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PREFACE

This creative component involves the development of three material
handling and plant layout case studies. Each case study is treated as
a separate entity with its own table of contents and appendices. Along
with development of a problem statement, each case presents a possible
solution (in detail) and a brief discussion of other possible solutions.

The development of this creative component has been a very
beneficial learning experience in my Master Degree Program. It has
challenged my creativeness, as well as, my engineering and communica-
tion skills.

I wish to offer my appreciation to my advisor, Dr. Carl B. Estes,
for his guidance throughout the project. His guidance and instructions
increased the value of the learning experience. T would also like to

thank my family and friends for their moral support.
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One of the major goals of a facility location and layout course
is to introduce the basic layout and material handling concepts. Tn
order to provide a chance to practice these concepts in a classroom
situation, case studies are used. Unfortunately, there are only a few
well developed case studies which exemplify actual plant layout or
material handling problems. Therefore, this paper proposes a creative
component (Project) for developing a set of case studies based upon

problems dealing with material handling and plant layout.
PURPOSE

The purpose of this project will be to develop a set of three
case studies. Each case study provides the opportunity to apply
appropriate layout and material handling concepts, as well as, other
related Tndustrial Engineering skills. For each case study, a detailed
development of a possible solution will he included. Other possibhle
solutions will he also briefly described including general concepts

which should be recognized.
TYPES OF CASE STUDTES

The three case studies presented illustrate different industrial
situations. These are

1. possible personnel facility inadequacies (Case 1),

2. improvement of the present material handling and development

of a redesigned layout (Case 2) and



3. inadequacy of the present production area for both present

and future production volume (Case 3).
CONTENT OF CASE STUDIES

The concept and purpose of each case study is introduced in the
Notes to the Instructor. To insure the effectiveness of the learning
experience, any pertinent information needed by the instructor is
provided here.

The Statement of the Problem then presents the industrial situation
under study. All relevant information (excluding Case 3) needed is
provided.

Following the Statement of the Problem, a possible solution is
presented in detail. Then, other possible solutions are briefly
described.

The Statement of the Problem of each case study and the Collection
of Data for Case 3 are prévided in an unbounded form to facilitate

copying. These are enclosed in separate envelopes for each case study.



CASE 1

PLANT WORKFORCE EXPANSION
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I. NOTES TO THE INSTRUCTOR

When an existing manufacturing plant's labor force significantly
increases, the adequacy of the present personnel facilities become
questionable. Therefore, the plant engineer must determine if any
corrective action is necessary. In case of inadequacy, the engineer must
make an economically feasible design change or expansion.

Case 1 illustrates the above situation. Furthermore, the case
presents management's interest in installing a hot meal service. The
only prerequisite required for £his case is a basic understanding of

personnel requirements planning.



IT. PROBLEM STATEMENT

BACKGROUND INFORMATION

Printright Inc., a printing plant, presently is operating at less
than full production capacity. An increase in the labor force is
planned due to a forecasted sales increase.

In view of this, management is concerned with the following issues:

1. Will there be adequate restroom facilities?

2. Will the existing parking spaces accommodate the increase in
employees?

Further, they would like to investigate the feasibility of providing
an in-plant hot meal service. An employee committee has requested
management to look into this possibility and have indicated that approxi-

mately 80 percent of all employees would utilize this service.

ASSIGNMENT

You are to consider the three issues above and make your recommenda-
tion for each. Your analysis will depend upon the data provided in the
following section. Include cost estimates as appropriate and sketches

to show any expansion or design improvements in the existing facilities.

RELEVANT DATA

The present and proposed employment levels are shown in Table 1.

Figure 1 shows the present plant layout including restrooms and parking



TABLE 1. EMPLOYMENT LEVELS

Production Supervisors Office

Shift Men  Women Men  Women Men  Women Total
PRESENT

Day 40 26 2 2 6 5 81
Night 45 21 3 1 - - 70
Graveyard 45 18 2 1 - - 66
PROPOSED

Day 65 40 3 3 6 5 122
Night 57 48 4 2 2 - 111
Graveyard 55 23 4 1 - - 83

area. As shown in this figure, office employees have separate restrooms
from the plant employees. Table 2 provides information concerning the
existing restroom facilities. Also, additional restrooms can be added
ad jacent to any of the present restrooms.

Parking accommodates 190 spaces with standard-sized 90 degree
parking. Including the 10 spaces for visitors, additional spaces are
provided to allow for overlap during working shift changes. About
40 percent of the workers drive compact cars while 10 percent of the
workers (per shift) car pool with other workers. The main aisles must
remain 28 feet wide for trucks going to and from shipping. Also, the
present parking can be expanded south of the present parking area up
to an additional 100 feet.

The lunchroom presently consists of five vending machines and
eleven 5 fc. x 3D in. tabdles. Zmplovess ezt in two shi: ach iasting

for 30 minutes. It has come U5 zhe atzentica of the manazément tha
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FIGURE 1: PLANT LAYOUT AND PARKING




TABLE 2, CURRENT RESTROOM FACILITIES

No. of No. of No. of

Type No. Size Toilets Urinals Lavatories
Hons 2 15' x 15' 4 3 3
Office

Mens 1 15' x 15! 4 3 3
Mens 1 15' x 7' 2 2 2
Ladies® 1 15" x 15' 4 - 3
Ladies 1 15" x 10" 2 - 2
Office

Ladies® 1 15" x 15' 4 - 3

*Includes a bed in each.

most employees would be in favor of a hot meal service for the day and
night shifts. Two possible alternatives are being considered: (1) a
full service cafeteria, or (2) a serving line (no cooking facilities on
premise — food is brought in by a.catering service). If additional
space is needed, it is available south and east of thg existing vending

area.
COST ESTIMATES

Table 3 contains estimates of cost which should be used in

your analysis.



TABLE 3. COST ESTIMATES

Type of Cost Cost
Parking Lot:
To increase $10/sq. ft.
To paint lines $0.50/ft.
Restrooms:
Base cost for a two-toilet restroom $3,000
Cost for each additional toilet and/or urinal $ 500
Food Service:
Full Service (Cafeteria)
-initial investment $100,000
—-preparation cost $2.00/meal
-life 10 years
-salvage $0
Serving Line (food line)
-initial investment $10,000
~catering fee $2.80/meal
-life 10 years
-salvage $0
Other Economic Criteria Used by the Firm
Mimimum Attractive Rate of Return (MARR) 15%
Note: Meal cost shown represent the cost to the company. Employees

will pay only a nominal fee.



ITI. POSSIBLE SOLUTION

This section contains solutions addressing the three issues con-
cerning Printright. Cost estimates are included where appropriate as
are sketches to show any expansion or design improvements in the existing

facilities.
PARKING

The present parking area in Figure 1 accomodates 190 automobiles
(See Table 4). Since 81 employees is the maximum number of employees
in the plant at one time (See Table 1), the number of parking spaces
needed is

[tmaximum employees + visitor spaces) -

(%Z car pool with someone x maximum employeesﬂ

(Adjustment for spaces needed during shift change)

[(81 + 10) - (10%Z x 81)} (1.86)

154 spaces
By similar calculations, the total number of spaces needed for the
proposed employment level is

(122 + 10) - (10% x 122)] (1.86)

1

224 spaces
Therefore, only an additional 20 (224 - 204) parking spaces are needed.
It may be possible to acquire the additional spaces by redesigning the

present parking layout. Thus, there are two possible alternatives:



TABLE 4. NUMBER OF PARKING SPACES FOR PRESENT PARKING

Row Length of Row Width of Space Number of Spaces
(feet) (feet)

1 336 8.5 39
2 284 8.5 33
3 284 8.5 33
4 288 8.5 33
5 262 8.5 30
6 310 8.5 36
Total = 204

redesign the present parking area or expand the parking area. These twc

alternatives will be presented in the following sections.

Parking Redesign

Presently, the aisle between rows 5 and 6 is 69 feet wide. There-
fore, the possibility may exist of adding extra rows between rows 5
and 6. Using the data in Table 5 (1), the width required to add two
rows of 90° standard parking is

= JAisle + 2(90° standard parking depth) + Aisle

= 28 fr. + 2(18.5 ft.) + 28 fc.

= 93 fet.
Because the present aisle width (69 ft.) is less than 93 feet,the

addition of two 90" parking rows is impossiblie.



TABLE 5. PARKING DIMENSIONS FOR A 7.5 ft. COMPACT AUTOMOBILE PARKING SPACE WIDTH
AND A 8.5 ft. STANDARD SIZED AUTOMOBILE PARKING SPACE WIDTH

Parking Space Parking Space
Width Parallel Depth Perpen- Aisle Cross Anles, Croms Anndes,
Angle to the Aisle dicular o the Width One Way Fawer Woav
(degrees) Automobile (leet) Aisle (fect) (feer) {leer) et
43 Compact 10.5 17.0 11.0 12 B
45 Standard 12.0 17.5 13.0 14 X
600 Compact 8.7 . 17.7 14.0 12 4
6l0) Standard 9.8 19.0 18.0 14 2
75 Compacrt 7.8 17.3 17.4 12 22
75 Standard 8.8 19.5 25.0 14 24
Y0 Compact 7.5 16.0 20.0 12 Ly
91() Standard 8.5 18.5 28.0 14 B
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However, two additional rows with 60° parking may be feasible. The

aisle width required is

]

18 ft. + 2(19 fr.) + 18 ft.

Il

74 fe.
This distance also exceeds the available width.

Since 40 percent of the employees drive foreign cars, two rows
could be designed for compact cars only and the other two (in the upper
parking area) can be maintained for standard parking. For this
alternative, the aisle width required is

=  60° standard aisle + 60° standard parking

+ 60° compact parking + 60° compact aisle

= 18 ft. + 19 ft. + 17.7 ft. + 14 ft.

= 68.7 ft.

Therefore, this arrangement meets the criteria (69 fr.). This parking
arrangement is shown in Figure 2.

The number of parking spaces in rows 5 and 7 will be

Lenegth of Row = 262 ft. = 26 spaces
Parking Space Width 9.8 ft./space '

Row 8 (60° compact spaces) can accommodate

262 ft. = 30 spzaces
8.7 ft./space

and row 6 (60° compact spdces) can accommodate

310 ft. = 35 spaces
8.7 fr./space

From Table 4, the present number of parking spaces south of the
drainage ditch is 66 (30 + 36) compared to 117 (2(26) + 30 + 35) for the
proposed parking configuration. This is an increase of 51 (117 - 66)
parking spaces. Therefore, the number of spaces needed can be satistied

by parking redesign.
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Parkine Expansion

Parking spaces can also be increased bv parking area expansion.
To add two 90° parking rows between rows 5 and 6, the parking area must

be increased by 24 feet (69 ft. - 28 fr.

18.5 ft. - 18.5 ft. - 28 fr.).

The increase in parking spaces would be

_2@2 £t + 262 ft.
8.5 tt./space 8.5 ft./space

60 spaces

which is more than required. Therefore, the proposed lavout is shown

in Figure 3.

Comparison

The cost ‘for parking area redesign, paint new lines, is estiﬁated
at $1,368 (See Appendix A for calculations). The parking area expansion
cost is $75, 446 (See Appendix B). From economic veiwpoint, Printright
should redesign the present parking area to acquire sufficient parking
spaces. From a practical view, it might be difficult to enforce the
use of the compact spaces by compact cars. Therefore, management would

have to decide this issue.
RESTROOM FACILITIES

Two criteria must be satisfied for the present restroom facilities
to be adequate. First, there must be a restroom located within 200 feet
of every permanent work station(2). From Figure 1, this criteria is
satisfied.

The second criteria requires the plant to have facilities avialable
for the maximum number of emplovees presenc. Table 6 and 7 (2) show

the number of toliets and lavatories for varving numbers of emplovees.
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TABLE 6. NUMBER OF TOILETS NEEDED FOR NUMBER
OF EMPLOYEES

Maximum Number ot

Empiovees Present Minmmum Numbper

at Ars One Time of Toulers Needed
=13 1
16=33 2
BT 3
R Y 4
S1-110 3
111-150 6

Over 150 I additional toiler

for each addinonal
40 emplovees

TABLE 7. NUMBER OF LAVATORIES NEEDED FOR NUMBER
OF EMPLOYEES

Tvpe of Employment Number of Emplovees Minimum Number of Sinks
Nonindustrial 1-15 1
Office and public 16-35 2
facilities 36-60 3
61-90 4
91-125 5
Over 125 1 sink for each

additional 45 emplovees

Industrial 1-100 I sink for cach 10 employees
Manufactuning and Over 100 1 sink for each additional 13
warchouse tacilines emplovees

14
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TABLE 8. COMPARISON OF NEEDED AND AVAILABLE FACILITIES

Types of Maximum No. No. of No. of No. of No. of
Restrooms  of Employees Toilets Toilets Lavatories Lavatories
for Proposed Needed Available  Needed Available
Employment
Office
Men 6 1 4 1 3
Office
Ladies 5 1 4 1 3
Plant
Men 68 4 10 7 8
Plant
Ladies 50 3 6 5 5

Thus, Table 8 can be constructed for comparison of the number of
toliets and lavatories available now t the requirements needed for the
proposed employment levels. From this comparison, it is evident that

sufficient facilities are present;
FOOD SERVICES

Breakeven Analvsis

The two possible alternatives presently being considered for
in-plant meal service are‘a full service cafeteria and a catered serving
line. Tn order to compare the cost feasibility between the two alterna-
tives, a breakeven analysis is performed in Apoendix -C. This analvsis

can be graphically presented as shown in Figure 4.
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TABLE 9. SPACE REQUIRED FOR FULL KITCHENS

Number of Meals Served Area Requirements (square feet)
100 - 200 500 - 1000
200 - 400 800 - 1600
400 - 800 1400 - 2800
800 - 1300 2400 - 3900
1300 - 2000 3250 - 5000
2000 - 3000 4000 - 6000
3000 - 5000 5500 - 9250

From this analysis, the serving line alternative is more feasible
for emplovment levels less than 112. Since the maximum eating each day
is 187 (80% of night and day shift), the full service cafeteria is more

feasible.

Lunchroom Design

The maximum number of emplovees eating per working shift for the
proposed employment level is 98 (122 x 80%). The lunchroom is designed
to accommodate 49 (98/2) émployees at one time with two lunch shifts
per working shift. The estimated allowance for people eating at
6 fr. x 30 in. tables is 13.5 fr.? per person when the tables are end
to end. Also, the 6 ft. x 30 in. tables accommodate three peonle(3).
From Table 9 (3), approximately 1200 fr.2 should be allowed Zor zhe

kitchen area for the full service cafeteria. Therefore, the total



area that should he provided for the cateteria is

= (A ft. x 2.3 ft. per table) (%9 cables) +
3
.9
(13.5 ft.“/person) (49 people) + 1200 fr.2
= 2,106.5 fr.2

The maximum depth of the lunchroom can be 30 feet. Therefore,

- 8

wn
o
rey
T

the width must be increased to 43 feet (2,106.5 fc.

The proposed layout is shown in Figure 3.

CONCLUSION

From the above analysis, the present restroom facilities were shown
to be adequate. However, the present parking was found to be
insufficient. To increase the parking spaces, two alternatives, parking
redesign and parking expansion, were compared. The parking redesign
was found to be more economical but required compact cars to use compact
spaces.

Through a breakeven analysis, a full service cafeteria was found
to be more cost effective. Therefore, the lunchroom was expanded to

allow for eating and kitchen space.
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IV. OTHER POSSIBLE SOLUTIONS

Because of the nature of the above case study, the possible
solutions should be similar with only minor differences. These

differences are discussed in the following sections.

PARKTNG

Both alternatives for increasing the number of parking spaces,
parking redesign and parking area expansion, should be covered in the
case analysis. However, the actual redesign or expansion design will

vary between each individual.
FOOD SERVICES

The individual should perform a breakeven analysis or a similar
economic analysis showing the full service lunchroom will be the most
economical alternative. However, the design of the lunchroom will

vary with each individual.

20
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APPENDIX A

PAINTING LINES COST
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- To find the length of painted lines:

For standard spaces: N = 19 feet
Cos 30° = l%
R = 21 £E.
For compact spaces: N=17.7 ft.
Cos 30° = 12+1
R = 20 ft.

. TABLE A-1: COST FOR PAINTING LINES

(1) (2 - (3) (4) (5) (1,3,4,5)

Type of Space No. of No. of No. of* Length Cost/ Cost
Rows Spaces/Row Lines/Row of Line ft.
Standard 60° 2 26 21 21 ft. $.50 $567
Compact 60° L 30 31 20 ft. $.50 $310
Compact 60° 0 35 36 20 ft. $.50 $360
Cost for one middle line 262 feet long (262 x .50) $131
Total Cost $1368

*Number of lines = 1 + spaces per row



APPENDIX B

PARKING EXPANSION COST

24



Cost for Expansion:

(area of expansion) (cost for expanding/feet)

(24 fr. x 310 ft) ($10/ft.) = $74,400

Cost for Painting New Lines:

TABLE B-1. PAINTING LINE COST FOR EXPANSION

25

(1) (2) (3) (4) (5) (1) & G)
Type of Space No. of No of No of#* Length Cost/ Cost
Rows Spaces/Row Lines/Row of Line ft.
Standard 90° 2 30 31 18.5ft. $.50 $573
Standard 90° 1 36 37 18.5ft. $.50 $342
Cost for one middle line 262 feet long $131
Total Cost $1046

*Number of lines = 1 + spaces per row.

Total Expansion Cost:

$74,400 + 1046 = $75, 446
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The present worth of the variable cost for each alternative is

calculated below:

Full Service Cafeteria:

Serving Line:

PW = $2.00 (80%) (1 meal/day/person)
(250 days/year) (P/A, 15%, 10)

PW = 400 (P/A, 15%, 10)

PW = $2,007.51/person

PW = $2.8 (80%) (1 meal/day/person)
(250 days/yr) (P/A, 15%, 10)

PW = 560 (P/A, 15%, 10)

PW = $2,810.51/person

27

The number of employees (X) required to make the cost of the full

service cafeteria equal

Full Service Cost

$100,000 + $2,007.51X

X

to the serving line cost is obtained below:
Serving Line Cost
$10,000 + $2,810.51X

112 employees
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I. NOTES TO THE INSTRUCTOR

Most common material handling and layout problems deal with the

improvement of an existing material handling system or the redesign of

the present system. To illustrate similar situations, Case 2 presents

three proposals:

1. Adding a conveyor system to an existing plant.

2. Adding a AGVS to an existing plant.

3. Redesigning the existing system for proposed production changes.

To benefit from this case, there should be a basic understanding of

material handling and plant layout principles. Furthermore, the case

is appropriate as a term project for a basic material handling and

plant layout course,



II. STATEMENT OF PROBLEM

INTRODUCTION

Printright Inc., located in Stillwater, Oklahoma, produces standard computer
paper and twenty-seven different types of custom computer forms. Seventy-five percent
of their production is for standard computer paper (no copies and standard color) and
twenty-five percent is for custom ordered computer paper (multiple copies and/or special
printing).

At the present time, Printright operates on a three-shift basis (24 hours a day),

five days a week. The company employs 195 hourly workers and 11 salary workers.

