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Optimization of a facility using automation and advanced controls can improve 
productivity and reduce costs. A fi ve-step process to accomplish this is discussed. 
Help exists for companies desiring an analysis of their entire process.
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ith rising costs of energy, 
slimmer profi t margins 
and tighter specifi cations 
on product quality, the 

metals-processing industry continues to 
look for ways to increase productivity and 
reduce costs. The “Roadmap for Process 
Heating Technology”, published in 2001, 
identifi ed the following critical require-
ments for the industry[1]:
• Advanced sensors
• Predictive models
• Increase productivity
• Decrease total costs
• Decrease product costs
• Improve energy effi ciency
 Most of these needs were originally iden-
tifi ed over 20 years ago. Surprisingly, they 
have still largely gone unfulfi lled due to:
• Few direct process-measurement sensors
• Few low cost, accurate, rugged, non-in-

trusive sensors
• Excessive failures and inaccuracies of 

thermocouples
• Inability to reliably control processes
• Lack of smart controls
• Lack of cost-effective control devices
 To be competitive in today’s market, 
metals-processing manufacturers need to 
increase their awareness of the potential 
solutions that are now available. Advanced 
sensor, control and optimization technol-
ogy has been used successfully to improve 
productivity and reduce costs in other ar-
eas, such as the refi ning and chemical in-
dustries, and can provide similar benefi ts 
in the metals-processing industry. This 
concept has been identifi ed in the “Heat 
Treating Technology Roadmap” (Vision 

2020), which places a signifi cant emphasis 
on process controls as a vehicle to achieve 
the overall objectives for the industry. This 
includes the development of real-time pro-
cess controls to measure and control criti-
cal variables such as quench severity, car-
burizing potential and nitriding potential; 
development of methods to remotely moni-
tor process variables; and ways to predict 
future behavior of furnace processes.[2]

Five-Step Process to Optimize a 
Manufacturing Facility
To improve productivity and reduce costs 
using automation and advanced control 
requires a strategic view of the issues fac-
ing the manufacturing facility. Only by 
fi rst understanding the big picture can a 
proper advanced controls strategy be de-
signed. While the literature and market 
are fl ooded with products and claims that 
promise to solve “all of your problems” us-
ing state-of-the-art control technology, 
there is no single, right control solution 
for all manufacturing facilities. The answer 
depends on correctly framing the problems 
and understanding all of the issues that are 
being faced by a facility.

 To facilitate this framework, Figure 1 
presents a fi ve-step process for optimizing 
a facility using automation and advanced 
controls. Like any other major business de-
cision, developing an advanced control and 
optimization strategy should be carefully 
considered, fi rst by understanding available 
technology and overall facility objectives 
followed by a thorough assessment of the 
entire manufacturing operation. This infor-
mation is critical to determining how to best 
utilize the company’s resources. Only after 
all of this information has been collected 
can actual project work begin. Finally, after 
project completion, results must be tracked 
and lessons documented for future use.
 By following the fi ve steps to develop-
ing an advanced control and optimization 
strategy (Fig. 1) presented in further detail 
in this article, the chances of reaching true 
optimal operation are greatly increased.  

Step 1 – Awareness and Education
Advanced control technology is not new. 
The opportunities that exist for advanced 
control technologies are in its application 
to new processes and industries. For exam-
ple, Model Predictive Control (MPC) –

WW Fig. 1.  Five steps to optimizing a facility using advanced controls   

Developing an Advanced Control and Optimization Strategy

Step 1
Educate yourself on available technology and tools that can be used to control 
and optimize manufacturing processes.

Step 2 Defi ne the overall facility objectives for an advanced control system.

Step 3 Conduct a thorough assessment of the entire manufacturing facility.

Step 4 Implement the productivity improvement projects using a tiered approach.

Step 5 Measure and track results.
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 a multivariable control strategy – has been 
in use for over 20 years in the refi ning in-
dustry with more than 2,000 applications 
by the year 2000[3]. In the 1990s, this tech-
nology was further extended to other in-
dustries, including petrochemical, chemi-
cal, pulp and paper, and food processing. 
MPC is currently used by Air Products and 
Chemicals, Inc. to help control and opti-
mize large complex plants.
 Can this technology be used in the 
heat-treating industry? Because most of the 
processes used in heat treating are highly 
complex, the answer is a resounding yes. 
Currently, there’s a gap between state-of-
the-art control technology and applica-
tions in the heat-treating industry. Three 
factors explain this gap and why the issues 
facing the industry today are similar to 
those faced 20 years ago.  They are:  avail-
ability of low-cost, reliable sensors, which 
are critical because to control a variable, it 
must fi rst be reliably and consistently mea-
sured in real time;  availability of cost-ef-

