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Cruising through the presaure transmitter selection process:
Technologytradeoffs, application pitfalls, and costbenefit evaluation

Theextent of automationin bothmobile andstatonaryapplicationss increasing
dramaically. As the efficient managenentof machinesandsystems$ecomesnoreandmore
dependat onintegral electroniccontrols,therewill beanincreasingdemandor sensorsand
trangnitters. Advancesn electroniccontrolswill allow somevety atiradive features to be
offered,andcorrespondinggreder benefts derived,all at competitivecoss, but care mustbe
taken to seked the besttransmitterfor the applicaton.

Theprdiferation of pressurdransmittersyou encountetodayin the markeplace can be
overwhdming. Increasingy, transmittemanufacturerseekto differentiae their producs by
promoting featuesthatmaybecommonplae To maketheright choice,it is importantto
know the operatng conditionsandperfamancerequirementsof the targetapplicdion, and to
separateritical andnon-critical specsknowingwhich featuesareessential,andwhich are
“nice to hawe.”

Asidefromtechnicalaspectsof transnitter selection, it is important to evaluatehe company
thatwill supplythe products Cantheydeliver aproductcongstertly ontime,and
consstentlyata quality level that will meetexpectations?

From switch function to transmitter signals
Mechanical gauges andelectromedanicalpressureswitcheswill still bewith usfor yearsto

come buttheir future is chalengedby the quickeningpaceof electronicintegrdion.
Transmittes offer severaladvantges buttheydo requireelectronicsfor signalinterpreation.

Gauge Switch Transmitter and
Electronics
OUTPUT SIGNAL
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Typesof pressuremonitoling andcontol devices andtheir capailities

More thanonetype of theseproductsmay befound on a given pieceof equipment.
. Switchesfor shutdownand safety;

. Transmittersand eledronicsfor monitoringandprocesscontrol;

. Gaugedor display.
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Numerousmandacturershavedevelopedompactlow-costproductshatcombire
monitoring, switching, andtransmitteroutputfunctions

Funcion integration gives us pressurdransnitters with built-in switch
function anddisplay.The switch functionmay be achieved by using

NPN or PNP opencollectortransisor outpus or a micro-switch
Althoughthe cortrols havea limitationon the eledrical load thatcan

be handlal, the limits will not normally be a problemwhenusingthe
integrated productsin combindion with electronic controllers.Someof
theadvantages of the integrdaed solution comparedwith an electre
medanicalswitch, arecapabilitiesfor a wider adjustmenbf the differertie
andfor increaseddting accuracylntegraiedtransmittes alsoenablethe use of simpler
electonic cortrols.

The sciencebehind different technologies

Thewide variety of pressuresensig technologie®n the marketcanmakeit quitedifficult
for the userto choosetheright onefor a particularapplicaton. To understad andevduate
the strengthsandweaknessesf diff erent technologiesthefir strequirenentis somegeneal
knowledge aboutsensingprinciples.

Thetwo mostcommonprindplesusedin industrialcartridgepressurdransmittersare strain
gauge Wheatsonebridgesensingandcapacitivesensing.

1. Strain gaugeWheatstondridge sensng
Thestraingaugepressuresensingprinciple hastwo crucialelements:

» A forcegaheringelement
(commonlyaflexible diaphiagm),
which convertspressureénto a
measunblestrain.

3+In
/ \1\ » Gaugeelemens (bridgeresistorsthatproportionaly
4-Out 1+0ut transformstran into anelectricsignalby usingthe
\ /T/ Wheatsbnebridgeprinciple
6-In

Thegaugeelementsre placedon theflexible diaphragmin sucha way thattheyare
strethedor compressal underpresure. The physcal changecauses achangen
resistancendthusa differentid outputsignalthatis diredly proportionalto the
appliedpressure.
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Typicd relaionshipsbetweerthe gaugeresistorsin the Wheatstondridges,
diaphragn mateial, andgaugefactors aregivenin thetablebelow

Gauge
Resistor Thin film metal Thick film paste Piezoesigive
semiconductor
Diaphragm
*Gaugefactor. *Gaugefactor.
Metal apprx. 2 approx. 20
Ceramic *Gaugefactor.
! approx. 10
. *Gaugefactor.
Silicon approx.30

* Gaugefactoris a measureof a gauge’ssensttivity to changesn strain.