FLOW OF MATERIALS

The plant's present layout is shown in Figure 1. To introduce the production
process of the plant, the material flow through the plant beginning with the raw material
will be discussed.

Incoming Raw Material

Raw materials are delivered to the plant both by rail and truck. The truck
receiving dock is located on the north side of the plant and one door on the south side
(see Figure 1). The rail spur is located on the north side of the plant.

Ninety percent of the major raw material, paper rolls, is brought by rail while the
remaining 10% is brought to the north side of the plant by truck. Cartons used for
packaging printed forms are delivered on pallets by truck to the south side of the plant.
Empty pallets (40 in. x 48 in.) are brought by truck and are stored outside near the truck
shipping dock due to fire codes.

Raw Material Storage

Incoming paper rolls are taken to the paper roll storage area by fork trucks

equipped with clamp attachments. Here, they are stacked on top of each other within
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classification areas (type and grade of paper). It is estimated that the average inventory
of paper is approximately 20 million pounds. The palletized cartons (packaging material)
are stored on racks at the south side of the warehouse.

Manufacturing Processes

Press operators monitor the raw material levels (paper rolls, and cartons) of their
presses. When more material is needed, the operator signals for a material handler who
then locates and brings the appropriate raw material. The raw material is handled by
fork trucks with either a clamp attachment for the paper rolls or a fork attachment for
pallets. Each press is equipped with a hoist for loading paper rolls onto the feed station
of the press. Paper rolls are distributed throughout the facility to any of four different
production areas: press department, slitting operation, carbon coating operation, and
MCP operation. These departments are discussed below and are also indicated in Figure
L

Press Department

The press department consists of two types of presses: multi-web presses and
single-web (high volume) presses. The multi-web presses produce forms containing
multiple copies which allow for the transfer of information to each copy by either a
carbon paper insert or by a carbon coated paper called MCP. The eight multi-web
presses print approximately 90% of the custom forms and 10% of the standard forms.
These presently operate close to maximum production capacity.

Nine single-web presses produce standard computer paper with a maximum speed
of 1500 feet per minute. Historical monthly press production measures in linear feet per
month and pounds per month are shown in Table | and Table 2, respectively.

After the forms are printed, they are manually inserted and sealed into cartons by
the press operator, generally assisted by one or more helpers. Next, they are
accumulated on short roller conveyor awaiting palletization. The common unit loads

used are shown in Table 3.
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TABLE 2:

PRODUCTION VOLUME FOR TEN MONTH PERIOD (LB./MONTH)
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Palletized loads are taken to either the finished product warehouse or directly to

shipping. Sixty percent of the standard computer paper is sent to finished product

TABLE 3: COMMON UNIT LOADS

Form Size Carton Per Weight Per
(in. x in.) Pallet Carton (lbs.)
147/8 x 11 40 43
147/8 x 8 1/2 52 34
97/8 x 11 48 27
9 12x 11 64 28
8 1/2x 11 68 25

warehouses while the remaining forty percent are sent directly to shipping. All custom
orders are sent directly to the staging area of the shipping dock.

MCP Operation

MCP, a special type of self-copying paper, is produced in this operation. After
the coating process, fifty percent of the production is sent either to the multi-web
presses or to storage racks for later internal use. The other 50 percent of the coated
papers are sold to other customers and thus are sent to shipping. -

Carbon Coating Operation

Paper rolls are delivered to the carbon coating process, the carbon applied and the
paper is rerolled. After the carbon coating process, the rolls of carbon paper are taken

to storage until needed by the multi-web presses (see Figure 1).

Slitting Operation

This operation is used to cut paper rolls into the required width needed by the
multi-web presses for custom orders. Approximately 20 rolls are slitted per day. After

being slit, the smaller width rolls are stored on racks near the slitter or sent directly to

the multi-web presses.



Finished Products Storage

The pallets containing standard computer paper in cartons are stored on drive-thru
racks in the finished products warehouse. Finished products are stored on a last-in-first-

out basis.

MATERIAL HANDLING DEVICES
The major handling devices used at Printright are industrial trucks equipped with

either a clamp or fork attachment. Table 4 lists the material handling devices used.

PROBLEM STATEMENT

Management is concerned with the present material handling system. They want
to investigate the economic feasibility of installing either a conveyor or an automatic
guided vehicle system (AGVS).

On a more long-range basis, management wants to consider abandoning all of the
custom work and vastly expanding the standard computer paper portion of their
business. Their best estimate is that they could sell about four times the current sales

volume of standard paper.

ASSIGNMENT
Using information already presented along with the additional information in
Tables 5, 6, and 7 and in Figure 2, the following is to be done:
l. Prepare a proposal utilizing conveyors for the present mix of products.
2. Prepare a proposal utilizing AGVS for the present mix of products.
3. Prepare a complete redesign of the current system (production and material
handling) under the assumption management does abandon all custom work.

In each of the above, complete documentation and economic measures should be clearly

presented.



TABLE 4: MATERIAL HANDLING EQUIPMENT

Type of Capacity Power By Type Of No. No. Used Per Shift
Equipment (Ibs.) (Gas or Electric) Attachment Of Day Night Graveyard
Industrial Truck 4,000 Gas Fork 1 1 1 1
Industrial Truck 3,500 Gas Fork 1 | 1 1
Industrial Truck 3,000 Electric Fork 3 3 3 3
Industrial Truck 5,000 Gas Paper Roll Clamp 3 3 3 3
Standup Truck 2,000 Gas Fork 1 1 1 1
Mule 1,500 Electric Fork | | | 1




TABLE 5: NO. OF OPERATORS AND HELPERS PER PRESS

10

Type Of
Press

Press
No/Loc. No.

No. Of
Operators

No. Of
Helpers

MULTI-WEB,

SINGLE-WEB

01/32K
04/32L
10/32C
11/32M
13/32E
14/32B
21/32A
24/32F
02/32H
03/323

06/32N
07/32R
15/32G
19/32P
20/321

22/320

23/32D

1

1

1

l
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TABLE 6: COST INFORMATION

Type Of Cost Cost
Labor rates (loaded)
Press Operator $13.00/hr.
Press Helper 10.38/hr.
Material Handler 9.43/hr.
Carrying Cost of raw material 12.5% annual
Cost of raw material $ .50/lb.
Annual fork truck cost/truck $25000/yr.
Salvage of all presses Cost of removal
Plant Rearrangement cost $35/man hour

Walls are non-load bearing




TABLE 7: ADDITIONAL INFORMATION

12

Description Of
Information

Information

Lead time for shipment of raw material
Safety Stock (raw material)

Average weight of paper rolls
Maximum weight of paper rolls

Press operation delay
1. Setup time
2. Maintenance time
3. Break downs

% Scrap

Height of finish goods warehouse

Column Characteristics of all
Operations Areas

Number of Working days/year

Number rolls slitted per day

Percentage of multi-web press input from:

MCP
uncoated paper
‘carbon paper
Minimum Attractive Rate of Return

Maximum time at each AGV stop

2 months
2 weeks

1200 Ibs.
1500 lbs.

3%
4%
5%
5.9%
25 ft.

Structural steel, 30' x 50'
center-to-center

250 days/yr.
20

80%

10%

10%

15%

5 min.
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ITI. PROBLEM ANALYSIS

Several distinct material handling and plant layout problems can
be identified. These include the material handling system, inventory

system, and press utilization.
MATERIAL HANDLING SYSTEM

The current material handling system consists of fork trucks. More
automated systems, such as conveyors and AGVS, could reduce the annual
cost of material handling (labor and truck operation cost). The addition

of these systems will be considered in later sections.
INVENTORY SYSTEM!

The present paper roll inventory level, 20 million pounds, is more
than the required inventory level. From Table 8, the average monthly
press production is 5,229,860 pounds. With a lead time of two months,
the inventory can be reduced to 13,074,650 pounds (two months of produc-—
tivity and two weeks of safety stock). Therefore, the initial dollar

savings is

(Present Inventory Level - Proposed Inventory Level) (Raw
Material Cost)

(20,000 1bs. - 13,074,650 1bs.) ($.50/1b.)

$3,462,675.

1 , ;

Analysis of inventory levels and their associate carrying cost is
not a requirement of the problem statement. It can be ignored or consi-
dered as an ancillary part of a solution.

16



The annual savings is

17

= (Initial savings due reduction of inventory levels)
(Carrying cost percentage)

= (%$3,462,675) (.125)

= $432,834/year.

TABLE 8: MONTHLY PRESS PRODUCTION
Type Press Average Production Total Average Production

of Press No. Feet/Mo. 1bs./Mo. Feet/Mo. 1bs./Mo.
Multi-web

01 3,019,430 106,290

04 3,087,560 78,590

10 5,529,350 350,170

11 4,410,920 186,180

13 4,226,120 218,130

14 4,318,520 418,660

21 4,806,700 224,820

24 3,763,350 130,400 34,161,950 1,713,240
Single-web .

02 12,243,840 393,700

03 15,073,200 428,730

06 9,409,390 406,500

07 8,160,360 142,040

15 19,589,220 648,880

19 15,878,180 490,770

20 15,170,700 481,990

22 7,713,020 157,720

23 8,964,930 366,290 112,202,840 3,516,620
Total 146,363,790 5,229,860
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PRESS UTILIZATION

The maximum speed of the single-web presses was given as 1500 ft./min.
With an allowance for scrap, setup, and maintenance; the maximum monthly

capacity is 35,773,056 feet (see Appendix A). Therefore, the percentage

utilization of each single-web press can be determined as shown in

Table 9.

Since the presses are under utilized, the number of presses actually

needed is

[l

(Maximum Volume of Single-Web Presses)*/Maximum Capacity)

(126,590,000 ft./mo.) / (35,773,056 ft./mo.)

4 Presses.

Therefore, a minimum of four single-web presses is required. The

reduction of presses will provide labor savings of $576,840 monthly.

(see Appendix A, pages 38-39).

TABLE 9: PERCENT UTILIZATION OF SINGLE-WEB PRESSES
No. of Layout Average 1007 %
Press Location Ft./Month Capacity Utilization
No. Ft./Month
02 32H 12,243,843 35,773,056 34
03 323 15,073,200 35,773,056 42
06 32N 9,409,390 35,773,056 26
07 32R 8,160,360 35,773,056 23
15 32G 19,589,220 35,773,056 55
19 32P 15,878,180 35,773,056 b4
20 321 15,170,700 35,773,056 42
22 320 7,713,020 35,773,056 22
23 32D 8,964,930 35,773,056 25

*See Table D-1, Appendix D



IV. PRESENT PRODUCT MIX PROPOSALS

To improve the material handling of the present plant design, two
alternatives are considered: installation of an AGV system, and installa-
tion of a conveyor system. The design of each alternative is discussed

in the following sections.
AGV SYSTEM

The Automated Guided Vehicle System (AGVS) is designed to use a
combination of AGV'sand fork trucks. The system includes the
follewing advantages:

1) Provides material handling to and from areas only when needed.

2) Adapatable to both.low and high volume applications.

3) Reduces the number of fork trucks needed (therefore reduces

annual operational cost).

System Description

The proposed system in Figure 3 consists of two AGV loops. Both
loops begin at stations 1 through 4 in the paper storage area. Here,
fork trucks load raw material (paper rolls, packaging material, pallets,
MCP, etc.) onto the AGV's traveling to the presses.

Raw material for presses 1, 4, and 11 are unloaded from the AGV's
at station 5. A fork truck with a clamp attachment is used to transfer
material to each press. Raw material for the remaining presses are

unloaded at stations 6 through 14. At each station, a fork truck with

19
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a clamp attachment unloads the paper rolls from the AGV's.

Unit loads consisting of cartons of finished printed forms are
loaded at stations 7 through 9 and 15 through 23. The AGV's are loaded
by manually operated chain conveyors shown in Figure 4. Each pick-up
point is designed with an adjustable platform to allow workers to
stack cartons on the upper levels of the unit load. After loading,
the AGV travels to either shipping (station 24) or storage (stations 25
through 28).

Six AGV's are required. This is based on the assumption that the

AGV stops four times on a complete loop (see Appendix B).

Cost and Savings

The cost of the proposed system is $699,975. The related savings
is the reduction of 3(8-5) fork trucks with an annual savings of

$244,740 (see Appendix C, page 46).
CONVEYOR SYSTEM

The present raw material flow is very diversified because of the
many different sources of raw material (MCP, stitting, carbon coating,
paper roll storage, packaging material storage). A unit conveyor
system would therefore require an intricate merge and divert system in
order to route all possible types of raw stock to all possible presses.
This system would be only justified for high volumes. The present maxi-
mum usage of paper rolls (raw rolls, MCP, coated, stitted) is approxi-
mately 12 rolls per hour (see Appendix B page 41). Therefore, an unit
conveyor system for a raw material would not be practical.

To convey the finished product (cartons of forms), two possible
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alternatives are feasible: a unit load conveyor or a carton conveyor.
A carton conveyor allows centralizing all palletizing at one location
and eliminates the need for helpers at each press. Further, the load
carrying capacity of the carton conveyor will be considerably less

than for a unit conveyor.

System Description

The selected conveyor system incorporates a computer controlled
carton conveyor in conjunction with fork trucks. The fork trucks will
handle all raw material operations while the carton conveyor will
convey each finished carton to a palletizing area. The proposed system
is illustrated in Figure 5.

After the operator seals a carton of forms, it is sent down a
powered conveyor. The electronic eye at the merger signals to the com-
puter the location of each carton. As each carton is conveyed to the
spurs, the computer activates the appropriate diverter sending the

. cartons down specific spurs for order accumulation.

Since the proposed system does not require palletizing at each
press, less help is needed. Therefore, 13 helpers (one from each press)
can be reduced.

The maximum volume of cartons being conveyed is:

month day ) ( hr.

_ . ; . 3 § _nr.,
= (Maximum Volume of Production) (20 days’ (24 e 60 min.) /

(Average Bbx Weight)

- month \ , day ( hr. TB,
= (5,942,000 1lbs./month) (30 days) (24 hr.) b min_) / (31 1bs.)

I

7 cartons / min.

#*See Table B-1, Appendix B.
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By simulation the number of cartons which can be stacked in a minute
was determined to be five. Therefore, two of the eliminated helpers
can be used as stackers,

Thirteen spurs are provided to allow for a maximum of 13 different
orders at one time. This could be reduced if historical information

on average number of different orders was available.

Cost and Savings

The cost of the proposed system includes the system cost (conveyor
cost) and the removal of the wall between shipping and production
(allowing room for the spurs). The total cost is $229,973 (see Appendix C,
page 47).

The savings include the reduction of 3(8-5) fork trucks (see
Appendix F) and reduction press helpers. The total annual savings are

$929,820 per year (see Appendix C, page 48).

ECONOMIC COMPARISON
Table 10 compares the cost savings, payback, and present worth of
the two present product mix alternatives. The conveyor system should

be chosen because of its more favorable present worth and payback.

TABLE 10: ECONOMIC ANALYSIS - PRESENT PRODUCT MIX

Total $ Economic Analysis
Installed Savings Payback  Present Worth*
Alternatives Cost Per Yr. (Yrs.) (%)
Conveyor System $229,973 $929,820 0.2 $2,886,927
AGV System $699,975 $244,740 2.8 $ 120,431

¥Life of 5 yrs. was used based on Accelerated Cost Recovery System (ACRS)



V. REDESIGN OF CURRENT SYSTEM

With the consideration of abandoning all custom work and expanding
production of computer paper, new material handling and layout designs

are proposed. The development of the redesigns are described below.
PRESS CONSIDERATIONS

There are two alternatives that could be made by the management
concerning the number of required presses:

1. Keep all present presses and all additional single-web presses
as needed. (Multi-web presses can be used for standard items but are
much slower than single-web presses).

2. Dispose of all multi-web presses and add all single-web presses.
It was decided to dispose of all multi-web presses for the following
reasons.

1. Single-web production speed is much greater than multi-web.

2. It is assumed that management has no plan to return to custom
work.

3. More flexibility to the increase in production.

The number of single-web presses required for the increased pro-
duction was determined to be 14 (see Appendix D). Therefore five
additional single presses must be purchased. The new press cost is not
included in the redesign cost, since it represents a capacity expansion

cost, not a layout/material handling cost.

27
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LAYOUT REDESIGN

Because of the strong departmental relationship, the single-web
presses should be positioned close to both the raw material storage and
the finished product warehouse. Therefore, all presses should be

moved to the present location of the multi-web presses.

SYSTEM DETERMINATION!

To determine the most cost effective material handling system, two
alternatives are considered:

1) AGV system

2) Conveyor system.

Each alternative's description, savings, and cost are discussed below.

AGV System

The proposed system in Figure 7 consists of one loop. At stations
1 and 2, the fork trucks bring the raw materials to the AGV's. The
raw materials are then taken to the appropriate station (3 through 16)
for unloading. Unloading at each station is accomplished by a fork
truck with a clamp attachment.

The AGV's load unit loads at stations 17 through 30. Each pick up
point is designed as in the present product mix alternative (Figure 4).
Unit loads ready for shipment are unloaded at station 31 while unit

loads bound for storage are unloaded at stops 32 through 34.

1

The cost of extra presses and fork trucks was not added in this
analysis. These are assumed to be added before the material handling
analysis was made.
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Fourteen AGV's are required. This is based upon the assumption
that each AGV will make four stops during each loop (see Appendix E).

The proposed system eliminates 3(8-5) fork trucks (see Appendix F).
The resulting savings are $244,740 per year while the initial cost

is $1,095,400 (see Appendix C, page 49).

Conveyor System

The proposed conveyor system is very similar to the present product
mix conveyor system. The system is shown in Figure 8.
The maximum volume of cartons coming down the conveyor is:

month day hr.
20 days) (24 hr;) (60 min.)/

= (Maximum Volume of Production) (

(Average Carton Weight)

_ month day hr.
= (17,826,000 1bs./month) (20 daYS) (24 hr? (60 min?/(Sl 1bs.)

= 20 cartons / min.
Through simulation, time needed to stack five cartons was detérmined to
be one minute. Therefore, four stackers are required to stack cartons
from the spurs. The stackers can be obtained from the elimination of
14 helpers from the presses. These eliminated helpers are no longer
required because of thé elimination of palletizing at each press.

The number of fork trucks eliminated is 3(8-5) (see Appendix F).

Therefore, the total savings (labor and equipment) is $867,550 per year

while the initial cost is $203,812 (see Appendix C, pages 49-50),

Economic Comparison

Table 11 compares the cost, savings, payback, and pfesent worth for
the two material handling alternatives. Again, the conveyor system is

more cost effective.
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TABLE 11: ECONOMIC ANALYSIS - PROPOSED PRODUCT MIX

-Initial ¢ Economic Analysis
Total Savings Payback Present Worth¥
Alternatives Cost - Per Yr. (Yrs.) ($)
Conveyor System $ 203,812 $867,550 0.2 $2,704, 350
AGV System $1,095,400 $244,740 4.5 $ 274,994

¥Life of 5 years was based on ACRS.



VI. SUMMARY

Printright Inc. and its related material handling and layout
problems were presented. Between the two present product mix alterna-
tives (addition of AGVS or a conveyor system), a 'take-away conveyor
system" was chosen. The system has an initial cost of $229,973 while
its savings and payback were $929,820/yr. and .2 yr. respectively.

