OPERATING
SECTION
REPORT

A%% A American Gas
Association

GAS
MEASUREMENT

MANUAL

ELECTRONIC FLOW
COMPUTERS AND
TRANSDUCERS

PART NO. EIGHT

CATALOG NO. XQ8805



CONTENTS

SECTION 8.1—-ON-SITE FLOW COMPUTERS

Page

€ 1< | TR T T TITTT IR o o 8.1.1
DEfIAIIONS & iciiinnsoms v ol PETRPRMMECE X = e e e e e s s o b 8.1.1
Industry Practices .uioess rost CIEBBIREER S r b b o i em s e i 68 68 9 ws 5 06 S 8 88 g 8.1:1
Types of Flow Computers & . il ol e as e ® L v vimsimisisisioigiosoenssmsnssns 8.1.1
ANAlog FIOW COIMPULETS . . 5 os b 5 ibies s o cre s « v s omreiors e mis e s imoe o ia el s ssn i s 18 s e mi e a 8.1.1
Digital FIOW COMPULETS . ...ttt ettt ettt et ettt et et e e te et 8:1.1
Types of CAlCTIALION - « ¢ « o vprionn B R e G s viers s 5165 s 6 o1 488 &0 6 & s 6800 68% 886 8% 81805508 8.1.2
Differential Head Meters (Orifice plates, nozzles, and venturi tubes ................... 8.1:2
Pulse Output Meters - . .o & R .t i ietme s cwmanmemns 8.1.2
Other TYpes Of Meters ..o gl .\ v v oo aiaosw s iis s s s s e msio 68 w8 % o s 8@ 08 8.1.3
OULPULS o cvncnm moms s Dol ERE R Cl by o sisis s o s 606 6 w88 8808 /005 6906 o e '8 5.5 5 0 80 5 8:1.3
B30 1T(5To) LN . . T 8.1.3
D510 E:y L SRR e, . i e R U S 8.1.3
Electrical Interface for Remote Lse Lo, i\ttt et irnnennesnsnesmesnnsnsnnsens 8.1.5
VErification - v msemtd st e e IR el © . - L o sa 65 5 e o 56 s ee b 5 e e 8 e e e 8:1.5
GEneral s v DT R I % o nsm e winsein oo im b wia oo i o e o e e e s e e 8.1.5
Cilculation: of a StandargEm B TR« = o .ot vinen s ean e by e s e 8:1.5
Computer Calculation Verification Using External Input Signals ...................... 8.1.5
Computer Calculation Verification Using Fixed Internal Inputs ....................... 8.1.6
Instantaneous Comparisons Versus Accumulated ................................... 8.1.6

SECTION 8.2 —PRESSURE AND DIFFERENTIAL-PRESSURE
TRANSDUCERS AND TRANSMITTERS

Page

Genieral D I OD S o s L i s i vmcsme simnemann ey amoe et S o~ SO 8.2.1
Transmitter Performance Specifications ........... .......iiiiriiiiieneiniennnnnn.. 8.2.1
Industry Standards and Practices .. ...........coee vetneererenorieseenesonensaenenesns 8.2.3
Performance: S e A O e v s R s e o s e o s bins s b win o 8n o os 3 o5 e bt e m s 8 8.2.3
A T Oy - 2 5 o T O i 6y 0 6 8 52 B0 B o3 8 8 e 1 . e o 1m0 101 8.2.3
Ambient Temperature B I OCIs | 5 e e e e T e e e e b s s e 8.2.3
85770y ol ) 8 e R e i R Sl A vt s 8.2.4
StatiC: P eSS URe B Ol e e e mi s i o 5508 16 5515 5 908 0 6 RS 1 5065055 8.2.4
L7 1o7 e Tn o] 1 I 255 e e s S g . RS0 < 8.2.4

| 20000 RN o) 0) B g 2 (=T A U 8.2.4

| % ;o B 270 o ARURNINEY - F. i S R O S Sl S SOOI, - S ol A, 8.2.4
1\ (o101 118721001 SLeT0TaToT1 N 25 -t v s P OO P S I A vt sl (A 8.2.5
Effect of Radio-Frequency Interference (RFI) and Electromagnetic Interference (EMI) ... 8.2.5
Input Impedance ................ . ...t e s s s =5 ® i O 8.2.5
Functional Spedifications ... .......... ...ttt e 8.2.5
Range and Span . ... 8.2.5
Power ReqUIremMents . ... ........iuniiin ittt e e 8.2.5
Hazardous LocCations . . ... ........iunt et e e e e e 8.2.5

iii



Temperature LIimits .. .......ooiiuuuenteee e
Elevation and SUPPIESSION .. ... .uuuunneettt ettt
Pressure LIMIES ..o v oot ot et ettt et e e et ee e et ea e aaa e eneaneanasaeaanns
Dampening T s o o i o 5 ST B ES B 05 16 5 5 U G I TG e s comy e o1 s v S oo 35 16 518 5 52 8
Transmitter TYPES . . uiu e eveac s ne e cboba e sisones dafbihiss Sueet svn dlivm s iaedaie e sos
Variable CAPACILANCE . . ... v vvuieeieiiiin e eeaaaas ettt e e
O 2§ N 1272 R R
Force BalanCe . . .cms s s ws s s iosis s b sbiiais m Sie wio o v o aie o508 850 38870 5 088 855 838 0 s
ReSONANT WL v o v e v ve e v esaosomsaiasisnsissstaiseasenenasanansanesnosssssssioases
TRSEALBEOT  o: v oo osmae o oomaraees has SRR T B0 0 0 s a6 sgs 8 50 8 0 e g 6 waimimn wim om0 3
TMPUISE PIPINE - - v vssesios iss Biamics it oiaiais Ainiae e oo naio oo innio sinm aia o aiw sio sai sin e s o s

