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Since the workpiece is rotating, the backpressure signals being acquired no longer
represent the variation of the profile along a single line but now reflect the surface
characteristics around the entire bar. It is this feature of the pneumatic gauging system
that gives insight into how the surface is changing around the entire sample in real time
as opposed to stylus methods where the measurements must be done post process and

only reflect the surface along a single line.

It is also imyportant to note that the frequency domain of the backpressure signals
will not reflect the dominant frequencies that would be expected from the cutting tool
feed rates, but rather represent how much variation and the amplitudes of these variations
occurring around th: sample. It is expected that the major and minor frequencies within
the backpressure signal should be located at the rotational frequency of the part and the

subsequent harmonics of that frequency.

Analysis of a Rotating Workpiece while Traversing the Nozzle

The same parameters that were used to cut the workpiece have been used for the
collection of the backpressure signals. Using the same parameters as the cutting operation
mimics how the sersor would respond as a trailing unit to the cutting tool in a real world

monitoring application. These parameters are presented in Table 4.11.
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Table 4.11: Gauging Parameters for Rotating Workpiece with Nozzle Feed

Workpiece Diameter (D) 25 mm
Cutting Speed (V) 30 m/min
Rotational Speed (v) 477 RPM
Rotational Frequency 7.95 Hz
Nozzle Feed Rate (f) 0.2 mm/rev
Stand-off Distance (SOD) 50 um
Supply Pressure (Ps) 138 kPa
Nozzle 20GDn05Dc
FFT
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Figure 4.50: Backpressure Signal and FFT for Select Locations of Rotating Jominy Sample

(V=30 m/min, SOD=50 um, F=0.2 mm/rev, Ps =138 kPa)

Similar to the work done on the non-rotating workpiece, the standoff distance of

the nozzle must be adjusted over the length of the bar to compensate for the slight taper

in the sample. This is present in the backpressure signals of Figure 4.50 as the low

frequency undulations that occur periodically, however this does not interfere with the
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important informatior that can be found in the frequency domain. From the FFT plots of
the three samples in IYigure 4.50, the rotational frequency and the subsequent harmonics

are the dominating frequencies in the backpressure signals as expected.

Table 4.12: Amplitudes of FFT at Dominant Frequencies

Amplitudes at Dominant Frequencies
_Section R, (wm) 7.9 Hz 15.8 Hz 31.6 Hz

0-10 1.12 0.016 0.022 0.018
20-30 3.89 0.031 0.092 0.060
_.40-50 6.43 0.054 0.010 0.024

The importart information within the frequency domain of the backpressure
signals taken from thz Jominy bar is how the amplitude of the signal is varying at each of
these frequencies. The fluctuations occurring at 7.9 Hz is representative of the changes in
the surface occurring within one rotation and since the nozzle is fed across the surface at
the same feed rate as what the part was cut, one rotation of the part introduces a new cusp
into the gauging area of the nozzle. As a result, the increase in amplitudes in this column
of Table 4.12 is a result of the increase in peak to valley distance and an increase in R, at
the cutting frequency on the surface. There was a concern that the fluctuations occurring
at these frequencies were a result of run-out of the workpiece as it rotated, however on
further investigation the run-out around the sample was less than the fluctuations in the

surface as a result of the roughness.

The amplitudes of the signals occurring at 15.8 Hz and 31.6 Hz are a result of

changes in the surface in half rotation intervals, and quarter rotation intervals
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respectively. From these frequencies we can gauge how the surface is fluctuating around
the entire sample. For example, the frequency content in the 20-30 mm range on the bar
is dominated by the ' 5.8 Hz and 31.6 Hz frequencies which can be directly related to the
region of built-up edge instability causing fluctuations in the surface topography around
the bar. As the built-up edge is formed and broken away from the cutting tool as the cut is
being made around the cylindrical workpiece, steps in the surface will occur causing

large backpressure fluctuations at these locations.

