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ABSTRACT
This thesis analyzes inventory levels in two supply chains of an automobile manufacturer.
Both supply chains studied began from the manufacturing of an automotive sub-assembly
and ended with the installing of that part onto an automobile at the assembly plant.

There were two main drivers of the thesis. One was to reduce inventory in the supply
chain. The second was to recommend changes in the management system of the chain that
would support such a reduction. The author expects the “system view” presented to
provide a basic operating plan for plant management as they pursue inventory reduction
goals.

The analysis method pursued in the thesis is of particular importance for automotive
manufacturers and suppliers who must provide a specific sequence of complex parts to a
customer. This thesis analyzes a few different inventory management schemes for such a
system, including a tightly coupled Just-in-time (JIT) system called In-Line Vehicle
Sequencing (ILVS). I present the constraints and requirements of such a system in detail.
Mathematical and computer simulation models are used in conjunction with input from
plant personnel in order to make final recommendations to plant management.

The two supply chains studied provide case studies which show how different system
constraints affect inventory levels and the choice of an appropriate inventory management
system. The two supply chains vary in terms of manufacturing complexity as well as final
assembly line requirements By comparing and contrasting the supply chain requirements
and the results from analyzing these two chains, the author hopes to provide a basis for
future reduction needs for parts that have similar supply chain constraints, or whose
supply chain has certain characteristics in common with the two studied. Furthermore, the
author suggests methods to reduce the inventory levels in the two supply chains studied,
which are hoped to be implemented within two years.
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1. Introduction

1.1. Background and Motivation

Currently when supplying automobile assembly plants with parts (interior door
trim panels, plastic bumper covers, etc.), the Utica Trim Plant, a plant owned by Ford
Motor Company, sends the parts to a warehouse which stores and sequences the parts
before shipping them to the final automobile assembly plant. Millions of dollars of
inventory pass through these warehouses every year. The motivation for this thesis is the
substantial cost of carrying this inventory. This includes the cost of additional warehouse
space,’ the cost of personnel required to manage the warehouse, potential damage
resulting from double handling, added transportation costs, the cost of additional material
handling equipment (forklifts, storage racks, etc.), the economic carrying cost of
inventory, and the cost of inventory obsolescence.

The goal of the thesis is twofold.

1. To help reduce this cost by cutting inventory without reducing
throughput or increasing manufacturing cost, and
2. To recommend changes in the management of the supply chain that will
help achieve such a reduction in inventory.
It is important to note that this thesis does not claim to represent the current state of
production and management at the Utica Trim Plant of Ford Motor Company. The thesis
is a result of a study done between June and December 1994. The plant environment is a
dynamic one, and changes were being made at that time and will continue to made, as
should be the case in all manufacturing firms that expect to remain competitive

The analysis and results presented attempt to predict the steady state conditions in

the plant for the 1995 model year. This state lies between the launch phase of production

and the model changeover phase for the next model year. Unfortunately, a great deal of

' Warchouse space is of particular importance. At the time of this thesis, Utica was engaged in a strategy
that planned on introducing more work in a plant that many already felt was crowded.



the data collected was during model year changeovers Therefore, many assumptions were
made which will be explained later.

Before continuing, I think it is also important to clarify a few terms which 1 will
use. These terms follow:
Jascia: An automotive sub-assembly that is essentially the plastic front and rear bumper
cover on a car.
interior door trim panel: An automotive sub-assembly that is on the interior side of a car
door. It is the section of the door that the passenger and driver see and have physical
contact with while inside the vehicle.
stock keeping unit (s.k.u.): A stock keeping unit is an item of stock that is completely
specified as to function, style, size, color, and location on an automobile. For example,
two interior door panels that are the same except for their color constitute two unique
s.k.u.’s (Silver & Peterson, 1985, p. 12). An s k.u will also be referenced as an end item
or finished good for Utica.
part: For the purposes of this thesis, a part will represent all s k.u.’s having a similar
function and placement on an automobile. Differently colored Ford Probe interior door
panels constitute different s k.u.’s but are referenced as the same part. Similarly, Lincoln
Mark VIII fascias of the same color, but one a front fascia and the other a rear fascia, are
referenced as two different parts. Put simply, the part definition above excludes color
complexity.
safety stock: Safety stock is the inventory necessary to provide a certain service level in
order to overcome the uncertainties in a production environment. I will borrow the
definition of safety stock being “the inventory that is needed because the manufacturing
environment is both uncertain and capacitated” (Graves, 1988, p. 67). Although one
would hope for a service level of 100%, theoretically this would require an infinite amount
of inventory. Often, from a practical standpoint, a service level of 98% is typical.
lead time: The lead time is typically defined as the time from when a s k. u. is ordered to
when that order is filled. Since the supply chain is limited in this case, that definition has

been modified. The lead time in this thesis is the time from a s k u. being initially placed in



the production queue at Utica until that s k u. is delivered to the final assembly line and
placed on an automobile.

replenishment lead time: Replenishment lead time is similar to lead time except that the
time is given for a certain inventory stocking point. Replenishment lead time is the time
from a s k.u. being initially placed in the production queue at Utica until that s k u. arrives

at a certain inventory stocking point.

1.2. Supply Chain Studied
The supply chain studied is diagrammed below in Figure 1.2-1 The Utica I'rim

Plant is represented by the subassembly part production box.

Subassembly Storage and Final
Part > Sequencing —> Assembly
Production Warehouse Plant

Figure 1.2-1: Supply Chain Diagram

This section of the supply chain was studied for several reasons. First, management
felt that the warehouses were holding too much inventory. Second, to limit the scope of
trying to solve this inventory concern, the immediate processes upstream and downstream
of the warehouse were investigated. Raw material inventory supplying the subassembly
part production plant was left out of the study and assumed to be readily available. This
assumption was made due to a management perception that raw material inventory was
not a major concern, and the fact that many of the raw materials could be classified as
commodities.> Furthermore, it was a common assumption that raw materials were
supplied as needed when modeling plant processes .ith computer simulation. In the
supply chain, 1 focus mainly on finished goods inventory levels and have a partial focus on

the work-in-process (WIP) inventory within subassembly part production.

* Plastic pellets, rolls of vinyl. barrels of adhesive, sheets of carpet, and staples are all examples of raw
materials used by the subasscmbly production plant.
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1.3. The Assembly Plant Customer

The supply chain described above shows that the customer of the Utica Trim Plant
is the automobile final assembly plant. This customer has a sequencing requirement that
was a specific focus of this thesis.

The sequencing requirement can be best understood by a briet look at the way an
assembly plant operates. The plant can be divided into three sections. Figure 1.3-1 shows

these sections with the basic flow of parts between them.

Body Paint Final
— — —  Assembly

Figure 1.3-1: Main Sections of a Final Assembly Plant

Each section of the assembly plant tries to optimize production in entirely different
ways.
Body: Body is where the metal framework of the car is welded and tastened together.
Batch production of the unique body frameworks is the desired production system is this
section.
Peaunt: The paint section is where the automobile frame is painted with the desired color
In order for the system to minimize paint flushes' and improve yield*, unique color
batches are produced.
Final Assembly: Final assembly is where the body is joined with the chassis and power
train. It is also where all the options and subassemblies of the automobile are installed onto
a car on an assembly line. This section assembles cars using the balanced-line approach.
For example, two door vehicles are mixed with four door vehicles in order to balance the

load on the door installation section of the line.>

' Flushes occur when the color is changed. Pipes and hoses arc flushed clean with a chemical so that the
next color will not mix with the previous color.

*Plant management has shown that the paint yield improves with larger batch sizes.

*'This balancing also relieves supplicrs from a surge of workload. A particular supplier can stick to a
uniform cycle time throughout a production period without creating the waste of inventory. For a
discussion of this heijunka principle sec Mishina, “Toyota Motor Manufacturing, U.S. A"
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Given these drivers, cougled with the fact that the yields of typical body paint system are
difficult to predict, forecasting the actual sequence of cars moving down the assembly line
much in advance is very difficult.

In terms of supplying the assembly plant, shortages cause cars to go off-line at the
assembly plant, and in some instances can cause the entire final assembly line to shut
down. Such a mistake can cause significant monetary loss. On the otherhand, small
amounts excess inventory is “less costly” than one shortage and such considerations can

lead to high inventory levels.

1.4. Thesis Focus

1.4.1. Inventory Decisions and Factors Considered

This thesis focuses on two important inventory decisions for the supply chain
shown in Figure 1.2-1. They are as follows:

1. What is the level of inventory that should be maintained at each point in the supply
chain?

2. Where in the chain should the parts be sequenced before installation onto the
automobile?

There are several factors which affect the decisions to be made. These include:
{/ncertainty: Stated simply, inventory levels are a direct result of uncertainty. This
uncertainty exists in demand forecasts, production uncertainties (scrap, yield, downtime,
etc.), and transportation uncertainty. The uncertainty can exist in management as well. A
line supervisor may perceive an uncertainty and protect from a shortage with inventory. If
forecasts were perfect, production was predictable, transportation was always on time,
management knew exactly what was going on in production at all times, and there was
enough capacity, inventory levels should be zero. To achieve this, all the system would
have to do is use a Material Requirements Planning (MRP) system to transmit demand
back to all supplying levels and everyone would be able to supply everything pertectly and

on time. Unfortunately, the world is not that easy.
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Number of different s.k.u.’s required by the final assembly line (s.k.u. complexity): This
particular factor affects the choice of where the part should be sequenced. For example, it
the same part is to be used on every car that comes down the assembly line, it is
reasonable to assume that the part will be most easily sequenced very close to the
assembly line. Consider a screw which fits on every car model on a line. The worker near
the line could just pick a screw out of a box. On the other hand, consider different cars
coming down the line which require fifty ditferent door panels based on color complexity,
power mirror options, and power lock options. It is not reasonable to expect fifty different
boxes of door panels, a part which is significantly larger than a screw, to be placed near
the assembly line and have the line worker pick out the necessary panel when the car
comes by.

Part size and space availability: Even if the part is not complex, the size of the part may
limit the number of parts that can be located next to the assembly line.® Obviously, if there
is a space limitation near an assembly line station this limits the number of parts which can
be stored there. These charactenistics affect not only the storage of parts at the assembly
line, but also inventory storage throughout the supply chain. If the space is not available,
more inventory cannot be held.

Time between the correct sequence broadcast until the s.k.u. is installed onto the
automobile (broadcast lead time): If Utica knew the correct sequence a day in advance,
and had the capacity to fulfill that demnand, it is not unreasonable to expect Utica to supply
parts in sequence to the assembly plant. On the other hand, as this time decreases, more
finished goods inventory is needed to “pick the sequence from” so that the customer will
be serviced on time.

Transportation constraints: Transportation time between a supplier and customer affects
inventory levels. Typically, the longer the transportation lead time, the higher the finished
goods inventory. This is due to the fact that each shipment must carry at least the amount

of inventory for the transportation time plus a production period.

® Generally speaking. there is a limited amount of space available at cach station next to an automobiic
assembly line. Inventory is typically stored at intermediate warchouses and/or at a warchouse in the (inal
asscmbly plant and then moved to the line with material handling equipment.

13



Production constraints: Scrap, downtime, machine set-ups, repair and rework, cycle
times, and capacity can all affect inventory placement and levels.

Costs: Costs of the production system and the corresponding management system also
affect the decisions. As my supervisor said, “Anyone can reduce inventory if you let them
spend as much money as they want. They could simply buy more machines and never
worry about utilization.”

Management issues: Finally, management issues are important. The culture of an
organization can encourage inventory as well as discourage it. For example, a piece-rate
pay scale can often give workers the incentive to produce more parts than needed.

Although each of these factors is important, I concentrate on a select few.
Uncertainty is a major factor considered, especially forecasting uncertainty which directly
leads to safety stock calculations. Production uncertainty and constraints are also
considered. I considered s.k.u. complexity as well as broadcast lead time. Finally, constant
transportation lead time (without uncertainty) was considered.

Only a few recommendations focused on management issues. 'l he
recommendations try to encourage inventory reduction. A main focus involved costs, but
during the limited inturnship it was impossible to gather all of the relevant costing
information. Instead, possible inventory savings due to a reduction in inventory were
calculated. Potential costs are named but not quantified, but the inventory savings value
provides a baseline to compare with actual cost figures. The focus on part size and space

availability is limited since both supply chains contain large parts with space at a premium.

1.4.2. Production and Management System

“What type of management and production system will support the decisions made
for questions one and two above?” is the final question contemplated. The main focus is
on the general production system and basic operating plan suggestions, with a few
comments on the management system structure.

A partial focus of this thesis deals specifically with a production system called In-
Line Vehicle Sequencing (ILVS). In Ford jargon, this term represents a tightly coupled

Just-in-time (JIT) system whose goal is to broadcast a 98% accurate sequence to the

14



suppliers five days in advance of the final assembly of the automobile. Instead of a 5-day
fixed sequence, the current system broadcasts the sequence as it develops when
automobiles are pulled out of the paint system (see figure 1.3-1)." These broadcasts are
sent to the intermediate warehouse in figure 1.2-1, and the s k.u.’s are pulled from
inventory and shipped in sequence.

Due to the current inability of ILLVS to consistently achieve its goal of 98%
accuracy over a 5-day period, I do not limit my analysis to ILVS. Instead, I analyze JIT
opportunities to pull the sequence earlier in the supply chain (which do not require the
success of ILVS) in addition to identifying specific benefits that ILVS could provide if it is

successful in its goal of a 98% accurate 5-day fixed assembly sequence.®

1.4.3. Explanation of Case Studies

To give a spectrum of examination, two different supply chains were studied. They
were an interior door panel chain (ST44, or Ford Probe), and a fascia chain focusing
mainly on the high end fascias.” The choice of the chains was such that they varied
significantly in terms of the factors presented in Section 1.4.1 and in terms of JIT
possibilities. By comparing and contrasting the supply chain requirements and the results
from analyzing these two chains, I hope to provide a basis for future reduction needs for
parts that have similar supply chain constraints, or whose supply chain has certain
characteristics in common with the two studied. The similarities and differences in the two

chains will become clear in the sections following chapter 1.

1.5. Literature Implications

Before continuing, I did some research in available literature on related topics. 1

summarize the results of that search in this section.

" After paint and before final assembly, line balancing is done so that the sequence remains fixed (except
for unexplained problems which cause cars to pulled off of the line and out of sequence).

*ILVS is simply a JIT conception that would allow suppliers a much greater lcad time (5 days compared
with hours) with a more accurate forecast of the assembly plant's demands.

”The high end fascias were for the luxury cars such as the Towncar, Continental, and Mark VIII.
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L.5.1. Supply Chain Notes

With the supply chain studied, it seems that a base stock system is adequate to
describe what goes on in the current production system at Utica, except for the batch
productton that occurs. In such systems, the inventory process begins with a base level of
inventory called the base stock. Whenever a customer order for r units is given, an
inventory replenishment order is given for r units and filled after a lead time (the
replenishment lead time, L). If demand cannot be satisfied from inventory, customers wait
for the arrival of an s k u. (stock is backordered, not lost). Such a description seems
adequate for the supply chain studied and is the method of analysis used for this thesis."’

In the supply chain studied, one can either analyze the specific costs of the
production system to determine production levels and scheduling frequency (such as the
cost of overstocking versus the cost of understocking). In this supply chain, a shortage
causes a car to go off-line at an assembly plant and is thus very expensive. The cost of
incremental overstocking is much less. It is very difficult to quantify these costs exactly,
especially when qualitative factors are considered (such as supplier punishment).

Thus it is important to describe the service level for the system (Magee, 1985,
p.82). The type of service chosen for analysis was the probability of not stocking out in
the lead time. One reason for the choice is that it makes sense in this production
environment. Management wants the probability that a stockout will occur in any period
(which is a day in the analysis sections) to be very small. This Type 1 level of service is
useful when a shortage has the same consequence independent of the time or the amount
of the shortage (Nahmias, 1993, p. 261-262). If an assembly plant experiences a shortage
of Utica s k.u.’s, a car will most likely be put off-line. If there are multiple shortages more
cars will be pulled off-line, so the service type is not entirely applicable.