SECTION 8.3 —TEMPERATURE
TRANSDUCERS AND TRANSMITTERS

Pl ONS s e e L s e R e s e sl e el et e e ey s RN e
TranSAUCET/ T ISIIIIECT o 5 ce v o o e v e am e e seacssonsonsosinssossossasssois ioiasaseens
TEIDERALIECT o - o s oo ns s snneensemnennnnesseesenssd o wa it o o SO
Temperature Scales ..............cociciiiiiiiiiiiiiiiii ittt ta ittt

Performance Specifications .. ... .......c.o.ooioiiiiiiiiiiiiiiiiiiiiiiii e
ACCURACY . s o ioeevnoeenneomnnnsisnanennssssesssessssmnvinei. Joiligeens o dt oy
Temperature Effects ........uuuuuiiiieeieieieinieitiiiistetittttratatececceacans
NDTAtION CEEEECt . 71, . o o v i oo ain vmrguote i sypinse s & bisn Labeoagied sl a7 - ieneiaicgain o s et
BOWEL-SUPPLIYIEITCOt i« o« ovvnoctsioe oo siniie s ebeiiamtors Sl fo~ ot bkl s lors (5. it bpiagose v o nsinyFiure
ey ) 2 e e e T SR L s s e e
Mounting-Position Effect . ...........veses oo stoisasiolls s s oo ot onnesssmess
Effect of Radio-Frequency Interference (RFI) and Electromagnetic Interference (EMI) ...
INBHEE TMPEATNTE . . o o 51 b sdiadi 8t s ool ol SUIRCOEET o e el e e i e e b

Funetional: Specifications =7 g3 ke e oo daivs bl R B 0 T S SRR ol B s e
Range:and Span _....:.. ., w«s L T el e e A e T e e e 1 8 e e vl e e wamm e
Power Requirements’ . ... i b, o B L or L Vs siee e s s e se e
Hazdrdous Locationsys v . 8o r sl Ml 50 Bl o Bl oo il v wtieia s Hiagais o3 4208 arsinss QIS w ris
Temperature. Limits 7. o¢ . #sis. oo B & aiuidi i mvinmsm oo snnim s sio ey s s s disiiaindie oo

TEAnSAUCEE LYDES. o o 5o Sl Al il 5y s 15 2 ws v o a4 spois op s sa 020 6T azaes oroiaode niate isialein sie
Resistance Temperature Detectors—RTD . ....... ... i,
THErMOCOUPIES i | s Vs o o TE AT U ULA odive o o aiie giars s o sia s os 6 Mot s aians s sisaaisainiseia s v e
THErMIStOTS s o e e s BT L AT o 5 iaieny el e o stk sass o oin oo o obie s 078 800 4 6 @ $las0 s Guim o1 s
Quartz Crystal Thermometers . .......ceeeeeeaonnecaeeetetivmmanainetecrecessonnns

T2 1052V 7o) o GO Vil G SR et SIS sl (SrIe. - I 0 S R L L
Interconnection Wiring—RTD .. ... oottt ittt
Interconnection Wiring—Thermocouple .............oiiiiiiiiniiiiiinan.
Interconnection Wiring—Thermistor ...........c.ooiuiiiiiineiniiiiiiinneannnens
Interconnection Wiring—Quartz Crystal Thermometers ............... ... .

ol 1T To) ol o o) {2 el o) 2 ne g e e L 1 QU I R B S P G N R TP AP
TRermowells = ¢ ool b BB Tl et iz i i i o 60 S8 5 @R 5 8 %16 984S & asan g sl

