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Abstract Frequency Response Sensitivity variations under controlled conditions
A |Ong-term f|€|d StUdy IS be|ng performEd at Sand|a Nat|0na| . Ca“bratiOn Signa|S: Sine WaVE, 4 Pa - 5 Pa peak amp“tUde, 001 HZ tO 10 HZ, 1/3 OCtave interva|S. ° Changes in the Sensitivity and phase at 1 HZ have been tracked over the past year and a half
Laboratories (SNL) Facility for Acceptance, Calibration, and Testing
. . . . . Change in Sensitivity at 1 Hz
(FACT) to Compare the performance Of flve |nfrasound Sensors |n ¢ SenSOFS genera”y matChEd thEII’ n0m|na| respOnse mOdE| fa|r|y We”, W|th the except|0n Of' 35.00%
- : : . _  The Chaparral 50A exhibited its amplitude response level shifting with sensitivity, and a 30.00% - —o—Chaparral S0A 172693
active use. The goal of this study, which was initiated at the beginning o . N , , o e ool 4 1571 * Both Chaparral 50A sensors were
: L. : : significant amount of error in the repeatability at different frequencies. 5% |
of 2018 and is continuing into 2019, is to evaluate the relative C— Hyperion 51134 20150305.001 dropped from the study at the end
. . . : x Response Curves, Chaparral 50A, 172693 8 MB3a 00010 0715
performance of the sensors in a field environment in which the * The Chaparral 64 had a lower corner than S 15.00% | & ea00S Ny of 2018.
. . . - I g —&—Chaparral
sensors are subject to dynamic environmental conditions and to the nominal response model. M 2 1000% | e
evaluate changes in the sensor’s absolute performance under S M £ 500 - e typerion 51134 20150305.002
t “ d I b t d't. Th |t fth I b t * Phase responses (nOt Shcwn) matChed the :; T N0 —— 8= <G g " 0.00% —e=[1B3a 00020 0715
controlled laboratory conditions. The results of the laborator . s W B M e o s
Y Y nominal models very well and were not | 5.00% . . . . o
- s _ e . v gj « « 2 2 ‘O_i‘o « 2 « 2 g 2 a = g ) ange in sensItivity a Z
calibrations, performed at 3-month intervals, are presented here. We observed to change over the duration of the S—————— ETIIETRREEEELY e
examine the laboratory measurements of sensitivity and amplitude experiment. —e—September ®* 50Amodel . e Chaparral 50 172693
. 0.01 0.1 1 10 T —e—Chaparral 64 157L
and phase response to determine to what extent the sensor Frequency (H2 * In April 2019, both MB3a sensors ; yperion 51134 20150305.001
erformance has changed over the course of the field study. ' _ ' I V32 00010075
\p g y Y, Response Curves, Chaperral M674, 157L B Response Curves, Hyperion 5113A, 20150305.001 had thelr be“OWS re CenterEd USIng % —e—MB2005 NV1737
e St o M a updated procedure from CEA, S -1.00% - ~e—Chaparral 50A 172694
350 130 . » : oy ey @ —e—Chaparral 64 158L
L n which resulted in their sensitivities | = . e yperion 51134 20150305.003
S 20 S reverting to initial values. o ~e—MB32 00020 0715
£ 200 S 1o R —e—MB2005 NV7138
E o —&— January :E 100 ——Ma -5.00% T > 3 T T
% 250 o May % ! Change in Phase at 1 Hz % § % = E = = a i % o':,o % % i % T
v —e— July “ 90 —o—July 0.5000 deg 3 & < & s 3 = 2 & o 2 & 8 @& < 3
212 e 80 —°—September 0.4000 deg - »— Chaparral 50A 172693
100 | , M64 model . 5113A model ) 0.3000 deg - ﬂ_chazarmm e
o > e requency (Hz] ' v o o Frequency (Hz) ' v % 0.2000 deg - —e—Hyperion 5113A 20150305.001
g 0.1000 deg - MB3a 00010 0715
Response Curves, Seismowave MB2005, 1737 Response Curves, Seismowave MB3a, 0010 0715 %) Sk e +:|h82005 :\I:::jz%% ¢ REIative Changes in phase
W“ ——0—0—0—0—0—0— 00— 0= 0= o o E -0.1000 deg A aparra
s r wa\ { noes et 55 response have been very small,
. / - o 03000 des - ~e—Hyperion 5113A 20150305.002 under +/_ 0.2 degreeS.
T 1875 / T —e—MB3a 00020 0715
2 1575 — z 4 -SA000 deg 7 —e—MB2005 NV7138
g 14.75 | f — g 14.5 / e lanuary -0.5000 deg — T . . 1
2 ——May e —e—May £ 25 5 %53 % 2EIOEZER
$ 12.75 iy A —e—July A T G < O Z o - w Zz <
" —&— September o —e—September
1045 M;OUS model 105 ME; A model Model Serial # Jan-18 May-18 Jul-18 Sep-18 Dec-18 Apr-19
9.75 9.5 Chaparral 50A 172693 379.80 mV/Pa 378.80 mV/Pa 433.80 mV/Pa 465.20 mV/Pa  426.60 mV/Pa
0.01 0.1 1 10 0.01 0.1 1 10 0.00% -0.26% 14.22% 22.49% 12.32%
Frequency (Hz) Frequency (Hz) Chaparral 64 157L 380.20 mV/Pa 381.10 mV/Pa 380.20 mV/Pa 380.30 mV/Pa  380.10 mV/Pa 383.60 mV/Pa
