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METERING AND CONTROt OF INGREDTIENTS FOR MIXED FERTILIZERS

By J.C, Farquhar, (Fisons, U.K.)

Introductign

The title of this paper has been interpreted somewheat
loosely in order to provide the maximum information on metering
arnd contrel in the fertilizer industry, For inatance, in the
granulation process, steam is not an ingrediemt, but its metering
and control afe imteresting im some respeets. Also, sulphuric
acid used in superphosphate manufacture and phosphoric acid used
in triple superphosphate, etc,, are not strictly speaking in-
gredients, but rather intermediates, ‘Hnwever, they have been

included because of some special features of interest.

With regerd to meterimg and control of comminuted solids,
batch weighing has been excluded as being an entirely saparats
subject; continuous weighing only is considered., The term
"*eomminuted" is used to cover coasrsely crushed, finely pulverised,

and granular solids.

The subject matter divides itsalf naturally into three main
sections: the metering and contreol of:-

A. Gasged, includinp dfeam.

B. Liguids and 5lurries,.

C, Comminuted solids,

There is also a General section which deals with accuracy
of metering and with problems of control inter-connection far
the purpose of proportioning i.e. ratio contrel of solids and

liquids.



GENERA/!'

1, Proportioning of Ingredients

Prupurtinning systems reduce finally to retio control, either
as Parallel Ratis coantrol {Shown in Fig. la) or Cascade Ratio control
(Shown in Fig, 1b)., or = combimation, Each of these arrangements
has advantages in certsin circumstances. Where time lags are im-
portant, the paraliel ratio system will ensure that all the flows
increase and decrease simultaneously, But sometimes one straam
is either uncontrollable or unreliable, and yet it is important to
maintain a correct proportion between the streams, In such cases
the Uncéntinllabla or unreliable stream must be made the master or

primary of a cascsde ratio system,

Irrespéctiva af the‘System which is used, inter:unnactinn.
cf cnntralé in ratio has an important bezsring on the type of
primary measuring element which it is best to use, with regard ta
the relationship between measurement and output signal, Differential
pressure primary elements for flow measurement (e.g. the orifice,
venturi, flnw nozzle} generate an output signal the square raot of
which is proportiomal to the rate of flow, In the case of all other
commgnly used flow metering devices (e.g. variable-area, magnetie,
and propoller-type, flowmeters; metering pumps; continuous belt
weighers for solids) the signal is linearly propoxtional to the rate

of flaow.

In proportisning, it is not possible to couple unlikes, so
8l]l signals must be square root or all must be linear. If all the
signals are linear, there is no difficulty in coupling them together
in any desired ratios {from 3:1 to 0,3:1 is the usual limit fer
commercial instruments), end origin shift can be inﬁnfpnrated pasily,
This means that all the flows do not have tﬁ startlsimultaneuusly
from zero, Ope or more can be made to lead the others by pre-set

amounts,

I all the signals are square root, then simple ratio control

is all thet is practicable, and the range of adjustment iz usually
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restricted to 1,5:1 to 0.5:1. GOrigin shift is impracticablé,

so that all flows must alwayé start simultahﬂously from zero,

I+ is clesr that linear signals allow more flexibility in
the design of a proportioning system and provide a greater range
of ratio adjustment, therefore, in this respect at least, it is
preferrable to select primary metEring‘dEQices Having & linear

relationship between signal and rate of flow.

-0f course, & sguare root signsl can be converted to a
lineér‘signal by using a suitable characterised amp;ifier, COmmer-
cially available in‘eithér preumatic or electric form, However,
this ﬁruﬁédure has ceripus disadvantages. At luw‘flnw the ampli-
fi:atidn iﬁ'greatlgasfsffeﬁagﬁfhy a;pramihant_instrﬁmantJmanu‘
facturer (Mr. L.5..Yoxall) who has said that Squarelrnnt‘éxtracfiun
,ié‘éidéﬁiéé'td epable one to read the low—flaw inaccuracieé MOTE

gasily. 'In ather words, the expanded scale at low flows is an
apparent, and nnt_an‘actﬁal;.gaiann‘EtcurEEy and readibility. A
further point ‘is the effect of sﬁ:h a conversion on the reliability
~of the-systeﬁ as 8 .whole, and on the esase of checking for errors,

, The‘signél*cthéftErmia g relatively délicate‘and.sehsitive piece

of equipment, requiring sdditional chE;kingmand czlibration,

Therefore, as a2 general rwle, diffsrentisl pressure primary
elements should not be used %Sr flow measyrement of ingredients
" where autnmatiC'prnpnrtimning is contemplated. Even in the cace
of manual proportiening, it is not masy fﬁr the operator to
caorrelate a hiscellany ﬁf square root and-lihear readiqgs. An
Eexception to this rulE‘iE.thE:FESEHQHEIE simple retio cartrol is
-reqﬁired‘nver & limite&nrange,lqnd gll ingredients can be measured
mesy conyeniently by differential pressuze devicésé Another and
mDrE‘EDmmDn.EKCEptiDH is the case where most ﬁf the measurements
are lingar "(¥,g, "continusius belt weighers for gﬁlidsa but one
quantity (E.g,‘steém)‘iﬁ more cDﬁvEniEntlylmEEEurEd by, say, an
corifice., This might ba"bé;ause it is a large‘quahfity, nr becsuse
the normal flow rate musf'be-changeﬂ gfaatiy fjﬁqltime to time,

an orifice being relatively easy and cheéﬁ tg change.- In such a



case it might be worth while to eceept the additionsal complicatiaon
and lnwufluw inaccuracy inveolved inm convettdngibhis gignal "from

sguare root ta linesr,

It shnuld be noted that it is p0581ble tn convert g linear
sighal to a square root signal hy a 51mple accurate, and reliable
‘mechanism (e.g. a cam) because no ampllflcatiun‘is raquirﬁdf Huﬁ;‘
from the foregoing analysis, it can be seen that the'ne:ESSity‘fnr

‘such. @ conversion Beldom, if ever, arises inm proportioning.

2, Accurapy of Metering

‘ Results of ébtual tests are given later in the paper when
dealing with specific examples of measurement of liquid and commin-
uted solids flows. However, metering sccuracy, errors and calib-
ratinh, require some general consideration, This is =n extensive
and importsnt subject, inadequately cuﬁéied in the technical
literature, It would be impossible to treat it SyatEmmaticaliy
© in the present paper, but it was :nnsidér@d'wnrth while to deal
‘ h#iefly,‘and in'an elementary fashion, with a few of the points

" which, by experience, have been found to cause the most difFiculfy.

(a) Conventigns for sign of error

There are two current conventions for expressing the sign

of an error, both of which eanm be defended logically.

As an example of one convention, suppose that a weighing
machine indicates (or is pre-set for) 112 lbs and it actually
welghs-out or delivers enly 111 lhs., It is usual to express
such an error as - 1 1lb, Obviously, if a totsl of lll lbs Df
t€st weights were to be placed on this machlne, it would
indicate 112 1bs, Thus, 'in this case, when the actual value or
guantity is less than the indicated or pre-set value, the error
is called négative, znd vice versa, This eonvention is usually
Fg%LqWed:fnr batch and continuous weighers, and fluid quantity

meters,
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Using the same rmumerical value-, consider a pressure gauge
which indicates 112 p.s.i.g. whan .a true pressure of 111 p.s.i.g.
is spplied. It is usual to express the error as +1 p.s.i. Thus
the conventian for Exprassing.the sign of the error is the
opposite of the preceding case. This latter convention is
normally used for indicators of flow, temperature, and pressure
but doubt often arises in the case of a flow-meter with an
integrator, or a flow controller set to deliver a certain
quantity on a time basis, .

In this paper, to avoid duﬁht, the first convention will
be used in gll cases, That is, thg ®rror will be‘takan to be
that quantity which, when added algebfaically to the reading
of &n instrument or to the indicated or pre-set gquantity of
A meter or weigher, gives the true or actusal value ar quantity.
Thus, when the true value or quantity is higher than the
indicated or pre-=zei value or gquantity, the error is said to
be positive. Yhen the -true value is less than the indicated
or pre-set value, the error is said to be negative,

(b) Quantitative Expreseion of Errogrs, ox Limits of Accuracy

In the case of flow meters or weighing machinmgs it is
usual to express errors (ar clsim a:cﬁrauy limits] in terms of
percentsge of full scale deflection (% F,3.0) i.e. per cent
full sec=le reading. An equivalent way is to express the error
vr limits of accuracy directly in terms of the measured quantity
f.¢. A weighing machine hay be said to be accurats to -~ 2 lbs.
at any point gn its scale., Thisz method pf ~xpression has &
cansiderable effect at low secale readings. For instance an
instrument may be glaimed to b & accurate to l 24 F.5.D. At
one tenth full secasle the claimed accuracy is then only within
I 20% of the reading,

In the case of fluid quantity meters of the mechanical
type, it is more ususl to express the error as = percentage of
the quantity aétually measured, called "Percent of actual
reading” or "Percent of instantaneous reading”. This is be=-
cause such meters ecannot be said to have & full scale reading.

Other equivalent methods are to give the errors or limits of
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aceuracy of meter factors, or flow ceefficients, or in terms of
the

ratio Irue guantity
Meter reading

100

When accurscies are claimed in this way, théy should be gualified
by restricting the scale range over which the limits apply, or by
relaxing the limits =t Jower readings, Obviously it would be absurd
fu expect a weighbridge to weigh an ajzmail leitter, but this is what
would be claimed by an ungualified stalement of accuracy in terms of

instantaneous reading.

Misunderstandings fregquently arise in respect of expected or
nlmimnd‘limitslbf‘ﬁ:curacy over wide ranyes of flow, Uur aun.
cxprrience indicates bhat, wilh mdst ﬁnaﬁuring inatruments, there
are elements of Errnf which. are independent ol reading {ive. constant
in % ﬁﬁﬁqﬂw} and other elements which increase with reading {i.e.
constant in % irstantansous reading). The relative magnitudes of
these depend upon a large numbher of Facfnrs, including the design,
construction, installation, maintensnce, colibralion or prediction,
and pfinciple of the instrument, Accuracy claims should Lake

redlistic sccount of these factors,

One notable error which (for instruments with linear scales
ar charts) remains constant in terms of F.5.D, is the precision
with which the scale or chart van be read by 2ye. For instance, =
full-sized circular chart recorder or miniature strip chart rcecorder
has an effective chart width of approximately 4". Then : 1% af this
is & 0.04", which is rasy Lo read by rye. But if an accuracy of :
1% of instantaneous reading werc expecicd or claimed down to i/10m¢h
full scale, Lhis would require the chart Le be read to Z 0,004" which
is impossible under normal circumstances, The practical limit is
certainly not closer than £ 0.01" which iz - 2.5% instantaneaus read-
ing at 1/10"th full scale, and any claim better Lhan this is clearly

wrang for such an imstrument.

Errors 'which incresse with reading are largely caused by

incorrect span adjustmernt, by distortion with incressing loads, and,
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for example, by errors in orifice coefficiemts. It should be
moted that such errors can he significantly reduced by calibration
and are therefore wmuch more serious in predicted insfruments
{e.g., uncalibrated orifice iﬁstallatinns) than in galibrated

ingtruments.

The effect of flow rate upon hysteresis errors varies
greatly from eone instrument to another, Hysteresis due to
lost motion is independent of reading, Hysterxesis due to i

friction often increaszes with reading,

The variable-area flow meter is subject to special non-
linEar‘Er;urs under some circumstarces. thsE wili be discusssed
in Section B of the paper.

It ‘should be noted that limits of error nrrmﬂcﬁia:y have
been expressed above as simple arithmetical limits. "Standard
Deviation® and similar statistical terms have not been used,
This follows the usual practice of instrument manufacturers,
-and there are reasons fdr ik, It wﬁuld he very laborious, in
gn grdinary meter calibration, to carry out sufficient tests
for Sfatistical‘analysis st each rate of flow. Furthermore, it
is doubtful if instrument error distribution gurves are often
"Normal™ ox Gaussian., Therefore there may be little practical
significance im statistical approximations such as T ax
Standard Devistion = 39% CunfiBEﬁce limits, and T 2 x Stapdard
D&ﬁiatinn‘= 95% Canfidence limits. Consequently, we considexr.
that it is best to express meter exror or agcuracy limits as
gimple maxima, uﬁlEBS‘Eh adequate numbsr of results have been

Dbtainsdstu pluf-a-raliable,histngrém.

