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Overall Introduction

Value engineering, as a discipline, is a systematic and function-oriented method for enhancing the value of
products, services, and processes. It moves beyond simple cost-cutting to analyze the core function of an
item or process, seeking to achieve that function at the lowest possible life-cycle cost without sacrificing
quality, reliability, or performance. My research project, conducted on-site at Laxcon Steels, was a deep dive
into the practical application of these principles within the demanding environment of modern steel
manufacturing. Laxcon Steels operates in a highly competitive market, where pressures on pricing and
quality are constant. In such an environment, operational efficiency is not merely a goal but a critical factor
for survival and growth. My role as a student researcher was to embed myself within their operations,
mentored by seasoned engineers, to identify areas where a fresh analytical perspective could uncover hidden
potential for improvement. This report details the three primary initiatives I undertook. Each case
study—from re-evaluating mechanical processes to improving material quality and optimizing energy
consumption—demonstrates a journey from problem identification through to a validated, high-impact

solution, underscoring the power of value engineering to drive tangible change.

Initiative 1: A New Method for Producing Unequal Steel Angles

1.1. In-Depth Problem Analysis: The Bottleneck of Specialization

The first operational challenge I investigated was the production of unequal steel angles. These L-shaped
structural components, where one leg is longer than the other (e.g., 7Smm x 50mm), are essential in many
specialized construction and fabrication applications. However, at Laxcon, their production was a source of
significant inefficiency. The root of the problem lay in the manufacturing process itself: hot rolling. In this
process, a billet of steel is heated and passed through a series of massive, grooved rollers that progressively
shape it. To produce a specific profile like an unequal angle, a unique, custom-machined set of hardened

steel rollers is required.



The financial and operational burdens of this requirement were substantial. A new set of rollers for a single
unequal angle size could cost upwards of 1,500,000 (approximately $18,000 USD) and take weeks to
fabricate. Furthermore, the process of changing the rollers in the mill—a task known as a
"changeover"—was a major undertaking. It required a team of four to five skilled technicians and could take
an entire eight-hour shift to complete, during which the entire rolling mill, a core production asset, was idle.
When calculating the cost of this downtime (lost production capacity) and the direct labor costs, a single

changeover could be estimated to cost the company an additional 150,000 (approximately $1,800 USD).

Due to these prohibitive setup costs, Laxcon’s management had instituted a policy of requiring a very high
minimum order quantity—often 50 tons or more—to justify a production run. This business model
effectively excluded a large and potentially lucrative market of smaller customers, such as architectural
firms designing unique building facades, custom machinery fabricators, or contractors working on
smaller-scale infrastructure projects. We were regularly turning away orders ranging from 1 to 5 tons,
forcing these potential clients to seek out larger, more expensive suppliers or to compromise their designs.
This was a clear case where the manufacturing process was dictating business strategy, rather than the other

way around.

1.2. Solution Development: Leveraging an Underutilized Asset

My proposed solution was born from hours spent observing the entire factory floor, not just the rolling mill.
I noticed a powerful hydraulic shearing machine, a 300-ton behemoth used for cutting long steel bars and
plates. It was a workhorse, but it was also capable of remarkable precision. This sparked a critical question:
why must we form the unequal shape from scratch when we could modify an existing, easy-to-make shape?
My hypothesis was that we could take a standard, mass-produced 75mm x 75mm equal angle and simply

shear 25mm off one leg to create the desired 75Smm x 50mm profile.

[Insert Image: A diagram comparing the traditional rolling mill process for unequal angles with the proposed

shear cutting method. ]



The initial trials, however, were not straightforward. The immense downward force of the shear blade tended
to slightly twist the L-shaped angle, resulting in a cut that was not perfectly parallel to the other leg. The cut
edge also showed signs of burring—small, rough imperfections that would require a secondary grinding

process, adding cost and time. This was a critical flaw that needed to be addressed.

Working closely with a senior machine operator, we began designing a custom fixture, or 'jig,' to overcome
this. Our design process involved several iterations. The first jig, a simple steel channel, failed to prevent the
twisting. Our final, successful design was more complex: a heavy-duty jig made from hardened tool steel
with a precisely milled channel to cradle the angle. It included a series of adjustable clamps that secured the
angle from both the top and the side, completely immobilizing it during the cut. This jig was the key to
making the process viable, ensuring a clean, precise cut, accurate to within a fraction of a millimeter, every

single time.