A high signakto-noiseratio is desirabk, sothelevel of signalshouldbeashigh as
possible A simdified expressiorfor thesignallevelis:

Signd = gaugefactorx strain

Thegraph below showstherelationshipbetweerstrain (¢) andthe stres factor(o) for
three diaphragmmaterials Ceramicandsilicon arenormallyusedin the stran range
from 0.05t0 0.1. Theselimits arechose in orderto havesufficient sdety between
normaloperatingpresureand burstpressureStainlesssteelis usedin the same range,
becaus®f therisk of materialdeformationthat in turn causeseropoint shift upon
returnto normal operatingpressure.
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This meanstha only a smallpartof the strain rarge is usable andtherdore a high
gawe factoris attractive.
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Thegaugeelementsanbe bondedontodiaphragmsn a numberof differentways
Glues,silicon or ceramic fusion, glass bonding anddirectmolecularbonding
(PECVD or sputtering)areall used.

Thin film

In sputtering or CVD (Chemical VaporDepostion), _

an insulatinglayer is placedon a metaldiaphragm oo
andthen thin metal film stran gaugeresistors B
areplacedabo\e theinsulatinglayer.

Monolitic piezoresisire semiconductor
PRESSURE THIN FILM A diaphragm's etchednto bulk

10N IMPLANTED: B e

PIEZORESISTORS _ silicon, andpiezoresitrsare doped
- S into the samematerid.
_ . GLAss : : .
I L CONSTRAINT Occasionly, thes piezoesdstive elerrents
Ty ST ey, areincorporatednto oil-filled isolation

cells, protecing the strain gaugefrom
corrosve media

Bondel piezoresstivesemiconductor
Individud piezorssistive silicon semiconductogauges
arebondael to the diaphragn usingadhesivesor glass.

Thick film

Thick fil m strain gaugeresigorsare placed
ontoa ceramc diaptragmusingthick film
technobgy.

2. Camcitivesensing
Theprinciple of cgpacitive presuresensingis basedn measiring the capacitane
betveentwo conductiveplates Underpressire, the platesareforced together,
increasingthe capacitancein line with appliedpressure.

Capaciive pressuresensorsanbe of threetypes:
ceramic,constuctedby advancedEMS
technology(dies), or build into semiconductol [
matrials.

Of thethreetypes,ceramic capacitivetechnologyis the most
widely usedin industrialapplicatons.



The capacitane of two parallelplatesis givenby the equaion:

C=pAMd

where u = dielectric constanbf the material betweenthe plates
d = distancebetweerthe plates
A = areaof theplates

Chang in the dielectric constanf the materialbetwea the platesmayresultin error.
Forthatreasongbsolute pressuresensorsith vacuumbetweerthe platesare
prefered.

What pressure tr ansmitter technologyshould | choos for my application?

As aresultof the ongoing devdopmentof the varioussensotechnologiesandthe
introducton of digital electronic andadvancegroducton equipmenandmethodsthereis
an everincreaingoverlapof specifcationsbetweenthetechnologieshantherewas 10 yeas
ago. Thisdewelopnentis to someextenta resultof manufactures havingmarketeda single
tedhnology in the past In recentyearsthosesamemanudacturershavebeenquite sucessful
in maximizingthe capabiity of productsbasedontheir singletechnology.Theresultfor end
usasis thatthereis amuchwider choiceof senrsthatcanbeusedin agivenapplication.

> 10 YEARS AGO TODAY

Developments in:
e sensor technology

Technology 1 e electronic

e production

Technology 2 Technology 3

Unique technology-

. . Technol 3
related specifications id

Still, therearecharacteisticsthatare uniqueto each specific technology diffic ult andcosty,
or impossible to achieveusingconpeting technobgies.
Exampksof suwch characteristicsinclude

- pressurgange

- temperatue range

- zerodisplacementiueto overpessue

- long termthemal drift bothat zeroandoverspan
- ability to measurebsoluteor gaugepressure



To meetthefull rangeof custome needgoday,thereappeardo beatrendtowardsensor
manufacturersleveloping broadproductportfolios in orderto offer morethanone sensor

tedhnology.

