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EVALUATION OF NEW SZLF-RECORDING AIR BLAST TNSTRUMENTATION:
PROJECT 1.7%b OPERATION SHOWBALL

ABSTRACT

This report presents a description and evaluation of experimental
self-recording pressure-time gages 21d triaxial accelerometers tested
during Operstion Snowball, an alr blast experiment conducted at Suffield
Experimental Station, Alberta, Canads., Values of shock overvressure,
duration of positive phase of the shozk wave, and impulse derived rrom
the records of these geges are compared to graphs of similar parameters
plotted from measurements obtasined by Project 1.1 which was responsible

for making primary measurements of the air hlast parameters.
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1. INTRODUCTION

Operation Snowball, an air blast experiment in which a 500-ton hemi-
gpherical charge of TNT was exploded, wag conducted at a test site at the
Suffield Experimental Station (SFS), Alberta, Coenada. During this test,
the Ballistic Resesrch Laboratories (BRL) was responsible for Project 1.3b
and other projects sponsored by the Defenc. Atomie Support Agency. To
attain the objectives of Project 1.2b, the BRL wversonnzl established a
blast line and field tested a number c¢f self-recording pressure-time
gages und accelerometers developed under the BRL instrumentation develop-
ment program. The performance of tnese various gages vas evaluated by
comparing the results provided by .hese gages with the results given by

stanéard BRL gages located on an adjacent blast line,

1.1 Objectives
Project 1.3b had two objectives:
* To field test prototype iastrurents and compare the results with

rcsults from standerd air-blast gages on the Project 1.1 blast
line.

® To test and evaluate new components and techniques in self'-
contained instruments.

Lk~

1.2 Background
The design, test, and evaluation of self-recording gages have been

continuing ef'forts at the BRL since 19%3. The BRL is a pioneer in the
field of mechanical air-blast gage development. The first prototype
developed under the current gage miniaturization program was field tested
in 1962.

The first pres: re sensors used by the 3RL: in these mechanical cages
were capsules similar to those in general use on aneroid barometers., Tre
capsule is constructed of two corrugated diaphragms welded together with
the internal volume open to any given test pressure by means of a special
aperture. A styius and mounting base were adapted to the capsule, and a
rotating recording medium was supplied for the stylus to scrice on. )

Sencors have progressed from the initlal commerciai model to an improved
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speclally manufactured capsule form, then to a single custom-made dia-

phragn, and finslly to the present sensor, A detailcd description of the
sensor follows in Chapter 2.2.1.1,

The negator motor-recorder concept coupled with an electromechanical
tire base system was initiated in 1962. It has been tested on several
field operations, and ¢s a result improvements have been made on the gage.

Srowball was the first full scale use of Negator gasges.

Very briefly, the BRL mechanical gage development concentrates on

e R T ARSI

PR

rapld responssz pressure sensors, a dependable time base system, and a

triaxial accelerometer, all with an accent on miniavurization. Some of

L. o -'!‘

the work is directed toward other prcgran requirements and is under a

W—

resenrch and developricnt contracet.

2. PROCEDURE

PERTER

2.1 DOperations

Test gages were placed in stations along a blast line which coincided
with a blast line established by Project 1.1, This was advantageous
necause the responsinility of Project 1.1 was to make primery air blast
measurements using standard BRL mechanical and electronic gages. This
neans of comparing data from the Preject 1.3b experimental gages with the
primary data from Project 1.1 provided a convenlent measure of the per-
formance of the new gages., The location of gage stations, the predicted
overpressure, and identification of the various gages used, are shown In
Figure 1, Pressurc !evels extended from 400 psi st the closest station to

.01 psl at ahout 28 miles. Table 1 presents a summary of instrumentation.