To verify thet the low frequency impulses within the backpressure signal are a
result of the machire tool controller stepping, and to investigate how well the system
would operate without compensating for the taper of the sample, signals have been
acquired at a set standoff distance of 50 pm and not adjusted over the length of the

sample. These signals are displayed in Figure 4.51 for comparisons to Figure 4.50.
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Figure 4.51: Backpressure Signal and FFT Without SOD Compensation for a Rotating Workpiece
(V=30m/min, Nominal SOD=50 um, F=0.2 mm/rev, Ps= 138 kPa)

Table 4.13: Amplitudes of FFT at Dominant Frequencies without SOD Compensation

Amplitudes at Dominant Frequencies

Section | R, (um) 7.9 Hz 15.8 Hz 31.6 Hz
0-10 1.12 0.014 0.013 0.011
20-30 3.89 0.014 0.062 0.035
40-50 6.43 0.030 0.007 0.011

As expected, the impulses in the backpressure signal are no longer present and

can be accounted for by the stepping of the tooling controller. The similar results in an

increase in amplitude at the dominant frequencies have been obtained, however the

increase in amplitude over the length of the bar has decreased. The 20-30 mm section is

again dominated by the 15.8 Hz and 31.6 Hz frequencies and thus proves that it is
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possible to assign the same distinguishing features of the signals to the different sections
of the bar. The decrease in amplitude at 7.9 Hz as the nozzle is fed to the end section of
the bar is a result of the stand-off distance between the nozzle tip and the surface
increasing from the taper in the bar. To investigate the sensitivity of the pneumatic
gauging system to the standoff distance, stand-off distances of 100 pm and 150 um were

also tested and presented in Figures 4.52 and 4.53.
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Figure 4.52: Backpressure Signal and FFT for SOD = 100 um
(V=30m/min, F=0.2 mm/rev, Ps=138 kPa)
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Figure 4.53: Backpressure Signal and FFT for SOD = 150 um
(V=30m/min, F=0.2 mm/rev, Ps=138 kPa)

It is clear that the increase in standoff distance decreases the sensitivity of the
pneumatic system dramatically as would be expected from the pneumatic gauging
characteristics discussed in Section 1.2. From these observations, it is clear that the
developed system has been optimized to operate at a standoff distance of 50 pm as it
results in a larger signal to noise ratio. At larger standoff distances the pressure
fluctuations caused by the surface characteristics become lost in the noise of the air

supply and are no longer recognizable in the backpressure signals.

Similar to the standoff distance, the supply pressure is theoretically linearly
related to the sensitivity of the pneumatic gauge. Although it has been shown that a

supply pressure of 138 kPa (20 psi) is more than adequate to distinguish different surface
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characteristic during the surface standard experiments, supply pressures of 207 kPa

(30 psi), 276 kPa (40 psi), and 345 kPa (50 psi) have also been tested on the Jominy

sample and presented in the following figures.
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Figure 4.54: Backpressure Signal and FFT for Ps = 207 kPa
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(V=30 m/min, SOD = 50 um, F=0.2mm/rev)
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Figure 4.55: Backpressure Signal and FFT for Ps = 276 kPa
(V=30 m/min, SOD = 50 um, F=0.2mm/rev)
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Figure 4.56: Backpressure Signal and FFT for Ps = 345 kPa
(V=30 m/min, SOD = 50 um, F=0.2mm/rev)
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As expected, the amplitude of the signal scales with the increase in supply
pressure. Again the same trends in the signals are present when comparing the signals
obtained from the diferent regions of the bar. Although the amplitudes of the dominant
frequencies are increased with an increase in supply pressure, the noise within the signal
also increases. It appears as though the amplitudes of the signals are not scaling linearly
with the increase in supply pressure as would be expected from the theory. For example,
when comparing the 3 sets of signals obtained using a supply pressure of 138 kPa
(20 psi), shown in Figure 4.50, to the 3 sets of signals obtained using a supply pressure
276 kPa (40 psi), shown in Figure 4.55, we see that by doubling the supply pressure, the
amplitudes of the dominant frequencies are not twice as large as the 138 kPa (20 psi)
signals. Quantitative results of these findings are presented in Table 4.14. Part of this
could be a result of the compressibility of the air as suggested previously. The theory
presented in Section 1.2 is created under the assumption that the air will remain
uncompressible; however this is not necessarily true. With the increase in supply
pressure, it should be expected that the compressibility of the air will increase acting as a

damper to the fluctuations in the backpressure within the control volume.
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Table 4.14: Comparison of Amplitudes of FFT at Dominant Frequencies for Larger Supply

