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ABSTRACT

This report presents the results of a series of tests comparing the
performance of a standard Taylor 206R Pressure Transmitter with one
altered to overcome the undesirable effects of mechanical vibration.
The alterations consist of adding a dashpot, filled with Taylor XC=-299
fluid, on the Sensing lever; replacing the Overthrow Spring with a
flexible metal strip; removing the capillary tubing and capacity cylin-
der in the secondary bellows assembly; and feeding the output signal
directly into the secondary bellows.

The performance of the altered transmitter is compared with that of the
transmitter as originally designed. While the effects of vibration are
not completely eliminated, they have been reduced by a factor of three

at frequencies above 60 cps., and have been almost completely elimini-

nated below 60 cps. In addition, the dynamic performance of the trans-
mitter has been improved.

It is recommended that all new transmitter jinstallations be made with
transmitters altered to reduce the_effectszof mechanical vibration.




VIBRATION EFFECTS ON THE TAYIOR 206R PRESSURE TRANSMITTER, PART IT

BACKGROUND

The preliminary study of the response to external vibration of the Taylor
206R Pressure Transmitter has been presented in Part I of this report. In
that study, it was shown that the transmitter was very sensitive to extermal
vibration. forces.  This responsive characteristic was most pronounced im the
region of 3600 cpm. and 2400-2700 cpm. It was further shown that the best
corrective method was to install-a dashpct on the Sensing lever and to re-
move the resistance-capacitance element in the secondary bellows assembly.
For further background details, the reader is referred to Part I of this
report.

The results of the preliminary study were discussed with the Taylor Instru-
ment 'Companies, makers of the transmitter, who devised and furnished for
testing various designs of dashpots, dashpot fluids, and overthrow linkages.
These parts were tested and evaluated and a final set of alterations was
selected. This report deéscribes the final design and presents the results
of & series of performance tests on a transmitter incorporating these
alterations.

ALTERATIONS

The Taylor Type S dashpot {see Fig. 1-B}, using XC=-299 fluid, proved to be

"~ the best practical design. This dashpot is connected to the Primary Sensing
Lever and mounted on the baffle support as shown in Figure 1-A. Taylor's
XC-299 fluid was found to be the most effective damping medium for reducing
vibration response without introducing static linearity and hysteresis
errors. This fluid is a mixture of DC-200 {with a Viscosity of 100,000
centistokes) and DC-11 compound. The D07200 0il 1is most effective for
damping high frequency vibrations while ﬁhe DC=11 compound is best for low
frequency vibrations. The mixture is effective in damping both low and
high frequencies.

A flexible metal strip was found to be & better overthrow linkage for con-
necting the Primary Sensing Iever to the Baffle than the original overthrow
spring arrangement. This strip eliminates high frequency vibrations of the
Baffle, present when the original overthrow spring was used, while still
protecting the nozzle and baffle assembly from damage resulting from over-
ranging the transmitter. Various designs of this strip were tried with the
final design being a strip 1/4 in. wide, 1 - 3/16 in. long, and 0.002 in.
thick with the width necked down to 9/64 in. in the middle as shown in

Figure 1-B.

The Primary Sensing Lever Extension was re-designed to permit connection‘of;
the dashpot plunger and the Qverthrow Strip.
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FIELD TESTS

A number of the altered transmitters were installed in the process area.
Charts made from three of these installations for both non-damped and damped
transmitters are shown in Figure 2. These charts were traced from actual
miniature strip-chart recordings and show ths output pressure (Po) oscilla-
tions induced by vibration in the non-damped transmitters and the reduction
realized in these oscillations when damped transmitters were installed.

Magnitudes of oscillations with non-damped transmitters and when replaced
with damped transmitters are shown, tabular form, in Figure 3. The reduction
in amplitude varies from 65% to 100% with an average of about 90%.

PERFORMANCE OF DAMPED AND NON-DAMPED TRANSMITTERS

A damped transmitter and a non-damped transmitter were given performance tests
under identical laboratory conditions.

Two types of performance tests were conducted. The first type of tests was
concerned with the effect of externsl stimull such as amblent vibration or
shock. In this case, the input pressure to the transmitter was held at a
constant value and the effect of external stimuli on the output pressure was
measured. Any variation in the output pressure due to external causes is
undesirable.

The second type of tests was concerned with the dynamic performance of the
transmitter. Tn these tests, the input pressure was varied according to
certain patterns, such as sinusoidally or step-wise, and the output pressure
of the transmitter was examined %0 see how eccurately it followed the input
pressure. These tests were quite revealing since it might be expected that,
with damping introduced into the transmitter, the dynamic characteristics
might suffer. Test results however, show the converse to be true.

