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PRACTICAL INSTRUMENTATION -II

This bulletin includes technical information, latest development on
products, systems, techniques etc. reported in journals, companies'
leaflets, books and based on studies and experience. The technical
information would be on different areas of plant operation
different issues. It is hoped that the information contained herein,
if employed in the factory, will help in making dairy plant

operaiions more efficient.

Your contributions and suggestions will make the bulletin more

useful, and are welcomed.

The theme in this issue is Practical Instrumentation. [t may be
understood that the information given here is by no means

complete.

In this issue

Major causes of measurement errors
Pressure measuring instruments : some tips
Weight measuring instruments

Level transmitters

Ultrasonic level sensors

Capacitance level gauge

Electrical conductivity probes
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1. MAJOR CAUSES OF

MEASUREMENT
ERRORS
In the last 1ssue of the Technews (Jan-
Feb 1999) some important tips were
given for trouble-frce use of some
instruments.

Most of the instrument problems arise
due to inadequale care in its installation
and to their neglect.  This issuc
provides some more useful guidelines
for smooth and accurate opcration of
Instruments.

Table 1| gives the major causes of
measurement errors and failures. and
reveals that most instrument problems
should be prevented bv adopting
rcliable practices for  instrument
sclection and installation.

Table 1: Major
measurement errors

CAUSCS of

¢ Sensing lines that are plugged. or
that contain liguid when thev
should be dry.

* Sensing elements with excessive
coating, fouling or abrasion.

e Excessive bubbles or solids in
process fluid.

=  Sensing elements with
deformations, cracks and holes.

= [ow Reynolds number for process
fluid.

»  Gaskets or O-rings that leak.

» Inappropriate materials of
construction.

e Scnsing, pneumatic or clectronic
components affected by process
ambient temperature.

o  Moisiure on the sensing element or
signal connections.

s  Electrical interference.

» High connection — or wiring -
resistance.

¢ Non-representative sensing point.

* [nadequatc straight-pipe runs for
flow sensor.

e  Nozzle flappers that are plugged or
fouled.

e Feedback linkages that shift or
contain cxcessive play.

e Incorrcct calibralions.

It should also help to minimize plant
operators request for calibration. which
in itself is costly.

Most of the causes of measurement
crrors listed in the table themselves
suggest the remedial measures.
Electrical interference or grounding
problem is caused bv poor wiring
practices or improper selection of
enclosures to protect the lead
terminations.

2. PRESSURE MEASURING
INSTRUMENTS : SOME
TIPS

All the precautions and care to be taken
for tempcraturc instramenis  arc
required for pressurc instruments, too.

The mosl common pressure Scnsing
element is the Bourdon tube. Bellows
are also used. Diaphragms are widely
used as sensing clements in high-
accuracy instruments. The U tube
manometers are used for low pressure
measurements.
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Pressure instruments must be properly
installed and maintained. and must be

handled

with care. Seme additional

fips arc given below.

1)

i)

i}

")

i)

A controller should be installed at
a location which is free [from
vibration [rom pumps. compressors
or pipes and corrosive atmosphere.
The ambient temperature on the
cas¢ should not be Icss than -29°C
and more than 82°C.

A pressure instrument applied to
piping and vessels should be
mounted in an apright position.
so that particles carried 1 the
liquid sircam will drop out of the
sensing  element  before  they
become lodged there.  Care must
be taken Lo aveid corrosion of or
deposits  on the  elements  or
connecting, lines.

Pressure taps are placed in the
vapenr space of vessels (boiler). on
pump-suction and pump discharge
nozzles. at a minimum distance in
piping upflow (o exchangers.
control valves and orifices,

After resiriction in a pipeline.
velocity  increascs and  pressure
locally  decreases. So  for

representalive readings. a length
cqual (o five pipe diamefer is
rccommended for locating the
pressure point at valves, pipe
junctions, throitling valves, and
thermowells.

When measuring  slcam.  always
install a siphon. as shown in Fig 1.
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Pressure gauges should be

properly protected from
breakage and vibration. Gauges
that are mounfed on a wall
instrument  pancl  or othenwise
individually supported usually give
much less trouble than gauges
mounied  directly  an moving

machinery such as pumps. engines
or compressors for  air o
refrigeration.  If gauges are used
on lines with pulsating or variable
pressures. il is  particularly
important that they be protected by
installing  tube spirals and/or
snubbers in the gauge lines. Also
therc should prefcrably be a valve
in the gauge line so that the
instrumeni can be casilv removed
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i)

i)

iv)

V)

vi)

for cleauning. calibration, rcpair or
replaccment.

The  capillaries mnst be short.
shiclded from the sun. rain. and
othcr sources of temperature
changes.

Diaphragm scals and rcmotc hcads
should bc fush mounted lo
climinate restrictions and cavitics
where process can accumalate.

Bourdon tube gauges should be
inspected and tested periodically :
for extreme accuracy once z month
mav bc necessary. otherwise an
annual  inspeclion  should  be
adequate.  However. they must
alwavs be kept clean and protected
from damage.

