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ABSTRACT

Microphone System Response in High Amplitude

Noise Environments

Troy Taylor
Department of Physics and Astronomy

Bachelor of Science

The acoustic field near large-scale solid rocketarsorepresents a harsh,
high-amplitude noise environment rich with high-@esdth acoustic shocks. Type-1
prepolarized microphones may be used in these@ments with the benefit of
reduced cost and measurement because they reglyra constant-current supply
available in many data acquisition systems. Howedbere are potential issues
related to microphone response that should be deresi. The main issue discussed
here has to do with temporary failure of the comistarrent supply due to an
insufficiently fast response time in representiagid voltage changes at shocks,
which results in spurious, capacitive-like effectshe waveform data that are also
manifest as a low-frequency roll-up in the spectnoise floor. An experiment was
conducted to identify under what circumstancesehesveform effects arise. Data
were measured from a solid rocket motor using s¢weimbinations of transducer,
cable type, cable length and constant current guRasults and mitigation methods
found from the experiment are discussed. Thedadedncreasing the supply
current, using low-impedance cables, and choosiegorrect orientation for the
transducers.
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Chapter 1

Background

1.1 Introduction

With the development of next-generation space piogr new rocket vehicles have
been developed and currently are in developmemsd developments have sparked
a renewed desire for knowledge in source charaet#&wn and near-field propagation
models of rocket noise. Brigham Young Universitg baen commissioned to
develop an energy-based acoustic probe suitabkadése rocket noise fields[1].
Some microphone systems have shown problems imopietests done by the
Acoustics Research Group at Brigham Young Univesslhile testing probes in the
noise fields of an Orion-50 rocket motor as welbdsinetic Energy Interceptor

(KEI) Stage 1 motor. These problems occur wheroalsbccurs in the noise field
and the system cannot provide enough instantarpewer to accurately record the
shock. The system then saturates. Figure 1.1 shdwsical pressure waveform
measured from a KEI Stage 2 rocket motor test duaishockwave recorded on four
different channels at the same location. Figuresh@vs the data measured from the

1



2 Chapter 1 Background

same rocket test but on four channels at a diffdomation. Some of these channels
show the typical pressure waveform of a shockwhke seen in Figure 1.1.
However, the red curve saturated at the shockwasbows a capacitive-like effect

where after the shock it dips below the other datrises back up to it over time.

Shockwave from KEI Stage 2 Motor on 4 channels
14000, T T T T
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-2000

-4000 , i
1 i 1 1
3.408 3.4085 3.409 3.4095 3.41 3.4105

Figure 1.1 A recorded shockwave from a KEI Stage 2 rocket motor test firing. Two of the
channels have a higher peak pressure because they were oriented towards the rocket
plume, while the other two were pointed upwards

Shockwave from KEI Stage 2 Motor with "bad" data
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Figure 1.2 Example of a shockwave where one of the sensors recorded bad data. All four
sensors recorded data at the same location, but the red curve underestimates the pressure
at the shock and for a short time afterwards
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A test was carried out in the presence of a KEg&®&solid rocket motor
noise field to better understand why these capalike effects are appearing in the
data, to establish a change in voltage threshold/ifi@n saturation occurs, and to
determine guidelines on how the problem can bedeebin future tests. Several
different microphone systems were tested, usingreécombinations of transducer,

cable type, cable length and constant current guppl

1.2 Prepolarized Piezoelectric Microphones

Two types of condenser microphones were used iKEigest. The first type, an
externally-polarized condenser microphone, usdésetchked membrane, the
diaphragm, separated a small distance from a pigitt. A polarization voltage is
applied between the plate and the diaphragm byanrel source. When the
pressure from a sound wave acts on the diaphrdgpmesulting displacements of the
membrane change the capacitance between it arpdatiee An output voltage is then
created proportional to the displacements of thembrane[2]. The other type of
microphone is the prepolarized condenser microphiboperates the same way as
the externally polarized microphone, except it umesglectret, a polarized piece of
plastic aluminized on the surface. It doesn’t n@edxternal source to provide

polarization[2].