The redesign system included an increase of five single-web presses
and an addition of a "take away conveyor." The respective initial cost,

savings, and payback were $203,812, $867,550/yr., and .2 yr.

33



VII. OTHER POSSIBLE SOLUTIONS

Because the development of new material handling systems are based
upon personal design assumptions and approaches, solutions to Case 2
will vary. However, some material handling systems appear to be more
appropriate than others. Some other appropriate systems will be dis-

cussed for each product mix.
CURRENT PRODUCT MIX

Since the material sent to the presses comes from many different
sources (MCP, slitting, carbon coating, paper roll storage, packaging,
material storage), a unit conveyor transfering raw material (rolls) to
the presses is not practical. A system such as this would be only
justifiable for high volumes.

Another appropriate conveyor system would be a tow-line. Along
with being adaptable to varying production volumes, a tow-line system

would decrease aisle blockage.
PROPOSED PRODUCT MIX

During the redesign process, the present machine utilization should
be recognized as being low. Therefore, the increase in production will
only require approximately five additional single-web presses.

The material handling systems adaptable to the redesign are similar

to the present product mix alternatives. The major difference lies in

34
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the inclusion of unit conveyors for the transfer of raw material. This
system becomes justifiable because of the elimination of raw material

diversification.



APPENDIXES
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APPENDIX A

REDUCTION OF SINGLE-WEB PRESSES
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CAPACITY/MONTH

Capacity of Single-web
Presses

Capacity Less Scrap

Capacity Less Break-
downs, maintenance,
setup

TABLE A-1: REDUCTION

38

= (Press Speed) (Conversion to per month)

60 min., (24 hrs., (20 days,

= (1500 ft./min.) 5 ) aay ) honen s

= 43,200,000 ft./month
= (Capacity of Press) (1 - % Scrap)
= (43,200,000 ft./month) (1 - 5.9%)

= 40,651,200 ft./month
= (Capacity Less Scrap) (1 - 12%)

= (40,651,200 ft./month) (1 - 12%)

= 35,773,056 ft./month

IN OPERATORS AND HELPERS

Press No. of Presses Eliminated No. of Operators No. of Helpers
19 1 0
6 1 1
7 1 0
22 1 0
23 1 2
Total 5 3

LABOR SAVINGS

=  (Press Operator labor rate) (No. of Press Operators)
(Working hours/yr.) + (Press Helper labor rate)

(No. of Press

Helpers) (Work hours/yr.)



i

]

(13.00/hr.) (5) (zéagig;) (250 days/yr.)

($10.38/hr.) (3) (gﬂagﬁﬁL) (250 days/yr.)

$390,000/yr. + $186,840/yr.
$576,840/yr.

+
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APPENDIX B

CALCULATION OF NUMBER OF AGV'S REQUIRED
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RAW MATERIALS CONSIDERATIONS

41

TABLE B-1: TOTAL MONTHLY PRESS PRODUCTION (1b./MONTH)

Month Multi-web* Single-web* Total Production
January 1,705,000 3,876,000 5,581,000
February 2,338,500 3,364,800 5,703,300
March 2,177,400 2,919,300 5,096,700
April 1,163,400 2,890,900 4,054,300
May 1,298,600 3,272,700 4,571,300
June 1,813,000 3,233,500 5,046,500
July 1,774,400 4,167,600 5,942,000%%
August 1,748,100 3,819,700 5,567,800
September 1,572,700 4,024,600 5,597,300
October 1,541,300 3,597,100 5,138,400

No. of Paper Rolls/hr.

Multi-web:

Singl

(Maximum Production Volume)#*¥* (Roll/Average Weight)
(1 + % Scrap) (Conversion to per hr.)

(1,774,400 1bs./month) (Roll/1200 1bs.) (1.059)

month day
(30 days) (37 ne)
4 rolls/hr.
e-Web:

(Maximum Production Volume)*¥¥ (Roll/Average Weight)
(1 + % Scrap) (Conversion to per hr.)
(4,167,600 1bs./month) (Rol1/1200 1bs.) (1.059)

month day
(20 days ) (24 hr.)

8 roll/hr.

*These numbers are a summation of columns in Table 2.
#*#*Maximum monthly production
##%See Table B-1



FINISHED UNIT LOAD CONSIDERATIONS

TABLE B-2: AVERAGE PALLET WEIGHT

42

Average Wt. Wt. Per
Form Size Cartons/Pallet Per Carton (1lbs.) Pallet
14 7/8 x 11 40 43 1720
14 7/8 x 8 1/2 52 34 1768
9 7/8 x 11 48 27 1296
9 1/2 x 11 64 28 1792
8 1/2 x 11 68 25 1700
Average Wt. Per Pallet 1655
No. of Palletized Loads/Hr.
Multi-web:
= (Total Production Volume) (Pallet/Average Weight)#*
(Conversion to per hr.)
= (1,774,400 1bs./month) (Pallet/1,655 lbs. mghLh day
( gs/month) (Pallat/l, ) (30 days ? 2% nr.
= 3 pallets/hr.
Single-web:
= (Total Production Volume) (Pallet/Average Weight)#*
(Conversion to per hr.)
month day

= (4,167,600 lbs./month) (pallet/1,655 1bs.) ( 5

]

6 pallets/hr.

*Average 1lbs. per pallet is calculated in Table B-2.

0 days ? “Z% hr.
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TIME CONSIDERATIONS

Time and AGV to Complete Loop

Loop 1:
Number of Stops = 4
Loop Distance = 1,000 ft.
Length of Each Stop = 5 min.
Total Stopping Time = (4) (5 min.) = 20 min.

Speed of AGV 200 ft./min.%%*

]

Total Time for a Complete

Cycle =
= (1,000 ft.)/(200 ft./min.) + 20 min.
= 5 min. + 20 min.
= 25 min.
Loop 2:

Number of Stops = 4

Loop Distance = 1,410 ft.

Length of Each Stop = 5 min.

Total Stopping Time &= (4) (5 min.) = 20 min.

Speed of AGV = 264 ft./min.

Total Time for a Complete
Cycle =

(1,410 £t.)/(200 ft./min.) + 20 min.

7 min. + 20 min.

27 min.

#*#*The AGV chosen can handle the maximum load of 1,500 1bs.



NUMBER OF AGV'S DETERMINATION

Loop 1
Average Number of Paper Rolls/hr.

Average Number of Pallets/hr.
Number of Trips around first loop

Total Time AGV used/Loop 1

Loop 2
Average Number of Paper Rolls/hr.

Average Number of Pallets/hr.
Number of trips around Loop 2

Total time AGV used/Loop 2

Number of AGV's Required

Total Time for Trips/hr.

Number of AGV's

1.5

132

50 min.

10.5
7.88
11

297 min.

347 min.
347 min./60 min./hr.
5.8 hrs.

6 AGV's
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APPENDIX C*

INVESTMENT COST AND SAVINGS

#See Appendix G for Cost Data
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PRESENT PRODUCT MTX

AGV_System
Cost:
Cost of Guide Path ($45/ft.) : $ 80,775
Cost of Computer Control : $120,000
- Unit Cost : $120,000
- Installation : $ 1,200
Vehicle Cost for 6 Vehicles ($50,000/unit) : $300,000
Manual Operated Power Loaders
(1/2 units x $16,500/unit) : $198,000
Total $699,975
Savings:

8 - 5=3 (see Appendix F):

Reduction of Fork Trucks

(Fork Truck Operation Cost) (No. of
Fork Trucks Reduced)

Annual Savings

($25,000/yr.) (3)

$75,000/yr.

Reduction of 3 Fork Truck Operators Per Shift:

Annual Savings = (No. of Shifts) (No. of Operators
Reduced) (Labor Cost) (Operating Hours)

= (3) (3) ($9.43/hr.) (8 hrs./day)
(250 day/yr.)

= $169,740/yr.

Total Savings = (Savings in Fork Truck Reduction) +
(Savings in Operator Reduction)

= ($75,000) + ($169,740)

= $244,740/yr.



Conveyor System

Cost:
Remove Wall by Shipping
($30/hr.) (50 hrs.) $ 1,500

Conveyor System (24" belt)

- 930 ft. Straight Conveyor $ 47,700
- 20 ft. Inclined Conveyor 3,400
- 14 Diverters 35,000
- Two 90° Turns 8,800
- 260 ft. Gravity Roller Conveyor 6,500
Freight Charges (Total Weight = 43,590 1lbs.) 6,539
Tnstallation (725 hrs.) 25:815
Compressed Air Cost 15,552
Computer Control System 39,600
Field Wiring Cost 30,154
Engineering Cost 6,084
Tune and Test 3,769
Total Cost $ 229,973

Savings:

Reduction of Fork Trucks 8 - 3 =3 (see Appendix F)

]

Annual Savings ($25,000/yr.) (3) = $75,000/yr.

Reduction of 3 Fork Truck Operators Per Shift:
Annual Savings = (No. of Shifts) (No. of Operators

Reduced) (Labor Cost) (Operating
Hours)

(3) (3) ($9.43/hr.)
( 8 hrs./day) (250 days/yr.)

$169,740/yr.



Reduction of 11 helpers:

Annual Savings

Total $ Savings

48

(No. of Shifts) (No. of Helpers)
(Labor Cost) (Operating Hours)

(3) (11) ($10.38/hr.)
(8 hrs./day) (250 days/yr.)

$685,080/yr.
$75.000 + $169,740 + $685,080

$929,820



PROPOSED PRODUCT MTX

AGV System

Cost:

Cost of Guide Path for 960 ft.
Cost of Computer Control

- Unit Cost
— Installation

Vehicle Cost for 14 Vehicles

Manual Operated Power Loaders
(14 units x $16,500/unit)

Total

Savings:

Reduction of Fork Trucks

Total Savings

$244,740/yr.

Conveyor System

Cost:

Remove Wall by Shipping
($30/hr.) (50 hrs.)

Conveyor System (24" belt)
- 633 Ft. Straight Conveyor
- 20 ft. Inclined
- 14 Diverters
- Two 90° Turns
- 280 ft. Gravity Roller Conveyor
Freight Charges (Total Weight 36,031 1bs.)
Installation (580 hrs.)
Compressed Air Cost
Computer Control System
Field Wiring
Engineering Cost

Tune and Test
Total Cost

49

$ 43,200

$ 120,000
1,200

700,000

231,000

$1,095,400

8 - 5=3 (see Appendix F)

(see page 46)

$ 1,500

$ 1,500
3,400
35,000
8,800
7,000

5,404
20,300
15,470
38,800

26,724
3:223

3,391
$ 203,812



Savings:
Reduction of Fork Trucks
Annual Savings
Reduction of 3 Fork Truck

Annual Savings

Reduction of 10 Helpers:

Annual Savings

Total $ Savings

8 - 5=3 (see Appendix F)

($25,00/yr.) (3) = $75,000/yr.

Operators Per Shift:

(No. of Shifts) (No. of Operators
Reduced) (Labor Cost) (Operating
Hours)

= (3) (3) ($9.43/hr.) (8 hrs./day)
(250 days/yr.)

= $169,740/yr.

(No. of Shifts) (No. of Helpers)
(Labor Cost) (Operating Hours)

= (3) (10) ($10.38/hr.)
(8 hrs./day) (250 days/yr.)

= $622,800
= §75,000 + $169,750 + $622,800
= $867,550

50



APPENDIX D

CALCULATION OF NUMBER OF PRESSES NEEDED
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TABLE D-1: TOTAL MONTHLY PRESS PRODUCTION (ft./month)
Total

Month Multi-Web* Single-Web* Production
January 33,545,700 121,910,000 155,455,700
February 37,483,600 119,660,000 157,143,600
March 37,779,300 99,792,300 137,571,600
April 26,322,400 90,871,000 117,193,400
May 28,364,500 97,080,000 125,444,500
June 32,732,638 106,780,000 139,512,640
July 34,911,900 111,210,000 146,121,900
August 38,608,100 126,590,000 165,198,100%%*
September 33,307,200 121,400,000 154,707,200
October 31,802,400 121,470,000 153,272,400
*These tables area summation of columns in Table 1.
#¢Current maximum monthly production
Forecasted Monthly Production

(ft./month) = (demand)[(current maximum monthly

production)(% standard paper

produced) ]
= (4) [(165,198,100 ft./month)(.75)]

= 495,594,300 ft./month

Number of Single-Web Presses
Needed = (Forecasted monthly production)/
(capacity of single-web press)¥i*

= (495,594,300 ft./month)/
(35,773,056 ft./month)

= 13.9 = 14 presses

Forecasted Production

(1b./month) = (demand) [(current maximum monthly
production)¥®*#% (7 standard paper
produced) ]

= (4) [(5,942,000 1b./month)(.75)]

= 17,826,000 1bs./month

##%See Appendix A
*#itSee Table B-1, Appendix B



APPENDIX E

CALCULATION OF PROPOSED NUMBER AGV'S
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MATERIAL FLOW CONSIDERATIONS

No. of Paper Rolls/Hr.

(total production volume)* (Roll/average lbs.)
(1 + % scrap) (conversion to hrs.)

(17,826,000 1bs./month)(Ro11/1200 1bs)(1.059)

(month)  (day )
20 days 24 hour

33 rolls/hr.

No. of Palletized Loads/hr.

(total production volume)*(Pallet/average lbs.)
(conversion to hours)

th
= (17,826,000 1bs./month)(Pallet/1655 1b5')(ggndays)
(day )
24 hr.

23 pallets/hr.
TIME FOR AGV TO COMPLETE LOOP

4
960 ft.
(distance/AGV speed)
+ (length of stops)(No. of stops)

Number of stops per loop
Loop Distance
Total time complete cycle

I

(960 £t./200 ft./min)+(5 min)(4)

4.8 min. + 20 min.

. (hr )
24.8 min 60min.

.4 hr/cycle

NO. OF AGV'S NEEDED

(largest material flow level)/(AGV cyles/hr)

(33 rolls/hr.)/(2.42 cycles/hr.)

14 rolls/cycle, or

14 AGV's

*See Appendix D



APPENDIX F

NUMBER OF FORK TRUCKS NEEDED
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The number of fork trucks needed for each alternative can be
estimated by finding the maximum time required for a fork truck to
complete an operation (load or unload). The speed of the fork truck

is found from manufacturer's literature,

Travel Speed (Loaded) 6.8 mph or 598.4 ft./min

Travel Speed (Unloaded) - 7.4 mph or 651.2 ft./min
Lifting Speed (Loaded) - 51,2 ft./min
Lifting Speed (Unloaded) - 66.9 ft./min

The maximum distance traveled by a fork truck is approximated

below:
For Roll Storage - 160 feet
For Finish Product Warehouse - 200 feet
Distance Between Presses - 320 feet
For Shipping - 100 feet

The maximum lifting height is shown below:

For Roll Starage - 15 feet
For Loading AGV's - 3 feet
For Finished Product

Storage - 20 feet
For Pallets on the floor - 2 feet

Therefore, the above data can be used to find the approximate
maximum time needed for each operation. For example, the time required
to lift with a load (getting a paper roll).

= (maximum height)(maximum speed loaded)

(15 feet)(51.2 feet/min.) = .29 min.
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These time calculations are tabulated for all alternatives in
Table F-1, F-2, F-3, and F-4.

Fach operation of the fork truck in the process of loading and
unloading from one point (point 1) to another (point 2) is totaled
in column 10. The total time is compared with time between loads
needed for loading or unloading (column 11). By comparing columns 10
and 11, the approximate number of forks trucks needed can be estimated.

One extra truck is added to each system for a backup.



TABLE F-1:

NUMBER OF TRUCKS NEEDED FOR AGV'S FOR PRESENT PRODUCT MIX

Time at Point 1

Time at Point 2

Travel Time

Location Point Point Lifting Lifting Lifting Lifting from1to 2 Total Between No. of
i 2 Time Time Time Time Time Loads for  Trucks
Without With Without With Without With Loading or Needed
Load Load Load Load Load Load Unloading
Roll AGV Max .03 .04 .29 B X, 25 .27 1.10
Storage stop Dist
1 to
stock
Roll AGV Max .03 .04 .29 i 22 + 31 .33 1.22 4 min. 1
Storage Stop Dist
283 to
stock
Roll AGV AGV - - - - .49 .53 1.02
Storage Stop  2&3
1
Produc- At Max .03 .04 .03 .04 .49 49 1.12  5.45 min 1
tion any Dist
Area press to
(for Next
rolls) Press
Ship- AGV Max .04 .06 .04 .06 e 1 .17 .52 9.71 min 1
ping Stop  Dist
for
Loading

8¢S



TABLE F-1 (Continued)

Time at Point 1 Time at Point 2  Travel Time

Location Point Point Lifting Lifting Lifting Lifting from1to 2 Total Between No. of
L 2 Time Time Time Time Time Loads for  Trucks
Without With Without Wicth Without With Loading or Needed
Load Load Load Load Load Load Unloading
Ware- AGV Max .03 .04 .03 .39 .23 .25  1.24  19.23 min 1
house Stop Dist
for
Stor- Extra 1
age Total 5

6S



TABLE F-2: NUMBER OF TRUCKS NEEDED FOR CONVEYOR SYSTEM FOR PRESENT PRODUCT MIX

Time at .Point 1  Time at Point 2 Travel Time
Location Point Point Lifting Lifting Lifting Lifting from 1 to 2 Total Between No. of
1 2 Time Time Time Time - Time Loads for Trucks
Without With Without With Without With Loading or Needed
Load Load Load Load Load Load Unloading
Shipping Spur Max. .03 .04 .3 .39 .36 A 1.52 9 min. 1
and Area dist.
Ware- to
house take
load
A1l trucks with clamp attachments should
be kept since conveyor system does not
convey paper rolls 3
Extra 1
Total 5

09



TABLE F-3: NUMBER OF TRUCKS NEEDED FOR AGVS FOR REDESIGN
Time at Point 1 Time at Point 2 Travel Time
Location Point Point Lifting Lifting Lifting [ifting from 1 to 2 Total Between No. of
1 2 Time Time Time Time Time  Loads for  Trucks
Without With Without With Without With Loading or Needed
Load Load Load Load Load Load Unloading
Roll AGV Max .03 .04 .29 .22 .25 .27 1.10 2 min 1
Storage Stop dist : min
1 to
stock
Produc- At Max .03 .04 .03 .04 .49 49 1,12 2 min s
tion any dist min
area press to
(for next
paper press
rolls)
Shipping AGV Max .03 .04 .03 .04 15 sld .46 S min 1
Stop dist min
for
load-
ing
Ware- AGV Max .03 .04 w3 .39 23 .25 1.24 7.5 min 1
house stops dist fiEe
for
stor-
ing
Extra 1
Total 5

19



TABLE F-4: NUMBER OF TRUCKS REQUIRED FOR CONVEYER SYSTEM FOR REDESIGN

Time at Point 1 Time at Point 2 Travel Time

Location Point Point Lifting Lifting Lifting LIfting from 1 to 2 Total Between No. of
1 2 Time Time Time Time Time  Loads for  Trucks
Without With Without With Without With Loading or Needed
Load Load Load Load Load Load Unloading
Shipping Spur Max .03 .04 «3 .39 .36 A 1.52 3 min 1
and Area  dist
ware-— to
house take
load
All trucks with clamp attachment
should be kept since conveyor
system does not convey paper
rolls 3
Extra 1
Total 5

9
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COST SOURCE
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COST SOURCE

Svstems Confiaguration

Classically this follows the avenue of the three
prunary innovacion methods:

* Creativity through tschnoloay synthesis
- for exempia, putiing knawn wire-juidance
principles to known fork iruck aesigns.