(&) Systemmatic Erroxr

This is the difference {expressed quantitatively in any
of the ways discussed above) betwgan”tha arithmetic mean of

a large number of readings and the true quahtity;
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Systemmatic errors are of no importance as regards quality:
of automatic centrol, but of primary importance in costing and

sccuracy of compounding. They can be subdivided as followsi-

(1} Zerp Errors:
Such Brroxrs are constant in tarms of full 5cala

deflection, Thay are 5351ly removed by zero adjustmﬂnt ‘without
the need for calibration. They are not experienced in mechanical

and propeller-type fluid guantity meters.

(i) - SEan Eﬁrnrﬁ'.:“‘
Sueh erters are cnnstant in terms of 1nstantanenus

reading. They are found in gll types of meters and can he remaoved

only by calibration,

(iii) Nop-linearity Errors:

These can be particulacly fr&ublﬂsdma'ih the cases

. of mechanical meters and variablaAaraa:ﬁlmmmmh¢;¢£¢ For mechanical
meters fhgylcannmt be removed by calibration and are inherent in
the désigh of the meter and the viscosity and‘luhricity of the
liquid measured. Im bad cases, the nﬁly way tn‘nhtaih accurate
measurements is to caliErate and use the metear at the same rate of
flowir - '
‘1Fﬁf‘Jé;;ggle‘aiaa‘flnwmé?ﬁfé;'ééliﬁ:éﬁiﬁhéﬁét;maﬁy‘hﬁinfa‘in
{he-flnwlféngé can.bé used to prepare a Special scale,'ur a correct- -
ion curve “for 8 standard Ecale - But, 1f an lntagratux lE fltted
it 15 usually 1mpract1cable tn curre:t this alsu.
. 9imilar errors. are found in orifice and Vghturi.metars at
Heynnlds‘NdmbErs in the throat below 200,000 to SDU,DUD, depending
on the design of the primary element and ssseociated pipeline, and

also upon the Reynolds Number in the pipe. (Ref. 1),

{d) Random Errpr, otherwige known as "Repeatability” or anmetlmas in
‘ America as "F;g:151nn“

s

This is the diffe:ence {expressed gquantitatively in any of the
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ways discussed abqve) batween an 1ndlvmdual rEEdlng and thew
arithmetic mean uF a large number of. readlngs, when tha BAME
true guentity is h31ng measured in each case. It shnuld not ‘be
confused with "Nopise® in the measured varzablé which is not 8
'metering error but can glue rise to errors if the respnnse af

- the measuring unlt is 535ymmetr1cal,lor if damping is appllEd

ctosa stuars root relationship,

Strlctly EpEEklng, hystsresla errors are not truly Tandom,
L but they Bre usually included under the general headlng This
is Ju5t1flabls because 1nd1v1dual readings are usually taken

:when the flow 15 1ncraaslng and alsn when 1t is de:r3551ng

. :'lft-{,;Jf':‘.s"".:ﬁptE.-\wd‘f‘e;‘f-ny ‘-tha-ﬁt rendum errors.are self:;aﬁﬁ.elli?hg--
nve£~a'sufficient number of rEadinés; and therefore they should
not cause 1nancuracy in lnng =texrm mEasurEmEﬂtE. But = random
| errar in a Elﬁng callbratlnn becomes a SySthmEtlE BITOT, untll

‘.ﬁhe_next calibration.

Mhere autnmatlc :antrml 15 cuncernsd - randoem errors’
(psrtlcularly thuse caused by lost. mntlon and stick=- Sllp
frlctlnn) ‘can’ ba ED damaglng in the;r effect as tn prevent any

”:raasnnabla cnntrnl

{e) Toptal Error, otherwise known as Absplyte Error

“(The terms "Absuluts‘ac;ufécy“ or merely "Accurscy" are

glso. used.sometimes).

This is the difference (éxhrassed in ahy of the previously
described ways) between an individual reading and the true
quéﬁtity. It is thus the sum of the random and systemmatic
 .EfrDrs. : |

This is a slaw chenge in systemmatic error. - It becomes
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damaging when the rate of change is appreciable in relstion. to

the periocd between-routine checks and celibrations.

{g) Calibration Errors

The calibration apparatus and procedure is subjsct to-all
the errors mentioned above, It should be noted that,‘if'calihrat-
ians are carried out using the wnrking‘fluid under working con-
diticns, and as the meter is nermally installed, and if the results
g0 obtained are used umtil the next calibration, then the cumulative
error in measurement after a large number of calibratipns will be
equal to the systemmatic error of the calibration apparatus and
procedure alone, The randem errors of calibration, and the random

and systemmatic errors of the meter will be eliminated.

AL, GASES, TNCLUDING STEAM

In the metering and control of precess gases we have
experience only with orifice and variable area méfars.. (Vﬂnturiﬁ,
flow nozzles etc, us=ed in ather parts of Dur Wnrks are nDt dealt
with in this paper). As prlmary measurlng Elamants fnr gases,
orifice meters and variable ares meters each have advantagas

and disadvantages, These can be summarised as follows:-

1. Drifice Meters

The orifice plate is a rElEtiVBly.CHEap‘priﬁéfy element éEr
pecially in tha“lérger sizes, and it is aasily changed to suit
én alterat;on ip process requlraments. The 5quare runt DF tha
: Dutput is prnpnrtlnnal to the rate of flnw which, aa prev1nuely
‘pnrnted out, renders it inconvenient for 1ncnrporat10n lnlprupur-
tiunimg systems. Also the readability of the xate of fluw‘
indicator ar recorder chart de:réases s0 rapidly at low flows
that estimation of flows below frd full flow is difficult and
below 1/5th full flow it is practically impossible.
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In practice the maximum accurate range of a single orifice
meter installation may therefore be taken as 3 to 1, although
this can be extended to § to 1 far le=s critical measurements,
However it dis relatively easy and cheap teo cover much larger
flow ranges hy a multiple orifice installation using a single
flow transmitter, or by using an interchangeable orifice fitting
such as the Daniel. For instance we have a 3 orifice instail—
ation measuring and contralling steam flow, the full-scale
flows of the orifices being 200, 1,000 and 5,000 lhs/hr. Any
sne af these orifices can he connected as required to a Eihﬁle
flow transmitter and by means of this arrangement it is pnséible

to measure =2nd control flow from 40 to 5,000 1bs/hr.

In such a system, a great desl of care must be takem with
the impulse line manifolding to aveid leaks and gas or liguid
locks. The impulse lines should not be less than " I.D. and
should be sloped properly. Good quality plug cocks should ke

used for isolation purposes.

We have no test data regarding accuracy, but manufacturers
usually cl=aim + 2% of full scale reading, providing that
temperature and pressure and density are constant. We consider
that this is probably over-optimistic for normal plant install-
ations, with average wmaintepance, To ettain this degree of
acguracy it is necessary that the installation should be very
carefully designed in accordance with B.G. 1042 gr similar
specification, paying particular sttention to the runs of straight
pipe reguired upstream and dowstream of the orifice, and to
disturbances of flow patiern caused by fittings etc. up-stream.
The meticulous design, and spaﬁe reguirements, are futther
disadvantages of the orifice meter. Another ppoint is that, on
pulsating flows, the accuracy of an orifice meter suffers

because of root mean square error,

It should be mentioned that we have found diffarential
flow transmitters to be worth the extra expenzse in all cases

where anything more than local flow indication is required,

"1
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The dp cell elimimates long dmpulse lines which must be laid
carefully to avoid errors. 5Such work is always expensive and,
with some plant lay-puts, it is slmost impossible to obtain =

trouble-free impulse line installation.

2. Variable Areg Meters.

The only type of variabla ares méter considered in this paper
is the float-and-tapered-tube pattern, in which the differential
pressure remaings constant, as determimed by the float weight
and area. Increasing flow causes the float to rise up the tube,
thus‘providing 8 greater annular aﬁea for flow. Theoretically
the range of such an instrument could be infinits, but the float
would obviously jam in the tube at zero flew, and the annular
clearance tplerance would be critical at very low flows., There-
fore, for practical reas=ons, the range of most of these instruments

has been standardised at 10 to 1.

Tha‘méin advantage of such meters is that the float position
(which provides the flow reading) varies linearly with flow.
Toe be precise, the relétinnahip is not exactly linear in that
the scale closes up slightly =t high flows, This affects the
scsles of indicating meters but, in the usual magnetic-coupled
type of transmitter, the slight non-linearity is removed by
correction cams or linkage, and the output signal is in fact a

‘lliﬁear‘fuﬂctimn aof flow.

The linear relationship earries with it the following
advantages:-
{(a)  The scale can be read easily down to ite minimum
value of 1/10 full flow, end it is far more straight-
forward for an inexperienced operator than a square

root scale.

(b) For pulsating flaws, the mean of the oytput signal

gives en dccurate measure of the mean flow,
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{c} The signals can he incorporated conveniently into an
automstic propurtiuninglaystam and can he correlated
gasily with other linear signals either automatically

or by the process operators.

A further considerable sdvantage is that there are no
rEqulrementq for stralght pipe runs up-stream and duwn Straam

of the meter.

The :hief‘diﬂadvantage of the variahle area flow tranu-
mitter, particularly in the larger sizes, is‘capital“cnét.
Alsm, the range af such a meter can be changed only within
small limits by alteratiom of the float weight. An appreciable
--mhamge:nf range requires a complete new meter. A point which
should be watched is the possibility nf‘damaga to the float
and magnet assembly caused by suddenly imposed high flaows.

The float-stop mechanism should be mechanically robust and,

even thEﬁ, sudden flow overloads should not be permitted.

In the measurement of gas flaws eonly, there i= the furthex
difficulty of float-bounce. This occurs because the float-
weight and géé volumes in the pipe linpes up-stream amnd down-
stream form an almust'undamped eystem héving inertié ard
spring~rate, Under certain circumstances the bounce can he
violent and PElf—-sustalnlng and can cause mechanical damags
and render measurement mmpnsslbla. The probability of float-
bounce i= reduced by ualng a larger tube and float :reating
less differential pressure across the float, but thiS iE
expensive, Another method is to fit a restrictlnn or cantrnl‘
valve or, preasure reducer in the pipe line immediately
adjacent to the meter. By this means the system can often be
tuned off resomance, In the worst cases a specisl dampingl
dashpot must be fitted to the lower Exteésiun'rud of the float

assembly,

ﬁagarding accuracy, we have & considershle amount of ftest

data for variable area meters calibrated on weter (which will
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be summarised in the following section}, but none on gas measuremenk.
However, Cwe eonsider it gafm tD assume that, for gss Tlow measurement,
the var;able area meter is at least as accurate as the orifice

meter at hlgh flows, =nd much bhetter at low flows,

3. Autnmatic Fluw Control of Gasea

No apaclal prnblams are presEntEd in the automatic control
of gas flows, but where pmssmhla, we make use of crltlcal pressure
drop to avoid the necessity for sn asutomatic comtroller. ‘here
the pressure drop mcross a control valve exceeds hzlf the absolute
up-atréam pressure, ths flow through the valve will be depandant
anly on the valve opening =nd an upstream pressure, and independent
af dnwnusfream pressure variations. Thus, if the up-stream pressure
i= controlled by = simple pressure regulator, the flow may be set

by the valve amd it will rem=zin steady without automatic contral,

We have found, that the‘maximum flow range for gond control for
= single Equaluper:éntage control valve is zpproximately 20 to 1.
This alluws @ margin nhove and below the range for effective control.
Where control over o greater range is required (aa in the example
previously given of 40 to 5,000 lbs/hr stesm) it is necessary to
use more than one valve. The effective cantrol renge of wvalves
having less favourable characteristies than equal-percentage will
naturally be less than 20 to 1, but we have no actual figures for

such types.

‘B, L12UINS AND SLURRIES

In general, for.the metering and control of process liquids,
we use nnly varlable arga meters or magnetic Flnwmeters, and for
slurries we use the latter only. We do not dse orifice metEIS,
both because of the =quare root output-to-flow x-% ““onship, and
alse because of the difficult nature of most process liquide in
the fertiliser industry. Thnnn.difficulties include corrosieon,

erosion, deposits, and freezing at ambient temperatures. In some
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cases it would be possible to use orifice meters with appropriate
purging or sealing arrangements, but these are liable to be
troublesome in practice, and we prefer types of meters which do

not reguire them.
(For special case of guantity mea=surement of iiquid ammonia,
We use turbinartype'méte:e which will he mentioned separately

&t the end of this Section).