Some prepolarized microphones use piezoelectaaitiy. The manufacturer

of the microphones we use, GRAS, refers to theseopinones as IEPE, which they
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will be referred to in this paper. They are alsown as ICP[3]. IEPE microphones
have several advantages that have made them imglggsopular recently[4]. They
are easier to use than an externally-polarizedaplwne because they don’t require a
polarization voltage supply but rather can be p@ddrom a constant current source,

commonly available from the data acquisition systleat it is connected to.

IEPE microphones also have very low output impedaunsually less than
1002. This means that longer cable lengths can be wghdut a loss of signal[3].
This is ideal when testing in rocket noise fieldsane generally very long cable

lengths are required.

All IEPE microphones require a constant currentgrosupply. The constant
current signal conditioner built into the circuitwfthe microphones contains a well
regulated voltage source of 18 to 30 VDC that cofras a line-powered source[3].
This source is usually the data acquisition sysaeratated above. This is
advantageous because fewer cables are neededERiEhthan with externally

polarized microphones.

Despite the many advantages of IEPE microphoheg,tiave a few
drawbacks that likely contribute to the problemsrsim the shock data. They can be
limited in the high-frequency range by severalatit factors including the
mechanical characteristics of the sensor, limitetion the amplifier or power supply,

and by the characteristics of the cables usedarsdup.

Mechanically, the sensitivity of a sensor incresasgidly as its natural

frequency is approached. The natural frequenciwvengoy
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= \/g (1.1)

wherew is the natural frequencl,is the stiffness constant of the sensor’s sensing

element, anan is the seismic mass. It is acceptable to be wahirequency
bandwidth that causes the sensors sensitivityw@tdeby no more than 5%. This
occurs at about 20% of the resonance frequencyf®l.sensors in the microphones
used have a lardevalue and low mass so the natural frequency ig ligh and

therefore we don’t need to worry about mechanioak@erations in the system.

High-frequency problems can also arise from litiotas in the amplifier or
power supply of a sensor system. Problems geneyedlyr after 100 kHz. These
limitations are generally caused by capacitivefiitg effects in the power supply[3].
Since we are not interested in frequencies thdt, vig don’t need to worry about

power supply limitations.

Problems can also occur in the high-frequencyeahg to cable
specifications. Cables can be too long when thataoi current is not sufficient to
drive the capacitance in the cable. Distortion @ecur for higher frequencies, shock
waves, or transient testing in cables over 108ifice cables used in rocket tests
generally are 100 ft or longer this factor is intpot to consider. Equation 1.2 helps
identify when signal distortion will occur.

F 109 (1.2)

max = evie—1)
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whereFx Is the maximum frequency in hertz before distoro@cursC is the total

capacitance in picofaradg,is the maximum peak output voltage in volts, &nd the
constant current provided by the system[3]. FiguBeshows the maximum

frequency against ratios of voltage to availablestant current for several different

cable capacitances.

i Maximum Frequency with longer cable lengths
10 -

10"}

Wi(l-1)

1D' L L SR LS e dh Th] |
10 10t

Freguency(Hz)

Figure 1.3 The curves show the maximum frequency at ratios of voltage over the current
minus 1 before the signal is distorted for an ICP sensor using a longer cables for several
different capacitance values[3]

IEPE microphones can also have problems in theflequency range that
can attenuate the signal. These problems canfasisethe discharge time constant of
the microphone’s sensor. IEPE microphones havec@apae that builds up a charge

and creates a voltage when acted upon by a sowel acaording to
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AV = 24 (1.3)

Crotal

whereAV is the voltage producedq is the built-up charge, ar@q is the
capacitance of the microphone’s sensor. Once @ehsbuilt up it immediately

begins to dissipate through the resistance in ticeophone circuitry according to
Q = Qoe /e (1.4)

whereQ is the final chargeQ) is the initial charge, is any time after the initial time,
Ris the resistance aridlis the capacitance. The valR€ is known as the dischage

time constant[3]. Figure 1.4 is a plot of equatio.

