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PRESSURE SENSOR TECHNOLOGY

This tutorial addresses the basic physics of pressure, three types
of pressure measurement, seven pressure sensor technologies,
and three calibration techniques.

Robert E. Bicking, Honeywell Micro Switch

sors, we first must consider the physics

I o begin our investigation of pressure sen-
on which the technology is based.

Basic Physics of Pressure Sensing
Static Pressure. Pressure, P, is defined as
force, F, per unit area, A:

P =F/A (1)

The measurement of pressure is generally
associated with fluids, either liquids or
gases. A container filled with a liquid (see
Figure 1) has a pressure (due to the weight
of the liquid) at a point in the liquid of:

P=AF/AA=hw (2)
where:

h = distance from the surface to the point
w = weight of the liquid (most liquids are

nearly incompressible)

The weight per unit volume, V, is given by:
w=mg/V . (3)
where:

M= mass
g = gravitational acceleration

Note that this relation can be used to de-
termine the height of the column of liquid
in a tank by measuring the pressure.

The density, p, is given by:

p=m/V ’ )
Thus, the density of a liquid determines
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the pressure, P, exerted for a given height.
Mercury is 13.6 X denser than water, so
would exert a pressure 13.6 X that of water
for a column of the same height. It should
be noted that the pressure due to the height
of a column of liquid is in addition to the
atmospheric pressure acting on the surface
of the liquid. The height of a column of lig-

uid is:
h = Plog 5)

Archimedes’ principle states that “A body
wholly or partially submerged in a liquid is
buoyed up by a force equal to the weight of
the liquid displaced.” Given a block of
material submerged in a container of liquid
(see Figure 2) with area A and length L, the
downward pressure exerted on the top face
is:

Pp =hpg (6)

and the upward pressure exerted on the bot-
tom face is:

Py=(h+L)pg (7)
giving a resultant pressure of:
Py-Pp=Lpg ' (8)

and the force is equal to the volume of the
block multiplied by the weight of the liquid
displaced.

A liquid exhibits nearly no shear stress,
which leads to some interesting results.
Pressure is transmitted to the inside of a
container normal to the surfaces, a fact that
can be most easily proved by punching a
hole in a container of water and observing




the stream as it exits the hole (see Figure 3,
page 30). This is important in the construc-
tion of dams, given that they must resist the
force of water. This pressure is called the
static pressure.

Pascal’s law states that an increase in pres-
sure at any point in a liquid results in a like
increase at every other point in the liquid.
This principle is used in hydraulic systems
such as jacks and automobile brakes and is
the fluidic equivalent of the principle of the
lever, which allows large forces to be gener-
ated easily by trading large movement of a
small piston for small movement of a large
piston (see Figure 4).

Pressure in Moving Fluids. The pressure
in a moving fluid exerted parallel to the
flow direction is called the impact pressure,
Py. This is due to the kinetic energy of the
fluid: :

Py = pVoli2 _ 9)
where:

p = 1luid density
Vo = fluid velocity

Bernoulli’s theorem states that for hori-
zontal flow the following relation holds:

P5=P0+PI (10)

where:

Pg = stagnation (or total) pressure
Po = static pressure

This relationship is useful for determining
the flow velocity in a variety of applications.
Rearranging the equation gives:

Vo=N2(Ps-Po)/p (11

Fluid flow velocity may be measured with

Fi=PAy Fo=PAy=FjAg/Ay

the Pitot tube assembly shown in Figure 5.
The tube facing the flow measures total
pressure and the tube normal to the flow
measures static pressure. This approach is
used in HVAC applications and in aircraft
to measure flow velocity.

Gases. Gases differ from liquids in two
respects: they are very compressible, and
they completely fill any closed vessel in
which they are placed. The nonlinear air
pressure variation with altitude shown in
Figure 6 (page 32) is an example of the
effect of the compressibility of gases.

Figure 5. A Pitot tube assembly can be used to measure
the velocity of a moving fluid.

Dynamic Effects. Static pressure is meas-
ured under steady-state or equilibrium con-
ditions, but most real-life applications deal »

Figure 4. Pascal’s law states that an increase. in pressure
at any point in a liquid causes a corresponding incredse
at every other point in the liquid.
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Figure 6. The compressibility of gases is illustrated by
nonlinear atmosphere pressure as a function of altitude.

with dynamic or changing pressure. For
example, the measurement of blood pres-
sure usually gives the two steady-state values
of systolic and diastolic pressure. There is
much additional information in the shape
of the blood pressure signal, however,
which is the reason for the monitors used in
critical-care situations.

To measure changing pressures; the fre-
quency response of the sensor must be con-
sidered. As a rough approximation, the sen-
sor frequency response should be 5-10 X

the highest frequency component in the
pressure signal. The frequency response is
defined as the highest frequency that the
sensor will measure without distortion or

attenuation. Sometimes the response time is

given instead. For a first-order system, they
are related as follows:

fg = 1/27m7 (12)

where:

fg = frequency where the response
is reduced by 50%

T = time constant where the output rises
to 63% of its final value following a
step input change

Another issue is the remote measurement
of pressure where a liquid coupling me-
dium is used. Care must be taken to purge
all air because its compressibility will cor-
rupt the waveform.

