 3IVOS ION Od

HY 91-60-03a 3SVI13Y WVILINI 0

< 91-50-030 HY NMY¥d  IVI¥ILYW SV HSIN NOlLios3a o

9]P|d 1I9MO01]
ilva JWVN 098y HOIW  133LS SOl .8/L

JaddoH dol 3z71S

TVII3LYW

$30V1d TVAWIDIA FAUHL YO4 5000 F 35N SNOLOINO8Y IONY GIHL

A3 3L SN RN Wr @
6204 :oMa NOILVYIdO ¥IANIOr HOILNAWY

007/l
dALELO
=] =] O
wn
o
N
A
(&)
N
9X OSEL0 > |=
j %

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWLO AUS¥IAINN - 77| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

91-50-03d HY NMYSa 1VINILVW SV HeINlg | HY 9rsoo3a 3SVI13Y WVILINI 0
A8 dwva NOILdNOs3Ia A

o d1vid 34IS
¥34dOH J1aaw 371S ilva JWVN 0987 HOIW  1331S S¥OL .8/L WINELYW

SNOILO3rO¥d ITONY QdIHL

$30V1d 1V3WID3d 33¥HL ¥O4 G000 F 3SN

A3d L SR
0v0d :oMa  NOILVY¥IdO ¥3INIOIM HOILNIWYV Wr@

G9'6
SL'6
€06
00'G
8V
AN = = |0 OO €9°0
N N N — |00 o |—
O O [N W |[— [0 (W 050
LT ’, [N ]
O
o8, - &
0 |
| €50
0y
LY
u ATNO 3SN AYVNIWITFYL §O4 -
:31ION




| 4O | 133HS | VEOUNVWLO AUS¥IAINN - 77| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

0—.|m°|0mn I< Z\S(W_D |—<—“w.—.<2 m< IM_ZI HY 91-50-030 3SVI3Y TVILINI 0
31V1d 31NHD < A8 ava NOILdI¥DS3a AZY
o ¥34dOH J1aaIW 3718 ilva JWVYN 098V HOIW  T3AUS SVOL.8/L | umium
2 IVIWI 0T SNOILD3rOdd I1ONY QIHL
ay u
vod :oMad NOILVYIIdO JINIOr HOILNAWY w
00/l
D [m]

8C'q

X OS€EL0

dALEL0

'dAL0S0

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - €7 TV DS @aA03IHD ONIMY3A 3IVOS ION Od
< 91-§0-23a HY NMYYQ IVINALYW SV gl | HY 9tso0aa 35v3133 TVILNI 0
o 31Vi1d IMO1 A8 ava NOILdI¥DS3a AZY
¥34dOH I1aaiw 371S ilva JWVN 0987 HOIW  1331S S¥OL .8/L WINELYW
>m N— HMI_l_l_n_l wmmwwlw\.‘,_uﬂ“%&MMMmWMMMWWMWHWMMWWMME SNOILD3rOdd I1ONY QIHL
zvod:oma NOILVYIdO d3ANIOI HOALNAWY w @ .
wn
(@)
’ —
00°Z1 5
. : . . Y
X 'OSEL0 dAL€L0
o o
0
o~
(@)
o o
LT Il Il Il Il M M M M M M M Il N M|
440
\ . /50
'dAL 880

ATNO 3SN AIVNIWITFd dOS -
410N



_. u_o _. ._.mm_l_w VAOLINVW 4O ALIS¥IAINN m”_. M|_<OW aIaxNdIHD

ONIMYIA 3TVOS LON Od

< 0—.|m°|0mn I< Z\/\’(N_D |—<_“w.—.<2 m< IM_ZI HY 91-60-03a 3SVIN3Y TVILINI 0
o J1V1d ¥43ddN A8 awva NOILIINDS3a AZY
¥34dOH J1aaw 371S ilva JWVN 0987 HOIW  1331S S¥OL .8/L WINILYW
\/m M HMI_I_I_I_l wmww%«.‘,_uﬂ“%&MMMmWMMMWWMWHWMMWMMMm SNOILD3rOdd I1ONY QIHL
ev0d oM NOILVYIIdO JINIOr HOALNAWY Wy@
00/l
X 'OSEL0
o o
o
(00)
o o
. o
(@]
(@)
|_
=<
.U
‘dALEL0