When measuring liquids. if the
gauge is installed below the point
of pressure measurcment. slope the
connecling piping at least 8.5% to
avoid formation of gas pockets
which may causc crrors in
mcasurcment.

A range should be sclected so that
the maximum opcrating point is
approximately 75% of the full-
scale value. Longer lifc can then
be expecled.

Simple  air-opcrated  pressure
controller is uscd in many plants
for reducing steam pressure (Fig.
2).

Air leak determines the sleam
pressure- more air leak decrcascs

Ak Supoly

stcam pressure. Increasing the air
leak will cause the valve 1o close

faster and open slower. I
the instrument fails to function,
shut off the air supply and
unscrew the sct point adjustment
knob. woting thc number of
cxposcd thrcads so it can bc
replaced to the proper posilion.
Cican all the orifices. valve stems,
scats. etc. with a suitable solvent.
Check to be sure the O-rings arc in
good condition and that the
capsular chamber is not damaged.

T

ilrluull f

< Comnaclion

Vales Aclusler

Fig. 2 Air operated pressure

controller

3. WEIGHT

MEASURING
INSTRUMENTS

For measuring weight
milk products in

of milk and
tanks and silos,

pressure transmiticrs and load cells are

most commonly used. Considerations
for pressurc transmitters have been
dctailed in Point 4.
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Ioad cells are very widely used for
weight measurement.  For accurale
measuremen! a lop qualily transducer
or load ccll  must be selected.  Proper
installation of Joad cclls. with
being applicd at the proper place, is
very important for accuracy. or
various (ypes of load cells. shear beam
load cells have more advantages than
others. and thereforc. are more
surceessful.

For trouble-frec service of loadceells. the
following poinis must be considered.

1) Most loadcells arc  lecmperature
compensaled to reduce crrors due
to temperature  chauge. For
censitivity changes due to seasonal
changes a simple tecalibration
should be cnough.

ii) Ensurc proper load transfer to the
loadeells. Rigid piping and other
tigid connections (o the weighing
vessel will share (he load cavsing
improper and unpredictable
weighment. 1t mnst be ensirred that
the connections to and from the
vessel are flexible.

ity For weighing accuracy the foree

transmitied to the loadeell should

only be the weight.  The vibration
force of a ncarby cquipment. il any.
should be prevented from cntering

the loadcells using mechanical
dampening methods.
While it is crucial that the

loadeells measure only the weight
signals it is cqually important that
the digitising instrument measurcs

load_

iv)

v)

only the loadcell electrical oulput

signal. Radio {requency
interference (RFI). clectro-
mcchanical interference  (EMI).

moisturc and  fcmperatarc can all
hinder the clectrical signal from
the loadccll.

Sources of RF1 and EMI include
lightning. wireless  (ransmilters, -
large power lincs static eleetricily.
solenoids and elcctromechanical
relavs.  Isolate the loadeclls low
voltage output sigral (which is
generally 30 milli volt) in a
shiclded cable and route the cable
in a scparatc conduil in a major
step towards an accurale weighing
system. Tie the shield to one point
onlv so as nol to form a ground
loop. Proper grounding must be
ensured. :

Moisture is the worst enemy of the
loadeell.  Sclect loadceells which
have adequate protection  from
moisture with a class of ingress
protection speeificd.

To cnsurc noisc [ree passage of the
loadeell  signal  check  the
environment where (he loadeell
cables run.  Moislure should not
be allowed to cnter the loadeell
cable and junction box. Moisture |
lowers the capacitance between
signal lines and causcs coupling
between the excitation and signal
lines. To ensurc this use certified
class junction boxes (Nema 4 or [P
63) and plug all unused outlets.
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vi) Tn case cables run over long changes, il is preferred (o use a six
distances (30 metres or longer) or wire loadcell cable.
arc subject to large temperature
vii) Sclect a good quality digitiser.

4. LEVEL TRANSMITTERS

Pressure (ransmilters arc used for continuous level measurcment of milk in tanks or
silos. These transmitters are mounted to the side of the tank near the bottom or 1o
the botlom (sce Fig. 3). These devices have accuracies to within + 0.25%.

fo signat
conailioning
Instrument

===

Fig. 3 Mounting of level transmitter on a tank

Some important points in using thesc ii) Where voltage spikes arc expected.
devices arc given below : overvollage arresters should  be
uscd.
1) When mounting . thc connccling
housing ensurc the cable cntrics iii) If the level in the tank does not
point downward to avoid water correspond Lo the indicated valucs
Ingress. the  atmospheric pressure
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i)

Vi)

compensation and then the power
to the micasuring systcin should be

chiecked.

if'or monitoring ihc atmospheric

pressurc  compensation.  open
pressurc  semsor  or - connection
housing, ‘The ncasurcd  valuc
should nol ¢hanpe when opening

the housing. 1 the indicaled valuc
changes. the atmospheric pressurc
campensation is being impaired.