Types of Pressure Measurements
Absolute pressure is measured relative to a
perfect vacuum. An example is atmospheric
pressure. A common unit of measure is
pounds per square inch absolute (psia).

K I DIFFERENTIAL
GAUGE PRESSURE 1 atm.
PRESSURE ¢ - I 14.7 psia
ABSOLUTE
v PRESSURE '
0 psia
(PERFECT VACUUM)

Figure 7. The same sensor can be used for all three types
of pressure measurement; only the references differ.

Differential pressure is the difference in
pressure between two points of measure-
ment. This is commonly measured in units
of pounds per square inch differential (psid).

Gauge pressure is measured relative to
ambient pressure. Blood pressure is one
example. Common measurement units are
pressure per square inch gauge (psig).
Intake manifold vacuum in an automobile
engine is an example of a vacuum gauge
measurement (vacuum is negative gauge
pressure). '

The three types of measurements are
shown in Figure 7. Note that the same sen-
sor may be used for all three types; only the
reference is different. Differential pressures
may be measured anywhere in the range —
above, below, and around atmospheric
pressure.
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'PHYSICAL MOVEMENT

ELECTRICAL OUTPUT

Figure 8. The typical pressure sensor has three functional blocks.

Pressure Units

As previously noted, pressure is force per
unit area and historically a great variety of
units have been used, depending on their
suitability for the application. For example,
blood pressure is usually measured in
mmHg because mercury manometers were
used originally. Atmospheric pressure is
usually expressed in in.Hg for the same rea-
son. Other units used for atmospheric pres-
sure are bar and atm. The following conver-
sion factors should help in dealing with the
various units:

Ipsi =51.714 mmHg
=2.0359 in.Hg
= 27.680 in.H,O
= 6.8946 kPa

1 bar =14.504 psi

1 atm. = 14.696 psi

Example: Convert 200 mmHg to psi:

200 mmHg 1 psi/51.714 mmHg
=3.867 psi

A check that the answer is correct is to
»

MOTION

PRESISURE

(C)
‘ MOTION

PRESSURE

(E)

MOTION
e

—

PRESSURE

(B)

MOTION

TPRESSURE

MOTION

PRESSURE

Signal conditioning

Connect Any Signal to Your PC

Figure 9. The basic pressure sensing element can be configured as a C-shaped Bourdon tube (A); ¢ helical Bourdon

tube (B); flat diaphragm (C); a convoluted diaphragm (D); a capsule (E); or a set of bellows ().
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optimized for PC-based
data acquisition.

* Thermocouples; RTDs;
thermistors

e Strain gauges, load cells,
pressure sensors

* Millivolt signals

« \oltages up to 250V

* 0-20 mA current:

s Counters; frequency inputs

¢ High voltage

e Digital 1/0

SCXI Features

» Analog and digital conditioning

» High channel count

« {solation; amplification

¢ Programmable filtering

* Simultaneous sampling

* Remote (RS-485), portable,
desktop, and rack mount
systems

Call today for the - &=
new SCXI product i
- brochure!

INSTRUMENTS

www.natinst.com/daq
{800} 327-989%94

Fax: (512) 683-8411 « info@natinst.com

yNATIONAL

© Copyright 1998 Nationa! Instruments Corporation. All 7ights
reserved. Product and company names listed are trademarks of
trade names of their respective companies.
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New !
Oil-free
solution
for reliable
pressure

sensing
Eliminate costly
field repairs and
assembly prob-

lems associated
with oil-filled

bressure sensors.

The Model BX, low cost
pressure sensor features:

» 300 series stainless steel
for media compatibility

* Robust sensing diaphragm
for durability and long life

e Miniature, flush-mount
design meets sanitary
requirements

Call (800) 333-
DATA to speak
with a technical
expert about

your tranducer
requirements, or
to-receive a free
copy of our new
80 page catalog.

‘i DATA INSTRUMENTS

100 Discovery Way

Acton, MA 01720-3648 USA
Tel: (800) 333-DATA

Fax: (978) 263-0630

5

NULL SHIFT
A

NULL SHIFT ERROR

PRESSURE

_ - EFFECT OF TEMPERATURE CHANGE
" _ TYPICAL ROOM TEMPERATURE
_ .- EFFECT OF TEMPERATURE CHANGE

» P

approach used to couple the
sensing element to the read-
out can introduce repeatabil-
ity errors, which will be dis-
cussed later. The mechanical
mass of the gauges also limits
the frequency response and
makes these sensors suitable
only for slowly changing
measurements.

Figure 10. Temperature has an effect on the offset of a pressure sensor.

verify that it is in the desired units and that
mmHg cancels.

