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Enterprise Derivative Application: Flexible Software for
Optimizing Manufacturing Processes

ABSTRACT

The Enterprise Derivative Application (EDA) implements the enterprise-derivative analysis for
optimization of an industrial process.! It is a tool to help industry planners choose the most
productive way of manufacturing their products while minimizing their cost. Developed in
Microsoft (MS) Access, the application allows users to input initial data ranging from raw
material to variable costs and enables the tracking of specific information as material is passed
from one process to another.

Energy-derivative analysis is based on calculation of sensitivity parameters. For the specific
application to a steel production process these include: the cost to product sensitivity, the product
to energy sensitivity, the energy to efficiency sensitivity, and the efficiency to cost sensitivity.
Using the EDA for all processes, the user can display a particular sensitivity or all sensitivities
can be compared for all processes.

Although energy-derivative analysis was originally designed for use by the steel industry, it is
flexible enough to be applied to many other industrial processes. Examples of processes where
energy-derivative analysis would prove useful are wireless monitoring of processes in the
petroleum cracking industry and wireless monitoring of motor failure for determining the
optimum time to replace motor parts.

One advantage of the MS Access-based application is its flexibility in defining the process flow
and establishing the relationships between parent and child process and products resulting from a
process. Due to the general design of the program, a process can be anything that occurs over
time with resulting output (products). So the application can be easily modified to many
different industrial and organizational environments. Another advantage is the flexibility of
defining sensitivity parameters. Sensitivities can be determined between all possible variables in
the process flow as a function of time. Thus the dynamic development of the process can be
tracked over time and optimized. EDA is a uniquely flexible and efficient way for planners to
choose the most productive way of optimizing production while minimizing costs.

The purpose of this document is to describe energy-derivative analysis and the operation of the
application. The first section is an introduction of the concept, followed in Sect. 2 by a detailed
description of the analysis approach. The third section provides a general overview of the
operation of the application. The detailed description of the application is described in Sect. 4,
using the steel mill operation as an example. Conclusions regarding the utility of the EDA and
the effectiveness of the implementation follow in Sect. 5. Appendix A describes details of setting
up the process flow model and App. B provides information on overcoming an error that
occurred in using the application on a PC that did not have Visual Basic installed.






1. INTRODUCTION

In today's manufacturing environment, systems and equipment are being asked to perform at
levels not thought possible a decade ago. The intent is to push process operations, product
quality, and equipment reliability to unprecedented levels while pursuing cost reduction
initiatives. Industries see a tremendous amount of uncertainty associated with calculating total
process impact and fear the mysticism that may be required for such a venture. What is needed
is a methodology and approach that takes the guesswork out of calculating the total cost/benefit
for any new technology or innovation. The energy-derivative analysis provides a solution to this
problem - a new tool for developing and managing investment strategies and risks.

Energy-derivative analysis mitigates risks by first identifying the potential benefits for all
processes and sub-processes associated with new technologies or innovations. This is realized
by calculating approximations to the first order sensitivity parameters (first derivatives) obtained
from using a Taylor Series expansion about the system’s operating point. These sensitivity
parameters are invariant economic and operational indicators that quantify the impact of any
proposed technology in terms of material throughput, efficiency changes, energy use,
environmental effects, and costs. The model then develops a set of coupled equations from these
parameters that links the entire enterprise system together, so that total impact can be calculated.
The key to the model is the evaluation of the sensitivity parameters.

Energy-derivative analysis will have a major impact on business and engineering decisions to
select and incorporate new technologies and innovations into processes. The metrics or measures
of performance that are derived from the model are well defined and can be used to track
technology impacts across the enterprise and over extended periods of operation.

The Enterprise Derivative Application (EDA) implements energy-derivative analysis for
optimization of an industrial process. It is a tool to help industry planners choose the most
productive way of making their products while minimizing their cost. Developed using
Microsoft (MS) Access and Visual Basic, the application allows users to input initial data
ranging from raw material to variable costs and enables the tracking of specific information as
material is passed from one process to another.

In this paper we outline the energy-derivative analysis with specific application to the process
flow in a mini-mill steel manufacturing®>. This example consists of twelve process producing
five products. Screenshots of the MS-Access application will demonstrate how energy-derivative
analysis has been implemented for this specific case.

Although energy-derivative analysis was originally designed for use by the steel industry, it is
flexible enough to be applied to many other industrial processes. Examples of processes where
energy-derivative analysis would prove useful are wireless monitoring of processes in the
petroleum cracking industry and wireless monitoring of motor failure for determining the
optimum time to replace motor parts.

One advantage of the MS Access-based EDA is its flexibility in defining the process flow and
establishing the relationships between parent and child processes and products resulting from a
process. Due to the general design of the program, a process can be anything that occurs over



time with resulting output (products). So the application can be easily modified to many different
industrial and organizational environments. Another advantage is the flexibility of defining
sensitivity parameters. Sensitivities can be determined between all possible variables in the
process flow as a function of time. Thus the dynamic development of the process can be tracked
over time and optimized. The EDA is a uniquely flexible and efficient way for planners to
choose the most productive way of optimizing production while minimizing costs.



2. ENTERPRISE-DERIVATIVE ANALYSIS

The basis of EDA is the calculation of a set of enterprise-derivative sensitivity parameters that
are used in a coupled set of equations to calculate the impacts on a process from a proposed
technology or innovation. The assumption is that the proposed technology or innovations will
not change the way manufacturing is made but will affect the operational efficiencies about is
current operating point. Given this assumption, the process can then be modeled as a first-order
Taylor Series expansion about the operating point with changes being influenced by the first
differential of a derived benefit. Process gains (production, efficiency, energy, and quality) are
estimated as incremental changes from the operating point. The mathematical formulation for
any process gain, f, is

FO000x) g, o
n!

f(x) = F(x)+ F'(X) (X=X +-+
where X , is the current plant operating point andRnis a remainder and is ignored in this

formulation. In this expansion, we are only interested in the first term, f'(x,), which is the
generalized differential approximation or enterprise-derivative sensitivity term.

The generalized differential approximation (sensitivity) is expanded in general terms as a linear
combination of ratios of total differentials of the process changes due to technology innovations
(i.e., product, energy, and efficiency). The total differential is:
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where, E,n,C,P are the energy, efficiency, savings, and product, respectively and & is the error
associated with the approximation and is ignored in the EDA.

These sensitivity parameters are based on a total derivative calculation and are approximations to

the first partial derivatives of a multiple variable function. The sensitivity parameters are defined
below for reference.

Z—E is the change in process energy per unit change in efficiency,
n

2—g is the change in process efficiency per unit change in costs, and

Z—g is the change in process costs per unit change in product.

The remaining sensitivity parameter,S—E, can be calculated directly or derived as ratios of other

sensitivity parameters.



