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Abstract

The project group worked with Middleton Aerospacelésign an improved
manufacturing process for an aircraft engine twglhiousing, utilizing six sigma and lean
manufacturing concepts to shorten lead-time andasepart flow. The current
manufacturing process was studied, a computer atronl of the process was created,
and a new process was developed, incorporatinggelsatio cell layout, order of
operations, and work in process. The client’s dmations were met, and Middleton

Aerospace plans to implement the recommended cBange
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Introduction

Middleton Aerospace desires to ramp up turbinengggroduction capability to meet an
expected 200% increase in demand. The focus girtject is to establish a solution for
them, utilizing lean processes and flexible fixtdesign to shorten the lead-time of the

manufacturing processes and improve part flow.

In order to tackle this iterative system designieagring problem, the project was
initially split into five stages:

1. Problem Definition

2. Investigation

3. Solution Development

4. Solution Improvement

5. Evaluation and Analysis

The project group began by gathering informatiortrencurrent manufacturing process,
in order to define specific goals for improvemértie gathered data was then organized
and sorted in order to allow for an investigatiérnvbere bottlenecks and unnecessary
steps occur. From this data, the project groupafses developed methods to reduce
inefficiencies in the manufacturing processes. Tigkided eliminating unnecessary
steps and restructuring the manufacturing procesghtly schedule when and where

each operation would be performed.



After the methods for improvement were developbkd dffectiveness of those
improvements was analyzed. Since the length of tirrakes to complete a batch of parts

is long compared to the length of the project, moictihe analysis was derived through

simulation.



Background

I. Company Description

Magellan Aerospace Corporation is a diversifiedpdiep of products and services to
commercial and defense aircraft manufacturers gedabors world-wide. Magellan
provides repair and overhaul services as well asrtnufacture of high quality
components from five operating facilities in Canada the United States. Services
provided include complex repair and overhaul ofyed industrial engines and engine
components. Manufactured products include highgoerdance composite and metal

structures and critical rotating and non-rotatingiee components.

Middleton Aerospace Co. is a division of Magellaerdspace and manufactures critical
rotating and non-rotating parts for major engingdaus in the United States as well as
for a number of the world's armed forces. The camg@pplies the latest CAD/CAM
technology, is ISO 9002 certified and retains MBB8 and AQAP-4 approvals, to meet
the stringent demands of its customers. Employpmg@imately 125 people, Middleton
manufactures both prototype and production pasisgunumerically controlled

machines, and can turn, mill and grind parts agelars 60 inches in diameter.

Customers served include Boeing, McDonnell Dougkexeral Electric, Bombardier,
Rolls-Royce, Pratt & Whitney, Allied Signal, Raytre Bell Helicopter Textron, as well
as defense departments in Canada, the United Sitadethroughout the world. Each
operating facility is dedicated to continued impement in delivery, quality, and cost

performance.



Its manufacturing facility, Middleton Aerospace @oration, mainly specializes in
turbine engine component manufacturing. They prediasings, structural components,

and shatfts for turbine engines in Middleton, Mahksaetts.

[I. Part Description

The CF34 engine family is generally considered dsravative of General Electric's
rugged, combat-proven TF34 which powers the U.8FArce A-10 and U.S. Navy S-
3A. The CF34 has evolved from this solid militagperience base as a superior
commercial engine with excellent performance mardirability, and a level of
reliability that allows today's 50 to 105 passenggional jets to be flown with utmost

confidence throughout the world.

The high pressure turbine sits directly behindatbustion chamber and receives the
brunt of exhaust gas energy. This force will spia turbine, the driveshatt it rides on and
the high pressure compressor. Therefore, the higgspre turbine stator casing has to be

able to withstand extreme high temperature andaotes.

From the manufacturing standpoint, there are & 66t33 different process steps to
manufacture this complicated high press turbinengasom release of material to the
final product inspection where the part is readpealelivered to the customer, General

Electric.



[ll. Literary Resources

This is a summary of what the team learned in thgang process of the MQP:

1. Value Added Analysis
A process step is value-added if it causes a chantiee physical state of the
material, in accordance with customer specificasion

@roooop

Quality(defects, rework, returns)

Cost(materials, productivity, overhead)
Delivery(lead-time)

Eliminate non-value-added (NVA) process steps
Process map

Revised process map

Best quality, cost and delivery

2. Lean Ingredients

a.
b.

Just — In — time processing
Continuous one-piece- flow

3. Lean Implementation Strategy

a.

b.

C.

Teach everyone 5S and start implementing everywihetee plant

Choose a product to become the model line

Implement work cells, continuous one-piece flowd atandard work in
final assembly

Build work cells in component fabrication and usalian to connect them
to final assembly

4. Inspiration For Shop Floor

a.

Direct Investigation

5. 5S Training

PO T

Sort
Straighten
Scrub
Schedule
Score

6. Work Cell Design

Se@~ooo0oTy

Determine the blocking step

Tag time calculation

Save space that can be used to make other products

Make it easier to communicate

Minimize the distance an operator needs to moveelp another
Allow one person to operate multiple machines

Eliminate space for WIP to accumulate

Direct Linear Part Flow



Methodology

The goal of this project was to improve the proaes=d to manufacture the 4145T33G01
High Pressure Turbine Inner Casing at Middletono&pace Corporation. Middleton
Aerospace defined a number of possible improveméetswould like to see
implemented, including lead-time reduction, coslueion, and process streamlining.
These results could be reached through one or anamneges to the system including

changing the layout of machines in the cell, conmgrprocesses, or fixture redesign.

Because of the complexity of the project, it wasided to implement a six sigma

approach. This defined the problem in 5 specifiges, and shown in Figure 1 below.

Figure 1: Design Process Flow Chart

In the first phase, the project group defined whatclient’s specifications were, what

would be critical to the quality of the solutionghat defects existed in the current



manufacturing process that needed to be resolweldwhat the performance standard

would be for judging possible solutions.

In the second phase, the project group focusedtiregng data on the current process to
determine exactly what changes could be implemeateddress the defects observed in
the Define phase of the project. The various datiaces were combined to allow the

problem to be more easily visualized.

In the third phase, a computer simulation of thecpss was developed to allow for the

analysis of any improvements.

In the fourth phase, the project group addressegtimary areas of concern, and
developed a new order of operations to minimizp@hg, a modified cell layout to
minimize part movement, and a continuous flow gtareduce the amount of work in

process being held in inventory at the plant.

Finally, in the fifth phase, the improvements weoenbined with recommendations for
the implementation of Kanban and 5s practices suenthat the new process does not

degrade over time.



Phase 1 - Define

In order to establish the client specificationg, tharacteristics that would be critical to
the quality of the solution, the process capahibityd a performance standard, the team
gathered a great deal of data on the existing peo&&hat follows is a summary of the

data collected.

A. Cost Analysis Sheet

One of the first documents received from Middlefa@rospace was labeled as “Cost
Analysis”, from 29 Quarter 2005. This provided a look at the proessa whole, and
detailed what steps were involved in manufactutirggpart. This document can be found

as Appendix A.

According to the Cost Analysis, the total Run Hdlarsthe entire process is 36.71 hours.
However, this does not translate to the actual-temd for the part, which the engineers
at Middleton quoted as 8 weeks. The cost analyss dot take into account shipping
times for those processes done out of the celljtadmkes not take into account the fact
that the parts are produced in batches, so theynoiayecessarily move onto the next

step until the entire batch is ready to move on.

While the cost analysis sheet was useful in progdin overview of the process, and
gave the run times for the each step, it did ne¢ giny details of the process, nor did the

run times accurately correlate to the actual tih&skes to process the part.



B. Tool Sheets
The next documents received were a series of tadts. These contained details on
machine operation for each process. There weraypes of sheets, depending on the

type of machine. An example of each is found in éqglix B.

For the lathes, each sheet heading gives the parber (4145T33G01), the operation
number, and the machine model. Also included aedhision number, date of creation,
and fixture number to be used on that machinetat process. Below the heading, the
sheet features a list of all the tools that shdédnstalled on the machine, and in what
position they should be placed. It gives the tatlar as well as the insert number for
each. The second page shows a simple drawing bfadhe tools, with the cutting
surface highlighted. The last page gives a drawirthe part as it should look for that

process.

The tool sheets for the milling machines are similde heading also features the part
number, operation number, machine model, fixtueduand revision number. Below
these are drawings of generic milling tools witmdnsions stated as letters. Next on the
sheet is a list of the tools that need to be ilestdbr the process, the tool size, a short
description of the tool, and values for the dimensimentioned in the above drawings.
The second page contains instructions for pladiegoart onto the necessary fixture and

any miscellaneous notes on the process.



These tool sheets provided details on what pads@ois were being used in each
process, as well as which machines could be usadettr, the project group will not
need to change any of the tools used, and it wasdfthat many of the machines
referenced in the files were no longer in use. tDoé sheets can provide useful
information when combining processes by allowing ¢bmparison of the tools used in

each of the processes.

C. Time Analysis

Because no information is available on which magsiare being used for each process,
and on what machines were actually in the cell,di&itbn Aerospace sent a Time
Analysis document. This document was part of a siney they had done eatrlier. It
looks very similar to the Cost Analysis, except ihanly features those processes that

are performed in-house.

Next to the operations, it lists a standard tirhenttwo separate times, listed as “Man
Run Hours” and “Machine Run Hours”, which divide thperation time into the machine
run times and the setup and disassembly timese $iirectime study was not completed,
most of these times are listed as the same, sdothiement doesn't provide much useful
information. However, the document did list theuattmachine each operation is
performed on, which allows the part flow to be sewre clearly. This allows the project
group to identify which machines are being heaugged and where bottlenecks occur
when parts are waiting for a machine to be avaslahlcopy of this document can be

found in Appendix C.
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D. Cell Layout

The cell layout was provided by Middleton Aerospase Microsoft Visio file. This
provides the cell layout at the current time. Tikei drawn to scale, and includes all the
benches, fixture storage, and machines. The fatigwhart lists the total number of each

of the items shown on the cell layout.

Table 1: Contents of Cell

Machine # in Cell
Kitamurra 2
SL-75 2
SL-65 1
B/P 1
EL 1
EDM 1
Surf. Plate 2
Fixture Storage 3
Bench 5
Cabinet 2

This information allows the project group to aclyakee what machines are available to
use, and how many there are. As was mentionecga analyzing the flow through
the machines, bottlenecks can be identified. Tdwarfblan can also be used to simulate
part flow though the cell to provide a baselineftaure modifications. A copy of the

Cell Layout can be found in Appendix D.

E. Technical Drawings
A series of technical drawing covering each proaessanufacturing of the part, was
also acquired. For the lathe and mill operatiomste are technical drawings of a cross

section of the part. Some of the drawings showptrein its current state, with the final

11



shape superimposed as a dotted line. Drawingsiier processes include details to
assist to the people performing that operation siscbhotos showing how to load the
part into the machine or onto a fixture, speciaicautions that need to be taken, or step-

by-step instructions for that operation.

These drawing prove very useful in determining whatctly is happening in each step,
and when coupled with the other documents, provedeear understanding of the
process. Also, it helps in determining whether psscsteps can be combined or

modified. An example of one of the technical draygican be found in Appendix E.

F. Green-line Sheet

A tool that Middleton Aerospace uses in decidingyimany units to start production of
each week is their “Greenline” sheet. The first pathe sheet contains the part name,
with a large table below it. Each column of theléaiefers to the data for a given week.
The rows relate to different aspects of the pradaadf the part. There is a row for the
number of parts due that week, total parts dueupdt week, number of parts promised
to GE, number of parts actually shipped to GE wWeek, total parts made up to that
week, and the difference between the total maddlentbtal due. There is also a block
for comments. The second part of the sheet shasvsumber of parts that have gone
through certain processes, compared to how mang agrected to have at that point.
This is shown through the use of a bar graph. Highht of the bar shows which week it
is, and along the sides of the bar are the vallesg the left side is the expected

number of parts produced, and along the rightasatttual number of parts produced.

12



These measurements are taken at several key @uesagpaced out along the entire
process. The first point is at Material Releasé, thien at Operations 20, 40, 100, 120,

175, 235, and 280, then ends with number of phdishave been shipped.

These sheets provide an idea of the total numbearm$é Middleton is making, as well as
how many are being made on average each weekolshbws where parts are getting
stalled in the flow, since new material is releaseéry few weeks, but the number of
parts going through each operation change contslyounfortunately, it is impossible
to determine which parts are from which batch, #nd how far behind the operations
actually are from each other, but this can be edaothby comparing values across
operations. Both parts of the Greenline Sheet 8¢217/2005 can be found in

Appendix F.

