APPENDIXF
AE RESULTS



Review and summary of the acoustic emission data collected from the relief valve
tests for NTSB

PN1006947CRA
1. Intr tion

Acoustic Emission Testing (AET) equipment was utilized to monitor a pilot valve and
a relief valve during a series of pressure tests, at Stress Engineering Services, Inc.’s
laboratory in Houston, Texas. All tests were carried out during the week of
September 18through 22,2000.

2. Objectives

The maln objective of the AET monitoring was twofold. The first was to determine
the onset of mechanical movement within the pilot valve and within the relief valve.
The second was to measure the delta time differential between mechanical movement
within the pilot valve and the relief valve. This delta time was expected to be very
short, possibly in the milliseconds range. The AET technique was selected due to its
high sensitivity to high frequency sound, and due o the high accuracy and definition
of the AET system’s internal clock, allowing the determinationof the delta-T.

3. Technique

Two piezoelectric transducers, with resonant frequency peak sensitivity centered at
60 KHZ, were selected for use. The sensors produce an electrical signal in the
microvolt range. A pre-amplifier was connected to each transducer to boost the signal
to the mili-volt range, thus allowing the signal to travel through a RG-58 coaxial
cable and reach the AET instrument. The AET instrument used was a Spartan AT
with 18 channels.

The AET transducers were coupled to the pilot valve (sensor # 1}, and to the relief
valve (sensor # 2) via Silicone grease and tape. Prior to a new test, or after
mechanical work had been performed on the valve, and at the beginning of each day,
both sensorswere checked for sensitivity and signal continuity (calibration).

Data being collected by the AET instrumentation was displayed in two different
formats. The first was via a series of graphs. These graphs correlated several AE
parameters (Amplitude, Number of Counts, Frequency, Elapsed Time, Pressure from
a pressure transducer, and others). The second format is called the line display. On
this format,, each AET signal being recorded is displayed on the screen as a line with
numbers. Each line includes information such as the date, hour, minutes, seconds,
mili-seconds, micro Seconds, nano-seconds, sensor number, amplitude, rise-time,
counts, duration, energy, threshold, pressure, and others, all related to each single AE
signal (or hit).



The graphs were used to determine the nature of the signals being detected, while the
line data was used to determinethe first AE signals being produced by the pilot valve
and the Delta-T between the pilot valve and the relief valve.

4-Results

A total of 35 individual data files were recorded. From this total, 13 files were related
to actual tests on the valve. From these 13 AE data files, two (2) files actually contain
data, which suggests mechanical movement within the pilot valve, immediately
followed by mechanical movement within the relief valve. These two files are
6947T32.DTA, and 6947T35.DTA. All thirteen *.DTA files were converted to ASCII
format files, and are being provided to the group in a CD.

File 6947T32.DTA contains Six (6) pairs of AE signals, originated fiom the pair of
sensors 1 — 2 (in this order), which matches the expected profile of mechanical noise
within the pilot valve, immediately followed by mechanical noise within the relief
valve. These six pairs were characterized by a 100dB signal at sensor number 1 (pilot
valve), followed by a lower amplitude signal at sensor number 2 (relief valve). Since
these events were always followed by a significant amount of flow noise and other
noises, only the first pair of signals was picked for determination of the delta-time
interval.

File 6947T35.DTA cottains four (4) pairs of AE signals, originated fiom the pair of
sensors 1 — 2 (in this order), which matches the expected profile of mechanical noise
within the pilot valve, immediately followed by mechanical noise within the relief
valve. These four pairs were characterized by a amplitudes in the 89 to 92 dB range at
sensor number 1 (pilot valve), followed by a lower amplitude signal (in the range of
65 to 82 dB) at sensor number 2 (relief valve). Since these events were always
followed by a significant amount of flow noise and other noises, only the first pair of
signals was picked for determination of the delta-time interval.

The attached pages include the two above referred files, with the six pairs and the
four pairs of data highlighted for easy reference. Next to each highlighted pair of
values, the “delta-time” difference between sensor 1 and 2 is indicated in
microseconds.

5- Conclusions

AE monitoring techniques were successfully applied on several pressure tests
conducted at SES facilitiesto determine the onset of movement and the time interval
between a pilot valve and the relief valve. A total of 10 such combinations were
detected, fiom two different tests. The results indicate relief valve opening followed
pilot valve opening with a delta time difference in the range fiom 880 microseconds
to 177,000 microseconds.