1. Magnetic Flowmeters

Thé‘magﬁéfﬁcﬁflﬁwmeﬁer is, by now, a well-known and well-
tried type, available from several different manufacturers in

a wide variety of sizes, tube linings, and electrode materials.

In principle it is based on Faraday's law of electromagnetic
inductiun, where a conductor of length L muving in a magnetic
figld af straﬂgth H wlth a velnc1ty v parpendlcular to the
 field generates an .e.m., f £ = k. .LHY, In mudarn d351gns,
the Fleld is generatad by an A,LC, ele:trnmagnet encluulng the
flow tube {non- conductlng or with.a non- cunductmng llnlnq} 1n
which are set two. insulated Electrades to sense the. e.m.f.
generated, The mUVlﬁg condurtor is the elamant of liquid
 passing between the Ela;trodes, and V is the average velnc1ty
of the liquid, Thus the meter measures purely the thtal
Qﬁlumetfic Fluw, éven when suspended sclids are presﬂnt and
1t ;s insensitive to most: klhds of disturbance to the fluw-‘
pdttexh, g0 that straight lengths of pipeline up and down

stream are not required.

~These meters have been described véry fully and efficiently
JAn tha technlcal literature ( Refs, 2 ,3) thersfore no further
general details will be given hErE. Attentian will be con-
Tined to the advantages and dlbadvantages of the magneticg
meter as compared to the variable-area typa, for the mEESUIEmBnt

and cuntrul of fertilizer proecess flumds and 5lurrmzs,
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?. Comparison of the Magnetic FlDwmeter with thE Varlahle-
' area-type

Nisadvantages

(a} Greater capital cost.
A complete fluw rscurdar - cuntrnllar asaambly cf the
magnatic type is’ rnughly tW1ca the prlce of the cnrrEspDndlng

variable area typs.

(b) More complex maintenance.

The magnetic flowmeter iﬁ\h&:essafily a Féf‘ﬁara3cnmpléx
piece of equipment and, if it dEVélups a fault, it may,faﬁuira 
skilled and traimed maintgnance, with the neceséary;tast eqﬁip4
ment, This factor becomes important when it is propdsed to
install one or two magnetic meters in a place remote from the

1

manufacturer's service organisation,

Advantages ‘
- (a) Greater accuracy initiaslly, and greater sustained accuracy

when measufing usual fertilizer process liguids {see later).

(hi'.Greatér flow range.

for a single meter the flow range may be extended to 100
to 1, covering %his in 2 or 1 steps by range-change switches.
Alteinativély, 8 continuous range adjustment may be provided.
Thus it is sometimes possible to make one magnetic meter perform

g duty for which two varisble-area meters would be reguired.

{c) Not liable to mechanical damage by sudden flow overloads,
This is particularly important on hany fertilizer ligquid
5ﬁreém5'wherelpefindic cleaning must be carried eut by purging
and flushing, Vigorous flushing is sumetimealnacsssary‘Fnr good .
.:leanlng, and this can cause damage to the flaat assambly of

varlable-area ‘meters,

(d} Not damaged or blocked by large =olid particles which may

find their way accidentally into the fluid stream.
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(e} Better corrosion resilztance.

The only parts in contact with the fluid are the tube
liming and the electrodes, We hawve found that, if the former
is Teflon (P,T.F.E) and the latter are pure platinum, thers
is complete cnrrnéiﬁn resistance to all the fertilizer liquids

we Empiuy,

(f} Unaffected by erosion.

We have found no evidence of erosion, even after pro-
longed service on phosphorie acid/gypsﬁm slurries. As will
be discussed later, the accuracy of variabls-ares flowmeters

is strongly affected by erosion,

(g) Urnaffected by deposits.

~ From Ref. 2 it can bElSEEﬂ that the sccuracy would
be affected by a thick deposit of materisl having a lower
electrical conductivity than the measured liguid, Haowever,
we havé detected ro decrease in accuracy caused by the
deposits encountered when messuring wet-process phosphoric

acid.

(h) . Unaffected by varistions in viscosity or dEnsity.
The magnetic meter measures pure volumetric flow, wegard-

less of viscosity or density changes.

In our experience the =sdvantages of the magnetic flow-
meter far putweigh its disadventages, and we are~-tending more
f‘énd.mnrédtnufhg-USE'bf thi; typé of meter, at least for all

difficult process liguids.

2, Accuracies of Magnetic and Varigble-area Flownetezs

(a)  LCalibration Equipmeﬁt and procedure .

' Calibratiaﬁs are ueually carried out with the meter
in Sifu, and a simple pru:edure-iﬁ adopted, A tared drum
is mounted on a transportable weighing scale which has

itself heen calibrated by test weighta, A dock weter or -
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fregh water line is connmected to the pipe system"in‘which the
meter is mounted, and flow is mstablished at the desired rate.
Since all flowmeters which we calibrate in this way are part
of an autnmatlc cnntrnl loop, it is easy to ensure & steady
flow, After p5531ng the meter and control valve, the water
flaws through a flexible hose 6 drain, adjacent -te the drum

‘and weigh-scala.

‘ "A'étup wétbh“is started manuallyjland‘SiﬁﬁltahEDualy-thE‘

: hmsa is bw1tChEd into-the drum, also manually. After s pérind

nf nnt less than 60 sseands (shorter psrlnds lead. to EXEESELUE
timing errors}, the hose' is again manually switched to drain,

ﬁhg stop-watth is stopped, and the water in the drum is weighed...
Meanwhile the rate of flow has 'been read directly from the B
lucal lndlEEtDIl“CElE of the flow transmltter so that. transmltter
,Jand recexver EIXrors are not lncluded {ThESE may bE checked at
any time by static cal;brat;unl.' Dupllcate Tuns are uaually'

carried out at.each rate of ?lnw.)

In the case of variable-area meters, the manufacturer's
COnvErsion curves or :qnuefsinn factors are used to convert
the weighed water flow-rate to the liquid flow units of the
meter é;ale¢ In the case of maghetic flqwmétara, the con-

version is carried out purely on & volumehric basis,

Althuugh tha callbratlun Equ1pmant and prncedure is very
slmple, wWe. con51der the a:curacy to be sufflclent for Warks
AUTPOSES, WB estimate the wélghlng ELTOX ‘to be within

{a) systematlc error £ 0,1% F.S. D. of the weighing scale

b)) randnm : " - D 1% o " " " "
making the limits of toptal waighlng srror - 0,29 of the full

scale of the weighing machine,

As regardé timing‘qrrnrs, surprisingly aceurate results
can be uhtained‘by skilled and practised operators, providing
that a good 1/10th second stop-watch is used, and that one

man operates hoth the stoprwatch and the hose. Our experiehce
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indicates that, under these conditions, the error is within * 0.,z
gsecond, which is entirely random since the stop-watch itaaif can

be regulated exactly. Such accurscy may seem improbable -at first
sight, but it must be ramemhered-tﬁat similar errprs at ths

begirning and end of each run are self-cancelling.

These srror gstimationg should beltaken into account when
deciding the gptimum duration of esch test. With the average
size of the flowmeters in which we are interested, the maximum
convenient duration of test at full flow is about A0 spconds.
This gives a weight of water of the order of 400 lbs. which is-
about the maximum for s transportable weigh-scale and standarc

drum,

Assuming then, for a meter taét at full flow, the duration
is 60 seconds and the weigh-scale is effectively fully loaded,
the combined tetal error limits of celibration weighing plus
timing will amount to Lo.5% of the measured msss flow rate,
This is equivalent to b 0.5 gn the calculated meter error when
the latter is EXprasséd in % insfantanEDus reading. Under these
circumstances if, in a single test, the meter error has heen
calculated as, say, - 1.1% instantansous reading, it ought

really to he expressed as (- 1,1 A 0,5 % instantaneous reading.

When calibrating the s=me meter at lowsr rates of flow, it
is desirable to reduce the amount of water codllscted, in order
to maintain the calibration error limits constant at fo.5. 1In
our case this is achieved if we reduce the water collected at
1/10th full flaow to 40-50% of the weight collected at full flow,
with propartionate reductions at intermediate flows. The
duration at 1/10th flow will therefore be four to five times
longer than at full fleow. Thus the increase in percentage
weighing error is compensated by the reduction in percentage

timing error.

1t should he. pointed out that the above estimates refer

to limits of total errors in individusl calibration test§(
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In practice, the spread of results on suceessive tests at the
same meter setting indicates that we are usually well within
these limits and probably as close as I 0.25% for the ayerage of

our normal .duplicate tests.

Any worth-while imprevemsnt in calibration accuracy would
involve either an imcrease in the number of tests st each flow-
setting (taking averages and thereby eliminating random error,
leaving only the low systematic error of a good weigh-scale),
oz,.the use of much more elaborate calibration equipment com-
prising 2 permanently installed test-guality WEighing machine

and tank, and an sutomatic timing and flow-switching system,

(bj Flowmeter test= and comparisons

Table I gives the results of typical works calibrations of
variable-area flow transmittaré‘in”gubd‘dqnditinn1 “The - flow-
meters have stainless Etaal'materingttuhes‘ahd qppsr-flﬁat!
"extension rods which huuss‘magnet_aasémhlies; These move in
. non-magnetic extension tubks amd the wagnets are followsd
externally by follower yokes WhlEh are cnnnEEtEd me:hanlcally
to flow indieating pnlntars and to anumatlc transmlttars.
At one period, Meter Al2?28 was damaged mEchanlcally and. tha
second callbratmnns,wera cgrried aut 1mmedlately‘nm ;ts
return from the manufacturer. The normal duty of the meters
iz Tlow maaaurement‘and cnntfml of ammnnihm nitrate solutien,

1.38 5.G., wu;king tamperaturé.llDQC to 115°C,

Urfortunately the duration of the tests at the Lowss fldwa*
was not increased, as recummendadlin thélprevinus section, -
Therefore, making the Eamatéssumptinns as before regarding
‘weighing &nd timing errors, the calibratian srrors . for single
tests at minimum flows could be as great‘as : 2,3% of measured
flow rate. For example, the error figurEE‘at minimum flow. for
the first wmeter could he (4 ot 3) % Instantansous ﬂeadlng,
-cnrrEEpnndlng to- (D 4=- 0.2) % Full Scale Defle:tlnh. (The

actual fmgures shnuld be much better hECBUEE thEy rePrasant the
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mean of duplicate testa.) With this ressrvation, Table I
is of interest in that it shows that these meters, when

celibrated on water, are substantially within the manuf

facturer!

: 2% F.5,0, At the lawer flows they are vexry well within.

g gueranteed limits af accuracy; in this case

The characteristic nen=linearity errors of this type
of meter are present but @re not exceszive because the meters
were in gopd condition when tested. Whén 8 verisble area
meter suffers erpsion or corrosion of the float, there are
pogitive errors over the whole flow range, becoming greater
at lower flows. But erosion and corrosion of the flow-tube
can aisu take place, and this is particularly troublesome when
the meter iz on flow-control duty, 2t a =teady flaw rate for
long pericds. 7The tube is eroded preferentially at the annulus
between float and tube, and a positive error develops at

this point on the scale.

In Table II1, three different types of flowmeter are
compared directly, The calibrations were carried out by
passing the same flow of water through all the meters in
series, noting their scales readings simultaneously, arnd weigh-
ing the weter as previously described. The glass-tube flow
indicator is an ordinary 10" scale variahle area meter,
yraduated by the mapufacturer directly in lbs/hour of water,
and nozmally used for water flow indication. The metal-=-tube
flow tranemitter is of the same type as reported in Table I,
and mormally used for the same duty, i.e. measurement of
1.36 S.G. ammonium nitrate solution at llUDE to 115°C., The
magnetic flowmeter was an ordinary commercial product, in
this case with a stainless steel metering tube, Vulcoferran
linesa, and fitted with stainless stesl electrodes. It is
normally used for flow measuremant of the same hot ammonium

nitrate solution.

