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THIS CHAPTER covers transducers related to mo-
tion measurements, It is subdivided into discussions of
four motion measurands: displacement, velocity, ac-
celeration, and jerk. The tabulated devices are capable
of linear or angular measurements. Most of these
transducers are sensitive along a single axis, but bi-
axial and triaxial sensors are also included.

Transducers suitable for quasi-static measure-
ments and those suitable for measurements of vibration
and shock are all discussed together, but they are
tabulated separately for easier reference to a large
number of types of devices.

The methods, techniques, transducers, and problems
peculiar to the measurement of the four motion mea-
snrands are taken up separately. It is, of course, not
possible to provide a complete survey in this short
introductory chapter, but rather an attempt is made to

draw attention to the main characteristics involved,.

with some emphasis on areas of recent instrumentation
research and development.

A few of the recently-developed devices mentioned
are not commercially available, and therefore not
tabulated, but technical literature references are given,
which show performance and construction details.

DISPLACEMENT

A measurement of displacement is basic to prac-
tically all measurements, at some stage of the in-
strumentation chain. Thus, for example, pressure may
be measured by the displacement of a diaphragm,
capsule, bellows, or piston; temperature may be meas-
ured by the displacement of a bimetallic element or of
a mercury column; if the sensing element has an elec-
trical output, such as in the case of a thermocouple or
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platinum thermometer, the instrumentation chain may
include the displacement of a pointer, a galvanometer,
or an oscilloscope trace. The devices considered here
concern only the measurement of the displacement itself.

Commercially available displacement transducers
include resistive, inductive, and capacitive systems as
well as sensors based on a large number of physical
effects.

For motions which take place very slowly, or in
steps with long stationary periods, potentiometric de-
vices have the advantages of large electrical output,
availability at any desired displacement range, gener-
ally low cost, and simple associated instrumentation.

For applications requiring the measurement of
strain, there are commercially available strain gages
made of fine- wire or foil, with many refinements such
as noninductive windings; compensation for use with
particular materials under conditions of changing tem-
perature; special mounting materials and techniques to
allow the measurement of strain in the plastic rauge,
up to a strain of several percent; and dimensions from
/6 to 6 in. long and !¢ to ' in. wide.! These gages are
generally mounted in pairs and connected in adjacent
arms of a resistance bridge for better temperature
compensation and somewhat increased output.

For higher sensitivity by almost two orders of
magnitude, piezoresistive strain gages have become
commercially available in the past few years. At the
present time, these are made of silicon with various
amounts of impurity doping to improve the temperature
characteristics.? Strains up to three parts per thousand
(and, for selected devices, somewhat more) may be
followed. For larger strains, adaptors are available
which reduce the strain at the element.

Yet another resistive device for displacement meas -~
urements is based on the conductivity of electrolytes.
It has been used commercially for phonograph pickups,
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as well as in horizontal-sensing angular-displacement
transducers. The motion changes the cross-sectional
area available to the flow of current through an elec-
trolyte, generally increasing the area in one path and
decreasing it in the other.

It may be desired to make an "absolute" rather
than a relative displacement measurement, as for
example in seismometers. Here, an extremely low
resonant frequency is required and the mechanical
spring may be further weakened by electrical feed-
back.® Since these systems have extremely small res-
titution forces, a noncontacting electrical sensing sys-
tem is used for the best low-frequency characteristics.

The advantage of little or no friction is available in
many transducers based on a measurement of the
change in self-inductance, mutual inductance, electrical
coupling, or capacitance, all of which require excitation
from a source of alternating current. Commercially
available devices include linear variable differential
transformers* having ranges from a few hundredths of
an inch to several feet. Excitation may be directly from
the 60-cps, 110-V line or, for better frequency re-
sponse, from carriers having frequencies from a few
hundred to several thousand cycles per second. The
linearity generally depends on the excitation frequency,
and both are usually specified by the manufacturer.

For the highest displacement sensitivity, capacitive
devices are available, but these often suffer from some-
what more complicated associated instrumentation.
Thus, cylindrical capacitors with a small cylindrical air
gap may be used over considerable ranges with good
linearity, while parallel-plate capacitors with a spacing
of 0.001 in. or less have been used® to measure full-
scale displacements of the order of 107 in. or less.

Several other types of devices are available com-
mercially for measuring displacement. A piezoelectric
crystal or ceramic generates a charge which is very
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nearly proportional to a rapidly applied force and hence
to the resulting compressional, bending, or shear dis-
placement. If it is not required that very-low-frequency
components of motion be reproduced accurately, then
this charge may be measured with the help of a charge
amplifier or high-impedance cathode follower or emit-
ter follower. Piezoelectric devices have comparatively
large outputs and are extensively used as phonograph
pickups. .