FILE NAME FILE SIZE FILE DATE & TIME
Ci6947T32.DTA 519259 Sun Jan 6 16:53:04 1980

TEST LABEL TEST BEGIN DATE
Relief Valve Test for NTSB - PN6947 Sun Jan 6 15:38:54 1980

ACTIVE CHANNELS
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

ACTIVE AE DATA SET PARAMETERS
ID DDD HH:MM:SS.mmmuuun PARAI CH COUN DURATION AMP FREQ THR

ACTIVE TIME DRIVEN DATA SET PARAMETERS
ID DDD HH:MM:SS.mmmuuun PARAI

Event Data Display ON. Hit Data Display ON. TIME Data Display ON.
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00:44:38.9137647
00:44:38.9355170
00:44:38.9437043
00:44:38.9505920
00:44:38.9530243
00:44:38.9850295
00:44:38.98855140
00:44:38.99211325
00:44:39.0069555
00:44:39.0175335
00:44:39.0240643
00:44:39.0254480
00:44:39.0340823
00:44:39.0354945
00:44:39.0418395
00:44:39.0426845
00:44:39.0438775
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00:44:39.0472517
00:44:39.0571705
00:44:39.0602390
00:44:39.0849270
00:44:39.1491685
00:44:39.1532603
00:44:39.1818953
00:44:39.1832697
00:44:39.1857990
00:44:39.1935240
00:44:39.2114370
00:44:39.2227393
00:44:39.2300013
00:44:39.2353037
00:44:39.2527690
00:44:39.2589797
00:44:39.2614470
00:44:39.2626467
00:44:39.3093820
00:44:39.3175467
00:44:39.3192615
00:44:39.3282010
00:44:39.3295407
00:44:39.3305250
00:44:39.3315087
00:44:39.3367000
00:44:39.3445915
00:44:39.3516053
00:44:39.3525385
00:44:39.3553583
00:44:39.3564505
00:44:39.3582240
00:44:39.3612390
00:44:39.3632253
00:44:39.3648310
O0:44:35 3661827
00:44:39.3677120
00:44:39.3686990
00:44:39.3717255
00:44:39.3785080
00:44:39.3988390

PARA1 CH COUN
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HH:MM:SS.mmmuuun
00:48:08.2343180
00:48:08.2366020
00:48:08.2416863
00:48:08.2430020
00:48:08.2448023
00:48:08.2464477
00:48:08.25544597
00:48:08.2591590
00:48:08.2634130
00:48:08.2688745
00:48:08.2709003
00:48:08.2810865
00:48:08.2935147
00:48:08.2544053
00:48:08.2965633
00:48:08.2989915
00:48:08.3034637
00:48:08.3105577
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00:48:08.3207585
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00:48:08.3458503
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00:
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:55:29
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.8781985
.8836995
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.9122723
.9177487
.9494587
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.9668645
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.9677697
.9693547
. 8724253
.9751610
.9860340
.9883790
.9948963
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.0032415
.0082430
.0126467
.0168093
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155 :29.0234045
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:55.2417353
:55.2485160
:155.2559597
:55.2719367
:155.2824385
155.2893767
:55.2922607
:155.2932320
:55.2965130
:55.2978473
:55.2983915
:55.3204327
:55.3212665
:55.3541747
:55.3957325
-55.3982493
:55.4055827
:55.4085275
155.,4236475
:155.4248797
:55.4273585
:55.4301605
:55.4310660
:55,4322513
:1655.4332973
:55.4342055
:65.4369195
:55.4398640
:55.4412953
:55.4438823
:55.4438833
:55.4453270
:155.4472723
:55.4484355
:55.4458387
:55.4522585
:55.4532160
:55.4546420
:55.4707880

PARAL

477.11
482.13
492.17
502.21
502.21
517.27
517.27
517.27
517.27
632.73
517.27
537.35
577.51
607.63
622 .69
622.69
627.71
632.73
622.69
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632.73
632.73
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632.73
622 .69
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1522
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14159
295
727
1328

