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Differential-PSID: Pressure is referenced to a second pressure source through the reference tube. For the 
reference port source, differential units must use a non-conductive non-corrosive medium, which will not 
affect epoxy. Water and media containing water are not permissible. The reference port is the LOW 
PRESSURE side in all differential measurements. Differential transducers are designed for specified 
maximum line pressure. Maximum reference pressure, and maximum case pressure are specified on the 
data sheets. 

... . .. ... ��� ... . . .. 

TH INNED ARE A 

... . 

GAGES DIFFUSED 

INTO OPPOSITE FACE 

FIGURE 2-1: DIFFUSED, ETCH-CONTOURED PRESSURE SENSOR 

3. MICROPHONES

Microphones are very sensitive pressure transducers, which are calibrated in terms of Sound Pressure Level
(SPL), rather than common pressure units. SPL is expressed in dB. "Decibel" for pressure levels, voltages,
accelerations, and similar measurements is defined by :

P1 
dB = 20 10910 Po

where P1 is the pressure being characterized and PO is the reference pressure. By international agreement, 

reference pressure for SPL is 0.00002 N/m2 (pascal) or 2.90 x 10 -9 psi. Note also that pressures for SPL are
always rms pressure levels. 

For more information on microphones, refer to Endevco TP278-- "Microphone Talk." 

4. SENSING ELEMENTS

The piezoresistive strain-gage element is a solid-state, silicon resistor, which changes electrical resistance in
proportion to applied mechanical stress. Since it is a single crystal it is not only strong but virtually free of
mechanical hysteresis with inherently good linearity. The significant characteristic of this element is that its change
of resistance is largely relative to its change in length. It has a gage factor many times greater than the typical wire
strain gage. Piezoresistive element gage factors range typically from 50 to 200.
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Diffused Semi-conductor Strain Gages The diffused piezoresistive transducer uses a silicon element for the 

mechanical structure, and the strain gage is an integral part of the silicon element. The gage is diffused into the 
structure (Figure 2-2). To accomplish this, IC manufacturing techniques are employed, and the technique lends 
itself to miniaturization and volume manufacture. 

ELECTRIC AL ,l' 
LEADS�---

r 
SIL ICON SUBS TR A TE 

FIGURE 2-2: DIFFUSED STRAIN GAGE 

DIFFUSED ARE A 

A typical sculptured diaphragm is shown in Figure 2-3. Note the two thicknesses. It is considerably thicker at the 
outer edge, and it has two islands in the middle section. Notice how closely the islands come to each other and to 
the edge. This is shown much better in the cross-section in Figure 2-4. It can be easily seen that a distributed load, 
or pressure, on one side results in stress concentrations at points A, B, and C. 

Most devices have been designed to stress the gage material so that the gage increases its length. This is the 
manner in which larger wire and foil gages are used. Another approach is to use a transverse gage laid 
lengthwise in the groove. As the groove bends, this gage is strained so that it effectively changes width. 

A fundamental benefit from using the transverse gage is that pressure transducer amplitude linearity can be 
excellent, typically better than 0.1 % Best Straight Line (BSL) to full scale. The transverse gage has decreasing 
sensitivity in tension and increasing sensitivity in compression. Parallel gages have decreasing sensitivity with 
increasing stress in both tension and compression, so that bridge nonlinearity is the average nonlinearity of both. 
When used in a bridge configuration, with one element in tension and the other in compression, the transverse 
gage approach can be better. With transverse gages mounted in tension and compression, their average 
nonlinearity is close to zero. For a more complete description of sculptured diaphragm pressure transducers, 
request Endevco TP277. 

The major disadvantages of silicon diaphragms are their difficulties of providing water and chemical media 
protection and their tendency to shatter under particle impingement. Silicon is a brittle material, crystalline in 
structure, and can crack or shatter on impact. Protective screens are provided or optional on all Endevco models 
to minimize this property . 

5. SENSING BRIDGE

Most piezoresistive transducers utilize four piezoresistive elements connected electrically in a Wheatstone Bridge 
in a way similar to other resistance strain-gage circuits. See Figure 2-5. A regulated voltage excitation is applied to 
the bridge input, and the bridge voltage output varies with the pressure applied. 
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FIGURE 2-3: PRESSURE DIAPHRAGM 

FIGURE 2-4: CUT-AWAY SECTION THROUGH NOTCHES AND ISLANDS 

-IN-------�

+OUT---------------'

R 1 and R2 : Therma 1 Sensitivity 
Shift Adjustment 

R3 and R4 : Zero Ba lance 
Adjustment 

WIRE 
ASSIGNMENTS 

RED 

BLACK 

GREEN 

WHITE 

SILVER 

+ INPUT

- INPUT

+ OUTPUT

- OUTPUT

SHIELD 

FIGURE 2-5: SCHEMATIC DIAGRAM FOR 4-ARM BRIDGE 
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6. TRANSDUCER DESIGN

Endevco's unique transducer design integrates bridge-balancing and temperature compensating circuitry into the 
miniature, but rugged, stainless steel case. (Figure 2-6) 

VENT TUBE 
The vent tube may be cut, bent, or 
ad justed to suit various applications. 
In some cases, it may also be used for 
making differential pressure measurements. 