Two other devices having large outputs and, in ad-
dition, the ability to follow extremely low frequencies
are the electronic displacement gage, in which an ele-
ment of a vacuum tube is moved relative to the other
elements by means of a linkage extending through the
shell, and the capacitive "ionization transducer," in
which the position of the plasma surrounding two elec-
trodes in a gas tube is affected by the displacement of
metallic rings or plates external to the tube.®

Other devices to measure and control displacements
(generally angular, but also sometimes linear) include
synchros, electrical resolvers, inductive potentiome-
ters, and microsyns. Characteristics of these types of
transducers are summarized in Reference 7.

In certain applications where a direct measurement
of velocity is advantageous, an output proportional to
displacement may be obtained by performing an elec-
trical integration of the velocity output.? This integration
is readily performed, providing the available velocity
signal is sufficiently large, by means of a simple RC
circuit.?

VELOCITY

A measurement of velocity is most readily made by
means of a transducer which follows the displacement
and whage output system has a response proportional
to the first time derivative of the displacement, i.e., to

the velocity. The most commonly used electrical de-
vices involve the relative motion of a coil with respect
to a magnetic field. It is required that the magnetic flux
linking the coil change during the motion, and this may
be done by having a small coil move in a nonhomo-
geneous magnetic field of large extent or by having a
long coil and a very cencentrated magnetic field. In any
event, nonlinearity effects will occur unless mechanical
stops are provided. For measurements of "absolute"
velocity, i.e., without reference to a fixed point, a
seismic mount may be used. The displacement of the
mass in a spring—mass system, relative to the frame
from which the spring is suspended, is equal in mag-
nitude and opposite in direction to the absolute motion
of the frame, for frequencies well above the undamped
natural frequency of the spring-mass system. (See,
for example, General Reference 1, pp. 310-313.) If the
displacement of the mass takes place in such a way as
to provide flux changes in an electrical conductor, as
indicated above, then the output is proportional to ve-
locity. Devices of this type are commonly used for
vibration and shock measurements, but strict attention
must be paid to the displacement limitations, the low-
frequency limit due to the effects of the spring—mass
system, and the high-frequency limitations due to eddy
currents and loading of the velocity-meter coil itself.
In applications involving large displacements, such as
in the measurement of shipboard shock, the design of
instruments to overcome these limitations leads to
devices which are bulky and quite heavy.!?

It is possible to overcome some of these limitations
by means of a different type of velocity -measuring sys-
tem involving electrical integration of the output of a
piezoelectric accelerometer. The range limitation be-
comes the trivial one of cable length with such a sys-
tem, and the low-frequency limitation is readily ex-
tended to frequencies of the order of one cycle per
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Fig. 1. Large barium titanate accelerometer for shock-velocity meas-
urements (experimental). The edges of the triangular base are 5.6 in.
long. (Courtesy of the National Bureau of Standards.)

second or less by means of an amplifier having high
input impedance. In order to make possible the in-
tegration at a reasonable signal-to-noise ratio, a
relatively large mass is required to load the piezo-
electric element, and here again the device is likely
to become bulky.!! An experimental transducer of this
type is shown in Figure 1.

A quite different type of velocity measurement is
involved in the determination of rotary speed. Both
analog and digital types are in use, with a wide variety
of transduction principles, including AC induction,
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permanent-magnet, capacitive, reluctive, and eddy-
current types. A survey of these techniques is given
in Reference 12.

ACCELERATION

The measurement of acceleration is of great im-
portance in many technologies. In general, acceleration
is measured by means of a spring—mass system, with
the spring fixed to the case of the instrument, which is
in turn attached to the structure to be tested. It is
readily shown that, for frequencies which are low with
respect to the undamped natural frequency of the system,
the displacement of the mass with respect to the frame
of the instrument is proportional to the acceleration
imparted to this frame.