61
73
65
65
77

FREQ THR

50
44
13
20
67

500

1000
250

58
28
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1000
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537.35
537.35
552.41
552.41
557.43
557.43
557.43
562.45
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637.75
637.75
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632.73
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642.77
642.77
637.75
637.75
637.75
637.75
637.75
637.75
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637.75
637.75
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597 .59
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2
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96
6
42
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2

2
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1
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1
41
2

2
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2
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FREQ THR
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48
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FILE NAME FILE SIZE FILE DATE & TIME
- C:6547T35.0TA 41054 Mon Jan 7 16:55:40 1980

TEST LABEL TEST BEGIN DATE
Relief Valve Test for NTSB - PN6947 Mon Jan 7 15:08:23 1980

ACTIVE CHANNELS
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

ACTIVE AE DATA SET PARAMETERS
ID DDD HH:MM:S8.mmemiuun PARAI CH COUN DURATION AMP PREQ THR

ACTIVE TIME DRIVEN DATA SET PARAMETERS
ID DDD HH:MM:SS.mmmuuun PARAI

Event Data Display ON. Hit Data Display ON. TIME Data Display ON.



ID DDD HH:MM:55.mmmuuun PARAT CH COUN DURATION AMP FREQ THR
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00 :02 -12.3003805
00:02:12.4329097
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00:02:12.8228633
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00:02:14.6590845
00:02:14.7262415
00:02:14.7602243
00:02:14.8273523
00:02:14.8529633
00:02:17.8038067
00:02:17.8048483
00:02:17.8080733
00:02:18.1155810
00:02:18.4711450
00:02:18.4898055
00:02:18.5142980
00:02:18.5269365
00:02:18.5330253
00:02:18.6483463
00:02:18.6627805
00:02:18.6906175
00:02:18.7061165
00:02:18.7122915
00:02:18.7410977
00:02:18.7509400
00:02:18.7831930
00:02:18.7914853
00:02:18.8032275
00:02:18.8322313
00:02:18.8353820
00:02:18.8765480
00:02:18.8546793
00:02:18.9126497
00:02:18.9140743
00:02:18.9169665
00:02:18.5249577
00:02:18.9284073
00:02:18.9320430

5.23
5.23
0.21
0.21
5.23
0.21
0.21
5.23
5.23
5.23
0.21
5.23
5.23
5.23
5.23
5.23
5.23
5.23
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105.63
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296.39
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316.47
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331.53
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376.71
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00:27:17.8097280
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00:27:18.1335743
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1 22
4 50
59 2329
61 2320
2 22
83 2721
12 393
1 10
1 102
2 54
11 402
4 55
21 1127
1 11
17 1376
1 12
2 47
1 2
1 18
1 16

MP

FREQ THR

333

60

60
60

t’p*‘y’ﬂl/\'«m



ID DDD HH:MM:SS.mmmuuun

NORRPRRPRRPRRPRPPPRPRRPRUONUORRRRRRRRP

O O
O O

)
O
OQUO0OO0O00000000000U0OUO0CO0O00O00O00OO0

00:33:02.4632045
00:33:02.4843870
00:33:02.5002420
00:33:02,5121330
00:33:02.5396935
00:33:07.6997123
00:33:09.3244503
00:33:09.4581750
00:33:09.7351577
HH:MM:SS . mmmuuun
00:33:10.0009295
HH:MM:SS . mmmuuun
00 :33:12.5599300
00:33:12.7371865
00:33:12.8321025
00:33:12.8965730
00:33:12.9659055
00:33:13.0420205
00:33:13.1328717
00:33:13.1726360
00:33:13.2876343
00:33:13.3915567
00:33:13.8316660
00:33:14.3987173
00:33:14.4836203
HH:MM:SS . mmmuuun
00:33:20.0009275

PARAI
386.75
421.89
457.03
477.11
517.27
517.27
497.19
502.21
497.19
PARA1l
492 .17
PARAI
457.03
386.75
336.55
316.47
296.39
266.27
246.19
246.19
221.09
216.07
195.99
195.99
201.01
PARA1
195.99

cH COUN DURATION AVP FREQ THR
6

2 15 1332 67 11 0
2 11 261 72 42 60
2 115 2576 76 44 60
2 114 2781 74 40 60
2 118 3045 74 38 60
2 2 358 64 5 60
2 1 36 65 27 60
2 3 295 65 10 60
2 1 26 66 38 60
CH COUN DURATION AMP FREQ THR
1 a3 1319 90 62 60
2 6 108 74 55 60
2 2 26 67 76 60
2 5 61 70 81 60
2 4 87 68 45 60
2 8 78 73 102 60
2 9 244 72 36 60
2 1 2 62 500 60
2 2 54 69 37 60
2 17 331 76 51 60
2 1 2 62 500 60
2 60 967 81 62 60
2 1 22 65 45 60