Discharge Curve
100 T T T T T T T T I

60

g (%)

40

37% ~ ‘ T

20

I I I ] 1 i I :
00 05 1 1.5 2 25 3 3.5 4 45 5

time(RC)

Figure 1.4 Plot of the discharge curve q = Qe_t/RC. Notice that after one discharge time has
passed only 37 % of the charge remains.
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The circuitry in an IEPE microphone is analogouanndRC high-pass filter
for the lower frequencies, seen in Figure 1.5. Timsans that lower frequencies are

attenuated as higher frequencies are allowed ®[3la#n a high-pass filter if

1

f— (1.5)

then the signal will be attenuated. Wheées: ﬁ, fis known as the cutoff frequency.

1

f»—— (1.6)

then the signal will pass through[5].

G J Output
R

Vin

Figure 1.5 RC high-pass filter, similar to the circuitry in an IEPE microphone

Each microphone has a set RC value, so the digehiane constant
cannot be changed. As will be discussed laterarréults, the data in the low-

frequency range were saturated, not attenuated.méans that the problem seen in



1.2 Prepolarized Piezoel ectric Microphones 9

the data is not being caused by the high-passifigeliscussed here. It was brought
up because there is a roll-off associated with @bmicrophone data in the low-
frequency range. The data from the microphone Bystbat are having problems roll
up in the low frequency range, which is not norrkédure 1.6 illustrates this point

with the power spectral density (PSD) data from@nen-50 rocket test.

140 T — T T -

=11 f B —16 OASPL: 156.4 dB
—17 OASPL: 156.3 dB
—18 OASPL: 157.2 dB
—19 OASPL: 155.3 dB

130

120F~

PSD (dB re 20 pPa/vHz)
)

©
(=]

80 PR i i £8d i p i i
10 10 10° 10*
Frequency (Hz)

Figure 1.6 PSD from the Orion-50 rocket motor test. Notice that the data for one of the
channels roll up in the low-frequency range, while the data of the other three channels roll
off. The problems seen in the high-frequency range can be attributed to the problems
discussed above. There is also low-pass filtering that affects the higher frequencies.



Chapter 2

Field Test

2.1 Equipment and Setup

The test was done with the objective of seeing Wwketups caused microphones to
saturate and which did not. Setups that were uspdevious tests, such as the Orion-
50 test, that saturated were used again to seéuifagion would happen again. The
test consisted of three different stations. Statimme and three held four microphones
each and station two held eight microphones usimgehined microphone holder,
and clamped to tripods. Figure 2.1 shows the miuoap holder. It consists of two
metal bars attached in a t-shape with the horizdr@ahaving alternating horizontal
and vertical grooves that act as slots for holdirggmicrophones. Three different
types of microphones were used in the test. Tkerfiicrophone was the GRAS 1/8”
40DD IEPE microphone used once in station one,gwicstation two, and once in
station three. The second microphone was the GRASBD IEPE microphone

used once in station one, four times in station, vl three times in station three.

10



2.1 Equipment and Setup 11

The third type of microphone was the GRAS 40BH “¢£nephone used once in

station one and twice in station two.

Figure 2.1 Station 3 rig showing the microphone holder

The microphones were oriented in two different sye&Bome were at normal
incidence which is pointed directly at the plumbaeTothers were at grazing incidence
which is pointed 90° from the source, at the skihia case. In an open area, pressure
microphones will give the flattest response whezytare at grazing incidence[6].
Stations one and three had two microphones atrggazcidence and two
microphones at normal incidence. Station two hactaphones at grazing incidence
and six microphones at normal incidence. The mitoogs at normal incidence
recorded higher pressure levels than the onesaingyincidence; they were more
likely to be saturated by the shocks since theyewpeinted directly at the source.
Figure 2.2 shows the curves from two adjacent mitomes, one at grazing incidence

and one at normal incidence, at a shock.
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20000 T T T T T r T ; .
— Microphone at grazing incidence
— Microphone at normal incidence
15000} ~ ~ ; : -
& 10000} » 3 § 1
= ;
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L 5000
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Figure 2.2 Shockwave recorded by two adjacent channels. The blue curve was oriented at
grazing incidence and recorded a much lower pressure than the green curve which was
oriented at normal incidence.