G. Routing Sheet

The routing sheets are packets used to track g@atythat gets manufactured in the
plant, from start to finish. The first page givhs tlate that the material is released for
production, the work order number for the batchk, gart number, description, sales order
number from GE, raw material, batch size, individdexial number, and process

revisions.

The subsequent pages contain a section for eachtmpein the manufacturing process.

Each operation has an individual operation nundngal,a code is given to tell which

machine or company will do that process. For exafrlpthe operations have the code

13



NCL, for Numerical Control Lathe. Out-of-house agi@wns contain the name of the
company that the parts get sent to, for exampleufate Brazing or Hansen Aerospace.
A short description of each operation is provid@dng with any important notes. These
notes include precautions and instructions for afpans that can be performed out of
order. Next to the description is an expected e for the operation. As the operations
are completed, a stamp is placed under the run filme stamp gives a four digit code for

the worker who stamped it, along with the datehefstamping.

It is important to note that the run times givea gust a rough approximation. According
to the engineers at Middleton Aerospace, setup isnaenortized over an average-sized
batch, and no breakdown of setup time, run timd,vaait time is provided. Also, the
parts are stamped as a batch, not as each indiyidkeves the machine. This makes
determining wait time and the actual run time diift. It also makes it difficult to
determine how the batch system works, and whetheotathey are working at capacity.
These factors will need to be determined thougkratiethods, such as interviewing the

workers on the floor.

However, the routing sheets provide an outlineotdltprocess, including all non-
machining operations such as inspections and ehto$e processes not defined
elsewhere. They also give an idea of how longkiésato manufacture a batch of parts
from start to finish. By comparing the routing stsefer several different parts, it is
possible to come up with average times for thd ftacess and individual operations.

An example of a routing sheet can be found in Aplpe(.

14



H. Direct I nvestigation

Through meetings with engineers and workers at Midd Aerospace, the project group
has accumulated additional information. At one ingetRobert Tariverdian, Director of
Engineering, explained that the number of partg gireduce is based on customer
demand, so they do not necessarily operate atdpkcity. This makes it difficult to
determine whether any changes the project grougsnakl actually affect to overall run
time, since there is no baseline to compare witle groject group also received
estimates on the total number of days it takeg@itrof-house operations to be completed

once shipping time is factored in. These are ginghe following table:

Table 2: Out of House Operation Times

OP # Time Vendor

OP 25 3 Days Accurate Brazing
OP 175 5 Days Laserfare
OP 210 1 Day Hansen Aerospace
OP 225 | 5 Days Laserfare
OP 235 2 Days Accurate Brazin(
OP 280 1 Day Hansen Aerospace

These times give an idea of how long the partshvéllunavailable for in-cell operation,
and show where shipping time can be reduced by tongboperations performed by the
same vendor. Mr. Tariverdian also informed the gebgroup that parts are shipped as a
complete batch. This means that the entire batdt oamplete all previous operations

before any can be sent out. This can increasetiwegt possibly by days.

15



Also, the project group was informed that most @wdjpns are done while the parts are
on the machines at each operation to ensure thgatt is within tolerance, and is
included in the run time. Any inspections done m&she machine, such as Fluorescent

Penetrant Inspection (FPI), are given their owrrafpen.

From the meeting, it was also determined that itargm especially while waiting
between operations, is kept within the cell. Thera raw material storage area, but it is
rarely used for in-process parts, and a finishemtigstorage area, where they keep

completed parts that have not been shipped.

The project group was informed that the Deburr apens (Operations 150 and 190)
Final Mark (Operation 130), and TIG welding (Operat265) are done outside of the
cell, in another area at Middleton Aerospace. Adddlly, the project group was able to
determine that Operations 175 (Laser drill hol&8)) (Inspection), 205 (Bench Splatter),
215 (Assemble Shield), 225 (Laser weld shield), 24! (Bench Splatter) could all be
combined and done by Laserfare in one shipmens dduild result in a significant

reduction in lead-time.

Finally, the project group was informed that ceiynbe moved to a new building in the

near future. Thus, if it was desired to move angtmaes into or out of the cell, or

rearrange machines currently in the cell, it cdadddone during the move.

16



During another meeting, the project group met Wity Marino, the man in charge of
the cell. He gave a lot of information on the inm@rkings of the cell and process. First
off, it was discovered that many operations aresdmut of the cell, especially when they
need to increase production unexpectedly or wheshimas are idle. This includes Ops
10, 20, 30, 40, 80, 110, and 120. They can alldreean lathes and mills located
elsewhere at the facility. Also, it was learned thare are two working shifts, for a total
workday of about 16 hours. This information mayulseful during analysis. The
following table, Table 3, is provided to show thEemations that are currently done inside

and outside the cell, based on the informatiomke@during this meeting:

17



Table 3: In Cell/Out of Cell Operations

| OP # Machine In Cell Outof Cell Outside Vendor |
5 v
10 SL-65 4
20 SL-65 4
25 v
30 EL 4
40 SL-75 4
80 SL-75 v
90 SL-75 v
100 SL-75 4
110 Kitamurra 4
120 Kitamurra 4
130 Mark 4
140 Kitamurra 4
150 Deburr 4
160 SL-75 4
170 SL-75 4
175 4
180 Kitamurra 4
190 Deburr v
205 Deburr v
210 4
213 4
215 4
225 4
235 4
245 Deburr 4
254 v
255 B/P v
265 Weld 4
270 B/P 4
280 4
290 4
Total Steps 9 15 8
Total Run time 20:09 19:41 NA

|. Current Process
Using all the aforementioned documents and infoilonat preliminary description of the

entire process can be presented, detailing eaclatoapeas much as possible with the

18



information available. A more detailed analysigha operations and flow will be
performed later in the project. The technical draysishow the results of each process.

The complete process follows:

5 — Release Material: This is the first step imtstg the process. A work order is made

and the material is tagged with a routing sheetsamd to the cell.

10 — Rough Aft: The first lathe operation. This tamas a large amount of material from

the aft, and gives the general shape to the part.

20 — Rough Fwd: Similar to OP 10, but does the samiie forward. Removes a lot of

material, especially to hollow out the inside fordiaf the part.

25 — Heat Treat: The batch is then shipped to AxteuBrazing and heat treated for

several hours.

30 — Tool Prep: The parts are placed in the engiie, and flatness of faces is ensured.

This is done due to possible deformation from tbat lireatment.

40 - Finish Fwd: The parts are placed into a latid the forward face is finished off.

Most of the details of the forward side are cutiis step.

80 — Finish Aft Flange: The lathe is used to ddtelflange to the final dimensions.
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90 — Finish Middle ID: The lathe is used to give thiddle diameter its size. Details are

not cut yet though.

100 — Finish Forward Grooves: The details for threvbrd grooves from the middle are

cut now.

110 — Mill Pockets Aft Flange: A mill is used tolhout pockets in the flange, as well as

drill holes through the flange on either side & gocket.

120 — Mill and Drill Aft Flange: Several smallerlae are drilled into the flange.

130 — Final Mark: The batch is removed from the aetl brought to a sandblaster. The

part number and serial number are blasted onto gath

140 — Mill and Drill Periphery: Batch is returnemthe cell and each is put into mill.

Additional details are milled out of the flangepand the pockets and holes.

150 — Deburr and White Light Inspect: The batciermoved from the cell. All the holes

and pockets are deburred. All of the parts are iha@inidually inspected for defects.

160 — Finish OD: Final details are cut onto thesm# diameter, including details to the

flange.
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170 — Finish ID Aft Grooves: The grooves on thedasof the part are finished off, and

detailed fully.

175 — Laser Drill Holes: The batch is shipped tsdréare and several extremely small

holes are laser drilled into the parts.

180 — Drill ID Pin Holes: When the batch returnghe cell, the mill is used to drill

several holes into the parts, located on the inside.

190 — Local Bench and Inspect: The parts area#mnf cell to have the ID holes

deburred with an abrasive pad and sharp edgesrortiigpection of these holes is also

done.

205 — Bench Laser Splatter: The laser drilled halesthen cleaned of any debris. Also,

the holes are checked to be in tolerance.

210 — FPI: The batch is shipped to Hansen Aerospaoere a Fluorescent Penetrant

Inspection is performed on all the holes to enslueee are no cracks or other damage.

213 — Release Hardware: The heat shields are eeldasm inventory at Laserfare and

coupled with a part in the process. At this tinme, parts are shipped to Laserfare.
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215 - Assemble Shield: The heat shields and egisiaisings are cleaned with alcohol,
and then assembled together. Aluminum tape mayée 1o hold the parts together. A

gauge pin is used to inspect the position of tret BRield. This is done at Laserfare.

225 — Laser Weld: The shield is laser welded tacdseng.

235 — Heat Treatment: The batch is shipped offcouate Brazing and heat treated

again.

245 — Bench Laser Splatter: Once back at Middléterospace, the parts are sent out of

cell to the bench, and any debris from the weldind heat treatment are removed.

254 — Release Hardware: Kits of bushings and pmsedeased from inventory and

coupled with a casing.

255 — Assemble Bushings and Pins: All groovesmspacted with go/no-go gauges for
accuracy of dimensions due to heat treatment. ksef actions are done to install the
pins and bushings into the necessary holes. Aés@ral cleanings of the casing, pins,

and bushings are performed, as well as regulaegtigms to insure correct installation.

265 — Weld Bushings and Pins: The batch is setted |G welder. All the bushings and

pins that were installed in the previous operatiomwelding into place.
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270 — Ream Bushings: Back in the cell, the weldeshings are reamed to ensure that

they are the correct size on the B/P.

275 — Inspection: This is not mandatory, and isallgunot performed.

280 — FPI: The batch is sent to Hansen Aerospat@maother FPI is performed. This

inspection is meant to check the safety of the sveld

290 — Final Inspection: The batch is shipped badWiddleton Aerospace. A final in
house inspection is done to check all final measerds of the casing. They are then

ready to be shipped out or sent to storage.

As a result of the initial investigation, the teamas able to define a number of defects in
the current manufacturing process that were critcguality:

» Operations are being done on machines other thee tbpecified in the routing

sheets

* Many operations are done outside of the cell

» Parts spend a lot of time being shipped to oute@helors or other locations

* Products sit in inventory for extended periodsiroet

* A batch-and-queue system is used instead of canistlow

* Need for better communication between managemehslaop floor

» Although there is a preventive maintenance plandoudimentation it does not

seem to be proactive or effective
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The project group was also is able to develop a daven measuring system to judge
any improvements, using the equation of Y = X1 +#X&3. In this equation, Y is the
indicator of process performance, and is a funabiotmree variables, X1, X2, and X3. X1
and X2 are derived from the client specificaticans] are Lead Time Improvement and
Implementation of a Lean Process respectively.t€am went further by validating the

reduction in work in process costs, which is X3.
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Phase 2 — Measure

In order to further understand and identify the Gd@racteristics, and to allow for the
development of solutions, further analysis was ede@ome of the data gathered needed
to be rearranged, and there was a lot of critid@rmation which was spread over

multiple documents which needed to be combined.

A. Routing Sheet Analysis

The first step in the analysis was to look at thiection of routing sheets that Mr.
Tariverdian had provided. As stated earlier, thresgéing sheets provided the best insight
into the current lead-times, wait times, and praodiaev. Analysis began by making a
table and compiling all the information containadhe 25 routing sheets that were

recieved onto a single document.

A column is designated for the work center codeNEL, B/P), machine commonly
used, fixture used, Operation #, Operation DegonpEstimated Run time (the value
found on the routing sheets), and a column for sacial number analyzed. The work
center and common machine allowed the project gtogge which successive
operations required the same machine, and showed hdiiches of parts were sent out
of the cell to outside vendors. The fixture numtoereach operation was included to
allow future analysis of fixture design and utitiba. Operation numbers and

descriptions were included for reference.
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The estimated run time was used to examine theepsao find bottlenecks where parts
back up while waiting in line for machines to be@available. In an ideal
manufacturing process, every operation will hawegame run time, allowing a constant
part flow through the process. Although this is possible with the existing process,
since parts need to be shipped out in batchespatitey to approach equal operation

times will improve flow and reduce lead-time.

On the combined routing sheet, the first set of fuarts analyzed were started on the
same date, and finished on almost the same datewiére all in the same batch. This
meant that stamp dates for the intermediate stayg be analyzed to make assumptions
on how the process is run. The dates were coloed;agb that it was easy to visualize
how batches are formed. The analysis sheet fdirdidour parts can be found in

Appendix H.