It can be seen that the results obtained: from the glass-

tube flow indicator and the magnetic flowmeter are VBry.gDDd.
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The metal-tube flow transmitter is suffering from 8 ZETD EIrTOx
of sbout 250 lbs/hr. . If the necessary correction is mads arith-
metically, it will be apparent. that the results of the metal-
tube instrument would then be as good as the other two. A Ffault
of this kind wpuld normally be discovered Ey ruutinE‘calihfétibn,
and rectified. ‘Tharmfora,‘frnm“thé results in Table II, the
magnetic:fluwmefar.wouldusagmhtnﬂhayetpn ﬁdvantaga insacmurscy

uuer-tﬁe‘variable sraa‘typé;

- Haowever, we had reports from most of our Works that, although
,  their variable-area flow transmitters were reasonably. accurate
when calibrated on water, there were serious discrepancies hetween
indiceted flows and product analyses when £he meters were handlirg
hot ammorium nitrate solution as @ fertiliser ingredient., We

have no equipment for calibrating the meters on the process

liquid umder workimg conditions, Fur practical reasons cnnnected
with size and length of stesdy runs, the etock. tanks would not
provide sufficiently accurate results, We therefore decided to
compare a metsl-tube variable ares meter with a magnetic meter

hy passing the same flow of process liquid through both in series,

Table III gives the results of this experiment. The two
metefs.cnncsrned are the meters reported in Table 11 and they were
in exactly the éame condition fnruthelfwu-serias,nf tests, except
for the ¥lowing liguid. Neo corrections have been made for the
water-calibration errors reported ipn Table II, It can be seen
that there are serious and non-uniform disc:epancies hetween the
two meters at &ll points on the flew scale.  Zexo correction of

the variable-area meter would only slightly improve the situation,

‘ Exeept for a slight incresse in diameter of the flow tube due
to tharmal expansion ( a fadtnr gasily calculated and allnwsd—FQr),
there Wnulﬁ geem to be no theoreticsl resson why the reading of
the magnetic meter should change an prucéss'liquid:atwllDDﬂllSDE.
as compared to water at lEDE.- On thE.DthBI hand, a rise in
temperature p? about. 100°C must cause expansion and distortion

errers in a variahle-area meter, bearing. in mind the annular meter-
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ing DrlflCE, and the magnet and fullnwer system.k In th;s
'_partltular case we do not cqnslder that v15cn51ty ig an 1mpurt-

and factur.

The results in Tablas II and III are a strnng arqument -

- for callbratlnn of. maters undar actual’ wurklng EDndltanS of
process liquid and,tamparatura. Smnne we have no facmlltles
. for auch calibratinhs, we can only make the assumptlnn {(which’
L we consider thepretlcally reasnnabls in thls case) that the

- magnetlc meter rEprnducss its- water callbratlun accuracles un'
. process lquld, whereas the varisble-area type doee not. 50 7
far, this assumption is borne out by ‘agreement of magnetic

flowmeter readings with product analyses and stocks.

Table IV gives the resultd of wster calibration of & twine
range magretic meter, normally Empinyad on flows of hot ‘
~ammonium nitrate ‘solution. The linearity is good on both
. ranges hut the meter requires electrical ad justment, part-—
‘igularly in respect of zérns‘dn hbth'rangas.

Table V represents the water calibration of two metsfs
which normally measure 1,84 5. 6. sulphuric acid at ambient
temperature, These meters are of = different make to thnse B
previagusly dealt.wiﬁh:” Thsy haue_;ta;nless stesl flow tubses
with Teflon lining aha pure platinum electrodes and are
‘similaf to fhe meters we employ to measure and contrel phaos-
phoric sgid/gypsum slurry Flnws. The "Y Side" meter shows
the typlcally good results wWe axpect from this type of meter.
The electrical calibration of the "X Side" meter is at
fault; and this test shnws-hﬁw mecgssary it is to carry out
flow calibrations on any meter whose accuracy is really

,impnrfant.

4, Measurément and comtrol of wet process phosphoric acid
and _phosphgric acid (gypsum slurries)

We carried put trisls on a number of magnetic flowneters

in order to find one type of meter capsble of measuring all
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streams on our phosphoric acid plant, This was desirable for

reasons of interchangeshility and spares. HThe'atreams‘incluqeq
phosphoric acid/gypsum slurry feeds to the filters at YBDE, and
filtered phosphoric acid at various strengths frnm‘EE% to 50%"

and from TBDE to ambient tempersture,

‘We -could not use glass flow fubaauhe:ause,uf tha‘preéanqe.pf
fluorine, so we tried Chemidus (unplasticised PVC) tubes, real-
ising that the temparafﬂra might prave to be too high. Un=-
fartunately, this was the .cese, The tubas:distnrtad and leakage
took place at the electrodes.in 3 to 4 months, Therefore we
had to use stainless steel tubes with an instlating lining,

The following linings were tried:-

(a) KeloF

. This gave no troublie and was clean when remnved.
after 6 months' service on slurry. However it is a
very thin, hard, lining and was sroded slmost completely
thrnugh‘in several places,-  -
(b) Rubber

This gave no trouble but scaled-up Eadly;
(e} Teflon

~Initially these linings gave a great deal of trouble
with leakage of acid at.the electrodes, resﬁgtihg from
creep of the Teflan., The menufacturers Eulvéd this
problem with mpdified electrode design and assemhiy.
Afterwards the Teflon linings were completely satisfactory,
and are now in genexal use. They remain clean after 6.
months or more in service, excopt for a alight black
coating which can be wiped. away easily, and which-Huoes

not affect the accuracy.-

Regarding electrodes, we found that the only generally

satisfactory material is pure platihum. .



TABLE 1

Variable-Area Flogwmeter Calibrations

Flowmeter Flowmeter Actual weight of water Equivalent
reading in | delivered in 1 min. in 1lbs./hr. Error
Particulars| lbs/hr. liguid of
: ligquid Dock Fresh 1.38 5.G. In lbs/hr. In % In %
1.38 5.4G. water water ' liguid Full Scale Instantaneous
1.38 5.4, Deflectian Reading
[ 12728 2,000 30.5 2,080 + 80 + 0.4 + 4.0
warly iest 4,800 58.5 3,880 - lz0 - 0.6 - 3.0
Full Scale 6,000 86.5 5,500 - 100 - 0.5 - 1.7
I= 20,600 8,000 120.5 B,030 + 3D + 0,15 + 0.3
 Ib/hr.liquid| 10,000 149.5 9,940 - 4D - 0.2 - 0.4
1.38 5.0, 12,080 179.0 11,540 - #1] - 0.3 - k.5
' 14,000 200.5 13,970 - 30 -  0.15 N
16,000 237.5 15,830 - 170 - 0.85 - 1.1
ig,000 263.0 17,520 - 480 - 2.4 - 2.7
21,000 294.0 19,600 - 400 - 2.0 - 2.0

JContinued.......

CF =



" TABLE 1 {(Continued)

'Flnﬁmater | Flowmeter Actual weight of water |- Equivalent]
Particulars | T5891ing inj delivered in 1 min. {odn lhe./hr. Error
Abs/hr. — : liguid of 7 _ g e : e
i?g;ig . ﬁapk i Fresh %@38 8.6 In lﬁs;fhr. In %' | 1n %
= - water : water liguid : full scale Instentanegus
' 1.38 5.G. Deflection |  Reading. -
- o L f : -
A.12728 2,000 | 31.25 2,084 4 B4 | « 0.4 | + 4
after repair 4,000 61,0 4.070G + 70 + 0.3 | + 1.7
1 by the manu- 6,000 51.0 6,070 o+ 70 + 035 | o+ 1.2
| facturers 8,000 117.5 7,830 ~ 170 - 0.85 | - 2.1
S {10,000 | 148.5 9,900 - 100 - - 0.5 - 1.0
i 12,000 177.0 11,800 - 200 1 - 1.0 - 1.7
: 14,000 ] 206.0 13,720 - 280 _ -~ t.a | - 20
16,000 | 235.0 15,650 | - 350 - e | - 2.2
18,000 | 26810 17,850 [ - 150 | - 0.5 - 0.8
20,000 296.0 - 29,700 - 300 - 1.5 -~ 1.5
Boston Works 2,000 S 30.s | 2,085 | + 8% . D85 | & 4.2
Full Scale { 4,000 © o} sa.ms-) 3,970 R 11 - 0.30 - 0.75
=,10,000 6,000 ' | 85.5 | 5,850 - 150 - 1.5 - 2.5
lbs./hr.liq.| 8,000 117.25 8,020 + 20 + 0.2 +0.25
1.38 5.G. 10,600 147.5 10,100 + 100 £ 1.0 + 1.0




TAELE I1

Comparison of Magnetic and Variable-area meters on water flow calibration

Weighed Glass-tute variable-area Metal-tube wvariable-ares Magnetié Flowmeter | Aparoximate
water flow indicator flow transmitter percentage
rate in o full zeale
1bs/hr. Scale Read- | Brror in % Scale Read- Error in % Zpale Read- [Error in @ read%ng'fnr
- . . . . . . . all instru-
ing in 1bs/ | instantan- ing convert- Instantan- ing convert- [instantan- it
hr. water BDOUS ed to lbs/ BOUS et to lbs/ BOUS MEALS .
Reading hr. water Reading hr. water Reading
3,077 3,000 + 2.0 2,750 + 11,0 3,020 + 1.9 1B
5,969 4,000 - 0.5 5,780 + 4.3 5,700 + 1.2 6
9,020 9,000 + 0.2 B,730 + 3,1 5,520 + 1.1 54
12,834 12,000 + 0.3 11,7ed + 2.2 12,000 + . Te
13,535 14,000 - 0.5 13,6460 + 2.0 14,010 - 0.5 34

-6
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Camparison of Magnetic and VWariable-area meters on Process Liquid under working conditions

Flow in lbs/hour ligquid of 1,38 5.G. at 1107 tg

115°C, as indicated byt-

Error of wariable-area flowmeter assuming

magnetic flowmeier is correct

Magnetic Flowmeter Variable area flow In lbs/hr In % Instant- In % Full
‘ transmitter liquid 1.38 5.G. aneous Reading Scale De-
i flection
; i (20,000 lbs/hr}
f 2,900 2,500 + 400 .+ 8.0 + 2.0 ;
: 4,000 3,750 + 250 L 6T * §
] ! :
: 4,900 4,750 + 150 | . + . !
' 5, 790 5,800 - 10 A . - ,
6,760 6,600 + 160 S s |
7,860 7,750 + 110 o+ 1.4 .+ D,
8,690 B, 500 + 190 o+ 2. Cor 1.0
3,660 : 9,500 + 160 o+ L by
10,310 f 10,100 + 210 + 2.1 Lo 13
10,760 5 10, 400 + 360 .+ 3.5 o+ L
16,900 : 10,350 « 550 4 5.3 o+ 2.8
11,100 | 10, 350 + 750 ? + 7. 4 3.8
13,660 ; 13,350 + 210 |+ 2 e 1.6
14,080 : 13,350 + 730 l s 7. o+ oA
: 14,500 13, 350 +1,150 Lo B, |+ s.8
% 16,480 15,600 .+ 6BO I + 4.3 Py A
| |

8¢ ~ 6



TABLE IV

Twin-range magnetic flowmeter, water celibration

e | i - - —— e —
! Flowmeter Scale read-{ Duration Actual wit.|fguivalent Errar
scale read-{ing convertt of test af water [in t.p.h. ,

Range ing (per- fed to tons | in secs. in lbs,  iliguid In t.p.h. In % In %
centage per hr. i1,38 5.4, liguid Full Instantaneous
scale} liquid 1.3B i 1.38 S5.G. Scale Reading

S5.G. , Daflection : -
15.6 1.50 383 265.9 1,54 + 0.04 |+ 0.4 e 27
High range | 40.4 4,04 145 ! 263.3 4,04 Nil oMl CNil
0.0 6.00 o7 263.6 6.03 + 0.03 + 0.3 + 0.5
full Scale |  79.5 7.95 73 265.2 B.05 o+ 0.10 + 1.0 + 1.3
= 10 t.p.h. , j i
liguid 1.38| 99.0 © 9.90 59 265.8 10.00 + 0.0 |+ 1.0 + 1.0
5.G. : | '
— ! ;
Low range : 25.5 ° D.63T 953 265.7 i 0.6827 1 - D0.D2 I - 0.8 - 3.1
b 43,5 1.09 563 P 266.1 {1050 ;- 0.04 - 1.5 -
Full Scale | 56.5 1.41 428 | 265.6 fo1.38 % - 0.03 - 1.2 - 2.
- 2.5 t.p.h; E | o
liguid 1,38] 6B.0 - 1.70 I 352 | 265.6 [ 1.68 - D0.02 - 0.8 SR -
P = | 0
5.G. | _ i ; i 1 -
P 99,3 2.48 240.3 E 265.6 2.45 i - 0,03 f- 1.2 1.2
H
I
!