Conducting an EDA involves the following four steps:

1. Develop the process flow.

2. Compute the sensitivity parameters of the enterprise.

3. Conduct a technology assessment and impact analysis.
4. Optimization (what-if strategies).

Each step will be described in detail for an example problem? in the following sections. The
example problem is process flow in mini-mill steel manufacturing consisting of the twelve
processes:

Electric Arc Furnace => Ladle Metallurgy Station => Caster => Tunnel Furnace => Hot strip
Mill (HSM). At this point the process splits

HSM => Acid Pickling => Cold Mill Reduction A => Galvanized
HSM => Temper A.

Temper A then splits: Temper A => Cold Mill Reduction B or Temper A => Annealing =>
Temper B.



3. STEPS OF THE ENTERPRISE DERIVATIVE APPLICATION

3.1 DEVELOPING THE PROCESS FLOW

A requirement for conducting an EDA is to develop a complete understanding of the process: its
product flow; material changes; and procedural steps used in the making the product. This
understanding also includes identifying energy use, material residence time, and maintenance
and operational procedures. This microscopic view of the process is needed to resolve balance
of plant issues and to help understand energy, material, and time management as it applies to the
current process. In the course of conducting the EDA, a detailed process flow diagram is
developed. Roll-ups from these process flow diagrams are then developed along with energy
and time management diagrams. Some of the process variables extracted from the diagrams are
used in the calculation of the first order Enterprise-Derivative sensitivity parameters.

In the EDA, the user can interactively design the process flow by dragging the process icons into
place (Fig. 1). Likewise the user drags the Product icons where desired (in this example there are
products out of the TF, GAL, TEMP A, TEMP B and CRM B processes. Once the user has
specified the number of processes m and products n and connected the processes, the user must
create the parent-child relationships, name the processes, and save the process flow. Note that in
this example there are twelve processes and five products. But there is also a “Process zero”
which is the initial feed. The diagram represents the flow of material from the initial feed to
successive processes with production of products P1 through P5.

ED APPLICATION MAIN FORM ... YOUR CURRENT PROCESS FLOW IS ... DEMO 1_1
BUILD PROCESS FLOW SET DEFAULT PROCESS FLOW SET PERCENTAGES SET INITAL WARIABLES WORKSHEET SENSITIVITIES TECHMOLOGIES ENTERPRISE MATRIZ OPTIMIZATION EXIT
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Product 1 | ‘T—‘ e
e

5N

PICELE TEMP A

m ANNEAL

CAL TEMI B

-

%

4

CRI |

i

Product &

Product Z Product ¢

Fig. 1. EDA form for creating the process flow. To develop the process flow, the user
drags process icons into place and connects processes in desired manner (see Appendix A
for description).



3.2 COMPUTING THE ENTERPRISE SENSITIVITY PARAMETERS

The next step is the computation of the sensitivity parameters. The user must first enter the
Enterprise information for each process as shown in Fig. 2.

ED APPLICATION WORKSHEET FORM

SAYE EXIT

O PSS [Electric Arc Furnace

Fhevenue: §/TON

Utilization: %
*Energy | 20| Ki-HE/TOL
*Cost | 1Z|s 10N
*Material Ouc: TDNS;’YR
[

Fig. 2. On this form the user enters the Enterprise
information consisting of required fields: energy,
cost, maximum processing capacity, yield, and revenue.

This information includes costs, energy usage, and revenue for each product. Once this information is
completed, the sensitivities are computed and displayed as shown in Fig. 3. This EDA Sensitivity form
displays the sensitivity parameters for each associated process. The sensitivity parameters (and associated

D APPLICATION SENSITIVITY FORM

CHART EXIT
PROCESS IC/DP IPiDE DESDN IN{DC DPfEC1 DEfDCZ
Electric Arc Furnace F7.000 0.0500000000 4000.00 0.00013514 0.05000000 0.00000000
Ladle Metallurgy Furnace L5.7EE 0.05825000000 155,00 000015302 0.lz&00000 0.1z500000
Castexr 70,318 0.0454545455 265,88 000007322 0.05030303 0.050502303
Tunnel Furnace §3.753 O.0555555556 Sl34.320 0.00004156 0.11111111 0.11111111
Hot Strip Mill 100. 344 0.0454545455 7304, 40 0.0000300E 0.05030303 0.0503030%
PicklefDiler fDryer 1l5.525 0. 0666666667 510,06 000005173 0. 1lz500000 0.14Z55714
Cold Eeduction Mill 132,220 0.0476130476 3734.596 000004252 0.10000000 0.0503030%
Galvanized 150.717 0.05Z6315758% 385.61 000032432 0.05030303 0.1z500000
Temper R 1lZ.525 0.0476130476 3514.08 000005311 0.05030303 0.10000000
Annealing 1z5.005 0.0585235254 ZE39.45%3 000005514 0.10000000 0.14Z55714
Temper B 14Z.554 0.0476130476 SE35.ZE 000004543 0.03030303 0.10000000
Cold Reduction Inspection 1z4.005 0. 06825000000 Z337.36 000005520 0. lz500000 0. 1z500000

Fig. 3. The sensitivity parameters are computed and displayed once the user has completed
entering all the Enterprise information.

units) are the ones defined previously & (KW-h), a—77($’1), §($/ton), a—P(ton/kW-h), and two
on oC oP oE
additional sensitivities which break the energy utilization into both an electricity sensitivity

parameter, op (ton/kW-h), and a natural gas sensitivity parameter, op (ton/kW-h).
OEC1 OEC?2




The baseline operation can be expressed in an enterprise matrix (EM) which shows flow of
material from one process to the next and of product produced. This matrix completely describes
the baseline operation. The matrix can also be stated as ratios of material moved from one
process from the next, in which case it is referred to as the R Matrix (RM).

The EM or RM represents the culmination of the enterprise-derivative computation. The EDA
has all the information it needs to computer the status quo operation, the plant operating point.
The user now moves on to conduct a technology assessment and impact analysis, where changes
in technology are introduced and products produced by processes are increased or decreased and
the impact analysis is made about the original plant operating point.

3.3 CREATING THE ENTERPRISE MATRIX

The user can select to display the Enterprise Matrix as shown in Fig. 4.

