SMART Pressure Transducers

Combining a piezoresistive pressure sensor with a microcomputer and digital
signal processing yields a transducer that is both accurate and easy to use.
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hoodng a pressure  transduce
for a predson messurement
system (one where the
total error budget is less than 1
percent) has tredtiondly nat ben a
dmpe mater of going to a
catadogue and quickly findng a
device to fit the nesds of the
gicion. The task of sedion was
complicted by may fadtors among
them specifications that were
often deceptive, and hidden error
sources both in the transducer
and in its sygem intaface It was
necessay not meady to et a snge
componet—the  transducer—but
rather to define an  atire
messreamat sysem mede up  of
many parts, each with its own error
contribution. As a result, the
accuracy of the pressure-measure-
mat sydem coud not be detemined
eadly from the implied accuracy
of the transducer but had to be
determined by time-consuming
analysis andtesting.
Futhremorg  the goplication  often
required a pressure measurement
to be converted into other units

for dglay, & when baomeric
pressure is used to measure the
dtitude of an arodt Such
norlinear convarsons waely
complicated the hardware and made
it suitable for only a gngle
fundion

The SMART presare transduoars
described in this article provide a
sydams goproech to predson pres
sure measurement; they free the
systems designer from the tasks
of researching, defining and
verifying transducer
performance. The SMART
transducers result from magng
tree  tedndoges piezoreddive
snsors the microcomputer and

digital signal processing. They pro-
vide compensation for temperature
effects and nonlinearities, and they
offer scaling and conversion to user
units, al at the transducer end of a
messurement sydem. They are cha-
adaized by a dnge acouracy number
that defines in-system performance.
What you seeiswhat you get: There
are no hidden error sources. The key
benefits of the SMART transducers
are superior performance over the
environmental range, excellent long-
term stability, freedom from inter-
face-induced messremat aros  the
ability to multiplex digital data from
severa transducers onto a common
pair of wires, and the ability to
smultaneoudy output multiple pa-
rameters, such as pressure and
atitude

TheDedgner'sPraoblem

SHeading a tranducer hes treditionat
ly bemn one of the mogt time-consum+
ing tasks associated with building a
pressure-messremat sysem. There
weae myriad hidden eror sourcss and
udsdosed  pafomance gadfica
tiors A few of the may efeds
thet had to be taken into account

were: ndl ad gen dift with
temperaure and time,
repeatability, sability, cdibretion

accurecy and the fedts of dynamic
pressure and temperature changes
ontheaccuracy of thesysem.

Once a ftraxduor hed bemn
choen, the nedt tak was SHedion
o ddgn of andog signa-
conditioning dectronics This pat
o the sgydem was required to
aocomplish svad fuxtions. Firg,
it had to amplify the saor's low-
levd output and convat it to a ussble
forméat S0 asto overcome

Scientific Honeyweller 74

noie on the inteface wiring. Ssoond,
it had to correct for any static or
thermaly induced null and span
errors of the sensor. Findly, the
sgnatoonditioning dedronics often
had to coret for pressure nonlinear-
ties It shoud be nated in pesing thet
adog componats used to  compen
ste for ddfidendes of the sensor and
the intefece dedronics were them
selves sources of additiond thermal
adlogtemaror.

The ouput of the dgnekcondtion-
ing Sage was an andog Sgd, ether a
vatege or a curat, typicdly O to 10
volts or 4 to 20 milliamperes.
The voltage output mode was used
most often in dosecoupled sydams
where the transducer was supplied
power indgadat o the ouput
dgd. The current-loop mode was
used most often for applications
where the transducer was located
at a distance from the user system.
In this mode bath powe ad sgd
were trangmitted over the same pair
of wires, the transduoa modulated
its powa-ine curat & its andog
oupLESgrel.