1256 e



ID DDD HH:MM:SS.mmmuuun

PRRPPRPRPRPPRRRRRRPRRPRHERRRERRRRERR

ojojoiolololoJoJolololololoNoloNolololoNoleloNoXo)

01:
01:
:16
[ B
:16:
01:
01:
01:
01l:
01:
01:
01:
01:
01:
01:
01:
0l:
0l:
:16
01:
0l:
01l:
01l:
01:
01:

01

01

01

16
16

16:

16:
16:
1ls6
16
16
16
16:
16:
16:
16
16:
16:
16:

16
16
16
16
16
1lé:

:12.0973340
:12.1012980
:12.1057995

12.1060697
12.1092923
12.1142163
12.1156063

:12.1156693
:12.1201230
:12.1214585
112.1244065

12.1277965
12.1315945
12.1386983

:12.1432583

12.14623900
12.1484980
12.1532380

112.1556587
:112.1598425
:12.1619673
112.1661213
:12.1695033
:12.1698190

12.1710695

PARA1 CH COUN DURATION AMP FREQ THR

175.91
175.91
175.91
175.91
175.91
195.99
195.99
195.99
195.99
206.03
206.03
206.03
206.03
221.09
221.09
221.09
221.09
236.15
236.15
236.15
256.23
256.23
256.23
281.33
281.33

RENENNNNNNNNNNNNNNNENNRNRENR

138
85
13

2

246

10
1
98
1
1
8
4
37
21
14
5
50
19
1
15

2799
1838
860
266
5051
486
2
2064
5

4
260
106
1674
202
810
486
1462
1018
3
882
1383
3
150
133
344

92
75
66
66
82
69
64
80
62
65
65
69
69

=

48

15
7
48
20
500
47
200
250

€0

FAhy prc



PRRPRPRRPRPRPRRPRRPRRPRRPRPRPRRPRPRPRPRPRRPRPRRRRERRRERRRER

olejojojojojojojojojoloJoololololooloNoloNol-NolololeoNoNoNo)

01:01:25.6250130
01:01:25.6278335
01:01:25.6296653
01:01:25.6359923
01:01:25.6449450
01:01:25.6542900
01:01:25.6577323
01:01:25.6629193
01:01:25.6739853
01:01:25.6778893
01:01:25.6904437
01:01:25.6928923
01:01:25.7225595
01:01:25.7332635
01:01:25.7417967
01:01:25.7609445
01:01:25.7611620
01:01:25.7628140
01:01:25.7704755
01:01:25.8699923
01:01:25.8841540
01:01:25.8844047
01:01:25.8884690
01:01:25.8912820
01:01:25.9087123
01:01:25.9102143
01:01:25.9146063
01:01:25.9160070
01:01:25.92277%0
01:01:25.9241120
01:01:25.9273507

55.43
55.43
55.43
55.43
60.45
60.45
60.45
60.45
65.47
65.47
65.47
65.47
70.49
70.49
70.49
85.55
85.55
85.55
85.55
145.79
175.91
175.91
175.91
180.93
195.99
195.99
206.03
206.03
221.09
221.09
221.09

NNPNNNNNNDNENNENNENENNNNNDNNNNNDNDNDN

N

11

NNWOWROOPREPEN

139
325

114
238
119
105
625
672
4314

2906
267
911
544

778
444
280
3325
1759

166
82
154
1637
507
1004
63

28
333
500
333

35
25

28

25
48
30
37
58

500
46
33
35

54
500

25
24
19

47
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PAGES: 4
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Advanced Services
Conam Inspectionine.
713-473-6111

dallas.snydéer@conaminsp.com
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CERTIFICATE OF CALIBRATION