INTEGRAL TEMPER A TURE COMPENSATION 
Within the extremely sma 11 cases of most 
mode ls are bridge-balancing and temperature
compensating elements. The resulting optimized 
performance is achieved through the use of 
hybrid-circuit fabrication techniques. 

SIL ICON PRESSURE CELL 
A Wheatstone bridge with four active arms is 
diffused into the sculptured silicon diaphragm 
for maximum sensitivity and frequency response. 
The silicon sensing element is mounted at the 
extreme front end of the transducer, making it 
equiv a lent to a flush-mounted daiphr agm for 
most applications. 

HIGH OUTPUT 
The full-scale output of these 
transducers provides excep
tionally high signa 1-to-noise 
ratio and wide dynamic range. 

DURABLE 
Transducer case is made of 
stain less steel and Inv ar. Only 
the case and sea ling materials 
are exposed to the medium 
being measured. Temperatures 
from arctic extremes to above 
boiling do not affect them. 

PROTECT IVE SCREEN 
The slotted stain less steel 
cover over the sensing surface 
does not degrade performance 
of the transducer. 

FIGURE 2-6: CUT-AWAY VIEW OF TYPICAL PRESSURE TRANSDUCER 
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Single crystal silicon is a very good spring material, having essentially no plastic zone to its stress-strain curve and 
very low hysteresis. Because the input pressure to these transducers is supported only by the silicon element, 
these transducers maintain reasonably good linearity until burst is reached. Although each transducer is identified 
with a particular full scale range, there is no absolute end to the scale (with the exception of burst). One may elect 
to use a transducer at some pressure above full scale, or well below full scale, depending on the requirements of 
the application. Each transducer is tested prior to shipment to a maximum limit for combined non-linearity, non
repeatability, and hysteresis to the "defined" full scale level, and for operation to a specified overrange level, 
typically 3 times full scale. 

The general linearity characteristics of these diffused transducers might best be explained by referring to Figures 
3-1 and 3-2, which show the general shape of the input to output curve and the degree of nonlinearity for
increasing input for up to three times full scale. Experience shows that the linearity for ranges greater than 5 psi is
usually about twice as good as that for the 5 psi range, and the non-linearity of the 2 psi full scale transducer is
almost twice as much as that for the 5 psi full scale range.

The linearity shown by Figure 3-2 and which is shown on the specifications for the transducers is the "independent 
linearity." This is defined as the maximum difference between the calibration point and the linear regression line 
(least squares fit) drawn through the points for increasing measurand, zero to + full scale. Numerically, this is 
usually about one-half the value when using an end-point, or terminal based, linearity definition. 

-FS

OUTPUT 

(+) 

(-) 

FIGURE 3-1: TYPICAL INPUT TO OUTPUT CURVE 
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NON-LINE AR ITY 

-3FS -2FS -FS +FS +2FS +3FS

FIGURE 3-2: TYPICAL INDEPENDENT LINEARITY CURVE 

Non-repeatability (sometimes "repeatability") is the ability of a transducer to repeat output readings when the 
same pressure is applied to it consecutively under the same conditions, and in the same direction as shown in 
Figure 3-3. It is expressed as the maximum difference between output readings as a percent of full scale output 
(¾FSO). Two calibration cycles are used to determine non-repeatability. 

Vo 

DATA 
} IN SUCCESS IVE

APPLICATIONS
OF P=Pl 

�--------�---P 

Pl 

FIGURE 3-3: TRANSDUCER REPEATABILITY 

7. PRESSURE HYSTERESIS

Pressure hysteresis is the maximum difference in output, at any pressure, when the pressure level is approached 
with increasing, then with decreasing pressure. See Figure 3-4. 

