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TEST TECHNOLOGY

PYROTECHNIC SHOCK STRUCTURAL RESPONSE

R.G. Merritt®

Abstract. The following paper Is the second of
three that are based on presentations given at
the 59th Shock and Yibration Symposium In a
Plenary Session on Mechanical Shock Measure—-
ment. Hosted by Sandla Natlonal Laboratories
and the Alr Force Weapons Laboratory, the
Symposium was held In Albuquerque, New Mexico
on October 18-20, 1988. The first paper "State
of the Art of Measuring Ground Shock and Cra-
tering Phenomena,® by E.J. Rinehart of the
Defense Nuclear Agency was published In the
September [ssue of the DIGEST. “Underwater
Shock Measurement,” by Henry C. Pusey, Consult-
ant, Haymarket, Yirginia, will foliow. This
presentation concerns the measurement of struc—
tural response on a structure subject to a
pyrotechnic event. .

The term "structural response” has been chosen
for the title of thls presentation when refer—
ence Is made to the response of a dynamic
mechanical structure In the 100~ to 2,000-Hz
range. This presentation explores what needs
to be done In order to col lect valld response
data In that frequency regime as a result of a
pyrotechnic event occurring on the structure.,

. The Naval Weapons Center was Involved In an

infermal program: rel ated to the measurement of
"siructural response™ under pyrotechnic shock
in conjunction with a number of other organiza—
tlons (McDonnel! ODouglas, General Dynamlics,
Astron and Endeveo). The problem In measure-
ment of "structural response™ Invol ved a need
to obtain acceleratlion measurements close to
the source of the pyrotechnlc shock. Under
these condlitions, the signal-to~noise ratlo,
particularly In the 100~ to 2,000~Hz range Is,
in general, very low,

In_this pressntation, scme of what was |earned
during the course of the study about the coi-
lection, signal conditioning and processing of

" the data will be discussed. It Is hoped that
~ seme of these experlences will provide a common

“Pround for further reflection and discussion by
other lnvestigaters.

WHAT 1S PYROTECHNIC SHOCX?

The scurce of pyrotechnic shock is the detona-
tlon cf an ordnance device on a structure. The
sheek that [s produced Is characterlized by a
near-instantaneous veloclty change at the
detcnation point, with the acceleration monen
tarily acoroaching an infinite value. There is
an intense stress wave propagation fleld
throughout the structure, with accompanyling
stress wave reflecrion, ampllification and

-eventual attenuation. Structural response to

the shcck measured In terms of acceleration at
locaticns on the structure Is of a high ampli-
tude a2nd a high frequency nature.

Figure 1 shows a typical pyrotechnlc shock
acceleration time history. Thls figure shows 2
valid piece of data about 4 millliseconds In
duraticn. It has a two-slded character, and
the time history trace decreases to the nolse
flcor of the measurement system. In gereral,
the pyrotechnic shocks that will be discussed
In this paper are very modest events, with
measured responses arcund 5,000 to 10,000 g and
quite mcdest "grain per foot"™ pyrotechnic
excltation Inputs. Some of the work In the
1970s inavol ved much higher g levels and much
larger pyrotechnlc excltation [nputs.
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MEASURING STRUCTURAL RESPONSE

There are four el ements to a measurement system
for structural response, 2s shown In Figure 2
C1]. First there Is the transducer. Generally
a high-frequency accelerameter Is used. The
signal from the accelerameter Is fed Into a
signal conditioner, or ampl | fler, which usually
Includes a fow-pass/high-pass fliiter comblna-
tlion. The voltage signal fram the slignal
conditlioning system Is Input to the recording
sysfem, whlch is elther a tape recorder or a
transient recorder. Finally, there Is an
analyzer with an anti-allas filter that pro-
‘cesses the signal fram the recording system.

TRAKRSIUCH & SIGMAL RECORDER ANALYZER
SACTLIADVI "1 B COMDITIONER eTAPE sFILTER
st TER STRANSIENT L .

