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INTRODUCTION

This report describes follow-up reduction of data acquired from tests made on M228 fuze
igniters. Those tests are described in the M228 Fuze Igniter Pressure Measurement, Part 1
report. The data reduced in this report was in the form of pressure signals stored in the LeCroy
6050A oscilloscope used to acquire the original pressure signals. Those signals were recreated
in a Tektronix 3022A arbitrary function generator (AFG) and applied to the LeCroy through a
two-stage fourth-order Butterworth low pass filter, where they were captured and stored. The
filtered signals were then analyzed to determine pressure levels and rise times.

DESCRIPTION

Fifty-eight of the 64 signals originally acquired in the M228 fuze igniter tests were
recreated and processed through two Khron-Hite 3202 fourth-order Butterworth low-pass filters
and then acquired by a LeCroy 6050A digital storage oscilloscope. The recreated unfiltered
pressure signals were also acquired by the LeCroy. In order to recreate the original pressure
waveforms for filtering and analysis, it was necessary to have saved the waveform in the LeCroy
as a binary file when it was first acquired. Then the waveform could be recalled to the LeCroy
memory and displayed and mathematically sparsed to reduce the number of data points to less
than 64K (49,251 for the pressure waveforms). The sparsed waveform was then saved as an
Excel .csv file in a flash drive and read into a laptop computer where header information was
removed from the Excel file. The reduced .csv file was then converted to a .tfw file using
Tektronix’s Arb Express waveform edit program and stored in the flash drive. Then the flash
drive was plugged into the Tektronix 3022B AFG’s USB port and the .tfw file read into the AFG.
The AFG would then recreate the pressure waveform and output the waveform as a voltage
signal to the low pass filter and LeCroy oscilloscope.

Six of the 64 original pressure signals did not have resonance generated ringing and
therefore did not require filtering. Figure 1 shows the block diagram connections between the
instruments used. Figure 2 shows the instruments used for this report. Figures 3 through 58
show the pressure signals acquired. Each of those figures have three waveforms. The top
waveform, labeled F1, is the original pressure signal, sparsed by a factor of two. The middle
waveform, labeled C1, is a recreation of the F1 waveform by the Tektronix 3022B AFG. The
bottom waveform, labeled C2, is waveform C1 passed through the Khron-Hite two-stage low-
pass filter. The peak voltage value of the C2 signals were converted to peak pressure values
using the PCB pressure system calibration value of 24.21 psi/mV. The final pressure values and
signal rise times for each test are listed in table 1.
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Measure P1:ampl(F1) P2freq(F1) P3:ampl(C1)
value 5262mv — 1325V
status v a v
--

400 mvidiv

20.0 psfdiv

Figure 3
Test 1

P4 freq(C1) PS.ampiCD P8:ampl(F 1)
48254 Kz 132v
R v

Measure P1:ampi(F1) P2meq(F1) P3:ampl(C1)
value » 2254 mV 35317 kHz 230V
A A
Figure 4
Test 2

H— s

Measure P1:ampl(F1) P2:freq(F1) P3:ampl(C1)
value *IM9mv - anv
a R
Figure 5
Test 3

P4:freq(C1) P5:ampl(C2 P& .ampl(F1)
- 796 mv
R "

P4 freq(C1) P5:ampi(C2 PB:ampl(F1)
424285 kiHz 751 mv
R R




Measure P1:amplF1) P2freq(F1) P3:ampi(C1) Patreq(C1) P5.ampi(C2 P8.ampi(F1)

value » 2254 mvV 39987 kHz 230V 411.301 kHz 840 mv
status A A R A A
F1__ speree(Mi) ST
100 m\idiv
50 0 usrd
Figure 6
Test 4
btttz
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Measure P1:pkpk{F1) P2freq(F1) P3:pkpk(C1) Pdfreq(C1) P5.empi(C2 PB.ampl(F1)

valus »225mV 399.82 kHz 212V 350837 kHz 110V
status Eid R v E 3 A
FT_sparsaui} -1
106 v
500 1sidp
Figure 7
Test 6
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Measure P1:pkpk(F1) P2freq(F1) PIpkpk(C1) P4 freq(C1) P5:ampi(C2 PB:ampi(F1)
value 482 mv - 212v 375825 Wz 575 mv
etatue v £ v £ LR
el ey