D APPLICATION ENTERPRISE MATRIX

EXIT  WIEW MATERIAL RATIO

ERF LMF CASTER TE HSM DPICKLE CRM GAL TEMP A | ANNEAL | TEMP B CRI DPRODUCT (TONS)

INITTAL 10000
ERF 2800
LMF a70Z
CASTER 2508
TE 8200 [ZZ
HSM 2391 5578
PICKLE ZZZ3
CRM 2045
GAL Z0ZE
TEMP R z708 1ez3 1082
ANNEAL ZE70
TEMP B Zdle
CRL 1477
TOTAL TONS 10000 2800 a70z SE£08 8200 2331 ZZE3 Z045 EE7S z708 2570 1ez3 TAZE
FIELD & 0.980 0.390 0.980| 0.370 0.360 0.930 0.3z0 0.230 0.370 0.950 0.940 0.310
ENERGY KW-H/TON 20 1g 2z 1s 2z 15 21 13 21 17 Zl 16
ENERGY TONS/KW-H| 200000 156800| 213444) 171143 182610 35858 46687 38861 117136 45930 53370 25971
EIXED COST 7.000( 10.000| 10.000[ 4.000 8.000 4.000 £.000 5.000 3.000 6.000 2.000 4.000
VARTABLE COST £.000 2.000 4.000| 8.000 6000 7.000 3.000 £.000 £5.000 3.000 Z.000 4.000
TOTAL COST 1z.000( 12.000| 14.000[ LZ.000( 14.000) 11.000 8.000 7.000 2.000 2.000[ 11.000 8.000
ACCYVMILATED COST 27.78E8[ E£e.3218| 71.753| 86.344| 104.525| 124,220 143.717| L152.240| 116.005| 121_584| 151.685| 126.2&3

Ll ] I

Fig. 4. Once the user has entered all the Enterprise information and the sensitivity parameters
have been computed, the EM (products transferred from process to process in tons) or the
RM (ratio of material moved from one process to the next) can be displayed. Here the EM is shown.

We see here that the EM is an overview of the enterprise-derivative analysis in matrix view. The
top half of the screen shot shows the flow of material from one process to another while the
bottom half shows the process parameters. At the right of the form, the product, revenue and
profit are displayed. The user can select from this “Enterprise Matrix” view (for the EM), which
shows transfer in terms of tons of material, to an “R Matrix” view (for the RM), in which the
ratio of material moved from one process to another is displayed. To access this feature, the user
clicks on the button in the lower right corner. This converts the top half of the form to reflect the
material flow as a ratio.

3.2 CONDUCTING A TECHNOLOGY ASSESSMENT AND IMPACT ANALYSIS

Using the information extracted from the process flow diagrams, a technology assessment can be
conducted for each manufacturer or company. Plant managers and technical representatives for



each of the individual sub-processes are asked to sit in on a session to review the findings of the
process flow activity. They are also asked to identify new technologies and needs (or
innovations) that are considered important to enhancing their operational performance or
increasing overall process efficiency. During the review, any proposed need or technology
candidate is identified and listed along with its current operating profile, desired profile, and any
figures of merit associated with its use. The amount of change in the product for this process for
every specified technology modification is required by the program (Fig. 5). The identification of
the operational impacts that these technologies will have on the enterprise/plant/process is
included in this analysis. Other indicators of importance include: variance defined as labor,
maintenance, or productivity; impact defined in terms of operations, throughput, or quality; and
priority ranking defined in terms of high, medium, or low for the particular process step and
numerical (1-10) as it would relate to the entire process. These additional indicators provide a
measure of importance for each technology or innovation as determined by the plant and
technology personnel.

ED APPLICATION TECHNOLOGY FORM

SAYE ADD AROW DELETEROW EXIT

PROCEEE ADDITIONAL ANNUALL
VADIMELE PRODUCT EXPENEE

El §900.00 #l2,E00.00 §l,887.00 10z0 0.ZEE00000 10z0 0.00000000

INVESTHMENT COsT ENERGY EFFICIENCY ECL ECz

a4 $975.00 $14 000_00 $3,108.00 1680 0_42000000 1880 0_00000ao0n

Variable 3 54 £1,050.00 #17,500.00 #1,9958.00 1080 0.Z7000000 1080 0.00000000

Fig. 5. Once the Enterprise has been defined, the user enters the desired technology improvements
and their associated product increases (or decreases) for all technology modifications for each
process. This form then displays the differential in the sensitivity parameters derived from
the associated product change, using the previously computed sensitivity parameters.

The Technology Analysis form allows the user to add or delete new technologies, annual
expenses, and investments for each process. After the new technologies and innovations have
been identified along with their respective variance, impact, and priority ranking, their economic
and process impacts are calculated for the enterprise system. These measures of performance
will be in terms of cost saving or yield increases if it were deployed. During a typical study,
usually one or the other is given.

Given these economic indicators, the model then calculates three additional parameters; energy,
efficiency, and per-process cost savings. Energy savings are computed for electricity, natural
gas, and for total energy. These parameters, along with other process data, are used in the
subsequent analysis and comparison.

10



3.5 OPTIMIZING TECHNOLOGICAL CHANGES

The last element in conducting the EDA is selecting the optimal mix of technologies based on
some stated criteria. The optimization scheme implemented (algorithm or heuristic) will use the
economic and process impacts derived from the energy-derivative analysis coupled with the
energy-derivative sensitivity parameters to search for an optimal solution in the value space for a
given set of hard and soft constraints. The different optimization approaches include:

Risk Analysis: Risk analysis will determine the process and economic impact of a new
operational strategy. If only one operational strategy is to be analyzed, the process and economic
impact analysis becomes a straightforward activity using the coupled equations of the enterprise
model if the product mix ratios are maintained.

If more than one operational strategy is to be analyzed concurrently, the optimization model uses
the enterprise’s coupled equations to estimate changes in f(x) assuming the same product mix
ratios. As before, the EDA will also provide the parametric analysis figures for each operational
strategy, and ultimately suggest the best implementation sequence for the given operational
strategies.

Alternative Analysis: Alternative analysis deals with contrasting and comparing two or more
operational strategies. The optimization module can calculate changes in f(x) for each
operational strategy using the coupled equations, and provide a ranking based on production cost
savings, additional throughput and energy savings assuming the product mix ratios are not
changed.

Enterprise Analysis: Enterprise-derivative analysis will select the operational strategy or group
of operational strategies that will maximize or minimize an objective function given a set of
criteria.  Since the sensitivity parameters are invariant for each process regardless of the
operational strategies, the module can optimize the enterprise through a two-step procedure: 1)
the optimization algorithm will select the process or processes that meet a set of multi-goal
criteria based on the information contained in the sensitivity parameters and 2) select the
operational strategy or group of operational strategies that maximize the benefits of the
process(es) as reflected by f(x) and without violating the constraints.

The EDA presents the user with a form (Fig. 6) that shows the differences between the original
process and sensitivity parameters and the optimized ones. Negative entries (colored red on the
screen) signify a decrease in parameters and positive entries (colored blue on the screen) signify
an increase in parameters.

The user can click on the ENTERPRISE MATRIX button on the Optimization form to view an
optimized EM (Fig. 6) showing the difference in values due to optimization.