It is indeeddifficult to makea fair judgementaboutthe strengthsandweaknessesf pressue
transmitter performancecharacteristicsvhendifferenttechnologiesreinvolved The
judgementboutwhethera spedfi cation is strongor weak mustbe madein light of the
speific application’s demand.

Thetale below repregntsa perfamanceevaluationof the majority of transmiter types on
themarkettoday. But individual productsare alsoavailablein which specid measure have
beentaken to eliminatesomeof the weakresse®f the product’'stransmittertype.

Ceramic Ceramic thick | Thin film Monolitic Bonded
capacitive film piezoresistive piezoresistive
semiconducta semiconductor
Pressurgange | 0.01-60 bar 4—-60 bar 10-2000bar 0.1 —600bar 5-3000bar
0.15-900psi 60 —900psi 150-30,000psi 1.5-8700ps 70 -43500psi
Accuray ++ - +++ ++ +
Operating + + +++ ++ ++
temperature
span
Longterm ++ + +++ ++ ++
stability
Pressurepeak + + ++ +++ ++
resistace
Over-pressure ++ + + +++ ++
safety
Burst- ++ + ++ ++ ++
presuresafety
Resisance to ++ ++ +++ +++ +++
shodk /
vibration
Hermettal - - ++ ++ +++
tight pressure
port (No seals)
Absolute +++ + - +++ -
Gauge ++ ++ ++ ++ ++
Low cost +++ +++ ++ ++ ++
*T ypicalfigures. Thereareproductson the marketin which spedal actionhas beentakento exceedtherangelimits shown.
+++ = Verygood
++ = Good
+ = Satisfactory

Lesssdisfactoy or notapplicabke
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Pressue transnitters usedin industral environmend canbe dividedinto familiesacording
to their functionality andtheir complexity. Often asfunctionalityandflexibility decline,
pricesdeclineandmarketvolumeincreases.

“Cartr idge-style” — One of many families

Thisdisausson will focuson“cartridgestyle” pressiretrangnittersusedin thefollowing
areaof applicaton:

* Generalindustry

* Heaw Duty Off-Highway

* Heaw Duty Automotive

» Heaitng, Ventilation, Air-ConditioningandRerigeraion Systans (HVACR)

Below illustrationshowshow flexibility andcomplexityrelae to variousmarkets,

applicaions,and coss. As thewidth of thetriangleincreases,sodo flexibility, complexity,
andusuallycoss.

Flexibility and Complexity

Process Transmitter

Low Cost Process Transmitter

Cartridge Transmitter E :.

General Industry
Heavy Duty Off Highway
Heavy Duty Automotive I

HVACR

assenger Cars,

|
4
W

Operating conditions and performance demands

Whensdecting a sensorfor a particularapplication it is importantto understandhe
operatonsconditionsthatthe sensowill be exposedo, andthe needederformance!



A typical pressue sensa has threefunctionalelements

1. Thesersing elementthattransfoms pressureinto anelectricsignal
2. Electronic circuitry to conditionandamplify the signal
3. Packaging, includingthe endosure andthe mechanichdesgn throughouthe product

Paclaging \/
throughoutthe product e 2

Sensingelemant Electronics

Thecombinationof theseelemens mustprovide specfied performancainderthe
environmentakonditionsof the specificapplication. It is therebre importantto undestand
theapplication, conditionsand theirinfluence on the product’sspecificatons and
performance.

Operational conditions & performance demand

Environmental conditions

Mechanical: Electrical:
Vibration EMI electromagnetic interference
Shock RFI radio frequency interference
Moisture ESD electrostatic discharge
Temperature BURST fast transients

SURGE

Pressure profile w=p - Output signal

p Nominal output signal
Range (absolute / gauge) Response time
Peaks

Load R. (source current)
Sink current
Total error band, including:

Cavitation risk
Frequency (static / dynamic)
Lifetime (cycles)

= nonlinearity

= hysteresis
- repeatability
- thermal zero shift

= thermal span shift

Figure5. Sumnary of operatingconditions, applicationrequirements, andperformarce characteistics
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The pitfalls we preenthereare encounteredot only in thesesitugions, butin many other
industral applicationsaswell.