The tests and test results were as follows:

(1) “Vibration Susceptibility

The two instruments were mounted back-to-back on a beam which
was connected to a vibration generator as shown in Figure b,
A constant input pressure (P;) was adjusted to give an output
pressure (P ) of 50% of full scale. The output pressures of
both 1nstruments were recorded on a high-speed two-channel
recorder (see Figure 5). The transmitters were vibrated at
frequencies from 1, 000 to 10,000 cpm. with a constant peak
acceleration of 0.1 g.
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(2)

(3)

Data taken from the resulting charts are plotted in Figure 6.
The vibrations caused a maximum error (shift in output pres-
sure, PO, with a constant input pre,sure) in the non-damped -
transmiftter of =34% which ccdurred at 5,100 cpm. The maximum
error in the damped instrument was -13% and occurred at 6000
cpm. Maximum oscillation magnitude {indicated by the spacing
between the lines in Fig. 6) was 27% of full scale and occurred
at 9,400 cpm. in the non-damped insirument. The maximum oscil-
lation magnitude in the damped transmitter was only 2% and
occurred at a frequency of 2,700 cpr.

Other vibration tests have shown that the output pressure

error is dependent upon the magnitude of acceleration of the
disturbing vibration, the damped transmittéer’s error being pro-
portionally smaller. For instance, when vibrated at a constant
peak acceleration of 0.2 g.; {twice that illustrated in Figure
6) the maximum error of the non-damped transmitter was slightly
greater than =50% at s frequency of 5,100 cpm. while the maxi-
mum error of the damped transmitter was w35% at a frequency of
4,200 cpm. .

Shock Reaction

Using the same test circuit and apparatus as that of the vibra-
ticn test. {Fig. 4), the transmitter's reactions to shock were
recorded (Fig. 12). Shock was produced by rapping the mounting
beam with varying degrees of force. The chart indicates a much
smaller shock reaction for the damped transmitter.

Frequency Response

A sinuscidal input pressure signal of 1.0 + 0.2 psi. was intro-
duced to each transmitter.. Under static conditions, this would
produce an output pressure of 10.5 psig.{50%) +1.5 psi. (10%).
The input and output Sﬂgnals were recorded simultaneously by
the two-channel recorder, as shown in Figure 7, at frequencies
of from 1 to 1,000 cpm. Magnitude Ratic, Phase Shift, and
Distortion were determined:from the charts by a graphical
method of Fourier waveform analyals .and plotted as a function
of frequency (see riotes 1, 2« -3, and,h appendix).

The Magnitude Ratlo ﬂurve (Flga 9) >f the non-damped trans-
mitter is flat to° ‘about 12 cpm. with a “peak of 1.70 at about
50 cpm. and drops to O: 20 at 600 cprt. ~The Phase Shift curve
(Fig. 8) has a peak of +30O at ‘about- 32 cpm. and- drops to
-60° at sbout L0 cpm. ‘

The Magnitude Ratic curve of the damped transmitter is flat
to about 30 cpm. with a peak of 1l.10 at about 100 cpm. and
drops to 0.31 &t 600 cpm. The Phase ghift curve goes from O
at 1 cpm. to -10° at 45 cpm., -24° at 100 cpm. and -60° at
220 cpm.
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Total Harmonic distortion of the output signal, as shown in
Figure 10, reaches a maximum value of 69% at 130 cpm. in the
non-damped transmitter and 15% at 250 cpm. in the damped
transmitter. Harmonic @istortion is the distortion in the
output pattern of the transmitter as compared to the input
pattern. A large amount of harmonic distortion, especially
at low frequencies, would render an instrument unsuitable
for .anything except static measurements.

Step Response

Step-wise changes were introduced into the input pressures
of both transmitters while ocutput pressures were recorded
on the two-channel recorder as showr in Figure 11l-A. Figure
11-B shows the output pressures of the transmitters, for an
increasing and a decreasing step, plotted on an extended
time scale.

The non-damped transmitter’s output overshoots the true.
pressures by 5% in the increasing step and 17% in the de-
creasing step while the damped transmitter's output overshoots
the true! pressures by less than 1% in the increasing step and
2% in the decreasing step. The time constants, as measured
from the chart, are 0.30 sec. (increasing step) and 0.06 sec.
(decreasing step) for the non-damped transmitter and 0.1k sec.
(increasing step) and 0.06 sec. (decreasing step) for the
demped transmitter. '

It may be seen that the damped transmitter is not a "slower"
instrument when compared with the ncn-damped transmitter.
Instead, its output actually approaches a new pressure level
more quickly than dces that of the ron-damped transmitter.
This faster response is predictable from the frequency re-
sponse curves. The faster response is achieved principally
by the removal of the capillary tubing in the secondary
bellows assembly. The tubing was necessary in the standard
design to obtain a steady output pressure and was a form of’
pneumatic damping. With the more optlmum damping, obtained
with the changes described herein, this pneumatic damping
was no longer necessary, and its remcval resulted in the
better response shown by these results.