Figure 2, Measurement System for Structura!l

‘Response.

In considering the probiem of measuring struc~
tural response to pyrotechnic shock, It Is
Important to understand the relationship be-
tween "material response" and structural
response., Materlal response Is the Iinitlial
response of the material of the structural
system to the pyrotechnic transient locading. It
basical ly Is characterized by the time Interval
required for the wave propagating In the struc-
ture to dissipate. During this time Interval,
the response of the free surfaces within the
structure experlience Irregular steps In parti-
Cle velocity, with sudden accel eration Impulses
of near Infinite magnitude. In general, the
material response Is not measured, but Its
ef fects can be preveaient throughout the mea-
surement system. VYery broad band frequency
devices such as strain gages could be used to
measure the material response.

Because of Its effect on the accelercmeter and
subsequently on the signal conditioner—ampli-
fler system, the materlal response does affect
measurement of the structural response. In
particul ar, because of the materlal response,
It becomes necessary to make a judgment as to
whether the measured structural response Is
~valld. In any case, If the measurement system
Is ranged high enough to prevent saturation of
the accslerameter crystal ‘or signal condi-
tTioner—ampl [ fler system or both because of the

materfal response, then the signal-to~nolse’

ratlo Is very poor for structural response
measurement,

Figure 3 (is-e-sample of an amplitude time
history T1ilustrating three basic time-event
‘reglons. There Is a material response reglon
Initiated by a s pulse. The transducer used
for this partieuslar time trace was a plezcel ec-
tric acceleraneter, Endeveo Model 22558. The
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materlal response reglon, which |asts about 50
microseconds, Inltlates a very strong electri-
cal pulse, probably caused by the wave propa-
gating within the crystal of the accelerameter.
This pulse Is fol lowed by a dead perlod, wlth
no observable response, and finally by a struc-
tural response monitored by the acce!erameter a
few microseconds ‘| ater. Here, the materlal re-
sponse splke |s "measured™ at 80,000 g, even
though physically It may not correlate at all
with g measurement. The data In Figure 3 was
sampled at 4 mlltlon samples per second.- If
twice the sampling rate were employed, that
peak would be higher than 80,000, The peak
reading Is very dapendent upon the sample rate.

Figure 3 clearly !llustrates the preshock or
the prepulse event, followed by the materlal
response, the attenuation of the wave, and then
the structure beginning to respond. It Is the
structural response that Is the concern of this
presentation and maln concern with regard to
measurement. If there Is a need to set the
signal condltioning so that It Is not saturated
by the early high level, the measurement system
signal-to~noise ratlo gces down. This Is a blg
part of the problem. . =
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Figure 3. Pyroshock Accsleration Time Hlé?ory
Showing Preshock Event.

Figure 4 oontains same typlcal acceleration

. time histories. Figure 4(a) shows an Initial

puise with scme noise contamination. Flgure
4(b) shows a DC offset and a2 small Initlal
puise. Flgure 4(c) shous a clear inltlal pulse
with DC of fset. In the latter case, there Is
elther ampllfier: saturation or accelercmeter
crystal saturation.” Flgure 4(d) shows no
of fset but a decided one-sided inltlal puise
simliar to that In Figure 4(a). Thess are scme
of the types of Invalld measurements that may

be experienced. = . T o

Additional observations on accelercneter mea-
suremont of pyrotechnlc shock structural re-
sponse are as fol lows: :




- ) (a) INITI/TAL_PULSEWITHNOISE * The Mprepulse™ may cause accelerameter
i "zero-shift" or "crystal saturation."
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| The second el ement In the schematic of Figure 2
G.0000E 00 05000 Is the amplifier, o signal condltloner, and
i . Its associated fllter at the output stage. A
; (bl DC OFFSET WITH NOISE test was conducted to examine the conslstency
[ LT of the ampilfier/fliter conflguration and to
! i attempt to collect lcw-frequency data (below
2,000 Hz) [2]. It is Important to note that
the amplifiers tested performed electrically
exactly as amplifier manufacturers Indicated

! |
W
= - they would.