* Creativity through deductive methodologies
- for example, to nave A think-tank-team
arrive at the best facility design by
"cross-pollinacion” wnila following
estaolishad innovation goals along also

defined innovation parametzars

* Creativity through id=2a sparks
- for example, scme orf Zdison's
accomplisnments

...... which, however, availad themsalves and were
inspired by the happy blend of really all
three of these creativity exercises.

XIl) COST CONSIDERATIONS

HOST COSTING FCR TRANSPORT SYSTZMSSERVES THE
[MITIAL PURPOSE CF ESTAGLISAING FEASISILITY ANOD
CCMPARATIVE CAPITAL EXPEMDITURE AND OPERATING COSTS
TO0 ARRIVE AT A VALUATION GF A PROJECT.

TQ THIS cND SALL PARK ZSTIMATES of 10%-20% accuracy
levels are accaptable and a 1979 (Feoruary odern
Materials Handling Magazine article by Jon Yiltse
of Syracuse, NY) will serve as base-pricing-data;
though updatea and appropriatad to this paper.

OVERYIEW COST COHSIDERATIONS

1. Conveyor 2quigment -
2. Fraight -
3. Mechanical installation
4, Air piping

5. Contrals
)

7

8

[ I A

Field wiring
Enginearing
Tune and test &

WA LA LA AL

1. COMVEYCR EQUIPMENT COST

The ecuipment represants the costliest part of any
system. 3decause of this you can simply determine
the system price and multiply it by 2.4.

't takes only a little more time to 90 through all
2ight cat2geries to get within 10% of the sctual
price.

The equipment cost includes two major factors: The
base cost, which includes the drive unit; and a
total length cost. To get the two, you first
multioly the "per-ft. of length" cost by the length
of the proposed conveyor in feet. Then you add
that figure to the "per conveyor" cost, wnich is
the base cost. Use the tables, or curves, shown
nere for the cpecific type of package-nandling or
unit-load conveyor considered.

Usually, there ars one or more extras which 2dd to
the cost of the conveyor equipment. Thesa are
listsd in the tables and include: turns, curves,
vertical conveyors, transfers, turntables, pallet
loaders, sarety railings, 4and catwalks for
ccnveyors mounted cverheead.

1Hanelt, Henry.
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Ae are dealing wiin powerad conveyors ners, not
gravicy flow.

All costs are 1232 first nalf costs, rom then
index-4p far inflzticn 5y indus:iriczl wnolesals
[ndiczs ar an averige OF Lhese Inr2e pracuct Coczs
usually lisced by the U.S. Oegartment af Libor
Wholesale Pricz [ndex: 3C97, Febricated Structural
Metal Proaucts; 3LC6, clectrical Machinery and
Equioment; ana 3104, Zeneral Purpose Machinary and
Equipment. Avarage the incrsase in all three of
these codges to get your inrflation multiplier.

Packaae-Handline Convevars (Lozds 500 !5s. oar less)

"Conveyors and Related Equipment."

Instal-
lacion
Type of Conveyor (1)(2) Time Waight
or Equioment Cast {Hrs.) (Lbs.)
Level belt conveyors or
incline/decline belt
conveyors not excesding
a2 ft. rise in 10 ¥t.
Per conveyor........... $1,200.00 & 380
Per ft. of length...... 50.00 0.3 27
Incline/decline belt
corveyors or metaring
and spacing belts,
Par conveyor........-.. 2,200.00 12 700
Per ft. of horizontal
JETT | A S 60.C0 0.2 3l
Belt driven live rollzr
conveyor or accumulation
conveyor.
Par conveyor........... 1,5060.00 9 470
Per ft. of length...... 70.0 0.4 35
Gravity conveyor, roller
or skate wheel.
Per ft. of length...... 25.00 0.2 23
Each merge or diverct,
POWBTE i ivva i wressaiea v 2,500.C0 16 - 700
Bravitys i 600.00 6 250
Each norizontal turn. o
Powered.....ovnvvnnnns . 2,200.00 8 500
Gravity......ouven e 600.00 S 230
Chain driven live roller
conveyor.
PEr CONVeYOTr......ceuse 1,000.c0 - 400
Per ft. of lergth...... 120.00 0.5 175
Chain drive live roller
CUINEB &G aien 1,800.00 8 800
Vertical conveyor, reci-
* procating or continuous. 40,000.00 24 2,000
Autcmatic paliat loader/
unitizar
Simple line feed....... 88,000.C0 48 10,000
Multipla line feed..... 120,000.C0 48 17,000

1) F.0.8. Supplier's factory

EZ Equipment costs are basad an 24-inch wide
conveyors. For narrower conveyors, deduct 10%
(0.90 multiplier). For wider conveyors, add
12% (1.12 multiplier).

Paper presented

at Advance Institute (MHI) for Material Handling Teachers Conference,

Auburn University, June 1983.



Lrrvt-Laie Donvevors (Laads 300 to 4,000 bs.)
[nstal-
lation

Typ2 2f Convevyor (13:2) Time  W21gnc
ar Izuicmen: Cost {Hr3.} (Lo3.1

Tac string zhain canvawar

FAF CONVRYOT ... vuusueas §31,300.00 L1 1,200

Par ft, of conveynr.... 160.00 0.7 6l
Thre2a strand chain

canveyar

Per oNVeYOr........... 4,500.00 iS5 1,700

Pzr 71, of conveyor.... 130.66 1.0 35
Chan arivzan live rollar

anueyor

Par CONYaYOr........... 2,200.9n0 - <20

Jer frt. af canveyor.... 200.20 0.5 235
Fzavy-duty gqravity roller

canvé yar

er it. of convayor.... 20.00 Q.3 200

Accumul ition zons, ger

uadd laddass v s 1,200.00 3 260

Yartical conveyor, 12 to

153 fr. averege
PBr CONVEYOr,  iiivess s 42,0C0.00 220 15,CC0
Par conveyor with fire
O0FS v ciwaesne wiss i 39,000.00 240 16,500
Transfar c2r, #ith 3
POaered CONYEYOT....uwu. §,000.C0 40 3,800

Turntacla, with p0wered

convayor...... PPN T 8,000.00 24 3,400

Chain driven live roller

U s R et e e 6,000.00 16 2,000

facnh merge or divert..... 4,000.00 S 800

Pallet dispensar/callector 12,000.00 24 1,800

Other ecuigment

Conveyor walk-over....... 1,000.00 4 200

Faore Truck bDumoer........ joo.co 1 150

Safety railing, fper fi... 50.00 0.2 6

M-inch catwalk

Guicde rail, one side,
per ff..... T —— 120.00 0.4 30
Guice rail, both sides,
plpEito S Sonnsnenaagy 200.90 0.3 25
Screzn guards (spill
guard), per ft...... e 0.0 0.4 10

(1) F.0.3. Supplier's factory
(2)
pallet.

Costs are based on ccnveying 3 40 by 48 inch
[f the loads are O inches wide or

more, add 10% (1.10 multipliar) to the price.

There is no price regucticn for smaller

canveyors.
2. FREISAT CHARGES

e LI il o . . -
Freignt cnirges ¢re based on the total weight of
the conveyor 2quipment, given in the tablzs for

aayizment costs.

Use £0,200 lbs. as 3 typical truck load, and cgot
the freignt rata, from the expecteg supplier's
nlant, frem your trarfic cepartment.
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{n qensrgl, frevgin rates w11l o a5 g as 315.00
nungrad-sgiaht (cwr), 9r up %0 32,000 for 2 load
weighing 20,000 12s,

3. FECHANICAL [NSTALLATIGH

This factor can :ccount for as mucn 35 234 af the
tocal systan 2nst. [t zea2ncs an the aumter of
transfar cacs, turat2oiss, ind athar Lyges af
2quigment reguired in the system.

Tyoical installatieon times ire given in th
Zquioment Cost Taplas. The nourly figurs ¢
for botn the “"per conveyor" listing 2ng the
ft. of conveyor."” Multiply the “"zar Ft. of
convevor" time dy the langth of the convsyor,
add chat figur2 0 the “per conveyor" time.

0

iven is
" per

Then

Yau 2lso have to include the time raguirss Lo
unload tne convayor 2quiomant on your CoC% :nd mOuR
it to the zoint 3f instilizcicn 1n the plant, A
typical figure for this 1s 16 mannours per truck,
or 2bout 4 manngurs per ton of sguigment. A labor
rate of $35.00 an hour will suffice.

Three trades are iavolved in most mecninical
conveycr installations: Millarignts, iran workars,
and pipe fitters. You shouiag check wita 2 local
instal ler for crew siz2s, special r2guiraments such
as whether or nnt i non-w~orking suparvisor is
needed, ana hourly lgbor riatas. For astimating
purposes, the 523.00 per mannour rate cin 32 usad
here, too.

[t costs significanily more to suspand 2 conveyor
overnead than it do2s ts mount it on legs on the
floor, 2special ly ~nen a superstructure and trussas
are negdad. Usually a foretruck is nesced to lift
the convavor sections into place. Multiply
overhead installation by 1.3 x floormounted
equipment.,

Rem:mber, a separate truck coerator will be nesdzq
if the millwrights are not cqualifiea to oparata the
truck. And if the truck is not available in the
plant, you snould add the cost of renting aone. A
typical truck rental cost is §750.00 a montn.

4. AIR PIPING

[nstalling ccmpressed-air lines brings three costs
into considaration: The cost of 2ach feeger-line
tap frem the main air line that's mountea averhe:d,
each subsystem drons from the overhead tap o tha-
conveyor, and the air line wnich runs along the
conveyor to eich dir-operatzad asvice.

You must consider both the eguigment cost and the
cost of installation tTima. 3dotn costs are given in
the Air-Line Equipment Cost table.

The cost of a feeder-line tap frcm the overhead
main line includes the use of black irnn pioe with
welded fictings. There's 3 base cost for both
equirment and installation time. To the bese cost,
you edd the "par ft. of length* figure multiplied
times the length in fest.

The cost of a subsystem droo is 4 one-time
figure, per drop. E£ach drop is made of copoer
tubing with soldered fittings. ([nclude2 in the
cost is a main shut-o97f valvs, a drain down with
bleed-orff valve, a filter with zautomatic drain, a
pressure requlator, and & low air pressure safety
switch.



The air-supply line anicn runs dlong the can-
4ay2r L0 2:h air-operatad device also has a Ddse
gquicmant cust and 4 "per . of lengin” cost.
Agun, you multiply the "pe~ ft, af leéngin" Figura
py the l2ncth in fzet and 2cd the resull Lo ihe
hasa fiqure,

Ai=-line runs 2lona the convayar ir: mag2 of <ocsi~
t.01rg with solasreg fittings. Stirios ire incluges
tg 3tizcn the tubing o tne convewgr SLOCOTIS 1N
sraztical locacions. Hose or piping frem the main
@t apa couolag no the valves ar the 1ir zavicas oy
gusn-lock fitiings, with support clemps.

C:moressaz-2ir-Line Costs 2nd fnstallation Time
Install
Time
Sgytormant ; 3 ¥rs.)
Faezar Lina Tap
3258 COSbuvvuvnnnennnnns 65C.C0 21
Par fu. of lengin..... s 20.00 "]
Subsystem Orop, each...... 650.C0 22
Alr Suzoly Lin2,
S AP BT e v §33.00 3
Per fr. of lengin....... 10.00 ]

S. C2ITaGL COSTsS

Controls reoresent one-time costs wnich aoply to
both peckage-nencling and unit-load conveyors. If
a ynit-lo2d conveyor is to 5e usad with a nigh-
rise storage systam, a progrimazole controllar will
bz requir2d to caontrzl tha movament of the lozas.
The quatad cost,_in the Typical Contrals Costs
teole, of 522,CC0.C0 “or a grecr2mmadble concroller
incluges botn programming anc installation as well
as aguigment cost.

Tunical Cantrels Costs - [nstallag, Not Wired

Partion of Svstem Contralled S
Flat rate fer total system........... 10,000.0C
E2ch Convevor in systzm, ead-on...... 300.00
Saen Thinstar; el maneeais i 2,000.00
gecn Pyshoutton, Lenyard, stc.,

E L o DR 600.C0
tecn Programmable Controllar, aad-on.  22,000.00

6. FIELD WIR[HG COST

Fizld wiring, on the average, eccounts for 1&% of
the cast of the totz2l system. Ffor rough estimating
Jurznses, you c2n simply sum up the costs in
cetezories ! through 5 and add a fiqure equal to
1% of the total. For best accuracy, Fowever, you
should do it 2gair after you have addzd in the cost
of cetecories 7 ard 8. The costs of 7 and 8 are
dlso representea by percenteges of the totzl systam
cost.

7. ENGIICERDNG

Undar engineering, two costs arz invnlved. One is
mecnanical enginesring, ana is basad an the
cornveyar 2quipment c2si, 35 a pgercentige. The
jerca2ntage is 64 of the conveyor eGuifment cost
F.0.3. the supplier's plent.
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The secand cH3t i si=cisor-yl anrineering, e is 12
fynction of the <onirdis laii: IZL.  The wo c2e4s
are calculated ana acded to the total systnm cost.

3. TUNE N0 TEST

This last catwgory cin 22 J17neg <oa.n Simcly Oy
2¢ding 4 Ticurz 2eual o 2% of tne tot:! systam
cost ro tnat acal systam cost. And nac's QL
You're done with tThe job.

......8xc2pt, if you are your own proj2ct manager

or hire an outsida fiem... ...
add-on 15% Project Manzgement o groperly manage
the projec Do this seme, if y0u are your awn, 35

you will indeed incur tnis cost.

AEMENEED  this s a SALLPLAX OQHLY, for grojec:t
evaluation only. A aqualifizd suppiier will havs t2
propose your system &s a firm fixed price orogoséi,
yet.

To compare altarnat2 transgort 2guipment dascribeg
in previous chaoters, us2 the following, or notain
pricing frem vennors, if you find theses pricas
disagreeadle.

AGYS (Smart Y=nicla):

Bacic Vehiclz -
Lift-Lower Deck

S 50,000/ /unit

Guiaepath =35 a5/ft.
8asic Cemputar Contral

Systam, incl. Hardwarez

& Surtware = $120,000/=2a. systzm
D2pasit Stands with

1.5. &L diring = $ 1,200

Forklift Trucks:

Basa Venicle, €1. with

Batter» % Charger = § 42,000/ unit
COST CF QPSRATOR, all

burdens incl. = § 32,000/yr.
Basic Vehicle = § 3,600/each

Guideaath with own

Support Stael freom

appropriate Ceiling,

incl. Metting =3
Lift/Lower Dewice

to Place/Pick-Up

Loads = § 14,000/each
Pick-Up and Oelivery

Stands with L.S.

130/7¢.

and “iring = § 1,200/each
Base Computer Control
System = 5120,000/2a. system

Additional Exolanatinn

Computer Control Haraware and Software may be 2an
add-on to conveyor systems if complex Functions
such as sortation are incorporated., S2e also
Controls Section XI[VY.

Most of these justificatian topics 2pply to any
single transport systam, 2sp3cially anan that
systzm is part of an intagrated Storage and
Jisiripution or Flaxible manuficturing system.
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I. NOTES TO THE INSTRUCTOR
OVERVIEW

At the onset of a project, an industrial engineer usually has only
a general understanding of the system and the problem to be studied.
He frequently does not have any required information provided to him.
Therefore, he must decide what data should be collected. In order to
identify this information, he must develop an approach to solving the
problem, "a plan of action." Even though the required information is
identified, the information may not be in the format preferred.
Therefore, a realistic problem solving process is two-fold. First,
the analyst must develop an approach to solving the problem and identify
what information is needed. Second, the analyst must utilize the avail-
able information obtained to construct a viable solution to the problem.
The Diecaster case study tries to expose students to this two-fold
problem solving process. The case study first introduces the general
description of the production system. It then forces the students to
develop a plan of action for solving the problem. Through this process,
the required information can be identified. Following the plan of
action, the students "discover" the need for particular information.
Students utilize an Information Request Form (see Statement of
Problem, Exhibit F) to request specific information throughout their
analysis. When the instructor is convinced that the student have
proved a reasonable need to know, the inforﬁation requested (or related

information in a different format) should be provided from the general



collection of data (provided with the case).
INFORMATION TO THE INSTRUCTOR

Before using this case study, the instructor should be aware that
students would benefit if they were at least familiar with general manu-
facturing processes. A glossary is used to introduce unfamiliar terms
as well as problem specific terminology (shop talk). However, a basic
understanding of forecasting is needed in this case study.

In ordér for an effective learning experience to take place, the
instructor must be prudent in releasing the provided collection of data.
The instructor should release the information only when convinced the
students need this information as exemplified by their plan of action.

There are two reasons for developing this case study with the
requirement that students must prove a need for data. First, the alter-
native of providing all data to the students at the beginning not only
tends to overwhelm and confuse them, it limits or otherwise hinders
their creative approach to the problem ("if this is the only data we
have, then we can only do this"). Second, data is seldom readily
available since industrial data cost both time and money to collect.

The following section, Statement of the Problem, is intended to

be handed out to the student (or student groups) as the "Assignment."



II. STATEMENT OF THE PROBLEM

INTRODUCTION

Diecaster Inc., a manufacturer of zinc, magnesium, and aluminum

automotive diecastings, operates three plants in a small community.
The magnesium plant, the first plant built, is near the center of town
while the other two plants, aluminum and zinc, are located on the edge
of town. A warehouse containing both finished goods and general sup-
plies is also located at a separate location. A sketch of the general
location of each facility is provided in Exhibit A.

In the zinc and magnesium plants, the manufacturing process is
basically composed of the following operations: diecasting, trim or
tumble, inspection, secondary machining, and packing. Secondary machin-
ing operations are required to finish the castings to the desired work
specifications and quality. Examples of these operations are buffing,
deburring, washing, drilling, and reaming.

In contrast, the aluminum plant does not have a basic material flow
pattern since different parts require a wide variety of machining
operations. Therefore, secondary machining dominates the material flow
pattern.

The current site of the aluminum and zinc plants is shown in
Exhibit B. Exhibits C, D, and E show the detail layouts of the alumi-

num, zinc, and magnesium plants respectively,



Note: Not to scale
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CURRENT SYSTEM PROBLEMS

Because of recent business growth, the present area, expecially
secondary machining, is inadequate. Although both zinc and magnesium
plants secondary machininghas increased, the aluminum plant's secondary
machining growth ﬁas been more prominent. Along with secondary machining,
all production and non-production (finished goods warehouse, office,
personnel) space requirements are expected to increase in the future.

In relation to the above problem, management has both short-term
and long-term concerns. The short term problem focuses on the immediate
inadequacy of secondary machining space, while the long-term concern
deals with the actions required periodically to assure adequate facili-

ties to the year 2000.
ASSIGNMENT

Based upon the limited description provided, you are to develop
a plan of action for approaching both management concerns (see Current
System Problems). Through this effort, specific information which you
feel is necessary to solve the problem is to be identified.

