FOURDRINIER SERIES: PART 21 D

Metrology—reliability and accuracy

It makes good sense to set up routine certification program, full maintenance
procedure, periodic review meetings and refresher training schedule.

BY D. D. DANISON, MANAGER OF CUSTOMER ENGINEERING, INDUSTRIAL NUCLEONICS CORP.

This is the fourth of six parts in a series within a series. Earlier
installments covered economic opportunities, sampling methods
and ways to obtain full benefits.

Actual results achieved from a process measurement and
control system depend on:

System accuracy and reliability. The system must pro-
vide accurate information in a form easily and readily uti-
lizable. All functions of the system must be reliable and
tuned to provide optimum performance on the process.

A program to measure results. Standards and goals must
be established to compare with results actually being
achieved. These standards should be periodically modified
to meet changing and generally more stringent process re-

quirements. Ideally, the benefits obtained from a process

measurement and control system should increase from year
to year.

Equipment upgrading. As process innovations are made,
it may be necessary to modify the equipment to provide
maximum performance under the new conditions. The
initial design of the system should be such that modifica-
tions, improvements and additions of functions are possible.
The system supplier must be capable and willing to pro-
vide these modifications if the system is to be kept current.

Operator confidence. The system performance should be
good enough that the operators want to rely on it as a tool
to help them make better paper, and are encouraged to do
so by management.

Fulfilling these requirements demands a team effort by
the system supplier and papermaker.

The functional performance of a system depends on its
inherent design characteristics, the maintenance considera-
tions incorporated into the design, the quality of installa-
tion, the maintenance program applied to it, and the routine
checks made to monitor its operation.

System reliability and ease of maintenance are important
factors to be considered during the equipment design.
Besides the utilization of proven circuits and high quality
components, the location of these within the cabinets can
definitely affect reliability. The location of components and
the logical separation of functions should allow easy re-
placement when required.

Heat, vibration, and dust are the primary enemies of
electronic equipment and must be given proper considera-
tion in establishing the location of the assemblies or cabi-
nets which comprise the total system. Even though the
hardware is rugged, proper consideration of the environ-
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mental factors will maximize the mean time to failure of
individual assemblies and increase the overall life of the
complete system.

The accessibility of the equipment should be seriously
considered while planning the installation so that main-
tenance can be safely performed while the machine is
running. A complete maintenance program is difficult to
carry out if accessibility is a limiting factor.

When the installation is completed, a record log should
be established. This log serves as the beginning of a per-
manent maintenance record which includes the following
sections:

(1) all initial calibration, correlation, and control set-
tings; (2) preventive maintenance procedures and records;
(3) record of malfunctions; (4) reliability records; (5)
parts usage records.

Performance feedback system

The system supplier must have an equipment per-
formance feedback system to detect component failure
trends which are used to guide a continuous product im-
provement program for systems already installed in the
field. The input to this feedback system comes from the
supplier’s field organization which has exposure to a large
number of systems. The actual equipment performance
information must be detailed sufficiently that monthly and
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long term performance by system type can be established.
It must also permit analysis of functions within a system
and components within a function. Without such an in-
formation follow-up program, the total system performar_nce
can only deteriorate from its initial level. The infon'natlon
from this performance feedback system is used in the
following four ways: (1) working with the component ven-
dor to obtain components with higher reliability; (2) es-
tablishing the schedule of the preventive maintenance pro-
gram described later in this article; (3) designing modifica-
tion kits to continually improve the performance of systems
in the field; (4) aiding in new equipment designs.

Fig. 1 shows a typical format which can be usegl to
provide input to a feedback system. This is raw mainte-
nance data showing the major assembly or function in
which the failure occurred, the defective component itself,
and the nature of the malfunction. A report is submitted
each time a failure occurs. This type of information can be
handled quite effectively by a computer and reports are
generated periodically for analysis. ) '

Fig. 2 illustrates a typical format to summarize failures
by equipment function. This provides a readout of tqtal
number of failures and percentage failure rate by function
classification. This actual rate is compared with the pre-
dicfed rate to identify functions which are failing more
often than expected. The summary includes failure rates
for the current month and cumulative figures for the last
six months, thus establishing failure trends and defining the
type of corrective action necessary. '

Fig. 3 illustrates a typical format to show the detailed
information about specific failures by component. This
information is needed primarily for the functions which
have higher than expected failure rates and permit detailed
analysis of the component or components which are causing
the high failure rate.

Reliability through balanced maintenance

Anticipated results from a process measurement and
control system will not be realized unless a balanced main-
tenance program is established. This should occur at the
time of installation and then continue throughout the life
of the system.

There are three possible approaches to maintenance: (1)
repair it when it fails; (2) periodically rebuild the equip-
ment along with corrective repairs; and (3) establish a
balanced program of preventive and corrective mairte-
nance. Typical results from these three types of programs
are shown in Fig. 4.
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Of these three approaches, the most costly is the “re-
pair it when it fails” concept. The dollars actually spent
for maintenance may appear low, but when the lack of re-
sults and the drastically shortened equipment life are con-
sidered the true costs attributed to this kind of mainte-
nance are the highest of the three. The operators will soon
lose confidence in the equipment and it will never be of
much value.