11



APPLICATION ..., VIEW OPTIMIZED ENTERPRISE MATRIX

m

*RED SIGNIFIES A DECREASE *BLUE SIGNIFIES AN INCREASE

Dleaze :hquse a grid from below

EAF e |caster | t¢ | wsw | prowmE | com CAL | TEMD A | WNNEAL | TEMD B | CRI | PRODUCT (T0NS) | BEVENVE (§/TON) | PROFIT ($/TOK)
INTTTHL 10000
TR 9800
UE 9702
CASTER 9508
b 8341 921 $100.00 §12,949.36
1Y 2415 5635
PICKLE 2246
R 2066
GAL 2045 $165.00 528,012, 91
BN & 2182 1669 1113 $135.00 §23,971.39
ANNEAL 2643
TEMD B 2522 $175.00 §70,980.51
CEL 1519 $145.00 $17,519.38
TOTAL TONS 10000  9soo|  9r02| 9ses| 8341|2415 2246 o] 5635)  2182] 2643 1669 §126 §720.00 §153,439. 61
YIELD % 0.9%0 0.990| 0980 0.975| 0.95| 093] 0.920 0.9%| o0.988 095 0954 0920
ENERGY KV-H/TON 20 1% 2 1 ) 15 3 19 2] n 2] 1
ENERGY TONS/RW-H | 200000] 156800 213444) 11113 1e3501| me2za|  4maez|  ssesn| wieses|  anave| s 2e7m0 129534
FIKED £OST 7.000) 10.000] 10.000] 4.100] s.081) 4.ov0] 5000 5000 3.312] 6000 9191 4000
VARIABLE COST 5.000 s.000] 4.000 ®.000] 6.000] 7vovo| 3.000) 2000 5.000 3.000 2000 4.000
TOTAL €OST 12.000) 18.000| 14.000) 12.100| 14.081) 11.000] s.000] 7r.000] s.312] 9.000| 1113 s.000
BCCUMILATED COST | 37.755| 56.318) 70.753) 86.027| 103.133) 123.369| 142.792) 151.305| 113.455) 120.901) 146.851 133.468

Fig. 6. The EM showing the processes that increased product transfer between processes
(shown using blue color font) with corresponding decreases in costs (shown using red font).
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4. EDA: DETAILED SOFTWARE OVERVIEW

After starting the application, the MAIN FORM (Fig. 1) loads displaying a process flow
diagram that represents the flow of material from one process to another and the product, if any,
a particular process might have.

For the initial use of the EDA, there is a series of steps to follow in order to properly populate the
data needed for the EDA calculations. The order is:

1. Populate the process names, acronyms, and parent-child relationships by clicking on the
BUILD PROCESS FLOW button at the top of the form. Documentation for this is
found in the document EDA_SetUp.doc

2. Assign material flow, material yield, product yield, and maximum processing capacity by
clicking on the SET PERCENTAGES button at the top of the form.

3. Assign initial starting values such as material, cost, etc., by clicking on the SET
INITIAL VARIABLES button at the top of the form.

4. Complete the worksheet for all processes (i.e., cost, energy, etc) by clicking on the
WORKSHEET button at the top of the form.

5. Assign any process variables (technologies), additional products, annual expenses, and
investments a particular technology might have by clicking the TECHNOLOGIES
button at the top of the form.

Once these criteria have been completed, the user can view other parts of the application such as
the sensitivities, the enterprise matrix, and the optimization.

After the user has completed step one by building their process flow, they must set the default
process flow by clicking on the SET DEFAULT PROCESS FLOW button at the top of the
form.

The second criterion requirement is to determine the material percentages. To open the SET
PERCENTAGES FORM, click on the SET PERCENTAGES button on the MAIN FORM.
The SET PERCENTAGES FORM is displayed in a data grid. The material flow is the percent
of material flowing from one process to another. The default material flow for all processes is
100%. The only time a user should change the material ratio for a process is if it is a child in a
split or if there is product for a process. For the example shown in Fig. 1, the SET
PERCENTAGES FORM is seen below in Fig. 7. Process five is a parent of both process six
and process nine. Process five (HSM) sends 30% of its material to Process six (PICKLE) and
70% to Process nine (TEMP A). NOTE: Percentages are entered as whole numbers instead of
decimals. Processes that have all material going out to a product would have a material ratio
equal to the material yield of that process. The material yield for a process is the material yield
for that particular process. The product yield is the percent of material going to product. The
Max Process Cap is the maximum cap in production of the process and is used in the
optimization.

13



APPLICATION MAIN FORM ... YOUR CURRENT PROCESS FLOW IS ... DEMO 1_1

UILD PROCESS FLOW  SET DEFAULT PROCESS FLOW SET PERCENTAGES  SET INITAL VARIABLES WORKSHEET SENSITIVITIES TECHNOLOGIES ENTERPRISE MATRIX OPTIMIZATION EIT

ED APPLICATION PERCENTAGE FORM

EAF

SAVE  EXIT

Acronym |Material Flow % |[Material Tield %

Product Yield %

|wiTI2L 100

Max Process Cap
0

EAF

1os00

10000

10000

5780

8780

zaE0

zzE0

zzE0

£000

3000

27E0

17&0

Product 2

CRI

Product 4 Product &

Fig. 7. The form for setting the material flow percentages.

For the third criterion requirement, the user must open the INITIAL VARIABLES FORM (Fig.
8) by clicking SET INITIAL VARIABLES in the combo box on the MAIN FORM (Fig. 1).
The initial cost is any cost associated with starting the flow of material and is NOT the same cost
the user will see on the process worksheet form. The initial material is the beginning material
that will be introduced into the first process. The other variables are self explanatory and are

used in the optimization routine.

ED APPLICATION INITIAL YARIABLES FORM
SAVE  EXIT

Fig. 8. Form for setting the initial variables.

The user then opens the WORKSHEET FORM. Two choices are provided for entering the
worksheet information: individual or group. At this time, the only fields required are energy,
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cost, yield, and revenue — revenue only if the process has product. If the process being worked on
has a product, the user can enter revenue on that product in the revenue field. If the process being
worked on does not have a product the user is prevented from entering a revenue amount. If
selecting the individual option (under the Worksheet tab), the user must click on the COST and
or ENERGY buttons to open appropriate forms to enter the cost and energy values as sown in
Figs. 9-11. If the group option (under the Worksheet tab) is selected, the user must click on
VIEWS and then select either WORKSHEET, COST, or ENERGY to enter the appropriate
data as shown in Figs. 12, 13.