Output Error vs. ‘Input Frequency

Using the test circuit and apparatus of the Frequency
Response test (Fig. 7) with a sinuscidal input signal of
50% +2. 5% of the range of the transmitter, the output error
(see tiote 5, appendix) of the transmitters was measured at
input frequencies of from O to 7,20C cpm. The resulting
data are plotted in Figure 13.
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The maximum value of the non-damped transmitter's error is
-36.0% and occurs at an input frequency of 4,500 cpm., while
the maximum error of the damped transmitter is -3.8% and
occurs at 4,020 cpm.

If the amplitude of the input signal is increased, the
magnitude of the transmitter's error also increases. An
input signal of 50% +4.0% produces a maximum output error
of.-48.8% in the non-damped transmitter and -22.7% in the
damped transmitter.

CONCLUSIONS AND RECDMMENDATIONS

The addition of a Taylor Type S dashpot with XC-299 fluid, a flexible
overthrow strip, and the removal of the cajpillary tubing and capacity
cylinder from the secondary bellows assenbly comprise a practical and
effective method of reducing the Taylor 206R Pressure Transmitter's
response to mechanical vibration. These alterations do not effect the
static accuracy, and the speed of response is increased by the removal
of the capillary tubing.

Since the effects of vibration are not completely eliminated, the
recommendations set forth in Part I of this report should still be
followed; especially, in installations where severe vibrational forces
exist. Briefly, these recommendations were that transmitters should be
mounted on rigid steel racks with vibration isolators. All mounting
bolts should be installed with lock washers and drawn up tightly.
Copper tubing lines should be clamped by means of felt tubing clamps
for a distance of 15 to 20 feet from the transmitter rack.

It is further recommended that all transmitters in future installations
be equipped with damping since no 1nstallafion is completely free &f
vibration or shock and a damped transmltter has better measuring charac-
teristics. The approximate cost.df equlppinc a transmitter with damping
is $15.00 for labor and material.

The results shown in this report are based érincipally on the tests of
one transmitter with a 2 psi range. Transmitters are known to vary
slightly from unit to unit in their response to vibration. The amount
of variation is slight; however, when compared *to the variation between
non-damped and damped transmitters.
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APPENDIX

DEFINITIONS

Magnitude Ratio

The ratic of the amplitude of the fundamental component of the
output signal to the ampl:tude of the input signal at the same
frequency.

Phase Shift

The amount, expressed in degrees, by which the fundamental
component of the output signal leads or lags the input signal
on the time scale.

Distortion
The amount by which the ordinates of the actual output pressure
wave differ from the ordinates of the fundamental output compo-

nent, usually expressed as a percentage of the fundamental
component amplitude.

Fourier Waveform Analysis {as used herein)

A graphical method of determining the amplitude and phase angle
of the fundamental sine-wave componant of a waveform by dividing
a complete cycle into twelve equal parts and performing a series
of calculations with the lengths of the twelve ordinates. See
Reference Data for Radio Engineers, 3rd ed., New York, Federal
Telephone and Radio Porporatlon, P. 291 - 6,

Output Error

The difference expreSsed:as;anperééntage of the full scale range,
between the measured output pressure and what the output pressure
should have been, as calculated,frbm the measured input pressure.
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TAYLOR PRESSURE TRANSMITTER

FIELD TEST CHARTS
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OSCILIATION MAGNITUDE -
PERCENT OF FULL SCALR REDUCTION IN
INSTALLATIOR OSCIILATIONS -
NON-DAMPED DAMPED
PERCENT
TRARSMITTER TRANSMITTER
A 18.8 2.0 S0
B 13.5 1.0 95
c 11.6 1.0 90
D 6.6 0.6 90
B 10.3 1.6 85
F 9.8 1.3 90
G 1.4 o] 100
H 6.6 2.4 65
J 5.2 0 100
K 13.0 0 100
L 2.2 0.8 65
Figure 3

DAMPED TAYLOR PRESSURE TRANSMITTER

FIELD TEST RESULTS
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Figur'e 4
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SHOCK REACTION
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