However, considering that a production lot in the analysis sections is at least a day,
a 98% Type 1 service level implies that, on average, a stockout of one or more units
would occur in only | out of 50 days, or less. Type 2 service is the percent of demand met

from stock. Calculations using this type of service are more complex, although this type of

' For further information, sec Operations Research in Production and Inventory Control, p. 50
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service might be more applicable. To solve the dilemma, | calculated approximate safety
stock levels for Mark VIII fascias using both methods. Although the results showed
different results for the same numerical service level (98%), the units of safety stock
calculated in Type | service always succeeded in providing a higher level of Type 2
service (greater than 98%). Thus, Type | service chosen as a suitable conservative model
to use.

In terms of the supply chain, the literature also provided some insights into

inventory locations for the supply chain, shown again below.

Subassembly Storage and Final
Part —— Sequencing ——| Assembly
Production Warehouse Plant

Figure 1.5-1: Redrawing of the Supply Chain Studied

In a base stock pull system production environment, the sections of the supply chain above
are coupled. This simply means that the assembly plant demand depends upon the
production process of the supplying plant. The following information about inventory
location seemed particularly beneficial for this system:

e Since the stages are linear, and the warehouse supplies only one assembly plant, the
warehouse should store safety stock, stock which protects for transportation
uncertainty from Utica, stock due from batch production, and stock resulting from a
particular inventory control policy (for example, trying to produce one day ahead of
demand).

e Utica could store some stock to protect for unexpected production uncertainty
(downtime and scrap), but should mainly function as a staging area before parts are
shipped to the sequencing warehouse.

e Likewise, the assembly plant could store for assembly production uncertainty. The
assembly plant should also protect for transportation uncertainty from the

warehouse. !

"' For further information on multi-stage distribution choices, sec Modern Logistics Management, pp. 98-
100,
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e It should also be noted that there could be stock stored for ultimate demand'
uncertainty at any of the locations in the supply chain studied. This thesis does not
consider that case. Instead, | assume that ste k outside of this supply chain (for

example, at the dealerships) would account for such uncertainty.

1.5.2. Current Automobile Manufacturing Trends

In United States automobile manufacturing there is a major focus on trying to
make operations more lean. Japanese success stories in lean production and in concepts
such has JIT and Kanban have fueled much of this attention. Lean production includes
principles such as teamwork, communication, and continuous improvement, but relates to
this thesis with its emphasis on the efficient use of resources and the elimination of waste
(Womack, 1991). “Inventory is but one of the many nonvalue-added activities (others
include rework, excessive material handling, and set-ups) that create waste in an

operation. An underlying principle of Japanese production systems is the elimination of

such waste” (Klein, 1991, p. 25). The book, The Machine that Changed the World, points
out the difference in attitudes of Toyota and a “typical United States auto maker.”
American auto manufacturers have “believed that extra space is necessary to work on
vehicles needing repairs and to store the large inventories needed to ensure smooth
production” (Womack, 1991, p. 79), while Toyota has driven toward a ““lean system with
as little slack as possible” (Womack, 1991, p. 103).

Pull systems from Japan, mainly JIT and Kanban, have gained considerable
attention from the automobile industry. Kanban is a particular implementation of a pull
system where the replenishment signals are given by cards which “control production
schedules and hence over-all inventory levels” (Maruyama, 1982, p. 2).” The concept of

JIT has gained much attention in automotive manufacturing. There are many popular

'*This refers to the demand of the ultimate consumer (the person who drives away with a car at a
dcalership;.

" For a full-description of the Kanban system scc The Kanban System and Its Characteristics by Takashi
Maruyama.
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books on the subject.'* Obviously, Ford Motor Company is considering JIT by testing the
y

concept of ILVS.

1.6. Summary of Conclusions

This thesis makes the general conclusions that are listed below. More specific

results and conclusions are found in sections 2.3, 2.4, 3.3 and 3 4

The current production systems for both Wixom fascias and ST44 door panels can
provide equivalent customer service with less finished goods inventory. Furthermore,
the analysis presented provides plant management with a method for further inventory
reduction in other plant processes.

Even in its testing phase, ILVS reduces forecast error for the Wixom fascias. ‘This
should directly result in lower safety stock levels and therefore reduce finished goods
inventory levels.

ILVS could provide an opportunity for a tightly coupled JIT system implementation
for the ST44 door panel process, and door panel processes which have similar
characteristics.

There are ILVS and T opportunities for fascias, but the large size of the parts
coupled with the lack of space available in the plant to store more inventory, makes
implementation unfeasible at this point in time.

There are similar JIT possibilities without 1LVS for the ST44 door panel process,
although other implementation factors atlect feasibility at this point.

Despite a lack of feasibility for some of the aspects covered by this thesis, the analysis
presented provides plant management with a method for investigating ILVS and JIT

opportunities for other processes within the plant.

'* Just a few of the books on the topic which | looked at were Zero Inventorics, The Just-In-Time
Breakthrough, and Auaining Manufacturing Excellence, all of which are referenced in the bibliography.
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2. ST44 Door Panel Process

2.1. Overview

2.1.1. Manufacturing Process and Supply Chain

The ST44 Door Panel process during the 1995 model year is a simple assembly
type operation. The detailed process diagram is displayed in appendix 6.1. Robots spray
adhesive to molded plastic substrates.' The adhesive is applied so that a vinyl covering
will stay attached to the exterior of the substrate. A pair of sprayed substrates, a substrate
for the right door and a substrate for the left door, is placed in a vacuum-forming machine.
This machine applies the vinyl upon the substrate. Excess vinyl is then trimmed. Outer
vinyl edges are then folded and stapled onto the substrate to further secure the vinyl. The
substrate is then placed into a press which punches holes for options such as a speaker
grille, power window and mirror controls, etc. Options are installed onto the part, (such as
the speaker grille, a weather strip, lock bezel, etc.) and held in place after a process called
heatstaking.? Finally the part is inspected and repaired or scrapped as needed. For
simplicity, the process diagram shows scrap produced only at two points in the line, after
the vacuum-forming machine and at the end of the line. In reality, scrap can be generated
at any process in the line. At the end of the line, the parts are packed in storage containers,
stored briefly, and shipped to the CTI Warehouse which stores and sequences the s k.u.’s
before final shipment to the Ford and Mazda assembly plant (AALl).

The supply chain for the ST44 parts is

ST44 Part CTI AAI
Production at —> Warehouse ———1 Assembly
Utica Plant

Figure 2.1-1: ST44 Supply Chain

' Substrates arc molded parts which are in the shape of an interior door pancl. The rest of the assembly
operation places different materials and itecms on this main molded body.

* Plastic options are applied to the substrate by pushing plastic stems through holes on the substrate. The
heatstaking process melts the stems up to the back of the substratc, permanently fixing a plastic sub-part
1n place.
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The CTI warehouse is located 1.5 hours from the Utica plant, and 25 minutes from the

AALI assembly plant. AAI broadcasts the automobile assembly sequence to CTI. CTI then

pulls the correct sequence from finished goods stock and ships the parts to AAIL

The ST44 line produces the s k.u.’s shown below in table 2.1-1. Note that there

2.1.2. Current Production System

2.1.2.1. S.K.U. Complexity

are 14 different right side s k.u.’s and 20 ditferent left side s.k.u.’s. This is because some

of the right side s.k.u.’s fit on more than one car type (for example, s k.u. R1 and L1 are

for car type 1, while s k.u. R1 and L2 are for car type 2).

Table 2.1-1: ST44 Door Panel Part Complexity

4C |4C[4C [{4C|4C |4C | 4C 4C | 4C
5 I
T T
el |\ 2lE
= E|E
_s 5 % g g @ | @ :5 I 5 E 5 E
€| - E 2 S5 g g AL ElE
HEHHBEHEEHHE AR
KRR Ble|c|a|8|8 Bl 8| sls a 51 5
Car ¥|E|a|a|x|B|8|0|8|& A IEIRIE &
skute BlEIE|5 5151255 5|E(218|2|8 2 2|28
SKU's s # <|2|8|8|2|G|6|8|2|Z|d|&|a|a|alf|s|z|2
LX RH MWV R1 12 |3C| X X | X X X X | X X X
LXLHPMMW | L1 [ 1 [3c| X | X X | IX X X X X | X
L X LH MM MW L2 2 |3CI X | X X X X X X XiX
LX RH PWMP R2 3 |3C| X X | X X X X XX X X
LXLHPMPWMP! L3 3 |3C| X | X X X1 X X X X X1 X
GT RH MW R3 1| 45 {3C| X X | X X[ X X XX X[X X
GT LH MW 14 4 13C} X | X XX X X X XX X]X
GT LH MWPM LS 5 |13C|I X | X X{X 1 X X X XX X[ X
GT RH PWMP R4 6 |3C| X X1 X X | X X X XX} X! X X
GT LH PWMP L6 6 |3C| X | X X| X XX X X XX XX
GTRHPMPWMPI RS | 7 [2C] X | | XX | [X X1 [ X| }X XXX X X
GTLHPMPWMP| L7 7 [2C] X | X X | X XX X X X X| XX
KEY:

GT and LX are two types of Ford Probe automobiles

LH and RH stands for left hand and right hand sides respectively

MW and PW stands for manual window and power window respectively

MM and PM stands for manual mirror and power mirrow respectively

MP stands for map pocket

2C means a two color complexity of saddle and opal

3C means a three color complexity of ebony, willow, and opal

4C means a four color complexity of ebony, willow, opal, and saddie
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For the purposes of this thesis, it is unimportant for the reader to understand the raw
materials that make up each door panel. What is important is that the Ford Probe line has

an s.k.u. complexity of 34.

2.1.2.2. Description of the Current Production System

The current production system is supposed to function as a base stock system.”

What this means is that a base stock level, or inventory level, is maintained over each

production period. Batch production in the ST44 process causes slight variations from this

base stock level. Base stock consists of regular replenishment inventory plus safety stock.

The production period used is a day. From observation and data, the production decision

system for each s k.u. can be described as follows:

1. The finished goods inventory levels of each s.k.u. are determined.

2. Demand is met from the replenishment finished goods inventory, and from the safety
stock if production cannot replenish the finished goods inventory in time to service the
customer.*

3. The amount of an s k.u. to be produced is then determined from the amount of stock
that needs to be replenished (if any), the amount of demand that cannot be met from
inventory (if any), and the amount of future demand that can produced in order to
smooth production for capacity and utilization constraints. Due to replenishment lead
time, panel production attempted to stay one day ahead of production at AAI

4. Finally, line schedulers adjust the amount to be produced based on scrap, downtime,
and rework information.

Production of s.k.u.’s is generally done in batches of 24. The batch size is chosen
in order to fill a shipping rack which stores exactly 24 door panels. Batch production is

also done since the vinyl roll on the vacuum-forming machine must be changed when there

> For further information on base stock see Graves, “Safety Stocks in Manufacturing Systems”; Kimball,
“General principles of inventory control”; and Silver and Peterson, Decision Systems tor Inventory
Planning and Production Management,

“1f there is not enough safety stock available, the production system expedites the s k.u.'s needed by
placing them at the front of the production queue, and shipping them out as soon as possiblc.
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is a color change’ , and batch production allows stockmen enough time to supply the line
with the parts necessary for the next batch. The line has enough capacity to meet daily
demand, and the production decision is made daily using the procedure described above.

The aggregate inventory stocking point plan is described by the following table:*

Table 2.1-2: Current Finished Goods Inventory Plan’

Utica Finished Goods Inventory

Contract Inventory at Utica Warehouse 2 days
Possible Inventory in Transit (deliver twice per shift) |4 hours
CTl Finished Goods Inventory

Supply Lead Time Inventory at CTl warehouse 3 hours
Safety Stock at CTl 8 hours
Possibie Inventory in Transit (delivery twice per shift) |4 hours
AAl Finished Goods Inventory

AAl Warehouse Inventory 1.25 days
Maximum inventory aliowed 5.5 days
Total planned inventory level 5 days

* A day of inventory is inventory for an 8 hour period

During the course of my research, 1 was unable to obtain data which verified explicitly this
operating plan. 1 was assured by AAI management that the plan was followed from C'T'1
through AAI At Utica, I was able to collect data which is summarized on the following

chart:

* Although such a change can be made with out any cycle time lost on the machine (zcro set-up time), it
would bc unreasonablc to think that the operator can make such changes constantly, which would be the
casc with a batch sizc of 1.

®This inventory plan is for the 1994 and 1995 model years

"The contract inventory at Utica is what is specificd in the joint venture agreement between Mazda and
Ford.
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Figure 2.1-2: Days of BOH Inventory at the Utica Warehouse

The average BOH at Utica was | 23 days, which is less than what is called for in the jont
venture contract. Through inventory reduction eftorts of its own, Utica felt that the same
service level could maintained with less inventory. 1 used 1 23 days of inventory as a
baseline to compare v ith inventory reduction calculations later.

The base stock level is maintained by the AAI assembly plant * Mazda keeps track
of the inventory levels (everywhere in the system except at the Utica warehouse and in-
transit to CTI) and forecasts demand. Actual demand data is broadcast to the C'T1
warehouse as soon as cars come out of the paint line. The car type data 1s then translated
into the interior door panel s k.u. demand.” The forecast data is sent to Ford, and once

again this data is translated into interior door panel s k u. forecasts

2.1.2.3.Demand Forecasting Procedure

The demand forecasts are the production forecasts from the AAI assembly plant
These forecasts are for monthly periods, are made several months in advance, and updated
every month. Such forecasts are mainly used for capacity planning and other long term
planning. The first forecast used mainly tor production planning (for reference, | will call

this the Nth month forecast) is the forecast done tor each month 11 weeks in advance

“The AutoAlliance, Inc. (AAI) assembly plant 1s a joint venture agreement between Mazda and Ford. The
assembly plant produces the Mazda 626 and RX7 as well as the Ford Probe. The asscmbly plant 1s mainly
opcrated by Mazda personncel, with Ford representatives.

? Afler automobile bodies have gone through paint, the sequence remains basically constant throughout
the final assembly process. The sequence would vary based on unexpected line or supplicr problems.



According to the AAI forecasting department, this forecast is “basically fixed until four
weeks before production, at which point actual orders began to replace forecasts.” At AAl
the Nth month forecast is smoothed over a four week production period. For example, a
forecast of 2000 cars for the month would translate into a production of 500 cars per
week. These weekly forecasts are smoothed over the week, until finally, a daily forecast is
obtained."

‘The Nth month forecast is updated each week as actual orders are received. These
adjusted weekly forecasts are given to Utica, and once again smoothed for daily
production to obtain daily forecasts of car production at AAl. 1 collected these daily
forecasts over a three month time horizon. Being smoothed, they are not true forecasts as
desired, but the use of the forecasts are to predict actual car production. As such, they
should provide very useful insight into the forecast uncertainty seen by the Utica

production system.

2.2. Analysis

2.2.1. Supply Chain Models and Simulation

The model used to simulate production was the following:

e Production of an s k.u. at time t is based on the one period ahead torecast from time t-
1 (the forecast used here is that described in section 2.1.2.3). Production from time t
was ready to be used in time t+ 1, or put simply, the replenishment lead time is a day.

o Expediting is allowed to occur for items that are “short to buck.” These items are
those which are not able to be filled from finished goods inventory, but are in the
production plan for today (are demanded today). Obviously, such items are placed at
the beginning of the production queue and shipped out as soon as possible.

With such a model, Utica is able to remain a day ahead of AAI production as desired, and

expediting is allowed to occur. "'

' See Mishina p. 6, for a similar discussion of balancing daily production.