As the frequency is increased, the displacement
per unit acceleration, and hence the sensitivity of the
accelerometer, changes in a manner which depends on
the damping of the spring—mass system. (See, for
example; General Reference 1 pp. 293, 295, 297, 299,
and 302.) The relative displacement, x, in such a sys-
tem is given by a second-order differential equation
with constant coefficients, mi+ ci+kx=F, where m, c,
and k are the mass, damping coefficient, and spring
constant, respectively, and F is the external force
applied to the system. (The dot denotes differentiation
with respect to time.) The following terms are com-
monly used as a measure of the degree of damping:

e Damping Coefficient, c: The damping force per
unit velocity, in the above differential equation.

e Damping Constant, a: The Napierian logarithm
(base e=2.718...) of the ratio of the first to the
second of two values, separated by unit time, of
an exponentially decreasing quantity; a = c/2m.

e Logarithmic Decrement, §: The Napierian loga-

. rithm of the ratio of two successive peak ampli-
tudes in the same direction; & = 27c/+\/4mk-C.

e Damping Ratio, c/c.: The ratio of the damping
force per unmit velocity, c, to the value c, =2mk
of this force which would make the system criti-
cally damped. This ratio is often expressed as
"percent of critical damping."

e Damping Factor, e-%: The ratio of the firstto the
second of two values separated by time ¢, of an
exponentially decreasing quantity having a damp-
ing constant a.

e @: A measure of the sharpness of resonance, by
analogy with electrical systems. For small damp-
ing, @ is nearly equal to the magnification at
resonance. At the undamped natural frequency,
0 = (2c/c)

The first four of these terms are related to each
other, and to the angular (undamped) natural frequen-
cy @, = 2nf, = \/k/m, as shown in Table I.

‘A measurement of acceleration is thus reduced to
a measurement of relative displacement, and the meth-
ods available include in principle all the methods dis-
cussed in connection with displacement measurements.
The most commonly used transduction principles in-
clude potentiometers, bonded and unbonded wire strain
gages, devices based on changes in self-inductance,
linear variable differential transformers, vibrating
wires, and capacitive, piezoresistive, and piezoelectric
devices. For special applications such as ballisto-
cardiography, electrical differentiation of the output of
a relative-velocity meter may also be advantageous.?

It is well to think in terms of two quite different
types of acceleration measurements: Slowly changing

“and quasi-static accelerations such as are encountered

in moving vehicles of all types; and vibratory and shock
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Table |

Relationships Among Commonly-Used Damping Characteristics

& 27 a c a
o V1= al/w? C. S
* *
Sw c )

SR c 5 2mc/c, . A
Ce REY; o= (c/c.)?

*For small damping, these relations reduce to

c
a=— and § = 2r—
217 Cc

accelerations associated with machinery and explosions,
and also witk several biomedical phenomena. In some
tests, the two types of acceleration occur simultane-
ously and the demands on the instrumentation may be-
come quite severe,

Slowly changing acceleration measurements are
often related to guidance or other high-accuracy func-
tions and hence require transducers and associated
instrumentation of the highest accuracy. Force-bal-
ance or "servo" types are well suited to this applica-
tion. Accuracy is generally increased at the expense
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Fig. 2, Experimental capacitive accelerometer with frequency-response characteristics controlled by air damping. (a) Exploded view,
(b) Theoretical and measured frequency-response of 2500-cps accelerometer. |4 |is the magnitude of the dynamic amplitude ratio, B the
frequency ratio f/f,, where f, is the natural frequency of the evacuated transducer. (From Ref. 15, by permission of the Journal of the

Acoustical Society of America.)

of high-frequency response and ability to withstand
large shocks.

On the other hand, measurements of vibration and
shock generally do not require an accuracy better than
5, 10, or even 20%, in view of the large range of vibra-
tion and shock amplitudes at different points of a struc-
ture or vehicle, particularly for frequency components
above a few hundred cycles per second. The require-
ments for accelerometers suitable for vibration and
shock measurements generally include a high resonant
frequency; extremely rugged construction free of sub-
sidiary resonances; very low response to accelerations
at right angles to the sensitive axis; a mass which is
negligible with respect to the structure to be tested;
small temperature effects; small sensitivity to sound
and to ambient pressure changes; and low output from

motions of the connecting cable.!® These characteristics
may be achieved in a number of designs of piezoelectric
accelerometers,'* but nearly always at the expense of
the ability to follow very-low-frequency acceleration
changes.

It is seen that the measurements of the two types,
of accelerations are fundamentally incompatible and
considerable sacrifices in the fundamental require-
ments for both types of measurements have to be made
in order to use a single instrument. Thus, it is com-
mon practice in missile technology, for example, to
use separate devices for the two types of acceleration
measurements. Since these devices generally have
different masses and cannot be mounted at the identical
position; the records may not agree in the range of
frequencies which should be reproduced correctly by
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both devices. Considerable effort has been made. to
develop accelerometers having compromise specifi-
cations which make them suitable for both low-fre-

' quency accelerations and vibration and shock appli-

cations. These include wire strain-gage types having
resonant frequencies above 1500 cps, and capacitive de-
vices with frequency-response characteristics con-
trolled by air damping!® (see Figure 2). As another so-
lution to this problem, acceleration transducers with
piezoresistive strain elements to sense the displace-
ment of the inertial mass have recently become avail-
able from several commercial sources.