62 - &



TABLE W
Water Calibration of megnetic flowmeters, normal duty 1.84 sulphuric acid

T .
' Flowneter Duratinn! fctual wt.}! Egquivalent F , Errpr :
reading in | of test of dock ! din t.p.d. © In t.p.d. | In % In%
E t.p.d., 1.84 | in seecs. . water - 1.B4 5.G. . acid ' Full Scale Instantaneous
i 5.G. acid | . {1.027 5,G). acid : Deflection Reading
; | | in lbs. | :
3 i 1 i | I
. 500 Y . 229.5 . 528.6 . + 2B.6 I+ 5.7 + 5.7
i | ‘3 | 5.3
¥ Side ;500 g L 3 228.5 | 526.3 b+ 26,3 + 5.3 + 5.3 ;
] 250 60 i 226.5 . 260.8 |+ 10.8B ¢+ 2.2 + 4.3 '
Meter : - : I: ! ) :
250 60 : 225.5 i 259.7 Pt 9.7 P+ 1.9 + 3.9 :
o . I : oA | ; !
' 500 60 437 : 503.2 Lo+ 3.2 Co+ 0.6 + 0.6 :
. 1 ' : | : '
Y Side 500 i 60 | 436 502.1 o+ 2.1 o+ 0.4 + D.4
- i . ! ! ' i I
Meter J i 500 | 66 L 435 501.0 : ¢+ 1.0 - &+ D.2 + 0.2 |
250 L &0 | 217 ] 249.9 i' - o1 | nil nil j
L 250 |60 | 216 24B.7 { - 1.3 @ = 0.3 ~ 0.5 ‘
| 250 60 217 | 249.9 1 - 0.1 1— nil - nil \

Qe =~ 6
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C, COMMINUTED 501 IDS

About four years ago we dacided‘tn embark on a programme of
measurement and contral of Eﬁlids flows thrnughnuﬁ our Works
in order to hring this aspect. of process control into line
with the existing complete instrumentation of fluid flows.
fhe applicatione included the continuous indicatidn,‘racnrding,
tutailing and/or controlling of solids flows, and inter-

connection in'rétiu_with other sulids“aﬁd fldid_flnwa,

We are aware that specialised équipmeﬁf was :ammércially
svailable for these various purposes, but there were dis-
advantages. For instance, solids flow indinﬁtnré-were
éxpenﬁiva‘and ganerallﬁ not sufficiently rﬁbust to wihstand
the ardous conditions encountered in a ferxrtilizer works,
They soon bescame corroded and clogged, and conseguently
Msticky" and ina::ﬁ;ate in reading. Most controllers were
not continuous in operatiep and therefgre did not recspond
quitkly enough tn changes in feed, and they did not provide
a record, or wmeans for easy intercaonnection in ratin,
Furthermnra, specialised equipment was necessary for smach

different function,

‘. ‘We therefore carried out a survey of available Equip;
“ment to try to find 2 splids flow measuring device with the

following characteristics:-

1. Versatilitgx capable of providing fléew indication
| (lacal and remote), recording, totalizing;, and/or
control, as required, Also, easily fitted into
existing solids handling equipment, and not tailor-
made for each application.
2. Simple, accurate, and robust.
3. Free from "stiction™, hysteresis, and drift even
whizn subjected to ardous working conditions.
4, Damped sufficiently to be wunaffected by structural

vibration and extraneous disturbances (e.g. raused
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by the passage of helt«fasteners), and yet quick
enough in recponse to Tollow Diqnificant fluctuatians
in flow, and capable of transmitbing & signal arccurately
proportional te the mean flow,.
5,.Easily incorporated into praoportioning and ratio-

cantrol schemes,

We failed ta find any equipment possessing all the above
characteristics, and therefore proceeded to develop our own
calids flow tranamitter ta meet the requirements, We decided
to concentrate our attention upon helt-wsighing, because it
is the mosl widely applicsble and fundamenlal way cof measuring
solids flows cantinuously, and is least affected by wvariations
in the material which is bwing weighed, This is true even when
it would otherwise be convenient to use completely closed-dict
solids conveying System?,z flopsed=-duct weighers employ Acceler-
ative Dr'impa:t principié;, and are not generslly suibtable for
foertiliser materials because of the variability of the physical
properties of these materials, Also, they are highly specisl-
Jised pieces of equipment and involve structural modifications

and the provision of a head of wmaterial.

The bell-weighl Lranemitter which we developed {and which
is the subject of British and Foereign patents) is shown diagramm-
atically in one of its forms in Fiqb:ll. Basically it is a
weighing carriage fitted with a\tra%smitting prneumatic load
cell, 1t is designed to SQppurt any type of flat or troughed
idler, nd can be mounted on the stringers under all normal con-
veyor belt installalions without modifications to the structure

or the provision of a bridge over the belt.

Referring to Fig, II, idler L, and counterbalance weights
D and E are mounted an a main beam which is cruésmbraccd for
rigidity and designed to present the smsllest possible area
for accumulation of dust, It is supported by steel crossed
flexure strips ' at L. These locate the beam accurately Hnd.

allow it to pivot without "stiction™, even when covered with



5 . LH/E 3/9

>

nopow B

Foerimwa D ogr

ADILSTABLE FULCRLLMA.
SPRIHG  LEVER  TO TRERNSAMLIT  WEICKHT
VDLER

DEMD WEIGHT TO BRLANSE  WEIGHT OF DLER © AHD EMPTY
SLITING WEICGKRT FOR FIME ADILSTIAENT. :
THRLUST oD

LOMD oLl

Tt POT
PR POT  LEVER
FLENURE STRAIPS.

OF SOl D&

CONYEYOR

Fiee B - “ouins Flow Toanemitten



PoOUBLE SHEATED
RELRY WALVE

Lz

RN RS
. 2
ey N\,

VENT

M
)
NN

TeRll=T ROP.

Fiao. T, - LoaDp  Ceiv

LHfea/9

'l&\b/mi." g
MW BAAPPRLY

-5k g
Skl SUTPUT -



7 - 33

corrosive dust. The weight of idler U and the empty conveyor. .
belt is balanced by weights D and by nthér weights £, sliding
an the side of the main bhesm for fine adjustment, The-weight .
of the sglids an the belt is transmitted by spring lever B and.
the adjustable fulcrum A tg the thrust rod F:of the losd cell G,

The lgad eell is shown diagrammatically in Fig. III. It is
a very simple poeumatic force«balance cell which acts as a
direct transducer of lgad into the standard instrument airc
output signal of 3 to 15 psig. It can be seen that the thrust
created by the weight of solids un the belt is dire:tlj
supported by the air output pressure acting upon the diaphragm,
Because true force-balance is used, the diaphragm does not
mave significantly {(only shbout 0,001 inch}), Therefore its
effective area doss not change armd the output pressure bears
an exactly linear relationship to load: also diaphragm
hysteresis is eliminated. Fhere is an air bleed in the small
double seated relay valve, so that the affective area on which
the air pressurye acts is neot altered by the valve resting on
#lternate seals when loads are increasing and decreasing, The
vertical mounting of the cell, together with the amall air

leak, renders the device self-cleaning and impervious to dust.

It would be equally easy to mount a strain-gauge load
cell on the weighing carrisge, but it would not be as satis-
factory., The strain gauge lead cell has wany well-known
applications where it would he difficult, if not impossible,
ta use any other method, hut this particular application is
not ome of them, It has tpo hbe remembered that the strain
.gauge ig not a direct transduscr of load into electrical
signal. It is in fact, & rather crude form of spring .balance
tg whieh is attached an inferential motion transmitter. Great
care in design and construction ic necééséry to limit the
errors inherent in such alsystem. There is no doubt that
satisfactory results have haen achieved,‘but the cost of the
equipment must remain compératiusly high. Another disadvantage

is that; far mcceptable accuracy, the receivihg instruments are
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expensive, complex and fragile, as compared.with preumatic-rsceivers.
A closely-sllied load cell is the stiff spring, earrying-a& semsitive
differentizl transformer motion tramsmitter, The same remarks.

apply to this as to the strain gauge type.
The adjustable fulcrum A is provided so that the output of
the load cellupén‘he calibrated an site tg give. the stendard
irgbrument uutput‘signal;qf~3_tn 15 psig FUr‘any'weiQh%helﬁigpan
or loading and to thainxa suitable whulewﬁumﬁer fﬂlinscale
reading‘( g£.g. 25 tons ﬁBr:ﬁnur) on the associated #ndicaters.and .
recorders, depending upon the measured belt speed, This is.of.
the grestezt importance in achieving versatility of application,
_and to ensure that the weight transmitter cam be used with
standard instrﬁments for indicating, recording, tetalling and

controlling, and in ratio systems,

The leﬁer,_Hi is in the form of a stiff spring ir.order to
gllpw just sufficient movement at the dashpot, H for effecstive:
damping. As previously mentioned, the movement at the load cell
is i1napprecieble, end therefnra damping at this point weuld
intrnduﬁe practical difficulties. Inpyt damping is. neceesary
because thelfaté‘ﬁf response of a force-balance pneumatic'luad
cell is‘nui.symmét:iqal for rapidly-increasing and rapidly-
decreasing loads. CLonsequently, output damping would not give
a true mean bf the input unléss-the rate of éhangé_bf,inﬁuth.
had previgiely besn slowed to be”within £he'fesﬁunéa_spéedumfw
the load cell. VE:M.:apid'?luﬁtuét%nﬁérih lnad\b:éurwinxpractice -
mainly.bacaueé'uf vibratidhrqf the plant structure ifsélﬁ, the .
‘paseage of the belﬁ fastener, snd lumps of material adhering to
the weigh idler and underside of the belt. These disturbancas,

are clearly unwanted and should be remnvgd as far as possible.

-The dashput p;etmn 15 provided W1th adJustabla aperturaa S0
. that the dsgraa of dampmng can khe altered to remuve Extraneuua
disturbances and to rgduce noice 5uff1c1ently to pqu}dsla )
significant nutput rscurd. The nutput.rumains aﬁ atcufété.l
measure of tha mean mass Flow uf EDlldE becauss tha relat;unshlp

hetween tha two is linear, and no ruot mean squara error is
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introduced by damping

An putstanding fmnture of the arrangemant mf the aprlng-
lever and the fulerum is thet the deflection of the we;gh~
idler and. the degree of damping {unce EdJUEth) remain censtant
EVER when the p051tmon of the fulcrum is adJuatad tu glVB the
standard transmittex output Fnr dlffarant appllcatlnns and belt
losds. It is most necesssTy tq‘Mdlntaiﬂ the deflection of the
weigh idler at a small and aunsféﬁt value in urdef to avnidl
weigh-belt erxrors; this is dnne autumatlcally by the Sprlngw

lgver and fulcrum, for all luad ranges.

For lucatiﬂng‘hﬁéfé sﬁéﬁémiéﬁféstriéted there is ancther
form of. the weigher in which the counterbalance helf of the
main beam is remoyed and rsp;éch‘by‘a zerg Shring which
balances the weight of the. idler and empty belt. For belts
over 30" wide, load cells are used dnmboth.sideé af the
machine and their nutpﬁts are summed. Far belts up ta 30"
wide, a sipgle load cell,. 5pr1ng beam, and dashpnt are
mounted an one side, the main beam bElng well braced to with-

stand the torsion caused by thlE,DﬂEﬂqldEd SUppmrt.

It should be nnted that whean truly cnhtlnunus methnds
of load measurement, 1ﬁtagratlnn, and eontrol ara used there
is no advantage in using a multi- Ldler helt weighing machlne,
except where very heavy fast—runnlng conveyoar. belts are used,
with closely-spaced idlesrs. The 51ngle _idler w31gher has
nbvious advantages in‘simpli:;ty.and‘ease uf‘lnstallatlun
and‘is-suitablg ?nf.mnst appliﬁatiﬁhs_in é'fexfilizb£‘wqu5

except perhaps for heavy intake conveyors,

Accuracy of Bplids Flow Measprements

There are four fackors to be EDnSldBrEd when assesslng
the accuraqy DF a ‘solids’ Flnw measurlng 1n5tallatlnn~
{a) Acguracy of ‘the belt WE1ght transmlttar 1tself purely as

an apparatus for messuring and transmlttlng the load
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applied to the weigh-idler.

{b) Accuracy of the associated instruments e.g. recorders and

integrators.