!
|
I i
1 T The test setup consisted of a steel plate with
1 | | 10 accelerameters. Flve different ampllfiers
0.0000€ 00 0.5000 were tested. The flindings were tape-recorded
- and resul ts evaluated using the shock response
- og‘ég:;:."::g m;'s*s spaectra. It was determined that there were tco
i = T many discrepancles to draw many concluslons
about the ampl [ fler/ filter consistency.
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' Figure 5 shows the results for three di fferent
A}‘“‘Wm types of amplifiers Involving 2 number of
N | shocks., In general, there is fairly good
| consistency - for a glven amplifier. However,
there z2re obviously significantly different
shock response spactra for -the di fferent ampl I-

~6000

. 4 0.0000€ ~00 0.5000 flers.

T Figure 6 shows the variation for the same
() INITIAL PULSE WITH NOSSE ampl Ifler and same accelercmeter. The three
! 1 | I 1L di fferent ampliflers and the mean of these
! st shock response spectra (lower plot) are plot-
L : ted. At scme frequencies one may obtain up to
: : 20 dB difference In the shock response spectra
- between the ampliflers. Again, the amplifier

Information was fairly Inconsistent.

6000

8 ~ Figure 7 provides acceleration time history

= b traces fram two amplifliers that were low—pass

TN G. ~ flltered at 20 kHz durlng playback fram the

- o e tape recorder. The signal was recorded on a
Flgure 4. Typical Invalld Accslieration Time tape recorder that had a frequency response
Historles, : Cmaunesy level to 80 kHz.

e Mechanlcal accelerameters perform poorly In Figure 8 shows some other cases Illustrating
“-.response to near—-Instantaneous -veloclty ampl ifler filter dlfferences. Figure 8(a) Is
: change, such as the sharp spike Initlating for an ampl Ifler with a 4-Hz high—pass fliter,
: the material response phass. Figure 8(b) Is for an amplifier with a 4= to
i 2-kHz band-pass fllter and Figure 8(d) Is for

[ -—eo -t Is difficult, 1f not virtually lmpossi- one wlth a 4-Hz high-pass and a 2-kHz low=pass
ble, to measure "prepulse" assoclated wlth mechanical fliter. These three time historles
- material response using an accslerameter, show substantial dl fferences. Figure 8(c)

Il lustrates a second amptifler with a 2.5-kHz -

=¥ The Mrepulse,"” in general, will cause low~pass fllter which for the same pyrotechnic’
excltation of the accalerameter resonant input produced another form of time history

frequency. trace.
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Flgure 9 1l lustrates same other common aocaler-
ometer amplifler prodblems.

From this study

there are still a number of questions abqut
ampl I fiers. .
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ter/AmplIfler Problems. - - -

'HH-h respect to the recording sysren and, In

particul ar, tape recorders and their assocl ated
problems, the key problem probably Is the




limited 30 to 40 dB signal~to-nolse ratio. If.

only a few channels of data need to be re
corded, the translent recorder provides better
signal-to-nolse ratio and provides 2 pofenﬂal
solutlon In this area.

The following observations may be drawn wlth
respect to signal conditioning and recmording:

* The "prepulse, ™ or the ef fect of "prepulse,”
may cause the ampliflier to "zero-shift® or
fo saturate, o It may cuse slew-rate
lImiting.

e Electronic low=pass flltering below 20 kHz
Is questionable and probably should not be
done on the output stage of the amplifler.

e Electronic high-pass flltering above 20 Kz
appears to be acceptable.

e Use of transient recorders with 70+ B
signal-to-noise ratio Is a potential record-

Ing system signal-to~noise ratio problqn

sol ution.

e Use of laboratery-qual ity, IRIG standard,
14=channel FM tape recorders Is recommended
If transient recorders are not available.
However, It must be remembered that only a
30 +o 40 dB signal-to~noise ratlo Is avall=
able. -

e Use of a "standard tape"™ Is recommended for

2z imuth, speed accuracy and tracking consld-

eration.