To ascertain if this information is available or not, you should
complete an Information Request Form (see Exhibit F) and submit it to
your instructor. As indicated on the form, you are to relate how the
data you request conforms to your plan of action. This is done to
justify your perceived need for this type of information consistent
with your analysis (as evidenced by your plan of action.)

It is suggested that you do not request a large amount of informa-
tion at once, but rather, submit your requests on an "as you go" basis

while performing your analysis.



EXHIBIT F - INFORMATION REQUEST FORM

10

DIECASTERS
Request Date Date Provided
Team No. Comments:

State what information you seek:

Describe how this information relates to your plan of action:
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When convinced that your request is justified, the instructor will
release to you the information he has. There is no assurance that the
data available is what you specifically requested. However, you will
be provided with related information, if it is available.

Therefore, the challenge is two-fold. First, you must develop an
approach to solving the problem and identify what information is needed.
Second, you must utilize the available information obtained to construct
a solution to the stated problem.

You are to prepare a report which includes your analysis and
recommendations. Your report should be presented in a professional
manner. Your instructor will provide you with a set of guidelines for

report preparation.



IIT. PROBLEM ANALYSIS

KNOWN INFORMATION

Presently, only general information is known about Diecaster.
includes:
i
2.
3

4.

the general location of each plant,
the principal products manufactured,
the layout of each plant, and

‘the two management concerns.

UNKNOWN INFORMATION

The unknown information includes the following:

1.

2.

production figures (historical, present, and predicted),
where expansions can be made,

the type material handling used,

production capacities of the casters, and

routings of the material.

PLAN OF ACTION

This

Based upon the limited description provided, a plan of action for

approaching management concerns must be developed.

Since the process

of determining a feasible solution depends directly on the information

available, the plan of action is constructed in flow chart form as

shown in Figure 1.

The flow chart includes decision points (diamond symbols)

12
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concerning unknown information or limitations to the system. In order
to make a decision, a request for related unknown information is made

(Information Request Form is submitted.)



IV. POSSIBLE SOLUTION

PRESENT SYSTEM ANALYSIS

In determining a solution to management's short term concerns, the
present material flow is analyzed. The requested information which will
be used is:

1. Pareto Analysis of Production (Appendix A),

2. Production Routings (Appendix B),

3. Unit Load Data (Appendix D), and

4, Material Transfer Distances (Appendix E).

Production Routings

This analysis begins with the determination of the production
flow through each plant. To facilitate this process, string diagrams
are developed for each production routing (see Appendix B).

First, Figure B-1 (Appendix B) illustrates zinc's production flow
is principally from casting to trim or tumble, to inspection, and to
pack. The production routings of each type of zinc caster are depicted
in Figures B-2, B-3, and B-4. Dynacast part's (Figure B-2) primary
production flow is from casting to tumble, to inspection, and to pack.
The Cleveland parts (Figure B-3) flow from casting to trim, to inspec-
tion, and to pack with a large variety of secondary operations. B&T/HPM
parts (Figure B-4) flow primarily from casting, to trim, to inspect,
and to pack.

The major production flow for magnesium as shown in Figure B-5 is

15
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from casting to trim, to inspection, and to pack. Also, the major
secondary operation flow is from rotoblast to chromate/wash/dry and to
inspection.

In Figure B-6, aluminum parts do not have a specific production
flow. Along with wash/dry and inspection, the secondary operations
dominate the flow.

In summary, three classes of production flow are present.

1. Primarily direct flow (zinc dynacast, zinc HPM/B&T, magnesium)

2. Moderate machining requirements (zinc cleveland)

3. Diverse production flow (aluminum).

Material Handling Analysis

Using the pareto analysis, production routings, unit load data
(Appendix D), and the material transfer distances (Appendix E); the
present material transfer requirements can be estimated as shown in
Table 1 (see calculations in Appendix F).

The second half of 1984 and the second half of 1986 for magnesium
and aluminum illustrate the short term increases in material transfer.
In contrast, only 1985 is shown for zinc (pareto parts) because of the
limited change in material transfer requirements.

From the above analysis, aluminum shows the largest increase in
production volume and material transfer requirements. Also magnesium
shows a significant increase. Therefore the management's short term
concern is valid.

If the current trend continues, management's long term concern
will be valid. To confirm this, the future production volumes and other

measures should be forecasted to the year 2000.



TABLE 1. MATERIAL TRANSFER REQUIREMENTS SUMMARY

Annual Transfer

Half Year Avg. # Avg. Requirements

Used in - Transfers Avg. #fTransfers By Transfer Distance (Base Year)

Analysis Pareto Weight Per Part Conveyor Forktruck Conveyor Forktruck Box Pallet
Zinc-Dynacast '85% 283,182 5.3 3.62 1.63 139" 92' 191,638 2,749,
Zinc-Cleveland '85 1,220,609 5.28 2.52 2.76 142" 133 203,413 9,163
Zinc-HPM/B&T '85 358,097 6.39 0.74 5.65 259" 112" 29,857 9,092
TOTAL ZINC 424,902 21,004
MAGNESIUM '84 '86 485,625 906,398 4.69 4.29 -- 4,68 4.29 -- go' 78' -- 8,188 16,504
ALUMINUM '84 '86 361,916 1,252,170 5.52 3.91 .- 5.52 3.91 -- 76'  68' -- 5,496 12,383

*85-86 have same results for pareto parts.

L1
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FUTURE SYSTEM ANALYSIS

Forecasting Model Development

The measures for the forecasting models are:

1. total weight cast,

2. weight requiring secondary operations,

3. percent of weight requiring secondary operations, and

4. area needed for secondary operations.
These measures are shown in Table 2 with respective historical and short
term projected values (see Appendix G). The short term projected values
are found by adjusting the pareto projections to reflect total produc-
tion projections (pareto projections /% of total production making
up pareto parts).

Two forecasting models are being considered: linear and exponential.

The linear model is based on

Forecast = a + bt (where a is intercept, b is slope, and t
is time)

while the exponential is based on

e(a + bt)

Forecast (where a, b, are best fit parameters

and t is time).
In Table 3, both models are fitted to the data in Table 2. The "good-
ness of fit" of each set of data is calculated by a correlation
coefficient (Rz). The exponential model is observed to be marginly

better than the linear model.

Forecasting

In Tables 4-7, both models (linear and exponential) are used to



TABLE 2: MODEL DATA SUMMARY3i#

Historical Data

Projected bafaﬁ

'80 '81 'g2 '83 '84* '85 '86

Total Weight Poured

Zinc - 3,923,893 3,777,901 4,626,080 5,087,581 5,374,193 5,905,828

Magnesium -- 532,162 734,770 999,691 .1,002,780 1,394,103 2,246,062

Aluminum - 520,634 409,424 427,177 671,635 1,747,389 2,675,670

TOTAL WEIGHT 4,976,689 4,972,095 5,452,948 6,761,996 8,515,685 10,394{294
Weight Requiring Secondary Machining

Zinc 1,807,897 649,216 707,011 940,096 2,158,030 2,468,030 2,468,030

Magnesium 144,135 117,262 112,689 162,734 139,344 181,448 213,368

Aluminum 230,539 264,489 261,812 325,516 602,132 1,058,323 1,419,816
Percent of Total Weight Requiring Secondary Operations

Zinc ' -= 16.5 18.7 23.3 42.4 45.4 41.7

Magnesium -- 22.0 14.3 16,2 13.9 13.0 11.8

Aluminum -- 50.8 63.9 7€.2 89.7 60.5 53.1
Square Feet for Secondary Operations

Zinc 806 1,178 1,178 1,178 2,286 2,541 2,541

Magnesium 180 180 180 180 349 604 604

Aluminum 275 617 1,760 1,760 3,265 3,634 4,018

*First half is historical and second half predicted

**From Appendix G

61
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TABLE 3. COEFFICIENTS FOR DESCRIPTIVE MODELS
Base
Year 2 Better
Model Type a b (t=0) RT Fit
Total Weight Model
Zinc Linear 3,106,574 450,287.2 '80 .8952
Expon. 15,011 0.0953 '80 vV
Magnesium Linear 264,291.2 235,264.5 '80 .9359
Expon. 13.0394 0.22444 '80 .9578 v
Aluminum Linear - 428,031.8 429,529.5 '80 L7427
Expon. 12.3078 0.37115 '80 .7716 v
Weight Requiring Secondary Machining
Zinc Linear 1,732,467.1 97,322.9 '79
Expon. 14.3798 0.0451 '79
Magnesium Linear 101,179.1 12,954 .50 '79 .6090 v
Expon. 11.5921 0.08079 '79 .5776
Aluminum Linear - 190,456 196,279.3 ° 179 .8167
Expon. 11.7556 0.3236 179 .9001 7
Percent of Weight Requiring Secondary
Zinc Linear 56.25 -2.649 '80
Expon. 4.0354 -0.05480 '80
Magnesium Linear 20.92 -1.634 '80 .7067
Expon. 3.0555 -0.10153 '80 .7569
ATuminum Linear 64.22 0.4229 '80 .0029
Expon. 4.1429 0.0063 '80 .0029
Area for Secondary Operations (Footprint)
Zinc Linear 1,352.71 172.821 '79
Expon. 7.2720 0.0836 179
Magnesium Linear -1.7143 - 81.75 '80 .7785
Expon. 4.6741 0.2398 '80 .8007
Expon.-Drop First 4.7201 0.3632 '82 .8994 /
Two Points
ATuminum Linear -382.00 624.75 '80 .9489 4
Expon. 5.6528 0.4238 '80 .8642




TABLE 4.

TOTAL WEIGHT PREDICTIONS

Zinc Magnesium Aluminum
Linear Expon. Linear Expon. Linear Expon.
Actual Model Model Actual Model Model Actual Model Model
‘81 3,923,893 3,556,861 3,635,655 532,162 499,555 575,986 520,634 1,497.7 320;920
‘82 3,777,901 4,007,148 3,999,180 734,770 734,819 720,917 409,424 431,027 465,514
'83 4,026,080 4,457,435 4,399,054 999,691 970,083 903,316 427,177 860,556 674,178
‘84 5,087,581 4,907,723 4,838,909 1,002,780 1,205,347 1,129,358 671,635 1,290,086 977,154
'85 5,374,193 5,358,010 5,322,746 1,394,103 1,440,611 1,413,529 1,747,389 1,719,615 1,416,288
'86 5,905,828 5,808,297 5,854,186 1,812,796 1,675,878 1,769,133 2,675,670 2,149,145 2,052,768
'88 -- 6,708,871 7,083,463 -- 2,146,407 2,771,557 -- 3,008,204 4,312,377
'90 -- 7,609,445 8,570,869 -- 2,616,936 4,341,802 -- 3,867,263 9,059,278
'92 -- 8,510,020 10,370,602 -- 3,087,746 6,801,678 -- 4,726,322 19,031,384
2000 -- 12,112,317 22,229,034 -- 4,969,867 40,963,828 -- 8,162,558 37,066,615

12



TABLE 5. WEIGHT REQUIRING SECONDARY OPERATIONS
Zinc Magnesium Aluminum
~Linear Expon. Linear Expon. Linear Expon.
Actual Model Model Actual Model Model Actual Model Model

‘80 1,807,897 614,023 1,758,190 144,135 114,133 112,350 230,539 5,773 176,169
'81 2,163,216 1,015,288 1,839,249 117,262 129,088 127 .225 264,489 202,002 243,482
‘82 2,023,014 1,416,552 1,924,045 112,689 140,042 137,931 261,812 398,231 336,515
‘83 1,764,096 1,817,817 2,012,750 162,734 152,997 149,537 325,516 594,461 465,096
‘84 2,158,030 2,219,082 2,105,545 139,344 165,951 162,121 602,132 790,690 642,807
‘85 2,468,030 -:2,620,346 2,202,618 181,448 178,906 175,763 1,058,323 986,919 888,420
‘86 2,468,030 3,021,611 2,304,167 213,368 191,861 190,553 1,419,816 1,183,149 1,227,880
'88 -- 3,824,140 2,521,525 -- 217,770 223,972 -- 1,575,607 2,345,478
'90 -- 4,626,669 2,759,389 -- 243,678 263,250 -- 1,968,066 4,480,297
'92 -- 5,429,198 3,019,688 -- 269,581 309,418 -- 2,360,524 8,558,196
2000 -- 8,639,315 4,330,714 -- 373,218 590,546 -- 3,930,359 113,941,988

¢t



TABLE 6. ACTUAL VS MODEL PREDICTIONS FOR PERCENT OF TOTAL WEIGHT THAT WILL REQUIRE SECONDARY OPERATIONS

Zinc Magnesium Aluminum
Linear Expon. Linear Expon. Linear Expon.

Actual Model Model Actual Model Model Actual Model Model

'80 e v N _— FRre i i A e
'81 55.1 53.6 53.5 22 19.2 19.1 50.8 64.6 63.3
‘82 £3.5 51.0 50.7 14.3 17.7 113 63.9 65.1 63.7
'83 43.8 48.3 48.0 16.2 16.0 157 76.2 65.5 64.1
'84 42.4 45.7 45 .4 13.9 14.3 14.1 89.7 65.9 64.6
'85 45.4 1 43.0 43.0 13.0 12.7 12.8 60.5 66.3 65.0
'86 41.7 40.4 40.71 11.8 s 1 | 11.5 53.1 66.8 65.4
'88 -- 35.0 36.5 -- 7.8 9.4 -- 67.6 66.2
'90 - 29.8 32.7 -- .6 7.6 -- 68.4 67.1
'92 - 24 .4 29.3 - 1.3 6.3 -- 69.3 67.9
2000 -- 3.28 18.4 - <0 2.5 -- 3.1 - 71.9

€C
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TABLE 7. PREDICTIONS FOR SECONDARY MACHINING FOOTPRINTS

Zinc Magnesium Aluminum
Linear Expon. Linear Expon. Linear Expon.
Actual Model Model Actual Model - Model Actual Model Model
'80* 1,606 1,526 1,565 180 80 136 275 242 435
'81* 1,778 1,698 1,702 180 161 173 617 867 665
'82* 1,778 1,871 1,850 180 243 220 1,760 1,492 1,016
'83* 1,778 2,044 2,011 180 325 280 1,760 2,117 1,553
'84 2,286 2,217 2,187 349 407 355 3,265 2,741 24372
'85 2,541 2,390 2,378 604 489 452 3,634 3,367 3,624
'86 2,541 2,564 2,585 604 570 574 4,018 3,991 5,538
‘88 - 2,908 3,055 : - 734 927 - 5,241 12,926
90 s 3,254 3,612 -- 897 1,498 -- 6,490 30,169
'92 - 3,600 4,270 -- 1,061 2,419 -- 7,739 70,417
2000 e 4,982 8,337 -- 1,715 16,479 -- 12,737 2,089,844

14
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forecast the measures to year 2000. In the examination of the fore-
casted data, the exponential model exhibits the characteristic of

rapidly increasing in latter forecasting periods. Because of this
characteristic, the linear model is chosen as the appropriate forecasting

model.
PRODUCTION EXPANSION ALTERNATIVE DEVELOPMENT

Capacity Analysis

The present production capacity can be compared to the future
capacities by comparing the number of casters and secondary machining
space required. This is illustrated in Table 8.

Aluminum's and zinc's secondary machining will increase very rapidly
causing short term space inadequacies. All three plants will have
insufficient space for the long term production expansion (refer to

Exhibits C-E).

Selection of Production Expansion Alternative

To alleviate the future production space inadequacies, there are
four possible alternatives:

1. plant expansion

2. increase productivity through technology improvement (obtain
more efficient machines and casters)

3. increase productivity through material flow improvements

4. increase productivity, through technology and material flow
improvements.

Since the available general information eliminates alternatives two



TABLE 8:

CAPACITY COMPARISON

Metal Production Measures Present Forecasted (Yrs.)
1985 1986 1988 1990 1992 2000
Aluminum No. of Casters’ 4 6 8 11 14 17 29
Secondary Machining
3¢
Footprints (ft2) 4,230 3,637 3,991 5,421 6,490 7,739 12,737
Zinc No. of Casters™ 23 23 24 29 33 37 52
Secondary Machining .
Footprints (ftz)** 2,400 2,390 2,564 2,098 3,254 3,600 4,982
Magnesium No. of Casters¥* S 5 6 7 9 10 16
Secondary Machining
Footprints (ftz)** 604 489 570 734 897 1,061 1,715
#*No. of Casters = wt. casted per yr. (Table 4)/Annual Caster Capacity (Appendix H)
*#*Table 7

LT
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through four, the plant expansion option is considered. Therefore, the

future space requirements must be predicted.

Manufacturing Space Requirements

Assuming the production volume is proportional to the diecasting
space in use, the forecasted data (Tables 4-7) along with a set of
developed ratios (Table 9) can be used to predict future manufacturing
space requirements. These space requirements are shown in Tables 10,

11, and 12.
SUPPORT FACILITIES DEVELOPMENT

By similar forecasting models, the support facilities (offices,
finish goods warehouse, and general warehouse) can be predicted through

the year 2000. Each support facility is considered below.
Office Area

Future office space needs are predicted by first fdrecasting future
staff requirements. Then the office space requirements of each year are
calculated in proportion to the present staff to space ratio.

In Table 13, two models, linear and exponential, are developed
using historical data (see Appendix I). Both models have a high corre-
lation, however, in Table 14 the exponential model increases too rapidly
in future periods. Therefore, the linear model is chosen as the
appropriate forecasting model.

By using the present space to employee ratio (225 ft.2/emp10yee)
the predicted office space required can be calculated. This is

presented in Table 15.



TABLE 9: SUMMARY OF CONVERSION RATIOS

Expected  Expected™ .. Total
s s Number Number Secondary™ Area Secondary
Base Area/ Wt. Cast of Box of Pallet Footprint Secondary Area/
Year Weight Cast Casters Caster Caster Transfers Transfers Area Operations* Footprint
Zinc ('85) 5,374,193 23 425 233,660 424,902 21,004 2,541 12,475 491
Magnesium ('86) 1,675,878 6 800 320,866 -- 16,504 604 3,838 6.35
Aluminum  ('86) 2,149,145 9 800 289,785 -~ 12,383 4,018 11,950 2.97

*Including chromate and inspect/pack.
**Sea Appendix H

#tSee Appendix G

##kSee Table 1

6¢



TABLE 10. ZINC MANUFACTURING REQUIREMENTS PRJJECTION

Weight ‘86

(1) Weight Cast* 5,808,297

(2) Weight Requiring Secondary**** 2,304,167

- Machining ’

(3) % Weight Requiring Secondary* 39.7
Using (1)/(2)

Area

(4) Machine Footprint 2,564
(5) Secondary Area Required** 12,102
(6) Number of Diecasters** 24
(7) Diecasting Area** - 10,200

Material Handling Requirements***

(8) Total Boxes Transferred** 459,223
(9) Pallet Transfers** 22,701

‘88

6,708,871
2,521,525

37.6

2,908
13,726

29
12,325

530,426
26,220

'90

7,609,446
2,759,389

36.2

3,254
15,359

33
14,025

601,629
29,740

‘92

8,510,020
3,019,688

35.4

3,600
16,992

37
15,725

672, 331
33,260

2000

12,112,317
4,330,714

35.7

4,982
23,515

52
22,100

957:641
47,339

*Using best fit model as predictor.