"' As in similar production environments, such expediting occurs due mostly to unplanned uncertaintics 1n
production, transportation, and/or forccasts.
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First, I analyzed the one day ahead forecast errors by the method described in
appendix 6.3 with L=1. Due to the lack of data available for the 1995 model year, forecast
errors for the ST44 door panel from the 1994 model year were used instead (see appendix
6.4). There were no known improvements to the forecasting procedures from year to year,
so 1 assumed that when steady state is reached in the 1995 model year, the forecast error
would have a similar data generating process.

The results of the analysis for 1994 parts were

Table 2.2-1: 1994 ST44 Safety Stock Calculation

Service Level (%) k Safety Stock (Days)
99.0 2.326 0.64
99.9 3.090 0.85

The safety stock is for finished goods inventory in the entire system. The total finished
goods inventory in the system in 1994 averaged 3.855 days.'? 3.855 days is total
inventory, which includes safety stock inventory. Some of the difference can be accounted
for by anticipated transportation uncertainty, production uncertainty, and inventory due to
batch production (cycle stocks), but there is room for inventory reduction. I simulated the
production system to further verify this possibility, but in order for the analysis to be
useful I transformed the 1994 data into predicted 1995 steady state data."* 1 describe this
transformation in detail in appendix 6.4.

Using the predicted forecast error for 1995, the following safety stock levels were

obtained:

Table 2.2-2: 1995 ST44 Safety Stock Calculation

Service Level (%) k Safety Stock (Days)
99.0 2.326 0.72
999 3.090 0.95

'*Refer to Table 2.1-2 for CTI and AAI finished goods inventory and Figure 2.1-2 for Utica’s itnished
goods inventory to calculate this number (1.23 days at Utica + 1 3/8 days at CT1 + 1.25 days at AAl).

" Forecast data was not readily available to Utica employecs. 1 was only able to obtain data for 3 months
during the 1994 model year production.
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Current average finished goods inventory is 3.855 days, which leaves about 3 days of
inventory to account for production constraints (uncertainty, batching, etc.) and
transportation uncertainty in the supply chain. There might be potential for inventory
reduction, which is further tested using simulation. Table 2.2-2 assumes that each s.k.u.
can be stored individually as safety stock. This is not entirely true since the s.k u.’s are
typically stored in racks of 24. Taking this into account, the safety stock level changes to
1.61 days for both service levels'* and an effective service level that exceeds 99.999% for
the majority of s k.u.’s.

I ran a computer simulation of the supply chain under the assumptions and
conditions described in section 7. These conditions included production constraints such
as scrap, downtime, set-ups, s k.u. batches of 24, and shipments to CTI in containers
which held 24 units of one s k.u. In order to achieve a high service level under batch
production and other production constraints, average finished goods inventory is higher
than the safety stock predictions. The simulation included an expediting feature to rush
orders when a stock out was likely, and in all cases was able to maintain a 100% service
level. The simulation resulted in an average system finished goods inventory of 2.3 days.
The simulation did not account for transportation uncertainty, but in general it seems that
the average system finished goods inventory level could be reduced by about a day.

With an average standard cost of $40 per panel, this amounts to a potential

inventory economic savings (in terms of holding costs) of

Table 2.2-3: Potential ST44 Inventory Savings'®

Potential Savings | Amount of Inventory Savings
Daily $19.24
Weekly $96.20
Yearly $4569.60

"*Thus is more safety stock than nceded since an s.k.u. with a calculated safety stock of 1 unit, 1s then
determined to need a safety stock of 24. Multiples of 24 arc the only options. Probabilistically, this
amounts (o an overestimation of about 0.6 days, but the storage method is more feasible.

'* These values are calculated using the average standard cost of $40 per panel, an average demand of 400
cars per day (or 800 pancls per day), a 5 day work week, 47.5 weceks in a year, and the inventory carrying
cost shown in appendix 6.7,



Note that table 2.2-3 does not include the additional benefit of more warehouse space

available due to 1 day less of inventory.

2.2.2. JIT Investigation

The first step in analyzing JIT possibilities is to determine where in the system
s.k.u’s can be sequenced according to the production sequence at the assembly plant. The
possible options for the supply chain studied are anywhere between building in sequence at
the beginning of the Utica production line, to sequencing the panels from batches at the
assembly line.

Since these are large parts with an s k.u. complexity of 34, it is infeasible to think
that 34 part batches can be stored next to the assembly line where line workers could pick
in sequence from those batches. Sequencing from the CTI warehouse is the current
method and was analyzed in the previous section. Furthermore, sequencing at Utica after
the s.k.u. is assembled, is very similar to sequencing a the CTl warehouse. The costs of
space and labor to manage the sequencing would have to be weighed to determine which
is more feasible. This calculation is not included in this thesis. That leaves building in
sequence on the Utica line. This could occur at any point in the line, but was considered

only after edgefolding for reasons that are explained below.

Figure 2.2-1: Process Location Where S.K.U. Complexity is Added

Number of
Distinct Buffers
Comylenxity Additi Required P Secti

- 2 Door substrate raw materials

(g rough achesive application

G (@) Gt o> 8 Voo

o edeefold
(CGrartX) (M)C MWarPW )¢ MMaRM D) 3 Puch through shipping
See Talde 2.1-1 for a key to the codes used
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What figure 2.2-1 shows is that if buffers were kept from which the sequence was
drawn, there would be 2 buffers after the door substrate raw materials, 2 buffers after
adhesive application and before vacuum-forming, 8 distinct buffers after vacuum-forming,
8 distinct buffers after trimming, 8 distinct buffers after edgefolding, 34 distinct bufters
afier the punch presses, etc. (refer to appendix 6.1 for the entire process diagram).

A few process points can be eliminated before any empirical study is done. Storing
parts after the adhesive is applied (i.e. after the oven) is not possible due to the state of the
adhesive. The parts need to be immediately sent to the vacuum-forming machine. Storing
after the vacuum-forming and before trimming, or after trimming and before edgefold, are
possibilities which are eliminated due to the goal of pulling the sequence. Since the same
number of distinct buffers would be maintained for all of these locations (8 in this case),
the next thing to look at would be throughput time (the time from which the sequence is
pulled until the time it is shipped). Therefore, if a position favoring 8 buffers were
selected, one would want the storage location to be as late in the process as possible. Thus
the final operations would be as few as possible and take less time. This implies that the
storage location for a complexity of 8 would be after edgefold and before the punch
operation.

Using the same argument, if 34 were chosen the buffer would be of finished goods
inventory (similar to the current operation) and the choice left is the size and position of
this buffer. As said previously, this type of system was analyzed in section 2.2 1.

This leaves the two choices
I. Building in sequence from the beginning of the line, or
2. Building in sequence afier edgefold.

Although, building in sequence from the beginning of the line might be an option' | 1
eliminated it due to lead time considerations As shown in figure 2 2-2, there is a limited

amount of lead time between the time the sequence is broadcast to the time when the

**The viny! applied to the substrates comes on rolls. so there is a set-up time in changing the vinyl rolls
when a different color is scheduled on the line. A flawless color change can have a zero sct-up time. but
this cannot be maintained over batches of one. However, the color complexity is only four. Assuming that
a mechanical system could be developed which could store four rolls of vinyl at a time and be able to
apply vinyl from any four of those rolls onto a door pancl (eliminating the need for a person to change the
color rolls), building in sequence might be a possiblc option from the beginning of the line.
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s.k.u. is attached to the automobile. Subtracting the transportation time of 1.5 hours to

AAI" leaves only 1.4 hours for production, loading, and unloading.

Figure 2.2-2: ST44 Lead Time From Broadcast to Part Installation

Note: AAI build rate is 0.84 minutes per station (or per car)

ooquence 1* \Post-Paint Pre-Trim TrinvFinal TrinvFinal
broadcasted — \Buffer /T— / | v
after paint Station 0 Station 132
* Minimum sizc « Mimmum size o Cary are started + Panels are
20 cars 32 cans down the applicd to doors
o Average size 33 e Average size 42 assembly line o Doors are later
cans cars o Duoors are reattached to the
* Maximum size ¢ Maximum size removed and body
72 cars (9 rows 75 cars asscmbled
of ¥) separately

Avcrage time = (33 + 42)* 84 = ’l I‘ Average time = 132 * 84 =
63 minutes 111 minutes

Total Time = 174 minutes = 2.9 hours

Assuming a loading and unloading time of 0.4 hours total, this leaves an hour of
production time, in which about 100 panels can be produced'® in time to be transported to
the final assembly plant. During an 8 hour day, there would have to be 8 shipments, one
every hour. Currently there are 2 shipments, one every 4 hours, so the new system would
require 4 times more shipments with the shipment size being 1/4 the current size

A simulation was developed to further test the feasibility of the JIT system
suggested above. Details of the simulation are given in section 7.2. The simulation
includes other production constraints such as scrap, rework, and downtime. The
simulation results are summarized below.

e Additional inventory after the edgefolding processes reached a maximum of 156 lefi-

hand panels, and 156 right-hand panels. This would require a buffer consisting of 7

'’ Note that building in sequence at Utica eliminates the need for the CT1 warehousc.

' Since the throughput rate of the Utica production line is greater than that of the AAI assembly line, the
production ratc would be sct by the assembly plant which produccs | car every 0.84 minutes. Furthermore,
it is assumed that 70% of production is of the Ford Probe, which implics that a Probe is produced every
1.2 minutes, or 50 probes in an hour. 50 cars an hour imply 100 panels an hour.
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racks (each rack contains 24 panels) for the left-hand panels and 7 racks for the right-
hand panels.

e In order to help insure a high service level, finished goods inventory would also be
needed to protect for downtime of the Utica process. A rack of each s k. u. seems to be
the most convenient way to handle this protective stock.

Even with such a large stock to protect for downtime and other unforeseen production

problems, the finished goods inventory can be significantly reduced by this proposed

process. With AAI holding finished goods to protect for transportation uncertainty and
unexpected production uncertainty at the assembly plant, the total inventory in the system

19

is

Table 2.2-4: JIT Finished Goods Inventory for ST44

Utica Additional Inventory

WIP (14 racks * 24 units) 0.42 days
Protective Inventory (34 s.k.u.'s each with a rack) 1.02 days
AAl Finished Goods Inventory

AAl Warehouse |Inventory 1.25 days
Total 2.69 days

Once again, there is a potential for about 1 day of inventory improvement in the
supply chain. This translates into similar potential savings as calculated before in table 2.2-
3. One might expect more from a JIT system, but note that the entire costs of operating
the CTl warehouse have been eliminated.

The benefits and costs of the JIT system are as follows:
Benefits
e Qverall system inventory reduction resulting in a potential savings of approximately

that shown in table 2 2-3.

e Llimination of the all the costs of operating the C"I'l warehouse.

e Quality improvements resulting from less material handling.

" Note that the additional work in proccss (WIP) inventory was included in the table. This is important
since this is inventory that is not present under the current system. Even though the cost of this inventory
is less than that of a finished s.k.u. (not as much labor, machine time, etc. have been put into the part), |
calculate possible savings using the standard cost. Obviously, this will help give a conservative potential
savings estimate.

31



e It has been shown that JIT systems, along with an appropriate corporate culture, can
lead to continuous improvement in line processes (Nahmias, 1993, p. 746).

Costy

e Increased transportation costs due to more frequent shipping

e Maodification of the current shipping system so that parts can be shizped individually
and in sequence instead of in batches of 24

e (Greater management and employee involvement in the process in order to insure on-
time delivery in a short lead time environment.

e Modification of the current information technology system to keep caretul track of
stock levels for each s k.u.

e Allowing ST44 shipments top priority in the shipping docks.

e The costs of a new computer system that receives broadcasts and prints labels (or a
transfer of the current system from CTI).

e Training employees in the process changes.

e The cost of more production space due to the WIP buffers after the edgefolding
process.

A complete analysis would quantity the above, consider feasibility issues, and make a

decision based upon possible savings.  Unfortunately, there are many issues which make

the proposed JIT system infeasible at Utica. These issues are discussed in detail in section

2.3. However, the analysis presented provides a basis for similar calculations which can be

done for diffcrent processes within the Utica plant.

2.2.3. ILVS Investigation

As said previously, 11.VS is a special case of JI'T, except that instead of receiving
broadcasts from the customer (the assembly plant) as orders occur, Utica would receive
forecasts of demand for the next five days, each day of production A successful
implementation of ILVS implies that the sequence is 98% accurate. From the fascia
analysis (see section 3.2) it is clear that an 11.VS program, even in its trial phase, amounts
to a significant reduction is forecast error and therefore safety stock and finished goods

inventory levels.
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It is not surprising to find out that the I1.VS analysis is similar to that of the
“broadcast JIT” analysis. Unless there are significant modifications to the vacuum-forming
machine (refer to footnote 16), butters for ILVS would once again be placed after
edgefolding. Even though there is a 5-day lead time, daily production would proceed in a
similar fashion to the JIT situation.

With a 5-day lead time instead of 2 9 hours, it would he possible for the
production line to maintain a one-day ahead production system as desciibed in section
2.1.2.2. Under such a system, the protective stock for downtime in table 2 2-4 is
unnecessary. However, maintaining production one day ahead of schedule with two
shipments occurring each day, implies an additional average finished goods inventory of
approximately 0.75 days. The method of obtaining this estimate is shown graphically

below.

Figure 2.2-3: Finished Goods Inventory Graph

Inventory Level (in Days)
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At the start of the day there is about one day of inventory at C'T1 due to production trying
to stay one day ahead of demand (this excludes safety stock which is calculated later).
Since there are 2 shipments during the day, this inventory is drained and replenished twice.
The resulting average over time is 0.75 days of inventory.

The 0.5 days of inventory in figure 2 2-3 is a result of the production system
staying one day ahead. Although this is not entirely efficient, the current system operates
this way and is another attempt to have a bufter which protects from shortages. As said

previously, such shortages are much more costly than overstocks.
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As far as safety stock goes, successful ILVS would atlow for smaller safety stock
levels with a higher service level. The safety stock implications of 1L.VS are explained in
appendix 6 8. Looking at the average s k u demand in table 7.1-1, one would calculate a
10% safety stock for each s k.u. and obtain a total of about of 78 units. This is about 0.10
days of safety stock, significantly less than the amounts in figure 2.2-2

Once again, | will leave the AAI inventory levels alone and predict the finished

goods inventory levels for an ILVS system to be

Table 2.2-S: ILVS Finished Goods Inventory Levels for ST44

Utica Additional Inventory

WIP (14 racks * 24 units) 0.42 days
One Day Ahead Stock 0.75 days
AAl Finished Goods Inventory

AAl Warehouse Inventory 1.25 days
Safety Stock 0.10 days
Total 2.52 days

Although these levels were not tested explicitly, knowledge of the results from the JIT
simulation helped to set the levels. Once again, this option offers about a day less of
inventory combined with the removal of warehouse costs.

The benefits and costs are similar to those shown at the end of section 2.2 2.
However, some of the costs have been eliminated. There is no need in this case to have
transportation costs increase. ST44 shipments would no longer need top priority. There
could again be two shipments per day. Once system modifications have been made, there
should be no reason to assume that this system would create greater management
involvement than before. Forecasts are extremely accurate over 5 days and the production
system can continue to remain a day ahead of schedule. Although a new computer system
would need to be developed to handle sequence stocking and building, a broadcast system
would be unnecessary.

Unfortunately, AAl is not an I1.VS plant, so the system above can not be
implemented right now. However, the analysis can applied to other plant processes which
may supply IL.VS assembly plants in the future when and if ILVS is successful. Other

implementation issues are discussed in section 2.3.
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2.3. Results, Implementation Issues, and Recommendations

2.3.1. Overall Implementation Issues

Despite which system is analyzed for the ST44 process, there are some overall
issues which might affect implementation at this point and in the future. Time constraints
prevented possible trial implementation during the internship, but more importantly, the
fact that the AAI assembly plant is a joint venture with Mazda impedes possible
implementation. Ford seems to have little, if any, control over the entire ST44 system
because of this fact. Changing base stock sizes and improving the information technology
transfer between the two companies would require convincing Ford and Mazda of the
savings a new system can achieve. Coupled with the fact that the Utica Trim Plant expects
to lose the ST44 door panel market in two years (by 1997), makes pursuing changes in
established operating procedures very difficult.