Turning now to the processing of the data,
Figure 10 Il|lustrates 2 part of the problem of
obtaining good structural response measure-
ments. This figure shows a shock response
spectrun (SRS) on a portion of the accelercme-
ter output computed just before the shock. This
Is what Is Indicated by the noise spectrum,
which "def Ines™ the noise flocor of the measure-
ment system. A SRS on the shock Is computed
and overlayed on the plot. At 500 Hz and above
the signal SRS Is signiflcantly above the noise
SRS. This pattern confirms the need to check
the signal-to-noise ratio by doing an SRS on
the short portlon of the signal before the
shock and comparing It to the SRS of the shock.
Another technlque to assist In assessing the
val Idity of acceleration data Is what might be
termed, "the velocity correction hypothesis,”
which Is summarized in Table 1. The conditions
are consl dered necessary condltlons for a val Id
pyrotechnic shock acceleration measurement.
Conslder a shock that has a def inlte start time
_.with a high signal-to~-nolse ratlo, a statisti-
cally similar two-sided ampl 1tude character,
many zero crossisgs-and a def inlte wel I-def Ined
decay to the ndfse floor of the Instrumentation
system. |If the acceleration Is Integrated, the

veloclty Is essentially an addltive random
process with Independent stationary Increments.
After the low=frequency "random walk" nolse Is
flltered out, usual ly by visual Inspection, the
four characteristics |isted In Table 1 should
be present In the velocity time history.
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Flgure 10, Shock Response Spectrum || lustrat-

Ing Signai=-to~Nolse Problems at Low Frequen—
cles.
Table 1. VYelocity Correction Hypothesis.
Hypothesis ("Necessary Condltions®)

For 2 valld pyrotechnic shock accelera-
tion measurement x(t) then X(t) has .

def Inite start time (high sig-
nal-to-noise ratio

n

(2) statistically similar two-sided
ampl [tude character

(3) many zero crossings -

(4) definite wel I-def Ined decay to

noise floor of lnsfrunerrraﬂon

system then
x(t) = f X(uldu

- 1s an addltive randcm procass

with Independent stationary
Increments and character|s-
tics (1)-(4) safter "random
valk® low-frequency nolse ls
removed

Table 2 summarizes Implementation of the hy-
pothesis. First, the perlod of time over which
the shock occurs Is selected, the mean accel-




eration Is computed, the accaleration is com
strained by subtracting the mean, and a
constralned veloclty Is computed. Then, the
constralned veloclty Is checked for character
of pulse (one- o two-sided), number of zero
crossings, overall amplitude and general ap—-
pearanca.

Table 2. Velocity Correction Appl ication.

Appl fcaﬂon

For time interval T startl ng afhgg.l.nn.l.nn'

of shock compute
T

e
X = 2Jg x(t)at

Constraln x(t) In this Interval by com—
puting

X (1) = X(1) - X
Compute the "gonsfratned velocl ty"
X (1) = Jo % _(u)du

Examine X.(t) for
» Vtwo~Sided character
vV number of zero crossings
Voverai | ampl | tude
(neglecting |ow-frequency random
walk nolse)

Figure 11(a) shows quite a long shock. Figure
11(c) 1Is. the veloclty with a low frequsncy
random walk. I+ certainly does have a two-
slded character, and there.ls scme attenuation.
This looks ilke a valld shock. The shock re-
sponse spectra, Figure 11(b), also shows char—
acteristics of being valid In the sense of the
slopes and the general shape. There Is scme
art to Interpreting the time history data along
with the processed data for purposes of Identi-
fylIng val Id pyrotechnic shock data.

Figure 12 is an example of an Inval Id pyroshock
measurement. In this particular case “the
velocily proceeds to a large value and has no
two~sided character.