ATNO 3SN AIVNIWITFd dOS -
410N



_. u_o _. ._.mm_l_w VAOLINVW 4O ALIS¥IAINN m”_. M|_<UW

< 91-50-030

ilva

o 31V1d ¥3ddn
43ddOH WOLL04

AJd 7L

EVAN

Q3aNd3IHO

HVY NMYdd

JWVN 0987 HOIW

bvod :oMa NOILVYIdO ¥INIOI HOILNAWY

6€°0

ONIMYIA 3TVOS LON Od

HY  91-50-030 3ASVI3Y VILINI

IVIIILVW SV HSINI4

1331S S¥O1 .8/1

A8 3lva NOILdINOSs3a

TVII3LYW

SNOILO3rO¥d ITONY QdIHL

E=®

68

6

186

A

GL'G

L6

8y

8y 0

%S
/€5
- 6w
~ el
197 ——
£9°0
I"Tos0
o
w
~
O
On
!
W0
€50

1G°€
09°¢
iy
vey
26V

GO'S

€Cé

ceé

9,6

ATNO 3SN AIVNIWITFd dOS -
310N



| 4O | 133HS | VEOUNVW 4O AUSYIAINNG 7 | TV DS @aA03IHD ONIMY3A 3IVOS ION Od

20V1d ¥3ddn < 91-§0-03d HY NMY¥Q  TVINILVW SV HSINI4 HM fwﬁa ”_w_u“wwmzn,_ >M¢
o J1NHD ¥34ddOH WOLLOS 3718 lva JWVN 098y HOIW  1331S S¥OL .8/L VI
2 IVIWI 0T SNOILD3rOdd I1ONY QIHL
L L
§¥0d :OMa  NOILVYIdO JINIOIN HOIALNGWYV w
00°ZL
o [m]

|
0L

X ' OSEL0

'dAL0S0

dALEL0

ATNO 3SN AIVNIWITFd dOS -
410N




| 4O | 133HS | VEOUNVWHO AUS¥IAIND - €7 TV DS @aA03IHD ONIMY3A 3IVOS ION Od
HY 91-50-030 3ISVI 13N VILINI 0
o 31V1d 33MO1 31NHD < 71750930 HY NMved TVIRILVW SV HSINE = e T aiva NOILdI¥DS3a AZY
¥3ddOH WOLLO9g 371S ilva JWVN 0987 HOIW  1331S S¥OL .8/L WINELYW
>m M HMI_I_I_I_l wmww%«.‘,_uﬂ«uw&ﬁ_,_owwmummmv;k H\MWAHWWMWMMME SNOILD3rOdd I1ONY QIHL
904 :OMa  NOILVYIdO ¥IANIOIr HOALNAWV Wy@
002l

68’/
LCL

X OS€EL0

dALEL0

'dAL0S0

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - G1| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

HY 91-60-030 3SV313d IVILINI 0

< 91-50-3a HY NMY¥d  IVI¥ILYW SV HSINI
Af alva NOILdI¥Ds3a AN

o A1V1d TVOILN3A
J1NHD ¥34ddOH WOLLOS 3718 lva JWVN 098y HOIW  1331S S¥OL .8/L VI

$30V1d TVAWIDIA FAUHL YO4 5000 F 35N SNOILDIO¥d TTONV GRllHL

A3 3L Wr @
tv0d:oMa NOILVYIdO ¥INIOI HOILNAWY

00/l

780

dALELO X OSELO

'dAL 9€°0

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - €7 TV DS @aA03IHD ONIMY3A 3IVOS ION Od