1.3. Results and Impact: From Bottleneck to Business Opportunity

The successful implementation of this new method had a transformative effect. The most immediate impact
was financial. We conducted a comparative cost analysis for a hypothetical 2-ton order. Using the old
method, the cost would have been prohibitive and the order rejected. With the new shearing method, the cost
was simply the base cost of 2 tons of standard equal angles plus approximately two hours of labor for two
operators and the minimal electricity cost of the shearing machine. The setup time was reduced from eight

hours to less than 30 minutes.

This operational flexibility unlocked the market for small and custom orders. The sales team was able to
launch a new "Custom Angle Service," confidently accepting orders as small as 500 kg. This not only
created a new revenue stream but also enhanced Laxcon's reputation as a flexible and customer-focused
supplier. The project was a powerful lesson in value engineering: the most elegant solution is often not a
new, expensive machine, but a clever way of using the tools you already possess to their fullest potential.

Initiative 2: Improving Steel Quality by Mitigating Mill Scale



2.1. In-Depth Problem Analysis: The Chemistry of a Flawed Surface

My second initiative focused on a pervasive quality issue that began in the heart of the plant: the reheating
furnace. Every piece of steel produced was marred to some degree by a thick, flaky layer of mill scale. Mill
scale, a composite of iron oxides (primarily FeO, Fe304, and Fe203), is a natural byproduct of heating steel
in the presence of oxygen. However, the scale at Laxcon was unusually problematic. The root cause was the

furnace's fuel: furnace oil. This heavy oil contains a significant amount of sulfur and other impurities.

During combustion, these impurities created a highly corrosive atmosphere within the furnace. The sulfur, in
particular, reacted with the steel surface, disrupting the formation of a stable, adherent oxide layer. Instead, it
promoted the growth of a porous, multi-layered scale with poor adhesion. When the hot steel was moved or
subjected to the immense pressures of the rolling mill, this brittle scale would flake off in large chunks—a
process called spalling. This had two devastating consequences. First, it created surface defects. The loose
scale would often get pressed back into the steel surface by the rollers, creating permanent pits and
inclusions that rendered the product dimensionally inaccurate and aesthetically unacceptable. Second, it
resulted in significant material loss. The amount of steel being lost as thick, heavy scale was reducing the
final product yield from each billet. My analysis showed that the company was losing up to 2.5% of its raw

material as scale, a massive financial drain when processing thousands of tons per month.

[Insert Image: A close-up photograph of a steel billet with thick, flaky mill scale caused by the furnace oil.]

2.2. Solution Development: A Two-Pronged Attack on Oxidation
After researching metallurgical and combustion engineering journals, I confirmed that the fuel was the
primary culprit. My proposed solution, therefore, had to address the problem at its source while also

providing a secondary layer of protection.

The first, most fundamental change was to switch the furnace fuel from furnace oil to Piped Natural Gas
(PNG). PNG is over 95% methane and is virtually free of sulfur. This would create a much cleaner furnace

atmosphere, promoting the formation of the desired thin, tenacious, blue-grey oxide layer that adheres



strongly to the steel surface. This was a major proposal, as it required a significant capital investment to
convert the furnace's burners and install the necessary gas piping and safety systems. I had to present a
detailed ROI analysis to management, projecting the payback period based on savings from reduced

rejections and improved material yield to get their buy-in.

The second part of the strategy was to apply a protective, ceramic-based anti-scaling paint to the billets
before they entered the furnace. This paint acts as a physical barrier, isolating the steel surface from the
oxidizing atmosphere. This was a newer technology, and there was skepticism about its effectiveness and
cost. The initial challenge was application. Our first attempts with manual brushing resulted in an uneven
coating thickness, which led to inconsistent results. To solve this, we invested in a simple industrial paint
sprayer system. This allowed a single operator to apply a perfectly uniform coating to an entire batch of

billets in minutes, ensuring reliable performance and justifying the cost of the paint.

2.3. Results and Impact: Quality as a Profit Center

The combined effect of these two changes was profound. The steel emerging from the furnace was almost
unrecognizable from before. The surface was smooth, clean, and free of the defects that had plagued
production. A quantitative analysis confirmed the visual evidence: the rejection rate for finished products
due to surface defects plummeted by over 80%. The material yield improved from 97.5% to over 99%,

saving several tons of raw steel every month.

[Insert Image: A photograph of the improved, clean steel surface after switching to PNG and using

anti-scaling paint.]

The financial impact was direct and substantial. The initial investment in the furnace conversion and spray
equipment was fully paid back in just eleven months. This project proved a critical value engineering
principle: investing in quality is not a cost, but a direct investment in profitability. By creating a cleaner,
more controlled process, we eliminated waste, saved raw materials, and ultimately produced a superior,

more valuable product.



