Pressure Sensors (Strain type)

Nathan Hoople
Measuring Circuits

Bonded resistance strain gage

· Capable of measuring the minute changes in resistance corresponding to strain. 

· Usually employ four strain gage elements electrically connected to form a Wheatstone bridge circuit (Figure 2-6). 

· A Wheatstone bridge is a divided bridge circuit used for the measurement of static or dynamic electrical resistance.

· Output voltage of the Wheatstone bridge is expressed in millivolts output per volt input. 

· The Wheatstone circuit is also well suited for temperature compensation. 

	

	Figure 2-6: Wheatstone Bridge Circuit Schematic


· In Figure 2-6, if R1, R2, R3, and R4 are equal, and a voltage, VIN, is applied between points A and C, then the output between points B and D will show no potential difference. However, if R4 is changed to some value, which does not equal R1, R2, and R3, the bridge will become unbalanced and a voltage will exist at the output terminals. In a so-called G-bridge configuration, the variable strain sensor has resistance Rg, while the other arms are fixed value resistors. 

· The sensor can occupy one, two, or four arms of the bridge, depending on the application. 

· The total strain, or output voltage of the circuit (VOUT) is equivalent to the difference between the voltage drop across R1 and R4, or Rg. This can also be written as:
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· The bridge is considered balanced when R1/R2 = Rg/R3 and, therefore, VOUT equals zero. 

Pressure Sensors

When a strain gage is used to measure the deflection of an elastic diaphragm or Bourdon tube, it becomes a component in a pressure transducer. 

· Used for narrow-span pressure and for differential pressure measurements. 

· Measures the displacement of an elastic diaphragm due to a difference in pressure across the diaphragm. 

· Detect gauge pressure if the low-pressure port is left open to the atmosphere or differential pressure if connected to two process pressures. If the low-pressure side is a sealed vacuum reference, the transmitter will act as an absolute pressure transmitter. 
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	Differential pressure tranducers in a variety 
of ranges and outputs. 
	


· Available for pressure ranges as low as 3 inches of water to as high as 200,000 psig (1400 MPa). 

· Inaccuracy ranges from 0.1% of span to 0.25% of full scale. 

· Additional error sources can be a 0.25% of full-scale drift over six months and a 0.25% full-scale temperature effect per 1000º F.
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	Figure 1. Shown in this drawing are the major structural elements of a typical high-level pressure sensor.
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Pressure Gauge Designs

Two common reasons for gauge (and switch) failure are pipe vibration and water condensation, which in colder climates can freeze and damage the gauge housing. The delicate links, pivots, and pinions of a traditional gauge are sensitive to both condensation and vibration. The life of the filled gauge is longer, not only because it has fewer moving parts, but because its housing is filled with a viscous oil. This oil filling is beneficial not only because it dampens pointer vibration, but also because it leaves no room for humid ambient air to enter. As a result, water cannot condense and accumulate. 

· Available gauge features include illuminated dials and digital readouts for better visibility, temperature compensation to correct for ambient temperature variation, differential gauges for differential pressures, and duplex gauges for dual pressure indication on the same dial. Pressure gauges are classified according to their precision, from grade 4A (permissible error of 0.1% of span) to grade D (5% error). 

Protective Accessories

· The most obvious gauge accessory is a shutoff valve between it and the process, which allows blocking while removing or performing maintenance. 

· A second valve is often added for one of two reasons: draining of condensate in vapor service (such as steam), or, for higher accuracy applications, to allow calibration against an external pressure source. 

· Other accessories include pipe coils or siphons, which in steam service protect the gauge from temperature damage, and snubbers, or pulsation dampeners, which can both absorb pressure shocks and average out pressure fluctuations. 

· If freeze protection is needed, the gauge should be heated by steam or electric tracing. Chemical seals protect the gauge from plugging up in viscous or slurry service, and prevent corrosive, noxious or poisonous process materials from reaching the sensor. They also keep the process fluid from freezing or gelling in a dead-ended sensor cavity. The seal protects the gauge by placing a diaphragm between the process and the gauge. The cavity between the gauge and the diaphragm is filled with a stable, low thermal expansion, low viscosity and non-corrosive fluid. 

· For high temperature applications, a sodium-potassium eutectic often is used; at ambient temperatures, a mixture of glycerine and water;

· At low temperatures, ethyl alcohol, toluene, or silicon oil. 

Interfacing

Output options:

· Small voltage output (0-20mV range)

· Small current output (0-20mA range)

· Isn’t affected by noise like a voltage output.