ED APPLICATION WORKSHEET FORM

SAVE  ERIT

SNt Electric Arc Furnace
Temperature In: DEG F
Temperature Out: DEG F
Desidence Time: I:IHIN
Tecquilibrium: I:IDEG F
Utilization: 5
Process Speed: I:IFT;‘HIN
*Energy | Z0|F-HE/ TOK
*Cost | I—lzl $/TON
*Material In: TONS /TR
*Material Out: TONZ /TR
*Ravanue: I:I $/TON

Fig. 9. User has selected the individual option (under the
Worksheet tab) to enter workshe data. In this case the user must
click the Energy and Cost buttons to enter that information.

Select Process: ‘Eleﬂt—rlﬂ Arc Furnace j COST FORM FOR ELECTRIC ARC FURNACE ’

SAVE  EXIT

Temperature In:

ENERGY FORM FOR ELECTRIC ARC FURNACE
SAWE ERIT

Fixed: ]+ sron

Variable: S|s/ToN

Mainces

cet 0|$/TO0N
Repairable: l:lwmn
Consumsble: l:l #/TON
Total Cost: $/TON

o

. :

I _
e
L :l”m“ *Revenue: E $ /10N
Fig. 10. User has selected the individual option Fig. 11. User has selected the individual option
(under the Worksheet tab) to enter worksheet (under the Worksheet tab) to enter worksheet
data. This is the entry form for energy usage. data. This is the entry form for the costs.
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ED APPLICATION WORKSHEET FORM

VIEWS SAVE EXIT

Process Name Temp In |Temp Out |Residence Time |Tequilibrium Vtilization Process Speed Revenue

} [Electric Arc Furnace 66, 99 0 [ 33 0 50.00
Ladle Metallurgy Furnace [] 0 [ 0 [ [ 50.00
Caster [ 0 0 0| 0 [ $0_00
Tunnel Furnace [ 2 11| 0 0 0 $100. 00
Hot Strip Mill ] 0 [ 0 [l [ §0.00
PicklefDiler/Dryer 0 0 0 0 i 0 50.00
Cold Reduction Mill [ 0 0 0 0 0 $0.00
Galvanized [ 0 0 0l [ 0 $165. 00
Temper A [ 0 0 0 0 0 §135. 00
Annealing [] 0 [ 0 [ [ 50.00
Temper B 0 0 0 0| 0 0 $175_ 00
Cold Reduction Inspection [ 0 0 0 [ 0 §145. 00

Fig. 12. User has selected the group option (under the Worksheet tab) to enter worksheet data. This is the
entry form for costs.

e -_—
ED APPLICATION WORKSHEET FORM ED APPLICATION WORKSHEET FORM
WIEWS SAWE ERIT NIEWS SAWE  EXIT

Process Name Fixed Cost |Variable Cost i e Cost e Cost Process Name Electricity |Natural Gas
p [Electric Arc Furnace b [Electric Arc Furnace 20 [

Ladle Metallurgy Furnace 10
Caster 10

Ladle Metallurgy Furnace 8 3|
Caster 11 11

Tunnel Furnace 4
Mot Strip Mill
Pickle f0iler/Dryer

Tunnel Furnace 9 )
Hot Strip Mill 11 11
Picklef0iler {Dryer 8 1
Cold Reduction Mill 10 11]
Galvanized 11] 3
Temper A 11 10
Annealing 10 1
Temper B 11] 10
Cold Reduction Inspection 8 3

Cold Reduction Mill
Galvanized

Axnealing
Temper B
Cold Reduction Inspection

alnlw olm olaele slea
slelelelalelalolselae
slelelelalelalolaslelale

8
4|
5|
5
Terper R 3
6
9|
4|

Fig. 13. User has selected the group option (under the Worksheet tab) to enter worksheet data. This is the
entry form for energy usage.

The final criterion requirement is to fill in the additional technologies on the TECHNOLOGY
ANALYSIS FORM. To open the TECHNOLOGY ANALYSIS FORM, click the
TECHNOLOGIES button on the MAIN FORM. When the form opens (Fig. 5), the first
process’s technologies, if any, are automatically shown.

This criterion requirement is essential for the optimization routine. To add a new process
variable, click on the ADD A ROW button on the TECHNOLOGY FORM. A new row will
appear and the user can enter the new process variable, additional product, annual expense and
investment. The variables cost, energy, efficiency, EC1 (1/electricity) and EC2 (1/natural gas)
are calculated automatically.

To view the sensitivity parameters, click on the SENSITIVITIES button on the MAIN FORM
to open the SENSITIVITIES FORM (Fig. 3). The table displays the sensitivity parameters
associated with each process, where the sensitivity parameters are defined as:

DC/DP (or g—g): cost to product sensitivity parameter ($/ton).

DP/DE (or S—IE)): product to energy sensitivity parameter (ton/kW-h).
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DE/Dn (or Z—E ): energy to efficiency sensitivity parameter (ton/kW-h).
n

Dn/DC (or 2—2): efficiency to cost sensitivity parameter ($).

DP/EC1.: product to electricity sensitivity parameter (ton/kW-h).
DP/EC2: product to natural gas sensitivity parameter (ton/kW-h).

The user can choose to view a chart by choosing the desired sensitivity parameter by clicking the
CHART hbutton. Figure 14 below shows the chart for DC/DP for all process below the table of
sensitivity values for all process.

DUAPPLICATION SENSITIVITY FORM

CHART EXIT
PROCESS DC/DF DEfDE DESDN DNFDC DPFEC1 DEFDCZ
Electric Arc Furnace 37.000 0.0500000000 4000.00 0.00013514 0. 05000000 0.00000000
Ladle Metallurgy Furnace 55755 00625000000 1568.00 0.0001530Z 0. 12500000 0.1z500000
Caster 70.318 00454545455 4Z68.88 0.00007323 0.02020202 0.023020203
Tunnel Furnace 83.753 O.0EEEEEE5EG £134.30 0.00004186 0.11111111 0.11111111
Hot Strip Mill 100,344 00454545455 7304.40 0.00003002 0.02020202 0.023020203
PicklefDiler fIryer 11E5_EZE O_DEEEEEEEET Z510.0& 0.0000E1732 0_1lzEooooo 0.14Z28E5714
Cold Reduction Mill 122 ZEZ0 0.047&1590476 27324 .96 0_00004ZE52 0_1l0000000 0.0203050%
Galwranized 1E0.717 O_0EZE315723 22261 0.0003E4329 003030309 0.lzEto0oo00
Temper A 11z EZE 0.047&1590476 2514 .08 0.0000E211 003030309 0_lo000000
Annealing 125.005 00582235234 2258549 0.00005514 0. 10000000 0.14285714
Temper B 142 . E84 00478150476 323822 0.00004548 0. 03030503 0.10000000
Cold Reduction Inspection 1z4.005 00825000000 2337.36 0.000055Z20 0. 12500000 0. 12500000
Chart For DC/DP

1e0 1e0

140 140

1z0 - 120

100 + 100

20 =1u]

. Drocess

&0 &0

40 4——— 40
o
1

Zo

Fig. 14. Sensitivity table and chart of DC/DP for all processes.

