The Factory Floor:
Manufacturing’s New Horizon

FEATURE BERAE S

Industrial managers and
consultants agree that
control of the manufac-
turing floor is the key to
better competitive per-
formance—the next hori-
zon for realizing dramat-
ic improvements in
manufacturing quality,
productivity, and flexibil-
ity. Throughout diverse
manufacturing environ-
ments, MES is becoming
viewed as the key to
achieving success on the

plant floor.

The MES market is

divided into four quad-

rants. They are delin-
eated by type of man-
ufacturing performed.

anufacturers face many competitive |
challenges in responding to the glob-
al marketplace of the 1990s. Market
demands [or greater product variety
and increased quality at lower cost
have placed significant pressure on
manufacturing managers to reduce
costs, improve yields, and speed de-
livery to the customer. At the same time, customers
and government agencies are demanding more
precise production process record keeping.

Traditionally, manufacturers have employed man-
ufacturing resource planning (MRP) systems for
planning resources and materials to feed the man-
ufacturing floor. These planning systems, however,
stop short of providing the capabilities needed for
factory floor operations. It is the manufacturing
execution system (MES) that best addresses the
factory floor environment. MES provides the criti-
cal link to fill the information gap between MRP and
production machinery.

“MES does not replace MRP,” cautions Tom
Allen, past chairman of MESA International (Pitts-
burgh, PA) and vice president of sales and mar-
keting for Effective Management Systems Inc. (Mil-
waukee, WI). “It augments it by providing complete
visibility into the factory-floor environment and
quick, flexible response to internal and external
changes. For instance, as order requirements, phys-
ical dimensions, or the ingredients in a recipe
change, MES provides the tools to alert operators
and management to these changes and a means to
address the problem and effect the response.”

To help them do this, according to John Lischef-
ska, vice president of business development for
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FACT Inc. (Norcross, GA) and a member of the
MES Definition Task Force, manufacturers need
state-of-the-art manufacturing execution systems.
“MES provides the critical links among the islands
of control and planning systems currently imple-
mented,” he says. “MES connects the factory to
its customers, from the front office to the ware-
house. Manufacturing execution systems coordi-
nate the interaction of people, machines, material,
and other critical resources to meet ever-chang-
ing business objectives and schedules.”

Since the term MES was first coined, and the or-
ganization of manufacturing execution system sup-
pliers, MIESA International, was formed in 1992,
the market has grown significantly. Advanced Man-
ufacturing Research (Boston, MA) estimates the
MES market will exceed $267 million in 1995 and
will grow to approximately $374 million in 1996.

In the past, Advanced Manufacturing Research
has defined MES as “information systems that re-
side on the plant floor between planning systems in
offices and direct controls at the process itself.” In
another report, AMR goes further by stating that

MES systems “center on the product itself as it |

moves through the plant on the way to the cus-
tomer.” This differs from the traditional shop-floor
control functions in manufacturing resource plan-
ning systems, which focus primarily on reporting
step completion and material status as feedback
on the status of the overall MRP plan.

MESA International, led by executive director
Bill Hakanson, elaborates on the AMR definition:
“Integrated MES systems not only assist production
people to schedule precisely but provide an elec-
tronic network for performance improvement. MES
includes functions for finite operational schedul-
ing, resource management, and the dispatching of
production units. MES will supply automated data
collection and the delivery of detail documents
such as instructions, recipes, drawings, and part
programs to workstation. It also records production
details and analyzes, performance. What planning
handles in batch [system processing] mode, MES
handles continuously.”

While the definition of MES as industrial soft-
ware for the shop-floor environment has become
clearer in the minds of manufacturers, MES's place
in the enterprise is less well understood. Most
agree that MES supplements MRP and controls,
acting as an information infrastructure. MES works
with information maintained by MRP and with the
data used and gathered at the controls layer, such
as status and job completion information. As a
shop-floor management system, MES exists and
operates between the planning and controls layer.
In this way, MES is centered on the product itself.
However, the market’s confusion may stem from
the amount different industries that use MES func-
tionality. Depending on whether the manufacturing

environment is in discrete, process, or batch mode, |
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manufacturers may either use all 11 MES
functionalities or as few as one or two.