Pressure Sensing

Pressure is sensed by mechanical ele-
ments such as plates, shells, and tubes that
are designed and constructed to deflect
when pressure is applied. This is the basic
mechanism converting pressure to physical
movement. Next, this movement must be

-transduced to obtain an electrical or other

output. Finally, signal conditioning may be
needed, depending on the type of sensor
and the application. Figure 8 (page 33)
illustrates the three functional blocks.

Electromechanical Pres-
sure Sensors. Electromechan-
ical pressure sensors convert
the applied pressure to an electrical signal.
A wide variety of materials and technologies
has been used in these devices, resulting in
performance vs. cost tradeoffs and suitability
for applications. The electrical output sig-
nal also provides a variety of choices for var-
ious applications.

Sensor Effects. A pressure sensor may be
modeled as: -

VOUT:I\'O_*'klP (13)

where:

ko= offset
k = pressure sensitivity in V/

SENSITIVITY SHIFT

> P

_.-EFFECT OF TEMPERATURE CHANGE
.--"_~TYPICAL ROOM TEMPERATURE
~ .- EFFECT OF TEMPERATURE CHANGE

pressure unit

A sensor will typically exhibit
temperature coefficients of offset
(also called null shift) and sensi-
tivity (see Figures 10 and 11).

Linearity refers to deviations
from the ideal straight line
described by Equation (13).

One way to measure linearity is

www.datainstruments.com
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Figure 11. Pressure sensor sensitivity is also affected by temperature.

Sensing Elements

The main types of sensing elements are
Bourdon tubes, diaphragms, capsules, and
bellows (see Figure 9, page 33). The Bour-
don tube is a sealed tube that deflects in
response to applied pressure. All except dia-
phragms provide a fairly large displacement
that is useful in mechanical gauges and for
electrical sensors that require a significant
movement.

Mechanical Pressure Gauges. In mechan-
ical gauges, the motion created by the sens-
ing elementis read directly by a dial or
pointer. These devices are typically seen in
low-performance applications, including
blood pressure measurement and automo-
tive pressure gauges. The mechanical

Circle 59 on Sensors RS Card

to use the least squares method,
which gives a best fit straight
line (see Figure 12).

Repeatability refers to the sensor’s ability
to produce the same output with consecu-
tive applications of the same pressure (see
Figure 13, page 35).

Vo
A

_ -~ BESTFITLINE
ACTUAL

LINEARIRTY

> P

Figure 12. The least squares method can be used to
measure a pressire sensor’s linearity.
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Figure 13. Repeatability refers to the ability of a pres-
sure sensor to provide the same output with successive
applications of the same pressure.

Hysteresis refers to the ability of the sensor
to give the same output when the same
increasing and then decreasing pressures
are applied consecutively (see Figure 14).

Temperature hysteresis refers to the ability
of the sensor to give the same output at a
given temperature before and after a tem-
perature cycle. Repeatability and hysteresis
effects are not easily compensated and are
indicators of the basic stability of the device.

Gauge factor is a measure of the sensitivity
of a sensor. It is defined as the ratio of the
change in an electrical transduction param-
eter over the full range of pressure to the
value of that parameter at zero pressure.

HYSTERESIS

HYSTERESIS

AN

> P

Py P

Figure 14. Hysteresis is a sensor’s ability to give the
same output at a given temperature before and after a
temperature cycle.

Thus, the gauge factor of a resistive sensor
is:

ARR (14)

where:

R = base resistance
AR = resistance change with full-scale
pressure, for example

Pressure Sensor Technologies
Potentiometric Pressure Sensors. Poten-

tiometric pressure sensors use a Bourdon

tube, capsule, or bellows to drive a wiper

POTENTIOMETRIC

ELECTRICAL
ELEMENT -

CONNECTOR

BALL BEARING HELICAL
{BOURDON-TUBE BOURDON
SUPPORT) TUBE
PRESSURE

FITTING

Figure 15. Potentiometric pressure sensors use a Bour-
don tube, capsule, or bellows to drive a wiper arm on a
resistive element. Such sensors tend to be inexpensive,
but subject to repeatability and hysteresis errors.

arm on a resistive element. For reliable op-
eration the wiper must bear on the element
with some force, which leads to repeatabil-
ity and hysteresis errors. These devices are
very low cost, however, and are used in low-
performance applications such as dashboard
oil pressure gauges. An example is shown in
Figure 15.

Inductive Pressure Sensors. Several con-
figurations based on varying inductance or p

Getting Sensor Data Off Rotating Equipment

Designers and users of rotating machinery
can now collect data from rotor-mounted
sensors the easy way with innovative
new telemetry systems that:

B offer noise-free digital accuracy
- eliminate wear-prone slip-ring contacts
& require no shaft modifications.

The new AT-4000, AT-5000 and AT-7000
wireless rotor telemetry systems collect
data from strain gages, thermocouples or
almost any other sensor type, digitize the
signal, and transmit the data across an air
gap at radio frequencies. By converting
data on the rotor to 12-bit digital code
before transmission, these telemetry
systems provide data accuracy that's ten
times higher than analog FM systems.
The AT-4000 single-channel system and

AT-7000 multi-channel system have rotating
collars that clamp directly to any existing
shaft, avoiding machine modifications. or
in-line transducers. The AT-5000 is a
miniaturized system that can be used
even where space is extremely tight. Each
system is non-contact, thereby eliminating
the installation and maintenance headaches
of conventional slip-rings.