**Using ratios in Table 9.
***Assuming same set-up as present manufacturing.
***k|)sing best fit exponential model.
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TABLE 11. MAGNESIUM MANUFACTURING REQUIREMENTS PROJECTION

Weight '86 '88 90 ‘92 2000

(1) Weight Cast* 1,675,878 2,146,407 2,616,936 3,087,746 4,969,862

(2) Weight Requiring Secondary 191,861 217,770 243,678 269,581 373,218
Machining

(3) % Weight Requiring Secondary* 11.4 10.1 9.3 8.7 7:5
Using (1)/(2)

Area

(4) Machine Footprints* 570 734 897 1,061 1,715

(5) Secondary Area Required** 3,619 4,660 5,695 6,737 10,890

(6) Number of Diecasters* 6 7 9 10 16

(7) Diecasting Area** 4,800 5,600 7,200 8,000 12,800

Material Handling Requirements

(8) Pallet Transfers** 16,504 25,772 80,408 48, 943

21,138

*Using best fit linear model.
**Using ratios in Table 9.
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TABLE 12. ALUMINUM MANUFACTURING REQUIREMENTS PROJECTION

Weight

(1) Weight Cast*

(2) MWeight Requiring Secondary*

Machining
(3) % Weight Requiring Secondary

Area

(4) Machine Footprint*

(5) Secondary Area Required**
(6) Number of Diecasters**
(7) Diecasting Area**

Material Handling Requirements

(8) Pallet Transfers**

'86

2,149,145
1,183,149

55.1

3,991
11,853

6,400

12,383

'88

3,008,704
1,575,607

52.3

5,241
15,565
11
8,800

17,336

‘90

3,867,263
1,968,066

50.8

6,490
19,275
14
11,700

22, 282

92

4,726,322
2,360,524

49.9

7,739
22,984
17
13,600

21 232

2000

8,162,558
3,930,359

48.2

32, 13¢
37,828

29
23,200

47,031

*Using best fit linear model.
**Using ratios in Table O.
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TABLE 13. COEFFICIENTS FOR PERSONNEL DESCRIPTTVE MODELS

Base
Year 2
Type a b t=0 R
Corporate Staff - Corp. Admin. Linear 59.5 2.6 '80 .279
Sales, Finance, and Services
(excl. tool & die) Expon. 4.09 ..039 '80 .261
Zinc Management Linear 9 ..800 '80 .800
Expon. 2.21 .0729 '80 .800
Magnesium Management Linear 5 0 '80 .000
Expon. 5 0 '80 .000
Aluminum Management Linear 2 .600 '80 .600
Expon. .8432 .1532 '80 .600

33



TABLE 14. PERSONNEL PREDICTIONS

Corporate Staff Zinc Management Magnesium Management Aluminum Management

Linear Expon. Linear Expon. Linear Expon. Linear Expon.

Actual Model Model Actual Model Model Actual Model Model Actual Model Model
'81 62 2.3 B2:l 10 9.8 9.8 5 5 5 3 2.6 2.7
'82 65 64.7 64.6 10 10.6 10.6 5 5 5 3 3.2 3.2
'83 ' 67 67.3 67.2 12 11.4 11.4 5 5 5 3 4.4 3.7
'84 70 69.9 69.9 12 12.2 12.2 5 5 5 5 5.0 4.3
‘86 /5.3 715.8 13.8 14.1 5 5 5.6 5.8
'88 ' 80.3 81.9 15.4 16.4 5 5 6.8 7.9
'90 85.5 88.6 17 18.9 5 5 8.0 10.8
'92 90.7 95.9 18.6 21.9 5 5 9.2 14.6

2000 111.5 131.4 ' 25 39.3 5 5 14 49.8

we
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TABLE 15: OFFICE SPACE REQUIRED PREDICTIONS

'86 '88 ‘90 92 2000

Total Management Staff* 100 108 116 124 159

0ffice Space Required
(225 sq.ft./employee)** 22,500 24,300 26,100 27,900 35,775

*From Table 14.

**Estimated.

Finished Goods Warehouse

Since historical warehousing data is not available, the production
volume is assumed proportional to warehousing needs. From given infor-
mation, Smith street warehouse stores approximately 5 percent of annual

production. Therefore, the predictions are estimated in Table 16.

General Warehouse

The space needed for the general warehouse is also assumed to be
proportional to production volume. With the given ratio (10,355 1bs./

pallet), Table 17 is constructed.

RECOMMENDATIONS DEVELOPMENT

In developing a feasible plant expansion proposal, the following

criteria are considered.

1. The zinc and aluminum plants can be expanded to the east by 15



TABLE 16.

FINISHED GOODS WAREHOUSE SPACE REQUIREMENTS

'84* '86 '88 '90 '92 2000
Zinc Weight to be Cast** 5,087,581 5,808,297 6,708,871 7,609,445 8,510,020 12,112,317
Number of Pallets @ 1000 1bs. 5,087 5,808 6,708 7,609 8,510 12..112
Magnesium Weight to be Cast** 1,002,780 1,675,878 2,146,407 2,616,936 3,087,746 4,969,867
Number of Pallets @ 583 1bs. 1,720 2,875 3,682 4,489 5,296 8,525
Aluminum Weight to be Cast** 427,177 1,183,149 1,575,607 1,968,066 2,360,524 3,930,359
Number of Pallets @ 797 1bs. 536 1,484 1,977 2,469 2,962 4,931
(1) TOTAL PALLETS/YR 7,343 10,167 12,367 14,567 16,768 25,568
Warehouse Skid Requirements®*¥ 324 448 545 642 739 1,126

*Actual (1984)(ref. Table 4)

**Using best fit linear model.

***Total Pallets/22.7.

9¢



TABLE 17. GENERAL WAREHOUSE SPACE REQUIREMENTS

'84* '86 '88 ‘90 82 . 2000

Total Weight 6,761,996 8,667,324‘10,430,885 12,194,417 13,958,290 21,012,543
to be cast**

'Static' Skids 653 837 1,007 1,177 1,348 2,029

*Actual.

**UJsing best fit 1inear model.

LE
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acres.

2. The current magnesium plant cannot be expanded.

3. Material handling should be minimized.

4. Machine duplication should be kept to a minimum.

With total space requirements summarized in Table 18, a feasible expan-
sion can be now developed.

The proposed design shown in Exhibit G, expands both the aluminum
and zinc plants while building a new magnesium plant, general warehouse
(not shown), and finished goods warehouse. With the use of a tow-line
or an AGV system, the castings could flow from each plant toward the
finished goods warehouse. The aluminum and zinc plants will share

similar secondary machines when possible.



TABLE 18. TIME PHASE SPACE REQUIREMENTS

Current '86 '88 '90 '92 2000

g]ant % Casting Secondary Casting Secondary Casting Secondary Casting Secondary Casting Secondary

enera

Whse.
Zinc 27,400* 10,200 12,102 12,325 13,726 14,025 15,369 15,725 16,992 22,100 23,515
Magnesium i 4,800 3,619 5,600 4,660 7,800 5,695 8,000 6,737 12,800 10,890
Aluminum 23,200** 6,400 11,853 8,800 15,565 11,700 19,275 13,600 22,984 23,200 37,828
Combined “§
Zinc and 16,600 23,955 21,125 29,291 25,725 34,634 29,325 39,976 45,300 61,343
Aluminum
Offices -- 22,500 24,300 26,100 27,900 35,775
Finished Goods 324 448 545 642 739 1,126
(Pallets)
Static Goods 653" 837 1,007 1,177 1,348 2,029
(Pallets)

*Current zinc plant tool and die (10,000 sq. ft.)

**Assuming static warehouse relocated

6¢
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V. OTHER POSSIBLE SOLUTIONS

As discussed previously, management's concerns must be solved by
plant expansion. However, the design of the expansion will vary among
individuals.

There are many expansion possibilities for this problem. However,
the expansion should be designed to limit material handling between the
plants, as well as, to the finished goods warehouse. Further, the
relative expansion cost and the elimination of machine duplication should

also be considered in the design process.
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APPENDIX A

PARETO ANALYSIS
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TABLE A-1: PARETO ANALYSIS - ZINC

84 - 2nd Half 85 - 1st Half 85 - 2nd Half 86 - Ist Half 86 - 2nd Half
Part Number %* Weight % Weight % Weight % Weight % Weight
4531 15.8 377,676 14.4 377,676 14.6 377,676  14.6 377,676 14.6 377,676
4464 10.6 252,244 9.7 252,244 9.8 252,244 9.8 252,244 9.8 252,244
4534 7.5 179,907 6.9 179,907 7.0 179,907 7.0 179,907 7.0 179,507
4584 0.0 0 5.9 155,000 6.0 155,000 6.0 155,000 6.0 155,000
4465 6.0 142,692 5.5 :142,692 5.5 142,692 5.5 142,692 5.5 142,692
4408 3.3 © 78,629 3.0 78,629 3.0 78,629 3.0 78,629 ‘3.0 78,629
4451 3.3 77,648 3.0 77,648 3.0 77,648 3.0 77,648 3.0 77,648
4426 3.1 74,690 2.9 74,690 2.9 74,690 2.9 74,690 2.9 74,690
4537 Peicd 64,665 2.5 64,655 2.5 64,655 2.5 64,655 2.5 64,655
4389 2.2 51,707 2.0 51,707 2.0 51,707 2.0 51,707 2.0 51,707
4586 2.1 50,000 1.9 50,000 1.9 50,000 1.9 50,000 1.9 50,000
4204 1.9 45,162 1.7 45,162 1.8 45,162 1.8 45,162 1.8 45,162
4229 1.9 44,585 05 4 44,585 - 1.7 44,585 1.7 44,585 1.7 44,585
4481 1.6 38,835 1.5 38,835 1.5 38,835 1.5 38,835 1.5 38,835
4458 1.6 37,692 1.4 37,692 1.5 37,692 1.5 37,692 1.5 37,692
4288 1.6 38,346 1.5 38,346 1.5 38,346 1.5 38,346 1.5 38,346
4341 1.2 29,061 1.1 29,061 1.1 29,061 1.5 29,061 1.5 29,061
4570 1.1 27,000 1.0 27,000 1.0 27,000 1.0 27,000 1.0 27,000
4407 0.8 19,803 0.8 19,803 0.8 19,803 1.0 19,803 1.0 25,146
4270 1.1 25,146 1.0 25,146 1.0 25,146 1.0 25,146 1.0 25,146
4485 0.9 22,175 0.8 22,175 0.9 22,175 0.9 22,175 0.9 22,175
4393 0.9 21,828 0.8 21,828 0.8 21,828 0.8 21,828 0.8 21,828
4585 11 27,200 1.0 27,200 1.0 27,200 1.0 27,200 1.0 27,200
TOTAL 72.3 1,726,691 72.0 1,881,691 72.8 1,881,691 72.8 1,881,691 72.8 1,881,691
Total Metal
Incl. New
Business 2,387,588 2,613,679 2,760,514 2,952,914 2,952,914
Total Metal Excl.
New Business 2,387,588 2,613,679 2,576,314 2,576,314 2,576,314

*
Percent of total zinc to be poured

7%



TABLE A-1-1:

Dynacast
Cleveland
HPM/B&T

Dynacast
Cleveland
HPM/B&T

Dynacast
Cleveland
HPM/B&T

LINC-PARETO ANALYSIS - Summary by Caster Type

Weight Represented in Pareto

45

'84* '84** '85* '86 '87
283,182 283,182 283.182 283,182 283,182
1,085,412 1,240,412 1,240,412 1,270,412 1,240,412
358,097 358,097 358,097 358,097 358,097

Total Weight to be Cast (Incl. New Business)
707,815 712,720 781,871 826,232 226,232
1,328,003 1,657,106 1,648,571 1,783,671 1,785,671
375,438 375,438 394,738 414,038 414,038
% Total Weight to be Cast in Pareto

.40 .397 .362 .342 .342
.817 .748 .752 .695 .695
.953 .953 .907 .864 .864

*First half of year.

**Second half of year.



TABLE A-2: PARETO ANALYSIS - MAGNESIUM

84 - 2nd Half B85- 1st Half 85~ 2nd Half 86 - 1st Half 86 - 2nd Half
Part Number % Weight % Weight % Weight % Weight % Weight
6035 49.1 250,560 36.5 250,560 26.6 250,560 22.3 250,560 22.3 . 250,560
6059 22.1 112,800 16.4 112,800 18.0 169,200 15:1 169,200 15.1 169,200
6052 - 0 10.9 74,775 8.0 74,775 6.7 78,775 6.7 74,775
6046 0.9 4,472 3.1 21,463 2.3 21,463 6.0 67,073 6.0 67,073
6017 | 12.4 63,120 9.2 63,120 6.7 63,120 5.6 63,120 5.6 63,120
6047 0.8 3,956 2.8 18,986 6.3 59,333 5.3 59,333 5.3 59,333
6045 0.5 2,389 1.7 11,467 1.2 11,467 3.2 35,835 3.2 35,835
6044 0.4 2,224 1.5 10,673 1.1 10,673 3.0 33,353 3.0 33,353
6067 - 0 - 0 3.1 29,000 2.6 29.000 2.6 29,000
6041 4.5 22,800 3.3 22,800 2.4 22,80b 2.0 22,800 2.0 22,800
6057 0.6 3,250 0.9 6,500 0.7 6,500 1.7 19,500 1.7 19,500
6063 - 0 1.5 10,230 1.1 10,230 1.4 15,345 1.4 15,345
6053 2.6 13,104 1.9 13,104 1.4 13,104 1.2 13,104 1.2 13,104
6054 0.6 2,950 0.9 5,900 0.6 5,900 1.6 17,700 1.6 17,700
6055 0.4 2,000 0.6 4,000 0.4 4,000 121 12,000 1:1 ~..12,000
6056 . 0.4 2,000 0.6 4,000 0.4 4,000 1.1 12,000 1.1 12,000
6064 - 0 1.1 7,800 0.8 7,800 1.0 11,700 1.0 11{700
TOTALS 95.3 485,625 93.0 634,178 81.4 759,925 80.9 906,398 '80.9 906,398
Total to be Poured 509,343 686,058 938,963 1,123,031 1,123,031

9%



TABLE A-3:

PARETO ANALYSIS - ALUMINUM

84 - 2nd Half 85- 1st Half 85- 2nd Half 86 - 1st Half 86 - 2nd Half
Part Number Weight Weight Weight Weight Weight
4820/89 - 0 - 0 0.1 . 250,800 19.1 250,800 19.1 250,800
4891 -- 0 -- (] 8.8 110,000 8.9 117,000 9.4 117,000
4882/4 - 0 2.2 10,000 4.0 175,000 13.4 175,000 13.4
4871 - 0 -- 0 8.8 110,400 8.4 110,400 8.4 110,400
4873 10.0 39,680 17.3 79,350 7.5 93,000 7.1 93,000 7.1 93,000
4885 -- 0 0.8 3,600 7.2 90,000 6.9 90,000 6.9 90,000
4857 9.4 37,480 16.3 74,960 6.0 74,960 5.7 74,960 5.7 74,960
4881/3 -- 0 2.0 9,300 5.6 69,750 5:3 69,750 5.3 69,750
4830 17.5 69,224 15.1 69,224 5.5 69,224 5.3 69,224 5.3 69,224
4803 127 50,154 10.9 50,154 4.0 50,154 3.8 50,154 3.8 50,154
4866 7.9 31,300 6.8 31,300 2.5 31,300 2.4 31,300 2.4 31,300
4876 7.0 27,660 6.0 27,660 2.2 27,660 2.1 27,660 2.1 27,660
4894 e 0 -- 0 -- 0 2.1 26,975 2.1 26,975
4827 8.1 32,138 -- 0 -- 0 -- 0 - 0
4877 5.5 21,850 4.8 21,850 1.8 21,850 1.7 21,850 1.7 21,850
4862 3:3 13,216 2.9 13,216 1.0 13,216 1.0 13,216 1.0 13,216
4865 2.1 8,333 -- 0 -- 0 -- 0 -- 0
4813 e % 12,369 2.7 12,369 1.0 12,369 0.9 12,369 0.9 12,369
4867 2i5 9,800 P | 9,800 0.8 9,800 0.7 9,800 0.7 9,800
4841 252 8,712 1.9 8,712 07 8,712 O 8,712 0.7 8,712
TOTAL 91.3 361,916 91.8 421,505 97.5 1,218,195 95.5 1,252,170 95.5 1,252,170
Total Metal to be
Poured 396,354 458,996 1,247,593 1,299,63 1,308,439
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TABLE B-1: FROM/TO CHART FOR ZINC
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TABLE B-1:

FROM/T0O CHART

FOR ZINC(CONTTHUED)
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TABLE B-2: FROM/TO CIIART FOR ALUMINUM
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TABLE B-2: FROM/TO CHART FOR ALUMINUM(CONTINUED)
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TABLE B-3: FROM/TO CHART FOR MAGNESIUM
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AREAS AVAILABLE FOR EXPANSION

The magnesium plant cannot be expanded in its present location. The
aluminum and zinc plant site can be expanded to the east by extending the
present north and south property lines. Fifteen acres are available in
this area. Also, management has obtained the option to construct a parking
lot on park Tand owned by a local civic organization immediately to the
north of the aluminum and zinc plant site. In return for donating the
parking lot, Diecaster would be given use of the lot indefinitely.
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TABLE D-1: UNIT LOAD DATA - ZINC

Part Caster Box Size* Wt/Box
Number Type Transfer Final Pack Transfer Final Pack #Box/Skid**
4531 c Box 8 62.95 62.95 17/skid
4464 C 8 8 48.9 48.9 17/skid
4534 H Cargo 5 461.3 565 1/skid
4584 o 1 1 539 53.9 27/skid
4465 C #8 #3 48.1 48.1 17/skid
4408 C 1 1 21.2 272 27/skid
4451 G 1 2 22.2 57.5 48/skid
4426 H 1 i 26.8 26.8 27/skid
4537 H 2 2 47.9 47.9 48/skid
4389 D 1 1 34.3 37.6 27/skid
4586 C 2 2 18 18 48/skid
4204 D 1 1 28.9 31.4 27/skid
4229 H Pan i 38.0 35.4 27/skid
4481 H 1 1 2l 27.7 27/skid
4458 C 1 1 42.0 42.0 27/skid
4288 D 1 1 32.9 36.5 27/skid
4341 D i 1 23.0 44.6 27/skid
4570 D 1 1 27.0 29.7 27/skid
4407 C 1 1 25.8 . 25.8 27/skid
4270 D 1 1 27.0 35:.3 27/skid
4485 D 1 1 14.9 30.0 27/skid
4393 G 1 1 23.8 23.8 27/skid
4585 o 2 2 25.8 25.8 48/skid

*Ye11ow pans were considered equivalent to #1 boxes for material
handling estimating purposes.

*k -
Estimated.