Doing this analysis helped give an idea of in thg flow. Since Operations 10 and 20
are both performed on the SL-65, the entire batasghrough Operation 10, and then
when they are finished, go through Operation 2@ dimalysis of the routing sheet seems
to confirm this. Once all the parts are done wipkration 20,, they are shipped to
Accurate Brazing for heat treating. When they gatikh it appears that one of the SL-75
is used for Operation 40 and the other for Openai® since one of the parts goes
through OP 40 after the other 3 parts have alreatg OP 80. For Operations 90 and

100, it seems that all the parts go through eatdrédé¢he next is started. The stamp dates
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for all 4 parts are similar for both operationstiBoperations use the same fixture, so that

would also make sense.

The batch is then sent to the Kitamurra mill fore@qtions 110 and 120. The run times
are very close for the entire batch for both openat and no parts enter OP 120 before
they are all finished OP 110, so it seems that #reyheld at this step. Again, the same
fixture is used for both operations. The entireebas then sent out-of-cell at the same

time to be marked at the sand blaster.

The next Operation, 140, is the longest in-housaipn, running 5 hours and 11
minutes. Although there are two Kitamurra machinesell that Operation 140 can be
performed on, that is a huge amount of time to teetmsingle parts, and the bottleneck
formed at this step causes the span of 7 days batetamp dates. The entire batch seems

to be split into two for the next operation, whishinspection.

Both Operations 160 and 170 are performed on th&5lathes and use the same fixture.
It seems as though both operations are done sielgsder each part, due to the fact

that all four parts are stamped the same datedibr dperations even though the total
span is 3 days for the batch. In other words, aweamnld go through OP 160, be flipped

over, and immediately have OP 170 performed oefiidie moving onto the next part.

Once the entire batch is finished with those opamat they are shipped together to

Laserfare for laser drilling. When they return \tlaee all sent through the mill for OP
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180. After this operation, they stay together flon@st the rest of the process (Operations
190 through 254). They go to a local inspection @edning, then ship to Hansen for
further inspection, then to back Laserfare for lsbaeld assembly and welding. They
then travel as a batch to Accurate Brazing for breatment, and are returned to

Middleton for cleaning.

After they return to the cell and are cleaned, teysplit into 2 groups. Once the entire
first group finishes the next operation and mowestiee second group is sent through to
follow. This is true for the remaining operatiotise bushing assembly, TIG welding,
reaming, and final inspections. For these fingbatdions, the parts are sent to Hansen

individually, not as a batch.

B. Process Flowchart
With the routing sheets in a form that can be gasialyzed, it was necessary to
rearrange the process itself. To assist with vianalysis, a color-coded flowchart was

created. This flowchart of the current processtmfound in Appendix I.

In this flowchart, each operation is given a bokjak contains the operation number and

the name of the machine it is performed on. Theibgxven a color specific to the

machine it is performed on. For example, all therapons on the Kitamurra mill are red.

Below each operation box is the estimated run thond on the routing sheets. An

arrow is then leading from the operation to anotiwey, the flow box. The flow boxes are
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either blue or peach in color. A peach box indisahat it is flowing into or within the
cell. A blue box indicates that the part will bepgied out of Middleton Aerospace.
Inside the flow box is a number of days. This iatés the average days between the
processes on the analyzed routing sheets. Tharedsrow leading from each operation

to the next. At the end of each row, the processitoes on the left of the next row.

By totaling up the times in the blue boxes, it i@sd that the total shipping/out of cell
time is about 43 days. Doing the same for the Ihboxes comes up with a total of 23
days. Combined, this makes a total 66 days, orteébaueeks. This average lead-time is

close to the estimates that the engineers at Mildl&erospace gave.

Using the color-coding to notice trends in the flaixcan be seen that the flow is
somewhat grouped together by machine. All of thesSloperations are together at the
beginning, and then four consecutive SL-75 opematmccur. Two operations on the
Kitamurra follow, then the sand blasting, then bckhe Kitamurra. After deburring and
cleaning, the parts are sent through two SL-75aifmers, shipped to Laserfare, then the
Kitamurra and more deburring operations. After eh@sseries of shipments occur, and
when the parts return, they are brought to the lb@ness, then welded, and then moved

back to the bench press. The process ends withdimat-of-house inspections.

A few adjustments could be made from looking a flawchart. First off, it may be

beneficial to group the Kitamurra operations togeti®ps 110, 120, 140. This could be

done if the sand blasting is done after OP 14@grahan before. Also, if possible, if the
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Laserfare operations were grouped together, & kne may be saved in shipping. As
stated in the Data Gathering section, Bob saidstiigsild be possible, as well as doing
some of the cleanings and inspections at Laserféis.may also reduce the time, as well

as proved a better flow.

C. Cell Flowchart

The next document to analyze was the Cell Layo @ngineers at Middleton informed
the project group that machines could be freely @dcaround the cell, and it is possibly
add or remove machines as well. Therefore, anatygisld be done of the floor plan to
see if changes could be made to improve flow. Eatself is very small, and any
changes to machine position will have very litt=et on the process time, as the
transportation time, even completely across thie isaininiscule when compared to the
run times of the operations. However, there mawéags to improve the flow to make
things easier for the machinists, and it may béulise see how the flow through the cell

is currently working.

In order to analyze the cell, the Cell Layout waertaid with arrows representing part
movement between operations. Boxes were drawmptesent out-of-cell operations,
including operations performed at other companies s Laserfare. After all the arrows
were drawn, operation numbers performed at eadtiggogvere written in. The modified

floor plan can be found in Appendix J.
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D. Total Batch Analysis

After the initial routing sheet analysis, anothetr af routing sheets was received. After
examining them, it was determined that 15 of theéing sheets were for parts in a single
batch, and by analyzing them as with the previowespmore information could be
inferred. The serial numbers were between BCM9Z6#1BCM95638. Again, all the
stamp dates were put into an Excel spreadsheet@dodcoded. The result of this can be

found in Appendix K.

All 15 of the parts were started on 6/9/05. Froeréh 5 of them get finished with OP 10
that day, while the other 10 get finished on 6/50Mhe selection process for OP 20
seems completely random, because the ones thiatigeed on 6/10/05 are not the ones
that finished OP 10 first. Instead, the whole bagets finished between 6/10/05 and
6/14/05, with no bias on which was done when. Afiterwhole batch finishes OP 20,

they are all sent away to get heat treated, andrein 6/16/05.

When they return, they all complete OP 30 on 6/16/d7, then go onto OPs 40 and 80.

As stated before, it seems as though these twegses are done on separate machines at
the same time. This is supported by the fact thiatesof the parts finish both operations
before other parts have even finished OP 40. Afildhe parts are done, it looks like

both machines are set for OP 90, because all gidhs are put through that operation
before any enter OP 100. There is about a weekheé&itre all the parts are done with OP

100.
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After OP 100, the process seems to change in deridexken of the parts are put through
OP 110 between 7/13 and 7/14. The other 4 do mot oa with the process until 7/26.
The parts follow the process as two small batchlesut 2 weeks apart for the rest of the
way until OP 245, when they get back from the sddwat treatment. The faster of the
two batches gets further split into 2 more smatthas for cleaning (OP 245). Then for
the remaining operations, which are bushing assearid welding, along with final
inspections, they are split into even smaller gsoofotwo or three. Thus, two or three

parts are finished per day.

Looking at a larger size sample like this shedsentight onto the process. Contrary to
the initial assumptions, not all of the parts neaesy follow the entire process through
together. It appears that around OP 100, theystatle of the parts to phase the groups 2
weeks apart from each other. This also means ttalihl5 in the batch go to Laserfare
together or to the other post OP 100 shipmentsvasode batch. Furthermore, the final
release rate is lower than predicted, since ihlg about 2 or 3 per day, rather than half

the whole batch per day.

E. Takt Time Calculation

Important to the investigation and later developtdm solution is the calculation of the
Takt Time. The Takt Time is a measure of how oftdimished product must exit the
process in order to meet customer demand. If pagtproduced slower than the Takt
Time, demand will not be met. If parts are produtaster than the Takt Time, the

company can make more parts than needed by thenceistideally, you want to make
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parts slightly faster than the Takt Time, so trexhdnd can be met with extra time for

unexpected delays.

In order to calculate the Takt Time, the total tstithe must be known, as well as any
time taken out for lunch and other breaks. By sadting any break time from the shift
time, you are left with the net operating time glift. This can then be multiplied by the
number of shifts per day, giving the total opergtiime available per day. By then

dividing this by the number of parts needed per, tiay Takt Time can be found.

In this situation, there are two shifts per dayheat eight hours. The workers have a
lunch break of thirty minutes, and a total of twemtinutes for other breaks. This leaves
a net operating time of 430 minutes per shift, @0 &inutes per day. Expected demand
is about ten parts per week sent to GE, which meemparts per day. By dividing this
through, it gives a Takt Time of 430 minutes. A saany of this calculation can be found

in Table 4. This value can now be used to formuatew work plan for each day.
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Table 4: Takt Time Calculation
Net Operating Time (2 shifts

Shift (minutes) 480
Break (minutes) -20
Lunch (minutes) -30

Net Operating Time per Shift (minut{43(
Number of Shifts per Da 2
Net Operating Time per Day (minut [86(

Customer Requirements

Parts per Week 1D
Parts per Day 2
Takt Time Time per Part (minutes) 430

F. Work in Process

In order to compare the updated process to thevayd some measures need to be done
on the old process. While the lead-time and tatat@ss times had already been
calculated, which will be useful in comparing thregesses, other methods should also be
employed, since time isn’'t the only concern. A coonnsalculation used in

manufacturing is the Work in Process (WIP). Thia imeasure of the total values of all
inventory of the part. The value of each part igad®lent on where in the process it is.
This value is calculated using the value of the naaterial, plus the value of labor put

into the part up until then and cost of out-of-l®operations performed.

Using values obtained from Middleton Aerospace,itiventory cost can be calculated. A
rate of $118/hour was used for labor, based on euwsntrovided. Early in the project, the
inventory numbers were calculated from the GreenBheets, which provided an
estimate of how many parts were in process, anghigwhere they were. Later,

however, an exact inventory was provided for att$a process, so that was used to find
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an idea of the average WIP to be expected. Theesdbr the exact inventory can be

found in Appendix L.

Using these values, the WIP for the current proeessfound to be about $330,000. This
is just a snapshot of the WIP on that day, sontlm@mexpected to fluctuate as new parts
are introduced to the process and others get coedpémnd shipped. This value can be
used as the benchmark to compare the new processpreadsheet showing the

calculations and values for WIP can be found in éppx M.

35



Phase 3 — Analyze

The team knew that one of the main client requeatsto shorten the lead-time of the
manufacturing process. For that reason, the pririwargtion of phase 3 was to measure
what the existing and new processes can deliveralge the lead-time of the part is
quite long compared to the length of this projéatjas necessary to write a computer
simulation using the Matlab software package temeine the value of X1, the variable

representing lead-time in the performance standard.

Based on data from Middleton Aerospace collectdéhase 1, the project group focused
on what measurable factors should be derived frbas® 2 that would contribute to the
lead-time. These factors, setup time, run timeufix change time and tool change time,
determined the structure of the Matlab program. ddta gathered in the previous phases

were formatted to that they could be input intophegram, as shown in Table 5.
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Table 5: Current Process Data Summary

Tool Fuoclure
Run Inwnlory Change (Change |Selup

op |[minules]) |(hours) (minules) ((minules) |(minules)
5 0 0.00 0 0 0
10 i 064 2 i 10
20 121 AL 2 i 10
25 0 32t 0 0 0
30 21 082 2 [ | 10
40 250 .00 2 [ | 10
a0 226 264 2 [ | 10
)] a8 618 2 [ | 10
100 193 1018 2 [ | 10
110 157 882 2 i 10
120 133 336 2 i 10
130 3N 509 2 i 10
140 21 155 2 [ | 10
150 ol 313 2 i 10
160 id .00 2 4 10
170 120 0.00 2 4 10
175 123 864 0 0 0
180 120 221 2 [ | 10
190 240 2.00 2 i 10
205 108 0.00 2 i 10
210 5 1.00 0 0 0
213 38 0.00 0 0 0
215 240 8§27 0 1] 1]
225 10 0.00 0 0 0
235 120 227 0 0 0
245 0 036 2 [ | 10
254 a5 018 0 0 0
255 145 2.00 2 i 10
265 £l 1.45 2 i 10
270 0 1.64 2 [ | 10
280 120 1.00 2 [ | 10
290 0 0.00 0 0 0

Setup time refers to the time taken to installghg onto the fixture, as well as other
random actions that need to be taken before rurthimgperation. Run time is the
average time it takes the machine to carry oubgeation. Tool change time is needed
for any operations that require different toolgrirthe previous operation carried out on
that machine. Inventory time is the average tina the part will be stored in inventory

before moving onto the next operation. By settipgan independent variable called
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Operation Number, the client would be able to diyedetermine the lead-time of each

operation, as shown in Figure 2.