500 mVidry|

50.0 us/div

Figure 8
Test 8
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Measure P1:pkpkiF1) P2:teq(F1) P3.pkpk(C1) P4 freq(C1) P5:ampl(CD P8:ampl(F1)
value 150 mv 664.03 kHz 198V 480.77 kHz 164V
v v R

Figure 9
Test9
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Measure P1:pkpk(F1) P2freq(F1) P3.pkpk(C1) P4 treq(C1) P5.ampiC2 PB:ampi(F1)
value 270 mv — 212v 352.205 kHz 972mv
status R v 4 A

Figure 10
Test 10

W prmmesicar. ..o e r e et g Ty

Measure P1:pipk(F1) P2freq(F1) P3:pkpk(C1) P4 traq(C1) P5.ampi(C2 PB8.ampi(F1)

valus a3 mv 42221 kHz 172v 508.79 kHz 1.087v
status v _ A v R v
] [ e
500 mvid
50.0 psid
Figure 11
Test 11
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Measure P1:pkpk(F1) P2freq(F1) P3:pkpk(C1) P4:treq(C1) P5:ampl(C2) P8.ampl(F1)

value 119 my - 1.88v 449.88 kHz 177V
status v A v A E: N
R i i v
500 mvidiv
50.0 psid
Figure 12
Test 12

Measure P1:pkpk(F1) P2:freq(F 1) P3:pkpk(C1) P4freq(C1) P5:ampl(C2 P8:ampl(F1)

value 287 mv - 212v 560.08 kHz 707 mv
status v A v A A
(FT__sperse(M1) Trigger |
500 mVidiy !
50.0 usidh
Figure13
Test 13
e = -

P5.ampi(C2 P6:ampl(F1)

ol 1 = S

P4freq(C1)

Measure P1:pkpk(F1) P2:freq(F1) P3:pkpk(C1)

value 718 mv 382.04 kHz 221V 737.52 kHz 575 mv
status v AR 4 A A
500 mVidiv
50.0 ysidi
Figure14
Test 14




P1:pkpk(F1)

Measwre P2freq(F1) P3:plpk(C1)
value 544 mv - 212V
statue v A v
e

500 mvidiy

50.0 usid

Figure15
Test 15
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Measure 2 P1.pkpk(F1) P2freq(F1) P3:pkpk(C1)
value 234 mv - 217V
status v a ’4
[F1__sparse(M1)
500 mvtdw|
50 0 pgid
Figure16
Test 16

P4:freq(C1) PS.ampiC2 P&.ampi(F1)
12.500 MHz 5§30 mV
R A

P4 freq(C1) PS.ampl(CD
437.900 kHz 796 mv

A R

P&.ampi(F1)

Measure P1.pkpk(F 1) P2treq(F1) P3:pkpk(C1)
value MMImv 378.29 kHz 1.10v
status v A v
[F1__ sparse(M1)
508 mWid
50 0 ysid
Figure17
Test 17

P4freq(C1)
30.743 MHz 102mv
A

P5.ampi(C2 P8 ampi(F 1)
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Measiwre P1:pkpk(F1) P2:freq(F1) P3:pkpk(C1) P4:freq(C1) P5.ampl(C2 P8.ampi(F1)
value 513 mv 406.50 kHz 110V 85.9018 MHz 87 mv
status v A 4 A L3
50 0 usfdiy
Figure18
Test 18

Measure P1:pkpk(F1) P2:freq(F 1) P3:pkpk(C1) P4:freq(C1) P5:pkpk(C2) P8:ampl(F 1)

value 190 mv 38253 kHz 1.02v 274.78047 MHZ 225 mv
status v R 4 a 4
F1 " sparseMi) Timebase 7004 (Trigger |
200 mvidiv| 1 4
50.0 pssdiy SO0 + 1 d t
Figure19
Test 19
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Measure P1.pkpk(F1) P2:freq(F1) P 3:pkpk(C1) P4:req(C1) PS:pkpk(C2) P8:ampl(F1)
value 340 mv 344.58 kHz 110V 317.782 kHz 133 mv
status v A v A v
[F1__sparse(M1)
100 mvidiv
500 us/d
Figure 20
Test 20
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Measure P1:pkpk(F 1) P2req(F1) P3:pkpk(C1) P4freq(C1) P5:pkpk(C2) PB.ampli(F1)

value 146 mv 459.83 iz 1.04V 95181 MHz 75 mv
status v p.8 v R
260 mvidiy
500 ysid
Figure 21