TABLE D-2: UNIT LOAD DATA - Magnesium

Part

Number Box Size Wt./Box #Boxes/Skid-~
6035 5 292 1/skid
6054 3 20.65 36/skid
6059 5 188 1/skid
6080
6052 5 120 1/skid
6075
6046 5 403 1/skid
6017 Tub,3 34.2, 32.9 36/skid
6047 5,5 403, 403 1/skid
6045 5,5 573, 573 1/skid
6044 5,5 445, 445 1/skid
6067 5 263 1/skid
6027 Tub,2 33.3, 21 48/skid
6041 3,3 42.75, 42.75 17,17/#3 skid
6057 3,5 31.2, 284.7 36,1/skid
6063 # 36.8 18/skid
6053 5 173 1/skid
6054 3,5 20.6, 194.7 36,1/skid
6055 3,5 27.2, 536 36,1/skid:
6056 3,5 27.2, 536 36,1/skid

6064 # 78 18/skid




TABLE D-3:

UNIT LOAD DATA - ALUMINUM

Part
Number

4870
4891 -
4882/4
4858~
4871
4873
4885
4857
4881/3
4880
4803
4866
4876
4894
4827
4862
4865
4813
4877
4841

Box Size Wt./Box

Tub, #5 65, 666
#2, Cargo, #2 22, 463, 22

Tub, #2 34, 11.5
#5 864
Tub, #5 65, 440
#2 66

Red Tub, #4 . 103; 51:5
Tub, #2 41, 15

#2, wh 27.5,42.5

#3 48.22
#2, #b 36, 54
#5 450
wl, #1 44, 40

#7 62.5
#2, #4 33, 32
Tub, Cargo, #7 108, 519, 126

#2 19.25
#2, #1 65, 25

7 30.25

1/skid
48/skid
48/skid
1/skid
1/skid
48/skid
16/skid
48/skid
16/skid
36/skid~
30/skid
1/skid
27/skid
18/skid’
16/skid
18/skid
16/skid*
27/skid
18/skid
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TABLE E-1: MATERIAL TRANSFER DISTANCE-
ZINC DYNACAST

. Distance
fanual Track Fork.

Dynacast-Tumble

Dynacast-Inspection
Tumble-lInspection

Tunble-Rotoblast
Inspection-Reamn .
Inspection-Assembly
Inspection-Chromate/Ory

Inspection-Deburr

Inspection-Pack

Ream-Inspection
Assembly-Inspection
Deburr-Chromate/Dry
Deburr-Hash/Dry
Dry-Tumble
Dry-Inspection

Rotoblast-lnspection

al

Bl
16*

Bo*

84"
10

TABLE E-2: MATERIAL TRANSFER DISTANCE-

ZINC(HPM/B&T)

Cast-Trim

Cast-Special Machine
Trim-Inspection
Trim-Rotoblast
Tumble-Inspection
Inspection-Buff

Inspection-Spectal Mach.

Inspection-Chromate/Dry
lnspection-Uieburr
Inspection-Pack

Buff-Inspection
Boke-Inspection

Special Machine-Tumble
Special Machine-Insp.
Chromate-Uake
Chromate/bry-Inspection
Deburr-Chromate/Ury
Rotublast-Inspection

Manual Track Fork.

g oo =
-- -~ 132
8' 88" 90
(L S
16" 10" .
- - s
- - 156
-- - 100°
8' 2200 --
- -- 96
RS VI
- - e
- -
- - A
- -
0 240° -
18" 136" -
200 16" -

L9



TABIE E-3: MATERIAL TRANSFER DISTANCE- ZINC(CLEVELAND)

Distance

" Fanval Track Fork

Cleveland-Trim

Cleveland-Inspection
Trim-Tumble
Trim-Inspection

Trim-Rotoblast

Tumbler-Rotoblast
Inspection-Drill/Tap
Inspection-Pin/Rivet
Inspeclion-Key Products
Inspection-Versamalic
Inspection-Hash/Dry
Inspection-Deburr
Inspection-Roloblast
Inspectlon-3-M

Inspection-Pack

Drill/Tap-Inspection
Pin/Rivet-Inspection

qn

12'
nl
ﬂl

80"
88’
88"

72!

10'

no'

Special Mach,-Chromate/
Ory

Versamatic-Inspection

Key Products-Inspection
Chromate/Dry-Inspection

Deburr-Chromate/Dry
Dry-Deburr
Dry-1nspect

Deburr-Hash/Ory
Rotoblast-Inspection

Notoblast-Special Mach,
Rotoblast-Chromate/Dry
3-H-in§pectiun

32!
15"
6.
Bl
15"

20"

20"

Distance

136"
240"
210"

136
16"

Hanual Track Fork

136*

136"
96"

39



TABLE E-4: MATERIAL TRANSFER DISTANCE- MAGNESIUM

Diecast - Trim

Trim - Tumble

Tumble - Inspection
Trim - Inspection
Inspection - Rotoblast

Inspection - Deburr

Inspection - Chromate/
Ory

Inspection - Drill
Inspection - Machine
Rotoblast - Vibra Finish
flotoblast - Hash/Dry

Rotoublast - Chromate/Dry
ltotoblast - Inspection
Vibra Finish - Chromate
Hash/Ury - Rotoblast
Wash/bry - Inspection

Deburr - Inspection
Chromate - Inspection
Inspection - Buff
Drill - Inspectlion

Distance

Manual

10'

Forktruck

112¢
16"
96"
54

120
40"

25"
56"
20"
25"

96"
10"
100"
25!

56"

120"
120"
25"
25

Spec. Machine-Insp.
Buff - Rotoblast
Buff - Inspection
Inspection - Pack

40"
.20
25"
65"

69



TABLE E-5: MATERIAL TRANSFER DISTANCE- ALUMINUM

Oistance Distance Distance
ManoaT  Eorktrock Manual ~Forkiruck fHanual™ Forktruck

Cast-Trim 8' - Inspect-Lathe = 8o° BryBag - 1o

Trim-Roto Blast - 56" Inspect-Press-In - 35 Drg-tenk Tost ) 72

Trim-Vibra/Oeburr £ 50" Inspect-Chramate/Hash - 49! Tumble-Dril1/Reg.a . 35

Trim-3-Way Ettco - 80" Inspect-Tumble - 136' Vibrator-lmpregeite - o

Trim-Inspect fon - 160" Inspect-Put In Insert - 25' lmpregnate/Wash - 12
Inspect-Leak Test - T Bag-Inspect - e’
Inspect-Pack - 8’ Leak-Test-Pack = a0

Leak Test-Pack Z 30"

Trim-Deburr ’ 30 Deburr-Versa-Mate - 16 Leak-Test-Pack - 50"

Trim-Drill = >0 Deburr-0rill/Tap . 136

Trim-Assembly - 136° Deburr-Tap - 29!

Trim-Ded. Ream = 8g’ Drill/Tap-Inspect - 29!

Rotoblast-Inspection - 172 Drill-Wash/Dry - 25"

Vibr/Deburr-Roch.Dril - 30° Tap-Hash/Dry - 8y

Versa-Mate-Hash/Dry - 88" Dial Index-Wash/Dry g iz

Versa-Mate-Hash/Ory 5 136 Burnish-Wash - 35!

3-Hay Fitted-Hash/Dry - 24! Ream-Inspect - 55

Inspect-Yibrator = 120 Press-In-Inspect - 35°

Inspect-Vibra/Deburr - 120 Assembly-Inspect - 24!

Inspect-Deburr ™ 1o’ Ded. Ream-Wash - q"

Inspect-Drill - 50" Dry-Rotoblast - 25!

Inspect-Drill 7 7 Dry-Inspect - 12"

Inspect-Drill - 10’

Inspect-Dial_ Index = 152"

Inspect-JoL » 40° Dry-Ded. Assembly ’ 90"

0z
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The short term material transfer requirements are developed in

Tables F-1 through F-5. The following equations are used in the

development.
#Boxes Handled = (weight moved between operations (row)/Avg. Wt.
per box)
#Pallets Handled = (weight moved between Operators (row)/
(Avg. Wt. per pallet)
Avg. # of Transfers per part = (Total % Cast/100% cast)
Avg. Transfer Distance = [$ (% moved) (Distance)]/

(Avg. # of Transfer per part)



TABLE F11

MATERIAL TRANSFER REQUIREMENTS* - ZINC DYNACAST

Distance #Boxes Handled # Pallets Handled
Weight  %Dynacast Part Numbers Manual Track Fork. Container Avg.Box=28.25 Avg.Pallet=30 Doxes**
Dynacast-Tumble 231,475 81.7 4204, 4229, 4288, 8* 80" -- il 8193 --
4341, 4230, 4485,
\ 4570
Dynacast-Inspection 51,707 18.3 4389 8' 84"  -- ¥l 1830 --
Tumble-Inspection 202,414 71.5 4204, 4225, 4270, 16' 10" -- #1 7165 --
4288, 4485, 4570,
4389
Tumble-Rotoblast 29,061 10.3 4341 10" -- -- #1 - Manual Only -
Inspection-Ream 44,585 15.7 4229 -- -= B4' Pallet -- 43.8
Inspection-Assembly 44,585 15.7 4229 -- -- 18" Pallet -- 43.8
Inspection-Chromate/Dry 44,585 15.7 4229 8' 92'  -- #l -- 43.8
Inspection-Deburr 137,374 48.5 4389, 4288, 4270, 8' 2700 -- #1 4863 --
4485, 4570
Inspection-Pack 283,182 100 4204, 4341, 4389, -- - 96' Pallet -- 279
4288, 4220, 4485,
4570, 4229
Ream-Inspection 44,585 15.7 4229 -- -- 88’ Pallet -- 43.8
Assembly-Inspection 44,585 15.7 4229 -- - 80' Pallet -- 43.8
Deburr-Chromate/Dry 49,175 17.4° 4485, 4570 ; 15" 136" -- fl 1741 --
Deburr-Wash/Dry 115,199 40.7 4389, 4288, 4220 15' 136" -- fl 4078 --
Dry-Tumble 51,707 18.3 4389 6' 240" -- fl 1830 --
Dry-Inspection 112,667 39.8 4288, 4270, 4485, 6' 240" -- H1 3988 --
4229
Rotoblast-Inspection 29,061 10.3 4341 20! 16'  -- ¥l 1029 --
534.3 34,717/6mo 498
x2 x2
*Parts on 'B5 Pareto Analysis (6 months) Transfer Requirementsonly for 69,434/yr 996
Ak 't L
**Observation with D. Moss. Pareto Parts X2.7644% x2.764*
***Pareto Represents 36.2% of total weight in '85. Transfer Requirements for Dynacast 191 538 Box/yr 2749

***%(Percent Dynacast x Distance)/(Ava # Trips) Weighted Average Distance Traveled**#** 139" 92’

.

€L



TABLE E-2

MATERIAL TRANSFER REQUIREMENTS* - ZINC/CLEVELAND CAST

Cleveland-Trim

Cleveland-Inspection
Trim-Tumble
Trim-Inspection

Trim-Rotoblast

Tumbler-Rotoblast

Inspection-Drill/Tap

" Inspection-Pin/Rivet

Weight
1,170,609

19,803
78,629
909,780

182,200

78,629
77,648
78,629

Inspection-Key Products 394,873

Inspection-Versamatic

Inspection-Wash/Dry
Inspection-Deburr
Inspection-Rotoblast
Inspection-3-M
Inspection-Pack

Drill/Tap-Inspection
Pin/Rivet-Inspection

377,676
77,648
19,803

394,873
19,803

1,220,609

77,648
78,629

—

-~

Distance

%Cleveland Part Numbers Manual Track Fork

98.4

1.6
6.3
73.3

14.7

6.3
6.3
6.3
31.8
30.4
6.3
1.6
31.8
1.6
100.0

6.3
6.3

4464,
4465,

" 4451,

4393,

-4585

4407
4408

1464,
4451,
4393,

4585,

4408
4451
4408
4464,
4531
4451
4407
4464,
4407

4584,
4458,
4585,
4465,
4451,
4531

4451
4408

4584,
4408,
4458,
1531,

4465,
4458,
4531

4585

4465

4865

4586,
4393,
4408,
4465,
4407,

7 I
12 80" --
8" 88 --
8' 88" 90
8 72 -
100 ew e
-- s 112"
- -- 80
e - 9
- B <
8 92" -
8' 270" --
8' 270" --
s - 136
= -~ 96"
4 - 40’
o -~ 80

Container

-- -- Manual

#1 702 --
1 2788 --

#1(137,168) 4864 --
¥8(772,612)

#1(155,000) 5496 807

#2(27,200)

#l --
Pallet - ==
Pallet -— -
Pallet -— -
Pallet - --

i1 2753 --

#l 702 --

H8 - -
Pallet -- --
Pallet -— -

Pallet - ==
Pallet e

# Boxes Handled
[} [ [

Manual --

#Pallets Handled
(Avg. Pallet =
12 #1 Boxes,

24 #2 Boxes,

16 #8 Boxes)**

76
17
463
442

385 + 95 + 495

76
17

nL



TABLE E-2 (Continued)

Weight
Special Mach.-Chromate/ 155,000
Dry
Versamatic-Inspection 377,676

Key Products-Inspection 394,873
Chromate/Dry-Inspection 232,200

Deburr-Chromate/Dry- 77,648
Dry-Deburr 77,648
Dry-Inspect 492,324
Deburr-Wash/Dry 19,803
Rotoblast-Inspection 473,502

Rotoblast-Special Mach. 155,000
Rotoblast-Chromate/Dry 72,175
3-M-Inspection 19,803

*Parts on Pareto Analysis.
**gstimated with D. Moss.

#Cleveland Part Numbers

12.5

30.4

31.8 f
18.7

6.3
6.3
39.7

1.6
38.2

12.5
5.8
1.6

528.4

Distance

4584 5
4531 -
4464, 4465 -
4584, 4586, 32'
4585

4451 15
4457 6'
4464, 4465, 8
4407, 4451

4407 15"
4464, 4465,  20'
4408

4584 .
4586, 4585  20°
4407 -

Transfer Requirement for Cleveland

***Pareto Analysis incl. only 75% of metal in ‘85,

250"

136'
240"
240"

136"
16"

136

" # Moves/Part
HWt. Avg. Distance Per Move

Manual Track Fork

136'

136°
96"

==

# Boxes Handled

#Pallets llandled
{ﬁvg. Pallet =
12 #1 Boxes,

24 2 Boxes,

Container #1 [H #8 16 #8 Boxes)**
Pallet - -- -- 153
Pallet ww we e 442
Pallet i me = 463

#1%27.200) 964 6083 --
#2(205,000)
#1 2753 - -
# 2753 - --
flEQ?,asl} 3455 -- 7408
#8(394,873)
#1 702 -- -
#1(78,629) 2788 -- 7408
#8(394,873)
fPallet -- - -= 153
#2 -~ 2142 --
Pallet -- -- -- 20
30,720 9,032 36,719 3,437
X2 x2 x2 x2
61,440 18,064 73,438 6,874
x1.33 x1.33 x1.33 x1.33*%*
81,715 2025 97 673/yr  9,163/yr
/yr lyr
1.21 0.25 1.07 2.76
103.7' 207"  166' 108"

GL



TABLE F-3

MATERIAL TRANSFER REQUIREMENTS* - ZINC (HPM AND B&T)

Weight  ¥Cast
Cast-Trim 319,262 89.2
Cast-Special Machine 38,835 10.8
Trim-Inspection 254,597 71.1
Trim-Rotoblast 64,665 18.0
Tumble-Inspection 38,835 10.8
Inspection-Buff 179,907 50.2
Inspection-Special Mach.179,907 50.2
Inspection-Chromate/Dry 254,597 71.1
Inspection-Deburr 38,855 10.8
Inspection-Pack 358,097 100.0
Buff-Inspection 179,907  50.
Bake-Inspection 179,907 50.
Special Machine-Tumble 38,835 10.
Special Machine-Insp. 179,907 50.
Chromate-Bake l7§,9ﬂ7 -50.
Chromate/Dry-Inspection 113,525 31.
Deburr-Chromate/Dry- 38,835 10.
Rotoblast-Inspection 64,665 2s
639.0

*For Parts on Pareto List

~NE N RN D NN

Part Numbers

4426, 4534,
4537

4481
4426, 4534
4537
4481
4534
4534
4534
4481

4426, 4534,
4537, 4481

4534
4534
4481
4534
4534

4426, 4481

4481
4537

**Pareto Analysis includes 93% of metal in '85.

Manual Track Fork. Container
8' -- -- Cargo(179, - Manual -
907)
#1(74,790)
#2(64,665)

-= -- 132! Pallet -- -
8' 88" 90! Pallet 2788 --
8' 72" -- W2 -- 1350
16" 10" - il 1402 --
-- -- 115’ Pallet -- --
-- -- 156" Pallet -- -
-- -- 100" Pallet -- --
8 220 -- #1 1402 --
-- -- 96 Pallet -- --

-- -= 115" Pallet - --

-- -- 120! Pallet -- --

-- - 29 Pallet -- --

-- -- 144 Pallet -- --

-- -- 120’ Pallet -- --
g8' 240" -- #1 4190 --
15" 136" -- # 1402 --

20" 16' -- #2 -- 1350

11,184 2,700
x2 x2
22,368 5,400
}_L-_g}:é““_l-_(ﬁé“'
Transfers/Year 24,040 5 805
¥ Moves Per Avg. Part 533 .207
Wt. Avg. Distance/Move 170" 64.7"

Boxes Handled
)

Pallets Handled

Pallets Pallets
#2 Box  #1 Box
Cargoes 24/5kid 36/Skid
340
39
390
390
390
390
390 56 116
390
390
39
390

390

4,228

8,456
Xx1.075**

9,092
5.65
105"

9L



TABLE EA4

MATERIAL TRANSFER REQUIREMENTS* - MAGNESIUM

# Pallets
84 Heigﬁt'ﬁﬁ _gg:gne?égm Part Numbers ﬁiﬁﬁi%lE%%EE%?ﬁEF Container 4%%2!£§$%%]
Diecast - Trim 485,625 906,398 (A11) 10° - Pallet - Manual -
Trim - Tumble 22,800 22,800 4.7 2.5 60417 - 112" Pallet 39 39
Tumble - Inspection 22,800 22,800 4,7. 2.5 6041 - 16" Pallet 39 39
Trim - ‘Inspection 462,825 883,598 95.3- 97.5 (A11 but 6041) - 96" Pallet 794 1516
Inspection - Rotoblast- 44,517 140,792 9.2 15.5 6045, 6044, 6041, - 55" Pallet 76 241
; 6055, 6056, 6064,
6053
Inspéation - Deburr 250,560 325,295 51.6 35.9 6035, 6052 - 120" Pallet 430 550
Inspection - Chromgtei 175,920 232,320  36.2 25.6 6059, 6017 . 40" Pallet 302 398
ry
Inspection - Drill 76,224 76,224 15.7 8.4 6017, 6053 - 25' Pallet 131 131
Inspection - Machine 0 29,000 0 3.2 6067 ; - 56' Pallet 0 50
Rotoblast - Vibra Finish 13,104 13,104 2.7 1.4 6053 - 20' Pallet 22 22
Rotoblast - Wash/Dry 8,613 144,626 1.8 15.9 6056, 6055, 6064, - 25! Pallet 15 248
6045, 6044 )
Rotoblast - Chromate/Dry 0 29,000 0 3.2 6067 - 96" Pallet 0 50
Rotoblast - Inspection 85,920 85,920 17.7 9.5 6041, 6017 - 40' Pallet 147 147
Vibra Finish - Chromate 13,104 13.104 2.7 1.4 . 6053 - 100" Pallet 22 22
Wash/Dry - Rotoblast 63,120 63,120 13.0 7.0 6017 - 25' Pallet 108 108
Wash/Dry - Inspection 8,613 144,626 1:8 16.0 6045, 6044, 6056, - 56" Pallet 15 248
6055, 6064
Deburr - Inspection 250,560 325,335 51.6 35.9 6052, 6035 - 120" Pallet 430 558
Chromate - Inspection 189,024 274,424 38.9 30.3 6067, 6017, 6053 - 120 Pallet 324 471
Inspection - Buff 13,104 13,104 2.7 1.4 6053 - 25" Pallet 22 22
Drill - Inspection 76,224 76,224 15.7 8.4 6017, 6053 - 25" Pallet 131 131

LL



TABLE F—4 (Continued)

#Pallets
: Weight ZMagnesium Distance !Saal!skid}
'84 '86 '84 '86 Part Numbers Manual Forktruck Container 84 '86
Spec. Machine-Insp. 0 29,000 0 3.2 6067 - 40 Pallet 0 50
Buff - Rotoblast 0 29,000 0 3.2 6067 - 20" Pallet 0 50
Buff - Inspection 13,104 13,104 2.7 1.4 6053 - 25" Pallet 22 22
Inspection - Pack 485,398 906,398 100 100.0 (A1) - 65' Pallet 833 1555
. 468.7 429.3 3902 6676
x2 x2
Pareto Transfer/Yr 7804 13352
1.04* 1.236*

Transfer/Yr 8188 16504
¥ Moves/Avg 4.68 4.29
Avg. Distance/Move B80.4' 78.1'

*Adjustment for % metal included in pareto.