Hiwrs M)

Fle Edt Debug Deskiop Windaw Help
OE & BB o o | 8 2| corenbrectory | CmatebRiaspzivork |+ | [

Shortcuts (2] How to Add - (] What's New

k 2 x| |Command Window
I'_‘T*EIS B- | 93.9917 ]
| AllFiles | Fite Type Size Last Modified |
B
op=[5 10 20 25 30 20 &0 S0 100 110 120 130 140 150 160 170 175 180 190 205 ¢

serup=[0 10 10 0 10 10 10 10 10 10 10 10 10 10 10 10 O 10 10
stamp=[0 77 1210 21 259 228 88 193 157 133 311 21 64 S84 120 123 120 240
inventory=[0.00 0.85 1.50 3.27 0.50 0.10 0.72 0.00 0.27 0.00
fixture change=[0.00 15.00 15.00 0.00 5.00 15.00 10.00 5.00 5.00
tool change=[0.00 0.00 15.00 0.00 0.00 15.00 5.00 0.00 0.00 (
fprintf (' opit process time (min)in');:

for x=1:32

L+ |
Ll - - lit 1 plopix))=setup (x) +stamp (x) +inventory (x) 7480+ tool_change (x) +fixture change (x) ;
Current Directory | Workspace |
7 x fprincf('s4d Yt $10.3f\n',op(x), plopix))i:
[ -fprintf{ :4d € 310.3Ln',opix), plop(x])): T~
| ena
op process time (min)
5 0.000
#-op=[5102025304080901001101201301401501601701751¢ 10 5i0.000
i -setup=[0101001010101010101010101010100101010000C zo §31.000
i-stamp=[077121021259226888193157133311216484120125 Z5 1589.600
i-inventory=[0.000.851.503.270.500.100.720.000.27( 30 276.000
i fixture_change=[0.,0015,0015,000.005,0015,0010.0(0 40 347.000
: tool_change=[0.000.0015.000.000.0015.005.000.00( 80 595. 600
i fprintf('opit process time (min)h\n'): 7 Q0 103 .000
Lefor w=1:32 100 337.600
plopix))=setup(x)+stamp (X) +inventory (x) *430+ toc 110 167.000
fprintf({'%4d Yt 310.3f8%n',opix), plop(x))): || 1z0 3z25.400
Leend w|| 130 3z1.000 v
< (%] %] 1 | [

Figure 2: Matlab Computer Simulation

The result of the simulation for current processhiswn in Table 6. The total lead time
was found by the simulation to be 94 days, whidmetates closely with the 3 month

lead time quoted by the company.
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Table 6: Current Results

Process

Time
Op (minutes)
5 0
10 401.2
20 1642.2
25 1569.6
30 472.6
40 1707
80 1556.2
90 3069.4
100 5060.4
110 4407.6
120 1774.8
130 2483.2
140 1060
150 1897.4
160 1529
170 151
175 4147.2
180 1236.6
190 1046
205 22
210 480
213 0
215 3969.6
225 0
235 1089.6
245 271.8
254 86.4
255 1100
265 845
270 884.2
280 499
290 0
Total (days) 93

Phase 4 — Improve

With the investigation and analysis of the curgenuicess completed, recommendations to
improve the process can be given. These are abbas the information collected over
several weeks, detailed in the previous sectiohs.dreas of concern that have been
determined are summarized below:

1) Multiple operations by the same vendor cursergfjuire multiple shipments.
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2) Parts need to be removed from a mill for finarking and then returned to the
same mill for subsequent operations.

3) Some steps are done on machines located otit@dell, and in some cases in
another building.

4) Parts are worked on in batches, leading togelaumber of parts sitting in
inventory.

5) There is no consistent method for performingrapens.

A. Laserfare Operations

The first changes to be made include a revisidheroperations done at Laserfare, and
when they are performed. It is recommended thdt tha laser drilling (OP175) and the
laser welding (OP 225) be done together, in theesstmpment. In addition, Laserfare
should be in charged with cleaning up the splditten their processes (OPs 205 and
245), and inspection of their processes. Theretammbining all 3 Laserfare processes
into a single shipment, requesting Laserfare taveor the splatter clean-up and
inspection, making the following OPs 175, 190, 228, 225, 245 in this order and
eliminating OP 213 at Laserfare. It should redinetime required, especially because of

the fact that they only need to be shipped out gnséead of twice.

B. Final Marking
A second change the team proposes is to move tia¢ Marking to after the two milling
operations. That is, OP 130 should be moved afe@D. This will allow the parts to be

continuously milled, rather than be milled, movedyet marked, and then return to the
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mills. This may not seem like a big change now,ibwill require less setup time, and
less movement around the cell. The result shouléssethan 5:11 hours, as there is no

longer a huge setup time.

C. In Cell Operations

Another change that should be done is to moveoakible operations into the cell that
can be moved in. This way, they would save timesgafly moving the parts into and

out of the cell for those operations. This couldwlthose operations to be done faster, as
they can be performed right there, when the paetiseady. In addition, it may reduce

any chance of damage that could incur during trartapon between areas. The
operations the project group want to see moveelirace the inspections (OPs 150, 190,
275, 290), the TIG welder (OP 265), and the saadtbt used in the marking (OP 130).
Also, bench operations that are done at the Pegtlady, in particular the bushing

operations (OPs 255 and 270) should be done aihéieton plant, in cell.

Also, it would be advised to discontinue the usendls and lathes outside of the cell
whenever possible. During unexpectedly high demtrislmay be necessary, but the cell
should be able to operate independently during abaperation. Also, use of in-cell
machines for parts other than the T33 should b&ladpso that the cell can be devoted
exclusively to production of the T33 HPT. In ordemaccommodate the addition of an
inspection area, benches, and sand blaster, the &ioMd be removed from the cell. It

is not used for any operation, and is just takipgpace. The machine can be moved into

a cell for a part that uses it.
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D. New Process Flow

A new Process Flowchart was created with the recemahchanges. This will later be
analyzed for improvements in lead-time, throughth@osimulation of the process. The
new flowchart can be found in Appendix N. The opers that have been modified are
highlighted with a red box. This refers to thosat thave been moved to a different part
of the process and those that are to be movedhetoell. Please note that the original

operation numbers have been kept, for referenqaoges.

E. Continuous Flow Model

One of the fundamental concepts of lean manufaxgusi that there is continuous part
flow. Instead of using a batch and queue systereyeva single operation is performed

on a batch of parts before moving to the next dmeraeach part must flow continuously
from one operation to the next. This cuts down e, since the time to manufacture a
part should be the sum of all the steps, if alldtapes take the same amount of time, and

it cuts down on the space required to store thehleatwaiting for each step.

Efficient continuous part flow requires that akg$ take essentially the same amount of
time. However, in the T33 process, steps range #@minutes to over 5 hours, and
there is little that can be done to change thasedi Therefore, similar steps must be
combined into equal blocks of time. Because MiduieAerospace is currently producing
approximately one part a day, and the project ot double that, blocks of 8 hours are

created. This would allow two blocks to be run gwaay. No parts are moved until the
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end of each block, or a kanban system is empldgeehsure that there is never excess

inventory sitting around in the cell. Movement taldrom outside vendors would also be
done using kanban, so that at the end of each boekpart is added to the parts waiting
to be shipped and one part is removed from thehlyzdcts received from the vendor. The
batches sent to the vendor should be as smalbagfe possible to minimize space used

to hold parts.

Dividing all the in-house operations into eight-htlocks yields six “stations”:

1. First NC lathe

2. Second NC lathe

3. Third NC lathe and the engine lathe

4. First NC mill

5. Second NC mill, marking station, and inspection

6. Bench, TIG Welder, Drill Press, and inspection

Using the given run times to estimate the timeddgrm each operation, the times to
actually perform the operation required by eacti@tavere calculated, allowing some
extra time for fixture changes and setup. The fda®ach station is shown in Table 7.

Also, a detailed chart showing the times for apstcan be found in Appendix O.
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Table 7: Continuous Flow Block Table

Wil 2 +
Lathe 1 Lathe? Lathe3+EL |HT| Mill 1 |Mark + Insp |Qutside Steps Misc
Farts fromwhich step 100 301 400 150 5800 25 200 1000 170 120|0 ask Holes 180 235

Steps performed 200 400 801860, 10 80, 30] 251110, 1800140, 130, |210, 175,180, |Mask 254, 285,
170 100 1210 140 205, 215,225, |Holes (265, 270,

2445, 235 275

Sub-total time 1:50 4:07 |3:86 [2:29 |1:11 338 0:38 [MNA|4:38 12207 |6:10 MNA 005 4:25

Total time SAT+F.C|B28+FC. A28 MA|B45 +F.C. B:10 MA 4:30

If this continuous flow is used, it should outpuaetly one part per shift, because each

operation if performed on exactly one part exactige per shift. By reversing the order

that the steps are performed for the second shétfixtures and setup that are in the

machine can remain there. Then at the end of ttenseshift, all the machines will be

ready for the next day to start the process oviso,Ahere is time remaining at the end of

each shift to allow for unexpected delays, as aglimplement some of the control plans,

which are discussed later. A block diagram showiregone-piece flow through the entire

new process is shown below in Figure 3.
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Figure 3: Block Diagram of Piece Flow

F. Floor Plan I mprovements

In order to maximize the effectiveness of the aqamus flow plan and fully realize the
benefits of lean manufacturing, improvements aksedo be done to the physical layout
of the cell. As was mentioned earlier, the EDM rseedbe removed, and the out-of-cell
machines brought into the cell. Beyond that, manme lee done to minimize the distance
parts will move, and improve general flow througk tell. By grouping similar
machines together, they can share workspace araystspace, making it easier to find
parts and equipment. The recommended floor pldizegia U-shape to the machine
placement. This plan can be seen below in Figuidnd.numbers applied to the
machines are the same as those used in the camifioa plan, and can be cross-

referenced. As was done earlier for the currentgss, arrows can be drawn onto the
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floor plan to show the physical movement of a palnis analysis of the new process can
be found in Appendix P. It can be seen that the fomuch smoother, with fewer

intersecting and overlapping lines, which is anrowement.

-|°
QD
o

Figure 4: Revised Cell Floor Plan

Bench| | TIG Welding

VMP

Bench

G. Work in Process | mprovements

In addition to finding the time saved, and addidibparts per week that are finished by
utilizing the principles recommended, the savimg®Jork in Process needs to be studied.
A reduction in the WIP would mean that the comphay less money devoted to the part,
while still meeting and even exceeding demand. eans less cost to the company, as
well as fewer parts in inventory, reducing spacadusr storage. By rearranging the
operations into the new process, and inputtingrihentory values that should occur
during use of the continuous flow plan, the WIPwdtde reduced to about $136,000.

This represents a 62% reduction in WIP. Also, tttea number of parts in flow is



reduced from 84 to 34 parts in process. These sak@esent a huge improvement for
Middleton Aerospace over its current process. Aitid view of how these numbers

were obtained can be found in Appendix Q.

H. Fixture Recommendations

By examining the continuous part flow plan, you catice that there is only one point
where a fixture needs to be exchanged for anofiies.is on Lathe 2. The only other
points that require changing fixtures is a replagenof the jaws. Both of these
changeovers can be greatly improved through th@luseme quick change ball locks. A
popular model of these is made by Jergerend is called the “Ball Lock Mounting
SystemT]. It utilized bushings in the fixture and mountipigte to locate the fixture. The
locks are inserted into the bushings and then aeuarn is applied with a hex wrench.
This tightens the fixture onto the plate with 2@@®unds of force per ball lock. The
position of the fixture is withit0.0005 inches repeatedly. This reduces setup times
significantly. The machine operator no longer neiedsolt on the fixture, check it for
accuracy, and then realign it continually to gento the right position. No locating is
necessary. Implementation of these locks should adet of time in fixture changes, and
reduce the chance of operator error in fixture guaent. A drawing of a ball lock is

shown in Figure 5.
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Figure 5: Ball Lock

Application of the ball locks onto the lathe fixégrwould require the use of three types
of bushings. It would require one primary bushwgh a tolerance o£0.0004 inches,
one secondary bushing, with a tolerance@D010 inches, and two clearance holes of
+0.0075 inches. This will allow proper alignmentloé circular fixtures found on the
lathes. The primary bushing would be placed ineeot the fixture. The remaining three
would be positioned at a set distance from theerentith 120 separating them. A

diagram of this application is shown in Figure 6.