A fina task for the designer of
a presuremessuremat ydem was
to ddine the intaface to the usy
sygem. In  mog  goications
desgnad in the past decade, this
interface has converted the analog
data-transmisson format into a
digital format for use either by a
computer-based data-aoquistion
ad oord sydem o by a dgtd
dsday cvice

Seen from this point of view,
a traditional transducer
goplication dgended Nt on a
dnge componat but on an entire
syssem made up of many
interdependent parts; that system
isitself usually apart of a
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Remote

Air Data

Module
(RADM)

COMPLETE PRESSURE-TRANSDUCER SYSTEM ismounted on a pitot

tube that extends into the air sream flowing @t a moving aircraft. The
transducer isusad in two applications; one is measuring the static, or

ambjent, pressure, and

the other is monitoring the

amIC presaure

asodated with the air craft's veodty. The module is now being flown aboard
Boeing'snext-gener ationtechnology demondrator airoraft.

AIR-DATA MODULE for the Aerogpatiale Airbus A320issmilar totheone
shown in the previousillugration but isnot mounted on a pitot tube. Eight of
these modules ar eingalled in each Airbus providing pressuremeesurementsfor
theHoneywdl Air Data I nertial Reference Sysem.

larger measurement and control sys-
tem. The disadvantage of this ap-
proach isthe accumulation of analog
error sources between the sensing

element and the end system user.
SMART pressure transducers over-
come this disadvantage by providing
dl saang, g conditioning, com-

pensation for thermal effects and
sealing to user units at the point of
measurement. The transducersthen
send thedatato the user over anoise
resdant digitd interface

ThreeExamples
The development of the SMART
pressure transducer hes been fosered
by severa organizations within
Hogwdl: the fomer Commedd
Aviation Division, the Defense
Sygars Gop, the Militay  Avionics
Divison, the Industrid Controls
Divison, the Sdid Sae Hedronics
Division, the Systems and Research
Center and the Underseas Systems
Dividgon. Two of the SMART trans-
ducers developed by this collabora-
ion ae sown in the illusraions on
thispege

One d the transducers is a pitot-
prabe-mounted remate ar-deta module
ddivered to Boeing in 1985 for
figttet usge It is curatly flying
on their next-generation-technology
demondrator.  An - equivdat  device
but not probe mounted, has been in
production since 1986 for the Air
Daa Inatid Reference Sydem mede
by Honeywdl’s Air Transport Sys-
tams Divison far the Airbus A0, It
has demonstrated transfer-standard
performance typicaly better than
+0.01 percent full-scale total error
band throughout the entire pressure
and temperature environment.
Another SMART transducer was
devdoped in 1983-84 for dgpth sansing
on the MK-46 torpedo; this
gliction uilizes an auxiliay adag
outpLE.

Operating Prindples

The solid-state sensors used in these
transducers are based on the piezore-
sistive effect in (1-0-0) silicon.

The amplitude o the bridges out-
put 9grd is a fundion of pressure and
temperature, as shown in the upper
illugtration on pege 77. The srong
temperaure dependence of this "raw”
sensor output is unfortunate. The
most apparent component of the
temperature  dependence is  esstidly
due to a"softening” of the sensor
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dahragn with inoessng  tampaa
ture. To correct for such repeatable
tempaauedepadet aros an o
die temperature-sengitive resistor is
provided The tempeaue messred

by this resistor is then used by a
modeling algorithm to compensate

for temperature-dependent
sourcsswithinthe sensor.

error

Badsof Sensor Design
Long-term stability was our key
design god for the sensorsused in
SVART trangduoas It wes therefore
essentia that we not encumber the
s de with medhanicd ad dec-
trical contrivances to attempt to
compensate for temperature effects
and pressrenonlineatities

The oy absdlute damands on the
sensor arethat it yields highly repesat-
able and stable results. Hence the
s can be made vay dnmple ad
the corrections can be made in the
digitd modding dgorithm. This
smgliaty  yidds improved  rdiaality,
repeatability and stability, and it
reduces thamd hydeess and sensor
ood. The resldt is an uncompensdted,
loose-tderance but Sable sensor.

An example of such a sensor is
shown in theillustration above. This
sax is usd in Hongwdl's ar-daa
and engine-pressure-ratio products
for meny avil ad military goplica
tions, including airliners such as the
Bodng 727, 737 ad 747, the MdDon
rdl-Dougas MD-80 smies ad DC-
10, ad the Airbus A0 and Fokker
100, which will be entering service
.