Vo 

HYSTERESIS 

I 

I 
I 
I 

I 
I 

I 
I 
I 

I 
I 

I 

�--------�---P 

Pl P2 

FIGURE 3-4: TRANSDUCER HYSTERESIS 

Because of the excellent elastic characteristics of silicon, the hysteresis of these gages is usually quite small, most 
of the time under 0.1 % of full scale, and quite often even 0.03%. As such, the specifications have simply been 
stated by indicating typical values for non-linearity, non-repeatability, and hysteresis, and then indicating a 
maximum limit for the three combined. 
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A. THERMAL SENSITIVITY SHIFT

Sensitivity - The temperature compensation utilized for most standard production units reduces the
thermal sensitivity shift to a maximum of ±4% of output at 0°F(-18°C) and 200°F (+93°C), referenced to
room temperature. This temperature error is sometimes also expressed as a maximum of 0.05% of
output/°F (0.09%/°C). Note that on special order tighter specifications can be met; the compensated
temperature range can be suppressed, expanded, shifted up or down: also calibration data can be
supplied at any specified temperature within the environmental range. The sensitivity variation with
temperature for a typical 8510 with and without the series compensation resistance is shown by Figure 3-
5. Uncompensated slope is approximately -0.08% per °F (-0.15% per °C) and compensated slope is
about -0.016% per °F (-0.03% per °C ) over most of the temperature range.

Endevco transducer test reports show sensitivity shifts at four temperatures over the compensated 
temperature range. Approximate distribution of temperature sensitivity errors for standard production 
model 8510 units is: 

Maximum Temperature 
Sensitivity Shift % 

% of Units FSO 

100 
75 
50 
25 

4.0 
2.5 
1.5 
1.2 

� +20 -.---.....----,,----,-----.----..------.----.------....... --, 

-65
(-54)

UNCOMPENSATED 

-----COMPENSATED RANGE--+--

-4 32 50 
(-20) (0) (1 0)

104 
(40) 

TEMPER A TURE 

158 

(70) 
199 225 °F 
(93 ) (107 ) ( °C) 

FIGURE 3-5: TYPICAL 8510 SENSITIVITY VS. TEMPERATURE 

B. THERMAL ZERO SHIFT

Since the resistance of silicon gages (as well as components in the temperature compensation circuitry)
is temperature dependent, input and output impedance is likewise affected by temperature. This effect
may be of no particular significance to the user, since the unit is a voltage measuring device.
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The changes in resistance of the various elements is rarely balanced. As temperature changes, the 
bridge balance changes, resulting in a ZMO change. Figure 3-6 shows an example of typical thermal 
zero shift. Endevco transducer test reports show ZMO shift at four temperatures over the compensated 
temperature range. Approximate distribution of temperature zero errors for standard production Model 
8510 is: 

+20

+10
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--··-
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.� . 
I I I 
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I' I . 
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(-3%) 

I I 

199 225 °F 
(93) (1 07) (0c)

FIGURE 3-6: TYPICAL 8510 ZERO SHIFT VS. TEMPERATURE 

RESONANT FREQUENCY 

Resonant frequency is the frequency of pressure application at which the transducer responds with maximum 
output amplitude. The resonant frequency of a piezoresistive transducer is a function of its mechanical 
characteristics. A piezoresistive transducer can be represented as a single-degree-of-freedom spring-mass 
system, the response of which is shown in Figure 3-7 as a function of frequency. Relative response peaks at 30-40 
dB at the natural frequency (fn). 

w 
2.0 

(/) 
z 
0 
a.. 1 .5 (/) 
w 

� 
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� 
f-
� 
....J 
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� 

1.0 

DAMP ING FACTOR 
S < 0.02 

4% 

J. 

.-ro f= 0 FREQUENCY 

FIGURE 3-7: RELATIVE FREQUENCY RESPONSE 
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I I I I I I 
ZERO SHIFT FOR 1 26 °F (70°C) STEP INTO 'vi ATER 

SENS IT IV ITY SHIFT FOR 1 26 °F (70°C) STEP INTO 'vi ATER 

20 30 40 50 60 70 80 90 

TIME (seconds) 

FIGURE 3-8: TYPICAL 8510 TEMPERATURE TRANSIENT EFFECT 

100 

A. WHY TRANSDUCERS RESPOND TO TRANSIENT THERMAL INPUTS

Transient thermal environments can affect transducers in several ways. As a means to simplify laboratory
simulations for the various thermal inputs, and to categorize these, they can be divided into two primary
modes. The first is heat transfer by conduction and convection, and the second, heat transfer by
radiation. With conduction or convection, heat is simply transferred in or out of a transducer at a fast rate,
causing temperature gradients. For "flush" diaphragm type pressure transducers, this must be further
refined to include the situations where heat is conducted into or out of the diaphragm through
temperature changes in the pressure medium. These affect strain-gage type transducers in the following
three ways.

(1) Errors occur simply because the strain gage elements can be at a different temperature
than their supporting structure or other temperature compensation elements.