To view the enterprise matrix, click on the ENTERPRISE MATRIX button on the MAIN
FORM to open the ENTERPRISE MATRIX FORM. An overview of the basic EDA
application is displayed. The top half shows the flow of material from one process to another
while the bottom half shows the process parameters. At the right of the form, the product,
revenue, and profit are displayed. Use the horizontal scroll bar to view the entire matrix. To view
the ratio of material from one process to another, click on the VIEW MATERIAL RATIO
button and the top half of the form reflects the material flow as a ratio. Figure 6 shows the EM
and Fig. 15 below shows the enterprise-derivative RM.
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D APPLICATION ENTERPRISE MATRIX
Faall VIEY MATERIAL FLOW

ERF LME CASTER TF H5M PICKLE CRM GAL TEMP R | ANNEAL TEMP B CRI PRODUCT (TONS)
INITIAL 1._000
ERF a.380
LMF o330
CASTER a.280
TF 0.873 o.100
HSM 0.Z3g 0.67E
PICKLE a.230
CRM a.3z0
GAL a.230
TEMP R 0,485 O.E91 o.g00
ANNEAL 0.350
TEMP B 0.340
CRI 0.210
TOTAL TONS o000 800 702 2508 2300 391 EZED Z045 578 Z705 570 1623 TREE
YLELD % o.380 0.930 o380 o.370 0.9&0 0.330 o.3z0 03930 o.370 0.950 0.340 0.210
ENERGY EW-HfTON z0 le EZ 1g ZZ 15 ZL 13 Z1 17 Z1 1a
ENERGY TONSFEW-H 00000 156800 13444 171143 1l8zel0 35858 45687 38861 117138 45930 L3370 EEITL
FIXED COST 7.000| 10.000( 1o0.000( <4000 8. 000 4_000 5_000 5_000 3000 &. 000 9_000 4_000
VARIABLE COST £.000 a.000 4_000| 2000 &. 000 7.000 3.000 Z.000 5000 3.000 Z_.000 4000
TOTAL COST 12.000| 18.000( 14.000( 12_000( 14.000( 11.000 8.000 7.000 8_000 9.000| 11.000 8.000
ACCUMILATED COST 37_.765| EB6.318[ 71.753| 86_344| 104 EZE| 124 FF0( 143 717 15Z.Z240( 116.005[ 131_584( 1E1.68E8 136_ 269
[T ] O

Fig. 15. Once the user has entered all the Enterprise information and the sensitivity parameters have
been computed, the EM (products transferred from process to process in tons) or the RM (ratio of
material moved from one process to the next) can be displayed. Here the RM is shown.

To run an analysis or optimization routine, click on the OPTIMIZATION button on the MAIN
FORM. The user can run a risk analysis, alternative analysis or optimization #1. increase
throughput maximize profit. The RISK FORM (Fig. 16) shows the amount of increase in tons
there will be per additional amount of product produced as well as energy and profit increases or
decreases. The annual worth is a measure for i new operational strategy. The ALTERNATIVE
ANALYSIS FORM (Fig. 17) shows the rankings of annual worth and energy used for each new
operation strategy introduced.

The combo box on the optimization form allows the user to see the calculations needed to
perform the optimization. For example, Fig. 18 shows the differences in the sensitivity
parameters before and after optimization. The OPTIMIZED ENTERPRISE MATRIX FORM
(Fig. 19) shows the new matrix flow due to the optimization.
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ED APPLICATION RISK ANALYSIS

EXIT
STRATEGY | PROCESS | ADDITIONAL PRODUCT | ANNUAL EXPENSE | INVESTMENT ( PRODUCT 1 |PRODUCT 2 | PRODUCT 3 | PRODUCT 4 | PRODUCT 5| ENERGY

1 1 84 $975.00( 514, 000. 00
2 1 54 $1,050_00| $17, 500.00
3 1 51 $900.00( 518, 500.00
4 2 55 $935.00( 516, 000. 00 5_50 14.35 .93 21.66 12_99|5864. 24
5 3 86 $1,555_00| $25, 000.00 &_60 23.22 10.84 33.86 20_32(7277.54
6 3 74 $1.960.00| $38, 500.00 7.40 19.98 9.32 29.14 17.48| 6262. 06
7 4 23 §925.00( 513, 50000 2_20 €.21 2.90 9.06 5.43| 1532 32
g 4 45 $955.00( 512, 500.00 4.50 12.15 5.67 17.72 10.63| 2998. 01
] 4 100 $1,950_00| $26, 00000 10_00 27.00 1260 39 .38 23_63| 666225
10 4 38 $1,750.00| $21, 500.00 3.80 10.26 4.79 14.96 8.98| 253165
11 5 az $675.00( 510, 500.00 12. 60 5.88 13.3% 11.02| 2185. 05
1z [ 12 $1,225_00| $11, 500.00 1200 480 040
13 € 33 $450.00| 511, 000. 00 33.00 1320. 00
14 € 21 $1,350.00| $12, 000.00 21.00 £40. 00
15 7 20 $675.00( 517, 50000 20.00 280. 00
16 [ 15 $1,300_00| $10, 50000 1500
17 9 35 $480.00( 512, 000. 00 5.83 18.23 10.94| 867.71
13 ? [E] $1,280.00| $21, 500.00 10.50 22.81 19.69|1561. 88
13 ] 14 $275.00( $14, 50000 2.33 7.29 4.38| 247.08
20 10 20 $625.00| 519, 000.00 20.00 420. 00
21 11 36 $520.00( 512, 000.00 36.00
2z 11 22 $950.00( 521, 000. 00 22.00
23 12 20 $595_00| 515, 750_00 20_00

ﬁ

Fig. 16. RISK FORM showing the amount of increase in tons there will be per additional amount of
product produced as well as energy and profit increases or decreases.