iv



SECTION 8.4 —-DENSITY METERS

Page
DIETINILIONS & ¢ o s v 66 616 555 a5 08 5e 606 oo issls 615 6% aiaia s » b se s o s on uie s e smare sin anasosaianeisin s ko oo 8.4.1
Industry Standards and PractiCes . ...:usssescsimosvs snsuwsoenssssons FORSBRRET BUVG 8.4.2
Performance Specifications ... cwssscwsms smamssnmssssmss osusseshis o oo AT W L0, 1 8.4.2
Functional Specifications ..........;cconcnimorannnescnnssiesssaseaiissi AUEERENAG . 8.4.2
DenSitOMELET TYPES . . v civvvevnetmmenlc oo cmecasssnnoeesnenessasnssshss oy SR 8.4.3
SECTION 8.5—HEATING-VALUE INSTRUMENTS
Page
L@ = =1 || s e R A 0% 8.5.1
CALOTIIIBEET . o v v v vk oo o e e o e e P % 4 9 818 5 50 8 e e e 8.5.1
CHEOMNALOETADIS .« « v oi e whiae oo o e 0 e e ol 55 6 Sa R oA s AR Svasosm o, e o 1o e o B o8 75 B8 51 8 8y 8 6 W05 80 k08 8.5.1
SECTION 8.6— COMPUTER INTERFACING METHODS
Page
Contact-Closure OULPULS. s s 56 ss oo asmirors sfars sdidghsiste S0 vis v s e e Wb s s s w ws v ey 8.6.1
ANAIOE OULDULS ..« vim s is wes 55055 5 8 50§ @ 5 16 ST R rsrsETe 5 w5 dolorara s (OB PN i Vil L v it P i v o aar o 8.6.1
Frequency IOULPULS ... m .o e e m o ioim o o o m o winca LS b AL T S o Wb S Xet S0 ¢ s s p et o SIS S Ty 1m0 8.6.1
Serial-Data OULPULS . ..ottt t et ettt e et e et ettt et 8.6.1
SECTION 8.7—APPLICATIONS
s Page
Design Considerations ................ccvenen.. A 8.7.1
POWEL . v v e vicmnie wiain miom e Simn i i o0 508 B nswi i e bR e ST G s s 8.7.1
BHCIOSUITES! 1 oo % w0 s se 0 18 s o st 0 50 o o 0 02 vt SR s 0 2o T s o S 5] o vt S0 ) el gl T i e F M ia S Al 35 8.7.1
Datd TIANSEET i o clors e sis i w5t 6re o 8 ovaie shs o e ales s % s s 0 Wby i 0 5000 10 450wt 8 s bio i b &) @ wriaTe o o 0 oo o0 8.7.2
ACONTACT w0 s s s w8815 55 w810 51818 505 50 8 (081 8 9 o8 0 50 95 it 6 5 e 3§ 066 45 9 58 5 iy Sl Ty B o0 3 0 vt o 8.7.2
Installation, Calibration, and Maintenance Considerations ....................c.coou.... 8.7.3
ACCESSTDTIEN . .- o o ciere e e e 56 o 5t mes o m 50 o e 8 oo 65 305 60 605 90605 6 3 09 6 6055 0 il 40 8 im0 8.7.3
Equipment LOCAtiOn ... ... ...ttt ittt ittt e 8.7.3
Instrument Piping ... ...ttt e 8.7.3
Transient ProteCtiOn . .. .. ...ttt ettt e e e e et 8.7.3
Noise and Selection of Instrument WIre . ........cccciviierneirenesrosneonassaensns 8.7.4
GEOUIAINE . v v vvim e cemin o wsm s o im0 om0 w5 i ok e 5 6 om s 5 s 5 56 6 06 0 5 8 60 B 816 18 08 05 1001 8.7.4
(@721 1) =15 Lo ) + NP PO 8.7.4
JLY B 10 4 3 4 P21 Lo 8.7.5
Quality MeasuBEIMEINt .« s s 5.5 555 5 5 5 505 55 505 8 & 5 55« 5 506 55 655 51 518 65 5 51 8 oy #8505 5915 05168 6 051 6 6 16 0 4 i 8.7.5
Process COMTOL ... .. .ovwme oo me i e oo ol s e o s 6 ous &5 550 8 5 508 56 8808 B A0 E BER 58 W30 @ s b6 & s@me e 8.7.6
SYSTEITIS v e i e 1o ot o s wTisfl ot o 1 1 o s e 10 o i 6] @ v i o im0 WSERETT 00 0 6t BALOERE e o & o o 0 s 56 490 s 00 061 s 606 8.7.6
104454 - 1 o'/ 8.7.6