(2) Because the strain gage elements consume electrical energy, which is removed by heat
transfer, changes in the heat transfer characteristics of the pressure media can affect the
equilibrium temperature.

(3) As heat is transferred into the diaphragm, if it is not uniform to each of the resistors in the
bridge, an unbalance in the bridge will occur.

These three factors not only cause a zero shift in the resistive bridge, but they can also change the 
sensitivity factor for the transducer. Both characteristics should be evaluated. 

B. EFFECT ON PERFORMANCE

With the sculptured diaphragm the effects from transient temperature are much less than with a flat
diaphragm, because the diaphragm is considerably thicker over most of its area. In short, diaphragm
bending is considerably less from any surface heating than when using the flat diaphragm. Because the
diaphragm is thicker, there is also much greater thermal mass to dissipate the self-generated heat from
the strain gages. This means that changes in the pressure media will cause less strain-gage temperature
change. Laboratory evaluations have been conducted by suddenly immersing the transducer into hot
water. Test results for several transducer designs are shown in Figure 3-9.
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FIGURE 3-9: TYPICAL PR ZERO OUTPUT CHANGE FROM TEMPERATURE TRANSIENT 

14. PHOTO FLASH RESPONSE

Photo flash response (per ISA S37.10, Para. 6.7, Proc II) is the output of the transducer when subjected to the
flash from a clear Number 25 flash bulb approximately two feet in front of the transducer.

The photosensitivity of silicon quite often will render silicon diaphragm pressure transducers susceptible to
radiation. The resulting transient output can be significant for applications where high intensity light can impinge
on the diaphragm (such as in explosions or in engine combustion chambers). Endevco has employed several
solutions to this - not the same for all designs. In some cases it is advisable to cover the diaphragm with an opaque
material. The diaphragm coating does slightly affect acceleration sensitivity and frequency response, and is not
usually recommended for ranges below 100 psi. For low range units (2 to 100 psi) opaque silicone grease over
the diaphragm has been found to be quite effective.

The unique construction of Endevco Models 8520 and 8531 makes them very insensitive to flash response. Also
models 8530B and 8511A have an opaque metallic coating on the diaphragm (See Section 3.14.B).

In short, flash sensitivities of silicon diaphragms vary widely from unit to unit, and it is rather common to obtain a full
scale output from a high intensity flash of light.

A. METHODS TO REDUCE FLASH RESPONSE

Several methods have been available in the past to reduce thermal transient inputs into miniature
pressure transducers. For example:

(1) Protect or shield the diaphragm from the transient with a baffle or shadowing screen.

(2) Place an opaque grease in front of the diaphragm.

(3) Add an opaque material which adheres to the diaphragm, such as black tape or RTV.
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The construction approach for Endevco's design has also helped to reduce its response to transient 
thermal inputs. The diaphragm is positioned behind a screen, essentially within a small cavity. Figure 3-
10 shows three typical construction approaches. 

SCULPTURED 

DIAPHRAGM 

�.15"� 
(3.81 mm) 

(.63mm) 

SCULPTURED 

DIAPHRAGM 

�.15"� 
(3.81 mm) 

FIGURE 3-10: TYPICAL PR TRANSDUCER CONFIGURATIONS 

SCULPTURED 

DIAPHRAGM 

�.09"� 
(2.29mm) 

These provide some protection and screening from transient thermal energy. Because a cavity is placed 
in front of the diaphragm, the response time to pressure inputs is made more complex. Tests in pressure 
shock tubes, however, show that the rise time is fast and the resonant frequencies of these cavities are 
usually over 100,000 Hz with all of the screen holes open. When more than about one-half of the holes 
are blocked the rise time increases. These effects are discussed in greater detail in Endevco Tech 
Paper 279. 

Improvements for transient thermal conditions can be achieved by placing grease or rubber in front of 
the diaphragms. Tests have shown that rubber can generally be used for designs with ranges of 100 psi 
or greater; below that, adding a gummy or high hysteresis material will affect accuracy of the transducer. 
For the lower ranges, black grease has been successfully used. For either of these approaches the 
acceleration sensitivity increases, and the resonant frequencies decrease because of the added mass 
on the diaphragm. 

Most ranges of most models can be successfully treated to completely eliminate flash response with 
minimum performance degradation by using a reflective silicone gel. 