fective process-control solutions; and abil-
ity to extend existing control technology 
to new applications.
 In the last fi ve years, there’s been major 
progress in the use of sensor and regula-
tory control technology in the metal-pro-
cessing industry, helping to close the gap 
created by the fi rst two factors. The third 
factor, extending existing advanced con-
trol technology to new applications, can 
be accomplished with increased aware-
ness and education.
 Many of Air Products’ operating fa-
cilities are large, complex plants featuring 
nonlinear chemical processes that are run 
at conservative operating limits since they 
can be diffi cult to control. Traditional con-
trol strategies do a poor job of managing 
nonlinearities, interactions or multiple pro-
cess constraints and typically react to pro-
cess disturbances after they have already 
occurred. In addition, traditional control-
lers do not provide process optimization. 
Therefore, Air Products uses advanced 

control techniques like MPC to optimize 
and reliably control its plants – resulting in 
substantial, sustainable benefi ts.  
 A predictive controller, like MPC, gen-
erates new set points for variables based on 
the anticipated behavior of the process. 
These controllers have built-in dynamic 
models of the process and use them to 
predict what will happen based on past 
events. In addition, predictive controllers 
try to react and reject disturbances before 
the process is affected. MPC takes this a 
step further, taking into account economic 
variables, such as the cost of increasing a 
feed-rate, to determine the optimal operat-
ing conditions for the process.
 For example, a predictive controller can 
be applied to a brazing process. Brazing is 
a heat-treating process that joins metals 
through the use of a fi ller metal and heat 
at a temperature below the melting point 
of the metals being joined. A successfully 
brazed joint is often stronger than the base 
metals being joined. In furnace brazing, the 
process can be run in a controlled gaseous 
atmosphere or in an evacuated chamber. 
Following brazing, the metals are cooled 
– often in a different zone of the furnace.
 A continuous belt furnace is pictured 
in Figure 2. Typical quality variables for a 
brazing process include parameters such as 
joint strength, distortion or an aesthetic 
parameter[4], all of which are extremely dif-
fi cult or costly to measure online. Process 
parameters including furnace temperatures, 
furnace pressures, atmosphere compositions 
and furnace dew point are easier to measure 
and should be used in the control strategy. 
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Fig. 2.  Continuous furnace brazing process
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Fig. 3.  Oxidation/reduction line for a 
brazing process



 A multivariable control strategy can 
provide tremendous benefi ts to the brazing 
process. Current fi xed operating conditions 
such as inlet gas fl ows, furnace temperature 
set points and belt speed can be used as 
manipulated variables to maintain a reduc-
ing atmosphere in the furnace. Figure 3 
illustrates a graph of furnace temperature 
versus atmosphere dew point for a typi-
cal brazing process.  For points below the 
metallic oxide line, the atmosphere is a 
reducing one. If large variability exists in 
either the furnace temperature or the at-
mosphere dew point, it is necessary to op-
erate the furnace well below the oxidation/
reduction line. This conservative approach 
tends to be less effi cient and more costly 
than the optimal operating conditions. A 
reliable multivariable control strategy will 
allow manufacturers to run the furnace 
up against this line, thus operating at the 
most economically optimum conditions.
 For brazing operations, the potential 
benefi ts of advanced control and furnace 
optimization include improved part qual-
ity and performance, reduced furnace cycle 
times, improved oxidation/reduction po-
tential control, reduced atmosphere con-
sumption and early detection of furnace 
maintenance issues. 
 
Step 2:  Overall Facility Objectives
Control-system design is dependent on the 
overall objectives of the operating facility. 
Is increased capacity the most important 
goal? If so, an advanced control strategy 
may increase operating costs in order to 
maximize production. Alternatively, per-
haps maintaining fi xed production at the 
lowest possible cost is the most important 
objective. In this case, an advanced control 
strategy is essential because the controller 
will need to simultaneously focus on reduc-
ing process variability and determining 
the most economically optimal operating 

conditions.  Traditional control strategies 
cannot do both. However, if the objective 
is to maintain consistent process quality on 
a relatively simple process by reducing vari-
ability, a model-based controller may not 
be necessary.  
 As noted previously, it is critical to de-
fi ne all of the objectives from an overall 
facility perspective prior to beginning any 
project work. This will enable prioritization 
of projects and provide the best utilization 
of the facility’s available resources.