Different cables types were used to vary capacameach microphone
system. The externally polarized microphones wergected to a GRAS 12AA
power supply by a 7-pin LEMO cable. BNC cablesfram the output channels of
the power supply. Some of the channels used mitraddes from the sensors that
connected to BNC cables using a barrel connectoeellengths of BNC cables were
used. The RG-59 has a documented capacitancepEft, which is 1.62 nF for
the 100 ft cables, 4.05nF for the 250 ft cables Eh@nF for the 1000 ft cables. The
measured capacitance of the 100 ft cables was &@nit, the 250 ft cables was
about 5nF and the 1000 ft cables was about 17né&-emmts of the cables are different
for each one and can account for the slight diffees in capacitance of what was

measured and what is documented.
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The other cable type that we used was the SpetiiaSkewclear 166-2699-
997 infiniband cable. The infiniband cable consadtsight different cables bundled
together in one cable. This cable is more conveéngeuse because only one cable,
not several, need to be run from the sensors lmattietdata acquisition system. In
previous tests, such as a test done with an Of@oreé&ket motor in 2010, some major
problems have been seen in the data where infidibahles were used. These
problems are largely what motivated the KEI Stades?. The infiniband cable is 250
ft long and has a measured capacitance of 2.7ré&=ddbumented capacitance of the

cable is 2.6nF[7], almost exactly what was measured

The sensors with the RG-59 cables used 3m MicrBiiiL cables that ran
from the sensors to the RG-59 cables. The Microdbtes have a capacitance of
.305nF. The RG-59 cables ran directly to a Natiémstruments (NI) PXI 4462 data
acquisition card. The infiniband cable ran fromIaPXI 4498 data acquisition card
to a NI BNC 2144 breakout box. 10 ft RG 174/U BNgbles with a capacitance of
16.2pF/ft ran from the breakout box to each ofg¢@esors on the infiniband channels.
Figure 2.3 shows the layout of an example stafiable 2.1 shows the sensor and

cable type used for each channel at each station.
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A

188E
pys|
E

C

Figure 2.3 An example station of the setup at the KEI Stage 2 motor firing, including A)
National Instruments (NI) PXI-1045 chassis holding NI PXI-4498 cards for the infiniband cable
data acquisition and NI PXI-4462 cards for the BNC cable data acquisition B) 2 GRAS 1/8”
microphones and pre-amplifiers at grazing incidence and 2 GRAS %" microphones at normal
incidence C) Front and Back of a NI BNC-2144 breakout box D) GRAS 12AA power supply E)
Microdot cables from the microphones connected to BNC cables by barrel connectors F)
Infiniband cable G) LEMO cable into power supply, BNC cable out of power supply
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Microphone Station Specifications

Station Channel Cable Type and
Humber MNumber Sensor Type Power Length Orientation Sensitivity
0 1/8" [EPE 10 mA 100 ft RG-59 Grazing 0.266
1 1 1/4" [IEPE 4 mA 100 ft RG-59 (Grazing 049
2 14" 1284 Infiniband Mormal 0.469
3 14" 12A4 100 ft RG-59 MNormal 0.505
4 1/8" IEPE 10 mA 250 ft RG-59 (Grazing 0311
A 1/8" [EPE 4 mA Infiniband Grazing 0.334
B 1/4" [EPE 10 mA 250 ft RG-59 MNormal 0.456
9 [ 1/4" IEPE 4 mA 250 ft RG-59 Mormal 0425
8 1/4" |EPE 4 mA Infiniband MNeormal 0.456
9 114" 1284 250 ft RG-59 MNormal 0.368
10 1/4" 1244 Infiniband Marmal 0414
11 1/4" |[EPE 4 mA 1000 ft RG-59 MNormal 0.368
12 1/8" [EPE 10 mA 250 ft RG-59 Grazing 0.327
2 13 1/4" |IEPE 4 mA 250 ft RG-59 Grazing 0.534
14 1/4" IEPE 4 mA 1000 ft RG-59 Mormal 0.501
15 1/4" |EFE 4 mA Infiniband MNormal 0527