91-50-03a HY NMYYQ TVINILVW SV HSINI HY | 91-50-030 3SVI134 WVILNI 0
Ad | alva NOILdI¥OSs3a A

o 41V1d ¥3ddn
¥34dOH WOLLO9 371S ilva JWVN 0987 HOIW  1331S S¥OL .8/L WINELYW

SNOILD3rOdd ITONY QdIHL

A3 S
sw0soMa  NOILVY3O ¥INIOF HOILNIWY W@

00 /I
(@)
3 S
IN o 5
o~ W =<
= o
‘dALE€L0

X ' OSEL0

ATNO 3SN AIVNIWITFd dOS -
410N




| 4O | 133HS | VEOUNVWLO AUS¥IAINN - 77| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

21V1d ¥IMOT < 91-§0-03d HY NMY¥Q  TVINILVW SV HSINI4 HM ﬁﬁa ”_w_w“ww%_ >”=
o ¥3ddOH WOLLO9 371S ilva JWVN 0987 HOIW  1331S S¥OL .8/L WINELYW
2 IVIWI 0T SNOILD3rOdd I1ONY QIHL
A3 L
6v0d :oMa  NOILVYIdO ¥3ANIOr HOALNGWY w
00°ZI
_u O

(@a]
)
w
a
“l/_u_/ [ [ [ [ [ [ [ [ [ [ N N [ [ [ |
X OSEL0 7o
550
"JAL 880

ATNO 3SN AIVNIWITFd dOS -
410N



[ 4O | 133HS  VvEOUNVWHO AUs¥IAIND 7| TV DS @aNdIHD ONIMVYA 3IVOS LON Od C:ZIIVOS
W oo o wmwwsy e RS v V130
L0ddns

o ¥3ddOH dOL 371S lva JWVN 0987 HOIW  1331S S¥OL .8/L YINILYW

AT 1101 S3OV1d WANIoAg om

0s0d:oMa  NOILVYIdO ¥INIOI HOILNAWY Wr@

SNOILOArO¥d I1ONY QdIHL

1S°EL

G901
0C L1

0¢¢l

06 ¢l

0C91

19°91
9L

£1°0¢

8G'l¢C

~_
0Sv¢

68°L

ATNO 3SN AIVNIWITFd dOS -
410N




_. u_o _. ._.mm_l_w VAOLINVW 4O ALIS¥IAINN m”_. M|_<OW aIaxNdIHD

ONIMYIA 3TVOS LON Od

001

OFuwouomn I< Z\/\’(N_D |—<_“w.—.<2 m< IM_ZI HY 91-60-03d 3SV3T3Y VILINI 0
o 130ddNsS A8 ava NOILIDS3a A3Y
1ONa Wvag 1 3718 jlva JWVN 098y HOIW  1331S S¥OL .8/L VI
>m M HMI_I_I_I_l mewu.‘,_u ﬂ“%&MMMWWMMMWWMWHWMMWWMMm SNOILD3rOdd I1ONY QIHL
1504 :9Ma  NOILVYIIdO JINIOr HOALNAWY w
00°¢ 00/l
o
QO\
B

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - €7 TV DS @aA03IHD ONIMY3A 3IVOS ION Od
< 91-90-030 HY NMYIO  TVINILYW SV Hoi 710030 mER o
O S1¥0ddNS ¥3ddOH 3715 VA AWYN  09BYHOIW  TEHISSVOL.B/L sy
>m N_ HMI_._r_I_- SNOILO3rO¥d ITONY QdIHL
¢sod:oma NOILVYIdO ¥INIOI HOALNAWY Wr@
€. ¢ dIVOS =
Vv 1Iv13ad
88°0 ﬂ?
0
N ~O
% @ N
= o
7 o - . O
5 v %
] t‘&
_ N\
o
<
GCold ™
960
SLe
9y
LLY
1£°G
2671

ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - €7 TV DS @aA03IHD ONIMY3A 3IVOS ION Od

0 |m°|0 < IM_ZI HY  91-60-03d 3SVIT3Y IVILINI 0
o 1STIONOT 1NOddNS < ' 1 HY NMved TVIRILVW SV A8 alva NOILdI¥DS3a AR
1ONa wviagd 1 3718 jlva JWVN 098y HOIW  1331S S¥OL .8/L VI
v VAW 0% SNOILD3rOdd I1ONY QIHL
pas u
¥50d :OMd  NOILVYIIdO JINIOr HOALNAWY w
TAVA