B. METALIZATION

For some models a much better method was developed using a nickel alloy with a coefficient of 
expansion close to silicon. The material has high reflectivity, and it adheres well to silicon. It is applied by 
a sputtering process, since vapor deposition of alloys changes their composition. (Generally, sputtering 
also provides better adhesion than vapor deposition.) The thickness of the metallic coating can be 
varied, depending on the thickness of the diaphragm and the application. The increase in the thickness 
of the diaphragms from adding these coatings is less than 3%. The accuracy of the transducers is not 
degraded by the metallic coating, although the sensitivity is slightly reduced for the lowest range, 2 psi, 
because of the increased stiffness. The addition of this special coating typically reduces the flash 
sensitivity of these transducers by at least 100 times. For total elimination of flash response, a grease or 
rubber coating is still required. 
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ENDEVCO PR PRESSURE TRANSDUCERS 
INSTRUCTION MANUAL 

FIGURE 3-11: ZERO CHANGE WITH INPUT VOLTAGE CHANGE 
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FIGURE 3-12: SENSITIVITY CHANGE WITH I NPUT VOLTAGE CHANGE 

Traditionally, the excitation has been provided by a battery or a constant-voltage supply. Other sources of 
excitation, such as constant-current supplies or ac excitation generators, may be used. The sensitivity and 
temperature response of a piezoresistive transducer will depend on the kind of excitation applied. Therefore, it 
must be operated in a system which provides the same source of excitation as used during temperature 
compensation and calibration of the transducer. Constant current excitation of standard Endevco transducers will 
cause large thermal errors. 

19. POLARITY

20. 

For many measurements, it is necessary to know the polarity of the system output signal relative to the direction of
pressure on the transducer. To determine this, the polarity of the transducer output and the input-output phase
relationship of the amplifier must be known.

Unless otherwise specified, all Endevco pressure transducers produce a positive output signal when the pressure
increases. Polarity of the excitation voltage must be applied in accordance with the specifications on individual
transducer data sheets. Endevco maintains standard strain gage practice with color codes of red for positive
excitation, black for negative excitation, green for positive output signal, and white for negative output signal.

INPUT/OUTPUT RESISTANCE

Input resistance and output resistance are measured between input leads and between output leads with a
precision ohmmeter using 10 volts or less applied voltage. This measurement is extremely temperature-sensitive,
and may vary significantly with small temperature variations. The main uses of these measurements are to
calculate excitation current, and to be sure the bridge is not open or shorted.

21. ISOLATION RESISTANCE

Isolation resistance is the lowest value of resistance measured between all leads tied together and the shield, all
leads tied together and the transducer case, or cable shield and transducer case. This measurement is made
using a megohmmeter with 50 volts applied.
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When cylindrical configuration transducers are mounted as specified, they are highly immune 
to effects of strain in the mounting structure. 

(3) Flat Transducer (e.g. 8515-15) - The miniature 8515 series transducer, shown in Figure
5-1, has been shown to have excellent strain isolation. As an example the strain error for a 15
psi unit of  0.004 equivalent psia is only 0.027 percent of full scale pressure output. However, it
should be recognized that this direct strain input to the gages is a constant percentage of full
scale. Therefore, this same strain error for a 50 psia unit is approximately 0.013 equivalent psia
or 0.027 percent of full scale.

(.76mm)
1 �0.030 in

l 
FIGURE 5-1: LOW PROFILE PR TRANSDUCER 

This is a cement-mounted transducer and many methods of mounting as well as types of bonding 
materials may be used. 

Figure 5-2 shows three mounting methods: a) the unit is recessed and an epoxy is used to fill the cable 
channel and is then carefully machined flush with the surface, b) RTV bonded to a surface with tape 
overlay on the cable and, c) an overlay of tape on the units and cable with a circular cutout in the tape to 
allow the transmission of the pressure to the sensing diaphragm. 

If removal of the transducer without damage is desired, the selection of adhesive is very important. The 
housing of the transducer is very thin and can easily be damaged from bending and prying under the 
edge. Also, solvents for the adhesive may damage the transducer interior if allowed into the pressure 
inlet area. Silicone RTV adhesives or wax can be used for mounting and can be cut away or removed 
with the application of heat to free the transducer without damage. 

Another factor associated with mounting materials is their effect on the transducer when installed on 
structures which are subject to  bending. Structure surface strains which are transmitted to the base of  the 
transducer result in an error signal output. The design of this transducer provides for base strain isolation 
within the assembly. However, its performance can be enhanced if additional strain isolation is provided 
by using soft mounting materials or by reducing the mounting area. Figure 5-3 shows the results of base 
bending tests of a 15 psia transducer mounted on a 0.47 in. (12 mm) thick steel beam. When mounted 
with silicone rubber of about 70 shore hardness and 0.008 in. (0.2 mm) thick, the error is very small and 
at 250 microstrain is equivalent to only 0.001 psi output, see Curve c. The error increases as shown in 
Curve b when the transducer was mounted with a thin bondline of RTV. Even when rigid mounted with a 
thin glueline of a rigid cyanoacrylate adhesive the error is only 0.008 psi (55Pa) at 250 µstrain as shown 
in Curve a. As shown in Figure 5-3, errors increase linearly as base strain increases. Incrementally 
rotating a test unit through 360° has verified that the strain sensitivity error is relatively independent of 
orientation to bending. 
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FIGURE 5-2: MOUNTING METHODS FOR LOW PROFILE PR TRANSDUCER 