Table 2.1 A breakdown of the different microphone, cable, and orientation combinations
used for the KEI Stage 2 rocket motor test

2.2 TheFiring

The test took place at ATK Aerospace Systems imBrdory, UT on January 26,
2011 at 2:41 pm. The KEI missile is a land-basddriz system capable of
destroying enemy missiles in flight and featurésgh acceleration booster. It is a
three stage missile that burns solid fuel. Stagesamd two make up the propulsion
system of the missile[8]. In this case Stage 2 t@sted. The stage 2 motor of the KEI
is a fast burning motor, lasting only about 30 s&s0 It has an exit diameter of 23

1/8”, so it was estimated that the plume would thetmotor in a 16° line. Station 1
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was placed 31 ft in the horizontal or x directiond 21 feet in the vertical or y
direction from the motor. Station 2 was placed 34ib the x direction and 32 feet in
the y direction. Station 3 was placed 47 ft inxhdirection and 74 ft in the y

direction, as shown in the diagram in Fig 2.4.

KEI Stage 2 Motlor Test Microphone Station Locations

2
: : o :
7o 16°offsetfroms - gstation3
plume : !
: > JJZ
60} S
S :
: ; .
50l - - Weather Station
3 w -
] f
2 40} - -
o =)
& . :
2 a0l s Station 2
i :
Fi i
20} F Station 1
;o : :
{|Plime direction :
L] S B A e
0

10 20 30 40 50
Distance (f)

Figure 2.4 Station locations of the KEI Stage 2 rocket motor test

The weather conditions were recorded before, duaimd after the test. The
temperature before the test started was 4.99 °€t8rhperature rose to 8.3 °C during
the test and steadily fell back down to 4.99 °Cravperiod of 11.5 minutes after the
test. Figure 2.5 shows the relative humidity jusfiobe, during and after the test, the
test takes place from about t=2s to t=32s on thplgrThe humidity droped by 10%
once the test started and slowly climbed back tgy #ie test was over. This is

because the rocket fire dried out the air. Figueshows the air pressure just before
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and during the test. Once again, t=2s to t=32disnithe test took place. The
pressure was at 87.2 kPa just before the testassdand dropped between 87 and

87.5 kPa during the test. After the test the pmessattled back to 87.2 kPa.

Hurridity during and after test

76

74

-
ka2
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=
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Relative Hurnidity (%)
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64

i 1 1 i I i 1 1 i
] 100 200 300 400 500 500 700 500 900
Tirne (s)

Figure 2.5 Relative humidity data for just before, during and after the rocket motor firing.

Pressure during test

Pressure (kPa)

5 10 15 20 25 30
Time into test (s)

Figure 2.6 Air pressure just before and during the rocket motor firing.
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Figure 2.7 shows the wind speed in m/s and direatiaing the test. 0° was along
the line of the microphones (see Fig. 2.3). Thedvéipeed varied from 1.5 m/s and 3

m/s at directions varying from 190° to 250° frore thicrophone line.

Wind Speed and Direction During Test
90 4

180

270

Figure 2.7 Wind speed in m/s and direction during the rocket motor firing.

The microphones were set to record data for temted beginning 5 minutes
before the test was scheduled to begin and endiegrfinutes after the test was
scheduled to begin. Time waveform data were recbsitaultaneously for each
channel on NI PXI 4462 data acquisition cards lier¢hannels on BNC cables and
on NI PXI 4498 data acquisition cards for the clesiion infiniband cables at a
sampling rate of 204.8 kHZ. Figure 2.8 shows aypecbf the test pad, rocket motor,

and the microphone stations.
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Figure 2.8 The KEI Stage 2 rocket motor, test pad, test bay and microphone stations. Station
1is the station nearest the motor. The next station is Station 2, followed by the weather
station and the station nearest the camera is Station 3.