Application pitfall s

Material handling applications

Load sensng for tilt controlis atypical application

for pressiretrangnitters The posiion of theloadis
oftencontrolled by a hydraulc system To calcdate

thetilt risk, pressurenthehydradic cylinder,boomangle,
andload positionmust all be measured.

In this applicationtherearetwo demandingconditions
underwhich a pressurdransnitter mug beableto work.

1. Pressurgoesaks, liquid hammeing, andcavitation.

Whendriving on roughterrainwith aloadontheforks, therisk of rapidloadvariation is
gred. Abruptloadvariationscancreatepressue peaksJiquid hammeringandin somecases
life-shorteiing cawtation.

Liguid hammeringoccurswhere liquid continuesdts flow in the pipe afteravalve hasbeen
closedor a pump shutoff. A vacuumis built up beéweenthevalve or pump andtheliquid
returnsas a pressurgeakor “liquid hammer’onthe diaphragmThis presurepe can
causeplasticdeformationor evenbreakagef themeasuiing diaghragm.

Cavitation occurswheresmallandmainly empt cavities(“bubbles”) aregeneratedn afluid
andtheseexpaml andthenrapidly collapse Thiswill hapgnwhenpresurefalls below the
vaporpressuref thefluid (it is almog the sameas the effectthatoccursduringboiling). A
thin saaling diaphragmis esgecially vulnerableto the asymmetriqoressurs thatresultfrom
cavitation

Dependingon the sensingedinologyused resistanceéo damag from liquid hammeing,
cavitation(or both) canvary. To avoid damagdrom either,a pulsesnubberis recommeaded.

In theseapdications, onefunctionalelementthe sensordlementjs challengedTo meet
this chalenge, carefully evaluatethe type of sensor elementandconsicer selectinga
transmtter with an integral pulsesnubber.

Withouta pulsesrubber,cavitatior With a pulsesnubber no cavitatior
bubblesoccurin thetransmitter. bubblesoccurin thetransmitter.



2. Tenperdureandhumidity extrenes.

Very often,smallforklifts areworking underconditonswherethey experiencanany
temperatire changesduring a workday. Theyaredrivenin andout of buildings andsome
areusedfor picking up anddedivering goodsin cold storagewarehousg
These extremecasef temperatur@ndhumidity cyclesbring specific risks:
a. Moistureerteringtheen@psuatedtransmiter, exposingthe electronicsto damage.
In this case focusthe selectionproces on the packagingfunctionalelemen and
specificaly onthe protectiveenclosurelf a gaugeversionis used, makesurethatthe
desgn for reference to the atmosphereloesnot subjectthetranamitter to damageby
allowing the entranceof moisture.

b. Largechangesin measurmentaccuacy.Mosttransmittershaveatherma error shift
affecing both zeropointandspan Dependingon the manufactureandthe technobgies
used thethermalerrorshift typically varies from 0.1%to 0.6%FS/10K. Fork lif ts
picking up goodsfrom cold storagewarehousesftenrun in anenvionmentwherethe
temperaure change from -40°C to 30°C, a spanof 70 degreesDependingon thetime
spert in thewarehouse andon the transmittermountinglocation,suchalarge
temperaure changecanproducea significanterror in the trangnitter output signal. (For
example a20-degreespanis equivalentto anerrorof 0.6 x 2 = 1.2%.)

Here, theimportantquestionis: Doesthe produd offer acceptablethermal shift error

date?

Construction & forestryequipment

Thes machireshave appicationsfor presure

trangnitters on ther engnes andhydradic systens.

In hydraulic systemsapplicationsyou will oftenfinc

conditionssimilar to thosedescribed above

for forklifts. A challengefor productsused

onroughterrain equipments to beableto

work underextremelydifficult mechanicd

andenvironmentalcorditions. The equiprrert is

exposedo weatherconditionsof evely kind andto

high levelsof moistue, dust,shockandvibration.
The challengehere?Packagng: connectorandseallngtechnology