8L



TABLE F-5

MATERIAL TRANSFER REQUIREMENTS* - ALUMINUM

Cast-Trim
Trim-Roto Blast
Trim-Vibra/Deburr
Trim-3-Hay Ettco
Trim-Inspection

Trim-Deburr
Trim-Drill
Trim-Assembly
Trim-Ded. Ream
Rotoblast-Inspection
Vibr/Deburr-Roch.Drill
Versa-Mate-Wash/Dry
Versa-Mate-Wash/Dry
3-Hay Fitted-Wash/Dry
Inspect-Vibrator
Inspect-Vibra/Deburr
Inspect-Deburr
Inspect-Drill
Inspect-Drill
Inspect-Drill
Inspect-Dial, Index
Inspect-J&L

Weight
86

‘B4

361,916
0
0
39,680
310,206

0
21,850
27,660

0
50,154
74,960

0
37,480
39,680

8,333
74,960
8,712
69,224
50,154
13,216
0
8,333

1,252,172
90,000
250,800
93,000
497,135

244,750
21,850
27,660
26,975

140,154
74,960

175,000
74,960
93,000

-0
74,960
8,712
69,224
50,154
13,216
117,000

0

—

- 0 O &

o - oo
o o

e LT = B S N X —

% Aluminum
s

7.2
20.0
7.4
39.7

19.5
1.7
2.2
2.1

11.1
6.0

14.0
6.0
7.4

6.0°

0.7
5.5
4.0
1.1
9.3

Distance # Pallets
Part Numbers Manual Forktruck Container 784  '86
(A11) 8! - - - Manual -
4885 - 56' Pallet 0 113
4870 - 50' Pallet 0 314
4873 - 80" Pallet 50 117
4870, 4871, 4857, - 160' Pallet 389 623
4830, 4803, 4866,
4827, 4862, 4865,
4813, 4867, 4841,
4891 _
4881, 48862 - 50" Pallet 0 307
4877 - 50' Pallet 27 27
4876 ' - 136" Pallet 35 35
4894 - 8g' Pallet 0 34
4885, 4803 - et Pallet 63 176
4857 - 30" Pallet 94 94
4082 - 8a' Pallet 0 220
4857 - 136' Pallet 47 94
4873 - 24" Pallet 50 117
4865 - 120" Pallet 10 0
4857 - 120" Pallet 94 949
4841 - 120" Pallet 11 11
4830 - 50 Pallet 87 87
4803 - 72! Pallet 63 63
4862 - 40' Pallet 17 17
4891 - 152" Pallet 1] 147
4865 - 40! Pallet 10 0

‘6L



TABLE F-5 (Continued)

Inspect-Lathe
Inspect-Press-In

Inspect-Chromate/Wash

Inspect-Tumble

Inspect-Put In Insert

Inspect-Leak Test
Inspect-Pack

Deburr-Versa-Mate
Deburr-Drill/Tap
Deburr-Tap
Drill/Tap-Inspect
Drill-Hash/Dry
Tap-Wash/Dry

Dial Index-Wash/Dry
Burnish-Hash
Ream-Inspect
Press-In-Inspect
Assembly-Inspect
Ded. Ream-Hash
Dry-Rotoblast
Dry-Inspect

Dry-Ded. Assembrly

Weight % Aluminum
"84 'B6 ‘84 '86
32,188 0 8.9 0
31,300 31,300 8.7 2.5
21,081 21,081 5.8 1.7
12,369 12,369 3.4 1.0
8,712 8,712 2.4 0.7
74,960 74,960 20.7 6.0
337,024 1,128,385 93.1 90.1
0 175,000 0 14.0
8,712 8,712 2.4 0.7
0 67,750 0 5.4
8,712 8,712 2.4 0.7
72,004 72,004 19.9 5.8
0 69,750 0 5.6
0 117,000 0 9.3
32,138 0 8.9 0
8,333 0 2.3 0
31,300 31,300 8.6 2.5
27,660 27,600 7.6 2.2
0 26,975 0 2.2
50,154 50,154 13.9 4.0
249,920 624,519 69.0 49.9
0 26,975 0 2.2

Part Numbers

4827

4866

4813, 4841
4813

4841

4857

A1l but 4857,
4894, 4877
4882

4841

4861

4841

4803, 4877
4881

4891

4827

4865

4866

4876

4894

4803

4882, 4873, 4881,
4857, 4830, 4827,
4862, 4891, 4865,
4813

4894

Distance

Manual

Forktruck Container

80’
35!
44"
136"
25’
10"
g

16"
136
29!
29"
25'
88’
72!
35!
55'
35"
24"
40"
25"
1z’

90"

Paliet
Pallet
Pallet
Pallet
Pallet
Pallet
Pallet

Pallet
Pallet
Pallet
Pallet
Pallet
Pallet
Pallet
Pallet
Pallet
Pallet
Pallet
Pallet
Pallet
Pallet

Pallet

# Pallets
86

40 .0
39 39
26 26
16 16
11 11
94 94
423 1416
0 220
11 11
0 85
11 11
90 90
0 88
0 147
40 0
10 0
39 39
35 35
0 34
63 63
314 783
0 34
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TABLE F—5 (Continued)

Dry-Bag

Dry-Leak Test
Tumble-Dri11/Ream
Vibrator-Impregnate
Impregnate/Wash
Bag-Inspect
Leak-Test-Pack

Leak Test-Pack
Leak-Test-Pack

*Adjustment for % metal in pareto.

Weight % Aluminum

‘84 '86 '84  'B6
8,712 8,712 2.4 0.7
21,850 21,850 6.0 1.7
12,369 12,369 3.4 1.0

8,333 0 2.3 0

40,471 0 11.2 0
8,712 8,712 2.4 0.7
37,480 74,960 10.3 5.9
0 26,975 0 2.2
21,850 21,850 6.0 1.7
552.7 391.3

Part Numbers

4841
4877
4813
4865
4827, 4865
4841
4857
4894
4877

Distance

Manual

Annual

- 120*
- 72!
- 35
- 10*
- 112*
- 32!
- 40'
- 30!
- 50'

Forktruck Container

Pallet
Pallet
Pallet
Pallet
Pallet
Pallet
Pallet
Pallet
Pallet

Transfer Requirements

HWt. Avg. Distance

f Moves/Part

# Pallets
'84 ‘86
11 11
27 27
16 16
10 0
51 0
11 11
47 94
0 34
27 27
2509 6152
_x2 _ x2
5018 12304
1.09* 1.05*
5496 12883
76" 68'
5.52  3.91
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APPENDIX G

SECONDARY MACHINING EQUIPMENT
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TABLE G-1: EQUIPMENT DATA - ZINC

83

Pounds Processed

Foot. Production
Machine Print. Sq. Ft. No. '80 '81 '82 ‘83 ‘84~ 'gox* 'aT
Buffer 13x 13 4534 0 0 0 0 359,814 35§,814 359,814
Oven 6x 8 )
Key Product 11x 14 371 Ft°
Press 7x 8 56 th . 4408 12,769 41,943 70,341 150,864 157,258 157,258 157,238
Press 10x 14 2 4229 146,508 135,449 112,986 101,609 89,170 89,170 89,170
Reamer 8x 10 220 Ft
Press 6x 7 42 Ft2 4474 0 0 0 0 22,954 22,954 22,934
Machine Center, 17x 18 306 th 4464 0 223,767 311,192 402,037 504,488 504,488 504,428
Key Product 20x 24 2 4531 0 0 0 0 755,352 755,352 755,352
Key Product 17x 19 803 Ft
J & L Lathe 10x 11 110 th 4412 35,508 59,137 1] Y 19,202 19,202 19,202
Tapper 6x 11 2 4413 84,600 51,570 42,407 72,241 0 0 0
Trimmer ~ 6x 7 108 Ft '
Tapper 6x 11 66 Ft 4452 0 5,026 14,351 26,792 40,628 40,628 40,528
orill 8x 9 72 th 4451 9,315 7,188 32,146 86,200 155,296 155,296 155,295
Versa-Mate 15x 17 255 th 4584 0 0 0 0 0 310,000 310,000
Héchine Center-14x 17 240 th 6027 19,197 125,136 123,591 100,353 53,268 53,268 53,268
Total Sq. Ft. in use for secondary machining 1,606 1,i78 1,178 1,178 2,286 2,541 2,541
Total Pounds Processed Through Secondary 307,897 649,216 707,014 940,096 2,158,030 2,468,030 2,468,320
Sq. Ft./100,000 Pounds Processed 262 181 167 125 106 103 103
Total Weight Processed -- 3,923,893 3,777,901 4,026,080 5,086,581 5,374,193 5,995,828
% of Total Weight Requiring Secondary Operations -- 16.5% 18.7% 23.3% 42.4% 45.9% 41.7%

*First six months actual plus projected metal usage.

**Metal usage projection.



TABLE G-2: EQUIPMENT DATA - MAGNESIUM

Pounds Processed

Foot. : Production
Machine  Print. Sq. Ft. No. '80 '81 82 '83 'g4 1g5*x g
Drilling 15,15 180 6017 144,135 117,262 112,689 162,734 126,240 126,240 126,240

Un-it x ? 3 3 ] b ] b ] ;]
ETTCO
DU300
DU500 13x 13 169 6053 0 0 0 0 13,104 26,208 26,208
6067 -

15x 17 255 6068 2,920
Total Sq. Ft. 604 180 180 180 180 349 604 604
Total Weight Using Secondary 144,135 117,262 112,689 162,734 139,344 181,448 213,368 .
Sq. Ft./100,000# 125 154 160 111 250 333 283
Total Weight Packed 532,162 784,776 999,691 1,002,780 1,394,103 1,812,796
% Wt. Require Secondary | 229 14.3% 16.2%  13.9% 13.0% 11.8%

*First six months actual plus projected metal usage.

**Metal usage projection.
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TABLE G-3:

EQUIPMENT DATA - ALUMINUM

Pounds Processed

Foot. Production

Machine Print. Sq. Ft. No. '80 '81 '82 '83 '84* '85** gark
J & L Lathe 18x 17 342 Ft2 4827 0 142,748 111,549 108,207 83,558 0 0
Reamer & Drill
Drilling Unit 11x 13 143 th 4803 227,622 116,220 123,938 118,006 100,308 100,308 100,308
J & L Lathe 13x 19 247 th 4830 0 0 183 25,615 138,448 138,448 138,448
Ettco Drilling

Machine
Ettco DU-300 9x 11 99 th 4829 0 0 0 0 11,000 11,000 11,000
Drilling Machine (incl. above)4830 0 0 185 25,615 138,448 138,448 138,448
Key Products 15x 16 240 th 4891 0 0 0 0 0 110,000 234,000
Rotary Index
(retooled)
Ettco ATU-5 10x 12 120 th 4881 0 0 0 0 0 79,050 139,500
Tapping Machine 4875 0 0 0 0 0 2,963 2,766
J & L Lathe 15x 16 256 th 4862 0 0 0 0 26,432 26,432 26,432
Procunier Tapper
J & L Lathe 14x 16 224 Ft2 4832 0 0 1,809 6,109 12,006 12,006 12,006
Ettco DU-500 10x 12 120 th 4873 0 0 0 0 39,680 172,360 186,000
Drilling Machine 4875 0 0 0 0 0 2,963 2,763
Allan Air- 183x 20 360 th 4841 0 0 5,886 0 17,424 17,424 17,424
Drilling & )

Tapping Machine

C



TABLE G-3: EQUIPMENT DATA - ALUMINUM (Continued)
Pounds Processed

Foot. Production
Machine Print. Sq.. Ft. No. '80 '81 '82 '83 '84* '85%* '8 **
Hypnumat Drill 12x 16 192 th 4838 0 0 1,668 1,983 2,112 2,112 2,112
& Procunier 4840 0 0 274 544 888 888 888
Tapping Machines
Drill 10x 12 120 Ft2 4843 .0 0 3,068 6,391 8,258 8,258 8,258
Key Products 9x 11 99 Ft2 4860 0 0 0 0 6,500 6,500 6,500
Drilling &
Milling Machine .
Machine 11x 12 132 Ft2 4813 2,917 5,521 13,437 32,446 24,738 24,738 24,738
Research
Rotary Index
Drill
Drilling & 17x 20 340 Ft2 4857 0 0 0 0 119,920 119,920 119,920
Tapping
Versa-mates
Key Products- 19x 21 399 th 4857 0 0 0 0 119,920 119,920 119,920
Boring & Gun
Drill
Uson Teak test 8x 9 72 th 4857 0 0 0 0 119,920 119,920 119,920
Key Products 9x 11 99 th 4857 0 0 0 0 119,920 119,920 119,920
(3) way drilling

machine
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TABLE G-3:

EQUIPMENT DATA - ALUMINUM (Continued)

Pounds Processed

Foot. Production —
Machine Print. Sq. Ft. No. '80 '81 ‘82 '83 '84* Yghk% '86**
LeBlond Makino 16x 24 384 th 4878 0 -0 0 0 0 0 8,000
CNC Machining
Center
Ettco ATU-5 10x 12 120 th 4877 0 0 0 0 10,860 42,510 43,700
Tapping Machine 4878 0 0 0 0 0 0 8,000
4880 0 0 0 0 0 0 388
Uson Leak Test 8x 12 96 th 4877 0 0 0 0 10,860 42,510 43,700
Machine 4878 0 0 0 0 0 0 8,000
4879 0 0 0 0 0 0 420
4880 0 0 0 0 0 0 388
Versa-Mate 15x 17 255 Ft2 4882 0 0 0 0 0 175,935 332,850
Total - Sq. Ft. 4360 Ft2 275 617 1,760 1,760 3,265 3,634 4,018
Total - Pounds Processed through |
secondary machining 230,539 264,489 261,812 325,516 602,132 1,058,323 1,419,816
Sq. Ft./100,000 1bs. Processed 119 233 672 541 542 283 346
Total Weight Processed - 520,634 409,424 427,177 671,635 1,747,389 2,625,670
% Total Weight Requiring Secondary Operations -- 50.8% 63.9% 76.2% 89.7% 60.5% 53.1%

*First six months actual plus projected metal usage.

**Metal usage projection.

L8



APPENDIX H

CASTER SPECIFICATIONS
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CASTER SPECIFICATIONS

' ANNUAL
METAL WT. CAST/CASTER (1bs.) AREA/CASTER
(1985) (ft2)
Zinc 233,660 425
Magnesium 320,866 800
Aluminum 289,785 800
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APPENDIX I

PERSONNEL DATA
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TABLE I-1: PERSONNEL DATA USED TO DETERMINE TRENDS

Corporate Administration

Sales

Finance & Control

Services: Tool & Die

Other
Zinc
Aluminum
Magnesium
Trucking

TOTAL EMPLOYEES
Less Layoff()

Zinc Division
Division Management
Diecasting
Secondary
Inspection
Warehouse/Shipping

ZINC TOTAL
Less Layoff()

Aluminum Division .

Division Management
Diecasting
Secondary
Inspection

ALUMINUM TOTAL
Less Layoff()

Magnesium Division

Division Management
Diecasting
Secondary
Inspection

MAGNESIUM TOTAL
Less Layoff()

81-Dec 82-Dec 83-Dec 84-Aug
10 10 10 9
2 2 2 3
13 14 14 15
37 36 38 40
37 40(1) 41 43
103(2) 103 105 105
32(2 28 a5
17(1) 18 26 36
2 5 5 5
253(3) 256(1) 274 301
11
10 10 12 12
39 11 42 42
33(2) 33 32 32
14 14 14 14
7 5 5 5
103 103 105 105
(2)
3 3 3 5
17 14 15 18
8(1) 8 12 18
2 3 3 B
31 28 33 45
(1)
5 5 5 5
8 g 15 21
2 2 3 6
1 2 3 4
17 18 26 36
(16)

OFFICE SPACE PER EMPLOYEE -225 sq. ft.

*Do not have an office



GLOSSARY
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Diecasting - A process in which molten metal is forced into a mold by
pressure and held under pressure during solidification. Zinc,
copper, and aluminum base alloys are suitable for
diecasting. A typical die-casting machine is shown below.

Source: Materials and Processes in Manufacturing, E. Paul
De Garmo, MacMillan Publishing.

Dynacast Part - A zinc part that is die casted on a machine whose brand
name is "Dynacast."

Cleveland Part - A zinc part that is die casted on a machine whose brand
name is "Cleveland."

B&T/HPM part - A zinc part that is diecasted on a machine whose brand
name is either B & T or HPM.

Secondary Machining- Operations required to finish a casting to a desired
specifications and quality

General Warehouse - A warehouse containing only spare parts, scrap parts, spare
equipment, etc.

Production No. - A number(s) assigned to a machine (or process) which
identifies that part number(s) routed to the machine or
process.



CONCLUSION



The preceding material handling and plant layout case studies
illustrate different industrial situations. Each case requires an
understanding of material handling concepts and other related
Industrial Engineering skills.

These case studies are valuable teaching aids because of their
ability to exemplify an industrial situation in the classroom
environment. The first two case studies present two common industrial
situations while case 3 presents a more realistic situation where only
general information about the problem is first provided.

Hopefully, this effort will generate an interest for the develop-
ment of more case studies. In order to obtain a meaningful learning

experience, "'new' skills must be practiced. Since visiting a manufac-
turing plant is not always practical or possible, a learning tool such

as a well developed case study is beneficial.
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