(e) Accuracy of the cunvayur-ur waigh belt, and belt-drive

1n5tallatlnn, 25 & means af applylng the wa1ght of solids

per unit time to the weight transmltter

(d) Accuracy ef control, where applicable,

Dealing with each of these in turpn:-

Accuracy of the New Belt Weight Transmittey

Testa uﬁing‘daédwaights ware carried out by mounting the

machine horizontally and suspending certified weights from s

- strap hanging freely from the centre of the idler, The ocutput .

sigqal,wag"meaéurad‘un'a 40 in, mercury manometer,

" The hachina was téstsd‘gt'vériuua séttings‘uf‘the gpaﬁ.

“adjuéfmehtﬁtd give full—s:aié'uutputureadings‘fur applied = .

weights of 12 1b, 24 lh ahd 46 1lb, In all) ceses the calibration

 wa5 arranged (by adjusting thé‘puéitiun of the fulcrum) so that

the air gutput was as near as possible tao 6 inm, mercury gauge
at no laad and to 30 in, wercury gauge at full load. -In

practice, of course, it would bu adjustad to g;va & slgnal

_betwesn 3 1h/in® and 15 1b/in®,

The teste were carried out with the weights being gradually

applied, and then with the.weights being gradually removed,

" This was donez to check whether there was any hysteresis effect

and to seb if“tha‘rasults”were repestehle, Since thersa was no

difference at all, only & single reading is given for each

weight,

To check fnr drlft, & load Wi s applled fnr a period of
48 huurs and no dmffgranca in uutput cnuld be detected uvsr thls

time,
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The 40 in. manomefer (which was, of course, far more
sensitive than any indicating instrument which would be used
in practice) was read as accurately as possible hy eye, Jhere-
fore, although the results are expressed to the second place of
ﬂsuimalé! the teadinbs tHepselues ete sohjject to an ertor of
about ¥ 0,01 - & 0,02 in.Hy.

The rosults of the tests are given below:-

Calibration with Test Weights
{(Ambient Temperature £2-65°F)

IdesI" l
Gpan 1 Sparg 2 Span 3 output
: '} pressure !
fot :
Dutput Output Output BE0%: !
Load pressure |Load pressure| Load pressure linearity
{1hY} (in, Hg} | (1b) (inm.Hg) | {1b) (in.Hg) (in. Hg) ]
o 5.98 b 5,95 0 6.00 6.00 |
2 9,95 4 9,95 B 10,00 10.C0 i
4 14,00 f 13,95 16 14.00 | 14,00 i
A 18.01 12 17.35 24 8,00 18.00 :
8 22.05 16 21,95 32 22,0z ;22,00 i
10 26.05 20 25,95 40 . 26,03 26.00
12 30,05 ' 24 29,98 48 30.00 30.00

To summarise these results, it''camn be semn that the
fitd¥imum deviation of the 5ignal-FrDﬁ.trum linearity =t any
lopad on any span was 0.05 in. mercury gauge.  For a fulk-

scale span reading of 24 in. Hg this is just 0.2%,

It is therefore claimed that the accuracy and lipegarity of
the machine itself, as a transmitter of weight applied to Lhe
weigh idler, is within ¥ 0.2% of full-span readirg. Furtheowore,
. repeatahility errvors, and errors due to hysteresis, stiction,
and Jrift, are not detectable, i.e, they are less than 0.02 in.

Hg or less than 0,08% of full span reading.
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(b) Accuracy of the Associabed Inmstruments

Reputable makers of stsandard pneumatic indicators, recorders,
integrators and comnlrollers, cslibrate apd test their standard
instruments to limits of + 0,5% of full scale reading. Ffar
greater qccﬁracy, far instance in indication or during calibration,

test-quality gauges ar mercury manometers mey be used,

(c) Aecuracy of the Belt Installation

Incorrect installstion can lead to gross errors (e.g. F 504
~or more) in applying the mass flowrate of solids to the idler
of the waight tronsmitter, 5o many faslhors are invalved that
aystemmatic trestment of the subject would veguire o separate
paper, therefore only a few of the outstanding pointy will be

mernlkioned,

Fhe most important of these is the necessity for accurate
alignment of the weigh-idler with the fixed idlers on either
cide. Any deflection ol the weigh=idler with load wmust be amall
and reproduceable. The importance of alignment increases with
stiffness, troughing, and tension of the belt, and with sharter
spans between idlers. It should be noted that variahle build-

up of material on the idlers direetly affects aligrment.

Anolher cause of insccuracy is adherence ufumaterial to
the belt or absorbtion ol muisfure by the helt, thus increasing
its weight, Ii{ is, of course, possible to compensate by
weighing the return loop of the belt and deducting this fraom
the forward weight. However, this prackically doubles the
weighing equipment or introduces ndesirvable extra linkages
and idlers, and it is therefore preferable to use helts which
care not subject to water ahsorbliocn snd which are eacy to clean

by suitable bruches and scrapers.

Firally (in this incoumplete list) there is the guestion af

belt speed. If this is nol reasonably constant, it must be
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taken into account by incorporating an appropriate tacho
signal, We have found this to be unnecessary in most of
our spplicatigns because our weigh-belt and gonveyor-belt
driving motors arg relatively lightly loaded and the drop:
in speed from conveyor-empty to conveyor-full is usually
less than 1%. Therefore, if the weight transmitier is
calibrated for the mean speed, the maximum error will not

exceed + 0,5%. We s&ldom experience slip in the belt drive,

It can be zeen theat the accuracy depends upon many
factors; mot least upon tﬁelmaperial being weighed, If
this 1is sasy &o brush or scrape aff the belt and if it does
not :ausé build=-up nn‘ths idlers, then @ well-designed
installatiaon anuld provide an accuracy withim + 0.5% F.5.D,
With materials which adhere strongly and cause excessive
build-up, it is not wsually possible to imprave upen ¥

i,0% F.s.D,

(d) Accuracy of Control

The most impurtant_?acﬁp: in the control of =solids
flows iz the provision of a smooth, easily regulated, flow
of material onto the weigh belt. Materiasls used in the
Fertilizer industry vary very widely in theirx flowing
characteristics, therefore feed arrangements which would
be suitable for ome material may be guite unsuitable for
another. The best guide is previous experience in handling
the particular materisl. It is one of the chief advantages
of the new transmitter that ite versstility enables it to
be incorporated into any feed system known by previous

experience Lo be satisfactory.

For imstance, ground phosphate rock is = difficult
material to handle in that it fluidises easily and flows
through small apertures like liquid; alternatively it can
pack and choke in haoppers. Thus it is not easy to nrevent
starving and flooding of the weigh-belt; Figures 1V and V

represent two differemt ways of handling this problem.
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They are charts taken freom urndamped recorders,

Figure 1Y records the flow of ground phosphate rock to a
Moritz den. There is g smzll feed hopper (holding about 1 ton)
. for the weigher, T7This i kept constantly full and averflaowing
by & screw conveyor, the sufplus being returned to bulk storage.
From the bottom of the =mall hopper we have another screw conveyor
inclined upwards and delive:ing onto the weigh-helt, Thia screw
is driven through a Carter infinitely varishle gear-hox with
pneumatic poaitionerwhich is operated via a standard controller

connected to the weight transmitter on the weigh-belt.

Figure VY records the flow of phosphate rock to a wet-
process phosphoric acid plant.. In this case the rock is
gxtracted directly from the bottom of = 50 ton hopper by means
of & screw conveyor which feeds onto the weigh-belt. The screw
is driven by a variable-~speed electric motor regulated by a
pneumnatic power cylinder which is operated by a standard con-

troller connected to the weight transmitter on the weigh-belt.

It can be seen that the control band=-width (rapid fluctuation
in feed) is less than % 1% F.5.D. in the case of Figure 3V and
about + 2% in the case of Figure V, The improved cuﬁtrnl in the
case of Figure 1V is due mainly to the smopth feed from the
small hopper but also {to some extent) to the fact that the Carter
gear responds more quickly to control signals than the electric
motor with its greater inertis. It must also bhe pointed out
that the large hopper installation (Fig.V) requires greater care
in operation %D‘pIEVEUt starving and flqnding, It should be
noted that the mean yalue of feed is well controlled in both
cases, and the machines canm be calibrated to deliver within +
0.5% F.5.D. when tested over 5 minutes in the case of Figure 1V

and 15 minutes in the case of Figure V,

Raw materials for compound fertilizers do not fleod, but
they cause trouble due to their tendsncy ta stick and chake in the

hoppers, anmd to form lumps, Our standard extractor for such









i

S N N
* f*,‘;jﬁ %&:}\“‘

. nuiin
[ @i; ;;':-:5;5"_-55 F:% “H ] E M itiig]
E ‘l‘i{ll. ‘ﬁm:% _:.._,-.u.. -" '} ',"' iy 'l ,
\ HTHEEE X o ﬁ%.;ﬂ%i‘ I
g B
. RN O N
.
NN

12

e s 000 1
NS
N ffé'ii%%‘; .
\\. N
N 5?:!5555
X L



3 - 41

materisls is a heavy conveyor belt runnimg right across the
bottom of the hopper between the vertical back and front
sides of the hopper, This cnnveyurlis‘tuu stiff and tight
for accurate weighing, so we arrange for it tn‘diachargs anto
a separate weigh-belt incorporating the weight transmitter
whirch regulates the speed of the extractor belt. The result-
ing cantrol is quite gund,iaslcan be EEén from Fig. YL which
shows the records obtzined from 3 raw materials weighers,
_Huwevar, severe choking of the feed from the hoppers can

be seen in the case of two of the raw materials,

Granular fertilisers are, 'in general, convenient to
handla. They flow freely hut do not floed, It is gquite
easy to feed such msterisls directly onto a weigh belt in
a simple, accurate, installatiun, with optimum control

characteristics,

Tq sum up the remarks on control, the frequency and
amplitude of control disturbances depend mainly on the
material which is being handled and the efficiency of the
. hopper, extractor, and feed arrangements, But it should
always be possible %o achieve an accurate mean value,
providing that completely uncuntrnliable choking and
flooding are aveoided, TthEfDrE, in respect of mean value,
the contrel itself should introduce nﬁ additional errors.
The'quality of control does, however, affect the accuracy
over short periods of time., For inetance, if the instant-
anénus accuracy is ;dnsidaradm(i.u. if the machine could
be tested over an infinitesimal pEfiDd), then the control-
width shqwn on Fig, E wnﬁid introduce an additional error
nf,i 2%, and‘less‘thanlt.i% %Ef #ig; iz. This shurt;term

inacecuracy is sometimes of little prectical importarice.

With a continupus weight transmitter and continuous
cnntruL_systqm, the accura;y remains unimpaired however
short the test period, in cases where the characteristics

of the comminuted solid enable it to be fed perfectly
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smoothly anto the weigh belt, This, of course, cannot be achieved

by weigh~feeders employing discontiruous methods of control,

Tests on some instsllations megsuring

and controlling golid flows

A bulk test was carriec out 51multanemusly on two 1nstallatlnﬁs
handling granuldr materials, and mach cnmprlalng a 10 ton hnppﬂr
fitted with a fixed-speed axtractor belt and dlscharglng agnto =
fixed-speed weigh belt incorparating the new weight fransmitter.

The signal from the weight transmitter is teken to a standard
recorder—controller which then regqulates the gate opening on the

extractor,

The flow rates of the two recorder controllers were set to

a combined total of 28.33 tons per hour, During a run of 30 hrs,

3 mins, the bulk delivery from the two machimes totalled 850 twona,

which is equivalent to 28.26 tons per hnur Thus the cembined
error of thE two installations was - 0,07 tnns per hour, or O, 2%

of actual scale reading. It should be noted that the w31gher5

.had been calibrated by cvertified test weights, calculated‘a¢¢urd—

ing to the waigh length and measured belt speed, They had not
been previeusly calibrated by weighment of materiasl actually

delivered.