Step 3:  Assessment
Once the facility’s objectives and the avail-
able control and sensor technology to meet 
these objectives have been identifi ed, the 
next step is to conduct a comprehensive pro-
ductivity assessment of the entire manufac-
turing operation. A cross-functional team 
utilizing a defi ned, rigorous work process 
should do this. These experts can identify 
specifi c improvement possibilities, including 
potential projects that can result in savings 
derived from labor reduction, energy reduc-
tion, yield/usage improvement, volume in-
creases and quality improvements.
 The assessment should concentrate 
on, but not be limited to, automation and 

advanced control. The result of the as-
sessment is a detailed list of productivity 
improvement projects, each with a defi ned 
scope and containing estimated costs, ben-
efi ts and payback. It is critical to assess the 
entire facility and prioritize the list of pos-
sible projects. In many cases, optimizing a 
single unit operation may cause problems 
in another part of the facility, resulting in 
suboptimal operation of the entire plant. In 
other cases, reducing variability in an up-
stream process will improve performance 
in downstream units. The largest gain in 
productivity may not come from install-
ing the advanced control system but rather 
from automating diffi cult operator tasks 
or in measuring previously unmeasured 
variables. Projects should be prioritized 
and implemented in an order that makes 
the most sense, taking into account the fi -
nancial and operational objectives of the 
facility. Such an assessment can result in 
a concrete implementation plan for overall 
optimization of the plant in the most ef-
fi cient way.

Step 4:  Implementation
It usually isn’t practical or feasible to imple-
ment every project identifi ed by an assess-
ment. The projects should be prioritized 
and implemented in such a way as to begin 
accruing benefi ts and, at the same time, lay-
ing the foundation for future projects. For 
example, before implementing an advanced 
control system, new sensors and analytical 
equipment should be installed to capture 
previously unmeasured variables, and a 

A predictive controller, like MPC, generates new set points for 
variables based on the anticipated behavior of the process. These 
controllers have built-in dynamic models of the process and use 

them to predict what will happen based on past events.
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data-acquisition system should be designed 
to store the resulting data. Not only will a 
future advanced control system need this 
information, major benefi ts can be realized 
in many cases simply by viewing and ana-
lyzing data that was previously unavailable. 
With this new data, well-informed deci-
sions can now be made, automated produc-
tion reports can be designed and the facility 
is in position to install the next tier of proj-
ects to further optimize operations. 
 An implementation plan will typically 
begin with the installation of analytical 
equipment necessary to measure the key 
process variables. This will be followed by 
design of a data acquisition and historian 
system. Computing technology has made 
it possible to collect, store and mine a tre-
mendous amount of data at low cost. The 
analysis of this data can result in substan-
tial benefi ts, even without the installation 
of new control systems. Real-time process 
data can be used for production monitor-
ing, optimization of gas consumption, 
identifi cation of bottlenecks in the process, 
plant troubleshooting and improved safety 
using automated alarms. In addition, data 
acquisition and data analysis are the key 
enablers of advanced control and optimiza-
tion of manufacturing processes.  
 The next phase of projects will involve 
installation of control hardware and pro-
gramming of control strategies on indi-

vidual unit operations. The fi nal phase of 
projects will then link the individual con-
trollers to optimize the entire facility.  

Step 5:  Measure Results
Once a productivity improvement project 
has been implemented, it’s important to 
measure the benefi ts realized. Monitoring 
and tracking the results will not only jus-
tify the reasons for undertaking the projects 
and determine if the overall facility goals 
are being met, but it will also strengthen 
the case for future project implementations. 
The data-acquisition system will allow for 
real-time monitoring of control-system per-
formance and reporting of the realized ben-
efi ts. Historically, advanced control-system 
performance tends to diminish and benefi ts 
are lost if the system is not actively support-
ed. Therefore, continuous monitoring of 
performance is needed to determine wheth-
er the system is operating as designed.
 Finally, it is very important to track and 
document any lessons learned from project 
implementations. This valuable informa-
tion can help future projects be executed 
more quickly and cost effectively.

Summary
This article proposes a fi ve-step process re-
sulting in a detailed plan to help optimize a 
heat-treating facility using automation and 
advanced control. The main points in this 

process include:
• Education and awareness on automation, 

sensor and advanced control technology, 
and how it can be applied to heat-treat-
ing processes

• Alignment between the design and im-
plementation of advanced control proj-
ects and the overall goals and objectives 
of the facility

• Thorough assessment of the entire man-
ufacturing operation

• Tiered approach to project implementa-
tion

• Measurement of results and documenta-
tion of lessons learned

 Controls are a critical piece of an opti-
mized operating system. An Air Products’ 
assessment can help you integrate process 
data with advanced controls to maintain 
optimization as well as analyze your entire 
process from leak detection to safety analy-
sis, atmosphere composition, piping, gas 
use and supply optimization. IH
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