CALIBRATION PERFORMED AT TEMPERATUREQF  T4® FANDRELATIVE HUMIDSTY OF I3 %

MEASURING AND TEST FOUIPMENT USED

QUALITY ASSURANCE: ___ e £ fiaf

LB,
ACOUSTICS :
CORPORATION 145 Clarksvile Road « Princeton Junclion = New Jersay 08550-5303

A BRSTRAS Moldings Somgdn)

FOHR ML QOP-11-05-02

W
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SPARTANAT INSTRUMENT PERFORMANCE VERIFICATION

Model SPaTmh AT Serial No.
Main/Expansion Vo LET Examiner/Date

123

Swyde .
0.0 +0.1V ] L.IZ0.1V | 5.540.1V |95 201V
Digital Parametric Qutput i =
As Found ' L
L Reommed
Parametric Ch. Inpar
As Found

- { As Retumed
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	1 0 00:44:38.9505920
	1 0 00:44:39.0240643
	1 0 00:44:39.0340823
	1 0 00:44:39.0354945
	1 0 00:44:39.0418395
	1 0 00:44:39,0426845
	1 0 00:44:39.0456725
	1 0 00:44:39.0571705
	o 00:44:39.14916a5
	1 0 00:44:39.1532603
	1 0 00:44:39.1818953
	1 0 00:44:39.1857990
	1 0 00:44:39.2114370
	1 0 00:44:39.2227393
	1 0 00:44:39.2353037
	1 0 00:44:39.2589797
	1 0 00:44:39.2614470
	1 0 00:44:39.2626467
	1 0 00:44:39.3093820
	1 0 00:44:39.3175467
	1 0 00:44:39.3192615
	1 0 00:44:39.3282010
	1 0 00:44:39.3295407
	1 0 00:44:39.3305250
	1 0 00:44:39.3319087
	1 0 00:44:39.3516053
	1 0 00:44:39.3553583
	1 0 00:44:39.3564505
	1 0 00:44:39.3612390
	1 0 00:44:39.3632253
	1 0 00:44:39.3648310
	o 00:44:39.366ia27
	1 0 00:44:39.3677120
	1 0 00:44:39.3686990
	0 00:48:08.2366020
	0 00:48:08.2416863
	0 00:48:08.2430020
	0 00:48:08.2448023
	0 00:48:08.2464477
	0 00:48:08.2554497
	0 00:48:08.2591590
	0 00:48:
	0 00:48:08.2688745
	0 00:48:08.2709003
	0 00:48:08.2810865
	0 00:48:08.2935147
	0 00:48:08.2944053
	0 00:48:08.2965633
	0 00:48:08.2989915
	0 00:48:08.3034637
	0 00:48:08.3105577
	0 00:48:08.3162930
	0 00:48:08.3187367
	0 00:48:08.3196843
	0 00:48:08.3207585
	0 00:48:08.3271507
	0 00:48:08.3282107
	0 00:48:08.3295510
	0 00:48:08.3305570
	0 00:48:08.3325550
	0 00:48:08.3353515
	0 00:48:08.3385143
	0 00:48:08.3402907
	0 00:48:08.3419980
	0 00:48:00.3435725
	0 00:48:08.3458503
	0 00:48:08.3467340
	0 00:48:08.3492620
	0 00:55:28.8836995
	0 00:55:28.8968167

	0 00:55:28.9098170
	0 00:55:28.9177487
	0 00 : 55 28.9494587
	0 00:55:28.9640857
	0 00 :55 28.9668645
	0 00:55:28.9674117
	0 00:55:28.9677697
	0 00:55:28.9693547
	0 00:55:28.9724253
	0 00:55:28.9751610
	0 00:55:28.9860340
	0 00:55:28.9883790
	0 00:55:28.9948963
	0 00:55:28.9973103
	0 00:55:29.0032415
	0 00:55:29.0082430
	0 00:55:29.0126467
	0 00:55:29.0168093
	0 00:55:29.0223513
	00 : 55 :
	0 00:55:29.0242887
	0 00:55:29.0256960
	0 00:55:29.0282590
	0 00:55:29.0339447
	0 00:55:29.0437037
	0 00:55:29.0447463
	0 00:55:29.0773013
	0 00:55:29.0783547
	0 00:55:29.0796263
	0 00:55:29.0810550
	0 00:55:29.0846107
	0 00:55:29.0860505
	0 00:55:29.0872427
	0 00:55:29.0880885
	0 00:55:29.1046207
	0 00:55:29.1175023
	0 00:55:29.1256677
	0 00:55:29.1269295
	0 00:55:29.1296957
	0 00:58:55.2485160
	0 00:58:55.2559597