M odes of M easurement

For  this reason high-
performance true dfferentid
pezoresdive sss  are not

generaly available, athough many
attempts have been made to
pessvate the adive Sde of the die with
dlicone gd o ather means in arder 10
obtain atrue differential measure-
ment. Our sensor overcomes the
differential-sensor-stability problem

QUASDIFFERENTIAL SENSOR for  ar-data applications messures two  abdlute
pressureswith high precision in order to synthesize a differential measur ement.
Mounting the two snsors in the same houdng, 0 that bey share the same rference
vacuum, €liminates a potential source of error, namely differencesin theresidual
presuresof twoindependent referencevacuum chambers

by providing a"quad-differentia”
mesaramat capebillity.

The s is a duadchannd abso
lute device which was desgned arig-
ndly for high-performance primary
ar-data applications (providing alti-
tude argesd, Mach ad ahe pres
sure-related information to the pilot,
autopilot, and other systems on air-
craft). It isdiscussed indetail in
Reference L.

In the ar-data gpplication two
pressures need to be known predsdy.
The absolute ambient pressure is
needed to monitor dtitude, and a
differential  measurement of the
dynamic pressure due to the
aircraft's movement through the air
provides the information needed to
caculate argesd, both presues
enter into the determination of Mach
number. The ques-dfferatid snsr
provides the ity to messure two
abolute presures precisdy. Because
both sndng elements are enclosed
in the same reference vacuum
chamber, there is no reference-
vacuum difference
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between them; a precison
differential measurement is made by
subtracting one absolute pressure
measurement from the other.

The idea of subtracting two abso-
lute pressures to gynthesize a differen
tial measurement is not new. It had
often been done with separate pres-
sure sensors, each having its own
independent  rferencevacuum — arar.
Using the Sdid State Electronics
Divigon's tiny piezoresistive sensor
technology alowed two absolute
sensors to be integrated within the
same package and to share the same
reference vacuum. Any reference-
vaouum error  then becomes a com+
mon-mode error, which disappears
from the differentid meesremant.

The advantage of the singlerefer-
ence vacuum can be explained as
follows P; and P, are the input
pressures to be messred, ad V; ad
\, ae the pressures in the correspond-
ing reference-vacuum chambers (a
vaouum isnever pafed).

For more information on the L G1237 pressure transducer, contact Honeywell at 1-800-323-8295
or visit our website: www.pressuresening.com to find your local Honeywell representative.




UNCOMPENSATED OUTPUT o the sshsor dgpends srangy on tempeaaure as wel as
presure The fadt that the surface of the graph dopes downward to the right indicates that
the sensor becomes less sangtive to pressure as the temperature inoreasss Thereis doa
dight nonlinearity intheregponsedf theseansor topresureat afixed temperature

) 8.0
4ottt g5 0 1360 180.0
[ »
-&
8
S
s
“e’i 2
=
Q% -3
[ -
- A 5 ~
® 7
=
h‘% _ 8=
= '; §m
-% -
%ﬁ a g
0.

- Ao P
TEWPERn;rURg 2.0 1380
[f1; .
EereEs F.1 1800
ACCURACY OF THE TRANSDUCER is vedly improved by an agorithmic proces
caled madding that compensates for temperaturedependent erars and nonlinearities in
the "raw" snsr data. The vertical scale in this illugration is magnified 2,000 times in
order to make slight departuresfrom theideal sensor responsevisible. Thegraph
indicates that for dl combinations of presure and temperature meesured the trangducer is
accur ateto within £0.01 per cent.

The convertiond twopressure
dffaetidpressre  gnthess  then
tekesthefdloning fom:

(Pi=V1) ~(P2—V,) =
(PL=P2) + (V2= Vy)

In contrast, the quas-differentia
presre messramat invaves oy a
sngle common referenceveouum V:

(Pr—=V) = (P2—=V) = (P = P,)

Thus by uilizng a common reference
vaoum for the two ddute presare
messraments no  referencevacuum
aror ource ocarupts the ques-dffa-
entid pressure messramant.

Highpressre piezoresdive  pressure
sensors (for applications above 2000
psi) gengdly requre a dffaent
approach in order to keep the snsr
grdl ad ya edue the high levd of
dress imposad by the evironmant. This
method causss a digt pefomence
Oegredation, but it dlows ood-effective
highpressure sensors to be used
reliably over thelongtem.