Alternatively, for the fixture change on Lathe Flexible fixture combining fixtures T-
1599-1 and T-1593-1 into a dual-use fixture cowddcelplored. The ball locks would
seem to be a cheaper route to go. The time savirgdlexible fixture would only be
around 5-10 minutes, and the additional cost oetigament and manufacture probably

would not make this savings worthwhile.
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Figure 6: Ball Lock Placement on Fixture

|. Analysis of improvements

The continuous flow plan was analyzed to deterrttieerun time, setup time, inventory
time, tool change time, and fixture change timegfach of the in-house operations, as
shown in Table 8. This data was then combined thighexisting times for the out-of-cell
operations and prepared for input into the compsitaulation developed in phase three.
As shown in Figure 7, the program was slightly nfiedito allow for the addition of the

additional masking step that was added into the prewess.
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Table 8: In House Operations

Time (minules )
Op run |selup [invenlory |lool | Exiure
i0 A (10 409 o |15
20 110 (10 fa i) 15 |15
30 g (10 262 o |5
40 247 (10 43 15 |15
a0 235 (10 345 5 |10
ao 76 (10 0 o |5
100 143 (10 130 b |5
110 143 (10 0 o |0
120 135 (10 182 o |0
130 15 (10 0 o |0
140 276 (10 0 o |0
150 79 (10 356 o |0
160 dd (10 0 3 |5
170 105 (10 333 3 |5
130 127 (10 4% o |0
190 66 (10 495 o0 |0
MASK |5 |10 0 o |0
255 38 (10 0 o |0
265 128 (10 0 o0 |0
270 49 (10 0 o |0
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Editor - C:\Documents and Settings\mattyd7\Desktop\matlab simulation4new.m* E]@

File Edit Text Desktop Window Help a2 x
DEH @ |5 A 7F GInl=R=]=]
1

2 op=[5 10 20 25 30 40 80 20 100 110 120 130 140 150 160 170 175 180 190 205 210 213 215 225 235 245 254
3

4 setup=[0 10 10 0 i 10 10 10 10 10 10 10 10 10 10 10 0O o0 10 10 0 [u] u] u] u] 10

5 stamp=[0 771210 21 259 228 88 193 157 133 311 21 64 &84 120 123 120 240 108 5 38 240 10 1z0 O

& inventory=[0.00 0.55 1.50 3.27 0.50 0.10 0.7z 0.o0 0.27 0.o00 0.38 0.o0 o.oo0

7 fixture change=[0.00 15.00 15.00 0.oo0 5.00 15.00 i0.00 5.00 5.00 o.oo0 0.o0 o.oo0

8 tool change=[0.00 0.oo 15.00 0.00 0.oo0 15.00 5.00 0.oo0 0.oo 0.00 0.00 0.oo 0.00
9 fprintf('opht process time (min)hn');

10

11 for ®x=1:3Z

1z

13 plop(x))=setup (%) +stawp (x) +inventory(x) 480+ tool change ix) +fi|xt,ure_change (x):

14

15 fprintf('$4d “t 310.3fvn',opix), plop(x))):

16

17 end

15

19 {sumip)+15) /480

20

<1 >

matiah simulstiondold.m % | matiab simulstiondnew m® %

SCript Ln 13 Col B7

Figure 7: Added 15 minutes to the overall lead-time fortte new mask operation

As shown in Table 8, the new process shortenetbthklead-time to just 29 days, which

is less than 1/3 the original lead time.
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Table 9: New Process Results

Process
Time
Op (minutes)

5 0
10 511
20 903
25 1569.6
30 318
40 339
80 643.6
90 102

100 302.6
110 168
120 338.4
130 34
140 310
150 456.2
160 90.5
170 483.7
175 720
180 189
190 800
205 736
210 494 .4
213 720
215 720
225 720
235 720
245 813
254 0
255 134
265 143
270 91
280 493
290 0
Total (days) 29
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Phase 5 — Control

With the continuous part flow and other recommeiadafrom Phase 4 implemented,
some steps needed to ensure that the work proaeedsding to the schedule, and that
the process does not revert to the current ineffigprocess. Also, through the use of
careful process control, process cost can be furéticed. The time left at the end of
each shift can be used towards these control messegpecially preventative

maintenance.

A. Tool Storage

One of the problems that became apparent durirmgisisons with the machine operators
was that the tools were not well organized. Thekenxs explained that often fixture and
tool changes could take unexpectedly long duedis tinat were missing, being used for
other machines, or not put back where they belbmgrder to remedy this, several

simple things can be implemented.

First, each machine is given a bench in the nelay@ut. This bench can be used to
store tools used on that machine. In order fortthisork, each machine should have its
own set of tools. Each tool should also be physicabrked, designating which machine
it belongs to, along with any other informationtthey be useful (operation number,
date of last replacement, etc.). In addition, thiedhes should have clearly marked
storage locations for each tool, preferable inftinen of a paint outline in the shape of

each tool. This would make it readily apparenniything is missing or broken.
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B. Standard Work

In order to maintain continuous flow, it is critidhat a system of “standard work” should
be enforced. Every day the same operations shauttbbe in the same manner in the
same place at the same time. To assist the compamplementing standard work, the
project group developed the continuous flow schegbubwn in Appendix O. By doing
this, it makes it easy to ensure that all partsvaeing through the cell correctly and
reduces opportunity for error. It alsot ensures plaats finish on time and meet demand,
and makes work easier for the machine operatorse $hey know what the plan is every

day.

C. Preventative Maintenance

With the use of one-piece flow, a single machinkifa could hold up the entire
production line, since it is not possible to sulgé one machine for another which is out
of operation. To prevent this from happening, prtatve maintenance (PM) is
paramount. Several PM steps can be taken to redaaghance of machine failure. A
plan of PM procedures for each machine should agedt, and then placed on the
machine. These procedures should then be givehealsie, so that the operators know
how often each procedure should be done. This sddedn be made into a series of
checklists. Operators can check daily which procesineed to be taken, perform them,
and then sign off on the paper that it was perfakniée cell manager can periodically
check the lists to make sure that PM has been gphedule. Cell team members should
be involved in all facets of PM and repair, to ilmye willingness to carry it out, and so

they know they are important to keeping the whaotecpss working smoothly.
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D. Kanban Storage System

The Kanban System is a method used by many Japarasdacturers. It is a part of
“Just in Time” manufacturing and helps to ensuet the amount of work in process is
strictly controlled. In a Kanban system, each opanavould have a designated spot to
place its output, and would take their input ombynh the designated spot form the

previous step.

For example, Operation 10 would work on a part@lade it in a designated bin or rack,
and then Operation 20 would remove the part froan fitcation to begin work. If the
designated location for output from any operat®ndcupied at the completion of the
operation, it means that there is trouble on a k&, and work should halt until proper
part flow is resumed. The operator of the firspsthould assist to operator on the later

step to help overcome the delay.

Similarly, if the input location for an operationémpty at when the operation is
supposed to begin, it means that there is a delan earlier step, and no work on the

later steps should be done until the delay is vesbl

The key to the kanban system is that each stoaggidn should only holds one part, or
the number of parts in a shipping batch for therafpens that output to or take input
from a shipping operation. This helps to ensuré ¢batinuous flow is maintained, and

allows for easy recognition and remedy of hold-upthe manufacturing process.
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Conclusions and Recommendations

The previous sections have explained a rigoroussitiyation of the current process, as
well as plans that can be implemented to both ingtbe lead-time and reduce the
number of parts in process in the production of4h45T33G01 turbine casing. These
recommendations have been adapted from the thédegro manufacturing, and are
diverse in application to the process as well afifficulty to implement. Changeover to,
and implementation of the recommendations canneipected overnight, and will
require extreme participation by both managemedtstnop workers to make it work
effectively. However, it should be noted that thesethods have a proven track record
for working for other companies, and if implementedrectly will allow for increased
production and revenue. The recommendations prdwade several in number, and
spread throughout many pages, so a summary isdewvwielow. They are:

1) Consolidate out-of-cell and in-cell processesrtprove flow and reduce

unnecessary shipments and movement, per Appendix N.

2) Bring all out-of-cell operations into the céibt can be moved. This includes

welding, inspections, bushing installation, and kiray.

3) Implement the Continuous Flow Plan, as showfppendix N, to allow for

production of 1 part per shift.

4) Rearrange machines in cell as per Figure 3 pporre part flow through cell and

allow easier adaptation to Continuous Flow Plan.

5) Implement use of Fixture Ball Locks to reducarmeover and setup time between

operations.
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6) Mark all tools and holders to reduce chance iséing parts which could hold up

production.

7) Adhere to plan of standard work.

8) Implement procedures for preventative mainteaarieanachines, to reduce

downtime and production hold-ups.

9) Introduce Kanban storage system to ensure amumflow is maintained.
Through implementation of these methods, lead-tarebe reduced to 31 days and
Work in Process reduced by around 68%. Of counsset are theoretical and require

cooperation by all employees to fully realize teaéfits of use.

The principles of Lean Manufacturing can be highdyeficial to companies willing to
take the steps to change their manufacturing msthad completely change what they
previously believed was efficient manufacturing noets. Even in a company like
Middleton Aerospace, where parts with high leadesrand low volume of production

are manufactured, use of lean manufacturing canovepthe process greatly.
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Appendix A: Cost Analysis Document

MIDDLETON

COST ANALYSIS
PART # 4145T33G01
2ND QTR 2005

10
20
25
30
40
80
90
100
110
120
130
140
150
160
170
175
180
190
205
210
215
225
235
245
255
265
270
280

OPERATION DESCRIPTION

AEROSPACE CORPORATION

ROUGH AFT

ROUGH FWD

STRESS RELIEVE

TOOL PREP

FINIZH FWD

FINISH AFT FLANGE
FIMNISH MIDDLE 1D,

FINIZH FORWARD

MILL FOCKETS AFT FLANGE
MILL & DRILL AFT FLANGE
FINAL MARK

MILL & DRILL PERIPHERY
DEBURR COMPLETE
FinIzH O.0.

FINISH [.D, AFT GROOYES
LASER DRILL HOLES
DRILL 1.D. FIN HOLE
LOCAL BEMCH

BENCH LASER SPLATTER
FPL

ASSEMELE SHELD
LASER WELD

HEAT TREAT

BENCH LASER SPLATTER
ASSEMBLE [TEMS 2,3, & 7
WELD BUSHINGS AND FINS
REAM BUSHING
LOCALEPL

TOTAL

Run Hours

0.63
4.11
393
1.27
238
233
226
0.24
4.60
1.31
073
1798

211
1.10
0.06

023
1.64
213
0.81
0.03

OUTSIDE VENDOR

STD

67.99

$8237

$20.00

$91.19
$40.28

$15.71

317.54

ACTUAL VENDOR

46 66

$71.80

$20.00

$105.00
$52.25

$15.00

310.71
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Appendix B: Tool Sheets

Example of Lathe Tool Sheet

PART: 4145733 G OPER: 40 REV: 2 FILE ND: 152440

PROGRAMMER: JIT W MATL: [MCO718 DATE: TI23/2001 | FIXTURE NO:  T1460-18

STATION OFESET TOOL HOLDER INSERT GRADE RADIUS
1 1 CRGPL203Y RPGH-3Y G300 0.1875
3 3 NSL-203D NR-3047L IGE 0.047
5 5 MOLNL-204 CNMGA32 IGE 0.031
7 7 MEL-162D SRO03- 05BFLCA G 0.028
9 9 A24-CTFPL3 TPG32? IGE 0.031
1 1 DV JMNL-204 YNGA33] IGE 0.015
HOTES:
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STATION | OFFSET | BLOCK EXTENSIDN STATION | OFFSET BLOCK EXTENSION
1 1 TURRET 3 3 TURRET
¢ L&
SETX= 15 8ETiI= SETX= 15 SETiI=
COMMENTS: COMMEMNTS:
STATION | OFFSET | BLOCK EXTENSION STATION | OFFSET BLOCK EXTENSION
5 & TURRET Fi 7 TURRET