ED APPLICATION ALTERNATIVE ANALYSIS

ERIT

STRRATEGY |[PROCESS | ADDITIONAL PRODUCT | ANNUAL EXPENSE | INVESTMENT | STRATEGY | RNNUAL WORTH | STRATEGY | ENERGY USED
1 1 81 $975.00| $14, 000.00 2| ($596,594.42)
2 1 54 $1,050. 00| $17,500_00 3| (§596,591.25) z
3 1 51 %900.00| $18, 500_00 1| (§596,005.54) k]
4 2 55 $935.00| $16,000_00 12 (§1,113.48) 16 1226225
5 3 86 $1,555.00| $25, 000_00 16 (5366.65) 21 1226225
[ 3 74 $1,960. 00| $38 500_00 19 (5359.37) 22 1226225
7 4 23 %$925.00| $13, 500.00 22 (5183.31) 23 1226225
[ 4 45 $955. 00| $12, 500_00 20 (5134.66) 19 1226572
2 4 100 $1,950.00| $26, 000_00 14 (5108.72) 15 1226605
10 4 38 $1,750. 00| $21, 500_00 15 (584.42) 20 1226645
11 5 4z %$675.00| $10, 500_00 23 (57.48) 1z 1226705
12 [ 12 $1,225_ 00| $11,500_00 7 31972 14 1227065
13 [ 33 4450.00| $11,000_00 10 $424.58 17 1227093
14 [ 21 $1,350.00| 513, 000_00 [ $1,881.28 13 1227545
15 7 20 %$675.00| $17, 500.00 17 $2,869.57 7 1227757
16 8 15 $1,200._00| $10 500_00 13 $2, 884 93 18 1227787
17 9 25 $480.00| $12, 000_00 4 $3,002.17 11 1228410
18 9 63 $1,280.00| 521, 500_00 8 $3,523.08 10 1228757
19 9 14 %$275.00| $14 500_00 21 $4,018.11 & 1229223
z0 10 20 $625.00| $19, 000._00 11 $4.451.90 4 1232089
! 11 26 $520.00| $12, 000_00 18 $4,763.90 [ 1232487
zz 11 2z $950.00| $21,000_00 5 $5,807.98 2 1232887
23 12 20 4$595. 00| 15, 750.00 9 $8,262.32 5 1233503

Fig. 17. ALTERNATIVE ANALYSIS FORM shows the rankings of annual worth and energy
used for each new operation strategy introduced.
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ED APPLICATION ... VIEW CHANGES IN PROCESS PARAMETERS AFTER OPTIMIZATION 1

EXIT

*RED SICHIFIES A DECREASE *BLUE SIGCHNIFIES AN INCREASE

Pleasze choose a grid from below

Process 1 2 E 4 5 & 7 2 2 10 11 12

P Original 10000 2200 2702 2508 28200 2391 22232 2045 5578 2705 2570 16232
P Newr 10000 2800 2702 508 &341 2415 2246 2066 5635 2182 2643 1669
P Change 21 24 23 21 57 77 T3 16
¥ Original 0.5%20| 0.990| O_%80| 0.970| O_%60| O0.930| 0520 0.9%0| 0_370 0._350 0. 540 0_310
¥ Newr 0.9%20| 0.990| 0_9%80| 0.975| 0_965| 0.930( 0_920| 0.990| 0_988 0._950 0.954 o910
¥ Change 0.005| 0.005 0018 0. 014

E Original 200000(156800| 213444 (171143 |182610| 3I5858| 46687| FE861[(117136 459330 53270 25371
E Newr 200000|156¢800| 213444 | 171143 (183501 36223 47162| 39257|118328 472539 55507 26710
E Change 291 265 475 395 1192 1209 1527 T30
Ft Origimal 7.000|10.000(10_000| 4. 000| £ 000 4. 000 5_000| 5.000| I _000 &_000 9. 000 4._000
Ft Hew 7.000|10.000(/10_000| 4.100| &_0%1| 4.000| 5. 000] 5.000| 3_312 6000 2.137 <4000
Ft Change 0.100| 0.03%1 0.312 0.127

ACT Driginal 278 562 718 26.2| 104.5| 124 2| 142 7| 152.2( 116.0 121. 6 151.7 1262
ACT Hewr 378 56.3 718 26¢.0| 103.7| 123 4| 142 2| 151.3( 113 5 1289 146.9 1235
RCT Change -0_3 -0._8 0.2 -0_3 -0.9 -2.5 -2.7 -4_8 -2 8

Fig. 18. Differences in the sensitivity parameters before and after optimization.

APPLICATION ... VIEW OPTIMIZED ENTERPRISE MATRIX

m

*RED SIGNIFIES A DECREASE *BLUE SIGNIFIES AN INCREASE

Pleasze chooze a grid from below

BRE IME | CASTER | TE HSM | PICKLE | CRX GAL | TEMP A | ANNEAL | TEXP B | CRT | PRODUCT (TONS) | REVENUE (5/TON) | PROFIT (§/TON)
INTTIAL 10000
ERE 9800
IME 9102
CRSTER 9508
® 8341 97 $100.00 $12,949.36
HSH 2415 5635
PICKLE 2246
CRI 2066
GAL 2045 $165.00 $28,012.91
TRMP R 2182 1669 1113 $135.00 $23,971.39
ANNEAL 2643
TEMP B 2522 $115.00 $70,980.51
CRL 1519 $145.00 $11,519.38
TOTAL TONS 10000  9800|  902| 9508  sa41| 415 2246 2066 5635  2182) 2643 1669 8126 $120.00 §153,439. 61
YIELD % 0.980| 0.990| 0.980| 0.975| 0.965| 0.930) 0920 0.9%0| 0.988 0.950 0.95 0900
ENERGY KN-H/TON 2 16 2 18 ] 15 2 19 21 1 n 15
ENERGY TONS/W-H | 200000) 156800 213444| 171143| 183501 36223)  47162| 33057 118328 47299 55501 26710 1295314
FIXED COST 7.000) 10000 10.000] 4.100| 6081 4.000] 5000 5.000] 3.312] 6.000 9.197  4.000
VARTABLE COST 5.000 4.000] 4.000( %.000 6.o00| 7.000) 3000 2.000] 5.000| 3000 2.000 4.000
TOTAL COST 12.000) 19.000) 14.000| 12.100) 14.081) 11.000]  .000]  7.000) $.312| 9.000| 11197  £.000
ACCMLATED COST | 37.755 56.318) 71.753| 06.027) 102.733 123.369| 142.7192 151.305| 113.455| 128,901 146.951| 133.468

Fig. 19. OPTIMIZED ENTERPRISE MATRIX FORM shows the new matrix flow due to the optimization.
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5. CONCLUSIONS

In the new economy, companies will be looking at R&D investments as a means to increase market share
and equity along with revenue, profit, and dividends. They will be concerned with understanding the
technology’s complete impact, what its total cost of ownership will be, and what the uncertainty and risk
associated its R&D investments is. In light of this, companies will be looking for ways to reduce or
eliminate these risks. The EDA based on MS Access, will help in this by making available to these
companies new tools for developing and managing investment strategies and risks.

The benefits derived from conducting an energy-derivative analysis using EDA are many and include:

¢ Quantifying the impact that a particular technology has in a plant in terms of economic benefits, energy
saved, efficiency increases, and product gains.

e Providing metrics for a strategic decision making process.

e Identifying unique parameters that can be used to characterize a system’s performance.

e Contrasting and comparing different technologies for a particular process or across the enterprise.
e Selecting best technology mix based on a set of criteria (optimization).

e Calculating total impact on an enterprise and total cost of ownership.

e  Tracking process and economic impact over time.

e Strategizing (risk management) based on expectations.