Periodic rebuild is second most costly

The periodic rebuild approach is the second most costly.
Lack of operator confidence again will be the factor which
limits the useful life of the equipment and the results
which it produces.

The balanced maintenance program is the only accept-
able approach to provide the long term reliability necessary
to make the equipment an integral part of the process. The
amount of preventive maintenance required depends on
the equipment environment, its complexity, and the total
planned operating time. Preventive maintenance programs
should be tailored to fit the specific situations. Provisions
must be made in the program for continually upgrading
the equipment on the basis of information from the equip-
ment performance feedback system described earlier.

Preventive maintenance is logically a function of the
system supplier. It takes an exceptionally well qualified and
trained man to be fully effective in working only occa-
sionally on these complex systems. The supplier can easily
provide such men who specialize and devote full time to
this task. The training necessary to stay current with the
state of the art and turnover of personnel combine to
present serious obstacles to any paper company attempting
an effective maintenance program on its own. This is not
to suggest that the user should have no responsibilities in
system maintenance.

Since equipment failures occur at random, it is not
reasonable to attempt to design a maintenance program
to prevent all failures. Therefore, it is essential that pro-
vision be made, either by training the user’s instrument
people or by arrangements with the supplier, for rapid
correction of any malfunctions which may occur. It is
usually desirable, because of their relative familiarity with
the system, to have minor problems corrected by the user
and major ones corrected by the supplier.

Utilizing the services of a resident engineer employed
by the systems manufacturer is an excellent arrangement
where the amount of equipment involved can justify it. A
resident’s training is continually upgraded by the supplier
with the result that new innovations in equipment and
methods are incorporated into the user’s system without
delay.

A proper stock of replacement components must be
available at the installation site for use during both the
preventive and corrective portions of the balanced mainte-
nance program.

A maintenance program should be evaluated on the basis
of the reliability actually experienced. A monthly report
system should be established which spells out the relia-
bility experienced according to the following formula:

_A-B

C= A X 100

where:

A = actual time machine is producing paper to the reel

B = time system is down when machine is producing pa-

per

C = reliability

A balanced maintenance program utilizing the concepts
outlined above will provide system reliability of 99% or
more.

The third article in this series (P&P, Feb. 12, 1968)
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defined the “results operations or people efforts” required
for initial results. The program established initially must
be continued throughout the life of the installation to in-
sure continuing and improved results. The flow chart in
Fig. 5 shows how accuracy certification and system reliabil-
ity reports can be combined with the results reports to
provide a continuing management information system.

Periodic accuracy verification is essential

Confidence by user personnel in the reliability and
accuracy of a continuous measurement and control system
is a must. Results from these systems depend mainly upon
improving product uniformity. This, in turn, requires pre-
cise, reliable measurement which provides maximum in-
formation about the operation of the process.

Standards of accuracy are established in the initial cali-
bration. However, no matter how carefully this is done,
changes in the process or environment can cause errors.
These can be detected or avoided by conducting routinely
an accuracy certification program.

Most basis weight gauges in use today contain auto-
matic self-standardization systems to compensate for
changes in the air gap, such as the accumulation of dust or
other foreign material. In addition, there are several routine
ways to check basis weight gauge accuracy. One of these is
the ‘daily use of standard samples such as Mylar to verify
measurement stability. This can be supplemented by pre-
established circuit voltage checks. The better systems con-
tain a built-in test system which can accurately and quickly
check the critical voltages. Laboratory sample checks can
also provide an independent test. Another method gaining
wide acceptance is to compare calculated reel averages
with the gauge averages once or twice each shift.

Most modern moisture gauges contain some degree of
self-checking circuits and are inherently very stable. How-
ever, they usually present even more stringent gauge/pro-
cess interface requirements than do basis weight gauges.
For maximum confidence in gauge accuracy, a dynamic
moisture sample should be taken at least once every shift.
This can be a relatively simple procedure with automatic
on-line sample cutters now available.

The supplier’s systems and service engineers can provide
guidance as to the best procedures for each user’s needs.
Whatever the methods used to verify accuracy, it is es-
sential to post the results where the operating personnel
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Fig. 4. The proper balance of preventive and corrective main-
tenance is the only approach which will provide acceptable
equipment reliability.

can see them. Nothing destroys confidence quicker than
vague doubts about accuracy which go unresolved. It is
easy to maintain high confidence by the preventive ap-
proach of routine certification.

Experience shows that the single most effective step to
assure continuing results is the establishment of regularly
scheduled refresher training and results review sessions.
These should involve management as well as operating
personnel. These sessions perform the very necessary func-
tion of reviewing correct procedures for operating and
maintaining the equipment. Perhaps of even greater im-
portance, they provide an ideal means of introducing new
techniques for producing results.

Semi-annual results reviews with the supplier’s consult-
ing systems engineer should include a frank appraisal of
progress and problem areas. One desirable objective of
these sessions is to set new performance goals. Another is
to refocus attention of all user personnel on getting results.
The continuing results program should insure not only that
the original results are maintained, but that they increase
as time goes on. O
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