Test 21

Measure P1:pkpk(F1) P2:freq(F1) P3.pkpk(C1) P4:freq(C1) P5:pkpk(C2) P8.ampli(F1)

value 301 mv 381,42 kHz 1.06V 380.426 kHz 137 mv
status L A v R

F1  sparse(M1
100 mvid
50.0 usfd

Figure 22
Test 22

Measure P1:pkpk(F1) P2freq(F1) P3:pkpk(C1) P4freq(C1) P5:pkpk(C2) P&.ampi(F1)
value 433 mv 345.559 kHz 113v 2879355 kHz 110 mv
status v v .8

Figure 23
Test 23




Measure P1:pkpk(F1) P2:freq(F1) P3:pipk(C1) P4:freq(C1) P5:pkpk(C2) P6:ampl(F1)

value 340 mv 34458 KHz 110V 317.762 kHz 133mv
status v A v p: 8 4
100 mvidiv
50 0 psid
Figure 24
Test 24

Measure P1:pkpk(F1) P2freq(F1) P3:pkpk(C1) P4 .freq(C1) P5:pkpk(C2) P8:ampl(F1)

value 188 mv 391.86 kHz 1.04V 442.826 kHz 1894 mv
otatue 4 p.8 4 R v
100 mvidiv
§0.0 peid
Figure 25
Test 25
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Measure P1:pkpk(F1) P2freq(F1) P3.pkpk(C1) P4:freq(C1) P5:pkpk{(C2) PG:ampl(F1)

value 287 mvV 388.54 kHz 106V 230.7562 kHz 1560 mv
statue v i v A v

Figure 26
Test 26
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Measure P1:pkpk(F1) P2:tea(F1) P3:pkpk(C1)
valua 225 mv 31743042 1.08v
status v A v

Figure 27
Test 27
il'."‘,,;“ ik m S

P4 freq(C1)
369.140 kHz
A

P§:pkpk(C2)
247 mv

PB.ampi{F1)

v
I

Measiune P1:pkpk({F1) P2freq(F1) P3:pkpk(C1)
value 897 mv 372,70 kHz 110V
A v
Figure 28
Test 28

Patreq(C1)
392763 kHz
A

P5:pkpk(C2)
71 mv

P6.ampl(F1)

v

i
Measwre P1:pkpk(F 1) P2freq(F1) P3:pkpk{C1)
value 323 mv 360.36 kHz 1.08Vv
status v £ v
100 mvidiv
50 0 ysfdl
Figure 29
Test 30
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P4req(C1)
369.100 kHz
A

PS:pkpk(C2)
88 mv
v

P8:ampi(F1)

LA




P1:pkpk(F1)
177 mv

P2freq(F1)

value 318.781 kHz

statue v R
(F1__aparse(M1)
100 mvidiv)
50 8 ysid

P3:pkpk(C1) P8&.ampl(F1)

P4freq(C1) P5:pkpk(C2)
1.08V 367.647 kHz 188 my
v A v
Figure 30
Test 31

P1.pkpkiF1)

Measure P2:freq(F1)
value 897 mv 372.70 kHz
status R

P3.pkpk(C1) P8&.ampiF 1)

P4freq(C1) P5:pkpk(C2)
1.08v 373.890 kHz 88 mv
v A v
] it
Figure 31
Test 32

P1:pkpk{F1)

Measure P2freq(F1)
value 323my 380.38 kHz
status v R

100 mvidiv
50.0 usid

PB:ampl(F 1)