Pressure

Amplitudes at Dominant Frequencies

Section R, (um) Ps (kPa) 7.9 Hz 15.8 Hz 31.6 Hz
0-10 112 138 0.016 0.022 0.018
276 0.029 0.039 0.028
20-30 3.89 138 0.031 0.092 0.06
276 0.059 0.161 0.101
£0-50 6.43 138 0.054 0.01 0.024
276 0.093 0.016 0.042

The last variable that has been tested while rotating the workpiece with a

traversing nozzle was changing the feed rate of the nozzle away from the feed rate that

was used to preparc the workpiece. For these tests one feed rate that was slower

(0.1 mm/rev) than the cutting feed rate and two that were faster (0.3 mm/rev and

0.4 mm/rev) than the cutting feed rate were used. By changing the feed rate of the nozzle

away from the cuttiag feed rate, the nozzle will either capture more data around the

circumference of the bar, as in the case of the 0.1 mm/rev feed rate, or the nozzle will

effectively be corkscrewing around the surface missing areas of the surface for

assessment, as woulc. be the case for the faster feed rates.
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Figure 4.57: Backpressure Signal and FFT for f = 0.1mm/rev

(V=30 m/min, SOD = 50 um, Ps =138 kPa)
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Figure 4.58: Backpressure Signal and FFT for f = 0.3mm/rev

(V=30 m/min, SOD = 50 um, Ps =138 kPa)

112



M. A. Sc. Thesis ~ McMaster University — Mechanical Engineering  Drew A. Grandy

Pneumatic Signal FFT
02

]

iy Vot o 0.1

Start Section
L

'
[}

0 lbed 1 i
0 20 40 60 80

(=]
(8]
-
o

02

W 01
. 1 ¢ e

0 25 30 0 20 40 60 80
02

ww%www 01
2 , b i e

40 45 50 0 20 40 60 80
Distance Along Bar (mm) Frequency (Hz)

8]

|
LS ]

Pressure Signal (V)
Transition Section
(e}

N

L8]

End Section
o

Figure 4.59: Backpressure Signal and FFT for f = 0.4mm/rev
(V=30 m/min, SOD = 50 um, Ps =138 kPa)

From the results shown in Figures 4.57 through 4.59, the amplitudes of the signals
begin to decrease with an increase in feed rate. There is also an increase in the lower
frequency content and other noise within the signal as the feed rate is increased. Using
the slower 0.1 mm/rev feed rate results in a very similar signal to what was obtained
using the cutting feed rate of 0.2 mm/rev however there was twice the amount of data
collected over the 10 mm sample. In practice it would not be practical to use a feed rate
slower than what the workpiece is being cut at. Therefore, the optimum results would be
obtained by using the same parameters as what is used to generate the surface bf the

workpiece.
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Now that it has been proven that the pneumatic gauging system is capable of
characterizing the entire surface of a workpiece using the same parameters that would be
used during the cutting operation, the robustness of the device was tested in an
environment using cutting fluid. The presence of the cutting fluid being directed at the
nozzle will test how well the nozzle is capable of evacuating the obstruction away from
the surface and its ability to acquire accurate results for the characteristics of the surface
through the means of in-situ, non-contact methods. Figure 4.60 is an example of the
signals acquired during these tests and it is clear that even with an air supply pressure of
138 kPa (20 psi), the pneumatic gauging system is unaffected by the presence of cutting

fluid being directed at the tip of the pneumatic nozzle.
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Figure 4.60: Backpressure Signal and FF'T with the use of Cutting Fluid
(V=30 m/min, SOD=50 um, F=0.2 mm/rev, Ps =138 kPa)
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Comparing the results of Figure 4.50 to Figure 4.60, all of the distinguishing
characteristics that have been discussed are still clearly present. Only a slight decrease in
the amplitudes of the frequency domain and a slight increase in low frequency noise are a
result of introducing cutting fluid into the monitoring environment. All of the same
analysis techniques cin be employed that have been presented earlier. This is an example
of one of the advantages of using this device for in-process monitoring over other
non-contact techniquss, such as the use of lasers to characterize the surface, since surface

obstructions are a non-issue when using pressurized air as the working medium.