Ld
SETX= 15 SETZI=

L4l
SETX= 15 SETZI=

.280 % 45 DEGREE

CHAMFER
COMMENTS: COMMEMTS:
T-000G8 oG5 T-10012 T210101 = 47} Tdarn (1) STiSe-1se (77)
fr.eaa 21 Ti3ely (1347 99991 ()
} Ti3aé (:'_‘J-1 =An
g STIo0=I66 (2" UHHH
S - 4 I 8]
/_‘_“;ij 3 -,—/." //’-F/’;j‘\.\, T T TE
! N ) WH W
il (ELS ! Jﬁ\-\t‘d g 1’.}'--.:.-23 r.-—F
K eFar ;),‘\51_//" N7 e
IR "\J/ L3
STATION OFFSET BLOCK EXTENSIOH STATION OFFSET BLOCK EXTENSIOH
9 g T10057 11 1 TOO0S3
SETX= SETZI= 25‘ SETX= SETZ= '15‘
COMMENTS: COMMEMTS:
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PART: 4145733 G OPER: 40 REV: 2
CHUCK: 12 18 21 24 | FIXTURE NO: T1460-1B
CHUCK PRESS: X LBS JAVIS: HARD | 30FT | PIE

TAILSTOCK PRESS:

X LBS

-—| {1.500) |<—

@ (29.000)

HOTES:
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Example of Mill Tool Sheet

PART:  4145T33G04 O0p: 120 | REV: 1 |MATL.  INCOTS  |MACH: KITAMURA | Foaure Tia43-7 |Fe: 332400
HOLDERS:
5H = 50LID
GCH = COLLECT CHUCK
ShiH = SHELL hILL
FH = FLOATIMG
WH = MODULLR,
TCH = TAP COLLECT
TOOL [OFFSET| COHP SIFE GRADE DESCRIPTION HiHN I HAX HIN FLUTE| HOLDER EXT A B G 1] E
1z | 13 %6 | G 17/84 DRILL 118 TPA STD sto | coH | = [ 125 [3250[2500(3500] 750
DRILL {#%) HOLES ** 34 DIAMETER EXTEHSION YWITH NUT TURNED TO A DIAMETER TO 720
14 ( 14 ‘ [ 2795 ‘ C ‘ REAMER GRC ‘ 2714 274 ‘ STD | CCH ‘ e (1_500 (3_250 [2_500 (3_500{_?80
FIMIEH (&3 HOLES ** 34 DIAMETER EXTEHSION WITH NUT TURNED TO A DIAMETER TO 730
e |' 15 ‘ { 082 ‘ c ‘ 45 DRILL 113 TRA ‘ STD ‘ | GCH (.?50 (1_000 (3_300 |'2_500 (3_440{_750
DRILL (1} HOLE
" 16 (16 ‘ [_0915 ‘ C ‘ REAMER ‘ 091/ 092 ‘ | CCH [.500 (1_200(3_400[2_500(2_900{500
FIMIEH (1) HOLE
a7 [ 7] [ o0 | o |comki100DEG posetoPoiny | sTD | | con [r000]1.100]5.000[2.500 [2.400] 1.000
COUMTER SIMK (13 HOLE
B (18 ‘ [ 043 ‘ C ‘ #57 DRILL 118 TPA ‘ 043/ 046 ‘ | GCH [.500 (1_000(5_000[2_500(2_900{500
DRILL (453 HOLES  MAFORD SERIES 202 CAREIDE MIMIATURE DRILL 400 FLUTE 1142 OALL 1% DIA. SHAMNK 130 DEGREE TRA
" 19 |'19 ‘ |' 044 ‘ c ‘ REAMER ‘ 044/ 046 ‘ | ‘ ‘ ‘ | ‘ |

FINISH {453 HOLES




r r r

PART: 445T33G01 II]P: 120 IREU‘. 1 IMRT‘L: INCO 718 HACH: KITAMURA | FIXTURE: T1443-7 | FILE: 332409

SETUP INSTRUCTIONS

1 Load the Fixture to the Rotary Table with the Fixture Flat at 6 O'Clack
2 Indicate the Fixture Locating Diameter wfin 001 TIR to Raotary Table CL
3 Set up the following Work Coordinate System in the G535 Register

X0, Y0: Part CL

AD: With Fixture Flat at 6 0'Clock, Align Fixture Slots with X-Axis

Z0: Setto Zero (Note: Z0 is 1.00 inch above Part Flange Surface in the machining program)
4 Load the part to the fisture. The Fixture Pin at 12 O'Clock goes through the -C- Hole.  Tighten all clamps.
5 Start the machining program.

Note: Use CAUTION when loading/unloading the part to ensure Heatshield is not DAMAGED.

ZZERO IS 1.00 INCH
ABOVE FLANGE SURFﬂCE_—-‘—-h_""" 1.00”

FIXTURE PIN

FIXTURE SLOTS

SET FIXTURE FLAT
AT 6 O'CLOCK POSITION
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Appendix C: Time Analysis

RUN HOURS

MACHINE OP=# OPERATION DESCRIPTION STD MAN MACH
SL-65 10 ROUGH AFT 1.29 1.19 1.19
SL-65 20 ROUGH FWD 202 1.69 1.89
E.L 30 TOOL PREF 0.36 0.56 0.56
aL-75 40 FINIEH FWD 4.33 4.20 4.2
aL-75 all] FINISH AFT FLANGE 3.81 3.4a 373
SL-75 a0 FINISH MIDDLE 1.D. 1.48 1.29 1.29
SL-75 100 [FIMISH FORWYARD 3.23 2.30 23
Kitamurra 10 [MILL POCKETS AFT FLANGE 262 223 223
Kitamurra 120 [MILL & DRILL AFT FLANGE 223 217 247
Ml ark 130 [FIMAL MARK 0.35 0.16 0.22
Kitamurra 140 [MILL & DRILL PERIPHERY 5.19 466 4.66
Deburr 150  [DEBURR COMPLETE 1.03 0.87 0.97
aL-75 160 [FINISH O.D. 1.41 0.51 0.51
SL-75 170 [FIMISH L.D. AFT GROOWES 200 1.74 1.74
Kitamurra 180 [DRILL LD PIN HOLE 2.06 210 2.1
Deburr 180  [LOCAL BEMCH 1.81 0.84 0.94
Deburr 205 |BEMCH LASER SFLATTER 0.09 0.03 0.03
Deburr 245  |BEMCH LASER SFLATTER 0.18 0.15 0.15
B/F 285 |ASSEMBLE ITEMS 23, &7 1.43 1.52 1.52
Wald 265 |WWELD BUSHINGS AND PIMNS 242 2.00 p
B/F 20 |REAM BUSHING 0.62 0.55 0.55




Appendix D: Cell Layout




Appendix E: Example of Technical Drawing
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Appendix F: Greenline Sheets

August

19, 2005

Updated @

2005

2005

200

5

SO0

S0 3HE 385 | 44| 48 4Hs 4822 489 5% BH3 520 857
Due
Dire cuin
Promise
Actual Shipped

Actual Cum

To Schedule

11 Week Cycle

IR

MAC Warehouse

Current Line
Pozition

lep21siozer| 4 | oPooTuRM | &
OF 180 FIN 5 OR B0 TURKM | 10
oPf40MLL | 10 | OP25HEAT | 16

CP 110 DRILL

STARTS

5005 5005 5005 5005 005 5005 5005 005
B BAD (BT B4 L s 512 EHG a2 | 9 iofd 1ol iose
9 6 6 b ] 8 5 H] 4 7 5 7 5 6 5 7 4
g 15 21 26 Ch| a9 44 52 56 G3 (=t} 74 a1 ol g2 a7 104 108
3 [i] [} G L & 5 5 5 & & (1]
12 5 5 [ 3 3 ¥ 4 ¥ T 4 5]
12 17 22 28 31 33 40 44 51 58 B2 (otat
12 g 7 7 5 2 1 £ | 2 |
| | | | | | | | | | | |15 | 12 | | 12 i2

BUFFER OR THE SHELF _10FCS

3@ final, 1 2@ eceurste, BE@ laser weld
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Material P.O.#

Mat'l Commits

727007

4145T33G01

GENERAL ELECTRIC COMPANY

Buffer =(MAC Warehouse)

HSS
e e
2IRRRRIRRRIRRIR QLR L

SCHD
OP 40 OP 100 OP 120
FINISH TURN FINISH TURN MILL

9) 8 7

]

Input Delivery
Schedule here
by date Do not
Accumulate

110100
9I8i06

9106
8125106
8118106
8111106

814106
7128106
7121106

714106

717106
6130106
6123106 1
616106 | ©
6906 | 7
62006 | 8
5i26006 | 11
5/15/06

5012106 |
505 |
4128106

412106

414106 |

47106

3131106

3124106

317106

310106

313106

2124106

2117106

2110106

213106

1127106

1120106

113106

3

116106

_12/30/05 |
12123105

12116105

1219005

1212105

11125/05

11118105

111105

1114105

IS

10128105

10121105

10/14/05

107105

SI30/05

9123105

S/16/05

/9105

912105 4

| si6105

8115105

812105

8I5105

7125105

7122105

7H5I08

718105

71105
6124105
617105

6/10/05
613105
5127105
5/20/05
5113105
516105
4125105
4122105
415105

4i8105__|

41105
3125105
318105

311105

314105

LINE OF BALANCE WORKSHEET

past

Buffer 10




Appendix G: Routing Sheet Example

Date: 06/09/95 Middleton Aerospace Corporation
Routing Sheet

A

Part #......: 4145T33G01 (i LR

Part Descr..: HPT INNER CAS Serial#.....: BCM95630

Revpission . | .. A G HL SRR

Sales Order#: 971244 Consgnd Mtl?: N

Customer—==. . GENERAL ELECTRIC AIRCRAPrepared by.: J. WHITNEY

Forg SN#/HT#: WHP35320 Men. (Eng.......: E. LAFLAM

Raw Material: INCO 718 Quality Eng.: J. BRUYETTE

Customer Mod:

LeESazas = o 15

Oper |Rev#|SO|Work Center/Supplier| Operation Description

____________________________ g

T —

Form 05-03 Rev E

ROUTING HISTORY

REV 1 (14SEPT00)ADDED OP 55
REV 2 (27SEPT00)OP 60 TO REV 1
REV 3 (230CT00) ADDED OP'S

140 150 160 170 180 190 200
210 220 230 240 250 260 270
AND 280.

REV 4 (25JANO1) DELETED OP'S

50 55 60 70 220 230 240 250
AND 260 ADDED OP'S 25 205 215
225 235 245 255 265 270 280
AND 290.

REV 5 (11APRO1)
TO REV 1, OP 210 TO REV 1.

REV 6 (19APR01) ADDED OP 275
OP 200 TO REV 2, ADDED PART
NUMBER TO OP 215, OP 280 TO
REV 1, CUSTOMER CHANGES 529423
AND 529428 INCORPORATED.
CUSTOMER MOD FIELD UPDATED
REV 7 (2AUGO1) OP 25 TO REV 1
(WAS STRESS RELIEVE AND AGE) .
REV 8 (17AUG01) ADDED SEQUENCE
NOTES TO OP'S 150 AND 200

OP 200

REV 9 (4SEPT01) OP 175 WAS
QRR2.007

REV 10 (18SEPT01) BODYCOTE
WAS VENDOR ON OP'S 25 & 235
REV 11 (12JAN02) ADDED OPS
213 AND 254.

REV 12 (14MAY02) OP 175 TO
REV 3.

REV 13 (27FEB03) OP 215 FROM

IN-HOUSE TO OUTSIDE PROCESS AT
LASERFARE.

REV 14 (28AUG03) OP215 TO REV 3.
REV 15 (20NOV03) PART TO REV A
CUSTOMER MODIFICATION FIELD
CLEARED.

REV 6 (13SEP04) INCORPORATE
CUSTOMER CHANGE NO. Q628

OP 215 TO REV 4.

