3b Hz — 26 dB nse

2 10 20 kHz — 45 dB
peak rise

(Failure of fan bear-
ings towards the end
of month;}

The repair work carried out were as follows:

[tem Cost
Batancing of fan impelier s 320
Replacement of fan ball bearing (2

sets) $ 480
Replacement of worn bearing

housing $ 240
Replacement of shaft worn at

bearing iocations s 800
Total cost $1840

The obvious cause of fatiure of the tan bear-
iINgs was the excessive vibration loads imparted
on the support bearings due to unbalance.
(Suspected unbalance indicated in frequency

spectrum). Unbalangce is a common source of

vibration in rotating machinery. Balancing wil
reduce this excessive vibration.and extend overall
bearing life.-AS interruption of the production s
not possible, workshop balancing was not prac-
tical. Im-situ balancing, /.e. balancing a machine
In its own bearings would enable the correction
of unbalance fault before it ruins motor and bear-
ings. In fact the repair cost incurred for replace-
ment of the damaged fan bearings, waorn bear-
ing housing and worn shaft could have been sav-
ed by carrying out in-situ balancing of the induc-
ed draft fan.

Fortunately, the tailure of the fan bearings
did not occur during the peak months from July
to November 1386. Production loss during such
periods would result in substantial financiat 10ss.
One of the main objectives of implementing
predictive maintenance Is to virtually eliminate
unexpected breakdowns which can result in cost-
ly downtime.

important Considerations For Effective Fault
Detection

The spectrum comparison technigque must
provide the following features in order to have ef-
fective fault detection capability

° A broad frequency range is required to ensure
that the whole range of faults can be
detected; faults in different machine elements
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will generate peaks in specific frequency
ranges.

° A wide dynamic range is required to detect
the whole range of faulits; it is necessary o
ook at low amplitude components as well as
high amplitude components.

The only solution for both broad frequercy
and wide dynamic range 1s to use the ac-
celerometer for vibration measurement.

®  Speed compensation is essential in cases of
speed fluctuations. Comparison of narrow
band high resolution spectra give large dif-
ferences when the machine fluctuates In
speed, making them unsuitable for early fault
detection.

The use of logarithmic fregquency scale
allows for global translation of the whole
spectrum; hence, speed compensation s
easlly performed. Selection of a 4% 1o €%
constant percentage bandwidth will allow
sufficient resolution for fault detection. The
normal 23% bandwidth will allow sutfic:ent
resolution {band becomes too broad) and vwill
give the same limitations as. overall
measurements t(level dominated by
highest peak in the band).

Hars
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® POLLUTION
CONTROL

PALM OIL MILL EFFLUENT
TECHNOLOGY

Several treatment systems have been
developed by the palm oil industry in Malaysia.
They are essentially biotogical processes, g,
anaerobic and aerobic/facultative processes. " he
biological treatment of waste-waters is based on
the apparently simple process in which a mixed
oopulation of micro-organisms utilise as nutnents
substrates contaminating the water. By using
techniques of chemical engineering, this basic
process has been intensitied and acceleratec to
give the range of biological treatment systems

TREATMENT



currently in use for the large scale purification of
industrial and domestic waste-waters. Waste-
waters containing polluting solutes are brought
nio contact with a dense population of suitable
micro-organisms for a time sufficient for the
microbes to break down and remove palluting
solutes to the desired extent.

The three most common treatment systems
adopted by the palm oil mills are shown in Figure
7. 2and 3.

The ponding system seems to be the mosl
popular and economical choice if suitable land 1S
gvailable. The main disadvantages of the ponding
system are large land area reguirement and ac-
cumulation of solids in the ponds which are dif-
ficult and expensive to remove. The accumula-
tion of solids would reduce the effective volume
of the pond and the retention time of the eftluent.

Kinetics Design Model for Anaerobic Digester
Kinetic plays a very important role in the
design of biological waste treatment systems. In
the ponding system a completely mixed flow
model is usually used for design purposes. [he
completely mixed flow equation is given by

e 1
Li 1 + kt

which can be rearranged to:

' i
c=f 2 - 1) —
Le k
where Li and Le are influent and effluent BOD In
mg/! respectively; t is hydrauhc retention time in

days and k is the first order rate coetficient in
I 'days.

Since t = (volume/flowrate), the volume
and the land area required for the ponds can be
calculated.

For paim oil mill effiluent, k has been found
to be (0.358 (1/days).

For a waste with a known influent and the
desired effluent BOD levels, the hydraulic reten-
tion time and the volume of the pond can be

~alculated. For example, for raw POME (L1 =
25 000 mg/l) the hydraulic retention time re-
quired to achieve an effluent BOD of 2000 mg!!,
1000 mg/i and 50 mg/l are 32 days, 67 days and
1394 days respectively.

This shows the diminishing benefits of pon-
dings as a treatment scheme as the degree of
rreatment is increased. Ponds are excellent as a
*first stage of treatment for strong waste, but re-
quire extremely long retention fimes 10 achieve
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high degrees of treatment. Stningent pollution
control regulations will require a high rate form
of biological treatment, / e. aeration system

(Ma Ah Ngan)

® PROCGESS
AUTOMATION

BASIC CONCEPTS IN PROCESS CONTROL :
PART ONE

This 4-part series discusses various basic con-
ceprs, terminology and techniques for process
control. It seeks to provide an understanding of
how the interplay among the measured, foad and
control variables is established in order to achieve
required objectives for controlling process
Operations.

Introduction

Any study of process control must begin by
investigating the concept of a ""process’”. From
a production viewpoint, it is generally thought of
as a place where materials and, most often,
energy come together to produce a desired pro-
duct. From a control viewpoint, the meaning 18
more specific. A process is identified as having
one or more variables associated with it that are
important enough for their values to be known
and for them to be controlled.

initially, in this series we will concentrate on
nrocesses having only one controlled variable,
such as the heat-exchange process shown (n
Figure 1a. To maintain the temperature of the pro-
duct (hot water) in this process another variable
influencing the variable being controlled must be
available for manipulation by the control system.

In this examplie, the control system
manipulates the position of a steam vaive
However, the temperature of the water depends
not only on the position of this valve but alsc an
the flowrate of the water, its intet temoperature.
the enthalpy of the steam, the degree of fouhng
n 'he exchanger, and the ambient temperaturs

This simple example illustrates controlied,
manipulated and load variables - the three
categories associated with every process under
control (Figure 7b). The parameters that indicate
product quality or the operating condition ot the
nrocess are called controlied vanables, such as
pressure, level, temperature, pH, specific grawv:-
ty or density, composition, moisture content,
weight and speed, and other variables, depending
on the process.