P3:pkpk(C1) P4freq(C1) P5:pkpk(C2)
1.08V 367.377 kHz 172 my
v .S v
Figure 32
Test 33
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Meoasurs P1:pkpk(F 1) P2freq(F1) P3.pkpk(C1) P4:freq(C1) P5.pkpk(C 2) P8.smpi(F1)
value 808 mv 379.99 kHz 108V 21.53523 MHz 1 mv
status v v v A

Figure 33
Test 34

Measwre P1.pkpk(F 1) P2freq(F1) P3.pkpk(C1) P4freq(C1) P5.pkpk(C2) P6.ampl(F 1)
value 177 mV 318.781 kHz 108V 324.6753 kHz 180 mv
status v A v A v
100 mvid
5 0 peid 3 o:
Figure 34
Test 35

Measure P1:pkpk(F1) P2freq(F1) P3:pkpk(C1) Patreq(C1) P5.pkpk(C2) P6 ampl(F1)

value 810 mv 348.22 kHz 110V 350.231 kHz 102 mv
status v v v A v
y B @
Figure 35

Test 36
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Measure P1:pkpk(F 1) P2freq(F1) P3:pkpk(C1) P4 freq(C1) P5: pkpk(C2) P&:ampl(F 1)
value 336 mv 42388 kHz 108V 378 801 KHz 115mv
status v R v R v

200 mviduy

5.0 psid

Figure 36
Test 37

J

Measure P1:pkpk(F1) P2freq(F1) P3:pkpk(C1) P4freq(C1) P5:pkpk(C2) P6:ampl{F1)

value 17 mv 385.98 kHz 106V 364.299 kHz 225mv
status v v v £ v
500 mvidiv [ o] St
S0.0 usid 1 | i
Figure 37
Test 38

Measure P1:pkpk(F1) P2freq(F1) P3.pkpk(C1) P4freq(C1) P5:pkpk(C2) PB:ampl{F1)
value 544 mv 352.98 kHz 110V 881.71 kHz 84 mv
status v A v A v
500 mvidw|
50 0 psidi
Figure 38
Test 39
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Measure P1.pkpk(F1) P2freq(F1) P3pkpk(C1) P4treq(C1) PS.pipk(C2) P&.amplI(F1)

value 528 mv 416.07 kHz 1.10v 402.719 kHz 115mv
status 4 4 A 4
e R o gl
Figure 39
Test 40

Measure P1:pkpk(F1) P2freq(F1) P3.pkpk(C1) P4:freq(C1) P5.pkpk(C2) P& ampl(F 1)
value 844 mv 365.91 kiHz 113v 356.070 kHz 80 mv
status v A 4 A

(F1__sperse(M
500 mvid
50 0 psid

Figure 40
Test 41

Measure P1:pkpk(F1) P2treq(F1) P3:pkpk({C1) P4 treq(C1) P5:pkpk(C2) P6:ampl(F1)
value 285 mv 369.01 kHz 1.10v 361.795 kHz 194 mv
status 4 4 v LS 4
(F1_sparse(M1) Timebase 704 pg (Trigger |
500 mvidiv
£0.8 yssd
Figure 41
Test 42

15




B e e i T S e e e e

s " " |
Measure P1:pkpk(F1) P2freq(F1) P3:pkpk(C1)
value 544 mv 297 412 kHz 113V
status U4 A U4
F1__ sparsa(Mi)
500 mvidiv
§0.0 ustdi '
Figure 42
Test 44

le

B e e

PS.pkpk(CD) PB:.ampl(F 1)

102mv

P4 treq(C1)
354 607 kiHz

A v

»

P3:pkpk(C1)

Measure P1:pkpk(F1) P2freq(F1)
value 278 mv 409.48 iz 1.08V
status v A v
FT__sparsegi)
500 mVidiv
5006 us/d
Figure 43
Test 45

P4freq(C1) P&.ampl(F1)

390.4792 kiHz

A v

P5:pkpk(C2)
212mv

Measure P1:pkpk(F1) P2freq(F1) P3:pkpk(C1)
value 234 mv 388.368 kHz 110V
status v R v
F1_sparse(Mi)
500 mWidin
500 ysia
Figure 44
Test 46
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P4freq(C1) P5.pkpk(C2) PB:ampl(F1)
537.992 kHz 189 mv
R v