In the event the current system continues to provide successtul service to AAl, it
would be very difficult to convince the implementation of a new system. Although taking
up less warehouse space could be a potential way to argue, the systems investigated do
not improve the squeeze for warehouse space at Utica. An improvement in the current
system would reduce inventory levels at CTI, and both the JI'T and I1.VS systems lead to
more WIP at Utica which causes more problems in terms of space.

Despite these drawbacks, the analysis presented certainly provides insights into
how to plan inventory reductions in processes which do not have these implementation
constraints. For example, Ford Motor Company owns the entire supply chain in many
other door panel processes. The potential savings in holding costs and space would affect

only Ford, and it would thus be easier to attempt implementation.

2.3.2. Overall System Recommendations
Despite which system was analyzed, I recommend the system changes below 1o aid
in any inventory reductions for the ST44 supply chain. The points can be added to the

other recommendations presented in the individual system sections following this section.



e The joint venture seems to make communication to all points of the supply chain very
difficult. Mazda is not connected directly to the production computer system at Ford.
Just to get enough data to analyze took a lot of time and eftort. There needs to be a
better communication of demand so that a more eftective pull system can be managed.

e Whatever the inventory control policy is, it should be clear to all levels of the supply
chain instead of “blindly producing the requirements on the computer screen,” as one
scheduler mentioned.

e Inventory to protect for downtime and scrap can be reduced by continuous
improvement efforts focused on reducing such factors. After successtul reductions are

made, such improvements should be quickly translated into lower inventory levels.

2.3.3. Current System Improvements

For the current system, the data indicates that a reduction of inventory is possible.

I recommend a reduction goal of 1 day of finished goods inventory A gradual reduction

of inventory is recommended instead of a drastic shift from the current process. As far as

the location of this inventory, there is really no reason to have the finished goods inventory
in significant amounts at three locations (Utica, CTI, and AAI). Some finished goods
inventory should be stored at AAI for unexpected scrap from production and/or
transportation. Other than that, all of the inventory should be located at CTI, where the
sequence is currently drawn. Utica’s storage of finished goods inventory should be nothing
more than a staging area, with a small amount of inventory to cover unforeseen

production problems.

In order to aid in the gradual reduction target, the following management changes
are recommended:

e LEfforts could be made to reduce the forecast error in order to be able to further reduce
the safety stock levels required. The Wixom forecast system (described in section
3.1.3.3) produces forecasts errors with a smaller standard deviation from zero
Perhaps such a system could be investigated for AAI, and demand forecasts could be

transmitted to Utica on a daily basis, as in the Wixom case.*’

20

This Wixom system 1s dependent upon ILVS. Implementations for 1L.VS at AAI are not planncd.
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e A base stock policy is recommended where the safety stock in the system is calculated
as detailed in the analvsis section.

e The mix of product may change, in which the s k u. demand averages change over
time. In such cases, regression analyses similar to that done in appendix 6.4 can be
helpful in predicting the safety stock required under a different mix of car types. In all
cases, the analysis methods presented can be applied dynamically to the process again
when significant changes occur.

As pointed out in section 2.1.2.2, the Utica Trim Plant was able to reduce
inventory levels through reduction efforts of their own. These efforts could not achieve all
the inventory reductions possible without involving AAI, but Utica could continue to
reduce the 1.23 days average inventory level at its warehouse despite the details of the

joint venture.

2.3.4. The JIT and ILVS Systems

In addition to the overall implementation issues presented earlier, both of these
systems have some other constraints. The CT] warehouse sequences more than just S144
panels. Mazda uses other suppliers for the Mazda RX7 and Mazda 626 door panels. The
assembly line runs all three of these car lines (Probe, RX7, and 626), so the output from
the CTI warehouse is a sequence of all three lines mixed together Providing the Probe
sequence from the Utica plant would require modifications of the system at C'Tl and AAL

The JIT system is particular infeasible due to proposing the management of four
times the number of shipments that are currently made. Drastic changes would have to
occur in shipping. Furthermore, due to such a short lead time, large amounts of stock
would be needed to protect for downtime. There might also be quality concerns (hurried
inspections, for example) because of the “rush mind-set” stemming from having such a
short lead time. No other process at Utica would require the demands that this JIT line
creates. Large risks are associated with this system due to the short lead time from
broadcast to when the part is applied to the vehicle. What's more, when the Probe market

decreases considerably, the JIT line would be hit with unfavorable utilization numbers
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since the line would run at the rate of demand trom AAI instead of running only a couple
of shifts per week to produce the desired demand.

The ILVS system is also infeasible due to the fact that I1.VS is not being pursued
at AAl. Wixom is one of the few pilot plants for the system, but Ford Motor Company has
stated a goal of implementing IL.VS at its assembly plants worldwide. AAIl, however, is a
joint venture and not an entirely owned Ford plant.

If implementation were possible, however, 1 would recommend the 11.VS system
for the ST44 process. With the extended lead time, the production system can continue to
operate with a one-day ahead of demand target. Furthermore, the system does not have
the disadvantage of poor utilization when demand is low. Production could be done in
sequence over multiple periods.

The reader should note that implementation issues do not make the analysis a
waste, as it provides several key insights into the issues that a potential JI'T or ILVS
supplier faces. Moreover, it shows JIT potential for other lines in which the customer is
located closer to the supplier, and/or the assembly plant has a longer broadcast lead time

(as is the case at Wixom, see table 3.2-5).

24. ST44 Conclusions

Clearly, if one had the option of choosing a system for the S'T44 process it would
be the ILVS system. It offers a basic continuation of the current production system,
except for in-sequence production after edgefolding. Furthermore, the “real savings™ are
obtained from supplying the assembly plant directly. The economic holding cost of
inventory is hundreds of dollars a week, but the cost of operating the warehouse is
hundreds of dollars a day. Considering implementation issues, however, the only real
option seems to be for Utica to pursue inventory reductions in its own warehouse.

Since implementation is dubious, the analysis is the most important product of this
research For example, it was my experience, though limited,”' that when speaking of

ILVS (or JIT) there were typically only 2 choices mentioned:

*' The experience referenced are the two case studies in the thests as well as discussions with another team
trying to determine ILVS feasibility on a different interior door pancl line.
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1. Build in sequence from the start of the line to the finish, or
2. Build in batches, and pick the sequence from the batches (usually at some warehouse,

whether Utica or some outside warehouse).
This analysis provides a method of looking at where the complexity additions are made in
the line and analyzing the sequencing measures from various points within the line.
Furthermore, the results can be directly applied to many of the other door panel lines that
have similar complexity additions in the process (i.e. the vinyl application takes place first
before other complexity is added).

In general, the analysis methods pursued add insight into inventory reduction

etforts. Calculating safety stock levels by carefully analyzing forecast errors is another
important aspect of the analysis that should prove useful to many production processes at

Utica.
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3. Fascia (Plastic Bumper Cover) Process

3.1. Overview

This thesis focuses on fascias that are supplied to the Wixom assembly plant.
However, process and scheduling issues must include data of the other parts that are

produced along with the Wixom fascias.

3.1.1. Manufacturing Process

The manufacturing process for the 1995 model year is shown in detail in appendix
6.2. The process is a bit more complex than the ST44 process in that there are four
distinct sections —— molding, timming, paint, and assembly. The door panel process was
mainly just an assembly operation.

Molding consists of 17 reaction injection molding (RIM) machines and 3 TPO
(thermoplastic olefin) machines. Currently, only 1 TPO machine is running, but the
assumed steady state for the 1995 model year is 3 machines. Parts coming from the RIM
machines are then sent to trimming in order to rid the part of excess plastic material. RIM
parts are then placed in a buffer waiting for paint. This analysis assumes that these parts
must wait in the buffer for at least 4 hours.' Parts coming from the TPO machines are
moved immediately to the pre-paint buffer and require no such minimum waiting time. The
RIM machines experience a set-up time of 4 hours® between part changes, while the TPO
machines have a similar set-up time of 30 minutes.

Paint is the most complex section of the fascia manutacturing process. RIM parts
are taken from the pre-paint buffer and placed upon carriers. These carriers transport the

parts through the paint system. RIM parts are moved throughout the post cure oven,

""I'here 1s some disputc as to how long RIM parts must wait 1n the buffer before paint. The dispute stems
from what is know as outgassing. I a recently molded part is immediately painted, gas particles within
the pant may cscape through the paint and causc a defect. The assumption agreed upon was that 4 hours
would be adequate to climinate most outgassing problems. However, in certain written specifications for
the buffer the waiting time has reached as high as 24 hours.

* Once again, there is some disputc over this set-up time. It seems as though if the set-up 1s planned in
advance the time can be reduced to as little as | hour duc to operations that can be donc in preparation for
a sct-up. However, this thesis continucs to usc what is considered the “standard set-up™ time of 4 hours.
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which heats up the part in hopes of preventing further outgassing. Meanwhile, TPO parts
are loaded into carriers before going into water wash. RIM and TPO paint batches
proceed through water wash. The prime paint coat is then applied. All s k.u.’s proceed
through the system in minimum batches of 6 carriers or 12 parts.’ These batches remain
together throughout the system.

At this point, parts that have two-color sections are sent to masking while the
other parts continue on to the color coat paint application. In masking, the sections that
will not be receiving the second coat are covered, or masked, so that the second coat will
be applied to the necessary sections of the part. The masked parts do not leave tne
masking area until the next batch to be masked enters the area. At that point, the masked
parts continue on to the color coat application. There is a loss of one cycle (about 0.283
minutes) during a change of color at this stage in the paint line due to a cleansing of the
system in preparation for a new color.

After color coat the parts proceed to clear coat and onto to unloading. Parts that
need to re-painted (the next time they may receive a different color) are left on the carriers
and re-enter the paint system as before (RIM to the post cure oven and TPO to the water
wash). Parts are also scrapped at the unloading section of the paint system.

Parts that have been successfully painted are sent to the pre-assembly buffer. Two
assembly lines retrieve part batches from the pre-assembly buffer. The lines consist of 1 |
stations each. Screws and other attachments are assembled to the fascias and the fascias
are then sent to pack-out where they are stored and then shipped to the assembly plants.

Part changes on the assembly line create set-up times that vary from 0 to 5 minutes.

3.1.2. The Wixom Supply Chain Studied

The supply chain for the Wixom fascia parts is

Fascia Part Utica Wixom
Production at—> Sequence _—__)W Assembly
Utica Center (USC) Plant

Figure 3.1-1: Wixom Fascia Supply Chain

* Each carrier holds 2 parts. Some carriers hold more than 2 parts, a fact which is taken into account in
the simulation (see section 8), but the carricrs for the Wixom fascias all hold 2 parts.

41



The Utica Sequence Center is 2 hours away from Utica. The Wixom Assembly plant is
about 10 minutes away from the Utica Sequence Center * The Wixom assembly plant is
the 11.VS pilot plant tor the Plastic and Trim Products Division ot ! ord Motor (Company.
Specitically, this means that plant is trying to consistently predict, every day, the next 5
days of the exact sequence of cars that it will produce with 98 % accuracy.’ It is hoped
that ILVS will give suppliers the lead time required to be able to ship in sequence to the
plant and reduce finished goods inventory in the various supply chains.

During my research, Wixom was still in the trial period for the 5-day fixed
sequence program. 98% accuracy was not yet achieved consistently, and the sequence
accuracy varied from 80% to 99% Due to this fact, I focus on ILVS opportunities with
the current broadcast system after paint (see section 3.2 .2), and mention further

possibilities that a fixed sequence could achieve in section 3 2.3.

3.1.3. Current Production System

3.1.3.1. S.K.U. Complexity

The fascia process® produces 242 different s.k.u.’s’ shown in detail in appendix
6.5. Each s k.u. does not pass through all phases of the fascia production process. Explicit
detail of this fact is presented in the fascia simulation section (section 8). The reader
should note once again that Utica is a dynamic production environment in which some of’
the s k.u.’s become obsolete and others are added. f'hese s k. u.’s were chosen te iepresent
the state of the system between mid-November 1994 and early December 1994 As far as
being able to represent steady state production in 1995, it is assumed that such a
complexity analysis will continue to provide useful insight into production in 1995, mainly

because as some s k.u.’s are deleted, others will be added.

"During the first half of the internship USC' was 30 minutes from Utica and 2 hours from Wixom ‘The
Center moved 1o a new location closer to the assembly plant.

" The details of how Wixom is trying to accomplish this are of a proprietary nature and therefore not
discloscd in this thesis.

“ call it the fascia process although a few parts other than fascias are produced, such as rockers, caps, and
spats. Thesc parts are not ignored, but for convenicence the process is labeled in this thesis as “fascia.™

" Service parts are ignored mainly to limit the scope of the thesis. However, it was assumed that service
parts could be worked into the process where excess capacity allowed, and perhaps even produced during
overtime or weekend operations to meet demand if necessary.
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Although the entire s k. u. complexity is considered, recommendations and

inventory analysis are restricted to the Wixom fascia parts shown below.

Table 3.1-1: Wixom Fascia Part Complexity
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Mark Vil Froits X XXX XX XXX XXX XX 14
Mark Vit Rears XEXIXIXIXIXIX XXX XX XX 14
Continental Fronts XXX X]|X]|X XXX XX XX 13
Continental Rears X{XIX]|X[X][X XIXIXPX[ XXX 13
Towncar Fronts X|X[X]X[X]X XIX[XIX]IX]XIX]IX]X[X[X][X]X]X] 20
Towncar Rears X{XX[X[X]|X XIXIXIX]X]IXIX[X[X][X]X]X]X]X] 20
TOTALS 6|/6|6|6|6|/6|2|6(6|6{8|6|6]6]2[2(2(2]|2[2]2|94

3.1.3.2.Description of the Current Production System

The paint system requirements drive the current production system. Molding looks
at the general assembly plant requirements® | tries to follow the paint schedule to insure
paint is supplied with the necessary s k u.’s. and attempts to keep the work in process
(WIP) inventory between molding and paint to a maximum of a day of inventory (in terms
of a day of paint production). Each shift the molding department checks the WIP
inventory level between molding and paint once or twice.

The paint system looks at the daily requirements which cannot be met from
finished goods inventory, looks at the two week forecasts given on CMMS (an
information technology system for production), and attempts to keep 2 to 6 days of

finished goods inventory depending on the s k.u. Production is scheduled in order to

* Calculations are made from assembly line rates and previous demand data to determine daily
requirements. Similar calculations arc done for the simulation (scc section 8.3).
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manage the capacity of the line. Every color cannot be run every day, so dependir.,g on the
daily demand requirements, the s.k.u.’s are scheduled daily, or every few days.”

The assembly line produces parts in batches of varying sizes but, since there is a
set-up between part changes, prefers larger batch sizes especially for parts which have a
smaller cycle time so that the set-up time is a small percentage of production time. Parts
are shipped in racks with 4 or 6 of the same fascia s k.u.’s. The line attempts to assemble
the entire daily paint output.

The main portion of Wixom fascia finished goods inventory is stored at USC'. The

following two charts'® plot the balance-on-hand (BOH) inventory at USC':

Figure 3.1-2: Days of BOH for Mark VIH Fascias at the USC
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” Once again, a similar scheduling of parts is done for the simulation (see scction 8.1).

'The BOH data is separated into 2 charts since Mark VI vehicles arc assembled at Wixom on a
completely differently assembly line from the Continentals and Towncars. The lines have two different
line rates, which is used to calculated the BOH numbers in days of inventory.