" Even though there have been quite a few Im~

~— fethique.

provements In the accelerameters, the signal
condltioning and the tape recording, basically
.there are two types of analysis techniques: SRS
and Fourler analysls, or scme variant of the
Fourfer analysis. Table 3 sunmarizes same of
the most signiflcant characteristics of each
The parameters are: time, length
“of the shock, Q value (In the case of the SRS)
and frequency spacing. In gereral, Q value and
frequency spacing are powerful smoocthers for
shock response spectra.
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Flgure 11.  Valld Pyrotechnic Acceleration
Measurement.



Table 3. Analysis Conslderations.

Maximax SRS Fourier :
. ACCELERATION AMPLITUDE
. TIME HISTORY T
5000 — Linear filtering Linear transforma
(Nonl Inear se- tion

lection of maxi-
5ing} mums)

N4
@ =_ _ ‘NH ,‘r‘# e . Parameters over BW -
— ¢ T~ Insensi tive . T-Insensitive (If
sel ected properly)
g-?nos::g::q Af-Sane smoothing
= ing

0.0000€+00 7.0000E=02
SECONDS . Lomputation

intensive : Less Intensive

~5000

MAXIMAX SHOCK RESPONSE SPECTRUM
| I

Data Qualification
Comparatively simple Compl ex

I il Collective Analysis ,

- 1] Single measurement Single/multiple

s el measurement i

; Ensemble average Ensemble average !

] Neighborhood intensity Neighborhood Inten
weak slty strong i

l Same qual [tative Transfer/transnis- i

1000 FRAEQUENCY (Hz)  1.0000E+04 mul i channe! sion with quan- :

VELOCITY AMPLITUDE titative mul +1- .
T TIME HISTORY . channel

f“i . .
AM = N"’,,\ The SRS technique Is quite Insensitive to the
. 4 ~ length of the record. The Fourier analysls
. () / \ requires apalysls over length of the record,
containing high slignai-to-nolse ratio, and

— there is very |ittle smoothing through the :

selection of the frequency spacing (through ;

zero padding or scmething of this sort). Data ‘
2000 qual iflcation Is a bit more simply handled by

. the SRS; It Is more complex with the Fourler :

G ssconps 200 analysis. In general, the SRS analysls Is :

orlented toward single measurements. Ensemble :

FOURIER SPECTAUM averaging In the SRS case over several measure- i
o, l 'U ment locations Is dlfficult with only qual Ita-

(b)

9. SRS

1.000

IN/SEC
-

tive multi~-channel transfer characteristics;
whereas, wlth the Fourler analysis, there Is
the optlion of being able to do quantitative

- i 1 transfer characteristics to help compare smme
J’W1 k ” of the data from various measurement |ocations.

(d)

9. AMS

To complete the ‘discussion of measurement i
difficulties, cbservations related to data i
processing may be summarized as fol lows:

i Ftooo 10.00 FREQUENCY 1.0000E+04 . .
: ® An anti-al lasing filter should be set to the -

highest frequency of interest with a gentle
: : rol |-of f. i
Flgure 12, Iy #T® Pyrotechnlc Acceleration ® The data should be sampled at a frequency 10
Measurement. times the highest frequency of [nterest.
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¢ The nolse In the record should be | Imited by
editing the data to only capture the tran-
slent. :

®* The time history traces should be examined
for obvlious ancmal les.

® In 2 translent, the data should be val |dated
by examining the delta velocity for the
transient.

* Use of Fourler techniques [s Important to
assess the frequency character (potentlal
accel eraneter resonances and nolse flcor).

¢ |f the SRS technique Is used, correct the
transient for the Inltial condltions ("Del ta
Y= 0" correction). Remove the mean and
constraln the velocity. Examine the nolse
floor. Make sure the nolse SRS is at |east
6 d8 below the pyroshock SRS. Examine the
slope of the SRS in the | ow=frequency domain
beiween 100 to 500 Hz. This criterion lIs
ustal ly adequate for looking at noise wlthin
the data; display the SRS values only above
100 Hz. Conslder everything below 100 Hz Is
probably not vaiid.

