





















































INVENTORY

Reports produced by LP show exactly how much of
each raw material is consumed in a furnace charge.
This information can be fed into the inventory system,
either manually or mechanically, to update the on-
hand figures. The updated inventory then serves

as the basis for replenishing inventory through
purchase or internal production and for updating the
LP model master records to reflect the changes in
raw materials availability.

The same information can be used for inventory
leveling studies. Normal demand rates can be
established for all materials carried in inventory.
For popular materials, most economical order
quantities can be determined to reduce the frequency
and related cost of purchase; the level of rarely
used materials can be reduced to reasonable amounts
through sale or forced allocations. This not only
converts unneeded inventory to cash but also re-
duces the costs of inventory maintenance.

PURCHASING AND COST ANALYSIS

The cost ranges for each material used in an optimal ‘

furnace charge can easily become the most widely
used data produced by LP. Either directly or in-
directly, they provide answers to these typical
questions: .

1. How much can the cost of zinc fluctuate with-
out affecting the cost of the alloy?

2. What is the price at which any individual ma-
terial must be purchased in order to possibly reduce
alloy production cost?

3. What metals are most sensitive to cost change
(smallest cost ranges)? Which are least sensitive
(widest cost ranges)? o

4. How much will it cost to substitute a non-
optimal metal for an optimal one?

These and other questions arise many times in
actual day-to-day operations. Timely and accurate
LP solutions provide many answers which aid in
deciding the best action. The same questions can
be asked and answered experimentally to study the
affect of a variety of possible conditions on the costs
of producing an alloy or alloys.
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PRODUCT RESEARCH AND PRICING

As noted before in the discussion of quality controls,
the weight restrictions (RHS) for an alloy blend can
be relaxed or tightened to study the cost of quality.
Similarly, substitutions of a variety of equivalent
metals for a standard metal can be studied for cost,
feasibility, and pricing.

The LP technique also provides an accurate means
of pricing the standard alloys and the infrequently
blended special alloys. Costing and pricing an
alloy that has never before been blended can be an
elusive task. However, by building a model for the
unusual blend and solving it, the pricing problem is
made considerably more manageable.

MANAGEMENT STUDIES

Linear programming is as applicable to hypothetical
situations as it is to real ones. Indeed, the use of
the technique to test the affect of proposed changes
on current operations is one of its most powerful
advantages.

Use of LP in this manner amounts to playing the
"what if"" game: What if one material becomes
unavailable? What if we purchase certain raw ma-
terials instead of making them? What if we make
instead of purchase? What effect on inventory
levels and costs would be felt if furnace capacity
were increased or decreased by 50%? What if a
10% reduction were made in the selling price of
alloy 7000? How could it be most readily recouped
through lower production costs?

By building experimental models or modifying
existing ones, many different courses of action for
many different situations can be studied before a
change is actually made.

SUMMARY

It is clear that the computation and recomputation

of optimal furnace charges based on available raw
materials is the heart of linear programming appli-
cation. But the savings through better furnace
scheduling, increased capacity, higher product
quality, and more accurate inventory and purchasing
information can amount to many thousands of dollars.



POSTOPTIMAL OPERATIONS AND
GENERAL PROCEDURES

A simple diagram of the LP processing cycle is
shown in Figure 16. Operations connected by solid
lines are basic to any run; those indicated by dotted
lines may or may not be required, depending upon
existing conditions.
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Figure 16. Processing cycle

OPERATING MODES

Actual production runs may be made under either of
two modes. Tirst, constraints on inventory availa-
bility and inventory state (ingot or loose form) can
be omitted from the matrices. Secondly, these
constraints can be imposed upon the problem before
an initial solution is obtained.

The advantages of one mode over the other depend
upon the existing situation. ‘Generally, however, an
initial assumption of unlimited available resources
and no ingot restrictions would seem more beneficial
for the following reasons:

1. The LP code is given considerably more
freedom in determining the least expensive raw
materials mix.

2. There is an opportunity, through study of the
initial solution, to determine whether such constraints
are actually required.

3. If constraints are desirable, the initial so-
lution pinpoints the applicable raw materials and
the magnitudes of the over-inventory allocations.

4. There are indications where "tradeoffs"
among raw materials can best be attempted to achieve
the desired ingot allocations or to balance allocations
to known inventory levels.

5. The cost of such constraints becomes immedi-
ately apparent by comparing initial and secondary
solutions.

6. Re-solution of a problem once it has been
solved initially can be done very economically.

Under the unlimited mode, then, the approach is
to begin with an initial optimal solution and work
backwards to one which is best for the additional
constraints.

The following describes how inventory and ingot
constraints might be obtained on the basis of an
initial optimal solution.

Ingot Constraints

By referring to the initial optimal solution, activities
whose optimal levels are to be rounded to ingot
weights can be quickly determined. Assume that

the level of SC4 in the solution illustrated below is

to be increased to 500 pounds, or five ingots.

NAME ACTIVITY LEVEL
SCL 450.0000
SC6 150.0000

A first step would be to add the constraint equation
below to the problem:

SC4 RHS

Ingot Bal. 1 = 500

If it is desired to reduce or limit the allocation
of SC6 to 100 pounds, another constraint could also

be added. In fact, this might contribute heavily to
achieving the 500-pound allocation of SC4:
SC4 SC6
Ingot Bal 1 = 500
Level 1 = 100

17



It should be noted that such constraints will not
guarantee the desired results. In many cases, it
may become necessary to obtain several solutions,
changing the constraints according to the results of
the previous solution. However, this approach to
controlling ingot allocations has proved highly ef-
fective in actual application.

Inventory Constraints

The techniques for writing these constraints were
explained earlier under LP Model Formulation.

FREQUENCY OF SOLUTION

The frequency with which charges are computed will
be a function of the arrival of new information. For
correcting off-compositions, data feedback may
occur every few minutes. New inventory data will
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be entered as frequently as materials are received,
or as a by-product of the daily charges.

CONTINUOUS POURING

During the course of developing the techniques for
aluminum alloy blending, it was conjectured that it
may someday be possible to further apply the system
to achieve continuous pouring. Under such a system,
several small furnaces are linked with one large
furnace. Each of the smaller furnaces are continu-
ously charged. These in turn continuously charge
the larger furnace from which the finished alloy is
poured.

It is beyond the scope of this paper to treat the
subject of continuous pouring in detail. Suffice it
to say that the possible advantages are many — re-
duced setup cost, a higher rate of production, small
fluctuation in alloy quality, and tight, uniform furnace
scheduling.