SECTION 8.8 —TELEMETRY

Page

INtrOdUCEION . oottt ettt e e e e e e e e e e 8.8.1
Data Encoding Techniques ............ ... ..ttt 8.8. 1
Definition and Purpose of ENCOMINEG s« swwsmom s mssoinssnsionse o eesnassnmmne s ws 8.8. 1
Methods of Encoding InFOrMation . .a:sssiessemsessonsnsessosssses i sossnesssid 8.8. 1
Pulse Duration Modulation (PDM) Telemetering ................iiiiuiiiininannnns 8.8. 2
Current Telemetering . . ... ..oo ittt i e ittt i et s 8.8. 3
Voltage TelemEtering . .. ... .vouunnn ittt ittt e 8.8. 4
Frequency Telemetering . .. disimss s e i sio s ssis st ssssssossssisnmssesnsnssnies 8.8. 5
Data Transmission Techniques ............ ... ... . . . i 8.8. 9
IMUTEGDIEXITIE o 0510 5w 0 w05 5w bl oo s BURUE el wbh o st wTasib s o3 oo oo 3 s 86 5 30 6 608 998 6 0 & 0 ol w0, 98 8.8. 9
SEIECtIVE CAIlINZ . iv v v s eie imios iere Flasiets o4 6 215 o s a s/e e wia o 1a ave o & o inwrn s aais o sis e &io s #0008 8.8. 9
MOAEMIS. oo isos i s skl n Tt B et o ey 5 st 6 580 65088 3 feer e & a8 e [0 e g e 8.8.11
T anSIiSSION Vi o . o e o & solss o isio. s 1o 5 8 & 16 &0 8 o1 & ' 6 (082 ouncoparodh oo yebt BT 8.8.12
Definition | ... i B e T e s ea e 8 s 8 S v e TR 8.8.12
Design ParamBlerS i s mii . L e s s e e e 6 B e e s e sae e SR e 8.8.12
Types of CHanRel S eIV ICE . 1 it . v oo vvvvmeinvinnnenannsnsss s osponibiamuainaiiis 8.8.12
Data Decoding Techmigles: .. ... ... .........coivivvirrmnrenneidonioioendiisiiinaees 8.8.13
DefinitionzandERIposeoteDeeading’ . . . . ... <15 il s S iied ey s il BRSBTS - 2 8.8.13
MethodioE DECOdIng TNIOTMALION . .. . . . .. ... cvvvivsie o s et e iR e g K 8.8.14
EoopstandilonesCirctits o ciive o o v ov v oo sioiigia sl siEe S St e 8.8.14
Pulse Puration:Modulation (PDM) .. ..... ... .. e s vaidsconessidnvie dabiareinoy o et . 8.8.14
IIBRUBEES. e oo ioiimv s wios siosisvcnom i 6,606 5 s 05 0w 60 wiohe oL RO R TR ISR NS AR 8.8.14
Technical, ConfigURRtIONS, ... ... oo iiocssune oy s iesss o g Bl e 8.8.15

vi



Section 8.1
ON-SITE FLOW COMPUTERS

GENERAL

Definitions

A flow computer is a device that electrically converts signals from a gas measurement system to a useful
form such as flow rate. Signal inputs to flow computers can be in analog or digital form from transducers
used with orifice, rotary, and turbine meters. Computer outputs vary depending on individual needs. Com-
mon outputs include analog signals proportional to flow, digital registers, and printed reports. Some flow
computers also can communicate with other computers through standard communication ports, such
as an RS232C port.

Industry Practices

A general-purpose computer is not intrinsically safe and may not be installed in hazardous locations.
In general, such a computer is designed to be located itf?i'weatherproof enclosure pursuant to electrical
codes and in close proximity to the primary metering source. Common power inputs are 24 Vdc, 110 Vac
and 240 Vac. Most systems will function properly between temperature limits of 20 to 120 degrees F;
depending on the model, some systems can operate within even wider temperature ranges.

Intrinsically safe computers are designed for use in hazardous locations. Power is limited either by
current barriers or by internal design. Most intrinsically safe systems are designed to operate between
0 and 140 degrees F.

Inputs to flow computers depend on the primary metering element. Inputs from an orifice meter in-
clude differential pressure, static pressure, and gas flowing temperature. Input from rotary and turbine
meters are pulse signals along with static pressure and gas flowing temperature. Other inputs may, depend-
ing on the computer model, include heating value, specific gravity, mole percent carbon dioxide and
nitrogen, etc.

Many computers have the capability for accepting inputs from multiple meters, calculating and reporting
flow rate through each individual meter, and reporting a station total.

Flow computers can be categorized basically into three basic types: Analog computers with fixed pro-
grams, digital computers with fixed programs, and digital computers with variable programs. With the
last, program changes typically are made from the keyboard.

TYPES OF FLOW COMPUTERS

Analog Flow Computers

Analog computers operate by electrically manipulating continuous electrical signals. Input information
is continuous and the voltage or current is representative of a physical condition such as pressure or tem-
perature. The computer transforms the electrical input to a physical output, such as flow rate, through
signal amplification, division, summations, etc.

Digital Flow Computers

Digital computers process information by using a combination of discontinuous input signals. The analog
input information is sampled at a fixed rate and converted to a fixed value through the use of an analog-
to-digital converter. Once in the digital form, the computer processes the information and exercises its
program in a serial manner. Output can be discrete digital values, such as contact closures and printed
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reports, or analog outputs, which are generated through the use of digital to analog converters. Digital
flow computers also can communicate with other computers through standard communication ports,
such as RS232C ports.

TYPES OF CALCULATION

Differential Head Meters (Orifice plates, nozzles, and venturi tubes)

In the United States and Canada the standard most commonly used to calculate gas flow measurement
is A.G.A. Report No. 3, also referred to as ANSI/API 2530. Another major standard, International Stan-
dard Organization 5167, is used throughout Europe. Although both standards were developed from the
same data, they use different equations and will provide slightly different results. Proper application of
either standard will yield final results within the expected accuracy.