CONCLUS IONS

As 2 result of the Independent examination of
commcn problems by several organizations, the
fol loving may be concluded:

® Making structural response measurements In
the vicinity of a pyrotechnic device is a
fermidable task, because of the mater!al
response/prepulse. The acce!ercmeter elther
resonates, saturates or breaks, fn the case
of the piezcresistive accsl erame~ters. The
ampl i fler of ten saturates.

® Even under very god conditions, It Is

difficult to measure structural response at
100 to 2,000 Hz with only an analcg tape
recorder available, because of the [Imlted
recorder slignal-to-nolse ratlo. The unre-
ITabillty of emplifier filters and the
| imited experience with mechanical filtering
at the accelercmeter contributes to the
prcblem,

® A classical analysis of a seismic mass
device Indicates that peak accsleration is
very sensitive to pulsa shape Including

-—---Inltlal slope.

- e The pyrotechnlcs data of the 1970s shoul d be

eviewed and "proved™ based on the knowledge

—==- today sbout the prepulse phencmenon, accel-
eraneter behavior, ampl!ifler/signal-condi~
tlonlng behavicr, recording techniques and
analysls techniques.

e Mul+i-channel transient recorders should be
used in lleu of tape recorders when a few
channel s of data are belng examined.

® New methods of sensing structural response

need to be developed and Implemented, such
as optical ly oriented devices.
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The followling “-dlscusslon fol lowed Ronald
Merritt's presentation of this paper at the
59th Shock and Yibration Symposium. It Is
Included because of the pertinent I[nformation
that [t contains.

S ¢ In your dlscussion,
you talked about a prepulse. The quastion Is,
were you using explosives to generate the
shock, and how was the explosive ignlted?

Mecritt: I+ was jJust a standard, so many
grains per foot, type of pyrotechnic devlics. |
think it was an electrical Inltiator. | am not
that famlllar with that particul ar setup.

Smith: | was wondering 1f anyone had consid-
ered the possibllity than an electrical nolse
was actual ly that prepulse, and that you were
getting scme response to the Ignition pulse?

Merritt: | think there Is a general feeling
that the high vol tage that one gets out of the
accsleraneter Is probably due to the wave
traveling wlthin the  ‘scvelerameter Itself, -
producing that voltage. That has been seen
several times before. This Is one of the cases
in which we were able to capture It and lock at

1t.
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Smlth: | have done a lot of mechanically
generated shock and | have never seen that
prepulse. Maybe | am not sampling at a high
enough frequency. | have sampied it at 250
kHz

Merritt: At the time, we were using a “tranm
slent recorder. It |5 one of the first pre-
pulses that.we have seen also, but the phencm-
ena has been quite well documented. 1| think
Pat Walters talked about [t and Arnold Gal ef
wrote a paper that talked about It as well. In
looking at the data, cur conclusfon was that I+
actual ly did come out of the accelerameter. |
belleve that Anthcny .Chu of Endeveo has also
looked Into this, He ciaims that he can some-
times get a vol tage pulse on the order of 40 d8
or so higher than signal, Just from the plezoe-
lectric crystal responding to the wave. And,
of course, In the initlal phase, the accel eram-
eéter really becomes a part of the structure
Itsel f. The waves could bounce back and forth
within the accel ercneter and the compression of
the crystal provide high vol tage levels.

: | listened to
Ron's paper and would |ike to compl iment him.
Clearly, It Is a picture of a process and an
enterprise that requires scme elegance, knowl-
edge, and finesse. Yet, If | am going to bulld
2 black box for a spacecraft, | will get a
specification which has a very easily inter
preted plot of an SRS up to several thousands
of g. It Is expected that | will go down to
the | aboratery and rather casually ask the quys
to create this shock spectrun as best they know
how, elther on -a shaker or scme kind of an
anvil. It should be done on a sort of "in by
10" and "out by 5" kind of thing. Clearly, we
cannot possibly do such testing on a routine
basis, and yet our custamers are surprised when
we do not think this is the way that It can be
done. Then they wender why we object to these
pyroshock spactra, which do not really describe
what is golng on In the usage envlromment. How
de we Improve the wzy that we are doing busi-
ness In this area?