Analysis of a Rotating Workpiece using a Stationary Nozzle

The final set of experiments was to determine whether the system is capable of
detecting variations in the surface of a rotating workpiece using a stationary nozzle.
These tests simulate an application where the user is only interested in monitoring the
variations in roughnzss of a single location on the workpiece or performing spot checks.
For these tests, the Jominy sample was rotated in the turning center to maintain a constant
surface speed and the nozzle was introduced to different locations of the bar while signals
were acquired for 2 seconds allowing any variations over time to be captured. The
locations along the bar and the corresponding R, values for these regions are presented in

Table 4.15.
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Table 4.15: Select Locations and R, Values Used for Stationary Nozzle Tests,

Cutoff Length of 0.8 mm
Distance (mm) R, (um)
5 1.12
35 5.93
55 6.81
70 6.73

Pressure Signal
V=30 m/min, F=0.0 mm/{rev, Ps=138 kPa, SOD=50 um, z=5 mm
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Figure 4.61: Backpressure Signal and FFT using a Stationary Nozzle at z = Smm
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Figure 4.62: Backpressure Signal and FFT using a Stationary Nozzle at z = 35mm
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Figure 4.63: Backpressure Signal and FFT using a Stationary Nozzle at z = 55mm
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Figure 4.64: Backpressure Signal and FFT using a Stationary Nozzle at z = 70mm

As seen in the figures above, there is a definite variation between the signals for
each of the different samples. Similar to the signals obtained when feeding the nozzle
across the workpiece, the dominant frequencies are again the rotational frequency and the
subsequent harmonics. An understanding of how the surface is changing around the
entire surface is again achieved by comparing the amplitudes of the backpressure signal
in the frequency domain and can also be seen visually in the raw pressure signals.
Generally with an increase in roughness in terms of the measured R, value, the amplitude
of the signal occurring at the rotational frequency of 7.9 Hz is increasing, which is
verified by an increase in the peak to valley distance occurring as the lower frequency
content caused by each rotation of the part in the raw backpressure signal. The variations

occurring between the cycles of each rotation of the workpiece represent how the surface

118



M. A. Sc. Thesis  McMaster University — Mechanical Engineering  Drew A. Grandy

is changing around the bar. For example, the pressure signal taken at z = 5 mm in
Figure 4.61 has very small fluctuations between each rotational period compared to the
signal acquired at z = 35 mm which has large pressure fluctuations caused by larger

changes in the surfac: around the part.

The surface speed of the workpiece passing the nozzle maintained at 30 m/min for
the experiments using the stationary nozzle. If this device was implemented for use in an
industrial setting, the effect of this surface speed on the signals must be tested to find the
limit at which the device can perform accurately. Since the volume of the control
chamber in the device has an effect on the time constant of the sensor, it is expected that
while increasing the surface speed of the sample, a threshold will be found where the
signal will not have ¢nough time to reach the appropriate amplitude change caused by the
backpressure. For these tests, surface speeds ranging from 30 m/min to 200 m/min were

selected and signals were acquired at z = 5 mm on the sample.

119



M. A. Sc. Thesis ~ McMaster University — Mechanical Engineering  Drew A. Grandy

Pressure Signal
V=60 m/min, F=0.0 mmirev, Ps=138 kPa, SOD=50 um, z=5 mm

T T T

o
o
T
1

Pressure Signal (V)
[ o ) -

05 a
_1 1 1 1
0 05 1 15 2
Time (s)
01 T T T T T T T
008 e
. 0061 .
L
L 004f 4
002 A 5
0 = ' Sl : e
0 10 20 30 40 50 60 70 80
Frequency (Hz)

Figure 4.65: Backpressure Signal and FFT at z=5 mm, V=60 m/min
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Figure 4.66: Backpressure Signal and FFT at z=5 mm, V=100 m/min
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Figure 4.67: Backpressure Signal and FFT at z=5 mm, V=200 m/min