For complete information about Accumetrics
state-of-the art wireless telemetry solutions,
contact:

Accumetrics Associates, Inc.,

409 Front Street, Schenectady, NY 12305
Tel: 518-393-2200 Fax; 518-393-3622
e-mail: accumterics@global2000.net
Web: www.accumetrix.com

ww/A ccumetrics

Ny Associates, Inc.

The AT-7000 Multi-Channel System clamps on
and offers modular expandability up to 64 ,
sensor channels. The AT-4000 Wireless Torque
Transducer also clamps on for easy application.

The AT-5000 Telemetry System has been
miniaturized for instant application on almost
any rotating shaft.
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LVDT

PRESSURE

CONNECTION
PRESSURE-SENSING

CAPSULE

Figure 16. An LVDT pressure sensor, one configuration
of inductive devices, drives a moving core that varies the
inductive coupling between the transformer primary and
secondary.

inductive coupling are used in pressure sen-
sors. They all require AC excitation of the
coil(s) and, if a DC output is desired, subse-
quent demodulation and filtering. The lin-
ear variable differential transformer
(LVDT) types have a fairly low frequency
response due to the necessity of driving the
moving core of the differential transformer

(see Figure 16). The LVDT uses the mov-
ing core to vary the inductive coupling
between the transformer primary and sec-
ondary.

Capacitive Pressure Sensors. Capacitive
pressure sensors typically use a thin dia-
phragm as one plate of a capacitor. Applied
pressure causes the diaphragm to deflect
and the capacitance to change. This change
may or may not be linear and is typically on
the order of several picofarads out of a total
capacitance of 50-100 pF. The change in
capacitance may be used to control the fre-
quency of an oscillator or to vary the cou-
pling of an AC signal through a network.
The electronics for signal conditioning
should be located close to the sensing ele-
ment to prevent errors due to stray capaci-
tance.

The capacitance of two parallel plates is
given by:

C=pAd (15)

where:
w = dielectric constant of the material

between the plates
A = area of the plates

P APPLIED
SEALED CAVITY
WITH VACUUM

Figure 17. The basic capacitive pressure sensor consists
of two plates with a vacuum between them.

d = spacing between the plates

If the dielectric constant of the material
between the plates isn’t kept constant,
errors may result. Capacitive absolute pres-
sure sensors with a vacuum between the
plates are ideal in this respect. Because the
capacitance of this sensor depends only on
physical parameters, sensors with good per-
formance can be constructed using materi-
als with low coefficients of thermal expan-

telephone 408- 734 9640
www.handar.com .
FAX 408-734-0655
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Figure 18. A more complex capacitive pressure sensor
can be built to detect differential pressure.

sion. Since the device has to be fairly large
to obtain a usable signal, frequency
response may be a problem in some appli-
cations. Also, low-pressure capacitive sen-
sors exhibit acceleration and vibration sen-
sitivity due to the necessity for a large, thin
diaphragm. A basic capacitive sensor is
shown in Figure 17 (page 36) and a more
complex differential pressure capsule is
shown in Figure 18.

Piezoelectric Pressure Sensors. Piezo-
electric elements are bi-directional trans-
ducers capable of converting stress into an
electric potential and vice versa. They con-
sist of metallized quartz or ceramic materi-
als. One important factor to remember is
that this is a dynamic effect, providing an
output only when the input is changing.
This means that these sensors can be used
only for varying pressures. The piezoelectric
element has a high-impedance output and
care must be taken to avoid loading the out-
put by the interface electronics. Some

ELECTRICAL
CONNECTOR

INTEGRATED CIRCUIT
AMPLIFIER (OPTIONAL)

HOUSING

PRELOAD SLEEVE
ACCELERATION-COMPENSATING
QUARTZ PLATE AND MASS

QUARTZ SENSING ELEMENT

FLUSH SMOOTH DIAPHRAGM

Figure 19. Piczoelectric sensors convert stress into an
electric potential and vice versa. Sensors based on this
technology are used to measure varying pressures.

piezoelectric pressure sensors include an
internal amplifier to provide an easy electri-
cal interface (see Figure 19).

Strain Gauge Pressure Sensors. Strain
gauge sensors originally used a metal
diaphragm with strain gauges bonded to it.
A strain gauge measures the strain-in a
material subjected to applied stress. Con-
sider a strip of metallic material (see
Figure 20, page 38) with electrical resis-
tance given by:

Ro = pL/WT (16)

where:
p = resistivity
L, W, T= length, width, thickness

Metallic strain gauges depend only on
dimensional changes to produce a change
in resistance. A stress applied to the strip
causes it to become slightly longer, nar-
rower, and thinner, resulting in a resis-
tance of:

R=p(L+ AL) / (W= AW)(T — AT), or
R =Ro(l + 34) 17 »

MD-2000calibrated
resistive.sensor for
applications requirin
accuracy as tight as
£1% RH

-CAP2 capacitive
sensor. for exception
interchangeability, low
cost and applications
from 0--100% RH

a

condensing

Finding the right relative humidity sensor for your OEM application can
" be a mysterious business. Which technology is best? How will different
sensors perform in a particular environment?