According to John Leibert, newly elect-
ed chairman of MESA and president of
MDSS Inc. (Strongsville, OH), today MES
is bridging the information gap in manu-
facturing companies of all sizes and in all
industries. “Ever since factories made
more than one wheel at a time, there have
been two systems involved in producing
finished goods: the office system, which
takes, ships, and accounts for orders; and
the factory-floor system, which moves the
products through the plant,” he says.

“There was often little communication
between systems—no feedback and no
integration of purposes,” Leibert adds.
“Long before computers revolutionized
everything, the front office was account-
ing-oriented; the factory floor was action-
oriented. With the emergence of small,
powerful PCs and networks, and touch-
screen technology that makes working
with the computer easy for a foreman or a
machine operator, MES has come of age.”

For instance, let’s look at a typical sce-
nario where MRP II is hard at work. MRP
handles sales-order management, inven-
tory control, accounts receivable, ac-
counts payable, purchasing, payroll, etc. It
spits out production schedules, purchase
orders, material requirements for specif-
ic jobs, and many other lists and sched-
ules. Unfortunately, it does this only once
a day or even less frequently. Once hav-
ing done its job, it takes a nano-second
nap and goes on to the next job. It doesn’t
check back, and it doesn’t ask questions
about actual factory performance.

That's where MES comes in.

For an idea of what MES can mean to a
company, MDSS's Leibert cites industrial
ladder maker BC Composites Inc. (Med-
ina, OH). The company had been using
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an MRP II system to plan its production
material and schedules, but was finding
that actual events on the shop floor didn't
necessarily jibe with what was planned—
things like last-minute orders were hin-
dering productivity. “BC Composites pro-
duces two types of fiberglass ladder rails:
orange and yellow. Because orange can
absorb small amounts of yellow but not
vice versa, yellow rails must be run first.
Importantly, a color change takes 24
hours due to the massive clean up. Fre-
quently, BC customers will call to add
more ladders to an order. If the job is in
process, a traditional MRP II system will
schedule the new order at the end of the
job. An MES system will ask, ‘Is the lad-
der yellow?” If so, it will schedule the job
before making the color change to or-
ange, which illustrates the key difference
between the two systems.”

“Traditional MRP systems cannot ad-
just easily, because they are strictly time-
based,” Leibert continues. “The intrinsic
logic is last in, last out. But MES is prod-
uct-attribute-based. In allocating re-
sources, it considers the product’s fea-
tures: size, complexily, custom markings,
etc. Since color is an attribute, MES
would automatically adjust all jobs, thus
preventing BC's two-day clean-up delay
and the significant cost associated with it.”

Other benefits experienced by BC in-
clude 100% reduction in order process-
ing errors; 30% reduced setups; a reduc-
tion in lead time from 10 days to 5 days;
95% reduced customer backlog; 75% re-
duced management scheduling time; and
100% reduced inventory transaction. The
process enabled increased theoretical pro-
duction capacity of 300% to be fully uti-
lized, and it eliminated all production,
scheduling, and shift communication pa-
perwork plus data-entry time.

EMS'’s Allen adds his perspective. “MRP
has had an element of shop-floor control
functionality for a long time, but it is
viewed as being able to create a shop
schedule tonight for tomorrow morning
or later. Historic input is received later
and recorded, but what is actually hap-
pening on the shop floor is controlled by

| wall charts, notes scribbled on computer

printout, dispatch lists, yellow notebooks,
and home-grown PC programs. MES pro-
vides a set of functionality to help com-
panies organize the shop floor.”

MES’S PLAGE. Understanding how differ-
ent industries select and use MES soft-
ware systems is key to grasping just
where MES fits in the enterprise.

According to FACT’s Lischefska, MES,
as a concept, has its roots in process in-
dustries (i.e., pharmaceutical, chemical,
and semiconductors), where tracking ma-
terials and maintaining detailed product
genealogies were the primary drivers in
deciding to build or buy software. As a re-
sult of this background, most early MES |
solutions focused primarily on materials
management and order tracking.