44




Figure 3.1-3: Days of BOH for Continental and Towncar kascias at the USC
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It is important to note that the lowest value was 2 days and that the trend in both charts 1s
lower in the later dates This is due in part to active inventory reduction efforts, and in part
to the move of the USC to a location closer to Wixom which has less storage capacity
Similar data was collected for finished goods inventory at Wixom Utica held inventory
only temporarily betfore shipment to Utica, so the average BOH at Utica was essentially
zero

The following table summarizes the average BOH data (afier the Utica Sequence

(C'enter move), and shows that the majority of inventory is held at the Sequence Center:

Table 3.1-2: Current Wixom Fascia Average Finished (Goods Inventory Levels

Location Average Days of Inventory

Utica Sequence (Center

Mark V 11 312

Continental and Towncar 340

Wixom Assembly

Mark VI 094

Continental and Towncar 064

This data 1s used as a baseline to compare with inventory reduction calculations later
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3.1.3.3.Demand Forecasting Procedure

The demand forecasts are the production forecasts from the Wixom assembly
plant. These forecasts are made daily, updated daily, and extend over a 10 day time
horizon (including the current production day). The data is readily available to Utica
through Ford’s computer production network (the Common Manufacturing Management

System, or CMMS). These are the forecasts used for analysis.

3.2. Analysis
3.2.1. Supply Chain Models and Simulation

3.2.1.1.Supply Chain Mathematical Analysis

We'' developed a model to determine a conservative level of inventories needed to
account for the forecasting uncertainty from the Wixom plant. Using the analysis shown in
appendix 6.3, the model for the demand uncertainty (or the standard deviation of forecast

error) over the replenishment lead time for Mark VIII fascias was found to be

log(ZL) = ~0173 + 0.553log(1.) + 0369 Equation 3-1

GI
which translates into

log(o, )= 0173 +log(a,)+ 05531log(l.) + 03691 Equation 3-2

where L represents the length of the replenishment lead time and i was a dummy variable
(i equaled O when L. equaled 1 through S, and was | otherwise).'* This variable accounts
for the variability in the regression model due to the first 5 periods."* The standard

deviation of the forecast error for a single period, o, is different tor each s k.u. We use a

different replenishment lead time, L, for each s k.u."

"' We refers to the author in conjunction with his thesis supervisors

'*See appendix 6.3 for an cxplanation of the other variables.

'} Considering that Wixom is the pilot plant for producing a S-day ahead fixed sequence, such an indicator
variable reflects the lower variation for these days.

"' The replenishment lead time varies for each s k u. since the paint linc does not schedule cach s k.u. the
same. Some s k.u.’s are scheduled daily, while others are scheduled every few days due to capacity
constraints.
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Equation 3-2 verifies relationships that were suspected. Mainly, as L. increases so
does forecast error. As the forecast error over one period increases (G;), so does the
forecast error over the lead time. And finally, Wixom forecasts beyond the 5 days are
subject to more error as shown by the positive coefficient of the indicator variable (i).

The model accounts for approximately half of the variation in the regression (the
R’ statistic is equal to approximately 0.5). Although a higher R? statistic is desired, the
model was considered adequate for determining a conservative estimate for the safety
stock levels. An analysis of the residuals (shown in appendix 6.6) was done to further test
the validity of the model. Additionally, forecast error data not used to form the model was
used for validation. For conservative calculations of the necessary safety stock levels, no
significant variations from the model was present.

Note that the model examines all of the s k.u.’s over multiple time periods
simultaneously. The o, , or the standard deviation of the forecast error for a single period
(for each s .k.u.), allows the model to be extrapolated for any individual s k. u. Such
extrapolation is important due to the fact that s k.u.’s with a higher average demand
typically have higher forecast error variations. This relationship was apparent with door
panels (see appendix 6.4), and is also apparent in the Mark VIII s k.u.’s as shown by the

positively sloped regression line in figure 3 2-1.

47



Figure 3.2-1: Relationship Between Standard Deviation of Forecast Error and

Average Demand
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Using the model, I calculated the safety stock levels needed to account for forecast

error over the replenishment lead time for each s k.u. The following table is derived from
the model represented by equation 3-2 and the method presented in appendix 6.3 (k was

set to 98% and the replenishment lead times, L, were based on the scheduling frequencies

of each part shown in section 8.1):
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Table 3.2-1: Mark VII Calculated Safety Stock Levels'

S.K.U. Safety Stock
MARK FRT BMPR IVORY

MARK FRT BMPR PUMICE

MARK FRT BMPR ELEC CRNT TINT
MARK FRT BMPR BERRY

MARK FRT BMPR DK PORTOFINO
MARK FRT BMPR PORTOFINO
MARK FRT BMPR VENETIAN BLUE
MARK FRT BMPR DP JEW GRN
MARK FRT BMPR EVERGREEN
MARK FRT BMPR MED WILLOW
MARK FRT BMPR EBONY

MARK FRT BMPR PERF. WHITE
MARK FRT BMPR SILVER FROST
MARK FRT BMPR MED GRAPHITE

S IDIWINIWIWINIW|AIW[ININ[&IN

Total Safety Stock Units 49
Daily Requirement 128
Days of Safety Stock 0.38

Based on the model, only 49 fascias should be the average inventory level which protects
for this forecast uncertainty. As shown above, the forecast error seems to be quite
accurate, just as management of any assembly plant would have hoped their production
plans to be. Comparing this with table 3.1-2, with a level of 3 12 days of inventory for
Mark VIII’s there might be a possibility for inventory reductions. However, other
production factors such as batching, scrap, downtime, and scheduling constraints must be
considered and are through simulation.

In a similar fashion, I developed models of forecast uncertainty and calculated
safety stock levels for the Continental and Towncar fascias. The model for the demand
uncertainty, or the standard deviation of forecast error over the replenishment lead time

for the Continental and Towncar fascias was found to be

log(ZE) = ~0163 + 0453 log(1.) + 0374 Equation 3-3

which translates into

"* Since fronts and rears are put on every car, only the fronts are shown in the table. The rears would give
similar results.
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log(a, )= -0163 +log(o, )+ 0.453log(/.) + 0374/ Equation 3-4

I calculated the satety stock levels needed to account tor forecast error over the
replenishment lead time for each s k.u. The following table is derived frcm the model
represented by equation 3-4 and the method presented in appendix 6.3 (k was set to 98%

and the replenishment lead times, L., were based on the scheduling frequencies of each part

shown in section 8.1):



Table 3.2-2: Towncar and Continental Calculated Safety Stock Levels

Safety Stock
S.K.U (Units)
T/C FRT BMPR-IVORY 3C 9
T/C FRT BMPR-PUMICE 8 |
T/C FRT BMPR-ELEC CUR TINT 1"
T/C FRT BMPR-BERRY 5
T/C FRT BMPR-DK PORTOFINO 6
T/C FRT BMPR-PCRTOFINO _ { 6
T/C FRT BMPR-DEEP JEWEL GREEN 8
T/IC FRTBMPR-EVERGREENFROST | 6 7
T/C FRT BMPR-MED WILLOW 16 |
T/C FRT BMPR-EBONY 8
T/C FRT BMPR-PERF WHITE Y
T/C FRT BMPR-SILVER FROST 14 ]
T/C FRT BMPR-MED GRAPHITE 12
T/C FRT BMPR-PORT/DK PORT 3
T/C FRT BMPR-DK PORT/DK PORT 6
T/C FRT BMPR-WHITE/M GRAPH B 8 B
T/C FRT BMPR-EBONY/M GRAPH ] 8
T/C FRT BMPR-ELEC CUR/M GRAPH 6
T/C FRT BMPR-SILVER FRS/M GRAPH 27
T/C FRT BMPR-M GRAPHM GRAPH 12
CONTFRTBMPRIVORY | 12 ]
CONT FRTBMPRPUMICE = - n
CONT FRT BMPR ELEC CURR TINT 9
CONT FRT BMPR BERRY 7 L
CONT FRT BMPR DK PORTOFINO 7 ]
CONT FRT BMPR PORTOFINO 5
CONT FRT BMPR DP JEWEL GREEN 10
CONT FRTBMPREVERGRNFRST | 4
CONT FRT BMPRMED WILLOW 12
CONTFRTBMPREBONY | 12
CONT FRT BMPR PERF WHITE 10
CONTFRTBMPRSILVERFROST | 10
CONTFRTBMPRMEDGRAPHTE | 7 |
Total Safety Stock Units 312 ]
Daily Requirement 688 |
Days of Safety Stock B 1045

Just as in interior door panels, some of the difference in inventory levels can be
attributed to batch production, production uncertainties, and transportation uncertainties
(Graves, 1988, p. 67). These issues (except for transportation uncertainties) are addressed

through simulation of the fascia process. Such a simulation will show how paint system
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variation and other factors can affect the inventory levels and help to recommend new

average inventory targets given the current production constraints.

3.2.1.2.Simulation Analysis

Simulation of the supply chain was run under the assumptions and conditions
described in section 8. These conditions included production constraints such as scrap,
downtime, varying machine cycle times based on the s.k u. being processed, paint system
first-run yield, and others. As expected, the average finished goods inventory was
increased above the safety stock levels due to the inclusion of these factors. The

simulation resulted in an average system finished goods inventory of shown in table 3.2-3.

Table 3.2-3: Fascia Average Finished Goods Inventory Levels from Current System

Simulation
Location Average Days of Inventory
Utica Sequence Center
Mark VIl 235
Continental and Towncar 2.50
Wixom Assembly
Mark VIII 094
Continental and Towncar 0.64

Note that the simulation did not attempt to reduce the average inventory levels at the
assembly plants. These levels should be based upon transportation uncertainty and
assembly plant production uncertainty, two factors | did not analyze.

The end result is that Mark VIII inventory can be reduced by 0.77 days, and
Continental and Towncar fascia inventory can be reduced by 0.9 days. Using the average
standard cost of Mark VIII fascias ($85), and the average standard cost for Towncar and
Continental fascias ($15) one can calculate the following potential economic annual

savings due to the inventory reduction suggested by table 3.2-3:

Table 3.2-4: Potential Wixom Fascia Inventory Savings for Current System

Fascias Reduction (in days) | Daily Demand | Yearly Savings
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Mark VIII 0.77 128 $1553.66

Continental and Towncar 0.90 688 $1473.70

These saving do not include other advantages of inventory reduction, such as less

warehouse space.

3.2.2. JIT Investigation

Stated once again, the first step in analyzing JIT possibilities is to determine where
in the system s.k.u.’s can be sequenced according to the production sequence at the
assembly plant. Fascia parts and storage racks are extremely large, so it would be
infeasible to consider automobile assembly line workers picking from batches next to the
line. Considering tae supply chain analysis in section 3.2.1 as adequate for determining the
feasibility of the current situation (sequencing from batches at an external warehouse) and
a similar situation of sequencing finished goods in warehouse space at Utica, only one
option is viable.

In terms of s k.u. complexity, the only complexity added to a molded part is the
painted color.'® Furthermore, parts are molded in batches with large set-up times for RIM
machines when there is a part change.  TPO machines also mold parts in batches. Thus, the
first opportunity to pull the sequence would be at the beginning of the paint line.
However, the paint system has a has minimum color batch size requirement and painting in
sequence would require the ability to paint parts in color batches of 1. The fascia assembly
lines, then, produce the first and only possibility (outside of the current system) for pulling
daily sequence requirements.

As shown in table 3.2-5, the broadcast lead time for Wixom fascias is much greater
than for ST44 interior door panels. Taking the shortest broadcast lead time and
subtracting the 2.0 hours for transportation to Wixom and 1 hour for loading and
unloading, still leaves 6.21 hours for assembling the fascias. Given the fact that an
assembly line for Wixom fascias, in the worst case (the part that has the largest cycle time

to assembly), can assembly 120 fascias per hour (or 60 car sets per hour), the pace of the

'* The sub-parts (such as screws, brackets, etc.) asscmbled to the fascias do not add to the complexity, as
these sub-parts are the same for all parts. For example, regardless of color, all Towncar fronts have the
same sub-part attachments.
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automobile assembly lines would dictate the pace of the Utica assembly line. In 6.21

hours, 267 Towncar plus Continental fascias and S0 Mark V11 fascias can be assembled.

Table 3.2-5: Wixom Fascia Lead Time From Broadcast to Part Installation

Time from
Final wiP WIP Broadcast
Pre- |Trim [Line Until Until to Earliest
Trim |Line |Storage |Frontis |Rearis |[Line Rate |Intallation
Buffer (WIP |Bank Installed |Installed |(Jobs/Hr) |(Hrs.)
Towncar (80%) 75 | 228 90 62 62 43 10.58
Continental (20%) 75 | 228 90 40 3 | 43 | 921
Mark Vil 14 60 12 5 3 8 11.13
Towncars and Continentals are produced on a separate assembly line from Mark VIII's.

This analysis assumes that a new line is installed to assemble fascias in sequence to
Wixom. The costs of such a line should be precisely determined to weigh against the
benefits of assembling fascias in sequence. The other parts assembled at Utica are
assembled on the same two lines as before. The reason for this assumption is that it would
be infeasible to build to sequence at the fascia assembly line for the Wixom assembly plant
and not for the other parts. Building to sequence requires an entirely different production
algorithm from the current system, so an entirely new line was assumed. Furthermore, the
addition of a new fascia assembly line (although not specifically for JIT) is currently being
investigated by the industrial engineering department within Utica.

A simulation was developed to further test the feasibility of the JI'T system
suggested above. Details of the simulation are given in section 8 2. The simulation
includes the current production constraints such as scrap, paint first-run yield, downtime,

and others. The inventory level results from the simulation are summarized below:

Table 3.2-6: Fascia Average Finished Goods and Increased WIP Inventory Levels

from JIT System Simulation

Location Average Days of Inventory
Utica

Mark VIII 1.99
Continental and Towncat 2.08
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Wixom Assembly
Mark VIII 0.94

Continental and Towncar 0.64

Note that the inventory levels include the increase in WIP which must be held in the butter

in front of the Utica assembly line for Wixom fascias The inventory levels have decreased

from table 3.2-3 mainly because the assembly line now receives 100% accurate broadcasts

from the assembly plant instead of producing in batches.

The benefits and costs of the JIT system are as follows:

Benefits

¢ Opverall system inventory reduction resulting in a potential savings slightly greater than
that shown in table 3.2-4.

e Elimination of all the costs of operating the USC warehouse '’

¢ Quality improvements resulting from less material handling.

Costs

e The cost of a new assembly line for use with only the Wixom fascias

e The costs of a new computer system that receives broadcasts and prints labels (or a
modification and transfer of the current system).

e Modification of current shipping system at Utica so that parts can be shipped
individually in racks, instead of one rack containing all of the same s k. u.’s.

e Training employees in process changes.

¢ Modification of the current information technology system to keep caretul track of
stock levels of each s k.u.

e The cost of more production space for the storage racks in the pre-assembly bufters at
Utica, and the space taken up by a new line.

A complete analysis would quantify all of these values as well as take into account

implementation issues which are described in section 3 3 3.

'" Actually, much of these costs would be take.. up by the new system.
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3.2.3. ILVS Investigation

Just like the case for the ST44 process, the IL.VS analysis is very similar to the JI'T
analysis done in the previous section. Given the paint system constraints of minimum
batches and the paint system’s scheduling constraints with the many s k.u.’s that must be
processed, the only option for ILVS and JIT (barring changes in the paint system) is to
once again have another IL.VS a:seinbly line for the Wixom fascias. Therefore, even
though there is an extended S-day lead time with ILVS, daily production would proceed in
a similar fashion to the JIT situation.

The predicted safety stock implications of a successful ILVS system are explained
in appendix 6.8 This would imply a cafety stock of 42 Mark VIII fascias and 251
Continental and Towncar fascias which translates into 0.33 and 0 36 days of safety stock
respectively. Notice that this is a little lower than the safety stock values calculated in
tables 3 2-1 and 3.2-2 This makes sense, since those tables are based npon an ILVS
system that had not reached the 98%% accuracy level at the iime ihis thesis was written.