00¢

001

ATNO 3SN AIVNIWITFd dOS -
410N



L 4O | 133HS

o JOlviOY

A3
§50d :OMd

3L
NOILVYIdO ¥INIOr HOILNAWY

VEOLINVW 40 >._._mxm>_z=m-,.m“ _. M|_<UW

< 91-90-030

EVAN

HVY

AWVN

Q3aNd3IHO

NMYdd

0987 HOIW 91-1909 wnluiwny

ONIMYIA 3TVOS LON Od

IVIIILVW SV HSINI4

TVII3LYW
SNOILD3rO¥d IIONY Q¥IHL

HY 91-50-D30
A9 3lva

3SV313y TVILINI
NOILdNOs3a

A

8X NN dTIM G 0d

1¥°0C
918l o
IRl S
. . 910l —
dAL9L L 510 =
dAL0Z0 9LC .
O b i 1 1
3 WS S R ' S S S 3 S
..V H H I ﬂ- H H |.
& g
e S S W —— 3
+ m t+ 4 d
g §
ovo.o "dALOS'T
A0/+ "dALSLT

OrX LO1SOL' XYL

£°H!

dALEC |

'dAL 9570

86AYL68 dAVI-JALSYWOW “IVIYILVYW ADOLS d3ddd4ded -
ATNO 3SN AIVNIWITFd dOS -
410N



_. u_o _. ._.mm_l_w VAOLINVW 4O ALIS¥IAINN N_. M|_<UW

0

AJd

< 91-90-030 HY

Y3ATNOHS YOLVIOY 3715 3vd JWVN
7L

Q3aNd3IHO

NMYdd

0987 HOIW

9504 :OMa  NOILVYIdO ¥INIOr HOILNAWY

ONIMYIA 3TVOS LON Od

HY 91-50-030 3SVI134 WVILNI 0
A8 awva NOILdNOsIa A

IVIIILVW SV HSINI4

AOMV OELY oo

SNOILOArO¥d I1ONY QdIHL

€6’

SLO0Q

¢6¢

'dAL 69°0

'dAL060

'dAL 00" L

€'t

'dALGZ0

YELEL99 JAVIO-IILSVWOW “TVIdFLVW HOOLS dddd343dd -
ATNO 3SN AIVNIWITFd dOS -
410N



| 4O | 133HS  VEOUNVYWHO AUS¥IAINDIGZ" | (JTV DS QINDIHO ONIMVIQ IIVOS ION OQ

< 91-90-3a HY NMYIQ  IVINILVW SV HSINI ”“ fwﬂo “w_mm”_zww,mzn,_ >M~_
o ._.u_mmz_ Jivda JWVN 098%¥ HOIW sav
31N¥¥34 IIVYWAA 3z1s e
A3 =R ATNO 3SN >m_<z_§:m_w_n_.w_0u_ -
£50d:oMa  NOILVY¥IdO ¥INIOr HOILNAWYV W@ -341ON
| |
+ + = o
o o =
o~ Fe——e pmmmm e o
| T o ,
1 “ Lm A 2 e / .7
A T | N _ | :
= \+! m o U#_ __rﬂ 1HOT L€ ¥
| 20 & 4NN 080 ﬁ T
. 810 A SO0 @ X8 610
GZ0 — -
9% | 080
660
G/0
BERREZA
> <
~
N
%A\



| 4O | 133HS | VeOuUNVWHO AuS¥IAINN || TV DS @aA03IHD ONIMY3A 3IVOS ION Od

< 91-90-23a HY NMYAQ VINLYW SV HsiNig MY 7sooaa 3SVA133 VILINI 0
o J¥3SNI A8 ava NOILIINDS3a AZY
0987 HOIW sav
2INY¥34 IIVW gzg V9 IWWN Wi .
AT 311 BT 1407 HLIONIT DdV 99°0
8504 :OMd  NOILVYIIdO JINIOr HOALNAWY Wy
&
w W + © O v
ot | _ o~ — JO

N
S
650
!