The gages were initlated via signals originating from centrally
located relay junctions at 570 feet and 1,000 feet. The signal cable to
each gage was buried in a shallow trench. Timing signals were supplicd
via rard wire to the relay junctions by the SES sequence timer. Gages
beyond 5,000 feet were initiated manually. Figures 2 and 3 show two
typieal gages belng nstelled on the blast line,

10




b _anteit

20
21
22
24

25

SYMBOLS:
~ NECATIVE SENSOR

- ARRIVAL TIME
100 CPS TIMER
- NON-DIRECTIONAL

O< v - MNEDP>Z
'

G Z

? BANGE
NAM 178’
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AM 250"
z 308’
AZ 355
T 410

T 442
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oP 800!
psP (] 960’
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v 10,160'

v 9,550

Vv 149,000

- PROTOTYPE ACCELEROMETER
- PROTOTYPE PRESSURE

~ PHOTO CELL INITIATOR
- VERY LOW PRESSURE
- POROUS DISC DAMPING

FIGURE 1. PROJECT 1.3b BLAST LINE LAYOUT
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TABLE T
INSTRUMENTATICN LAYOUT

Predicted
Station Distance Pressure Cage System
{Feet) {psi)

5 175 4u0 N - Negative Sensor, Disc

5 175 400 A - Test Accelerometer

5 175 400 M - Miniature Negator Prototype
6 205 300 M - Miniature Negator Prototype
7 250 200 A - Test Accelerometer

7 250 200 M Miniature Negator Prototype
B8 305 125 Z - Disc Arrival Time

9 355 90 A - Test Accelerometer

9 355 90 Z - Disc Arrival Time

10 410 65 T - Negator, 100 cps Oscillator
12 442 55 T - Negator, 100 cps Oscillator
18 630 25 S - Negator, Nondirectionsl

20 800 15 D - Negator, Porous Metal Orifice
21 360 10 S - Negator , Nondirectional
21 960 10 D - Negator, Porous Metal QOrifice
o 10, 160 .5 V - Negator, Very Low Pressure
25 19,550 i V - Negator, Very Low Pressure
26 149,000 .01 V - Negator, Very Low Pressure




FIGURE 2. MOUNTING A NEGATOR GAGE




FIGURE 3. MOUNTING A NOKDIRECTIONAL SYSTEM




2.2 Instrumentation

2.2.1 Standard Pressurc Instrumentation., Since we have referred to

the BRL standard self-recording instrumentation, a brief description of
these gages is presented below. The description follocws in this order:

the precssure sensing element, the negator gage, and ihe disc gages.

2.2.1.1 Sensors. The pressure sensors, Figure L4, are in
varicus BRL self-recording pressure gages., The diaphragm Uec was used on
all standard gages in the 10 psi to LO-psi region. The diaphragm and
capsule units, bYa and Ub, were used in the low pressure ranges. The basic
component of all units isc a convoluted flexure disc of Ni Span C with

attached stylus.

The newer sensors, bc and 4, sre welded into
mounting rings for ease of interchange from gage to gage. An osmium-
tipped stylus and its spring arm are attached to the cdiaphragm by means
of a section of stainless steel tubing. As the diaphragm flexes, the
movement of the tubing is restrained to one axis by a sapphire jewelled
bearing. The characteristics of these sensors are set cut in Table I1.
These sensors are available in 1% ranges from 0.03 psi to 1,000 psi; four
f the sensors are experimental. Natural frequency is approximately four
times that of the older sensors and rated deflection is about half,
lHysteresis is generslly within 1 percent and linearity well within an
accevtable 5 percent for mechanical instrumentation. A definition of
(terminal based) linearity is the maximum deviation of the calibration
urve [rom & straight line drawn through its origin and the point of

100 percent rated pressure,

2,2.1.2 OStandard Negator Cuge. Figure 5 shows the standard
negator page. The method of using a negetor spring as both a drive motor
and o recording medium was devised and patented by the BRL., The stainless
steel cpring provides a constant torque as it unwinds from a supply drum,
travels sround Lhe recording drum, and into its designed configuration on

g take-np drum. The excursions of three stylii are recorded; these
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TABLE 11
SENSOR CHARACTERISTICS, TYPE Le AND Ld