Measure P1:pkpk(F1) P2freq(F1) P3:pkpk(C1)
value 190 mV 388.08 kHz 1.08V
status v .1 v
(FT—sparsa(i)
$00 mVid
§0 0 pldn
Figure 45
Test 47

Measure P1:pkpk(F1) P2:freq(F1) P3:pkpk(C1)
value 208 mV 347.08 kHz 1.08v
status v A 4
Figure 46
Test 48

P4:freq(C1)
451,350 kHz
R

P4eq(C1)
§19.813kHz
R

PS.pkpk(C2)
212mv

P8 ampl(F 1)

PS.pkpk(C2)
208 mv

P6 ampl(F1)

Measure P1:pkpk(F1) P2freq(F1) P3 pkpk(C1)
value 544 mv 385.70 kHz 110V
status 4 a 4
F1__ sparse(
--
50 0 pesd
Figure 47
Test 49
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P4freq(C1)
416667 kHz
A

P5:pkpk(C2)
133mv
v

L R

P8 ampi(F1)




P3:pkpk(C1)

Measure P1:pkpk{F1) P2freq(F 1)
value 296 mv 369.18 kHz 1.08v
status v £ LS 4
[F1—eparse(1)
500 mVidiv
503 psid
Figure 48
Test 50

Measure

P1:pkpk(F1) P2:freq(F1) P3.pkpk(C1)
value U5 mv 378.30 kHz 108V
status v R v
-- : I-'i!

500 mvidi
50 0 psfdn
Figure 49
Test 51

PG:ampi{F1)

P5:pkpk(C2)
380.930 kHz 172mv

i3 v

P4 freq(C1)

P4freq(C1) PS:pkpk(C2) P&:ampl(F1)
387.956 kHz 106 mV
A v

P1:pkpk(F1) P2freq(F1)

P3:pkpk(C1)
value 45T mv 41313 kHz 108V
status v A v

F1_ sparse(M1)
500 mivid
50 0 ysid
Figure 50
Test 52
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PB.ampi(F1)

P4:freq(C1) P5:pkpk(C2)
326.264 kHz 88 mv
A v




2 -

Measure P1:pkpk(F1) P2freq(F1) P3:pkpk(C1) P4 freq(C1) P5:pkpk(C2) PB:ampl(F1)
value 570 mv 315.283 kHz 110V 31240 kHz 102 mv
R v R
Figure 51
Test 53

— |

Measure P1:pkpk(F1) P2freq(F1) P3:pkpk(C1) P4freq(C1) PS:pkpk(C2) P8 ampi(F1)
value 885 mv 345.670 kHz 113V 328.2283 kHz 97 mv
status v A v L8 v
F1 —sparse(M1) (Timebase 70414 (Trigger |
500 mvidi
80 8 yigid 3
Figure 52
Test 54

Measure P1:pkpk(F 1) P2freq(F1) P3.pkpk(C1) P4freq(C1) PS:pkpk(C2) P8.ampi(F1)

value 495 mv 332463 kHz 106V 317.993 kHz 106 mv
status v R v A

Fi —sparsedi
500 mvid
50 0 yefd

Figure 53
Test 55
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Measure P1.pkpk(F1) P2freq(F1) P3:pkpk(C1) P4:freq(C1) P5:pkpk(C2) P8:ampi(F1)

value 17T mv 418.57 kHz 1.08v 398.624 Kz 296 mv
status v LS v A v
§00 mvdiy
50 0 ysidiy
Figure 54
Test 56

Measwre P1:pkpk(F1) P2freq(F1) P3:pkpk(C1) P4:freq(C1) P5:pkpk(C2) P8:ampi(F 1)

value 782 mv 283.456 kHz 1.08v 380.392 kHz 84 mv
slatus v R v £ v
T i i
$00 M
50.0 usfdiv
Figure 55
Test 58

»

Measure P1:pkpk(F1) P2freq(F1) P3.pkpk(C1) P4:freq(C1) P5:pkpk(C2) PB.ampl(F1)

value 24T mV 385.93 Kz 1.08v 479.462 kHz 194 mv
status v LS v £ v
FT—eparse0i) 358 707
500 m\idiv
- offzet 560 psia
Figure 56
Test 62
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Lo