Page <1

10/05/04
10/05/04
10/05/04

Khkkhkkkhkhkhkkhkhkkk
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khkhkkhkkhkkhkhhkkkxk*x*
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khkkkkkkkhkkkkhkkk
khkhkkhkkhkkkhhkkkkxkk
khkhkkhkkkhkkkkkkkk
hhhkkhkkkhhkkkhkhkxk
khkhkkkhkkhkkkkhk kK
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khkhkkkhkhkkkkxkkkk
khkhkkkkhkhkhkkkxkx*
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Fhkhkhkkkkkkkokkkhkx
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I6/G9/05

Middleton Aerospace Corporation Page 2
Routing Sheet
A
Pas 4145T33G01
Pa HPT INNER CASE Serial#s. . e BCM95630
Revigion. . ..z A BEQE#H T ¢z o bind
Sales Order 971244 Consgnd Mtl?: N
Customer. .. .: GENERAL ELECTRIC AIRCRAPrepared by.: J. WHITNEY 10/05/04
Forg SN#/HTH#: WHP35320 Man.  Efer .08 E. LAFLAM 10/05/04
Raw Material: INCO 718 Quality Eng.: J. BRUYETTE 10/05/04
Customer Mod:
Lat Size. . oot 15
Gpe;lva#|50\Woz# Center/Supplier| Operation Description | Stamp
i e 2 BN N TR Sy e e i S P R e
v REV 7 (50CT04) RESCIND CUSTOMER | % % %%k % % & k& % % %
\__ CHANGE 916337. OP 215 TO REV 5| **kskkkahkkshsr*
"y CUSTOMER MODIFICATION FIELD it s ok
CLEARED. khkkhhkkkkkhhhkdhxk
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S S e e R T T T
Tiﬁ INSP RELEASE MATERIAL Time: 00:00
T 182U 9 705
o o o - - - - - o e e e, e r r r c r s e e s e - - ———— B e e
LT —
1374 JUN 0 9 2005
_____________________________________ e e e e
LT —
s o | 5 208
_________________________________ e s e R 8 8 Sl o (O S
Tlim%lm “HI “"’ |m I"’ ACCURATE BRAZING |HEAT TREAT Time: 00:00
_____________________________ e e e N el T R
EL TOOL PREP Time: 00:21
LTI INIIIIHIII 285 U8 17 208
e R UEWE & SO e . S e e e S e o
IilﬁHlIIIUIIIHIIIIIII\
ixre oM 2 0 200
B, M s e e i e e TEL e e Aol Lo B
080 NCL FINISH AFT FLANGE Time: 03:48
il IIID e 2%
W -
ARt 1918 e 2.3 2008
5%
e e B e L e SN L e s o I

Frerm 05-03 Rev E
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J6/09/05

Middleton Aerospace Corporation

Routing Sheet

lork Order# 815885

BewerSa - : 4145T33GOL

Part Descr..: HPT IN

Revision....: A

Sales Order#: 971244

Customer, .. . : GENERAL ELECTRIC AT
Forg SN#/HT#: WHP35320

Raw Material: INCO 718

Customer Mod:

Lot Size....: 15

i

===
——S)
Z
(@]
=

T —

T
Wi
T
T

|

T

Form 05-03 Rev E

I‘ll Il” i
B
Serialf e BCM95630
RO, .
Consgnd Mtl?: N
RCRAPrepared by.: J. WHITNEY
Man. Eng....: E. LAFLAM
Quality Eng.: J. BRUYETTE

DEBURR & WHITE LIGHT INSPECT

CAUTION ** CAUTION ** CAUTION
FINAL MARKING COMPLETE

NOTE: OP'S 160 & 170 MAY BE
PERFORMED PRIOR TO OP 150

FINISH O.D.

Page 3

10/05/04
10/05/04
10/05/04

0e8 JUN 2 9 2005

aae2 JUL 1 1 A0

Time: 02:13

0034 JUL 152005

Time: 00:21

1267 JUL 18 2008

Time: 05:11

1349 W 23 2005

Time: 01:04

1194 JUL 2 3 2005

288 JUL 25 2005
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J6/09/05

Middleton Aerospace Corporation

Routing Sheet

Order# EHLS e
- S M 4145T33G01
Ebeser HPT INNER
Resmighen - 2 A
Sales Order#: 971244

Customer

Forg SN#/HT#: WHP35320
Raw Material: INCO 718
Customer Mod:

Lot Size....: G

T
i
W
T I

0

L ———
LT —

T

Form 05-03 Rev E

M

RN

Seraminel e BCM95630
IO SN s S
Consgnd Mtl?: N

GENERAL ELECTRIC AIRCRAPrepared by.: J. WHITNEY

Man. Eng E. LAFLAM
Quality Eng.: J. BRUYETTE

DRILL I.D. PIN HOLE

LOCAL BENCH
AND WHITE LIGHT INSPECT

Page 4

10/05/G4
10/05/04
10/05/04

Time: 04:00

yge AUG O 4 2005

%

Time: 01:48

1194 AUG 0 9 2005

Time: 00:05

1184 AUG 0 9 2005

_______________________________ L mimms: 0728,
BLPL T Time: 02:00
725913 9288 AUG 1 0 2003
______________________________ v BEGIT
RELEASE AND ISSUE HARDWARE Time: 00:00
ONE (1) PC 4145T40P02
1396 AUG 10 2005
______________________________ S P Sms - Aok A
ASSEMBLE SHIELD Time: 00:38

PART NUMBER 4145T40P02

285 AUG 1 9 2005
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£/09/05

Middleton Aerospace Corporation Bage ' &5
Routing Sheet
T MDA
S 4145T33G01 iil
art Descr..: HPT INNER Serdaflth TR BCM95630
e S pEnas S A EOI. - .
Sales Order#: 971244 Consgnd Mtl?: N
Customer e - GENERAL ELECTRIC AIRCRAPrepared by.: J. WHITNEY 10/05/04
Forg SN#/HT#: WHP35320 Mem. Eog. ...: E. LAFLAM 10/05/04
Raw Material: INCO 718 Quality Eng.: J. BRUYETTE 10/05/04
“ustomer Mod:
Lot Size. . " [ : 15
Oper [Rev# | SO |Work Center/Suppller[ Operation Description | Stamp
_________________________________________________________________ e, A MRS o oy
”"mﬁm“m""“mun LASERFARE LASER WELD Time: 04:00
731954 wems AUG 19 2005
___________________________________ ey R R
iﬁMﬁM‘"”M”m"n ACCURATE BRAZING HEAT TREAT Time: 02:00
__________________________________ bmmmmmmemeooo_ oo ______WEB MG 222005
l4§ BEN BENCH LASER SPLATTER Time: 00:10
AR MG 2 5
___________________________________ e e e R R
PZ 54 PC RELEASE AND ISSUE HARDWARE Time: 00:00
ONE (1) T33GO1HDW KIT
A - 372 Shsfs
_________________________________ e R S s e L e
02f5 BENP ASSEMBLE BUSHINGS & PINS Time: 01:25
A w2 UG 2.4 205
__________________________________ e s e e e e TR e e
i<i W TIG WELD BUSHINGS AND PINS Time: 02:25
LT ‘ it
72636 |
_________________________________ e e e e e e
LT — e
Zialp 58;VL5 g@
——————————————————————————————————— e e s R
INSP INSPECT

M

rm 05-03, Rev E

MAY BE PERFORMED AFTER OP 280
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06/09/05 Middleton Aerospace Corporation Page 6
Routing Sheet
A
Boeod . 4145T33G01 I
Part Descr..: HPT INNER CASE Sermleica s o BCM95630
Rewiisien. . 0. : A B e &
Sales Order#: 971244 Consgnd Mtl?: N
Customer=...: GENERAL ELECTRIC AIRCRAPrepared by.: J. WHITNEY 10/05/04
Forg SN#/HT#: WHP35320 hi=alidinie (RS E. LAFLAM 10/05/04
Raw Material: INCO 718 Quality Eng.: J. BRUYETTE 10/05/04
Customer Mod:
Lot Size....: 15
Oper |Rev#| SO |Work Center/Supplier| Operation Description | Stamp
_______________________________________________________________ it R
280 1 HANSEN AEROSPACE LAB|LOCAL FPI Time: 02:00
I PR e e
4 £
725913 I92ms AUG 29 2
_______________________________________________________________ e R R L
T”Fi INSP FINAL INSPECT Time: 00:00
T ohie MG 2 6 s
_____________________________________ e o R ETS COREE SR wmme com e e

Form 05-03 Rev E
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Appendix H: Routing Sheet Analysis

Work Center| Machine Fixture| Op Operation Stamp | BCM | BCM | BCM | BCM
# Time 95625 | 95629 | 95631 | 95632
INSP 5 Release Mat'l 0 6/9 6/9 6/9 6/9
NCL SL-65 PIE 10 | Rough Aft 1:17 6/10 | 6/10] 6/9 6/10
JAWS
NCL SL-65 PIE 20 | Rough Fwd 2:01 [6/13 |6/13 |6/13 | 6/13
JAWS
Accurate 25 | Heat Treat 0 6/16 | 6/16 | 6/16 | 6/16
EL EL 30 | Tool Prep 021 |Bl6 |[BM@6 |B6/a7 | bAT7
NCL SL-75 T1460- | 40 | Finish Fwd 4:19 6/17 | 6/22 | 6/17 | 6/17
1B
NCL SL-75 T1599-3] 80| Finish Aft 348 |Gl2% |6F2% |BIED | 6/21
NCL SL-75 T1545-1] 90| Finish Middle ID | 1:28 6/286/29 | 6/28 | 6/28
NCL SL-75 T1545-1] 10Q Finish Fwd Grooje 3:13 7/8/ 6/30 | 7/8 7/8
VMC Kitamurra | T1443-7| 11Q Mill Pockets Aft | 2:37 PE |(@a2 |7as | 7as
Flange
VMC Kitamurra | T1443-7| 12Q Mill & Drill Aft | 2:13 745 | 7114 | 714 | 7114
Flange
MRK Mark 130| Final Mark 0:21 | 7/8 [7/18 |7/18 | 7/18
VMC Kitamurra | T1443-7] 14Q Mill & Drill 5:11 W2E (715 (@B | 718
Periphery
BEN Deburr 150 Deburr and Whitd 1:04 W26 |26 | 725 | 725
Light Insp.
L75 SL-75 T1593-1 160 Finish OD 1:24 . l . 7127
L75 SL-75 T1593-1 170 Finish ID Aft 2:00 7127
Groove
Laser 175 Laser Drill Holes 4:00 | 8/4 8/4 8/4 8/4
HMC Kitamurra | T1545-4] 180 DrillIDPinHole | 02:03 [Bl6 |BIE |8/ | B8/8
BEN Deburr 190 Local Benchand| 1:48 8/9 8/9 8/9 8/9
White Light Insp.
BEN Deburr 205 Bench Laser 0:05 8/9 8/9 8/9 8/9
Splatter
Hansen 210 FPI 2:00 [8/10 [8/10 [8/10 | 8/10
PC 213| Release and Issue0 8/10 | 8/10 | 8/10 | 8/10
Hardware
Laser 215 Assemble Shield| 0:38 | 8/19 |[8/19 |8/19 | 8/19
Laser 225 Laser Weld 4:00 [8/19 [8/19 [8/19 |8/19
Accurate 235 Heat Treat 2:00 | 8/22 |8/22 | 8/22 | 8/22
BEN Deburr 245 Bench Laser 0:10 8/23 | 8/23 | 8/23 | 8/23
Splatter
PC 254| Release & Issue | 0 8/23 | 8/23 | 8/23 | 8/23
Hardware
BENP B/P 255 Assemble 1:25 B22 |Bi2% |®8/28 |Bi23
Bushings & Pins
TIG Weld 265 Weld Bushings & | 2:25 8/26 |B8/26 | 8/24 |8/24
Pins
VMP B/P 270| Ream Bushings 0:37 |BI2® |BIB® |B25 | BI25
INSP 275| Inspect 0 NA |[NA [NA |NA
Hansen 280 FPI 2:00 8/25 | 8/25
INSP 290| Inspect 0 8/26 | 8/26
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Appendix I: Process Flowchart

_m_‘ Tday || 1IIIj| sLes | [odays | [ 2msies | [3days Y At

2:01
T day I_[ 4@“3&?’5 ]_| 2 days I—l E‘é}}”ﬁlrﬁﬁ ]—|4? daysl_l 5}1}31;‘55 J_| 4 days ‘_,
4:18 348 1:28

110 kit 4 days |_| 1300 Mark l_| 2 days L,

A 213 0:21

| {2days | [HEONSEREE | ciday | FHROISEEEE | Gdays [ 5

1:24 200

1807 kit |—| =1 day |_| I—l 1 day F»

4:00 203 1:48 0:05

_W_‘ 5 days |_| 215) Laser |_| 5 days |_| 225 Laser |_| ‘3 days 235) Accurate
200 0:33 4:00 200
B SATTE ST ST - -, ST e S A
1585 0:37
278) Inspect i 2800 Hansen
0 500 0 Shipping/Out Of Cell Time [:I