The basic flow formula of A.G.A. Report No. 3 is:

Q.=C’ Vh.P; (8.1.1)

where:

Q. =hourly rate of flow, SCFH

C’ = orifice flow constant

h,, = differential pressure, inches of water
P;= absolute static pressure, PSIA

One of the advantages of using digital flow computers is the ability to compute and apply the C’ factor
continuously. C’ consists of the following multipliers:

F, = basic orifice factor
F,=Reynolds number factor
Y =expansion factor
F,, = pressure base factor
F., = temperature base factor
F,;= flowing temperature factor
F, = specific gravity factor —r’
F,, = supercompressibility factor
F, = orifice thermal expansion factor
F,=gage location factor (only used with mercury gages)

Many of the factors that make up C’ are functions of the gas conditions and are subject to change. Flow
computers are most accurate when these values are continually measured and updated for flow calculation.

Pulse Output Meters

Flow computers used with pulse output meters (turbine, positive displacement, vortex shedding, etc.) utilize
a different formula for the computation of flow, as follows:

Qs=Q. xF,xF,xF, (8.1.2)

=corrected volume standard cubic feet
where:

Q.=Q4XMF (meter factor determined through calibration)

=actual volume (cubic ft)
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pulses (meter output)

Qa= pulses/cubic ft (meter output)
=displaced volume (cubic ft)
F = gage +atmospheric pressure
L base pressure
=pressure correction factor
F= 459.67 +base temperature °F
‘™ 459.67+ flowing temperature °F
=temperature correction factor
F.=(F,.)

=square of supercompressibility factor

Other Types of Meters

Other meters will use other specific formulas for the ca}e\ﬁation of flow; these formulas must be a part
of the flow computers’ fixed programs. For these specific calculations use the manufacturers’ equations.

OUTPUTS

Definitions

Instantaneous — Instantaneous flow data are presented in terms of a quantity per unit time. Examples
of commonly used instantaneous flow rates are:
e Thousand cubic feet per hour—Mcf/h (volumetric flow rate)
Million cubic feet per day—MMcf/d
Cubic meters per hour—m?3/h
Pounds per hour—Ib/h (mass flow rate)
Pounds per day—Ib/d
Dekatherms per hour— DT/h (energy flow rate)
Accumulated —Accumulated gas flow data are presented in terms of instantaneous flow rate integrated
with respect to time. Units used for accumulated flows, sometimes referred to as total flow, are:
e Thousand cubic feet—Mcf (volume)
Million cubic feet—MMcf
Cubic Meters —m? (mass)
Pounds —1Ib
Dekatherms — DT (energy)

Displays

Instantaneous flow rates may be displayed on the computer’s front panel. This display may take the form
of an analog indicator such as a meter with a pointer, or it may take the form of a direct numeric readout
by light emitting diodes or liquid crystal displays. A multiplier may be required to convert the displayed
value to a meaningful number.

Accumulated flow displays also may be displayed on the computer’s front panel. This display can
be a direct reading electrical readout or an electro-mechanical counter. In the case of an electrical readout,
memory is necessary to preserve the accumulated volume during a power failure. This electronic display
may be independent of the instantaneous display or may be a time-shared display. Electro-mechanical
counters retain the last reading during a power failure but are susceptible to mechanical failure. In either
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case, during a power failure no flow is accumulated. Accumulated flow determination requires that readings
be taken at the beginning and at the end of the flow period. The difference between the two readings
is the total flow.

Other data may be displayed on the computer’s front panel. A common practice is to switch various
parameters to a single front-panel display for time-shared viewing. Some examples of data commonly
displayed are:

e Input static pressure

e Input temperature

e Input differential pressure

e Uncorrected rate of flow

e Supercompressibility factor

e Gravity factor

e Temperature factor
Digital computers generally are very versatile in that they can allow more data types to be displayed. The
display of these data assists in calibration and maintenance work.

Status indicators, which offer assistance to the operator as a quick operational check, may be displayed
on the computer’s front panel. Generally, these displays consist of indicator lamps. Some examples are:

e Power on

e Number of meter runs in service

e Type of function displayed on numeric display

e Present alarm condition

e Alarm condition that has cleared
A printer may be an integral part of the flow computer to provide a hard copy of certain data. These
data may be printed out at various times over the day, week, or month. Examples of printed data are:
Hourly flow rate cf/h
Daily flow rate cf/d
Line pressures and temperatures
Alarm conditions

Electrical Interface for Remote Use

Electrical output from analog and digital computers may represent corrected or uncorrected volumetric
or mass flow. Commonly used electrical signals are 0-10 Vdc, 1-5 Vdc, 0-1 mAdc, 4-20 mAdc, and 10-50
mAdc. The flow rate represented by the maximusfi signal level is usually adjustable by the user. When
more than one signal is offered, the maximum flow represented by each may be independent of the others.
Manufacturer’s specifications should be consulted to avoid electrical overloads on the output signals and
concerning the maximum length of the interface cables.

Analog and digital computers may provide electrical outputs that represent accumulated gas flow.
This is done with either a dry contact closure or an open collector. In either case, each signal represents
a predetermined quantity of gas. The number of accumulated pulses within a given time period multi-
plied by the quantity of gas per pulse equals the total accumulated flow.

The manufacturer’s specification also should be consulted concerning all interface electrical loading
requirements.