Since the same production scheme used in the JIT situation applies to the ILVS
system, | predict the following average inventory levels which include the safety stock

tigures calculated above.

Table 3.2-7: Fascia Average Finished Goods and Increased WIP Inventory Levels

for ILVS System
Location Average Days of Inventory
[ ttica
[ Mark VIl 232
Continental and Towncar 244
Wixom Assembly
Mark VIII 0.94
[ Continental and Towncar 064 |

Although these levels were not tested explicitly, knowledge of the simu’ ion results from

the JIT analysis helped to set the levels. Note also that the levels at the assembly plant
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were not decreased due to the fact that the transportation and assembly plant production
uncertainties were assumed constant despite which system is in place.

The benefits and costs of this system are almost a duplicate of those presented in
section 3.2.2 except for a couple of changes. First, ILVS obviously provides some security
with personnel to know that they have days to work with instead of hours. Second, the
costs of a broadcast system would be unnecessary. Note, however, that IL.VS may not
realize its full potential due to the production characteristics of the paint system prior to
the fascia assembly lines. Due to batching,'® the paint system is unable to paint in
sequence. Other production systems may not have such constraints and might benefit more

from an ILVS system.

3.3. Results, Implementation Issues, and Recommendations

3.3.1. Overall System Recommendations

Despite whicl system was analyzed, I recommend the system changes below to aid
in any inventory reductions for the fascia supply chain. The points can be added to other
recommendations presented in the individual system sections following this section.

e The inventory tracking system on Ford’s information system should be improved so
that poor data validity is not an issue. There was some concern by paint system
personnel that finished goods inventory numbers at USC and/or Wixom were not
accurate.

e Currently, the plant production system does not take into account forecast error in the
allocation of safety stock. It has been the policy to produce a group of items up to a
pre-determined time supply, B, when its forecasted lead time demand drops below a
certain time supply, A '’ For example, one fascia s k.u. may have an inventory target
between 2 and 4 days. This policy “fails to take into account the difterences in

uncertainty from item to item” (Silver, 1985, p 263)

'" Notc that many factors lead to this batching. Some of the factors arc an inability to paint every s k.u.
demanded cvery day, a minimum batch size to help maintain a higher first-run yield, and a goal to
minimizc volatile organic compounds rclcased by the plant which are released during color changes.
"B is greater than A.

57




e The paint system should try and change the even number carrier constraint * [ am not
sure about the current feasibility of such a change,”' but it could further increase the
capacity of the paint system. This could lead to lower s k u. scheduling frequencies,
resulting in a shorter lead time for some s k.u.’s and a smaller amount of safety stock

e The plant has begun the development of'a computerized scheduling system for the
paint system. This system includes tracking each s k. u ’s first-run yield, as well as
providing the details of a production system. The data yielded from such a system
could be linked to the inventory reduction possibilities presented here. Furthermore,
the data could be inputted into further simulation studies in an effort to continue to
reduce tinished good inventory levels as well as WIP

¢ The data from the new computerized scheduling system could also help address paint
system variability. Variability of the paint line was not a specific focus of this thesis but
was addressed in the simulation studies I conducted by the use of a uniform random
variable centered on a 0.75 first-run yield value (refer to the simulation description in
section 8.1). “The enemy of all mass production is variability” (Box, 1988, p. 8). The
data from the new system could not only provide more accurate information for
further simulation studies, but could also provide a convenient data collection
mechanism for experimental designs aimed at reducing paint system yield variability **
Less yield variability would lead to easier scheduling and less variability in finished

goods inventory at later points in the supply chain.

3.3.2. Current System Improvements

Once again, | recommend a gradual inventory reduction for the Wixom fascias
The inventory reduction goals presented in table 3.2-3 represent a good first target, but it

should not be assumed that these levels represent a minimum. As forecast errors continue

*"'T'his constraint might be able to be changed without changing the minimum carrier constraint of 6
*''Two paint system personnel indicated that a change in the logic of the paint system might provide a
solution.

** At the time this thesis was written, a project was going on whose goal was 10 try and reduce WIP
inventory levels.

**There arc many books on experimental design. Such methodologics are not a focus of this thesis. but a
good reference for such design is Understanding Industrial Designed Experiments shown in the
bibliography.
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to decrease (assuming I1.VS continues toward the 98% goal) and as improvements
continue to be made in the paint system and other production processes, finished goods
inventory could be reduced below these levels.

Considering the relatively short replenishment lead time for s k u.’s and low
forecast errors coming from Wixom five days ahead of production, such inventory
reduction goals are within reach. There are no real capacity matching problems. Total
assembly plant demand does not suddenly increase during steady state production days.
Demand for one s k. u. might change, but since the production rate for an entire assembly
plant remains relatively fixed, another s k.u.’s demand would shifi in the opposite

direction.

3.3.3. The JIT and ILVS Systems

Unfortunately, both of these systems have a problem with implementation. Utica
simply does not have the extra space to store and handle the additional WIP generated
from a buffer in front of an additional assembly line. It has yet to be established whether or
not another assembly line is feasible at this point. However, once again the analysis
provided is useful for plants where such space is not limited.

Clearly though, if space were not limited at Utica the JIT or ILVS systems would
be preferred over the improvements in the current system due to a greater potential for
savings. The economic potential savings for the current system improvements are over a
thousand a year, while the ability to supply in sequence directly from a supplier plant could
save over a thousand a week.

‘The choice between JI'T and IL.VS is much more difficult in the fascia case. 11.VS
provides a much greater lead time, but it is unclear whether this lead time would be of
particular benefit. Considering the fact that the current production system at Utica calls for
an average of 20 shipments of Wixom fascias sent to USC (and later to Wixom) per day,
there is approximately one shipment every O 8 hours.

In the worst case, the JIT system has 6.21 hours of production time betore a
delivery should be made which provides enough time to continue the shipments as

currcatly scheduled. Furthermore, a large protection for downtime is not as important in



either the JIT or 11.VS case The assembly lines are labor intensive with a small amount of
downtime in comparison to the ST44 processes for example. Thus I recommend the JIT
broadcast system as opposed to the 11.VS system. This recommendation is also coherent
with another implementation difticulty with the ILVS system. Due to the large size of
fascias, even if ILVS is successful it is currently unclear whether Wixom will account for
the 2% difference in sequence.” Furthermore, the JIT system could be converted to an
ILVS system with little difficulty. The only difference being a switch from JI'T broadcasts
to ILVS forecasts.

ILVS is a similar system which would not have the cost of broadcast equipment
installation, but due to the problems of storing fascias at Wixom, | would recommend the
pursuit of the JIT option. However, 1L.VS might be a better system when a// of Utica’s
assembly plant customers have a successful ILVS system installed. There is still the issue
of space at these assembly plants to make up for the 2% sequence error of 1L.VS, but the
system would provide for better production at Utica.

if each of Utica’s assembly plant customers were able to achieve the ILVS 5-day
fixed sequence, it may be possible to build in sequence given such a lead time, but one can
imagine the complexity of sequencing and shuffling parts going to seven ditferent
customers and trying to satisfy over seven different sequencing demands with only 3 lines
at Utica. Without such a lead time, implementing 1LVS would require relying on
broadcasts and would result in an assembly line for each automobile assembly pl=nt.
Perhaps the fascia assembling operation could be moved out to the assembly plants and

into the sequencing warehouses.

3.4. Fascia Conclusions and Future Issues

Ignoring part size implementation issues presented above, clearly the potential
impact of JIT for fascias would be the method of choice. There are meager savings of
inventory reduction with the current system compared to the potential savings that JI'T

could accomplish. Taking the issucs into account, however, leads one to pursue the

. .
“* Wixom would have to have a place to store fascias for cars that are out of sequence, and be able (o
retrieve these fascias when the delayed car comes down the line.
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reduction goals presented for the current system. The analysis presented, though, should
give insight into the implementation of JIT in processes that are not limited by part size.

Note that one reason JIT building to sequence at the fascia assembly line is feasible
for Wixom is because the transportation time to the plant is only 2.0 hours. However, if
such a system were implemented for the Atlanta assernbly plant in which parts travel by
rail from Michigan, JIT would be impossible to do without several days of accurate

sequence forecasts.
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4. Conclusions

The following list summarizes the general conclusions that are presented in this
thesis:

e The current production systems for both Wixom fascias and ST44 door panels can
provide equivalent customer service with less finished goods inventory. Furthermore,
the analysis presented provides plant management with a method for further inventory
reduction in other plant processes.

e Eveninits testing phase, ILVS reduces forecast error for the Wixom fascias. This
should directly result in lower safety stock levels and therefore reduce finished goods
inventory levels.

e ILVS could provide an opportunity for a tightly coupled JIT system implementation
for the ST44 door panel process, and door panel processes which have similar
characteristics.

e There are ILVS and JIT opportunities for fascias, but the large size of the parts
coupled with the lack of space available in the plant to store more inventory, makes
implementation unfeasible at this point in time.

e There are similar JIT possibilities without ILVS for the ST44 door panel process,
although other implementation factors affect feasibility at this point.

e Despite a lack of feasibility for some of the aspects covered by this thesis, the analysis
presented provides plant management with a method for investigating ILVS and JIT
opportunities for other processes within the plant.

The length of the internship prevented a trial implementation of the ideas presented
in these thesis. Significant changes in established operating procedures, like the JI'T and
ILVS systems, would require much more than six months to get up and running. The
author realizes that simulation is not 100% accurate. Although it is used to test the initial
feasibility assessment of the ideas and production systems presented, only actual
implementation can work out all the necessary details of such systems. As with all

implementations, significant management attention should be focused on the

62



implementation in order to deal with problems. If early failures occur because of a lack of’

managerial effort, new systems could be eliminated without an adequate trial period

4.1. Supply Chain Comparison Conclusions

The conclusions and analysis point out several of the important issues involved in
general inventory reduction efforts, as well as in JIT and ILVS systems Looking at the
two supply chains also gives insights into how these issues attect the decision of what
production system is recommended for implementation The supply chains also point out
similar characteristics across inventory reduction efforts.

In particular, I recognized the following:

e An ILVS system provides a high service delivery system when broadcast lead times
are short and when production constraints such as downtime and scrap would prevent
a “broadcast JIT” system from achieving high service levels without a significant
amount of inventory (WIP and/or finished goods) It is also useful when transportation
times are long enough to prohibit the JIT system.

e A “broadcast JIT” system provides high service delivery for systems where the
broadcast lead time minus transportation time is significantly greater than the time
from the beginning of sequence production to shipment.

o For both supply chains, potential economic savings seem much greater in the JI'T or

I.VS systems than reduction efforts of the current systems.

4.2. Further Research Suggestions

As a continuation of the ideas presented here, I suggest further research into the
following areas:

e ‘The results and conclusions of this thests give hints on how to design an assembly
process that could potentially save a large amount of inventory costs by allowing
easier JI'l" system implementations That is, for the expensive sub-component parts on
an automobile, the longer after the painting section the assemblv plant can delay the
attachment of these parts, the longer broadcast lead time suppliers have to build and

ship in sequence without loss of service levels Extensive cost analyses could be
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conducted at the assembly plant level to determine if the costs of additional buttcrs at
the assembly plant placed in order to extend troadcast lead time, could be overcome
by the benefits of suppliers being able to supply in sequence successfully. Such an
analysis i1s beyond the already large scope of this thesis, but is a possible extension.
Future research could investigate a larger portion of the supply chain. For example,
raw materials for the Utica processes could be included and/or inventory in
dealerships.

This thesis attempts to reduce inventory but did not search for the absolute minimum
levels of inventory needed to provide high service to the assembly plants. Other
research could attempt to find more specific optimal levels and production algorithms.
There are plenty of opportunities for specific ways to reduce inventory with the
processes. For example, investigate the problems of variation with the paint system
and take steps to reduce this variation. Continuous improvement efforts within the
plant will lead to such investigations.

There could be investigations into production aspects considered constraints in the
thesis to see if these constraints can be improved. For example, should the paint line
supply various automobile assembly plants, can the vacuum-forming machine be
modified to apply vinyl in a batch size of one, etc.

There is certainly more room for cost analysis. This thesis did not quantify all the costs
of the different systems.

Finally, research could be conducted into how to handle non-steady state production
during model changeovers and ways to efficiently handle service part production and

demand.
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6. Appendices

6.1. ST44 Interior Door Panel Production Process for the 1995
Model Year
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6.2. Fascia Production Process for the 1995 Mode/ Year
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6.3. Estimation of End Item Safety Stock Due to Forecast Error

A period, L, was defined as being a day. In order to determine the safety stock
needed to account for forecast error and a given service level, one needs to find ¢, , the
variation of forecast errors over the replenishment lead time. The following model is a
reasonable relationship. o, is the variation of the forecast errors for forecasts for a single

period of demand
o, = 1o, Equation 6-1

where c is to be some constant found empirically.'

For the case of fascias, we found that the model (equation 6-1) did not accurately
describe the forecasting system. We ran a regression which included an indicator variable
that statistically separated the data during the first S periods trom the last four periods.
The forecast error standard deviations showed a clear change between the two data sets.
Furthermore, knowing that Wixom is most likely forecasting differently over the first five
periods (Wixom is trying to predict a fixed forecast over these periods) gives further
justification of the use of i. The specific models used are shown in the text.

Assuming that the forecast errors over the lead time are normally distributed with a
mean of O and a standard deviation of 6, (an assumption that was tested and verified by
viewing histograms of the data as well as using a x” test) one can approximate the

necessary safety stock level (SS) as being’
5SS ~ ko, Equation 6-2

where k is a service factor determined from a normal curve as shown below:

' For further cxplanation, see Silver and Peterson p. 131 or Nahmias p. 266,
“ For further explanation of how this is appropriate sec Silver and Peterson pp 270-272 or Graves pp. 73-
76.
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Figure 6.3-1: Probabilistic Distribution of Demand
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6.4. Predicting ST44 Forecast Error Data for the 1995 Model Year

Since forecast error data was not available for the 1995 model year, | devised a
method to give an accurate projection of what the data would produce in 1995 assuming
no drastic changes in the forecasting process.

Average demand data during the 1995 model year being available, I tried to
quantify the relationship between the forecast error standard deviation and the average
demand during 1994, and then apply this relationship to the average demand data in 1995.

It is common knowledge to expect the forecast error (demand - forecast) to
increase for higher demand volumes. For example, one might expect an error of 10 for a
product that has an average demand of 100 units (a 10% error), but be horrified if the
error were 10 for a product with an average demand of 10 units (a 100% error). This
relationship was tested through a linear regression.

Mathematically, I hypothesized the following equation:
= Ax Equation 6-3

Where o, is the forecast error standard deviation for forecasts done | period ahead, x is

the average demand of an s k.u. and A and c are constants. Similarly, we have that
log(o,)=log(A)+ clog(x) Equation 6-4

Linear regression produced the following results:
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Figure 6.4-1:
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As one can see from the scatterplot, the R? statistic, and the residual diagnostics, the

regression equation seems to be a valid model of forecast error standard deviation.
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6.5. S.K.U. Complexity for the Entire Fascia Process
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6.6. Sample of Residual Analysis for Mark VIli Fascia Model
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This analysis of the data was done using Minitab”. The graphs are important in showing
the reasonable assumption that the residuals are a normally distributed and that there is
essentially a random spread of the residuals against the fitted values. There is more of a
spread of the residuals in the lead times greater than five, but once again, for

approximation, the model seems like a good one.
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6.7. Inventory Carrying Cost

The annual inventory carrying cost (1) used was 14.28% which was broken down

as follows:

Table 6.7-1: Annual Inventory Holding Cost as % of Unit Cost

Cost Percentage
Cost of funds 828
Obsolescence and Deterioration 300
_Smrage and Handling 200
Insurance and Taxes 1.00
TOTAL (1) 14.28

}There are several different factors which can be used for the calculation of 1. The cost factors used here
were obtained from the Finance Dep irtment at Utica. For further information on the calculation of
inventory holding costs scc Renden, Quantitative Analysis for Management.
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6.8. ILVS Calculations

Although the details of precisely how Ford plans to accomplish a 98% accurate 5-
day fixed sequence are proprietary, I will point out some important factors. First, from
Utica’s standpoint, the successtul implementation of 1L.VS implies that the sequence 1s
correct >= 98% of the time. At the time this thesis was written, ILVS had not yet reached
this successful stage. The IL V5 analysis presented in sections 2.2.3 and 3 2 3, however,
are written in the frame of mind “What if ILVS were successful?”