0.00% 0.24% 0.00% 0.03% -0.03% 0.89%
\ / Hyperion 5113A 20150305.001 138.30 mV/Pa 138.80 mV/Pa 138.20 mV/Pa 138.20 mV/Pa  139.00 mV/Pa 140.70 mV/Pa
0.00% 0.36% -0.07% -0.07% 0.51% 1.74%
MB3a 00010 0715 18.73 mV/Pa 18.21 mV/Pa 18.15 mV/Pa 18.04 mV/Pa 17.97 mV/Pa  18.58 mV/Pa
/ \ 0.00% -2.78% -3.10% -3.68% -4.06% -0.80%
/ \ s P P Py P ® MB2005 NV1737 19.49 mV/Pa 19.45 mV/Pa 19.54 mV/Pa 19.55 mV/Pa 19.50 mV/Pa  19.46 mV/Pa
Testin Methodolo SenSItIVIty Va rlatlons WIth tem pe ratu re Chaparral M64+ 228S — — oo o e 76.58-n(:.\i/5P§
g gM Chaparral 50A 172694 391.00 mV/Pa 396.50 mV/Pa 466.40 mV/Pa 512.20 mV/Pa  455.80 mV/Pa no
: : * Relative changes in sensitivity were observed in the field data that appear to be correlated to A0 i s 31.00% T
° The sensors were grou ped into two EQUIValent batChes, eaCh th " gt . }/th PP Chaparral 64 158L  384.00 ?Y)/oi?, 385.70 rg.\zli/;;) 385.70 rg.\éll/éll::’;; 384.30 r(r;.\(/)/;z 382.60_r(r)1.\;/6P‘)2 382.60_?;/622
deployed at a Separate field Site e Opera Ing empera ure O e Sensors' Hyperion 5113A 20150305.002 138.20 mV/Pa 138.00 mV/Pa 137.40 mV/Pa 136.80 mV/Pa  137.20 mV/Pa 136.60 mV/Pa
. . . . . » 0.00% -0.14% -0.58% -1.01% -0.72% -1.16%
. . . e A prellmlnary attempt at reprOdUC|ng this measurement in the |ab0rat0ry was made by MB3a 00020 0715  19.40 mV/Pa 19.25mV/Pa  19.15 mV/Pa 19.06 mV/Pa  19.08 mV/Pa  19.43 mV/Pa
A batch is brought back for a laboratory calibration as a group and . , , , , 0.00% 0.77% 1.29% 1.75% 1.65% 0.15%
allowed to equilibrate overnight at approximately 23 C adjusting the temperature of the interior of the calibration chamber from 23 C to 45 C. MRS WA IssmiPe  3mUP  94SmUFs  samiPa 1049mURe 1959
. . . . 0.00% 0.26% 0.67% 1.04% 0.88% 1.40%
. . . . * The chamber was vented so that pressure did not build up as temperature increased. SR 2 TETILE
* The sensorsin a batch are calibrated simultaneously against a \_ Q0% -
common reference sensor, ensuring that their relative calibration is Sensitivity Change (%) versus Temperature 4 )
2.00% [
very accurate. Conclusions and Future Plans
 Temperature, barometric pressure, and humidity are monitored o pe
during the laboratory calibration 1.00% R oY, * The long-term field study is continuing for another year, with the removal of the Chaparral 50A
Jan-18 May-18 Jul-18 Sep-18  Dec18  Apr-19 0.50% TR AT T et o from the study and the addition of a Chaparral M64+ and MB3a to each of the two groups.
Batch1l Temperature 22.8C 253 C 25.1 C 22.4C 22.3C 21.6C 0 " , : : e ¢ S e e’ . I —— . . . .
Pressure 819 hPa B13hPa _ 8481Pa _ 826NhPa  815hPa _806hPa noo U N S1043:c55 - MB2005 V7138 * Quarterly laboratory calibrations will continue for the study.
oy Ly | msxel o s el i LI
S—— . T N . * Preliminary field results have identified what are believed to be some dependence in the
Rel. Humidity 18.8 % RH 17.70% 27.50% 36.80% 16.70% 23.50% -1.00% Sensitivity on ambient temperature and pressure
 Changes in the sensor sensitivity are tracked over time and o . :
5 4 to the field dat Y - i - - 00 - * Preliminary laboratory testing on temperature dependence have been performed.
compared to the field data. :
. * (] [} [} [} L) [
+  Once the laboratory calibration is completed, the batch is returned Note: The reference MB2005 was SUb!eCted to the same temperature changes a5 the sensors  Improved laboratory testing is planned to measure the dependence of sensitivity on ambient
. . under test, the percent change is relative to a reference that may itself be changing. ,
. tothe field site L ) pressure and temperatures across -10 C to 40 C with a more stable reference.
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Calibration of Infrasound Sensors in a Long-Term Field Study

Highlight: 9

* Along-term field study of infrasound sensors is /
being performed at Sandia National Laboratories.

* As part of the field study, laboratory calibrations
are being performed repeatedly over several years
to examine changes in sensor performance.

 Measurements of the impact of temperature and
barometric pressure on sensitivity are being
compared between field and lab environments.
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