In this case ¢heck the breather in

the  housing,  and PICSSure
compensation  facility  between
transducer and connection housing
as  well  as the  pressure
compensation fcility. on the

cxicrnal conngction housing,

Ambicnt  lemperate of  the
mennting location should not be

morc than 82°C.

B3¢ carelul that the diaphiragm of
ihe (ransmiticr is noi damaged. I
it is rupiurcd. thc mcasuring
cicment must be repiaced.

‘The air supplied (o the device
shauld be clean. drv and al correct
required  pressure  (usually 1.4
ke/sg.cm). Ensure that there is no
Jcak in the connecting linc.

viii) When a clear, drv air sapply s

used, the transmitter should be
serviced once a vear. If the air
supply is dirly or oily. more
frequent servicing may be required.

ix) The output blced orifice should be

Likewise,
SCICENS

cleancd periodically.
nozede  tip. ballle and
should be cleaned reguolariy.

ULTRASONIC LEYEL
SENSORS l

Ultrasonic devices arc uscd for level
measurcment as well as level control of

liquids and powders
could  be

These devices
pencirating  ivpc or non-

penctrating, (ype.

Some important considerations (» using
ultrasonic devices are given helow -

i)

ij

As this g

has

\ as no
parts. it is relatively mainte
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As many of these devices do not
need physical condact wilh  the

product {scc Fig.4). tic
mcasurcment is compictely
indecpendent  of the  physical

propertics of the product.

Conneclionio
elecitonics

Fip. 4 Ultrasonic level ﬁ,aup,c on 4
tank
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iii) As the sonic vclocity depends on
physical properties of the air,
changes in  tank/silo  spacc
temperature and  other vanables
will  affect  the  measurcment
reading.

iv) Il the lquid surface 1s turbulent. or
covered with froth or foam. it may
not adequately reflect sound to the
receiver, The system should Tinve

provision tor uscr-adjnstment of

the frequency of transmitted sound.

v) The scnsors of these devices are
not affected by vibrations normally
cncounlered in silo/tank walls.

vi) In powder applications.  shight
product build-up on ulirasonic
level detectors. typically 0.2 to I3
mm in thickness. can normallyv be
lolerated.

6. CAPACITANCE LEVEL
GAUGE

This device consists essentially of an
clectrical probe-bare. insulated or with
concentric  shicld depending on  the
reguirement — normally mserted down
the centre of the tank. This creates a
capacitor. with the probe serving as onc
platc and the mctallic tank walls as the
othcr. scc Fig. 5.

_-—-Insulstor

Merallic 1ank

Fig. 5 Capacitance level gauge in a
tank

These detectors arc reliable. and -
assuming that no build-ups or similar
preblems occur on the probe — they arc
almost mainienance -free.  Following
points. however. may be noted :

i} This dcvice rcquircs a non-
conducting scal between the probe
and the tank.  Also. grounding
problems somictimes. occure in (he
head asscmbly. which should be
properly attended to.

1) Any process change that affects the
diclectric constant of the liquid/
powder will causc an crror in the
level measurcmeni,  Scvere  or
abrupt  changes  in humidity.
{cmperalure or conccntration
arc such factors. In casc  of
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temperature. however. the system

normally has provision for suitable

adjustment. ’
iii) Build-ups on the probe itsell will
causc crror in level measurcment.

iv) For high or low level detection.
liorizontally — mounted  probes
generally  provide a  higher

indicating accuracy as they are
covered or uncovered along the full
length of the rod.

7. ELECTRICAL
CONDUCTIVITY PROBES

These controllers are used for high or
low level control of clectrically
conductive liquids such as milk. These
systems are very simple and least
cxpensive.

The following important peints should
be noted :

Conductivity probes should never
be mounted horizontally. since the
liguid Olm that bridges the probe
insulation wiil not run off. Also.
probe build-up adversely affects
opcration.

i)

A common problem encountered is
that the material is olten charged.
Appropriate conductivity
adjustinent should be madc.

i1)

Altention nceds to be paid (o
foaming, splashing and turbulence.
There are special probes available

iii)

for foaming applications.  For
turbulence or splashing. a still well
can be cmployed.
iv) Linear velocity of the liquid should
not be great enough (o damage the
cell.

v) Location of the ccll should not
become air bound or gradually
filled with solid particles.

vi) The device should be inspected

once a month.

There are other level monitors which
are  successfully  used for level
monitoring and need little
maintenance. Radar level monitors arc
mounted at the top outside of the tank
making them both non-contact and
non-inlrusive. These dev  ices
operation is independent of the
presence of the vapour or foam in the
tank.

It is thus scen that proper sclection and
installation  of  instrumenis  arc
important for trouble-free operation of
most of them. The maintenance need
of the instruments is not great. and
with some care, the instruments will
give accuratc results for a long timc.
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| find this bulletin :

Useful

[ ] ]

[ ]

Only entertaining

I think the format of this bulletin needs/does not need changes.
information in any subsequent issue on

Informative I:l

Boring

I would like

Please send your letiers (o :

Senior General Manager
MS-WR Group
NDDB, Anand 388 001
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