Initiative 3: Enhancing Furnace Efficiency with Oxygen Enrichment

3.1. In-Depth Problem Analysis: The High Cost of Heating Air

For my final initiative, I targeted the single largest operational expense at Laxcon Steels: the fuel consumed
by the reheating furnace. The furnace was, in essence, an enormous engine for converting chemical energy
into thermal energy. I sought to make that engine more efficient. The core inefficiency stemmed from a
simple fact of chemistry: combustion requires oxygen, but it is fed with air. Air is only 21% oxygen; the

remaining 79% is almost entirely nitrogen, an inert gas.

From a thermodynamic perspective, this nitrogen is a massive parasite on the system. It does not participate
in the combustion reaction, yet the furnace must expend a colossal amount of energy to heat this nitrogen
from ambient temperature up to the process temperature of 1200°C. This superheated nitrogen is then
exhausted through the flue stack, carrying with it a huge portion of the fuel's energy. It was like trying to boil
a pot of water while continuously pouring cold water into it. This process severely lowered the furnace's
maximum achievable flame temperature, slowed the rate of heat transfer to the steel, and wasted an
enormous amount of expensive natural gas. The slower heating times also created a production bottleneck,

limiting the overall throughput of the entire plant.

[Insert Image: A simple diagram illustrating how a standard furnace wastes energy by heating nitrogen in the

air.]

3.2. Solution Development: Optimizing the Air-Fuel Ratio

My research into advanced combustion technologies led me to oxygen enrichment. The concept is to slightly
"enrich" the combustion air by injecting a small, controlled amount of pure oxygen into the air supply line
before it reaches the burners. By increasing the oxygen concentration from 21% to a moderately higher
level, like 25%, the combustion becomes dramatically more efficient. For every unit of fuel, less total air
volume is needed, which means less inert nitrogen is being heated and exhausted. This leads to a hotter,

more radiant flame, which in turn transfers heat to the steel much more rapidly.



The implementation of this system required meticulous planning, with safety as the paramount concern. Pure
oxygen is a powerful accelerant, and its handling requires strict protocols. We worked with an industrial gas
supplier to install a cryogenic liquid oxygen storage tank with an ambient vaporizer, along with a fully
automated delivery system equipped with flow meters, pressure regulators, and emergency shut-off valves

interlocked with the furnace controls.

The next challenge was to determine the optimal enrichment level. Too little, and the benefits would be
minimal; too much, and the cost of the oxygen would negate the fuel savings, plus we risked creating
localized "hot spots" that could damage the furnace's expensive refractory brick lining. We conducted a
series of carefully controlled trials over several weeks. Using thermocouples and flue gas analyzers, we
meticulously measured flame temperature, fuel consumption, and exhaust gas composition at different
enrichment levels. We discovered the economic "sweet spot" was an enrichment level of 24.5%. At this

level, we achieved maximum fuel savings for the lowest oxygen cost.

[Insert Image: A diagram of the modified furnace system, showing the oxygen tank and injection point into

the air supply line.]

3.3. Results and Impact: More Heat, Less Fuel, More Product

The full-scale implementation of the oxygen enrichment system yielded impressive and sustained results.
We documented a consistent reduction in natural gas consumption of nearly 20% across all operating
conditions. This alone translated into tens of thousands of dollars in savings each month. In parallel, the
faster heat transfer reduced the average time to heat a batch of steel by approximately 15%. This effectively
increased the furnace's production capacity by 15% without any other physical modifications, allowing the
plant to increase its total output and revenue. The financial analysis was clear: the system paid for itself in
less than eight months and continues to generate substantial savings. This project was a powerful
demonstration of how applying a deep understanding of the underlying chemistry and thermodynamics can
unlock massive efficiencies in core industrial processes.

Overall Conclusion



My time at Laxcon Steels provided an invaluable, hands-on education in the power of value engineering.
Across these three distinct initiatives, a unifying theme emerged: the greatest opportunities for improvement
are often hidden within the assumptions of day-to-day operations. By questioning why a process was done a
certain way, by leveraging underutilized assets, by prioritizing quality to prevent waste, and by optimizing
core processes through a scientific lens, we were able to achieve remarkable results. This project
transformed my theoretical understanding of engineering into a practical appreciation for how methodical,
evidence-based problem-solving can create a cascade of benefits—reducing costs, improving product
quality, increasing production capacity, and ultimately, driving a company's competitive advantage. It
solidified my belief that the most impactful engineering is not just about designing new things, but about

making existing things work better.