JERK

The characteristic of motion which is of interest
under conditions of rapidly changing forces is some-
times the time rate of change of acceleration, or jerk.
As indicated by the above definition, jerk is expressed
in g per second, cm/sec3, or ft/sec®. The major ap-
plications for jerk measurements have been in con-
nection with physiological measurements, where it
appears that discomfort and injuries from transient
motions correlate well with the measured jerk, and also
with ballistocardiographic measurements,!® in which
considerable additional detail is brought out by the
time differentiation of the more usual velocity or ac-
celeration traces.

An output proportional to jerk is readily obtained by
electrical differentiation of the output from any ac-
celerometer. This process is particularly simple for
piezoelectric accelerometers, since these devices rep-
resent capacitive sources which only require a re-
sistive load to perform the required differentiation. An
experimental piezoelectric jerkmeter is shown in
Figure 3.

Another simple jerk-measuring system consists of
a permanent magnet acting as a springina spring—mass
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system, with a coil located so as to produce an output
proportional to the rate of change of magnetic flux due
to both the magnetostrictive effect and the motion of the
pole with respect to the pickup coil.
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(#1210) 115V,
60 cps; or 24 V
DC, 10 W

OUTPUT THEORETICAL
MEASURAND MEASURAND OPERATING SENSI-
MFR.  MODEL 'MEASURAND CHARACTER- EXCITATION  TRANSFER STATIC ERROR BAND
H SERIES_ RANGE PROPERTIES PRINCIPLE ISTICS TIVITY FUNCTION
[+-] : 5
3
> Series Identi- Measurand Impedance s Nature Portion of Range Maximum Static Error
fication - Ressast Froyeency echanical Linkage Output Range(s) (% of full-scale (% of full-scale
& Number of Peiver Bisie Transduction Principle Power Output measurand) outpiit)
i, Transducers Measurand Limitations HCChersite: Output Impedance i
in Series Environmental Conditions
Displacement, Linear
1-001 55  CM 500-A Position: linear - 0.060 in. Not available Direct. Electrical Direct mechan- 'AND' logic 0to 100%  None
2 Resistive ical equivalent (sensor is self-
g Silicone damped o of 5 oz static compensating
t ——r against position
error)
1-002 20 wmr Displacement: linear +0.005 to Not available Self-aligning shaft Electrical 2 to 200 V 5 to 120 V (rms) Linear 0 to 100% 0.5%
150 +60 in. Differential transformer 1to3V ms (rms)/in. 60 to 50,000 cps
1 to 20 mW =300 to +750 F
_— .< 300 Q
1-003 20 % 'SS Displacement: linear +£0.050 to Not available Self-aligning shaft Direct current 2.5t Either 6V DC or  Linear 0 to 100% 1.0%
18 £2.0 in. stroke Differential transformer 1.5t027 V 240 V/in. 24V DC
Solid state converter/demodulator 1 mW Room temperature
i 3000 to 7000 Q
1-004 63 1500 Displacement: linear 2 to 180 in. Not available Cable Electrical 6.5 to 15 V max Linear 0 to 100% 0.1%
. 8 Potentiometric Oto 15V 270 m\V/V
_ per in. STP
R 0 to 500 Q, var-
iable
1-005 36  Mechohm Displacement: linear 01t00.120 in. Actuator lever Stepless resistance  Not avail- 115V, 50 or Specified by 0 to 100% 0.7%
2 0 to 0.200 in. Resistive changes able 60 cps, 60 ma customer
Operating force varies from 30 gm
at threshold to 70 gm at max output * 120 or 240 W
" (special low~force units are avail-
able)
1-006 95 1120 Displacement: linear (uni- Min:0 to 0.1 in. Not available Self-aligning shaft Resistance-ratio 0.8 to With potentio- Linear 0 to 100% 0.1%
axial) Max:0 to 120 in. Potentiometric 0 to 100 mV or 1000mV/in. meter no excita-
Available with dust seal 0 to 100 pa 0.8 to tion needed;
_— 1000pa/in. with power unit
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LIFE