Sensor Nat. Freq. Deflection at Hysteresis Linearity
Range (Undamped } Rated Pressure (%) (Terminal
(psi) (cps) {mils) Based) %
0-1000 6590 20,10 ¢.59 0.45
0=600 5955 20,82 0.62 2.16
0-400 5105 23,17 0. 86 3.75
0-200 4351 31,35 0.73 3.57
0-100 3615 28,60 0.35 0.87
0-50 2995 24,20 0. 30 2,40
0-20 2726 23,90 0.20 0.70
0=-10 1895 26.80 0.67 2.69
0«5 1570 20,20 0.00 1.60
0-2 1085 19.60 0.87 1.68
O-t 820 15,30 0.70 1.60
Experimental

0-0.5 430 18,15 0.55 1,70
0=0,125 250 17.40 0.60 4.90
0-0.030 2580 18.20 1.10 4,20

0-10 Negative 1915 25,70 0.20 0.70
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excursions represent pressure, time base, and reference., These are
recorded on the spring's microhcned surface as it travels around the
recording drum. A balanced friction governor geared to the supply drum
provides a spring travel rate of about % inches per second., A square-
wave time base trace 1s supplied by a solencid driven scriber which
receives a signal of 50 cycles per second from an electromechanical
oscillator, A simple mechanlsm 1s provided for arming the gage and for
cutting it off when the spring reaches the end of its travel. Two methods
are used to initiate the gage; a solenoid on earlier models and a more
rapid explosive piston actuator on newer models, both triggered by an
externally supplied relay circuit closure, In each case the motor is
given a spring-driven "kick" in order to decrease the time required to
bring the spring travel rate up to constant speed. Figure 2 shows the
mount used in pressure regions above 50 psi, At the lower pressure ranges,

any BRL self-rerording gage may be mounted simply in the ground.

2.2,1.% ©GStandard Disc Gage. Figure 6 shows the standard disc
gsge, The turntable is driven by a conventional governed DC motor and a
microhoned stoinless steel disc 1c used as the recording medium. A time
trac: is supplied by a system identical to that used on the negator gage.
The disc gage is normally mounted the same as the negator gage. Figure 7
is a modification of the d'sc gage which is used for dynamic pressure
mes surements, A slmilar micrchoned disc records both total and side-on
pressure nistories. The method of field mounting is shown at the top in

the figure,

2.7 Experimental Gag.s

Experimental gages tested during Operation Snowball included
s nondirectional slde-on pressure gage, a negative pressure gage, a stan-
Inrd disc gage with a zero-time adapter, a modified standard negator
recsure gage, a very low pressure gage, a miniature blast pressure gage,
and a triaxial accelerometer. These gages are described briefly in the

‘ollowing sections.

L

[ o

o —



{ N3OJiH)
MIEIE dNINLL

FIOE  MOSNTS

39V9 IUNSSIYd ISIC QUVANYLS

BYS TNV

B e 3

"9 Y914




39y9 JUNSSIUd JIWYNAD "/ 3JdNII4

S 1404 _.Eun_n\ Fe0ud Dmosans

WOVHHAYIO V101 40
<
%
7,
\‘.\
7
7

NOILYD0T ‘XOHddY
IND GRF]P] A R

Mhlun
IHNSS 3dd
viol

SO



. "I

2.2.2,1 Nondirectional Gage System, The first experimental
unit is a standard negator gage mounted within a perforated sphere,
Figure 8 is a schematic of a nondirectional system which was designed to
measure side-on overpressure where gage corientation is a problem, such as
guspension from a oelloon, The teet mount consists of s suspended cable

from which the gage hangs freely (see Figure 3), Nondirectional measure-

ments were made at the 10 and 2%5-psi ranges.

2.2,2.2 Negative Pressure Gage. The second experimental unit
was a negative pressure sensor designed to measure accurately the negative
phase in a high pressure region. The sensor seen in Figure bc was modified
to restrict the positive deflection of a 10-psi diaphragm but sllow full
travel in the negative direction., One cf these units was used at the
'Q0-psi level, The recording medium used was a disc gage, and tie field
mou-t was similar to that shown in Figure 2.