Digital Sgnal Processing

The microcomputer used in the
MART tranuoer edbles a dmple
sensor element, fabricated only to
looe tdeaves to meke highpreck
sion measurements. Through the
process called modeling, the repeat-
able aror sources of eech sensx aid its
associated analog-to-digital convason
dedronics ae mesued ad
gydardicdly compenssted for by an
agorithm. The microcomputer aso
formats the output data, performs
continuous self tests of transducer
fudions providess sid  communica
tions and peforms any addition
scaing or limit functions defined by

theusa.
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Cditretion by modding dlowvs us
to produce a device that uses no
predgon componats and requires o
analog cdibration adjustments. The
modeling dgorithm's ability to cor-
rect for pressure nonlinearities and
fixed and temperature-dependent
error sources results in exceptiona
performance, reliability and long-
tem gahlity.

The illraions on pege 77 comt
pare the normalized "raw" sensor
performance before modeling with
the accuracy of the system after
modeling. As aresult of compensa
tion by digitd modding aone al
points are accurate to within +0.01
percent of full scale. This leve of
performance is what the end user is
able to redize with the SMART
transducer sysdem. Because modding
is dmply an dgaithmic fundion, it is
do ale to trandorm ore paarge
ino anather. For example the modd-
ing agorithm can incorporate the
nonliner  rdaion  between  beromeric
pressre and dtitude

Other manipulations of the digital
data can also be undertaken when
neesssaty. For example the dynamic
behavior of the transducer—its
reoone to dianges in pressure—can
be dgead by dgtd Aitaing
dooithms Or, for control systems,
the microcomputer coud cdox
lade ad ouput derivative and
integra functions in addition to the
basdine  proportiona  fundion;
indesd, the output fundion could even
be a waghted composite of dl thee
tems

Digital Communicationsand Control
The presence of a microcomputer
within the transducer has alowed us
to add a number of other features tha
enhance both performance and con-
venience and are not available in
traditional analog transducers.

Communicaion betwean the
transduoe and the using sygam is one
aea whae dgtd tedndogy hes
corgaicuous advantages

The ftranducr can  exdly be
cofigred to ouput its data in a
slandard serid communications
pratocd auch a8 RS423 (the default),
RS42, RS232C or ARINC 429 (for
ar-data modules). Signas from a
numba of trangducars can be mult-
pewed on a snge par of wires usng
some of these formats. Multiple
communicaions  fomats  can be
accommodated smultaneoudy, as is
dore in ar-dga modules thet provide a
bdrediord RS423 dand ad an
ARINC 429 unidirectiona output.
Bidrediord  communicgion  dlows
the user to control and monitor (via
internd  built-in-test features) the
operation of the transducer. This
fadlity dlons auometed cdibraion
verification and adjustment without
removal of the transducer. Other
output formats, even andog (as
previously noted) can dso be pro-
vided for interface with existing
sygems

Another important advantage of
the digita input-output link is its
insengtivity to interface-induced
noe In an adog inafeoe filtaing
to reduce aliasing can degrade the
ovadl sydem dynamic paformence
The digital interface used with the
SMART  tranduoy  dlows  dandad
error-detection and correction tech-
niques, such as parity checking and
data reconstruction, to be utilized.
This inres a highinegity dda lirk
baween the transducer and the use.
Very little extraneous noise is then
paimposed on the resing pres
ure messUrematt.

Condusions

Perbgps the bet way of summaizing

the bendfits of the SMART transducer

is to consider the meaning of the

aroym "SMART." The transducars

ae

» Smple to use: The digita interface
relieves the system designer of the
time-consuming task of transiuor
researchand desgn
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* Maintainable: Much of the trans-
ducer's fundiondity is govemed by
firmware, which allows it to be
controlled, tested and adjusted
throughadgtd detalink.

» Acourate The user has only a snge
accuracy specification to under-
dand. The gpedfied accuracy of the
transducer is sure to be fully
realized when the transducer is
integyated into the system.

» Rdidde The snplidty ad dzblity
of the digitad mechanization
enaresit.

e Trandble The micocomputer cen
be programmed to scale and limit
output data in accordance with a
fidd-insarted function.
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