TIME

CALIBRATION

ENVIRONMENTAL RANGES

SIZE, WEIGHT,

ISA NUMBER

REPEATABILITY RESOLUTION .AND ZERO AN REMARKS
FACTOR EXPECTANCY CONSTANT ADJUSTMENT AND EFFECTS MOUNTING
. { . Special Characteristics
Portion of Range  Repeatability Portion of Range Resolution kecebl Caeain ZoroShift  Sensitivity Shift Damping Characteristics
(% of fullscale (% of full-scale (% of full-scale (% of full-scale Special Desi
2of Turs Apotmont & (% of fullscale (% of sensi- pecial Designs
measurand) output) measurand) measurand) Retative or Ahgolm gy output/unit tivity/unit Foreign Availability
: : change) change) Foreign Manufacturer
Environmental Conditions Environmental Conditions Referesce Number
0 to 100% 0% 120% Field units Not available Nonadjustable 50 to 250 F 0.500" O.D. x 1.062" Completely self-compensa-
still operating long ting against all physical
Standard after 0.6 0z changes within its range
5 x 107 cycles Direct mounting such os dimensional,, tem-
perature, acceleration,
static position, etc.
Silicone damped
Aero/space
Available in Canada,
Europe, and Japan
F-1066
0 to 100% 0.1% 0 to 100% Infinite 110% 107 cycles Depends on car- -300 to +750 F 0.005%/F 0.015%/F $" to 12" in length, Exceptionally large stroke-
rier frequency 0 to 10,000 psi 0.0001%/psi  0.0001%/psi 3" to 13" in dia to-length ratio
0 to 100% R.H. No effect lozto251b
0to50g 0.001%/g 0.001%/g Aero/space
15 g for 11 msec 0.001%/g 0.001%/ Available in Europe and the
20 g at 1000 cps * 0.001%/g 0.001%/g ‘Americas
0 to 100% 0.1% 0 to 100% Infinite 110% 5000 hr 0.1 to 20 msec -65 to +250 F 0.005%/F 0.015%/F 0.8" t0 8.0" x £" dia  Output ripple less than 3%
) 1to8oz F.S. (rms)
Clamp mounting
’ ’ Aero/space
Available in Europe and the
Americas
0 to 100% 2 0.1% 0 to 100% Infinite None, 100% Not available  Not dvailable None -10 to +180 F v 5"x 8" x 6" (180" et
positive stop en- 40 g max unit), 6" x 43" x 3"
STP STP gages at rated 12gat 10 to 0.06%/g (150" unit) .  ——
travel 2300 cps 31b 6oz (180" unit), Generally available world-
2 b (150" unit) wide
Flange mounting
0 to 100% 1.0% 0 to 100% Infinite 125% 50,000 hr in < 50 msec None =65 to +70 C Not available Not available 3" x 2" x 2" (plus ex- e
excess of 14.7 psi ternal resistors)
3 x 108 cycles 98% R.H. 34 or 40 oz ——
Generally available world-
wide
0 to 100% 0.05% 0.0005 to 0.0015 in. depend- To specification 107 cycles Direct coupled = Yes Designed for industrial and ground-support environments 1" to 2" dia x stroke

ing on range and resistance

for requirement

no delay

length
<1lb

Available in Europe,
Canada, and Africa
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; OUTPUT THEORETICAL
wrr. 7 MOBEL - MEASURAND e oo ol vl CHARACTER- SVey  EXCITATION TRANSFER STATIC ERROR BAND
Series Identi- Measurand Impedance i Nature Portion of Range Maximum Static Error
fication R tF echanical Linkage Output Range(s) (% of full-scale (% of full-scale
Number of esonant Frequency Transduction Principle utput Kange(s measurand) output)
Transducers Power Drain Special Characteristics Power Qutput
st Measurand Limitations Output Impedance e .
in Series Environmental Conditions
47  Microtrans Displacement: linear (uni- 0.25t0 1in. Not available Self-aligning shaft Pneumatic pres- 120 psi/in. 35 psig air sup- Linear 10 to 100% 1.0%
1 axial) : Spring-pneumatic bellows sure ply (regulated)
1 v N 0 to 30 psig STP
33 131 Displacement: linear (uni- +0.200 in. Self-aligning shaft AC voltage 0to28V 400 cps, voltage  Linear 0 to 100% 0.5%
ol . axial) : Differential transformer 0to 20 V per 0.150 in. to suit require-
oisUtequirer 0.5wW Differential transformer with spring- 20 mW ments
ments| | loaded prod 2K
33 220 Displacement: linear (uni- 0.00001 to AC voltage 700 V/in. Oto 115V at Linear 0 to 100% 0.025%
To sui . axial) +0.250 in. Differential transformer Oto75V 400 cps
ORuIrequie Up to £2 in. on 0.5W 20 mW
ments special order To specification
200 CE-10 Displacement: linear (bi- +0.005 to ' Voltage MV/mil to AC voltage, 60 Linear 0 to 100% 0.1 to 0.5%
24 axial) 4 +5.0in. High cps Differential transformer Millivolts to 50 V/in. to 20 Keps car-
1 W.max Hermetically sealed volts rier frequency
Milliwatts to T W
10 to 100 K
59 BC Displacement: linear (uni- Min: £0.20 in. 100 K Spring-mass Electric 6 to 50 V/in. 20V DC or AC Linear 0 to 100% 0.85%
6 axial) Max: +0.175in. 7.3 to 23 cps Strain gage (semiconductor) +1 V DC min F.S, (rms)
0.62 to 2.0(in.-Ib) x (frequency) ~10to+150 F
Direction normal to axis of beam 1K
9%  VGB 12 Displacement: linear (uni- 0 to 0.25 in. No mechanical linkage AC amplitude 200 mV per 110V, 60 cpsor  Error function 0 to 100% 0.1%
) axial) 5000 cps Differential transformer 20 to 10,000 mV 0.0001 in. other AC voltage
Less than 1 grain Hermetically sealed 0 to 100 mW Standard
Must posess correct magnetic char- 100 Q max
acteristics
91 402 Displacement: linear 0.5t0 12 in. — Self-aligning shaft Electrical AC or DC power  Linear 0 to 2% 1.0%
10 travel Potentiometric 0 to 100% of Vexc supply 2 to 98% 0.5%
Environmentally sealed 1 W/in. electric- 98 to 100% 1.0%