Inventarydling Time |:|



Appendix J: Spaghetti Chart

Laser Fare (175,
215, 225)

Accurate

*| Brazing

@5 29)

/

|

[_ Hangen Astaspace (210, 280)

k.
Welding (265) | ‘ Inspection (5, 275, 290

_._._'_'_._._.___,_,_.—-—"F
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Appendix K: Total Batch Analysis

#  Operation BChI5624 BCMIEE25 BCMIBE2E BCMIGE2T BCMIGE29 BCMISE31 |BCMISEI2 BCMBSEI3 BCMIAE34 BCMIGE3S BCMPSEAT BCMUSE2S BCMOSEIE BCMBIGE3S  BCMOSEI0
| Release Mat| B92005  BH2005 B9/2005 G6B2005 G005 G005 G005 GN/005  GENE BAO005  BEOO0S G005 BM2006 G005 G200
10 Rough Af B92005 : £/9/2005
20 Rough Fud B/14/2008 , | B

25 Heat Treat B/IBR005 6162005 B/16/2005 G/16/2005 6/16/2005 G/1672005 B/IG005 B/EA005 G/ BABZ005 GAB2005  BAGR006  BAB2005  E1B/2005
30 Toal Prep B/17/2008 TI005 B/17/2005 BHTR00E 61772006 : B7006 B/ B17/2008
40 Finish Fig RZ3/2006 : / : BI23/2005 2005 6 i B
B0 Finish At BIZ3/2005 : | 521/2005] L - BI2302005
90 Finich Middle ID BI29/2005 B/297205 BUOZN0E A BI29/2005
100 Finish Fud Groove 711342008 ¥  TH22008 [ 08 7417200
110 Wil Pockets Af Flange 712612005 5 L 05 74
1120 Mil & Drill Aft Flange 832008 - i 57 i '

130 Final Mark 892008

140 Mil & Dril Periphery B/9/2005

150 Deburr and White Light Insp. 8/11/2008 BA1/2005 81142006

160 Finish OD 8162005 B1BR005 86005

170 Finish |D Af Groove §/15/2005 BAB005 841642005 {2605 5162005

175 Lager Dril Holes Bi2R/2005

180 Drill 1D Pin Hole 8292005 BI2BI005  B26/A005 | : B

1190 Local Bench and White Light Insp.  B/29/2005 B9005 8292005 8292004

205 Bench Laser Splatter 8292008 B92005 8290005 B29/2005

210 FP B30/2005

(213 Release and lssue Hardware R30/2005 BfA0/2005  BA0/2005 B8/30£2005

215 Assemble Shisld 9612005 96/2006  9/6/2005 95/2005

225 Laser Weld 9672005 9B/2005  9/6/2005 BB/2005

2% Heat Treat 577 /2005

245 Bench Laser Splatter 91712005 BT 12008

1254 Release & |ssue Hardware 972005 872005

755 Assemble Bushings & Pins 9712005 i 1 5 BOROS 97005 A

1265 Weld Bughings & Pins 91972005 i

(270 Ream Bushings 81202005

280 FF 9/14/2005 i - : 8/29/20 B12912005
290 Inspect 571412005 97272005] BANDS. 172008 B12912005 6/29/2005
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Appendix L: Exact Inventory 11/5/05

Invt
Tag #

010749
01030
01016
01084
01086
01082
01083
0ovv3
01010
010117
01074
00563
01023
01022
01202
00791
00576
01117
00550
00v9s
00751
01118
01252
oovyy
00091
00095
00575
005385
00922

Loc

=

=
= oo@mmO0D;Dmmmmmmm

m

=

O
gy,

= m

MREE

oV
MRE
MRB
P-F
P-F
MREB
MRB

(JOB NO.)
WIO #

816357
816357
816271
516271
516271
516203
516271
515976
516203
516236
516236
8151134
816236
816236
816203
815773
515268
516203
515196
516150
516114
516150

815722
816114
816114
815076A
814299
516114

Part #

4145733601
4145733601
4145733601
A145T33G01T
A145T33G01T
A145T33G01T
4145T33G01T
4145T33G01T
4145T33G01
A145T33G01T
4145T33G01
4145733601
4145733601
4145733601
4145733601
4145733601
A145T33G01T
A145T33G01T
4145T33G01
4145T33G01T
4145T33G01
A145T33G01T
4145T33G01T
4145T33G01T
4145733601
4145733601
445733601
4145733601
A145T33G01

Oper #

10
80
&0
S0
100
100
100
120
120
130
130
140
150
170
175
175
145
180
210
213
213
225
254
255
255
280
2490
290

a

e = (B P=m= D= = 00| = = D) = | pA = =] M = = pa = == | [ T (oo | I ‘2'

E -
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Appendlx M: WIP Calculation

Dezcription Lakor (Hr.) MaterialProcess Cost Labar Cost Total Cost | Cummulstive Cost | Current Inventory | Invertory Walue
5 RELEASE MATERIAL 0.o0 $1,039.00 F0.00 1 ,039.00 F1,039.00 4 %4 ,156.00
10 ROUGH AFT 1.18 $139.24 F139.24 F1,175.24 g $8.42592
20 ROUGH FD 1.83 $215.34 F215.94 139418 a Fo.00
25 STRESS RELIEVE 0.o0 F46 66 F0.00 b 66 F1,440.54 0 F0.00
30 TOOL PREF 063 F74.34 Fra.54 ¥1.51518 0! F0.00
40 FINISH D 411 T484 35 Fa54 95 5200018 0 F0.00
&0 FINISH AFT FLANGE 393 F463.74 FaE5.74 246390 9 F2217510
g0 FIMNISH MIDDLE 1.0y, 1.27 $149.56 $149.86 F2B13.76 1 F2B13.76
100 FINIZH FORWARD 238 F250.54 F250.54 2,894 60 4 F11,575.40
110 MILL POCKETS AFT FLANGE 238 J280.77 F250.77 F3175.57 0 F0.00
120 MILL & DRILL AFT FLAMGE 226 F266.16 F2E616 53441 52 3 F10,324 57
130 FIMAL MARK 0.24 F25.65 F25.65 F347047 g §27 76157
140 MILL & DRILL PERIPHERY 460 F542.80 F542.80 F401297 2 F5,025.94
150 DEBURR COMPLETE 1.3 154 55 154 55 %4 167 55 1 54 167 55
160 FIMNIZH O.D, 073 F56.14 FE6.14 F4 25368 0 F0.00
170 FINISH 1.D. AFT GROOWVES 175 F206.50 F206.50 5446015 g 35,681 53
175 LASER DRILL HOLES 0.o0 §71.80 F0.00 57150 F4,531.99 10 Fd5,319.91
180 DRILL 1.0 PIN HOLE 21 $245.35 F245.95 475097 1 $4,750.97
190 LOCAL BEMCH 1.10 F129.80 F129.80 5481077 0 F0.00
205 BEMCH LASER SPLATTER 0.06 F7.08 705 $4.917 .85 0 F0.00
210 FPI 0.00 F20.00 $0.00 $20.00 ¥4 957 .85 =3 F29 62710
213 RELEASE MATERIAL 0.00 64000 F0.00 F540.00 F5 577 .85 10 §a5,775.51
215 ASSEMBLE SHELD 0.00 F0.00 F0.00 F5 57785 ] Fo.0o
225 LASER WWELD 000 510500 0.00 F105.00 5568285 1 5565285
235 HEAT TREAT 0.0 §52.25 F0.00 F52.25 ¥5,735.10 0 F0.00
245 BEMCH LASER SPLATTER 0.23 F27.14 F27.14 $5,762.24 ] Fo.0o
255 ASSEMBLE ITEM= 2.3, &7 1.64 F462.07 $193.52 F655.59 F6417 53 El F3208915
265 WELD BUSHINGS ARD PINS 213 F251 .34 F2a1 .34 FE6 66917 0 F0.00
270 RELM BUSHING 0.& F95.58 $95.55 56,764.75 0 F0.00
250 LOCALFPRL 0.00 F15.00 F0.00 $15.00 F6,779.75 1 F6,779.75
RELADY TC SHIP 000 o 0 F0.00 F6,773.75 2 $13,55950
IT::ltaI In Process: & 328,527 87
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Appendix N: Revised Process Flowchart

Revised Flowchart for Process

ses | | 2days| | ompsies | | adays

25) Accurate

—| Smspect | [ 1day || 1)
0

117

201

_E 30) EL J_‘ 1 day }_[ 401875 1_‘ 2 days }_E BOpELTS 1_|4—?' daysl_[ 30y 875 1_‘ 4 days I_.

0:21 419 348 1.28
—Pmmseas | | 4 days 110) Kit 120) Kit ? 140) Kit
273 A 213 511
—{ 1 Mare || 2 ] [ 2days || 1808078 | <1 day || 170)8L75 | 6days |»
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Appendix O: Continuous Flow Plan
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Appendix P: Revised Spaghetti Chart
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Appendix Q: WIP Calculation for Continuous Flow Plan

OP# Description Lakor (Hr ) MaterialProcess Cost Labor Cost | Total Cost | Cumimulative Cost | Current Inventory Inventory Walue
5 RELEASE MATERIAL .00 F1,059.00 F0.00  $1,039.00 ¥1,039.00 1 F1,059.00
10 ROUGH AFT 115 F13539.24 F13539.24 $1,175.24 1 F1,175.24
20 ROUGH P 1.535 21594 21594 $1,394.18 4 557672
25 STRESS RELIEYE .00 F46 .55 F0.00 F45 56 1 44054 4 $5,765.56
30 TooL PRER 0635 57454 57454 ¥1,51518 1 ¥1.515.15
40 FIMNISH FiyD 4.11 F454 95 F454 95 F2,000.16 1 F2,000.16
g0 FIMNISH AFT FLAMGE 3.93 F455.74 F455.74 $2 463590 1 F2,455.90
a0 FIMISH MIDDLE 1.0 1.27 ¥149.56 ¥149.56 F2B613.76 i} F0.00
100 FIMISH FORWARD 238 F280.54 F250.54 ¥2,594 B0 1 §2,894 50
110 MILL POCHKETS AFT FLAMGE 238 F280.77 F250.77 ¥3175.357 u] F0.00
120 MILL & DRILL &FT FLAMGE 225 F2EE16 F266.16 §3,441 .52 1 53,441 52
140 MILL & DRILL PERIPHER"" 4 50 F542.80 F542.580 $3,954 32 8] F0.00
130 FiMAL MARK 024 F25.65 F25.65 4012897 0! F0.00
150 DEBURR COMPLETE 1.3 F154 .55 F154 55 ¥4,167 55 1 F4 167 55
160 FIMISH O D 073 F56.14 F56.14 ¥4 253 69 1] F0.00
170 FIMISH 1D AFT GROOYES 1.5 F206.50 F206.50 $4 46019 1 54 46019
180 DRILL 1.0 PIM HOLE 211 $i71.80 F245.95 F320.75 $4,750 .97 1 54 75097
190 Loz al BERCH 110 F129.80 F129.50 491077 4 F19,643.05
210 FPI 0.o0 F20.00 $0.00 F20.00 $4,930.77 o $0.00
175 LASER DRILL HOLES 0.og F0.00 F0.00 $4,930.77 8] F0.00
205 BEMCH LASER SPLATTER 0.00 F0.00 F0.00 $4,930.77 0! F0.00
213 RELEASE MATERLAL 0.00 FG40.00 F0.00 FG40.00 F5 57077 0] F0.00
215 ASSEMBLE SHIELD 0.00 F0.00 F0.00 F5 57077 0 F0.00
225 LASER WELD 0.00 F105.00 F0.00 F105.00 F5 67T i} F0.00
245 BERCH LASER SPLATTER 0.00 F52.25 F0.00 F32.25 F5, 72802 0] F0.00
235 HEAT TREAT 0.00 F0.00 F0.00 F5,725.02 4 F22912.05
255 ASSEMBLE ITEMS 2.3, & 7 1.64 F452.07 F1935.52 FE35.59 6 353 .81 1] F0.00
265 WWELD BUSHIMGS ARD PINS 213 F251 .54 F231 .54 §6 634 .95 0] F0.00
270 REAM BUSHIRG 0.51 F95.55 F95.55 FE,730.53 0 F0.00
250 LozAL FRLL 0.035 F15.00 F3.75 F18.75 FE, 749258 4 F26997 12
REALDY T SHIP o0.00 ] u] F0.00 F6 74925 4 F26,997 .12

bratai in Process: 34 $135,530.81 |
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