2.2.,2,3 GStandard Disc Gage with an Arrival Time Indicator,
An arrivel time system, Figure 9, consists of a standard disc gage with a
zero~tim~ adapter for scribing a fiducial mark on the recording disc. The
scribe is attached to an explosive plston actuastor which is triggered by
a simple photo cell device shown at left, This device was designed to
record more accurately the arrival time. It was tested at the 290 and
125-psi ranges in a ground surface mount similar to that illustrated in

Figure 2,

2.2.2.4 Modified Standard Gages. Two late models of the
standard negator gage were tested in the 5% and 65-psi ranges. These
gages are equipped with an explosive piston actuater in place of the
ecienoid initiator, and the 50-cycle-time osecilleator was replaced with a

100=cycie generator, The higher rate time trace was the primary test

item,

An experimental damping medium was tested on the
standard negator game at the 1% and 10-psi levels. The conventionsl

srerture which separates the sensor dirrhragm from the incident pressure
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vas replaced with s porous metel damping disc. This dumping material is
made 1y compressing sintered stainless steel into a mass of varying
density, Damping is measured in percent dense where 100 percent ic solid

metal,

The photo ccll assembly (Figure 9) was designed for
use ac u zero-time initiator for the BRL mechanical gages. It was tected
at five different ranges, including the two zrrival time systems described

aopove,

2.2,2.5 Very Low Preossure Gage. Figure 10 is the experimental
low pressurc (VLP) ynge (first major design change)}. It has three inter-
changeable sensors, 0.9, 0.125, and 0,03 psi. The natural frequency has
been incrcased by a factor of five with a corresponding decrease in
resvonse time. The cembination of a atainless steel gage cuse and »
ressure ecuelizing system has helped solve - ¢ protlems associated with
internal pressure changes in eariier modecls which were caused by changing

temreratare conditions outside the gage.

The gage is essentially a stendard negator gage
adapted for use with the very low pressure disphragm as shown in Figure bLd.
The addition of an explosive piston actuator both activates the guge and
supplies a "kick" to the motor and governor, replacing the spring "kicker"
used on the standard gage. This improvement has decressed the spring
motor ctart-up time from 20 msec to avout 5 msec. Three VLP gages were
E in the 0.%, 0.1, and 0.01 rzi rangec. Nc prepared mounting
facility is required.

2.2.,2.t Prototype Accelerometer un! Pressurs Cuges. Tho BRL
field tested six prototype gages: three miniature blast pressure guges
snid three trisxial accelerometers, All are the result of & research and

develoyment contract with Friez Instrument Division, Bendix Corporation.

The blast page usec the pressure sensor shown in
mure Le, There are three major depsrtures from the standard negntor

fFage: o H0-pereent reduction in the physical size of the motor unit; an

L
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increase in the time base frequency to 200 cycles; and an explosive piston
actuator rdevice identical to that on the VLY gage described in the preced-

ing paragrarh.

The accelerometer makes use of a liquid mass and
coupling approzch as sensing elements and an all-fluid oscillator as the
time basc generator. Both the blast gage and accelerometer use the stan-

dard mount shown in Figuare 2.

A comprehencsive digcussion of the development and
evaluation of the blast gage and triaxial accelercmeter has been prepared

by the contractor and is vresented as an Appendix.

2.% Calibration

Caliration of all gages and comporents was completed nefore rroject
personnel departed for SES. OStatic calibraiion of the pressure sensors
was performed at the BRL, and dynamic tests were made in the BRL shock
tubes. A htrief description of available shock tube facilities at the BERL
is presented in the Snowball Project 1.1 reportl’e*. Results of the
dynamic tests are shown in Figures 11 and 12 which eompare the values
obtaired by the self-recording (mechanical) gages with _hose obtained by
electronic gages. Both the 2kh-inch air tube and the B-iinch gas tube were

1sed in the calivration of the sensors,

Calibration of the six prototype gages was performed by the contractor

prior to delivery at SES and is described in detail in the Appendix.

2.4 Data Processing

Records are reduced to tabulater form by electronic means, The
records are first read with the aid of a tcolmakers microscope equipped
with muenetic read-out heads which feed infermation directly to IBM cards.
Tke information is also presented in typed form. These IBY cards,
together with cardis representing time interval and calibration steps are
fed into the BRL Electronic Sclentific Computer (BRLESC). The pressure

values are calculaeted from a straight-line interpolation between the

*

Superscript numbers denote references which ray be found or page 44.
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various calibration steps. The output, in final form, is entered on IBM
cards, Infcrmation on these cards is then used to prepare pressure-time

piots and typed tabulations of pressure, time, and impulse (psi/msec).