%ant period tests were carried out'un an installetion com-

_prlslﬁg ah tDn hopper frDm thE bnttnm mf which granuler matarlal

is extracted dlrEctly by an lB" flat ‘weigh-belt Tunning at 7. a7
7t. per mznqtg‘and incorparating the new weight transmitter,

The signal from the latter is taksn to a test-quality phassgre
gaupe éé a flow=indicatpr, scaled O at 3 psig and 100 at 15 psig.
The Eame.gignallis fed to = contraller and thence to a power
cyliﬁder Dgeréfing é gate tnléeguiété the émuunt df material
extracted from the hopper. THE weigher was calibrated by:tEBt
weights, as for 1, ahuvﬁ; and the. balculéted fatas of delivery
glven in thE table beluw WETE Dbtalned by s;mpla prupurtlnn from

this dead-we;ght callbratlnn.
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The granular material was collected in tared bags and
weighed on & calibrated platform scale, Operstion of the
flap-valve to divert materizl into fhe bags, and timing,
was carried eut wanuyally. The cantroller was adjusted
to three different gettings and ten conemcutive weighments
were collected at eacgh setting for two different callection
periods, CELvery waighment, without amission, is included

in the results tapul=ated below:-

- (
Period of collection , W

in minutes . 1.0 0.5 2.0 H.JD.ﬁ& 5.0 0.5
% Géage reéding in.%
1 of full scale, '
} {i,e. weigher output}} 91.0 1.0 51.0 5L.0 21,5 2l.8
| Rate of material | 65.6 | 65,5 | 37,4 | 36.75] 15.75[ 15.1 |
t delivery in lbs/min 64.5 65,0 37.251 37.0 15.8 15.9
' az. ghtained from 65,5 64,25 37.251 7.8 15.9 15.9
- mach weighed hag 65.5 | 64.5 | 37.25{ 37.0 | 15.8 | 1l&.1
©in sequence 65.25| 65,75 | 37.4  37.0 15.8 « 15,8 ;
: . ! ‘ } i ¢ i
| Mean Rate in lbs/min ; 65.3 | 6520 ¢ 37.3 ! 37.0 ! 15.8 ; 15,75
' | y ; ! ; ! ;
: Caloulated Rate : E '§ ; ] ;
: from dead weight ! o i | ‘ f
calibration 65.5 | 65.5 |36.7 ;‘35;7‘i 15,5 ¢ 15.5
" Maximum daviatibp § E ;
from mean in % : ! o i i
full scale | i 1.1 | 4.94| D.14} 0,35 -0.14] 0,90
) T ' ! i !
Deviation of . : I
measured mean from ‘ }‘ . l
calculated mean in ' . .
% full scale 0.3 0.7 0.6 0.4 | 0.4 0.3
Finally, thera are some tests on an installstion com-
prising five weighera controlling the flow of raw materials
for compound fertilizer maﬁpfacture, apd one machine for
returned fines, Fach of these consists of a 10-tpn hopper
equipped with a belt =xtractor driven by a moter through 2
Carter infinitely-variable gear box. The extractor discharges
onto a weigh-bslt driven by & separate motor through & manually-
selected 2-5peéd gearbox. The-weight transmitter on the weigh
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belt sends & signal to a recorder-controller, and thence to
. a.pneumatic positiener on the Carter gear baox to regulaté the
speed D? the extractor belt., The Z-speed gear boxes are Titted

to increase the flow ranpge of accurate control te 20:1.

These particular machimes are calibrated by tared chains laid
an the,weigh belt. Ferigdically, &ll the machines are tested by
collecting and weighing the material delivered during.periods
of from 5 minutes at the higher rates, to 15 minutes at the lower

rates.,

The weigh Eelts are run at ow speed for testing at 1 and
3 tnmé per hour, and at high speed for rate= of 10 and 15 tons
per houx. The results Df one complete series of tests are
givah in the table below., for = pa;ti:ular r=asgn, these machines
are not calibreted to a whole-number of tons per hnuf at full
scale ieadiﬁg. JThé fyli scale deliveries for all fhe machines
except A3 are approximately 3.2 tons per hour at low belt speed
and 17.9 tons per hour at higﬁ belt spmed, Machipe A3 controls
réturngd'fines and has g full scale delivery'uf il.4 tuns'par

haur at féét‘spéed 5hly.‘

Machine No. Set Rate_in Error in % Set - - Rema'iﬂfés.?,
o tors per hour . Rate; i.e. % :
e ' Instartanegus
Reading —

Al 1 + 0.463 Av, Z tests

" 3 + 0.40 . Av, 1 tects

L 10 + 0,83 : "

AZ 1 + 0,17 "

" 3 + 0,42 n

" 1D + 0.50 : "

A3 10 - 0.36 l test only

" 15 + 0,71 o n

Bl 1 + 0,42 ‘ Av.3 tests

n i + 0,16 ‘ n

" ) ; lD - 0'39 . . . "

B2 1 + 0,72 n

n 3 + D.TE ) ) n

1 10 + 0,75 H

B3 1 - 0,37 ' "

La
+

‘ D72
" 10 +.0.47 "
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DISCUSSION: |
Mr. J.C. FARQUHAR (United Kingdom) : This is a specislist

paper to a general audience, but I have mot on that account over-
simplified it inm any way. I have included the fullest pracfical
infprmation in our possession, within the limits of the lemgth of
the paper. However, although a specialist paper, I believe it will
be of general interest to everyone, for, if the ingredients cannot
be metered and controlled properly, the product quality canmot be
guaranteed.

I have emphasised thc impartance of calibrating meters.
If they are not calibrated, caonsiderablc errars can result. Fram
this paoimt of view, Table 3 is interesting. We calibrated & variable
ares typa meter and = magnetic flow meter on water. Then we passed
the same process stream of hot ammonium nitrate solution through both
matars, and there were caonsiderable differences between them. We
have no method of calibrating a meter on hot ammaonium nitrate golution;
uhd =0 we simply assumed that the magnetic flow meter was correct,
gnd this has besn confirmed by stocks and zanalysis., But the differ-
ences of up to 8% between the two types of meter suggest that, if
it were possible, it would be hetter to calibrate z meter an the
actual process fluid under the conditioms obtaining during plant
operation.

Anpother interesting point emerges from Table 5. The meter
referred to as "X side meter" was over 5% in error whenm received from
the manufacturers. This can happen to anybody at any time, unless
these meters are checked. |

A point which I omitted from the paper concerns those
few dccasidns when one has = large surplus pressure frowm = gas and
one wishes to measure its flow. One can use the supercritieal flow
method, which is both accurate and cheap, for example, suppose gne
had = 300 p.s.i.a. steam supply to feed to = granulator, one can in-
sert & flow nozzle. The back pressure on the grarulator pipe would
not exceed 5 p.=.l.g., making 20 p.s.i.a. One can thus decreass the
flow-nozzle inlet pressure from 300 p.s,i,a, to 40 p.s.i.s. and still
maintain flow through the nozzle at the velocity of sound. Ope then
obtains a very accurate linear flow measurement merely by means of a

single pressure gauge, over a flow-range, in this case, of 7%+ to 1.
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‘Anothox omission concerns anhydrous liquid ammania
messurzment, and T shall try now to summarice our findings
on thie subjeet, We meter a supply of anhydrous liquic ammonis
at ebout 300 p.s.i. and 5°C at abaut 60 gallons per minute.
Wz obtain 2 totalled meter reading for purchasing purposes, and
it must thua be highly =zceurate., We trisd & rumber of meters
which failed complateiy pwing to inéccura:y or, in the case of
posltive displacemsnt meters, owing to. wear caused by the very
poor lubricating quality of liquid ammonia. Then, with
considerable dauh£5, we tried = turbiné meter - the De Havilland
Potter meter. De Havilland tried vaerious impellers and bearings
to obtain the best results, The first such meters failed, because
the rotor speed wes too high and the bearings failed. Eventually
fhey provided a meter with glass-impregnated Teflon bearings running
at medium speed, and this meter was checked daily against a 30
ton weigh tank, both by our suppliers and by ourselves. Ovar a
pEriDd af 2% months, using the initial De Havilland water calibration,
we obtainmed s totzl difference of 0.09% between the weigh tank
figures and those of the meter. This was really remarkably good
for any form of meter. We have used these meters continually =ince
then for the purchase of ammomia, the value of which amounts +o
spveral million pounde per annum. The supplier has pne such meter
and we heve another, and we have agreed that, if they differ, the
welgh tank is to be used to decide which is right. So far they

have mnever differed by more than 0.1% .
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‘Mz, FARQUHAR-then ‘Showed & numher DF phutugraphlc slldas,‘

lncludlng £hast shown' DPprltE ‘as Fnlluws' -

1. A solide flow transmitter with dead weights on the back
to balanc@ the weight of the belt and idler, The dashpmt
can ke seen in the centre foreground and the load cell

on the right.

2. The weight trensmitter moumted as = cunsfant weight feeder,
handling granular materials, which slide down an inclined
chute from a'large hopper. The gate at the bottom is
cperatod by @ powsr cylinder amd regulates the stféah of
grandles flowirg an to the weigh belt passiﬁg over the

transmitter,



1. A =o0lids 7Tlow trinsmitter, with dz=d weights on the back.

Un transmetteur de Jébit Jdes solides avec tare su dos.

L LR L

2. A weight transmitter mountad as a constant weight feeder.

Un transmetteur de poids monté comme alimenteur 3 poids constant.
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Mr. N, LAGERHOLM (Sweden): Most, if net all of us, must

have come into contact with the suhjéct af Mr, Farguoar's paper
at some time or other. Metering and‘cantrnl‘in gpur industry are
important and present problems which never seem to be entirely
solved. The complexity of the subject may be readily understond
from, for example, Mr. Farquhar's analysis, in the first part of
the paper, of what is meant by error and éccura:y*

The disadvantages of differentisl pressure elements in
general, and of prifice meters in particular, have been pointed
out in an illustrative way. Mr. Farquhar's preference for
variable area meters and magnetic flow meters for liguids secms
tn be in accord with our own experience. I seem to remember,
however, that = few years ago, when the possibility of installing
a magnetic flow meter was reised in my company, the capital cest
turned out to be somewhat mnre‘discauraging than Mr, Farguhar
suggests. It may be, however, that matters have changed since
then.

Could Mr. Farquhar say whether the electric conductivity
of the liquid to be messured by the magnetic flow me=ter has any
appreciable £..ect on the results 7

T should also like to ask Mr, Farguhar if he could elaboraste
somewhat on the influence of viscosity on variable area flow meters.

In the case of somminuted solids, Mr. Farguhar has described
a very interesting transmitter developed by his company. It soems
to be working very well, but I am mot guite sure if I have completely
understood the fumetioning of the preumatic locad cell. Could Mre.
Farquhar clarify this 7

My company has had =ome exporience with a strain gauge load
cell, and I agree fhat it has a mumber of serious disadvantages.

Could Mx. Farguhar say whether his pneumatic load cell, or
his flow transmitter as a whole, is on the market for sale 7

Mr, FARQUHAR: With regard to the capital cost of installing

a megnetic flow meter, Mr, Lagerholm is gquite correct. [ have
included the entire installation — the transmitter, the receiver-
recorder-controller, and the control valve - im my estim=te that
the magnetic meter costs about twice as much as the variable area

meter; but if you merely compared the meters themselves, the



2 - a0

difference would br considsrable. Very roughly, I think the variableo
#reg installation of zbout the size used by Fisons costs about £350
#nd the whpls magnetic installation costs about £700,

With regard to the glectriesl conductivity of the liguid
to he heesured by a magnetic flow meter, this has no effect on agcuracy
at all, provided that it is over a certain minimum which varies with
the make of ﬁeter. Certain manuféctu:ers are putting low conductivity
meters on the market; but, simce we in the fertiliser industry are not
concerned with oils and pure solvents amd similar materials, it can
be said that, in general, anything with a canductivity equal to tap
water or mare is measured accurately by the magretic meter.

Concerning the dinfluence of viscosity em variable area
Tlogw meters, this is a very specialised subject, and =211 I can say

is that certain manufacturers make flosts which they cell "viseosity

insensitive". However, they are only compar=tively incemsitive to
viscusity, The viscuué drag of the liguid flowing past the fleat
tends, in fact, to raise it to a higher position than that at which
it ought to he, and thus the reading of the meter will be high and
its delivery low. Here again, the magnetic meter is advantagepus,
because it is completely insensitive to viscosity.