Figures 4.65 through 4.67 illustrate the effects of the surface speed on the
backpressure signal. An increase in speed causes the dominant frequency to shift in
agreement to the rotation of the workpiece and the amplitude of the backpressure signal
at the dominant frequency remains constant until a slight drop at 100 m/min. By
200 m/min the amplitude at the rotational frequency has dropped significantly and the
noise within the signal has increased dramatically. It can also be seen that the amplitudes
of the harmonics within the signal begin to drop at much slower speeds. This is expected
as the sensor will begin to have difficulties detecting the changes occurring around the
bar because of the effects of the sensor time constant. From these tests it has been found
that a surface speed of 100 m/min is the maximum allowable speed for which the

developed pneumatic gauging system can operate.
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Chapter 5

Conclusions and Future Work

The developinent of a non-contact surface roughness assessment tool which can
be used for in-process monitoring applications has been presented. Related literature,
development of the device, limitations of the device, and practical applications has all
been presented. A brief summary of the developed pneumatic system and its advantages
over existing technologies is presented in this Chapter as well as a description of future

work which could be done to further develop its operational envelope.

5.1 Conclusions

The developinent of a pneumatic system for surface assessment provided a wide
range of parameters to be investigated pertaining to increasing the sensitivity of the
pneumatic gauge in order to detect the small fluctuation in a surface as a result of its
roughness. During the development of the pneumatic system, many of these parameters
have been tested to find the optimum set-up in order to produce clear and repeatable
results to characteri:’e surfaces. One of the major components of a pneumatic system to
increase sensitivity is the pressure transducer. It has been found that a piezoelectric
pressure transducer is ideal for characterizing a wider range of roughnesses when
compared to a microphone for supply pressures which are representative of those
required to evacuate debris from the measurement surface. In theory, the supply pressure
is directly related to the overall sensitivity of a pneumatic system. An increase in supply

pressure would thecretically result in a proportional increase in sensitivity, however it
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was found that as the supply pressure was increased past 138 kPa (20 psi) the increase
gained in sensitivity would slightly decrease for higher pressures. This has been
attributed to the compressibility of air at pressure higher than 138 kPa since pneumatic
gauging theory has been developed under the assumption that air will remain
incompressible. The final set of parameters tested during the development of the
pneumatic system was the nozzle and control orifice diameters. It is these parameters
which effect the optimum stand-off distance required for the device to operate in a linear
range as well as have an effect on the devices overall sensitivity. The focus of this
research was to maintain a minimum stand-off distance of 50 um so the overall
sensitivity of the device was fixed in terms of the control orifice and nozzle diameters,
however it was found that a decrease in jet noise could be achieved by minimizing the
nozzle diameter and control orifice diameter appropriately while maintaining the same

sensitivity.

The developed pneumatic system has been demonstrated off-line and on-line to
provide quick and accurate surface characterizations for surfaces created from vertical
milling and turning operations for roughnesses ranging from 12.5 um to 0.8 pum R,,
however limited results have been obtained when trying to characterize ground surfaces
where the mean height of the surface is quite small and created using cutting tools that do
not have a defined cutting edge. It has been shown that a non-contact pneumatic device is
capable of producing surface characterizations similar to those obtained from stylus
instruments, however pneumatic devices are capable of characterizing these surfaces at

much higher surface: speeds compared to stylus instruments. The ability to characterize

123



M. A. Sc. Thesis  McMaster University — Mechanical Engineering  Drew A. Grandy

surfaces at surface speeds similar to those used during typical machining operations is
ideal for in-process m.onitoring applications. Comparing the developed pneumatic system
to currently available optical methods used for in-process monitoring, it has been shown
that the presence of catting fluid has little to no effect on the backpressure signals even at
supply pressures as low as 138 kPa (20 psi). The use of compressed air as the working
medium in pneumatic devices also provides a much broader operating envelope
compared to tactile and optical methods. Pneumatic systems are capable of characterizing
soft, non-reflective surfaces in a machining environment where obstructions such as
cutting fluid and other debris may be present. Further highlights of the developed system

are provided as follows:

- The developed system provides a physical representation of the surface from
the backpressure signal as well as a detailed view of the frequency domain
which is used as an aid for detecting features such as the presence of built-up
edge and ool wear during cutting.