Second, assuminyg that ILVS is successful, safety stock calculations would still be
based on normal approximations for the forecasts errors over the next five periods. Being
>= 98% over a 5 day period implies that the sequence, and therefore forecasted demand
for each s.k.u., is much more accurate. Evidence for this exists in the difference in forecast
error standard deviation for the first five days (the “ILVS days”) and the next five days in
the fascia analysis section (section 3.2).

Although it is impossible to know what the individual s k.u. forecast error
distributions will look like in advance of successful ILVS implementation, in aggregate,
the actual demand for all of the s k.u.’s of an assembly line* should be no greater than 2%
above the forecasts over a 5 day period. There are four ways that a car can be out of
sequence over a S day period -— a car comes earlier or later in the sequence, a car is
forecasted to be in the sequence but is not built, and a car is not forecasted and is built.
The later reason could potentially result in an off-line due to demand being greater than
the forecast. Assuming that all 2% of cars out of sequence are a result of this worst
situation justifies the statement that actual demand for an aggregate of assembly line
s k.u.’s will not be greater than 2% of the forecasts over a 5 day period if ILVS met its
goal. The worst case for a day of production weculd be that the torecasts are 100%
accurate for 4 days, and only 90% accurate for the other day (this would still imply 98%

accuracy over the S days).

*This refers to all the s k.u.'s for an automobilc asscmbly line. For example, all Mark VI front fascias
are on the same Wixom asscmbly linc. Continental front and Towncar front fascias together arc the
s.k.u.’s of an assecmbly line sincc both car types arc built on the same Wixom automobile assembly line.
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Protecting for this worst case, and making the assumption that a safety stock of
10% of demand over the replenishment lead time for each s k u would achieve a very high
service level, | estimate safety stock levels for an IL.VS system.’ This should provide a
reasonable estimate for the aggregate safety stock levels required in an ILVS system.

Finally, ILVS offers the advantage of an extended lead time (5 days) for JI'T

opportunities. For the two cases studied, broadcast JIT implementations allow for a lead

time of hours, not days.

*This assumption is a reasonable approximation, though not entirely valid. Over a family of 10 sk u s, a
forecast could be 100% accurate for 9 s k.u.’s and only 10% accurate for onc s k u. The assumption,
however, is assuming a random distribution of forecast crror to cach s k.u. (1.c. cach s k u. shares the same

amount of forccast and scquence uncertainty).
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7. ST44 1995 Process Simulation Notes

7.1. General ST44 Process

Table 7.1-1 summarizes the daily demand and forecast information used for the
simulation. The simulation computed daily demand and forecast uncertainty based on a
normal approximation with an average value and the standard deviations shown in the

table.

Table 7.1-1: Daily Demand and Forecast Characteristics Used for Simulation

Car Characteristics
5 (5
— vm— L

2 |8 |88

E 3 G>S w . -

3 Qo |06 S 2 e
@ @ B 5 b 3 ¥ x 2 Q
Sl 2 |SE8LI5|2].|518|8]
5| ¢ |80 5S\g\5(RIEIE |8 3
O] @ |[WS|®wo|alE|F|SE|2 2| O |
1 13 586 | 558 | 1] 1 {LX|MMMW Ebony
2 36 14.351 10.90} 2 | 2 | LX|MM[MW Opal
3 3 162 | 213 ] 3] 3 |LX]MM|MW Willow
4 18 781 1691} 4| 1[ILXIPMMW Ebony
5 40 1575/ 1168| 5| 2 |LX|PM|MW Opal
6 4 208 | 257 16| 3 |LX|PMIMW Willow
7 41 16.09(11.87{ 7 | 4 | LX|PM|PW |MP| Ebony
8 114 [39.54|23.24]{ 8 | 5 [LX|PM|PW|MP| Opal
9 14 625 | 586 | 9] 6 |LX|PM|PW|MP| Willow
10 1 062 | 1.03 10| 7 |GT MW Ebony
11 1 062 | 1.03 ]11] 8 |GT MW Opal
12 1 062 | 1.03 [12] 9 [GT MW Willow
13 5 253 | 298 {13] 7 |GT{PM|MW Ebony
14 6 297 | 3.36 | 14| 8 |GT|PM|MW Opal
15 1 062 | 1.03 | 15| 9 |GT|PM|MW Willow
16 38 15.05]| 11.291 16| 10| GT PW [MP]| Ebony
171 32 |1294]10.09117]11|GT PW|MP| Opal
18 3 162 | 213 118]12|GT PW [MP! Willow
19 11 506 | 500 |19|13|GT|PM{PW|MP| Opal
20 9 424 | 438 |20 14|GT|{PM|PW |MP|Saddle

I gathered the data above for a period of three months for the 1994 model year and
transformed this data into predicted 1995 model year data using the method shown in

appendix 6.4 for the forecast error, and used a similar method to convert the demand data
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shown below. As stated earlier, the average demand data for the 1995 model year was
available.
To obtain the standard deviation of demand using 1994 model year data, the

relationship investigated was
g, = Ax’ Equation 7-1

Where oy, is the standard deviation of demand, x is the average demand of an s.k u and A

and c are constants. Similarly, we have that
log(c,,) = log(A4) + clog(x) Equation 7-2

Linear regression produced the result shown in figure 7.1-1 which was used to calculate

the standard deviation of demand data shown in table 7.1-1.

Figure 7.1-1: Demand Standard Deviation Vs. Average Demand

|

Y 2E-01+06870285X
R Squared =0 84)

log (sigma)

log (average demand)

The process timings assumed for ST44 are shown in table 7 1-2 below These

numbers correspond to the production standards set for ST44.

Table 7.1-2: ST44 Process Timings

Process Standard Timings

Monorail (sct at rate to supply vacuum-forming machine | 0.8 minutes / 2 panels

as needed)
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Vacuum-forming Machine (does a set of right and left 0.8 minutes / 2 panels

panels ot the same time)

Trimming Station (1 for right panels, 1 for left panels) 0.7 minutes / panel
Edgefold Station (2 for right panels, 2 for left panels) I .3 minutes / panel
Punch Machine (1 for right panels, | for lefi panels) 0.71 minutes / panel
Heatstake Machine and Applying Options (1 for right 071 minutes / panel

panels, | for left panels)

Weather Strip Station (1 for right panels, | for left 0.35 minutes / panel

panels)

Inspection and Repair Station (1 for right panels, | for average < () 8 minutes / panel
left panels)

The transportation time from Utica to CTI was assumed to be a constant 1.5 hours. The
transportation time from CTI to AAl was assumed to be a constant 25 minutes.
Based on a month of data, the following average values were also used for the

simulation:

Table 7.1-3: ST44 Line Performance

Category | Percentage of Output

Scrap 20
Downtime 32
Rework 13.1

Scrap and rework were generated explicitly in the simulation for the current production
process. Howeve:, downtime was accounted for by allowing for excess capacity. In other
words, the ST44 process had enough time to produce the daily cemand requirement as
well as some buffer time for downtime.

Finally, the following assumptions and process characteristics wer« used in the
simulation:
e Sku’s were produced and shipped in batches of 24.

e Raw materials were assumed to be available when needed.
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The monorail and adhesive spraying robots were set at the exact speed of the vacuum-
forming machine.
Downtime and scrap was done for the entire line. Scrap was taken out only at the end

of the line, and downtime stopped production of the entire line.

7.2. ST44 JIT Process

The JIT simulation had the same characteristics as the general system except for

the following changes:

Instead of batch production throughout, there is batch production of 24 units up to the
edgefolding process. After edgefolding the s.k u.’s are pulled in sequence and shipped
in sequence.

After edgefolding, parts are pulled in sequence according to assembly plant demand.
The production rate after edgefolding is reduced to the assembly line demand rate.
Assembly line sequence demand is simulated using a random sample of the demand
generated using the data in table 7 1-1.

8 buffers were added after edgefolding — four for right-hand panels with four colors

“and four for left hand panels with four colors.

81



8. Fascia 1995 Process Simulation Notes

8.1. General Fascia Process

Table 8.1-1 shows the daily demand ana forecast informatiow: used for the
simulation. The data was collected for two months. The forecast error column is the
forecast error over a period. The yield is the first-run yield of the paint line assumed for
the simulation. The standard deviation of demand is the variation observed from the
average demand for each s k.u. The average demand column is self-explanatory

The paint system uses carriers, and the parts/carrier column indicates how many
s k. u.’s fit on a carrier. The paint required column gives the number of units scheduled for
the paint line considering the yield. The even number of carriers column calculates the
number of carriers required for the paint line rounded to the nearest even integer. It is a
characteristic of the paint line to schedule the line with an even number of carriers ' The
number of carriers column just shows the carriers which would be required if the paint line
did not have the even carrier constraint.

The scheduled frequency column shows the how many days an s k.u. is scheduled
on the simulation. Due to paint line constraints it is impossible to paint every s k. u. every
day. The simulation (and current production system) accounts for this fact by scheduling
parts at different frequencies A scheduled frequency of | indicates that the s.k.u. is
scheduled every day A scheduled frequency of 2 indicates that the s.k.u. is scheduled
every other day, etc.

Note that the replenishment lead tiine, L., used in the analysis sections is simply the
scheduled frequency number plus |. An additional day was added to give another day of
“extra safety stock protection.” Furthermore, the standard deviation of forecast error is
the familiar o, or the standard deviation of forecast error in a penod, discussed in the
analysis section as well. These numbers, plus the forecast error equations (equations 3-2

and 3-4) were used in the calculation of satety stock.

" This has to do with the logic of the paint linc control system. If a batch of s k.u.’s are in uncven carriers,
subscquent batches may get mixed up and thereby be painted incorrectly.
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Table 8.1-1: Da|ly Demand and Forecast Characteristics Used

5 [z b . 7
> v (oo 0 w |2
b [ (a2 g
58P |5k |53 5G|EE(SE|sE|2E
Part Description |68u |68 |z28|F |E2|88|ad|=d|8c&
MARK FRT BMPR IVORY _ 0816 4415 a1 _Jc7sisa |2 28 |27 I
MARK FRT BMPR PUMICE 1471|2300 |11 07515 |2 |8 |7 |2
MARK FRTBMPRELEC CRNTTINT 0957|2449 |11 Jo75]14 |2 |8 |7 |2
MARK FRT BMPR BERRY o929  J1ee8 |5 Jorslz 12 la a2
MARK FRTBMPR DK PORTOFINO __ [1147 __ [11% (4 _Jo75]5 |2 [a |2 |3
MARK FRTBMPRPORTOFINO 1125 053 |2 Jo7sl2 |2 2 |1 la
MARK FRTBMPRVENETIANBLUE 1088 |2828 |5 J075]6 |2 |4 |3 |2
MARK FRT BMPR DP JEW GRN ~ loess (2343 |12 o7slie 2 [8 |8 |2
MARK FRT BMPR EVERGREEN 084 Jogas 2 0752 f2 ]2 1 |a
MARK FRT BMPR MED WILLOW 1366 1302z [13 lo7rs|iz 2 |0 8 |2
MARK FRT BMPR EBONY 3351 1338 (7 [07513 |2 |0 18 |1
MARK FRT BMPR PERF WHITE 1291 |3as62 |14 07519 |2 |10 |10 [2
MARK FRT BMPR SILVER FROST 2463 1859 |9 lo7sliz |2 8 8 |2
MAPK FRT BMPR MED GRAPHITE 1746|1789 5 [o75]6 |2 |4 |3 |2
TOTALS ] 0 | | 120 [107
'CONT FRT BMPR IVORY 6040 _ |23163 |60 075080 |2 lao Jao |1
CONT FRT BMPR PUMICE 4813 8150 |37 1075/49 2 26 |25 12
CONT FRT BMPR ELEC CURR TINT a0 220 |17 Jors|z |2 12 |1 |2
CONT FRT BMPR_BERRY 202 [2746 |14 lo7s|is |2 No Jo |2
CONTFRTEMPRDKPORTOFING  [2812  [2153 |14 [075/18 |2 |10 |8 |2
CONT FRT BMPR PORTOFINO 2206 [2774 |7 _lo7sle [2 s s ]2
CONT FKT BMPR DP JEWEL GREEN 4345|452 [30 [o75ja0 |2 |2 |2 |2
CONT FRT BMPR EVERGRN FRST e~ lzos 7 Jorsfe 2 Je |4 |2
CONT FRT BMPR MED WILLOW 502 [8512 la0 l0/5]53 |2 |8 |27 |2
CONT FRT BM-R EBONY T T ls0» (7851 [39 Jors[s2 |2 |8 |26 |2
CONTFRTBMPRPERF WHITE ~  [4427  [5836 [33 (075045 [2° 24 [22 |2
CONT FRT BMPR SILVER FROST 4507|569 [33 Jo7s5)4a |2 [24 |22 |2
CONT FRT BMPR MED GRAPHITE 3066 l1o7s |14 To7slie 20 Jio Jo T2
TOTALS i 344 246 [229
TCFRTBMPR IVORY 13722~ |1a%7 [36 Jo7sles |2 l24 |24 |2
T/C FRT BMPR_PUMICE 3246|8574 |43 Jo7sls7 2 Jao 20 2
TIC FRT BMPR ELEC CURRANT TINT 4 880 9209 (37 |075148 |2 26 25 |2
T/C FRT BMPR BERRY |23 |raes |15 Jorslar J2 |12 |0 |2
T/IC FRT BMPR DK PORTOFINOBLUE 2626 16o78 |19 lo75/26 |2 |14 |13 |2
T/C FRT BMPR_PORTOFINO 2t _|7ze 12 Jo75)16 |2 |10 [8 |2
TIC FRT BMPR DEEP JEWEL GREEN 3492  |4924 |22 [075(30 |2 |16 |15 |2
1/C FRT BMPR EVERGREEN FROST 260 [2812 [13 lo7slie 2 |0 |9 |2
T/C FRT BMPR_MED WILLOW 60 J11237 a4 lo7slse 12 s 29 2
TIC FRTBMPR EBONY 3327 Josoe |34 Jorsies 2 Joa ;3 |2
T/C FRTBMPR PERFORMANCE WHITE 18640 [18944 110 10751146 |2 (74 |73 |1
TICFRTBMPR SILVERFROST _ [6190  le4s0 |40 lo7s[s2 |2 |28 |27 |2
TCFRICMPRMEDGRAPHITE ~  [5010 |7048 |29 Jo7s[ss |2 fao [1o [2
T/C FRT BMFR PORT/DK PORTOFINO _ |1047 __ f0516 12 Jo7513 ]2 2 1 |4
TIC FRT BMPR DK PORTIDK PORTOFING [2073 11506 |3 Jo7sla 2 14 J2 s
TIC FRTBMPR PERF WHTE/MEDGRAPH 2830  [1288 [5 Jo7sl7 2 [a o |a
T/C FRT BMPR EBONY/MED GRAPHITE  |2F%0  |1379 |6 J075]9 12 8 14 |a
T/C FRT BMPR-ELEC CURM GRAPH*  |1949 4010 |9 Jo7s]i3 |2 |8 |6 |4
T/IC FRT BMPR SILVER FRSTIMGRAPH [10240 (7085 |23 o7slar 2 | [15s |3
[T/C FRT BMPR MED GRAPHIMED GRAPH (3948|6552 |12 fo7s]i6 |2 fe [8 |
TOTALS ) 516 | %6 [3u4
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Note that the Wixom Rears are not included in the table Once again, | assumed that the
rears would expzrience the same production numbers.’