I can best answer Mr. Lagerholm's query concerning the
functioning of the pneumatic lead cell by referring to Figure 3
facing page 33 in the paper. Ths small valve marked "double seated
relay valve" is merely a very small pim valve with two seats, ane at
the head and one at the lower point, If the ldad on the thrust rad
exceeds the air pressure multiplied by the area of the diaphragm, the
diaphragm will rise, lifting the top head of the small valve off itse
seat and admitting air from =supply, until the chamber above the
diaphragm exerts an egual pressure to that from the thrust rod., If
the pressure on the thxust rod is lsss than that on the diaﬁhragm,
the whole disphragm assembly will move downwards, until the lower point
ol the relay valve is free of the seat (ss shewn in the drawing.
Alr is then vented out of the chamber, until ths diaphragm re—-seats
iteelf on that valve. There is, however, a small, constant leak to
prevent the valve from seating on one seat and then the othexr, thus

altering the effective ares,
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With regard to the general availability of the transmittecr,
Fisoms have, in fact, sold the licerce to L.A. Mitchell & Ca., af
Manchester, and they are handling it independently, Application
should thus be addresssed to them. |

Mr, R, ARDOUIN {France} : I =hould like to put the following

four questions :- _
a) Referring to page 16 - "advantages-(b)", is the same magnetie
flow meter as accurate for rates of flow varying, for example,
from 800 litres to 8,000 litres per hour? Ie this range not too
lerge?
b) Are there any such flow meters in sexvice in the industry for
hat concentrated solutions of ammonium nitrzte; for example,
concentrations of between 89 and 92% at = temperature of sbout
120°C 2
c) In a granulétiun plant, where do you place the flow meter
in relation to the slurry cireculation pump?
d) Have you ever experienced icing imside a turbine flow meter
for liguid ammonia? If =0, what was the effect on its accuracy?
Mr._fARJUHAR : As to the first gquestion, coneerming whether
2 single meter could cover a flow rangs from 800 to 8000 1. per hour,
this is a ten to one ramge, and the scale error increases by ten
times at a tenth of the range. To cover that range with maximum
accuracy, I should think one would need a twin-range switch on the
meter, to switch on to high range for, say 4000 - BOOO L./hour, and
on to low range for B00 - 4000 1/hr., the two ranges being chosen for
convenience in rEading.scales and charts,
Regerding the guestion as to whether such meters are available
to desl with hot, congentrated soclutions of ammanium nitrate, this
is the exact purpoge of the magnetic meters and the variable area
meters compared in Table 3, although our temperature is‘nnly 115°¢C
i.e, slightly lower than that mentioned by Mr. Ardouin. This
temperature does affect the lining material : even hard rubber bec.ocs
overheated at lEDDE, and one should really use Tocflon liming.
With regard to the position of the meter im a gramulating
plant, one should place it at the head of the ring main. There will
naturally be = ring main from the tank farm up to near the granulator

and back to the tank farm, and there will bhe & branch from the ring
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main leading to the granulator. We would include that branch in the
ring main by fittirg = three-way valve, automatieslly operated, so
that, whem the granulator is shut down, the solution can still flow
through the meter and control valve, through the thraé-way valva;
and back to the ring main and tank farm, at the same time sutomatic-
ally cutting the integrator out of circuit. When one wishés to use
the solutian, the three-way valve is changed over, aﬁd tﬁa.matér'aﬁd
control valve are then steadily running, and the integrator is con-
nected into the circuit. o

We do not suffer From icing in our liquid ammonia Flow
meter, because vur temperatures is about SDE; but I do not thimk this
phenomenon should affect the meter at all, becsuse there is nothing
mxterior to the meter except the pick-up coil., The whole meter ass-
embly could be lagged guite satisfactorily to avoid deposits of ice,
but such deposits should cause no trouble.

Mc, J.P.A. MACDONALD (lUmited Kingdom) : Can Mr. Farguhar

advise on a 5uitahig form af continuous belt wsigher for measuring
the receipt of raw materials into a factory? To be acceptable, such
A unit has to deal with a selected number of difterent raw materials.
It Has to measure at varying rates, resulting from such operations
as ships' discharge, and, most important of all, it has to be -
sufficiently accurate to convince not only the purchaser but alsg
the supplier,

Secondly, can the turbine type of meter be used for the
metering of ligquid ammonia to a process where a considerable variation

in rate of flow was to be catered for?

Mr. FARJUHAR: Mr, Macdanald hes raised an extremely
difficult problem with his first question. Fifstly it is essentisl
that such a machine should have a Board of Trade Certificate. Our
weigher was really made for the very maﬁy.uses in=ide a works where
such a certificate is not necessary for buying and selling. We have
never even tried to obtzin such a certificate. We have, and I fael
sure Mr., Macdonald's company hss also, = large number of econtinuous
trade weighers of this sort, and we have varying results from them.

I should not like to risk being unfair to any of these manufacturers;
but, for example, we have one belt which becomes wet and absorbs well

over 2% of the full scale range of the instrument in mpisture. On
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a wet day this results in an error in excess of 2%. But pereonally,
I have not heen greatly concerned with these intake weighers @ my l
mein experience has been with the wesighers interna) to the plant,
As to the second question, we do wse the turbingc type liquid
ammonia meter on processes, but I cannot give calibx:tion data as
I could for the other metefs referred to, because we have no weigh
tapk in thst cireuit; but we presume they are as good as the metors
we check daily, and, in fact, the fotal of the plant comsumptiaon
does add up to the total ligquid ammonia received. The flow range
is not very considerable, bécauée these particular process plants
never run under half load, but we have no resson to doubt that an
accuiate range can be abtained over ss much a2s ten to one, under
optimum conditions,

Mr. N, D, GOPINATH (India) : The metering of liguids, gases

sid solids has been = problem in the frrti iscr industry. As onc
who has been connected with these types of instruments for the last
twenty years, I should 1like Mr. Farﬁuhar to clarify certain points.
Firstly, Mr, Farguhar states that differential pressure measdring
elements should not be used with a D.P, cell, In fact,we are using
differential pressure producing elements for metering even slurries,
using a D.P. eell and flow metef with & contreller znd = receiver,
The accuracy we obtaim is zbout 0.5 to 1% in the case of = slurry.
My second point concerns the metering of liquid smmonia, Mz,
Farquhar mentions the typES of meters whigh can be used for this
purpose. [ presume the liquid ammonia is measured before the weigh
tank; but I am not sure whether Mr, larguhar means that he measures
the ammonia from the tank cars. Anyhow, we use metsrs manufactured
by Hurgess Manning Mpoore, of America, of the variable area typs and
these have given us accurate results. Ths only trouble we have
experienced concerns the installation. These meters, when instsllcd
after the let-down vessel, where the pressure is reduced to 300 p.s.i.,
will not give any trouble as Mr. Farquhar says; the dissolved gases
in the ammonis do not affect it. If the inetallations were made
correctly, the diffieculties experienced in metering this liquid
ammonia would probably he solved. Our experience with these variable
arsa flow meters leads us to belisve that the design could easily be

altered: to put double the quantity of ammonia through the samn motcor,
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all that would be required would be =p alteration of the float.

We have‘twn installations for metering liguid smmonia,
one with a meesurement capacity of &0 tansfday, the other, 120 tona/
day. The latter one was originally of the same capacity as the former
one, but was converted to the additional capacity merely by changing
the floats, _ ,

On page 13 of the paper, regarding the use df‘théae‘
variable area flow meters, Mr.'Farquhar mentinns the pscillations
which nccuf due to flow uariatinné in the gas, Usuyslly, when =smmonia
gas is passed through the futnmeter and with the ammonia being ab-
sorbed at the outlet, there are bound to he fluctustions in the
float. This could be solved by the uee of guided fleoats. In most
ammonia instsllations, where the geseous smmonie is sbsorbed in any
vessel connected to the meter, the meter uses guided floats,

Finally, could Mr, Farguhar suggest a mesns of measuring
g slurry containing roughly 40% of solids not volumetrically but by
mmee flow meter? We have examined the possibility of inatalling a
magnetic flow meter combined with an electrodynamic corporation mass
flaw meter, but the cost is tuo probibitive.

Mr, FARQUHAR: With regard to the point concerning the
differentisl pressurs cell, I did not sey that it could not be used
with 2 slurry. I merely said that ws find it troublescme to use,
hecaﬁsa-sealing vessels and purges are incliped to create difficul-
ties; and we have foundlthat the magnetic flow meter is a more re-
liable installafian.

The secaond hnint related to Mr., Gopinath's experience
in measuring liquid ammonis. Our own experience iz completely the
opposite., Moreover, we have done s great deal of very careful
measurement on this subject and we are guite certain of our resulte.
Wr have tried variable area and orifiece meters and have checked them
daily mgainst a 30 ton weigh tank. The results from the varisble
area meter were no better tham those guoted elsewheré in this paper,
and even tha‘manufa:turersldu not claim any hetter.

Loneerning float bounce, the meters wé use haye guided
flosts - guided top and bottem - but they still bounce, =o hadly
as to smash themselves to pieces. The system must be tuned off

resognance in some way to eliminate this bouncing.
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With regard to Mr. Edpinath‘ﬁ‘Final‘quEstiun, I“shuuld‘nmt
even try to attempt what he suggests, unless by using & magnétic
Flow meter and density meter by which mass flow was to be Dhtained
regardless of expense,

Mr, A, FRELLUMSTAD (Norway): Mr, Farquhar strongly

recommends a pneumatic load cell as a sensing element for his
belt weigher, I presume that he also uses pneumatics all through
the eontrol loop. However, we have fnﬁnd at our plant that
éla;truni:s may be advantageous in many ceses, Ffor instance, if
you wart to couple a magnetic flow meter with = belt weigher for
ratio control, a conversion has to be made. I wonder if Mr,
Farquhar could say at what puin£ he would make this cunvérsiun to

obtain best results,

Mr, FARGUHAR : Mr, Frellumstad has ralsed a very interesting
and valuable peoint. The sukirct of electronics veréus pnedmafica
hes exercised sverybedy far hany years, and I do nat think we could
start to discuss it here; but I think the pﬁeumatic systam still
has a lot of life im it, perticulsrly where force measurement is
concerned, because the pneumatic force balance devices are very simple
and reliable. It was for this reasgn that we used this type of load
cell.

There is really no reason at all why pneumatics should not
be converted into electonics, aﬁd‘vice yersa, at any point desired.
But with regard to Mre. Frellumstad's speﬁific guery asbout & magnetic
flow meter cqupled to & belt weigher, he is guite correct in assuming
that we use pneumatics in the rest of our control loop. Our magnetic
flow meter receiver iz thus already fitted with a preumatic controllex
and it 1s very Eésy to couple the two together in our case.

Mr, K.C. KNUDSEN (Dzrmark) : When using @ belt weigher, one

cauge of inaccuracy is adherence of material to the belt and
sbsorption of meisture by the belt, Mr, Farguhar states, un page
3B, that it is thersfore praferaﬁie to use belts which are not
subject to water absorption and which are easy to clean by suitable
brushes and scrapers. What materisl would My. Farquhar reﬁnmmend

for the manufacture of such helts 7
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Mr. FARQUHAR : 1In our case, we have found that P.V, C.-

covered belts of a particular Fnrmulatlun, which we obtain Frum
B,T.R., generate a polished surface llka glass, to which material
does not adhers. Hawever, I think this is a metter for axps:iﬁeht
with the particular materials you use, because we have had some
very variable results from certain other belts. Perhaps this P.V.0,-
covered belt might not‘Exactly suit your materials, |

Mz, KNUDSEN : I think it would be alright : we would
use it for superphosphate manufacture, . '

Mr. FARGUHAR : Yes, it would be alright for that,

Mr, ARDOUIN : I chould like to revert to the magnetic

flow meter. In paragraph (c) on page 14, you say that there is na
need to fear mechanical breakdowns, and in para.(b) - "Disadvantages"
on the same page, you say that it may requifs mare complicated
maintenznce. Does this mean that other forms nf breakdowns are
possible, for example of an electrical mature? What doss this
maintenance consist of? You say "If it develﬁps a fault...." Dg

you mean a fault in the current or in the electrical circuit?

Me, FARQUHAR : Mechanical breakdown of the flowﬂtube‘it+

self is very rare and is caused hy damage to the lining or leakage

at the electrodes, but after the preliminary work carried eut by the
manufacturers and ourselves, this has not occurred any more, Mr,
Ardouin is quite correct in saying that what I was referring to as
possible maintenance troubles would come in the eleatriﬁ circuitry,
For example, we had a resistamce failure inside the circuif'nf one
such instrument, which put it catmpletely out of acfion. This happened
to be a new type of instrument with which we were not familiar, and

80 we bad to call for the specialist engineer from the manufactqrérs
to put it right. This he did in a feirly short time, but we cou'Ad

net have done it purselves without e very well eguipped workshep

and special test equipment. if you had one such instrument in the
middle of Africa, you would be in trouble, but if you had twelve such
meters in the middle of Africa you would probably be alright, because.
you would have one or two complete spsres., The possible number of
electrical breakdowns are about as meny &5 you would expect inm your
television get! They cannot be foreseen, and maintenance is nil,

except for replacing the valves..;Even then, we only replace the valve
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which fails and leave the rest until they, in turn, fail.
However, I do not recommend this : valve'changes in the

amplifier tould well be made a matter of routine.