Merritt: We have learred a lot In this study.
A couple of years ago at the Naval Weapons
Center, | do not think we real ly knew how to
properly process this pyrotechnic shock data.
We have learned 2 lot just by this particul ar
exercise and we have come under a ot of pres-
sure because of the need, etc. We have more
questions than we have answers at this polint,
certalnly In the area of signal conditioning
and the accelerometers. There Is currently
scme work on mechanical filters golng on. Same
of this has been successful and some not. The
whole area Is really in a devel opmental stage.
It would be BLES,as | mentioned In my final
comment, If we had an optical ly oriented device
that woul d not be subject to scme of the |imi-
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tatlons that we see on the mechanical accele-
raneters. That would certalnly help clear up
many of the problems. | think Allen's comment
is appropriate. We are In an exploratory stage
and wve are not sure we totally understand.

S. Dyne: OQften, as a consultant, | have found
that peoplé have tried to avold anti-allas
filters. It Is important to polnt out that-any
anti-allas fijtering must be done befcre any
digital sampl!ling. That is absolutely vital.
Quite "often people fall to realize that.
Secondly, you Implied that you got different
results usling dlfferent manufacturers, | pre-
sune for fllters. | wonder if you woul d recom-
mend any sort of callbration technique before
one goes out on a trial and actually starts
data acgulsltion?

Merritt: Let me also emphasize the absol utely
essentlal need to use a good antli~allas fllter
before putting the analcg waveform In a digital
form. | guess our recommendation is that you
do not do any low-pass type flltering at the
output stage of ycur amplifler, just because of
the Inconslistencies we have seen. If you are
using an ampllfier, ycu should check It out
very carefully. There mgy be scme ampllfiers
built today that do a better job than the three
we were looking at. But, you really need to
know what the characteristics of that ampl ifler
are.

Dyne: Do you have any recommendations as to
how we should find that out?

Merrjtt: | would Imagine that you coul d estab-
lish scme sort of an electronic type of test,
sending a signal Into the ampiIfier and examin-
Ing the output. Use of a known Input signal
and examination of output signals looking at
various fllter combinations, that sort of

thing. That Is what | voul d suggest.

: Ron, scme of
the spectra that you shoved earl ler were from a
study that | did 2 years ago on amplifler
characteristics. In clarification, for the
benef it of the audlience, | would Iike to point
out 2 few things. Electrically, each one of
these cherge ampllfiers did exactly what the
manuf acturer said It would do. It was only
when subjected to an ordnance shcck that they
differed greatly. Each amplifler, on Its own,
was always plus or minus 3 dB, which Is the
normal tolerance band. It Is only when we
compare one amplifler with respect to another
ampl [fler that we end up with drastic dl ffer—
ences. Of course, this Is a real problam
because, when you go fram company to company,
It depends upon the amplifier that you are
using and there are drastic differences between




[

the amplifiers. In connection with Allen's
ccmment, | do see a2 lot of specs that are belng
generated that show shock response spectra all
the way out to 50,000 Hz. There Is no way In

the |aboratory that we can adequately simulate.
thls, especlally on shaker shock. So, | think

one of the areas that we have to address Is how
we can adequately write the speclfication so
that we can give a test to the laborafory 1'haf
they can real ly perfcrm. g -

3 5 scmo ranglng decistons at 11\31‘ _

Yolce: How important Is the preshock, as”you
desaribed I+, to understanding the | ater time
structural response?

Marritt: If you need to range your amplifier
so that It does not saturate because of the
preshock, then you decrease - ){outjq,slgnal-fo-
nolse ratlo In your structural teponse. The
preshock Is Important because you:!

-
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