Chapter 3

Resultsand Analysis

3.1 Data

Figures 3.1, 3.2 and 3.3 show the power spectraities (PSD) for Stations 1, 2 and
3 respectively taken from the KEI test. At Statibthe measured data was typical
data from rocket noise fields. All four channelsd#he same PSD form with about
the same decibel levels, as seen in Figure 3.&tafibn 2, channels 7, 8 and 11
showed problems in the data, as seen in Figurs3tiz PSD where the data rolls up
in the lower frequency range. All three of thesarutels were powered by 4 mA of
constant current. Channel 11 shows the worst pnabkg this station. The major
difference between channel 11 and channels 7 @nthét channel 11 used a 1000 ft

RG-59 cable, 7 used a 250 ft RG-59 cable and 8 aisaéxfiniband cable.

20
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PSD Station 1
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Figure 3.1 PSD for Station 1
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Figure 3.2 PSD for Station 2

At station 3, channels 13, 14, and 15 all showetlpms as seen in Figure

3.3. Channel 14 showed the worst problems at tht®s. Channel 14 used the 1000
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ft RG-59 cable, channel 13 used a 250 ft RG-5%tcabtl channel 15 used an
infiniband cable. Also, just as was the case witian 2, all three of the problem

channels at station 3 received 4 mA constant ctirren

PSD Station 3
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Figure 3.3 PSD for Station 3

3.2 Analysis

After talking to a representative at GRAS, the nfacturer of the microphones that
we use in our experiments, we came to the hypathieat a capacitor is discharging
somewhere in the system that is causing the datatteeach the pressure levels it
should be when the shocks occur. If this wereaeddée case, then the systems with

the highest capacitance would show the greatebtgns. In our setup, the variable
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that would cause the greatest difference in thaatgnce among the different
channels was the cable type used. However, oultseiowed that this is only
partially correct as the cables with the lowestacaance, the infiniband cables, still

showed problems.

All of the channels that saturated were supplieth wimA of current.
However, not all channels that were supplied withA had problems, so it is
important to also look at other factors. Both credaithat used 1000 ft RG-59 cables
showed the most problems, so low current with & bigpacitance causes the worst
problems. Channels 1 and 5 didn’t have any problamsvere only supplied with 4
mA of current; but they were oriented at grazingjdence. Channel 13 was supplied
with 4 mA and was oriented at grazing incidence tkannels 1 and 5. However, it
did show problems. The difference is that it us@b@ ft RG-59 cable therefore it
had a higher capacitance than channels 1 and 5inéha3 also had the highest
sensitivity of any of the microphones at .534 mV/P& possible that sensitivity

along with low current and higher capacitance may p factor.

In these systems:
a
1=CcE) 9] (3.1)

This tells us that when there are large shocks‘%the equation 3.1, and large
capacitances, more current is needed. At two shaeésy thé% values of a

microphone that saturated were compared tégthmlues of an adjacent microphone

with the same orientation that did not saturatgufé 3.4 shows and example of two
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adjacent channels at the same orientation whergré®n curve saturated and the

blue curve did not.

x 10*
1_5_ R D VR M T

Pressure (Pa)

1 1 1 1 1 1
1.7122 1.7124 1.7126 1.7128 1.713 17132 17134
Time (s)

Figure 3.4 An example of a shockwave recorded by two adjacent channels at the same
orientation. The green curve saturated while the blue one did not.