Even though the Wixom s k u.’s are the main focus of the thesis, tne simulation
and analysis does not ignore the other s k. u.’s in the fascia process. For two weeks, similar
data in table 8.1-1 was collected for all of the other fascia s.k.u.’s (comg'ete list in

appendix 6.5). An example of the such data is shown in the table below:

'able 8.1-2: Sample of Other Fascia Demand Characteristics

T

° S g y

%2 Ploglub| L1368

POy |g5|ad|ct 28 2

sEls |55|5E|ek|sE|58
Part Description 0> |00 WO fxC ow
MUST FRT BMPR-CHROME YELLOW 23 0.75 {30 2 16 15 2
MUST FRT BMPR-PERFORMANCE RED |11 0.75 [14 2 8 7 3
MUST FRT BMPR-VEPMILLION TINT C/C {107 [0.75 ;142 |2 72 7i 1
MUST FRT BMPR-LASERRED TINT C/C [109 [0.75 |46 |2 74 73 1
MUST FRT BMPR-BRIGHT LAPIS 39 0.75 |52 2 28 26 2
IMUST FRT BMPR-BRIGI{T SAPPHIRE 17 0.75 |27 2 12 11 2
MUST FRT BMPR-DK TOURMALINE C/C (1256 |0.75 [167 |2 84 83 1
MUST FRT BMPR-TEAL C/C 45 0.75 |61 2 32 30 1
MUST FRT BMPR-EBONY C/C 113 10.75 1151 2 76 75 1
MUST FRT BMPR-OPAL FROST C/C 40 0.75 |53 2 28 27 2
IMUST FRT BMPR-ULTRA WHITE C/C 118 [0.75 |167 2 80 79 1 -
TOTALS 748 510 499
MUST COBRA FRTBMPR VERM "INT 24 0.75 |32 2 16 16 2
MUST COBRA FRT BMPR EBONY 51 0.75 |68 2 36 34 1
MUST COBRA FRTBMPRUL.TRAWTE 127 10.75 |36 2 20 18 2
TOTALS _ 102 72 68

Note that both standard deviation columns (of demand and of forecast error) are missing
in this table. Wixom fascias are the focus of analysis. 1 simply tried to load the fascia
process with the typical demand experienced by the other s k. u.’s and concentrated on
daily variability in just the Wixom fascias.

Some process characteristics and assumptions included in the simulation were (see
section 8.3 tor further simulatic 1 details);

e A color change i the paint line created a gap of one carrier.

*On average this would be expected. However, due to circumstances in which more front fascias arc
painted cc' rectly than rear fascias. variation is experienced. Such variation is ignored here.
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All processes operated for 20 hours. Shift details were left out of the simulation.

The throughput rate of the paint system was assumed to be 530 carriers in 2.5 hours.
The postcure section of the paint system was assumed to take 70 minutes

Service parts were not scheduled.

Downtime was not explicitly accounted for. Extra capacity was left on the processes
to account for this as well as service parts, but overtime and weekend production
could also be included if additional capacity was needed.

A un.torm ranaom variable from 0 to 5 minutes was used as the setup time for the part
changes on the assembly lines.

Paint variability was simulated using a uniform random variable for the first-run yield
centered arour.d 0.75 which went from 0.65 to 0 85

A four hour set-up time was assumed for part changes on RIM machines. A 30 minute
set-up time was assumed for the TPO machines.

Coming off of the paint !'ne, parts that need to be repainted are placed back into the
pre-paint buffer ready to go into the next rotation. A fascia re-painted 3 times is
scrapped.

More detailed production constraints such as ininimizing the emissions of volatile
organic compounds due to paint line color changes and the constraints preventing one
fascia color from following another in ili= paint system were not explicitly considered.
The goal was to elp determine aggregate inventory levels, as opposed 1, enumerating

every detail for paint system operation.

8.2. JIT Fascia Process

The JIT simulation is very similar to the general simulation with the following

exceptions:

An additional assembly line was inclided which built Wixom fascias in sequence.
Since the new line assembles only 6 different parts (Mark VI1II, Continental, and
Towncar front and rear fascias), I assumed that the set-up time for part changes could

be reduced to zero.
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The rate of the assembly line was dictated by the demand from the Wixom assembly

plant.

Assembly line sequence demand is simulated using a random sample of the demand

generated using the data in table 8. 1-1.
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8.3. More Simulation Details

The next few pages show tables »f information used in the simulation and analysis
sections for the fascia processes Table 8 3-1 shows the assumed daily demand from the
assembly plants for each of the fascia process parts (not s k u’s) Although the total
production numbers from an assembly plant remain relatively constant over extended
periods, the mix of parts may change. For example, the mix of ‘Towncars and Continentals
on the Wixom assembly line changed three times during the six months | was at Utica. The
percentage shown in the table is assumed here, but the reader should recognize the
variation. Plant management, on the otherhand, can vary these percentages and perform
similar analyses and simulations to make conclusions

Table 8.3-2 shows the calculations conducted for scheduling the molding and
trimming processes. The scrap percentages that were assumed are shown. The molding
requirement (scrap accounted for) column simply means that molding scrap is left out of
this number. The reason for this is that the simulation immediately requested another part
to be produced when scrap was generated. Note that the right-hand (RH) and lefi-hand
(LLH) spats are combined into one part. This is due to the fact that both the RH and 1.H
parts are produced simultaneously on the RIM machines The presses column shows the
presses | scheduled parts on.

Table 8 s 3 shows a summary of the paint system scheduling The even number of
carriers required column shows the carriers needed with the even paint system constraint
and without consideration of color. The even number of carriers required (with color)
column gives the number of carriers needed with the even paint system constraint and
color considered. Note that for Mustang Fronts, 510 is in this column and in table 8.1-2
The totals at the bottom of the table give a rough idea of utilization numbers, but they do
not include downtime numbers, color change gaps, etc.

Finally, table 8.3-4 shows specific variable and attribute parameters used in the
Witness™ simulation created. This table shows the minutes per part standards used in the
simulation for the various processes. For a few s k u.’s, the RIM machines mold more than
one part per cycle. The minutes per part number is the cycle time divided by the number of

parts per cycle.
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Table 8.3-1: Assumed Daily Demand for Fascia Process Parts

% Car T
Assembly Type on Daily
Assembly ‘Lme Rate *Assembly lRequurement
Parts 'Plant \(Cars/Hr.) fLme (20 Hrs.)
Towncai Fronts Wi 43.0 60.00% 518
Towncar Rears ‘Wi '43.0 60.00% 516
Continental Fronts ‘Wi '43.0 40.00% 344
Continental Rears {Wl [43.0 T40.00% 1344
Mark VIiI Fronts ‘Wi 8.0 1100.00% /160
Mark VIl Rears ;wu 8.0 ‘100 00% 160
Explorer Fronts LU 84.5 8.21% 139
'SL 50.0 8.50% 85
Explorer Fronts ! ‘ 1’ 224
T-Bird S/C Rears LO 51.0 6.00% 61
T-Bird Fronts Lo 51.0 55.90% 570
Cougar Fronts iLO 510 38 10% 1389
Sable Front Stone Deflector AT .66.5 '25 08% !334
CH 665 ’25 08% 1334
Sable Front Stone Deflector - ) 667
Sable Rear Stone Deflector AT 66.5 “’.'5‘08% 334
‘CH 66 .5 2508% 334
Sable Rear Stone Deflector i 1867
Mustang Front 'DB 425 '88.00% 748
Cobra Front DB 425 i12.00% 102
Mustang RH Rocker Panel DB b42'5 88.00% 748
Mustang LH Rocker Panel (DB 42.5 186 20% 748
Mustang US RH Rocker Cap DB 425 88.00% 748
Mustang US LH Rocker Cap DB :42.5 88.00% 748
Super Coupe RH Front Spat ;LO 151.0 6.00% 61
Super Coupe LH Front Spat LO 51.0 6.00% 61
Super Coupe RH Rear Spat {LO E51 0 16.00% 61
Super Coupe LH Rear Spat |LO 151.0 '6.00% 61
Super Coupe RH Cladding LO 's1 0 6.00% 61
Super Coupe LH Cladding LO 51.0 6.00% 161

88




Calculations for Molding Scheduling

Table 8.3-2

Scrap Percentages

: . ‘ . T . - . "Molding

Daily > o Daily Moiding Molding Presses Req.

Req. § .m > Req. Standard Hours Needed (Scrap ]

20 ¢ € E T § With (min/ Needed Daily (20 Accouted 32
Parts Hrs) & & E 2 ° scrap part)  Dally  hours) For) &
RIM
Towncar Fronts 516 20% 50% 10% 30% 11% 580 2500 2416 121 561 G
Towncar Rears 516 20% 50% 10% 30% 11% 580 2555 2467 123 561 a3
Continental Fronts 344 20% 50% 10% 30% 11% 387 2553 1645 082 374 G5
Continental Rears (RIM) 310 20% 50% 10% 30% 11% 348 2553 1480 074 337 G6
Mark VIIl Fronts 160  20% 50% 10% 30% 11% 180 2609 782 039 174 G7
Mark Vill Rears 160 20% 50% 10% 30% 11% 180 2500 749 037 174 G7
T-Bird S/C Rears 81 20% 50% 10% 30% 11% 69 2400 275 014 67 G8
T-Bird Fronts 570 20% 50% 10% 30% 11% 641 2609 2786 139 620 G
Cougar Fronts 389 20% 50% A 0% wo* :po 437 12500 1819 091 422 G10
Sable Front Stone Deflector 667 20% 50% 10% 30% 11% 750 1000 1243 062 725 G11
Sable Rear Stone Deflector 667 20% 50% 10% 30% 11% 750 1046 1307 065 725 F1
Mustang Front 748 20% 50% 10% 30% 11% 840 2500 3502 175 813 F2
Cobra Front 102 20% 50% 10% 30% 11% 115 2500 478 Q24 111 Fa

Super Coupe RH Rear Spat “mA
Super Coupe LH Rear Spat 61 ) . , ) ) ) ) )

122 20% 50% 10% 30% 11% 138 1237 284 014 133 F4
Super Coupe RH Front Spat 61 ’ . . , ‘
Super Coupe LH Front Spat 61

80

122 20% 50% 10% 30% 11% 438 0727 167 ‘008 133 ‘Fa
TOTALS . A 4 . ] . , . 21404 1070
.ﬂg - . . . . . - . - . .
Explorer Fronts 224 20% 50% 30% 10% 249 2000 829 041 241 TRO1
Continental Rears (TPO) 34 20% 50% 30% 10% 38 2000 127 006 37 TPO1
TOTALS ] . ] . . . . . 956 0 48
Not Molded ’

Mustang RH Rocker Panel Hwém
Mustang LH Rocker Panel 748
Mustang US RH Rocker Cap 748
Mustang US LH Rocker Cap 748
Super Coupe RH Cladding 61
Super Coupe '_H Cladding 61
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Summary of Pain

Table 8.3-3

Assembly Even # of

Plant Daily Even # of Carriers # of Carriers

Requirement Paint System Parts/ Carriers Required Required (with
Parts .. __(20Hrs.)  Yield Requirement Carrier Required (with Color) Color)
Towncar Fronts 516 075 688 2 344 366 44
TowncarRears 516 075 688 2 344 366 344 ]
Continental Fronts 344 075 459 2 230 246 229 N
Continental Rears 344 075 45 2 23 245 229 |
Mark VIl Fronts 160 075 2¢3 2 10 120 107
Mark VIlReas 160 075 213 2 to8 120 107
m%v_ommﬂ Fronts . 224 o.\.@i-m‘w‘m‘ 2 15 154 148
T-BirdS/ICRears 61 075 & 2 42 44 4
T-BirdFronts 570 075 760 2 382 382 ‘3% |
CougarFromts 38 075 518 2 20 270 288
Sable Front Stone Deflector 667 075 890 2 446 4686 446
Sable Rear Stone Deflector 667 075 80 = 2 446 466 = 446
Mustang Front 748 075 97 2 500 510 498
Cobra Front 102 .o..\‘m % 2 68 72 68 ,
Z:ﬂm:@ mI@om_Sq _uwmm_‘ 748 075 ¢7 14 72 78 T
[Mustang LH Rocker Panel 748 075 997 14 72 78 AR
Mustang USRHRockerCap 748 075 997 14 72 86 71 |
[Mustang US LH Rocker Cap E‘m? 075 ,wow ‘ 4 72 86 71 o
m:nmﬂOocnm w@@o‘a‘m‘m&‘mé . 075 8 8 12 & 10
Super Coupe LHFront Spat 61 075 8 8 2 1% 10
|Super Coupe RHRear Spat 61 075 82 8 12 16 1
Super Coupe LHRear Spat 61 075 8 8 2 1€ 10
Super Coupe RH Cladding 61 075 82 8 12 16 0 |
Super Coupe LH Cladding 61 075 82 8 12 16 [
| e 408_ Carriers xon::mn ‘ 4018 ammw - 3992 ]
[ Om:,_oa Per Revolution 530 -muo 830 ]
| S nom xo<o_c~_o=m xma:_an 758 8.04 73

o S ‘ Io..:m Per Revolution 250 ?!-N mo 2%

| “Hours Required 18.95 2010 18.83
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bute Parameters for Simulation

3

iable and Attr

Var

Table 8.3-4

Redo Repair Scrap
Molding Trimming By-rate fraction fraction fraction for Assembily
Part Molding Trimming Assembly Parts per Serap Scrap through  for paint for puint Scrup 4 = por.-paint Scrup
Number. Stardard in Standard in Time in Carrier: Fraction: Fruction: pant line: line: tine: 1-by_rt- (eparr: Fraction:
Stages of Model attribute  min/part; min/part; min/part; function variable variable variable variable sariable redo- variable  variable
Part. S _Production  Part Nume partNO_ varisuie sis  variablets  var - bleas  ppe Jms f fepar  repar)  rpscrp = asscrp
Regulur RIM Parts L o o
Cont Fr CMTIPAS rouc‘ ) e
Cont Re CMIRAS N
Mark Frt MIPAS  markt R
/r-«r Rr o FAS S markr ) N
A.n?: o Fot LLEAS  ref ot
_o:\:\w,‘..m Kr . AS O ter 2 -
Sable Fr_Stone Def MTPAS st o
J..Zn Rr Stone Det CMTPAS ansd N
T-Berd ¥r _JMo!.r R S, . i
2@7‘2 . o MIRAS S cougt a R
T-Bird SCRe Q/CWW A thsar B 2
[\ \ustang Frt MUTPAS mustt 2
Cobra Frt MIPAS eobt B
T-Pud SCFR Spats i Ny
‘. Bird SC R: Spats S
_~nn=‘_ﬁ‘..\g‘_wu‘-.mu‘ function g.u.:.rlov T o
NS Frn TOMPAS LSt - oo o oo
<ont Re MPAS Lﬂ&a 3.000 2 0.060
Paiuted but no RIM T o B
[\ustang RH Rocker Fnl - P.S oona L ) (EI O 0.090
[ Mustang ,wz .wcw—mnw Pnl PS5 0.uo¢ ) c o i1 Jovoo & @hmﬁ
Mustang | SRH Rk “ap PS .00 eaos  Jia o ooge ;;%e o006
(Mustang {S LH Rkr Jap P.S - 0.000 :E: ood s 0000 0.000 po.000
| T-Eird SC Door < ladd RE_PS B 000 0000 Atmr Jpese wese e ~ Jo.oe
T-Bard §¢° U:ow : .:5; _.: v,v. R A - 0.200 1).004 “0.000 «\ - 0.000 0000 " .‘nu.\ ) 0,06
[Key to Stages of Production B DL D
M Moided w(tG:Zo. L o o O o B R 4
[T - Trmuned Sshpped . S . e e e —
P Pamted o L N _ R . ~ B e ]
[Stages not ised we ¢ walicired and cutlined