- Capable of characterizing milled and turned surfaces with roughness values
between 12.5 pym and 0.8 pm R, while maintaining a stand-off distance of
50 pm.

- Impervious to surface obstructions such as cutting fluid and machining debris.

- Able to distinguish surface topographies created from different machining
operation; for the same R, values.

- In a turning environment, during on-line applications the pneumatic system
characterizes the entire circumferential surface of the sample instead of along
a single line. This is further emphasized by analyzing the frequency domain of
the signal to determine how the surface is changing around the circumference
of the part.
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- It has been shown that optimum results are obtained when the pneumatic
system is operating at the same parameters used when cutting the sample. This
is ideal for collecting data in-process.

- In-process, the developed system can be used to monitor the entire surface or
be used as a spot check for features of interest.

- Capable of detecting surface features at surface speeds up to 100 m/min.

Many of the highlights presented for the developed system demonstrate the
capabilities of incorporating a pneumatic system in-process for non-contact surface
roughness assessmert. Further research could prove beneficial in order to broaden the
operational envelope of the developed device and overcome some of the problems that

have been presented.

5.2 Future Work

In its current state, the pneumatic system is limited to characterizing surfaces with
roughesses greater than 0.8 um R,. A possible solution to detect surface characteristics
with mean characteristics below 0.8 pm would be to manipulate the sensitivity of the
pneumatic gauging device by making the control orifice diameter smaller and using a
pressure transducer ‘with a higher sensitivity such as a microphone. The focus of the
research presented when adjusting the nozzle dimensions was to maintain the same
sensitivity and optimum stand-off distance of the pneumatic gauge while eliminating the
jet noise. The increased sensitivity would create larger fluctuations in backpressure for

the small surface undulations however controlling the noise might become an issue.
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Furthermore, characterization of surfaces generated by grinding where the cutting
tool does not have a defined cutting edge to produce surface features at regular intervals
have shown limited success when trying to characterize these surfaces using the
presented pneumatic techniques. The main contributing factor to this lies in the use of the
frequency domain to aid in distinguishing surface characteristics. For surfaces created
during milling and turning where a dominant frequency is introduced to the surface from
the feed rate and tool nose radius the variations between surfaces became clear in the
frequency domain. This is not the case for a ground surface where the surface is created
with a wide spectrurn of frequencies so that visually distinguishing these changes in the
frequency domain becomes nearly impossible. For this reason, a multivariate analysis
method could be incorporated to compare the frequency spectra from different surfaces.
Principal Component Analysis (PCA) or Projection to Latent Structures (PLS) analysis
would take the frequency domain of the backpressure signals acquired from different
surfaces and detect slight variations that might not be visible to the human eye. PCA and
PLS methods are capable of manipulating a multi-dimensional set of data and project it
down into a viewable two dimension plot where the variations between different sets of
data can potentially secome quite clear. These techniques seem as though they would be

ideal for distinguishing the slight variations in the frequency domain of ground surfaces.

Lastly, an ideal design of the pneumatic gauge would be incorporated directly
within the machine tool for use in-process. The nozzle tip could be located behind the
cutting edge of the taol where the standoff distance would be controlled from the nozzle

tip to the tip of the tool. By incorporating the pneumatic system into the machine tool
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itself, the requirement of using a unit trailing the cutting tool would greatly reduce the
bulk of the system within the machining center. Some potential issues that would have to
be addressed include machine tool vibration during cutting and tool wear. The inclusion
of vibration from cuiting into the frequency domain would have to be dealt with through
an isolation technique or perhaps advanced filtering systems. Tool wear would perhaps
have a larger effect on the pneumatic system because the increase of tool wear would
cause a decrease in stand-off distance. As shown from the characteristic curves for
pneumatic gauging, 1 decrease in stand-off distance would shift the operational range of
the device to the edges of its linear range. However an increase of tool wear would result
in a change of surf:ce roughness, typically introducing more frequency content to the
generated surface either through chatter or ploughing. It would be these characteristics in
the frequency domain that would indicate the change of roughness during a machining
process combined with a variation in the backpressure amplitude that would indicate the

changing surface cheracteristics.
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L#1 SENNHEISER g aveey % @
Products for industry
Omni-directional electret microphone capsule KE 4-211-8 Cat. no. 03369
Features Technical Data
+ High max. sound pressure level HIIHW
* Exccptionally compact design (TO 18 transistor size) £ R 22007
* Excellent frequency response ‘ﬁlmuolotd)(lkﬂz) 6.3 mV/Pa 12,5 dB
* Back electret design easures excellent attenuation of handling noise WWLMAWI&O
* Low operating voltage Min. terminating impedance 47kQ