· Good in high noise environment, or if the output signal needs to travel a significant distance to the receiver.

· Can be converted to a voltage signal using a 

· Amplified voltage output (usually between +/-10V)

Can be easily interfaced using the ADC on the DSP.

Other Links:

http://www.omega.com
http://www.entran.com
http://www.vickers-systems.com/products/sensors_subsystems/index.html
http://www.automationsensors.com/frames/indexPRsel.html
http://www.analog.com/
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MOST POPULAR MODELS HIGHLIGHTED
To Order (Specify Model Number)

4

RANGE (psi) MODEL NO. PRICE COMPATIBLE METERS*

010 150 PX4100-150GV $95 DP25-S, DP2000-S, DP41-S
0to 300 PX4100-300GV 95 DP25-S, DP2000-S. DP41-S
010 600 PX4100-600GV 95 DP25-S, DP2000-S. DP41-S
0 to 1000 PX4100-1KGV. 95 DP25-S, DP2000-S. DP41-S
0 to 1500 PX4100-1.5KGV. 95 DP25-S, DP2000-S. DP41-S
0 to 3000 PX4100-3KGV. 95 DP25-S, DP2000-S. DP41-S
0 to 6000 PX4100-6KGV. 95 DP25-S, DP2000-S. DP41-S
01010,000 PX4100-10KGV 95 DP25-S. DP2000-S. DP41-S

*See Section D for compatible meters
Ordering Examples: 1.) PX4100-150GV is a 150 psi gage transducer with a 20 mV oulput, $95.
2.) PX4100-3KGV is a 3000 psi gage transducer with @ 20 mV output, $95.

B-21

~ ECONOMICAL STAINLESS STEEL

PX4100 Series
Ranges 0-150 to 0-10,000 psi
20 mV Output

1~ Latest Strain Gage
Technology

»~ All Stainless Steel

1+~ IP65 Sealed Case

1+ Excellent Stability and
Accuracy

1+ DIN Connector Included

OMEGA's PX4100 Series
Transducers have been designed
for general purpose applications
where the reliability of all stainless
steel is required. Using the latest
strain gage technology provides a
rugged, compact transducer with
excellent stability and accuracy.

SPECIFICATIONS

Excitation: 10 Vdc @ 10 mA

(15 Vdc max)

reverse polarity protected

Output: 20 mV (+1%) Ratiometric
Accuracy: £0.25% FS includes linearity,
and hysteresis

Repeatability: £0.1% FS

Zero Offset: +1% FS

Long Term Stability:  0.2% FS/6 mo.
Compensated/Operating Temperature:
2010 80°C (4 to 176°F)

Storage Temperature:

-40 to 90°C (-40 to 194°F)

Thermal Zero Effect: <x0.08% FS/°C
Thermal Span Effect: <£0.04% FS/"C
Maximum Overpressure: 200% FS
Vibration: 10 g to 50 Hz

Shock: 15¢ @ (11 mS)

Humidity: 95% RH (non-Cond)
Wetted Parts: 17-4 SS

Case: IP65 Sealed, 300 Series
Stainless Steel

Pressure Port: %' NPT male
Electrical Connection: Socket to Din
43650 and Micro-DIN piug (included)
Response Time: 10 ms

Weight: 75 g (2.6 0z)





	Entran® Pressure Sensors 
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EPE
Low Pressure Sensors & Microphones
Employing the latest technology of micro-machining, the EPE Sensor has been created for low pressure and acoustic testing. Its super sensitive silicon diaphragm has a broad useful range for both static and dynamic pressures and is available in a variety of mounting styles and shapes. Many of these are fitted with a stainless steel protective screen. For use in water or corrosive fluids, contact Entran for special protective coatings.
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PLN-500 Series — Submersible Liquid Level Transmitters

Ren.702

PLN-500 Series

Submersible Liquid Level Transmitters

= Simple to install liquid level
measurement

= High precision, solid state
signal: 420 mA

STI submersible liquid level
transmitters are engineered for a
wide variety of industrial and
municipal liquid level
measurement applications
requiring watertight protection.
Each transmitter undergoes
extensive testing and calibration
to achieve an accuracy of 0.25%
of span. State-of-the-art surface
mount technology provides added

Scientific Technologies Inc.

Automation Products Group ... Providing
tailored solutions for measurement applications. 24

protection from shock and
vibration. Each unit is
temperature compensated to
ensure accuracy and long term
stability under extreme
temperature variations.