In addition to the effects of mounting materials on base strain sensitivity, the thickness of the structure on 
which the transducer is mounted also affects the output. Thinner beams such as blades or airplane skin 
typically bend with smaller radii of curvature than the 0.47 in. (12 mm) thick beam used for the test in 
Figure 5-3. This results in increased error from strain sensitivity of the transducer approximately inversely 
proportional to the beam thickness. Bending beam tests have shown that on a 0.12 in. (3 mm) thick 
beam, the error at 250 µstrain would be approximately 0.004 equivalent psi output with the transducer 
mounted as in Curve c of Figure 5-3, compared to .001 psi on the 0.47 in. (12 mm) thick beam. 
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M ICROSTR A IN 

( a) Rigid mounting using cy anoacry late adhesive
(b) RTV mounting with thin bondline
(c) 0.2 mm thick ela stomer mounting

FIGURE 5-3: TYPICAL BASE STRAIN SENSITIVITY 

3. INSULATION

The case of the transducer acts as a mechanical and electrical shield for the sensing elements. It is normally 

electrically insulated from the elements and is not connected to the shield of the cable. The case is assumed to be  

grounded to  the structure i n  which i t  is mounted.

Insulation resistance between all leads connected together and the transducer case or the shield is 100 megohms 

(minimum) at 50 volts.

The gage elements are insulated from the pressure medium by the silicon diaphragm. In all Endevco designs, the 

gage elements are diffused into the back (inside) side of the diaphragm.

4. CABLING

The cable which connects a transducer to its matching electronics is an important part of the over-all measurement 

system. It must transmit the transducer signal to the associated signal conditioning equipment without distortion or 

introduction of noise. Cables must also not affect transducer or test specimen characteristics. Good transducer 

cables are as small, light and flexible as possible, considering their specific intended application.

A. STANDARD CABLES

Each Endevco transducer is equipped with an integral shielded multiconductor cable or individual lead 

wires, typically 30 in. (0.76 m) long. The lead wires are color coded for ISA standards. (Refer to Figure 2- 

5)

Individual lead wires are ETFE insulated. Outer cable jacket materials vary - see individual data sheets. 

Because they are designed for maximum flexibility and micro-miniature size, these cables should be 

handled with care; they can be damaged i f  misused. They should not be stepped on, kinked, knotted, etc. 

The soft silicone outer jacket of many cables is easily cut, so care should be exercised in cable routing.
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When possible, the cable should be tied down within two to three inches of the transducer. Long, 
unsupported length of cable may load the test specimen and lead to cable damage. Good 
housekeeping should be observed; excess cable should be neatly coiled and tied down. In humid 
applications, it is good practice to provide a drip loop at the transducer. It may also be advisable to seal 
the cable to prevent moisture from entering the cable assembly. 

B. SPLICING AND EXTENSION CABLES

Leads may be spliced using good instrumentation practice. Care must be taken to mIntmIze the
resistance of the splice. The effects of cable resistance on sensitivity and the effects of RC filtering in the
shielded cable (see 5.6.C) must be accounted for when accurate effective sensitivity is needed.

Welded or crimped splice and copper extension wire are preferable to reduce the likelihood of
thermoelectric generation of error voltages.

For best protection from EMI/RFI induced noise, any extension cable should be shielded. The transducer
cable shield should be connected to the extension cable shield, which can then be grounded at the
signal conditioner.

5. LOADING EFFECTS

An equivalent circuit of a piezoresistive transducer for use when considering loading effects is shown in Figure 5-
4.

Eo Eol 

FIGURE 5-4: SCHEMATIC DIAGRAM OF LOADING EFFECTS 

Referring to Figure 5-4: 

R0 = output resistance of the bridge, including cable resistance. 