20 in./sec max shaft velocity

al travel at

70 F

1,02 5, 7.5 10;
20 K

Room conditions
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SIZE, WEIGHT,
REPEATABILITY RESOLUTION O ubecTANGY CONMENT 4 AND ZERO i e gt L e AND REMARKS
: ADJUSTMENT MOUNTING
< s Special Characteristics
Portion of Range Repem!ility Portion of -Rangc Resolut-mn Interual Calibration Zero Shift Sensitivity Shift Damping Characteristics
(% of full-scale (% of full-scale (% of full-scale (% of full-scale 3 % of full-scal o ol gk Special Designs
measurand) output) measurand) measurand) and Zero Adjustment Range ( scale (% of sens -
Reiative or Absolute outnhuat/ un)lt twhltay/un)nt :mg av:nimig
i Environmental Conditions change change ore rer
Environmental Conditions Reference Number
Not available Not available Not available Not available  Not available Yes 14.7 psi VYao%/ psi 0%/ psi 7i" x 63" x 43" Usual application is to
Relative 10 1b measure expansion of tur-
Bolt mounted, in any bine casing during start-
position for contact up
Generally available world-
wide
F-1003, F-1004
0 to 100% 0.5% 0 to 100% 10 pin. 150% 108 cycles Not available None -65 to +185 F 0.01%/F 0.01%/F . I;x 4%6"
15 to 0 psi 4, oz ol ey,
100% R.H. : Aero/space, biomedical
100 g Generally available world-
100 g for 11 msec wide
100 g at 2000 cps
0 to 100% 0.02% 0 to 100% 0.002% 200% Indefinite — Not available -65 to +200 F 0.01%/F 0.01%/F 20z
no rubbing 50 to O psi 2 holes in mounting _—
parts 100% R.H. flange Aero/space, biomedical
100 g Generally available world-
100 g for 11 msec wide
100 g at 2 Kcps
0 to 100% 0.05% 0 to 100% 0.01% Varies up to 200% Unlimited Depends on exci- None 350 F 0.01%/F 0.01%/F 1" dia to 13" dia x 3"
(static device) tation frequency 100% R.H. 0%/% R.H. 0%/% R.H. to 10"
15¢g 0%/g Varies Aero/space
150 g for 1.0 msec 0%/g Varies Generally available world-
20 g t0-2000 cps 0%/g wide
- 0 to 100% +0.1% 0 to 100% Infinite 200% 3to5x 108 2160 msec to None -10 to +150 F < 0.005%/F 13" x 43" x 1" to
duty cycles 6980 psec 13" x 63" x 194" -
-10 to +150 F -10 to +150 F Approx. & oz Aero/space, biomedical,
. Screw, loads applied and marine sciences
through ball Available in Latin America,
Canada, European Common
Market, and Japan
0 to 100% 0.1% 0 to 100% 0.1% 100 to 125% > 104 hr < 1 msec Yes -65 to +150 F 0%/F 0%/F 2 piece, " O.D.x 2" Null ripple — max
Relative 0 psi 0%/psi 0%/ psi plus 1 piece 3" x 3" x
Standard 0 to 100% R.H. 0%/% R.H. 0%/% R.H. 5" —_—
50 g 0%/g 0%/g 21b Generally available world-
50gat2to Pickoff mounting in "=  wide
2000 cps 18 UNF holes, elec-
tronics: bolt down
0 to 100% 0.1 t0 0.2% 0 to 100% 0.1 10 0.2% 100% 106 in. total Not available -65 to +275 F 0.01%/F* 0%/F. 3" dia, 25" length, Double O-ring seals on
(£1 wire) (depending stroke 0 to 15 psi 0%/psi * 0%/ psi plus mechanical shaft, single or dual out-
on travel and 100% R.H. 0%/% R.H.* 0%/5: R.H. travel put, switches available.
Room conditions resistance) (100 hr) - Approx. 1 oz/in. Shaft rotates 360°
100 g max 0.1%/ 0%/, Body threads or option=
Room conditions 100 g for 8 msec max 0.2%/9* 0%/3 al brackets Aero/space
50 g at 2000 cps max 0.3%/g* 0%/g AvcilaElJe in Canada and