The transmitters feature a
vented, watertight cable designed
to withstand 220 Ib. of strain.
Longer cables are available on
request. This enables the
transmitter to be supported
without any additional cabling.
The unit meets IP68, the
International Protection standard
for electrical equipment, for
submersion to 1000 ft.

€@

The transmitter can be supplied
with lightning protection to
IEC 801-5 (1.5KV) standards.
Additional sensor weights are
available when long cable lengths
are utilized.

» Applications

This compact, rugged
submersible pressure transmitter
is suitable for applications in tank
liquid level measurement, water
and wastewater, well depth
measurement, and offshore water
depth measurement (sea water).

» Series 500
Standard Ranges
Range Maximum®  Burst™*
Option Range (psi) (psi)
0 0-50 INWC 30 30
02 0-100 INWC 30 30
03 0-150 INWC 30 30
04 0-250 INWC 60 80
05 0-400 INWC 70 70
06° 0-5 psi 30 30
0 60 60
08 70 70
09 145 145
10 45 45
115 500 500
1 1160 1160
135 0-400 psi 1160 1160
Notes:
27.7 INWC =1 psi

© Stock models with 40 1. of cable, others
custom. Allow 6 weeks for delivery.
Maimum pressure, causing no permanent
changes in specificatons but may lzad ta
adjustable zero and span shifts.

Burst pressure, eading to permancnt
nonadustable changes i specifications
(i.e. zero offsets) or destruction of the
transmitter

*** Optional, consult ST

TolA/BRSI25-7300 © Fa 7537490

wwslauomaionrous.can » E-mail: slesstiuonaliaproduds com
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PLN-500 Series — Submersible Liquid Level Transmitters

» Specifications

Process Connection

P1*: G1/2B with removable plastic nose cone.

Output & Load Limitation
L1*:4-20 mA, 2-vire, Ry = (VA2
0.024)- (0.042_per t of cable)

= Wiring

2-Wire Current Loop.

Input: 10-50 VDG

Rccuracy
Linearity (B.F.S.L.): 0.25% of span
Hysteresis: 0.4% of span
Repeatability: 0.05% of span
1 Year Stability: 0.2% of span
Response Time (10-90% full scale): 1 ms

Temperature
Effective Temperature Compensation: 32 to 122°F (00 50°C)

Signal TG Media: 1510 122° (10 1050°)
B - Ambint 910 175°F (1010 30°C)
Signal- - Tsmmue‘.—anEmmTRF:ramu,‘sn 0) —
emperalure Error: (Reference tamperature 7 )
3-Wire Voltage Output™~

"esl:":lue M e Coor On Zero (% span per 18°F (10°C)): 0.2 (< 04 for ranges <100 INWC)
Sumply + B On Span (% span per 18°F (0°C)): 0.2

Suppy-Signal- - Electical Connection: 40 f.vented watertight cable vt free end
Signal+ e Tensile strength: maximum 200 bs

u Dimensions n

Other cable lengths available

Enclosure Protection: Submersible up to 1000 ft (IPE&/NERIA 6)

Waterial
Wetted Parts: 31655 and 30455
Cable: polyurethane
Shrink Tubing: palyolefin

m Protective Cap: polyaride _
Transmilting Fuid: Silcons ol other ransmiting liguids avalable 3
Electrical Protection: Protected against reverse polarty, short circu output and suppressor diode .~ &
for high volfage protection. Optional lighting potecton fo IEC 801-5 (15 KV z
Standard and n stock g
|| 5
= Ordering Information -
N PLIS
3.92
00 Range Option
o 0211 See Standard Ranges Tables on previous page
16 Oulput and Load Limitation
106 u See Options Table on this page
Prosess Connection
Pt a1
Options
Xt Dessicantcrying cartidge for beathing tube
u aze Xa** Lightning protection pr IEGBO1-5 vith 40 f. cabe ncluced
X'+ Addional weight (11 1b)
(Showm il protetive cone i lace.) Xe' 61210 2P male, 1/4 P female adapter
X5t CEmarked
X6+ Custom range with 40 . cabl ncludsd
Tabe Length

For the Latest Information

is standar).

y feet. (

ptional. consult STI

Ty Our Fax Bark Systemal 1/916/431-6544
nthe Intrmet, www. stiautomationproducts.com  E-mail sales@stiautomationproducts.com

Scientific Technologies Inc. [TR
Automation Products Group ... Providing
tailored solutions for measurement applications. 12
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