We'll solve your case with over a quarter century’s experience in
humidity sensing technology and. four different capacitive and resistive
humidity sensors — even when it involves condensing environments or
aggressive chemicals. Your application gets the correct sensing technology,
the right humidity sensor, and even custom-designed circuitry.

For the lead you need on humidity sensors, ask the humidity experts.

Solve the mystery on Humidity Sensors... Call: 800-225-3208

AP200.All-pofymeric.
capacitive sensor for extremie
environments; including
chiorine and ammonia.

environments,
HVAC and high-
volume OEM
applications

= GENERAL EASTERN)

-

Fax: 781/938-1071

The Humidity Experts

General Eastern Instruments
20 Commerce Way, Woburn, MA 01801

Website: www.geinet.com

Phone: 781/938-7070
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STRESS

Figure 20. Strain gauge pressure sensors measure the
strain in a material that is subjected to applied stress:

As might be expected, the signal due to
deformation of the material is small, on the
order of 0.1% of the base resistance.

Semiconductor strain gauges are widely
used, both bonded and integrated into a sili-
con diaphragm, because the response to
applied stress is an order of magnitude
larger than for a metallic strain gauge.
When the crystal lattice structure of silicon
is deformed by applied stress, the resistance
changes. This is called the piezoresistive
effect. Following are some- of the types of
strain gauges used in pressure sensors.

Deposited strain gauge. Metallic strain
gauges can be formed on a diaphragm by
means of thin film deposition. This con-
struction minimizes the effects of repeata-
bility and hysteresis that-bonded strain
gauges exhibit. These sensors exhibit the
relatively low output of metallic strain
gauges.

Bonded semiconductor strain gauge. A sili-
con bar may be bonded to a diaphragm to
form a sensor with relatively high®output.
Making the diaphragm from a chemically
inert material allows this sensor to interface
with a wide variety of media (see Figure 21),

Piezoresistive Integrated Semiconductor.

'IC processing is used to form the piezoresis-

tors on the surface of a silicon wafer (see
Photo 1, page 39). There are four piezore-
sistors within the diaphragm area on the

SS DIAPHRAGM

HOUSING E- g%g? STRAIN

BEAM

Figure 21. A silicon bar can be bonded to a dia-
phragm to yield a sirain gauge sensor with a velatively
high output.



Photo 1. IC processing is used to form the piezoresistors on the surface of a sil-
icon wafer to fabricate an integrated piezoresistive pressure sensor.

sensor. Two are subjected to tangential
stress and two to radial stress when the
diaphragm is deflected. They are connected
in a four-element bridge configuration (see
Figure 22) and provide the following out-
put: ’

Vour/ Vee = AR/R (18)

where:

Ve = supply voltage

R = base resistance of the piezoresistor

AR = change with applied pressure and is

typically ~2.5% of the full R -

Etching of the back of the wafer is used to
form the diaphragm (see Figure 23). The
high output of the bonded strain gauge is
combined with' the low hysteresis of the

Vee = SUPPLY VOLTAGE

R+ AR

V1 Vz

R+ AR

= GND

Figure 22. Piezoresistive integrated semiconductor pres-
sure sensors incorporate four piezoresistors in the
diaphragm. When the diaphragm is deflected, two resis-
tors are subjected to tangential stress and two to radial
stress. The four are connected to a four-element bridge.

deposited strain gauge in
this design, due to the
integrated construction
and the nearly perfect elas-
ticity of single-crystal sili-
con. The cost of the sens-
ing element is low since a
large number of devices fit
on a silicon wafer. Typical
die size is 0.1 in. square
with a 50 mil square
diaphragm. The circuitry
needed for amplification,
temperature compensa-
tion, and calibration may
also be included on the
same [C. Various pressure
ranges are accommodated
by varying the diaphragm
thickness and; for very low
pressures, by varying the
diaphragm diameter. This
device can be used to construct absolute,
differential, and gauge pressure sensors,
depending on the reference (see Figure 24).

Because the sensing element is so small
(see Photo 2, page 40), the package can
have a great deal of mounting and port
interface flexibility. Also, the small size

BOND BURIED PIEZORESISTORS
PADS

ETCHED CAVITY

Figure 23. The back of a wafer is etched out to form the
diaphragm of a piezoresistive pressure sensor.