This will show the‘% values that the saturated microphone achieved amdpo the

% values it should have achieved. Even though chHarideand 15 saturated, they
were not used in this analysis since neither cHdmean adjacent channel that did
not saturate. Table 3.1 shows %e/alues for the pairs of microphones. The rows
highlighted in red indicate that channel saturalmte that all the saturated channels

saturated at about the sa%evalue both times. Channel 11 on the 1000 ft RG-59
cable had the Iowe% values and the data showed that it had the watstation

levels. Channel 8 on the infiniband cable had igbeh;t% values, and the data

usually showed the least saturation on the chamgisnfiniband.
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Channel dV/dt#1 (V/us) dv/dt#2 (V/us)

& 0.407 0.3

5 0.327 0.342
10 0.434 0.33
12 0.154 0.108

. av
Table 3.1 At two different shockwaves, s levels for four of the channels that saturated

compared to an adjacent microphone of the same orientation that did not saturate. The
rows highlighted in red indicate that channel saturated.

It is interesting to note that channel 13 saturateal highe% value than channel 12

achieved in case 2. This is because channel 13 hach higher sensitivity than
channel 12. In all the other cases, the sensés/iif the two microphones were
relatively close. Although the results are consistihey are unique to each setup. If

the total capacitance of a system is known, Eqo&it can be used to determine the

Iargest‘;—‘; a system can handle for a given current withottraton.

It is useful to compare the KEI Stage 2 test ®o@mion-50 test done
previously. The setup of the Orion-50 test condistieseveral tetrahedral probes,
some encased in spheres and some mounted on éxtanmas as seen in Figure 3.5.
There were also a few single microphones set gpaaing incidence. All channels
were IEPE microphones and received 4 mA constan¢éicu The only microphones

that saturated in this test were on channels thiletad the infiniband cables and were
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not at grazing incidence. All of the channels on-Bcable were at grazing
incidence. For the Orion-50 test, it seems thatitwding factor of whether a
microphone would saturate or not was whether itaagazing incidence or some
other orientation since all channels received 4ahAurrent. However, not all

microphones at some other orientation saturated.

Figure 3.5 A) External frame tetrahedral probes and B) Tetrahedral probes encased in a
sphere

Table 3.2 shows pressures and voltages at shockv@aveine channels that
saturated during the Orion-50 test. Unfortunatilg, same analysis of t%{% levels

done for the KEI test is not possible for the Oriest since adjacent channels were

not at the same orientation.
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Channel | Pressure kPa| Voltage (V)
1 19.26 .4
2 11.91 3.1
4 7.84 ERY |
F) 8.43 2.3
8 17.06 4.8
11 1.72 3.2
18 9.62 3.4
22 15.65 6.7
32 6.25 5.8

Table 3.2 Pressure and voltage at a shockwave of nine channels that saturated during the
Orion-50 test.

In another correspondence with GRAS, we were tudd the data acquisition
card can also have an effect on the data. The B&2 4ards, where all the RG-59
cables connected into, are older models and dbana as high of a bandwidth as the
newer PXI 4498 cards, where all the infiniband ealdonnected into. Because of the
higher bandwidth in the circuitry of the 4498 cardiey can handle shocks better on
systems with higher capacitances and lower curtéats can the 4462 cards[9]. This
explains why the infiniband cable channels stilusated when they only had 4 mA
constant current, but did not saturate as sevasetiie channels on the RG-59 cables

with 4 mA of current.
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Conclusion

Conditions of when a channel will saturate weralggthed. Channels never showed
saturation when they were supplied with 10 mA oezternally polarized
microphone powered by a 12AA power supply was uGetherally, setting a
microphone at grazing incidence will not saturae microphone, but this is not
always the case when 4 mA is used. Supplying areiamth 4 mA on a 1000 ft RG-
59 causes the worst saturation. The best conditanson-saturation on IEPE
channels are setting the microphones at grazindence, using 10 mA current, and
using an infiniband cable because it has the losegsacitance and utilizes the PXI-

4498 card with the high bandwidth.

Using Equation 3.1, with a given current and a kn@ystem capacitance, it
can be determined whfda% values a system can handle before it saturates‘;—‘:l' h

levels were established for the specific systenes us the KEI Stage 2 rocket motor

test, but these are unique for each system whiclvagy by microphone type, cable

28
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type and length, and amount of power supplied écstistem. Future work will
include more tests with these systems to see %Hﬂ/els established here are

consistent.
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