*Errors are not zero shift, but + environmental errors —

zero shift is 0%.

Europe
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( ISA NUMBER

1-007

1-008

1-009

1-010

1-011

1-012

1-013



MOTION

OUTPUT THEORETICAL
MODEL MEASURAND MEASURAND OPERATING CHARACTER- SENSI- EXCITATION TRANSF
MFR. MEASURAND SFER STATIC ERROR BAND
& SERIES RANGE PROPERTIES PRINCIPLE ISTICS TIVITY FUNCTION
om
ES
Series Identi- edanc y Nature Portion of Range Maximum Static Error
s fication - RN tpatance Mechanical Linkage o (% of fulkscale (% of full-scale
Resonant Frequency Transduction Principl utput Range(s)
3 Number of Power Drain rans pie Power Output measurand) output)
? Transducers ~ Measurand Limitations SR s Output Impedance ’
in Series Environmental Conditions
\/
1-014 91 403 Displacement: linear 0.5to 6in. —— Self-aligning shaft Electrical AC or DC Linear 0 ta 2% 1.0%
18 travel Potentiometric 0 to 100% of Vexc 2 to 98% 0.5%
_— Environmentally sealed 1 W/in. electrie- 98 to 100% 1.0%
20 in./sec max shaft velocity al travel at 70 F
1V, 2,5, 7.5: 10; Room conditions
20 K
1-015 146  51D05 Displacement: linear Oto7 cm _ Self-aligning shaft Change of capac- 1 pF/cmand  DISA reactance Linear 0 to 100% 0.2% +
Capacitance itance Y5 pF/cm converter 51BOZ 0.001 cm
100 0 to 1 and with accessories
Must be capable of moving the sen- 0 to 7 pF STP
sing element (weight 0.009 Kg)
11 and 19 pF
1-016 146 PU 3a Displacement: linear 0.0001 to Change of capac- DISA reactance Hyperbolic 0 to 100% 1%
500 0.5 cm Capacitance itance converter 51BOZ
None : Oto 1 pF with accessories
Must be conductive material
: 15 pF
1-017 157  DT-500, DT- Displacement: linear 0.00025 to Self-aligning shaft Voltage 10 V/F.S. RF excitation Linear 0 to 100% 1%
1000, DT- 0.5 in. Oto 10V from a dynagage
2000 0.00050 to el d ) . system 70 F
3 1.0 in. ) 25K
0.001 to 2.0 in. ;
1-018 157 PT-3, PT-4, Displacement: linear 0.000001 to Voltage 10 V/F.S. A dynagage Linear
PT-5 1.0 in. Capacitance Oto 10V transducer; measuring system
3 1 pin. depen-
9K dent upon
initial air
gap and
electrode