Digital outputs are offered by some digital on-site flow computers. These outputs can be used by
telemetering terminals, teleprinters, and other display equipment. Digital outputs such as those from an
RS232C port with ASCII formats are commonly used. Receiving equipment must be able to decode this
signal to complete the data transfer.

Digital representation of other data may be available through the digital output port on the computer.

Transfers of digital data can be made efficiently and quickly and, with the proper coding and check-
ing, can be made error free. Digital data transfer eliminates the calibration errors associated with analog
signals.

Alarm indications for external use may be available on both analog and digital computers. Normally,
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these will be of the dry-contact or voltage-pulse variety and can indicate different conditions within the
computer.

VERIFICATION

General

Periodic checks should be made to ensure that the on-site computer is calculating correctly. Verification
that the on-site computer is correct can be made if the computer output can be compared to a standard
of known accuracy. After the fixed system parameters are correctly entered into the computer program,
the computer output should be verified. In addition to conducting the initial verification, the responsible
person should verify the computer’s output periodically to ensure its accuracy.
The on-site flow calculation can be verified in the following two ways:
e Computer System Verification — Compare the on-site computer output to a standard by simulating
input signals through the analog-to-digital (A/D) converters.
e Computer Verification—Compare only the on-site computer output to a standard, ignoring any
error in the A/D converter by setting fixed inputs for the measurement parameters.

Calculation of a Standard

g

A manual calculation of the flow rate can be used as a standard to which the computer output can be
compared. The precision of this manual calculation should be at least as accurate as that of the com-
puter. Errors in the standard will occur if an incorrect variable is used as an input for the manual calcula-
tion. Examples of inputs that are required to produce acceptable manual calculation of the flow to be
used as a standard are:

e Pressure
Differential pressure or pulse frequency
Temperature
Specific gravity
Supercompressibility data or factor
Meter factor(s)
Other data necessary to solve the applicable equation

Computer Calculation Verification Using External Input Signals

The on-site computer will scale the primary data variables (simulated transmitter signals), calculate a
flow rate, and generate a value representative of the flow through the meter. A comparison between the
manual flow rate calculation, as the standard, and the computer output should be made to verify that
the computer is calculating flow rate correctly.

Figure 8.1.1 is an example of the configuration that might be used to spot check an on-site computer
for accuracy. The test signals must be of known accuracy and stable during the test period. These values
are then used in the flow equations to calculate manually the flow rate to be used as the standard. The
calculated standard then is compared to the computer outputs.

The following precautions should be observed when this comparison is made:

e Values and equations used in the manual calculation must be the same as those used by the on-site

computer.

e The accuracy of the input variables is limited to the manufacturer’s tolerance of the calibration

equipment; any differences should not be attributed automatically to the on-site computer.

e All computer outputs should be compared to the standard.

e The verification comparisons should be done at multiple points spaced throughout the normal

operating range of the equipment.
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Figure 8.1.1 Computer calculation verification using external input signals.

Computer Calculation Verification Using Fixed Internal Inputs

The on-site computer will use the fixed values entered as calculating parameters to calculate a flow
and generate a value representative of the flow through the meter. A comparison between the manual
flow calculation, as the standard, and the computer output should be made to verify that the com-
puter is calculating flow correctly.
The following precautions should be observed when this comparison is made:
e The values and equations used in the manual calculation must be the same as those used by the
on-site computer.
e All computer outputs should be compared to the standard.

Instantaneous Comparisons Versus Accumulated

Instantaneous comparisons are much easier to make than accumulated comparisons. A single manual
calculation can be used as an instantaneous standard.

A standard to be used in comparing accumulated flow over long periods of time involves the
integration of the instantaneous flow with respect to time. This can introduce errors of unknown
magnitude into the calculations. For verification of the on-site computer’s integration circuitry, consult
the manufacturer.
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Section 8.2

PRESSURE AND DIFFERENTIAL-PRESSURE
TRANSDUCERS AND TRANSMITTERS

GENERAL DEFINITIONS

Pressure Transducer/Transmitter —The terms transducer and transmitter frequently are used inter-
changeably. Strictly speaking, a transducer is a sensing element capable of transforming values of
physical variables (e.g. pressure or differential pressure) into equivalent electrical signals. A transmitter
takes the output from a transducer and conditions it to a standardized transmission signal that is
a function only of the measured variable.

Pressure — Pressure is the force per unit area exerted by a gas, liquid, or vapor on the walls of a pipe
or vessel. Commonly used units of measurement are pounds per square inch (psi), inches of water
(in. H,0), and inches of mercury (in. Hg).

Atmospheric Pressure — Barometric Pressure — Atmospheric pressure is the pressure exerted on the earth
by the air surrounding it. Normally at sea level, it is equal to 14.73 psi.

Static Pressure — Gage Pressure — Gage pressure is the Static pressure at any point in the system. Its value
does not include atmospheric pressure. Gage pressure is denoted commonly as “psig.”

Static Pressure — Absolute Pressure — Absolute pressure is the static pressure that does include atmospheric
pressure at any point in a system. Typically, it is written “psia” or “in. Hg. abs.”.