P2freq(F1)

P1:pkpk(F1) P3:pkpk(C1)
value 455 mv 397.52 kHz 108V
status 4 v

Figure 57
Test 63

P4.fraq(C1) P5:pkpk(C2) P6:ampl(F1)
396.262 kHz 137 mv
R v

Measure P1:pkpk(F1) P2freq(F1) P3:pkpk(C1)
value 398 mv 40316 kHz 108V
status A "4
Figure 58
Test 64
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P4 freq(C1) P5.pkpk(C2) P6.ampl(F1)
396.511 kHz 133 mv
A
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Table 1

Peak igniter pressure and rise time

Test no. Peak pressure (psi) Rise time (ps)
1 1270 5.0
2 1885 4.6
3 1826 5.7
4 2826 6.6
5 3500 1.0
6 3165 6.5
7 3500 2.0
8 2993 5.6
9 2997 12.0
10 1423 7.9
11 2742 5.8
12 2317 5.2
13 4510 5.0
14 3293 5.0
15 2078 5.0
16 1598 5.2
17 1095 53
18 1015 5.6
19 738 4.8

20 942 11.5
21 1020 35
22 935 49
23 995 5:3
24 983 8.8
25 1269 5.9
26 637 3.6
27 899 4.5
28 1402 4.5
29 970 2.7
30 1288 4.5
31 679 4.5
32 1769 4.9
33 754 4.3
34 1369 54
35 866 5.1
36 1115 35
37 1005 8.6
38 1331 5.1
39 1447 6.0
40 1132 6.0
41 1189 5.5
42 1346 5:5
43 1700 1.6
44 1025 54
45 903 54
46 988 5.4
47 1592 5.4
48 1141 5.0
49 820 5.6
50 890 5.0
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Table 1
(continued)

Test no. Peak pressure (psi) Rise time (us)
51 1280 7.7
52 1424 4.1
53 1198 7.6
54 1197 17
55 1473 11
56 1074 6.0
57 1900 1.3
58 1397 7.0
59 2100 1.6
60 2400 12
61 1200 5.5
62 1187 5.0
63 1318 6.0
64 652 31

CONCLUSIONS

The lowest peak pressure calculated from the filtered pressure waveforms was 637 psi
and the highest pressure was 4510 psi. Most of the peak pressures, 44, were between 637 psi
and 1600 psi. Most of the rise times ranged from 3.5 to 11.5 ps, with two unusual ones at 17 and
31 us.

RECOMMENDATIONS

LeCroy offers a digital filter software option for the 6050A oscilloscope that can be used
in place of the hardware filter used in this report. With the software filter, a filtered waveform is
obtained simply by adding the filter operation to the acquired waveform display. The cost of the
fiter option is $1,972 (FY08 money). Purchase of this option is strongly recommended.

23




DISTRIBUTION LIST

U.S. Army ARDEC
ATTN: RDAR-EIK

RDAR-GC

RDAR-MEE-W, N. Mehta (7)
Picatinny Arsenal, NJ 07806-5000

Defense Technical Information Center (DTIC)
ATTN: Accessions Division

8725 John J. Kingman Road, Ste 0944

Fort Belvoir, VA 22060-6218

Commander

Soldier and Biological/Chemical Command
ATTN: AMSSB-CII, Library

Aberdeen Proving Ground, MD 21010-5423

Director

U.S. Army Research Laboratory

ATTN: AMSRL-CI-LP, Technical Library
Bldg. 4600

Aberdeen Proving Ground, MD 21005-5066

Chief

Benet Weapons Laboratory, WSEC

U.S. Army Research, Development and Engineering Command
Armament Research, Development and Engineering Center
ATTN: RDAR-WSB

Watervliet, NY 12189-5000

Director

U.S. Army TRADOC Analysis Center-WSMR
ATTN: ATRC-WSS-R

White Sands Missile Range, NM 88002

Chemical Propulsion Information Agency
ATTN: Accessions

10630 Little Patuxent Parkway, Suite 202
Columbia, MD 21044-3204

GIDEP Operations Center

P.O. Box 8000
Corona, CA 91718-8000

25