configuration
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ISA NUMBER

CALIBRATION SIZE, WEIGHT,
REPEATABILITY RESOLUTION e Rl oty " i, MO ZERO D Ertiire e AND REMARKS
ADJUSTMENT MOUNTING
" J 4 Special Characteristics
Portion of Range  Repeatability Portion of Range Resolution " sl ice Damoi i
— n amping Characteristics
(% of fullscale (% of fullscale (% of fullscale (% of full-scale Internal Calibration Wb MR e g Shectl Dosigns
measurand) output) - measurand) measurand) Rera“t?vie:: :ﬂ.‘,‘,‘,,'{',‘f"' Range output/unit tivity/unit Foreign Availability
Environmental Conditions Environmental Conditidns change) change) F°;‘;¥:r:‘l;';":‘f';'a’e"r’
0 to 100% 0.1 to 0.2% 0 to 100% ?d] tang.Z% 100% lO‘kin. total Not available None 86'5 t;;5+27.5 F gé/o/l%_/F* g’;:éF di\c;': 1 .8[75“ ph'.as Double (')-hringii s'ealed
+1 wi e s on stroke o 13 psi o/ psi* i mechanical trave against humidity contam-
(1 wire) h-uvzel and 100% R.H. 0%/% R.H.* 0%/;: R.H. Approx. 1 0z/in. ination. Single or dual
Room conditions resistance) (100 hr) output stainless or alumi-
100 g max 0.1%* 0%/g num case. Transmitting
Room conditions 100 g for 8 msec max 0.2%* 0%/g shaft rotates 360°.
25 g at 2000 cps max 0.3%* 0%/g Switches available.
*Errors are not zero shift, but £ environmental errors = ﬁjzl/:g?:?n Canadaand
zero shift is 0%. Europe
0 to 100% 0.1% 0 to 100% 0.1% 115% 107 cycles 40 psec None -50 to +200 F 0.06%/F 0.003%/F (2)72m'r(n déa thBO mm PRI OEN
.2 Kg (without acces- —_—
STP STP sories)
End clamp mounting Generally available world-
wide
F-1023
40 psec None -50 to +200 F 0.1%/F 0.1%/F g gmodic x 62 mm e
.210 Kg et
End clamp mounting mip—
Generally available world-
wide
F-1023
0 to 100% 1% 0 to 100% 0.01% 105% Unknown ~15 psec ?(2)8‘; . 8%?;{;/1; ’ 8/0/.’;/::/’: y 4% to bioz A dynagage megstf.uring sys— .
o R.H. o R.H. %/% R.H. tem is required for use wit
70 F 70 F these transducers. All
specifications apply to the
dynagage-transducer com-
bination.
0 to 100% 1% 0 to 100% 0.01% Unknown 10 psec 200 F 0.25%/F 0.05%/F 2to 150z A dynagage measuring sys=
100% R.H. 0%/% R.H. 0%/% R.H. 2"-40 threads tem is required for use with
100 g at 0.05%/g these transducers. All
1000 cps specifications apply to
the dynagage-transducer
combination
15

1-014

1-015

1-016

1-017

1-018




MOTION

ISA NUMBER

(

1-019

1-020

1-021

1-022

1-023

OUTPUT THEORETICAL
MODEL MEASURAND MEASURAND OFERATING CHARACTER-  SENSI ExciTATION ~ TRANSFER STATIC ERROR BAND
MFR. . eEmies WERi N RANGE PROPERTIES PRINCIPLE e TIVITY RCTION
Series Identi- Portion of Range Maximum Static Error
fication Messuran impedance Mechanical Linkage s LI (% of fulscale (% of full-scale
Number of s sy Tihatn |||“|_|:st|picles Power Output measurand) output)
Transducers Measurand Limitations Shecl (macia Output Impedance : "
in Series Environmental Conditions
15 108 Displacement: linear 0-0.5 to 0-6 in. Not available Shaft Potentiometer 1N Any AC or DC Linear 0 to 100% Independent lin-
3 Not available Potentiometric Not available voltage not earity 0.5 to
2.5 W/in. range Not available exceeding rated 0.75%
0 to 30 in./sec 1t 50 K power Piscin
15 128 Displacement: linear 0-8 to 0-24 in. Not available Self-aligning shaft Potentiometer 1/1 Any AC or DC Linear 0 to 100% Independent lin-
2 Not a\}oilcble Potentiometric mot uwi:at:e vo tug: nct A earity 0.2%
2.5 W/in. range ot available exceeding rati
0 to 30 in./sec 0.5 to 20 K per power Room
in. range
15 141 Displacement: linear 0-%¢ to Not available Shaft Potentiometer 11 Any AC or DC Linear 0 to 100% Independent lin-
1 074 in. Not available Potentiometric Not available . voltage not earity 1.0%
0.8 W at 158 F max Not available exceeding rated
0 to 30 in./sec 0.5t 10K power Room
15 147 Displacement: linear 0 to @ in. (other Not available Self-aligning shaft Potentiometer 1/1 Any AC or DC Linear 0 to 100% Independent lin-
1 ranges possible) Not available Potentiometric Not available voltage not earity 0.25%
0.1 W at 500 F max Not available exceeding rated
0to 10 in./sec 5K (o)thers pos- power Room
sible
15 . 150 Displacement: linear 0-0.015 to Not available Spring loaded shaft Potentiometer 1/1 Any AC or DC Linear 2 to 98% 2.0%
1 0-0.070 in. Not available Potentiometric Not available voltage not
0.1 W at 400 F max Not available exceeding power Room
0 to 30 in./sec 0.5t05K rating
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