As the systems evolved, other functions
such as finite scheduling, quality man-
agement, and maintenance management
were added to the base MES systems.

Another motivation for manufacturers
in deciding to implement MES is the need |
to improve performance. As order fulfill-
ment time becomes increasingly impor-
tant to customers, manufacturers are us-
ing their ability to deliver products quickly
as a competitive advantage. In essence,
they are competing on the basis of time.

Lischefska divides the MES market into
four quadrants. Specifically they are de-
lineated by the type of manufacturing per-
formed (process or discrete) and the pri-
mary driver in acquiring an MES
(tracking or performance improvement).

“In today’s market, manufacturers in
various industry segments tend to be eval-
uating MES products for the same rea-
sons, and a pattern seems to emerge as
the products themselves tend to follow
the same basic forces,” he says. “For the
manufacturer evaluating systems, the
challenge becomes matching the prob-
lems being solved to the system which
has the functionality to solve them.”

Lischefska's model is a continuum, with
process manufacturing and discrete man-
ufacturing at opposite ends. On the other
axis, Lischefska explains the two factors
that account for the majority of MES pur-
chases: tracking and performance.

In the process industry, the motivation
behind the MES software is rate-based
scheduling and dispatching.

In the discrete environment, job-orient-
ed scheduling is key. “In many discrete
manufacturing operations, jobs are as- |
signed work orders, and each part hasa |




unique identification number,” Lischefska
explains. “Here, the MES system sched-
ules individual operations with move
times and queue times and keeps track of
these items. Discrete manufacturers’
MES systems tend to focus on the speed
of computation, which helps facilitate
management decision making. In a dis-
crete environment, the MES focus is also
on eliminating as many steps as possible
and reporting information when decisions
have to be made.”

While process and discrete firms wres-
tle with very different needs, the majority
of manufactures tend to lie somewhere
between the two extremes in a middle
area commonly referred to as “mixed-
mode” or batch manufacturing.

In mixed-mode manufacturing environ-
ments, the manufacturer is often involved
in very repetitive manufacturing activi-
ties. Instead of parts moving from work-
station to workstation, everything flows
down an assembly line.

“Mixed-mode manufacturer’s MES sys-
tems tend to feature the full complement
of the MES functionalities,” adds Dave
Cone, president of Camstar Systems Inc.
(Campbell, CA), a manufacturer of MES
software solutions. “Strategically, in this
environment, MES does two things: first,
it connects the plant floor to the enter-
prise-level systems and to the control sys-
tems; second, it makes the plant floor
more customer-centric. In the past, man-
ufacturers would run their MRP system to
drive production on the factory floor. To-
day, the customer wants the ability to
place orders specific to their needs. The
manufacturer relies on MES to provide
the link between manufacturing and the
order process.”

Whether operating in discrete, process,
or mixed-mode manufacturing environ-
ments, MES does double duty as a func-
tional and strategic manufacturing tool,
according to most MES vendors and mar-
ket consultants.

“MES bridges both functional and
strategic aspects of the organization,”
says Hakanson. “Strategically, MES fa-
cilitates the demands of time, cost, and
quality. As a manufacturing strategy, MES
is the starting point for a production-based
information system. Over the next few
years, companies are going to shift their
production strategies from lot production
to on-demand or customer-driven pro-
duction. Companies are no longer going
to build product in large lot sizes. Gradu-
ally, manufacturers are going to become
agile enterprises. MES is the methodolo-
gy that facilitates agility.”

“In the final analysis, MES systems do
two thing exceedingly well: they leap over
the gap between the front office and the
factory floor and empower production
employees with a down-to-earth, easy-to-

use system that supplements the office- |

oriented system,” says MDSS's Leibert.
MES, in conjunction with current MRP 11
systems, is easy to install, and employees
are quick to learn its benefits without
starting from scratch. MES makes sure
that the game plan devised in the office is
a winner on the factory floor.

strongest suit is its ability to make visible
what is invisible on a factory floor, there-
by allowing more factory-floor empow-
erment. Empowerment means involve-
ment and enhanced communications to
all factory personnel; allowing employ-
ees to interface with the MES can be ex-

Leibert concludes that “MES’s | tremely effective if the interface is easy.”