Differential Pressure — Differential pressure is the difference in pressure between two points in a pipe when
flow exists. Differential pressure is also referred to as “Delta P,” “AP,” “DP,” or “Pressure Drop”
and is measured across a fixed restriction such as an orifice plate, flow tube, or venturi. Differential
pressure generally is measured in inches of water column.

TRANSMITTER PERFORMANCE SPECIFICATIONS

Linearity — Linearity is the closeness to which a calibration curve approaches a straight line. It can be
independent, terminal-based, or zero-based. When expressed simply as linearity, it is assumed to
be independent.

Independent Linearity (Best Straight Line) — Independent linearity is expressed as the maximum devia-
tion of a curve from a straight line that is positioned so as to minimize that deviation (Figure 8.2.1).

Zero-Based Linearity — Zero-based linearity is expressed as the maximum deviation of a curve from a
straight line that is fixed at the actual output at zero percent span and positioned so as to minimize
that deviation (Figure 8.2.2).

Terminal-Based Linearity (End Point) —Terminal-based linearity is expressed as the maximum deviation
of a curve from a straight line that is fixed at the actual lower and upper values (Figure 8.2.3).

Hiysteresis — Hysteresis is expressed as the difference between the upscale and downscale output values
for the same absolute input.

Deadband — Deadband is the range through which an input signal may be varied upon reversal of direc-
tion without initiating an observable change in output signal.

Repeatability — Repeatability is expressed as the closeness of agreement among a number of consecutive
output measurements for the same absolute input when approached from the same direction.

Converter—A converter is a device designed to perform a specific instrument signal conversion, such as
changing a 3-15 psi instrument air signal to a 4-20 mA electronic signal:

e P/I converters (pressure to current) change pneumatic instrument signals to current signals.
e [/P converters (current to pressure) change current signals to pneumatic signals.
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e [/I converters (current to current) change current signals from one value to another, i.e. 4-20 mA
to 10-50 mA.

INDUSTRY STANDARDS AND PRACTICES

It is essential that pressure and temperature transmitters conform to certain standards as to pressure, tem-
perature, and electrical ratings. Some of the more common standards are:

e National Electrical Manufacturers Association (NEMA), which establishes requirements for weather-

proof electronics housings

e National Electrical Code (NEC) and Canadian Standards Association (CSA) Class I, Group D,

Division 1 and 2, which establish requirements for equipment used in hazardous areas where natural
gas is present

e Instrument Society of America (ISA), which defines letter designations for thermocouple sensor

types, i.e. Type K—chromel/alumel

e American Society of Mechanical Engineers (ASME) E-220-72 and American National Standards

Institute (ANSI) MC96.1, which define the relationship between thermoelectric current and
temperature
Detailed information concerning any of these standards may be obtained by consulting the applicable
documents.

In addition to the foregoing industry standards and’;);ctices, there are also certain general practices
that are followed in the design and construction of pressure transducers and transmitters. Three of these,
to which conformance should be expected, are: output grounding (+, —, or floating), process connection
capability, and dimensional compatibility.

PERFORMANCE SPECIFICATIONS

An essential consideration in the selection of pressure transducers and transmitters is performance. Overall
accuracy —including the effects of ambient temperature, overpressure, static pressure, input impedance,
sensor lead resistance effect, vibration, mounting position, power supply, load variations, electromagnetic
interference, lightening protection, radio-frequency interference, and speed of response —should be ex-
amined. Long term stability also should be considered.

Accuracy

For the transducer, accuracy is the measure of how closely the output conforms to the true pressure; for
the transmitter, accuracy is the measure of how closely the output conforms to the transducer’s output.
Accuracy statements should include the effects of hysteresis, linearity, repeatability, and stability expressed
as a percent of maximum calibrated span or percent of reading.

Ambient Temperature Effects

Variation in ambient temperatures can cause a corresponding variation in the pressure transmitter’s zero
and span outputs. The zero effect is expressed as a percent of calibrated span.

The span effect should be combined with the zero effect according to the root sum square (RSS) method
of error analysis:

Total error=+/(Zero Effect)?>+ (Span Effect)?

8.23



Typical presentations of temperature effect specifications are:
e No specifications

e +a%/°F
e +a%/X°F
e +a% from Y°F to Z°F

e +a% FS/°F
(This specification can be misleading in that often it is based on a reference temperature between
Y and Z with the stated percent applying to half the span.)

e +a% zero error/X°F at maximum span
+b% total error including span and zero/X°F at maximum span
+c% zero error/X°F at minimum span
+d% zero error including span and zero/X°F at calibrated span
(This specification is the worst-case effect and can be applied to any span of X°F within the tem-
perature limits.)

Overpressure Effects

When a pressure transmitter is subjected to a pressure in excess of its calibrated span, either a temporary
or a permanent effect may take place.

Temporary Overpressure Effect—Moderate overpressure of a pressure transmitter or, in the case of
differential pressure transmitter, sequencing a 3-valve manifold incorrectly so that one side of the transmitter
sees full line pressure can have a temporary effect on transmitter performance. Ideally, this effect is con-
fined to a zero shift, which can be corrected simply by rezeroing the transmitter. However, transmitters
whose design incorporates the use of mechanical stops may hang up in the overpressured position.