Eo = sensitivity into an infinite load 

Eo1 = loaded output sensitivity 

R1 = load resistance 

Using the equivalent circuit above, and the output resistance supplied on the calibration card, the effect of loading 
may be directly calculated: 

E - E (�) o1 - o R0+R1 

Because the resistance of the strain-gage elements varies with temperature, output resistance must be measured 
at the operating temperature. 
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6. EFFECT OF CABLE ON SENSITIVITY

Each Endevco piezoresistive transducer is calibrated and supplied with a specified length of cable. When utilizing
long cables in a particular application, three effects must be noted:

A. RESISTANCE

Resistance in the input (excitation) wires may significantly reduce the excitation voltage at the transducer,
resulting in a loss of sensitivity. The new sensitivity is equal to:

( 
Ri ) E· = E 11 o Ri+2Rci 

where Ri is the input resistance of the transducer and Rei is the resistance of one excitation wire. 

This effect may be overcome by using remote sensing leads (see Section 6.2). 

B. ATTENUATION

Signal attenuation also results from resistance in the output wires. This attenuation may readily be
calculated from the relation.

where the terms are as defined in Section 5.5, and Rco is the resistance of one output wire between 
transducer and load. 

C. RC FIL TERI NG

RC filtering in the shielded instrument leads may attenuate the high-frequency components in the data
signal. The stray and distributed capacitance present in the transducer and a short cable are such that
any filtering effect is negligible. However, when long leads are connected between transducer and
readout equipment, the response at higher frequencies may be significantly affected.

Cc Eol Re = Resistance of cab le 

Cc = Capacitance of cab le

FIGURE 5-5: SCHEMATIC DIAGRAM OF SIMPLIFIED CIRCUIT WITH LONG CABLE 

Because the resistance and capacitance is actually distributed along the cable, the circuit of Figure 5-5 
only approximates the effect of long wires. It is suggested that each 1000 feet of cable be considered as a 
separate RC network. Terminating a long cable with a load equal to the characteristic impedance of the 
cable will usually improve system high frequency response. For precise measurements, line filtering 
action must be determined experimentally as part of the system calibration. 
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7. BALANCING ZERO MEASURAND OUTPUT

8.

Using the integral compensation circuitry, during manufacture, Zero Measurand Output (ZMO) is adjusted to ± 10
mV maximum, and thermal zero shift is compensated to less than 3% of full scale output over the compensated
temperature range. 

If tighter tolerance is required, compensation or adjustment of the unbalanced output of a transducer (Zero
Measurand Output) can easily be performed in the signal-conditioning equipment. For a full bridge transducer the
balance potentiometer Rb is connected across the excitation terminals, and a current limiting resistor connected
between the wiper arm of the potentiometer and the bridge as shown in Figure 5-6. 

R1 
Iv----+ 

50kQ 
typical 

Rb 
Balance Pot 
20kQ ty pica 1

FIGURE 5-6: ZERO OUTPUT NETWORK FOR FULL-BRIDGE TRANSDUCER 

MEASUREMENT OF DYNAMIC PRESSURES

In any dynamic measurement, the response of the transducer and the electronics must be considered. The
requirement peculiar to pressure measurement is that one must consider the fluid coupling to the transducer from
the measurement point. For example, when a transducer must be placed remote to a measurement point, the
response of a pressure line can severely limit the response of the measurement system. When measuring
pressure oscillations in the audio frequency even the selection and placement of a transducer at the measurement
point can be critical. In addition to the dynamic characteristics of a transducer and its placement, the results are a
function of certain qualities of the fluid. These are significantly different for gases and liquids. 

The summaries below review some of the fundamental considerations from the standpoint of a pressure
measurement. 

A. ACOUSTIC FUNDAMENTALS

Sound Speed in Liquid - The speed of a compressional pulse in any homogeneous isotropic medium is:

c =� where K = volume modulus
r = mass density
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The speed of sound in two commonly used liquids are: 

Water = 4728 fps (1440 m/s) Alcohol = 4071 fps (1240 m/s) 

For comparative purposes the speed of sound in steel is about 1800 fps (550 
m/s). 

Sound Speed in Gas - The speed of sound in a gas is: 

- /RT c = -
\J 

g M- where c = speed

g = ratio of the two principal specific heats of the gas 
R = gas constant per mole 
T = absolute temperature 
M = molecular weight of the gas 

From this we may conclude that the speed of sound in ideal gases depends only on the kind of gas and 
the temperature, and is wholly independent of changes in pressure. 

If we denote q as the speed of sound in a given gas at temperature T and by C
0 

the speed in the same 
gas at temperature T 0, and apply the above equation, we have: 

At 32°F {0°C), the speed of sound in dry air is 1088 fps (331.45 m/s) and the speed increases about 1 fps 
(0.6m/s) for each degree centigrade of rise in temperature. The speed of sound in several commonly 
used gases is: 

at 60°F, Air 
(15°C) Hydrogen 

Carbon Dioxide 

= 120 fps (341 m/s) 
= 4170 fps (1270 mis) 
= 847 fps (258 m/s) 

Organ Pipe Resonance - The wavelength of the fundamental wave is equal to four times the length of 
the pipe for a pipe which is open at one end and closed at the other end. Resonant excitation can be 
produced by the fundamental frequency and all the odd harmonics. 