	0 00:58:55.2719367
	0 00:58:55.2893767
	0 00:58:55.2922607
	0 00:58:55.2932320
	0 00:58:55.2965130
	0 00:58:55.2983915
	0 00:58:55.3204327
	0 00:58:55.3212665
	0 00:58:55.3541747
	0 00:58:55.3957325
	00 : 58 :
	0 00:58:55.4055827
	0 00:58:55.4085275
	0 00:58:55.4236475
	0 00:58:55.4248797
	0 00:58:55.4273585
	0 00:58:55.4301605
	0 00:58:55.4310660
	0 00:58:55.4322513
	0 00:58:55.4332973
	0 00:58:55.4342055
	0 00:58:55.4369195
	0 00:58:55.4398640
	0 00:58:55.4412953
	0 00:58:55.4438823
	0 00:58:55.4438833
	0 00:58:55.4453270
	0 00:58:55.4472723
	0 00:58:55.4484355
	0 00:58:55.4498387
	0 00:58:55.4522585
	0 00:58:55.4532160
	0 00:58:55.4546420
	0 00:58:55.4707880

	0 01:02:23.3448257
	0 01:02:23.3553955
	0 01:02:23.3629893
	0 01:02:23.3756335

	0 00:02:12.0127980
	0 00:02:12.0320133
	0 00:02:12.0642850
	0 00 : 02 :
	0 00 : 02 :
	0 00:02:12.1238825
	0 00 : 02 :
	0 00:02:12.4329097
	0 00 : 02 :
	0 00:02:12.8228633
	0 00:02:14.6590845
	0 00:02:14.7262415
	0 00:02:14.7602243
	0 00:02:14.8273523
	0 00:02:14.8529633
	0 00:02:17.8038067
	0 00:02:17.8048483
	0 00:02:17.8080733
	0 00:02:18.1155810
	0 00:02:18.4711450
	0 00:02:18.4898055
	0 00:02:18.5142980
	0 00:02:18.5269365
	0 00:02:18.5330253
	0 00:02:18.6483463
	0 00:02:18.6627805
	0 00:02:18.6906175
	0 00:02:18.7061165
	0 00:02:18.7122915
	0 00:02:18.7410977
	0 00:02:18.7509400
	0 00:02:18.7831930
	0 00:02:18.7914853
	0 00:02:18.8032275
	0 00:02:18.8322313
	0 00:02:18.8353820
	0 00:02:18.8765480
	0 00:02:18.8946793
	0 00:02:18.9126497
	0 00:02:18.9140743
	0 00:02:18.9169665
	0 00:02:18.9249577
	0 00:02:18.9284073
	0 00:02:18.9320430
	00:33:07.6997123
	00:33:09.3244503
	00:33:09.4581750
	00:33:09.7351577
	1 0 00:33:12.7371865
	1 0 00:33:12.8321025
	1 0 00:33:12.8965730
	1 0 00:33:12.9659055
	1 0 00:33:13.0420205
	1 0 00:33:13.1328717
	1 0 00:33:13.1726360
	1 0 00:33:13.2876343
	1 0 00:33:13.3915567
	1 0 00:33:13.8316660
	1 0 00:33:14.3987173
	1 0 00:33:14.4836203

	0 01:16:12.1057995
	0 01:16:12.1012980
	01:16:12.1060697 i75.91
	0 01:16:12.1142163
	0 01:16:12.1156063
	0 01:16:12.1156693
	0 01:16:12.1201230
	0 01:16:12.1214585
	0 01:16:12.1244065
	0 01:16:12.1277965
	0 01:16:12.1315945
	0 01:16:12.1386983
	0 01:16:12.1432583
	0 01:16:12.1462900
	0 01:16:12.1484980
	0 01:16:12.1532380
	0 01:16:12.1556587
	0 01:16:12.1598425
	0 01:16:12.1619673
	0 01:16:12.1661213
	0 01:16:12.1695033
	0 01:16:12.1698190
	0 01:16:12.1710695