(A) P1

SR

PTZ P>P>

‘P2 P1<P2

Figure 24. Piezoresistive pressure sensors can be con-
figured to provide absolute, differential, or gauge pres-
sure readings, depending on the reference. The
diaphragm is shown here as it deflects under applied
differential pressures.
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means that it has a wide frequency Photo 2. This totally integrated silicon pressure
response and may be used for sensor measures 0..52 m long by 0.44 in: wide
dynamic pressure measurements | ‘ < by 0.75 in: high; including the port.
without concern about errors.
Mechanical vibration and advances in microstructure technol-
acceleration have a negligible ogy. It consists of a thin film; ther-
effect. mally isolated, bridge structure containing a
Using a Flow Sensor to Measure Pres-  heater and temperature-sensing elements.
sure. A recently developed micromachined -~ The bridge structure provides a sensitive and
flow sensor (see Photo 3) represents a new  fast response. to the flow of air over the chip:
approach to low-pressure measurement in ~ Dual sensing elements flanking a central
applications where a small flow across the - heating element indicate direction as well as
sensing element may be tolerated. The sen- - rate of flow. A specially designed housing
sor consists of a thin film thermally isolated ~ precisely directs and controls the airflow

ngh Perf Or mance bridge structure suspended over a cavity in ~ across the sensing microstructure. Highly
H the silicon IC. effective thermal isolation for the heater and
M Obi!e Q ai‘a Because of its small size and excellent ther-

sensing resistors is attained by the etched
A@quiSitiOﬂ System mal resistance, only a few milliwatts of power cavity air space beneath the flow sensor
bridge. The small size and ther-
‘ mal isolation of the microbridge
“mass airflow sensor are responsible
for the remarkably fast response
and high sensitivity to flows.
Pressure Switches. Pressure
switches, combining a diaphragm
or other pressure measuring means
with a precision snap switch, can
provide precise single-point pres-

Real-Time Acquisition
and Display of

Typical Vehicle Sensors:
Analog Signals - Pulse Signals
Strain Gages Slip

Temperatures - Speed
Pressures Distance

Software ME4 (WIN 95)
8 Excellent Real Time Features sure sensing. Alternatively, simple
B Sensor Data Base electronic switches may be com-
8 Calibration For All Sensors v L me—————— bined with electrical sensors to

W lmo icRo . .
B Quick Look and Analysis . ‘ construct a pressure switch with an
adjustable set point and hysteresis.

Photo 3. The recently developed microbridge mass airflow sensor con-

Hardware- PC Based sists of a thin thermally isolated bridge structure suspended over d Electrical Interfacing. Care
B 16-256 Al;alog Channels cavity in the silicon IC. The chip is 67 mil square. must.be taken with. the output
B 8-128 Fully Programmable from a pressure sensor to avoid

are required to achieve high air flow sensitiv- - corrupting the signal by noise or 60 Hz AC
ity. By calibrating the device with a flow  pickup. If the signal must be run some dis-
restriction for a specified pressure drop; a: tance to the interface circuitry; twisted
sensor capable of measuring pressures of a  and/or shielded wire should be considered.

Strain Gage Channels
B 8-128 Isolated Temperature
Channels

14/8/16 Counter Channels few inches of water results. This is ideal for = A decoupling capacitor located at the sensor
B Controller Interfaces airflow measurement in HVAC applications, ~ and connected from the supply to ground
for example.
System: “All In One” The sensor operates
& All Aluminum Housing on the principle of COMPENSATING
& 12V DC, Battery Buffered heat transfer due to CIRCUITRY
A Super Bright TFT Displays ‘mass airflow directed
B Compact Modular Design, across the surface of EATER EI\SH'E!D
Easily Expandable, No the sensing element. | geyents
External Cables. (see Figure 25). Out-

put voltage varies in

A _,DAT proportion to the mass

i tl flow
Advanced Data’ Acquisition Corporation air (or other B ,O“)
through the inlet and

29140 Buckingham Ave:, Suite 2 outlet ports' of the
Livonia, MI 48154 package (see Photo 4,
313-458-1701 page 41). The sensor

Fax 313-458-1702 has a unique silicon Figure 25. A silicon bar can be bonded to a diaphragm to yield a strain gauge sen-
s Chip based on recent - sorwith a relatively high output. :
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TRANSDUCER
UNDER

TEST, g4
(OIL MEDIOM)

HYDRAULIC FLUID
RESERVOIR

Photo 4. The output voltage of the microbridge mass air flow sensor varies in proportion to the mass flow.of air or
other gas through the inlet and outlet ports of the package. The packaged sensor is 1.20 in. wide by 1.24 in. long by
0.61 in. high. i

will also filter noise, as will a capacitor from  Py=20 mA (20) OIL DEAD-WEIGHT GAUGE - HAND - FLLTER
output to ground. '