C 3c fn=

4L '4L , ...

I=£f 

FIGURE 5-7: ORGAN PIPE RESONANCE 

f = frequency 

c = speed of sound in the fluid 
L = length of pipe 

I= wavelength 
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Cavity Resonances (Helmholtz) 

C _ fa fn=

2 p '\J iv where: c = speed of sound in the fluid 
a = area of orifice 
I = length of orifice 

(much greater than diameter of orifice) 
v = volume of cavity 

FIGURE 5-8: CAVITY RESONANCES -1 

When the orifice has essentially no length, such as hole in a thin plate: 

f=_£_- ½.. 2p -\Jv 

FIGURE 5-9: CAVITY RESONANCES-2 

Transmitting Tube Connected to Cavity 

2r �wW 
V �u :::,=> 

Po➔ (/) o 
------r---, (/) (/) 

FIGURE 5-10: 

wZ 

p �� a..� 
1----

._ 
__ ___.__f-

_. 

TRANSMITTING TUBE CONNECTED TO CAVITY 

If the conventional formula for laminar friction resistance in tube flow is used to represent the damping of 
fluid motion, the resulting expression for pressure amplitude ratio is: 

The natural frequency is: 
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--� wn--
\J

� 

The damping ratio (h) is: 

h = 
2m - � where m= dynamic viscosity of fluid
rcr3 '\/p 

r= fluid density 

When the tube diameter is very small (as in a capillary), it is possible to produce a very large damping 
ratio so that the equation for the pressure response will reduce to the following for frequencies below the 
natural frequencies: 

I :0 I =----.=-1 + 4h2(-�--J2wn 

B. ACOUSTIC LIMITATION OF A PRESSURE PROBE

Frequency response requirements are often greater than 500 Hz for the measurement of transient total
pressure in gas paths of turbine engines. To measure this, small pressure transducers are placed in
probes. To protect the transducer from particulate damage and to provide a more thermally benign
environment it is sometimes desirable to place the transducer back from the front of the probe. (An
extreme example is to measure this at the end of a capillary tube.) An example of such device is shown
by Figure 5-11. Simply estimating the lowest resonance of this system by using the equations shown for
organ pipes or for tubing/cavity combinations results in an answer of about 3000 Hz, far below the
resonant frequency of the transducer diaphragm.

(2.54 cm) 
----- 1 .00 in 

.95 in 
(2.41 cm) 

Cavity volume .22 in dia

(.558 cm) 

FIGURE 5-11: ACOUSTIC LIMITATIONS OF A PRESSURE PROBE 

C. LOW FREQUENCY RESPONSE

Piezoresistive transducers are essentially single-degree-of-freedom systems. The use of a de excited
Wheatstone bridge allows the transducer to measure pressures from steady state (de) to relatively high
frequencies. As the electrical signal generating network is essentially resistive, the low frequency
response at the transducer is unaffected by lead length and signal conditioning equipment impedances.
As noted elsewhere, care must be taken in the selection of cable, cable length and signal-conditioning
equipment.
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ENDEVCO PR PRESSURE TRANSDUCERS 

INSTRUCTION MANUAL 

TRANSDUCER 
r-------------------------------------, 

�-+----o AC 

e Ground 

POWER 
SUPPLY 

�----1 POw'ER 

SIGNAL 
CONDIT ION ING 

e Ground 

FIGURE 6-1: TYPICAL GROUND LOOP POTENTIALS 
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ENDEVCO PR PRESSURE TRANSDUCERS 
INSTRUCTION MANUAL 

A. GAS SHOCK TUBES

Small shock tubes are often used to provide rise time and frequency response characteristics for
transducers. Because of difficulties in determining the pressure level in the step, shock tubes are not
usually used for pressure sensitivity calibration. Pressure rise times of about 1 microsecond are practical
which permits transducer characterization to frequencies beyond 100,000 Hz. Endevco uses shock tubes
to determine frequency response of all designs.

120 psig 

/DIAPHRAGM, PLASTIC

.,/ 
3-6 MILS, BL ADE CUT 

��-

TEST TRANSDUCER 

L
2.0 IN 1.0.(50 mm) 

1 .3 FT-------------- 5 FT------
(396 mm) ( 1 .5 m) 

FIGURE 7-1: PRESSURE SHOCK TUBE 
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