O SZ0 870
® e :
+*
S %.oo O Y&l L£0
/.O @O 96| 660
(O
O
9/°0
€z0
> <
o
(@)
N
= ]

L

o5 AINO 3SN AYVYNIWITIAd 3O4 -
410N




L 4O | 133HS

0

VAOLINVW 4O ALIS¥IAINN N _. M|_<UW

< 91-90-030

Q3aNd3IHO ONIMYIA 3TVOS LON Od

HY  91-60-030
A9 3lva

HV NMYYA TVIRIALVW SV HSINI

3SV313d TVILINI
NOILdI¥DS3a

L < 1 ITVOS

ray Vv 1Iv13d

LY3SNI 1dVHS 371S alva JWVN 098y HOIW AOTV OELY im0
A3Y 3111 w
650d:9Ma NOILVYIdO J¥INIOr HOILNAWY W @ *
©
o
- 0991
G291 - :
gzl - 660
YA — :
STy .
G20 |
Y
©
= & ST
= &
= 4
R Q™
vZ 0

CIX1OSOC LY - STIVSIVIAWTVIILSNANI “IVIAFLYW HDOLS d3dd343d -
ATNO 3SN AIVNIWITFd dOS -

410N



| 4O | 133HS | VEOUNVWHO AUS¥IAIND - G1| TV DS @aA03IHD ONIMY3A 3IVOS ION Od

< OFuﬂouomn I< Z\/\’(N_D |—<_zw.—.<2 m< IM_ZI HY 91-90-030 3SVIT3Y IVILINI 0
o J1V1d 43MO1 A8 3lva NOILdINDS3Ia AR
¥3ddOH I9IVHOSIA 371S ilvda JWVYN 0987 HOIW  1331S S¥OL .8/L YINILYW
>m M HMI_I_I_I_l Muwwu.‘,_uﬂ«uw&ﬁ_,_owuumumwwfk N‘SM&WAHWWMWWMME SNOILD3rOdd I1ONY QIHL
0904 :5Md  NOILVYIIdO JINIOr HOALNAWY Wy@
QLY
88°¢
001
QO a o
o
l
<
.U
N
N
o
(@]
X OS¢l
/ o
// ATNO JSN AIVNIWITFAd §OA -

410N



| 4O | 133HS | VeOuUNVWHO AuS¥IAINN || TV DS @aA03IHD ONIMY3A 3IVOS ION Od

HY  91-90-03a ISV VILNI 0
o 31vid 34IS < 7190230 HY NMvad TVIRALYW SV HSINE 4e  aiva NOILJI¥DS3a A
434ddOH I9¥VHOSIA 3718 lva JWVN 098y HOIW  1331S S¥OL .8/L VI
. $30V1d TVAWIOI 3IIHL ¥O4 S000 F 35N SNOIDIFO¥d TIONV QAIHL
AFY 1101 SOV WANIS

190d:oMa  NOILVYIdO ¥3INIOI HOIALNIWV Wr@

00'¢g
Y%
Ly
- 8¢g'l
o GC' |
o 8¢0
[] M o
o |O
o m./ .
_ e o
NS}
@z
|| L]
F 8c™
vo'l rd
051
€91
8¢V

oSy

ATNO 3SN AIVNIWITFd dOS -
410N



Q3aNd3IHO ONIMYIA 3TVOS LON Od

_. u_o _. ._.mm_l_w VAOLINVW 4O ALIS¥IAINN m”_. M|_<UW

o 20¥1d dOL < 91-90-530 HY NMYAQ  TVINELYW SV KN ZomuN_ S
JINHD 39IVHOSIA 371S ilvda JWVYN 0987 HOIW  1331S S¥OL .8/L YINILYW
AJY =i m_wﬁuﬂ«m&MMmWWMMWWMWHWMmW%m SNOLLOITO¥d FIONY QaIHL
¢904:9Ma  NOILVY¥3IdO ¥3INIOM HOILNWV W@
dALELO
X 'OS€EL0
. N
o S
O N
— N6
|—
|A
Y e o
00°Z1

ATNO 3SN AIVNIWITFd dOS -
410N