For long runs, a current output sensor where: Figure 26. Dead-weight testers, used to calibrate pres-
should be considered. These devices have a Py = low pressure range limit - sure sensors; incorporate calibrated weights that exert
2-wire interface and modulate the supply . Py = high pressure range limit force on a piston which in tur acts on a fluid to produce
current in response to applied pressure. a test pressure. Qil-type testers like the one shown here

are.commonly used for high pressures; pneumatic. air

Obviously, wire resistance has no effect and ~ With this approach, runs of 1000 ft or more aring devicesare the usual choice for lower pressures

noise must change the loop current, not  are possible.
simply impress a voltage on the signal. The

industry standard interface is: Calibration accuracy of their production test equip-
Manufacturers of pressure sensors have’ ment. These include dead weight testers
P, =4mA (19)  elaborate calibration facilities to verify the  and temperature-controlled servo-rebalance »

Transportation - Flight Test
Packaging - Crash Test
Structural - Seismic - Marine

Offering the world’s smallest, state-of-the-art digital recorders
for shack, vibration and other mechanical measurements.
Fully programmable, 10 & 12-bit A/D, SR 10 15 kHz, 1 to 9-
channels; onboard memory to 108 MB: Turn-key systems
complete with PC software for easy setup & data analysis.
Recorders available for PURCHASE or RENT. CALL TODAY!

Wide Variely of Analysis Views.
\/Qc"
SnapShockYR

? ACT com

Pac.kaga Drop Height Reporting Vibration Data Display
Instrumented

Sensor Technology

4704 Moore Street * Okemos, MI 48864-1722
517/349-8487 ¢ Fax: 517/349-8469

s o : E-Mail Address: info@isthg.com ¢ Web Site: http://www.isthg.com
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HELIX™ LOAD CELL

Winner of the Kardux Gup
Awarded by the International Society

of Weighing & Measurement
The Helix's patented torsional sensing design utifizes
the properties of a spring to remove errors caused by

off-axis loading and nonparaliel mounting surfaces.
The spring-like design resists damage caused by extreme
shock and overload.

« Insensitive to off-axis loading and. non-paraliel
mounting surfaces

« No stringent mounting constraints or
expensive mounting structures required

« High sensitivity without strength reducing
shear webs v

» Safe overload of up to 15x rated capacity

» Total error of less than 0.1% F.5.0. 20n-ax§s Ioading;
* Total error of less than 0.3% F.S.0. (off-axis loading

Patent #5,714,695 & Patents Pending

Custom Helix™ Load Cells available in-viriually any
shape or capacity with profiles as low as
0.4” and capacities as large as 1.5 million pounds

DP-100 Digital Output Pressure Transducer
The latest in piezoresistive silicon technology
combined with an on-board A/D and microprocessor
converts analog pressure to a digital format
corrected for temperature and non-linearity:

The DP-100’s ASCII output can be interfaced
directly to PCs without the requirement of analog
conversion boards or plug-in cards.

+ 0.1% accuracy over 0°~70°C; up-to 0.01% resolution
» On-board data storage

+ Up t0.400 data samples per second

+ Up to 32 addressable transducers on same RS485 bus
+ 4,000 ft. transmission distance

+50t0 3,000 psi (gauge, ahsolute, differential)

+ Compound and barometric pressure ranges available

e

Phone: 916 853-1265  Fax: 916 853-1465
www.gagetek.com = -
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Figure 27. The mercury manometer, another calibration
option for pressure sensors, can be used on gauge, differ-
ential, and absolute sensors with a suitable reference.
The difference between column heights gives the pressure
reading. Manometers are used mainly to calibrate sen-
sors designed to measure in the lower pressure ranges.

testers using Bourdon tubes made from
high-stability quartz. _
Dead-Weight Tester. A dead-weight tester
uses calibrated weights that exert force on a
piston which then acts on a fluid to produce
a test pressure. For high pressures (>500 psi),
oil is typically used (see Figure 26, page 41);

' for lower pressures, pneumatic air bearing

testers are available and are much more
convenient as well as less messy to use.

Manometer. A mercury manometer is a
simple pressure standard and may be used
for gauge, differential, and absolute meas-
urements with a suitable reference. It is use-
ful mainly for lower pressure work because
the height of the column of mercury will
otherwise become unwieldy: The difference
in column heights gives the pressure read-
ing (see Figure 27).

Low-Cost Calibration. Many of the high-
er performance commercially available
pressure sensors are furnished with individ-
ual ‘test data. A sensor with excellent
repeatability and hysteresis makes an excel-
lent low-cost in-house pressure calibration
reference when combined with a pneu-
matic pressure regulator and a source of air
pressure (see Figure 28):

Selection Considerations
Selection of a pressure

©

apply to a particular temperature range: If
the range of operation in a given applica-
tion is smaller, for example, the errors
should ratio down. Total error can be com-
puted by adding the individual errors
(worst-case) or by computing the geometric
sum  or-root summ of the squares (RSS). The
latter is more realistic since it treats them as
independent errors that typically vary ran-
domly. Following is a comparison of the
two methods:

Given the following error terms:

* Linearity = 1% F.S.

* Null calibration = 1% F.S:

* Sensitivity calibration = 1% F.S: Tem-
perature errors are sometimes given as coef-
ficients per °C referenced to 25°C. Simply
multiply the coefficient by the temperature
range of the application to obtain the total
eIIor.