MES FUNCTIONALITIES

1. Resource Allocation and Status: Manages resources including machines, tools, labor skills, ma- |

terials, and other things like documents that must be available in order for work lo start. It gives a defailed
history of resources and ensures that equipment is properly set up for processing while providing status
in real-time. The management of these resources includes reservation and dispatching to meet operation
scheduling objectives.

2. Operations/Detail Scheduling: Provides sequencing based on priorities, attributes, characteristics,

and recipes (such as shape of color sequencing) associated with specific production units al an operation
which, when scheduled in sequence properly, minimize set-up. Scheduling is finite and it recognizes al-
ternative and overlapping/parallel operations in order to calculate in detail exact time or equipment
loading and adjust to shift patterns.

3. Dispatching Production Units: Manages flow of production units in the form of jobs, balches, lots,
and work orders. Dispatch information is presented in sequence in which the work needs to be done and
changes in real time as events ocour on the factory floor. It has the ability to alter the prescribed schedule
on the factory floor. Rework and salvage processes are available, along with the ability to control the amount
of work in process at any point with buffer management.

4. Document Control: Controls records/forms that must be maintained with the production unit, including
work instructions, recipes, drawings, standard operation procedures, part programs, batch records, en-
gineering change notices, shift-to-shift communication, and the ability to edit “as planned” and “as
built” information. It sends instructions down to the operations, providing data to operators or recipes to
device controls. It also includes the control and integrity of environmental and health and safety regula-
tions, and IS0 information such as corrective action procedures.

5. Data Collection/Acquisition: This function provides an interface link to obtain the intra-operational

production and parametric data which populate the forms and records which were attached to the production |

unit. The data may be collected from the factory floor either manually or automatically from equipment in
an up-to-the-minute time frame.

6. Lahor Management; Provides status of personnel in an up-to-the-minute time frame. Includes time-
and-attendance reporting, certification tracking, and the ability to track indirect activities such as mater-
ial preparation or tool room work, as a basis for activity-based costing. It may interact with resource al-
location to determine optimal assignments.

7. Quality Management: Provides real-time analysis of measurements collected from manufacturing

to assure proper product quality control and to identify problems. It may recommend action to correct the |
problem, including correlating the symptom, actions, and results to determine the cause. May include ‘

SPC/SQC tracking and management of off-line inspection operations and analysis in laboratory information
management system (LIMS).

8. Process Management: Monitors production and either automatically corrects or provides decision
support to operators for improving in-process activities. These activities may be intra-operational and fo-
cus specifically on machines or equipment being monitored and controlled, plus inter-operational,
which is fracking the process from one operation to the next. It may include alarm management to make
sure factory personnel are aware of process changes that are outside acceptable tolerances. It provides in-
terfaces between intelligent equipment and MES, made possible through Data Collection/Acquisition.

9. Maintenance Management: Tracking and directing activities to maintain equipment and tools to
ensure their availability for manufacturing and scheduling. It maintains a history of past events or prob-
lems to aide in diagnosing new ones.

10. Product Tracking and Genealogy: Shows where work is at all times and its disposition. Status
information may include who is working on it; components materials by supplier, lot or serial number; cur-
rent production conditions; and any alarms, rework, or other exceptions related to the product. The on-ling
tracging function creates a historical record that allows traceability of components and usage of each end
product.

11. Performance Analysis: Provides up-to-the-minute reporting of actual manufaciuring operation re-
sults along with a comparison to past history and expected business results. Performance results include
such measurements as resource utilization, resource availability, product unit cycle time, conformance to
schedule, and conformance to standards. May include SPC/SQL. Draws on information gathered from dil-
ferent functions that measure operating parameters. These results may be prepared as a report or presented
on-line as a current evaluation of performance.