Engines(for vesselsand powerplants)
The conditionsin theseapplicationsareoften
charaderizedby temper#ures as high as125°C combined
with pronouncedribration Constanthigh tempeatures for
extended periodscanresultin significant outputsignaldrift,
andcombinedwith vibrationwill bea severechalleng for the
productpackagng.
Sekctionfor theseapplicationsmustfocusontheneed
for appropiate sensortechnologythat hasacceptabldc
drift dataat higher temperaturest-or fuel oil
applicatons, choosea transmitte with anintegral
pulsesnubbe.
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Waterbooser sysems
In this application transmittercanbe subeciedto therisk of
waterhammeing andcawvitation in two ways.When
trangnittersare mountedust afteravalve, thereis
exposue whene\er the valve closes.The secondype of
risk arises whenatransmitteiis placedin along water
line, andhammeringandcavitationcanoccurwhenever
flow is stopped
In applicationswith theserisks, seledion focusshould
be onthe sensorlementandoninclusion of anintegral
pulse snubbe.

Refrigeration systens
Somerefrigerationsysemsoperateat low presureranges
of approximatelyl bar. Refrigeration sygemsarenormally
closedsystemswith noreferenceo theatmosphereGiven
theseconditions,you need an absdute or atleasta seded
gauge pressurdransmitterIf you usea gaugeversion,you
will seeerrorsresultingfrom oneor bothof thefollowing:
a. thechangin atmospheripressue,

maxmum +/- 50 millibar (+/- 1.48in. HQ)

If atrangnitter's full scalerangeis 1 bar, achange

of 50 millibar in atmospherigressurawill resultin anerrorequivalento 5%.

b. thechangin altitude(-100mBar per 1000metes)
Here, for a1 bartransmitter,therecanbeanerrorequivalentto 10% per1000m
changen attitude In Denver,amile abovesealevel, atrangnitter notreclibrated for
thealtitude would be subjectto anemror of 16%.

The sameeffect occurswhenusinganabsolutgresuretransmiterto measue levelin an
opentank system.
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Cost-Benefit Evaluation:

Be a methodical customer

After athoroughtechnicalandysis, anevaluationof the companybehindthe produds will
beof greatvalue. End productdeliveryandquality arevery dependenbn congantly reliable
deliveries of high quality produds by suppliers

In suppler evaluaion, follow a methodicakourse completingeverystep:

1. Sdectsomesuppliershatyou believeare reliableandcapableof deliveringthe
producs you need.Find supplies who areinteresedin servingthe applicdion
demand, nat simply the specificationon a blueprint.

2. Audit the companybehindthe prodictsasto

a. Toolsusal duringproductdesign,suc as
i. DFMEA (DesignFailureModesandEffect Analysis)
ii. Leandevdopment
iii. Availability of testresults
b. Toolsusal in production,suchas
i. PFMEA (Procesdg-ailure ModesandEffect Analysis)
ii. Processcapabiliy tracing (Cpkvalueg bothinternallyandat suppliers
iii. Contrd plans
iv. Produdion scraplevelin ppm
v. Levd of field complaintsn ppm
vi. Corredive actionprograms
c. Supportprocedures
i. Logistic setup
ii. Availability of technicalsupport
iii. Compgaint handling
3. Ted theprodud intheactua application
It can be difficult to anticipateall opeaatingcondiions. Therefore to avoidany
surprigswhen usingthe pressurdransmittersn running production,run
functionalityand performanceestson thereal application

12
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Consider the total costof ownership

A costbenefit evaluationthatfocusesprimarily on thetotal costof ownersip is animportant
pat of the selection process.

Product cost

[ Total costis alsoaffected by:
- Application engineeringsupport:
availability, qudity
« Logistics:
< supplier location, transportationinventay,
purchasing,administration,etc.
- Delivery reliability
. Costof quality
failure rate, warranty issues
\ « Supplier swillingnessto make product modifications

Product cost

Whenchoosinga prodict, make sureto specify the application’sactualrequiremats. Select
the product with specificationsaccordingly.Sometmes “you getwhatyou payfor” applies,
butit’ salsocertaintha “you will payfor what you ak for.” In otherwords,if youdon’t
know your exactneed,you mayincur extracostsby choosng a productwith spedfications
beyondwhats requiredby your application

But what elseaffectstotal cost?
As is the casewith icebergstheentire pictureis often notimmediatelyappaent. Depending
on suppliers other costsbelowthe surface canbe dramatically greaterthanwhatappeasin

thepricdist. It is notonly the componenpricethatshouldgovernselectionputrather all
costsrelatedto the product
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