¢ Temperature error = 0.5% F.S.

® Repeatability and hysteresis = 0.1% F.S.

RSS =V(12+ 12+ 12+ 052+ 0.1

~1.8% (21)

Worst case error is equal to the sum of all
the maximum errors:

Worstcase error =1+ 1+1+0.5 +0.1
=3.6% (22)

Applications

Industrial. Fluid level in a tank: A gauge
pressure sensor located to measure the pres-
sure at the bottom of a tank can be used for
a remote indication of fluid level using the
relation:

h =Plpg (23)

Fluid flow: An orifice plate placed in a
pipe section creates a pressure drop. This
approach is widely used to measure flow
because the pressure drop may be kept
small in comparison to some other types of
flowmeters and because it is impervious to

sensor involves considera-
tion of the medium for
compatibility with the
materials used in the sen-
sor, the type (gauge, abso-
lute, differential) of meas-
urement, the range, the
type of electrical output,
and- ' the accuracy re-
quired. Manufacturer’s
specifications usually

Figure 28. A sensor with: excellent
repeatability and: hysteresis can be
combined with a’ pneumatic: pressure
regulator'and. a source, of air pressure
ta yield an’ inexpensive in-house pres-
sure calibration reference.

REGULATOR
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clogging, which may otherwise be a problem when measuring flow
of a viscous medium or one containing particulate matter. The rela-
tion is:

Vo=2 (Ps=Po)/p _ (24)

In some cases, differential pressures of only a few inches of water
are measured in the presence of common-mode pressures of thou-
sands of pounds per square inch. These pressure sensors are built
with elaborate mechanisms to prevent damage due to the high com-
mon-mode pressures and also frequently have remotely controllable
pressure ranging. :

Automotive. A wide variety of pressure applications exist in the
modern electronically controlled auto. Among the most important
are: '

Manifold absolute pressure (MAP). Many engine control systems
use the speed-density approach to intake air mass flow rate measure-
ment. The mass flow rate must be known so that the optimum
amount of fuel can be injected.-MAP is used in conjunction with
intake air temperature to compute the air density. This requires a
15 psia range or higher (for supercharged or turbocharged engines).
It is also desirable to include: an altitude correction in-the control
system, and this requires measurement of barometric absolute pres-
sure (BAP). Some systems use a separate sensor, but it is more com-
mon for the' MAP sensor to do double duty since' it reads atmos-
pheric pressure for two conditions. One, before the engine begins
cranking and two, whenever the throttle is wide open.

Engine oil pressure. Engine lubrication requires pressures of
10-15 psig. The oil pump is sized to achieve this pressure at idle
and the pressure increases with engine speed. A potentiometric
gauge or pressure switch is used for this function since precision
isn't required. ‘

Evaporative purge system leak detection. To reduce emissions,

modern fuel systems are not vented to the atmosphere: This means -

that fumes resulting from temperature-induced pressure changes in
the fuel tank are captured in a carbon canister and later recycled
through the engine. Government regulations require that leaks in
this system be detected by the onboard diagnostics system. One
approach.is to pressurize the system and measure pressure decay
over a fixed time interval. A 1 psig sensor is used for this function.

Tire pressure. Recent development of the “run-flat” tire has
prompted development of a remote tire pressure measurement sys-
tem. The reason is that a flat tire of this type is difficult to detect
visually and the distance over which it can be used without any
pressure is limited. W

Robert E. Bicking is a Senior Engineering Fellow, Honeywell Micro
Switch, 11 W. Spring St., Freeport, IL 61032-4353; 815-235-5547, fax
815-235-5670.
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The Datatakers S()me like Datatakeré are

are among the

. L}
nestversztie. them big,

self-contained;
solid-state;
stand-alone
high capacity battery powered

datahloggerks Others devices that

on-the market: e measure inputs

Complete and llke them from almost

ready-to-go, any sensor
small.

'We have a complete
family of DATATAKERS
for every need.

The Spectrum series
of palm-sized,
self-powered

data loggers

is designed

to monitor and
record a wide -
range of measure-
ments; including:
pressure,

electrical properties,

temperature,

fluid level;
moisture,

relative

humidity,

air movement,

and gas concentra-
tions.: No program-
ming.or complex
equations are
required.

B +25mV, £250mV and
+2500mV voitage ranges

B Current, 4-20mA, B Flexibility to record data
resistance and bridge from 10 second intervals to
ranges once a day.

B 5 differential/10 single. B From one 1o five external
ended analog channels input channels for analog
B 5 digital I/O channels, current loop and voltage

3 high-speed counters signals

& 16-bit autocalibrating, B Seif-powered for.long term,
autoranging ADC worry-free performance

& Bulletproof non-volatile
memory protects your data
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DATA ELECTRONICS, INC.
22961 Triton Way, Suite E @ Laguna Hills, CA 92653
Fax: 949/452-1170 ® 949/452-0750 ¢ 1-800-9-LOGGER
deusa@datataker.com @ http://www.datataker.com
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