Permanent Overpressure Effect —Overpressure greater than the manufacturer’s recommended limits
at some point will result in permanent damage to the pressure transmitter. This damage could be evi-
denced by erratic output, performance outside of specifications, or complete failure. To insure against
permanent overpressure effects, adhere to the manufacturer’s guidelines.

Static Pressure Effects

Static pressure has an effect on both the span and zero of differential pressure transmitters. The zero
effect can be corrected by simply rezeroing at line pressure. Span effects may be corrected by recalibrating
at line pressure or by using manufacturer’s information when available.

Vibration Effect

Since vibration is almost always present in a piping system, its effect on pressure transmitters should be
considered. Vibration-effect specifications should state the magnitude, frequency, and plane of vibration
as a percent of calibrated span per “g” up to X Hz for each axis.

Power-Supply Effect

The effect of power-supply variations —both dc voltage level and ripple —on the transmitter performance
should be considered.

Load Effect

Load effect, like power-supply effect, should be considered. A usable load-range plot of supply voltage
(Vdc) versus load resistance (ohms) is the accepted method.
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Mounting-Position Effect

The mounting position may have an effect on zero; the effect can be calibrated out.

Effect of Radio Frequency Interference (RFI) and Electromagnetic Interference (EMI)

Radio transmitters and high voltage power lines in close proximity to a pressure transmitter may affect
output. Pressure transmitters should be designed to minimize or eliminate RFI and EMI effects by shielding.

Input Impedance

The internal impedance should be small compared with the external impedance when measurement of
the internal voltage is desired.

Functional Specifications

Functional specifications are as important as performance specifications. What are the environmental
operating limits and power requirements? Can the device be used in hazardous locations? These, and
many other questions, should be considered in selecting equipment.

Range and Span

Pressure transmitter operating ranges can be flexible enough to allow a wide range of calibrated spans.
However, the relationship between maximum and minimum spans (turn down) should be such as to give
acceptable errors at the minimum span. Specifically, effects on transmitter zero, if expressed as a percent
of upper range limit (URL), are directly proportioned to the turndown of the transmitter.

Power Requirements

The choice of power supply will depend on the total requirements of the system. Manufacturer’s specifica-
tions giving power supply requirements for the equipment under consideration are readily available; they
should be consulted.

Hazardous Locations

All electronic pressure transmitters used in hazardous locations must be approved by a recognized agency
such as, but not limited to, Underwriters Laboratories Inc., Factory Mutual Engineering Corp., or Cana-
dian Standards Association.

Temperature Limits

Electronic pressure transmitters/transducers have definite ambient temperature limits above or below which
service life and performance can be affected. Temperatures outside the manufacturer’s recommended range
will have an adverse effect on the device’s life and can result in performance outside specifications or
even failure.

Elevation and Suppression

The term elevation and suppression concerns the ability of a pressure transmitter to be calibrated at other
than zero-based spans (—10 to +10 inches of water, 25 to 50 psi, etc.). The term suppression is used when
zero is below the calibrated span while the term elevation is used when zero is above the calibrated span.
Elevation and suppression can be expressed mathematically as:

Lower Calibrated Value x100
Span

% Elevation or Suppression=
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Example: A pressure transmitter calibrated from 50 to 75 inches of water would have a suppression of

50
25 X 100=200%

In selecting a transmitter, consideration must be given to its elevation or suppression capabilities if a span
other than zero based is required.

Pressure Limits

Pressure transmitters also have definite pressure limits above or below which service life and performance
can be affected. Excessive pressure will adversely affect life, while pressures below recommended minimums
will affect performance. Maximum operating-pressure limits also must be considered to insure safety in
the event of an extreme pressure condition.

Damping

Where damping is required, a pressure transmitter should be adjustable; ideally it should be continuously
adjustable.

TRANSMITTER TYPES
There are various technologies used in pressure-transmitter design. The following are the most common:

Variable Capacitance

Variable-capacitance sensing depends on the position of a diaphragm placed between two capacitor plates
that generate a signal directly proportional to the change in capacitance.

Strain Gage

In a strain gage transmitter, the pressure deforms the sensing element (strain gage), and a signal propor-
tional to the change in resistance is generated. The strain gage itself may be a film deposited on a back-
ing, foil or wire bonded to a backing, or a silicon crystal semiconductor.

Force Balance _f
In a force balance pressure transmitter, the pressure input is balanced through a series of mechanical
linkages by an opposing force proportional to the pressure; the face is generated by a magnetic coil.

Resonant Wire

The sensing module of a resonant- or vibrating-wire transmitter contains a wire whose tension is varied
by changes in pressure. The natural frequency of a wire under tension is a function of the amount of
tension applied; the greater the tension the higher the frequency. By measuring the frequency, a signal
proportional to the pressure can be obtained.

INSTALLATION

The accuracy of a pressure measurement depends to a great extent on the proper installation of the transmit-
ter and the impulse piping. Care should be taken to minimize the environmental effects.

Impulse Piping

Impulse piping — the piping between the process and the transmitter — should be kept as short as possible.
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