An energy-derivative analysis can have a major impact on how companies manage risk and make R&D
investment decisions in the future.

The Enterprise Derivative Application is an MS Access application which implements energy-
derivative analysis for optimization of an industrial process. It is a tool to help industry planners choose
the most productive way of making their products while minimizing their cost. Based on the calculation
of Enterprise-Derivative sensitivity parameters, the EDA can display a particular sensitivity or all
sensitivities can be compared for all processes. This was shown for a specific application of a steel mini
mill production process.

Energy-derivative analysis was demonstrated to be flexible enough to be applied to many other
industrial processes besides the steel process shown here. Examples of processes where energy-
derivative analysis would prove useful are:

e Wireless monitoring of processes in the petroleum cracking industry;

e Wireless monitoring of motor failure for determining the optimum time for replacement of parts;

e Optimizing the air-transport of cargo; and

e Optimizing the design of new military material design and deployment strategies (e.g., Future
Combat Systems).

A particular advantage of the MS Access-based application is its flexibility in defining the process flow
and establishing the relationships between parent and child process and between processes and products.
The application can be easily modified to apply to many different industrial and organizational
environments. Another advantage is the flexibility of defining sensitivity parameters. Sensitivities can be
determined between all possible variables in the process flow as a function of time. The dynamic
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development of the process can be tracked over time and optimized. The energy-derivative analysis is a
uniquely flexible and efficient way for planners to choose the most productive way of optimizing
production while minimizing costs. The MS Access-based EDA is a particularly flexible and robust
implementation of energy-derivative analysis and it should prove useful in the analysis and optimization
of industrial processes.
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APPENDIX A: SET UP FORM FOR EDA

Before the application can be used, the user must work through a series of steps to ensure the application
works correctly. This user’s guide will walk the user through the steps of determining the parent-child
relationships. The parent-child relationships determine the flow of product from one process to another as
well as any final product.

To begin, open the EDA.mdb database. The MAIN FORM will open (Fig. 1). The form shows the
default process flow, in this case DEMO 1_1, as indicated in the forms caption bar. To create a new
process flow, click on the BUILD PROCESS FLOW button at the top left of the form.

On the SET UP form (Fig. Al) the user can build a process flow or load an existing process flow to work
with. This figure shows the options available when the user clicks on the BUILD PROCESS FLOW
button. The user is guided through the order from determining the processes/products to saving the
process flow diagram. If a problem occurs, any part of the process can be reset. Following the given steps
is self explanatory and once the user saves the process flow and clicks on the EXIT button, they can
begin populating their process flow as given in the process flow overview.

The first step in building a process flow is to specify the number of processes and products as seen in Fig.
AZ2. Click on the Go menu option (Fig. Al) under the Determine Processes/Products pull-down menu
item, and enter the number of process and products needed for the process flow (Fig. A2). The number of
products can not exceed the number of processes.

— DETERMINE THE NUMBER OF PROCESSES AND PRODUCTS
D icks o I
Draw Process Flaw Diagram 13 Reset
lign Processes/Products Tk f g

zrzatpe Parent-Crp'lild Reltatiunships 3 =8 RS

Create Mames And Acronyms For Processes  »

Save Process Flow Diagram Nunkber of products:
Reset all

SAVE ‘ EXIT |

Fig. AL. SET UP FORM for building a process Fig. A2. Enter the number of processes and
flow or loading a previously built process. products.

Once these have been saved, the next step is to draw the process flow diagram. Upon choosing
the Draw Process Flow Diagram pull-down menu item and selecting Start option (Fig. A3), a
grid appears with buttons to the left (Fig. A4). Draw the process flow diagram as you want it to
appear on the main form. How it is drawn here is how it will look. Simply drag each button to a
place on the grid and drop it. It is not important to exactly align the buttons; this will be done
later; for now just get each button approximately aligned. Be sure to place the numbers in
numerical order as seen in Fig. A5.
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D APPLICATION

Draw Process Flow Diagram

Align Processes/Products

Create Parent-Child Relationships »
Create Mames And Acromyms For Processes  #
Save Process Flow Diagram

Reset Al

Process 3

Fig. A3. To get the grid for creating the process
flow, click on the Start

Fig. A4. Grid for creating the process flow.

Once the user is finished with drawing the process flow diagram, click on the Align
Processes/Products pull-down to provide the aligned process flow (Fig. A5).

Determine ProcessesfProducts,, FINISHED
Draw Process Flow Diagram. .. FINISHED 3
Align Processes/Products, . FINISHED

Create Parent-Child Relationships »
Create Mames and Acronyms For Processes b
Save Process Flow Diagram

Reset Al

Process 3

Process 4

Product L

Fig. A5. Process flow after placing processes and products on the grid.

To create parent child relationships, simply choose that option on the pull-down menu (Fig. A6)
and click first on the parent and click on the child. A line will be drawn connecting the two,
signifying the relationship has been made. You do not have to create the relationships in order.
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W LOAD EXISTING PROCESS FLOW  EXIT
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Fig. A6. Select Create Parent-Child Relationships from pull-down menu.

The next step is to assign names and acronyms to processes. The user chooses the pull-down
menu option Create Names and Acronyms for Processes (Fig. A7), then selects Create, and
fills in the names and acronyms for the processes as shown in Fig. A8.
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Fig. A7. Select Create Names and Acronyms for
Processes
Fig. A8. Entering names and acronyms for
processes.

The completed process flow diagram is shown in Fig. A9. The last step is to save the process
flow diagram information by clicking on the pull-down item Save Process Flow Diagram. At
this time, enter a name for the new process flow. The user can now exit out of the Build Process
Flow feature and start populating the newly created process flow diagram.
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Fig. A8. Final process flow diagram. User can now save the diagram and exit the process flow set-up.
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APPENDIX B: FIX FOR RUNNING APPLICATION

We ran into a problem implementing the EDA on machines that did not have Visual Basic installed. On
these machines you may get the error that certain system routines are missing (in our case the routine was
mschrt20.ocx). The failure occurred when selecting the menu item Sensitivities which is using
charting capability to chart the sensitivity values for all processes. This was corrected by downloading the
routine (mschrt20.o0cx) and moving it to the C:\Windows\System32 directory. The file must be
registered using the following command:

C:\Windows\System32>regsvr32 mschrt20.ocx

mschrt20.ocx was obtained from this site:
http://www.ocxdump.com/download-ocx-files_new.php/ocxfiles/M/mschrt20.0cx/6.00.81774/download.html .

This fixed the problem and we were able to successfully run the application and produce the charts.
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