Equivalent sound level 38 dB (CCIR (CCIR-weighted)
Supply volage +45..16V
iy Current consumption approx. 200 ..
] Max SPL__ 4B
m T R
L Climatic factors t© +0°Cand 20 %
i reirive humidiy (sorage)
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Mo ags " PRESSURE SENSOR, ICP® RN 61
Porformance ENGLISH 51 Optional Versions (Optiona versions have identical specifications and accessories as listed
Measurement Range (for +5V output) 50 psi 345 kPa for standard model except where noted below, Mare than one option maybe used.)
Useful Overrange (for £ 10V outpul) 100 psi 590 kPa {t1{ E -Emralon coating 41
Senstivity (15 %) 100 mVipsi 14.5 mVAPa Coating Emralon
Maximum Pressure 500 psi 3450 kPa Elactrical 1salation 10%chm
Resdlution 1 mpsi 0.007 kPa H - Hermatic Sea! (4}
Resonant Frequency 2250 kHz 2250 kMz Sealing Weldad Hermetic
Rise Time <20 sec £2.0psec J - Ground Isolated {4]
Low Frequency Response (-5 %) 0.50 Hz 0.50 Mz 5]
Non-Linearity S10%FS N.0%FS [2]] M -Metric Mount 4]
Environmentat N - Negative Output Polanty {4]
Acoceleration Sensitivity £0.002 psig £0.0014 kPa{ms?) $ - Stainless Steel Diaphragm 1]
Tamperature Range (Operating) -100 to +275 °F T3 10 +135°C Diaphragm J6L SS;:::'BSS
Temperature Coefficient of Sensitivity <0.06 %/°F <0.108 %/°C .
Maximum Flash Temperature 3000 °F 1650 °C W - Water Resistant Cable [4]
Maximum Shock 20000 g pk 186000 mvs? pk
Electrical
Cutput Polarty (Positive Pressure) Positive Positive Notes
g::::g: \'/f:;:g(:mstml {atroom temp) mzt;'%%c 20?;'2;3730 [1]For +10 voit ‘ompu, minimum 2_4 VOC supply voitage required. Negative 10 volt
Constart Current Exctation 210 20 mA 21020 mA output may be limited by output bias.
Output impedance <100 ohm <100 ohm [2]Zero-based, least-squares, straightiine method. )
Cutput Bias Voltage 810 14 VDC 810 14 VDC [3] See PCB Declaration of Corformance PS023 for details. )
Physical {4] For sensor mounted in thread adaplor, see adaplor instaliation drawing for
Sensing Geometry Compression Compression supplied accessories. .
Sensing Element Quartz Quartz (5] Used with optianal mounting adaptor.
Housging Material Stainless Steel Stainlass Steel
Diaphraggm invar tnvar Supplied Accessories .
Sealing Welded Hermetic Welded Hermetic 060A03 Clamp nut, 5/16-24-2A thd, V4" hex, stamnless steel (1)
Elactrical Connestor 10-32 Coaxial Jack 10-32 Coaxial Jack 065A02 Seal ring, sensor flush mount, 0.248” OD x 0.21871D x 0.045" thk, brass (3)
Weight (with clamp nut) 0.21 0z 6.0gm 066A05 Seal sleave sensor recass mount 0.248° 0D x 0.221" 1D x 0.240" thk 17-7 (1}

c €(3l

Al specifications are at room temperature unless otherwise specified.
In the interest of constant product improvement, we reserve the right to change specffications without

notice,

ICP® is a registerad trademark of PCB group, inc.
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