%. RESULTS

3.1 Pressure Data

The performance of the experimental self-recording instrumentation
and the resulting data are shown in Table III; with few exceptic:s valuable
data were obtained. A comparison of the data with that obtained by
Project 1.1 is shown in Figures 13 thru 15. Figures 16 thru 18 show graphs
of tressure as a fuanction of time which were derived from the information

contalned on the individual gape records.

3.2 Instrumentation Components and Systems

3.2.1 Nondirectional System. Both gages provided data that agreed

well with 1,1 data. The gage at 150 feet was underdamped, and its time
base scriber failed. Data from the gage located at 960 feet are shown

compared with data from a 1.1 record in Figure 20.

5.2.2 Neg ive Bensor. The gage operated but the sensor failed when

hit by the shock front., The time base scriber performed wull.

3.2,5 Arrival Time Indicator. Data from the gages at both stations

agree with that provided by 1.1 gages (see Pigure 19). The zero-time
adapter on the gage at 305 feet fired prematurely, and the time base
scriber was sensitive to shock. As for thc gage at the 355-foot station,
the time trace oscillations were clearly resoived; the zero-time adapter
left a clear tracc, and the arrival time measured agreed well with pre-

dicted data.

2.4 Modified Standsrd Gages., Besults from both gages that had the

100«=cps timer ugree with the 1.1 data, A comparison of the LU2-foot gage
with a standard gsge 1s shown in Figurc 20, Performance of the 100-cps

time base system was not satisfactory. The two gages with porous disc
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damping functioned well, gave good quality time iraces, and ylelded
pressure-time values in good agreement with 1.1 data (Figure 20). The
0 percent dense disc at 800 feet and the 40 percent dense disc at 960 feet

appear to be within proper range.

5.2.% VLP Gage. The gage at the 1C,100-foot station functioned well,
produced a good time base trace, and the record was in reasonable agree-
ment with 1,1 data (Figure 20). The gage at 19,550 feet operated for a
short period and then failed due to motor trouble. Fortunately, the
failure occurred after the arrival of the shock wave s0 that peak pressure
was measured. The gage at 149,000 feet operated properly with a good
quality time trace. No pressure signal was discernible, probably due to

a lower-than-nredicted pressure received at that range.

9.2.6 Prototype Accelercmeter and Pressure Geges. All protctype

gages performed reasonably well, The pressure-time values from two
pressure geges are in good sgreement with 1,1 data, and a comparison plot
f the 2h5-foot gage results is shown in Figure 19. The record from the
guge at 175 feet is of poor quality. The indicated overpressure value of
Len psi is not considered accurate enough to be used for a comparison in
Figure 13, A detailed discussion of tie results of all accelerometer and

pressure gage prototypes is contained in the Appendix,

L, DISCUSSION

L.l Wondirectional Bystem

Fesults show that this particular type of sphere should be used in

vl te 15-psi level. Further study is plenned o the design of the

here in crder to damp out a 2200-cycle disturbance that appears in the
plots of records from both geges (Figures 17 and 18}, A mechanical fault
in the time base generator of the gage at 30 feet coaused u failure in
the time trace following the arrival of the shock front. The time constant
in the reduction of this record is based on an average cycle prior to the
arrival time which may ac -ount for the 20 percent difference in duration

and immulse.

41
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4,2 Negative Pressure Gage

9?
§
;

A 10-psi sensor is modified so that there is no deflection after
C.ClC inches of movement in the positive direction. A vottoming plate,

\2. against which the sensor rests after its maximum deflection, is open in
Eél the center to allow the stainless-steel tubing to translate motion to the
3 stylus. The failure occurred at the juncture of the tubing and diaphragm
f% surface. A minor modification should avoid such a failurc in the future,
4.3 Arrival Time Adapter
.4 The zero-time adepter on the 705~foot gage fired premasturely, probatly
? because of a stray reflection that signalled the photocell. It was impos-
,‘. sible to trace the cause to the photocell assembly as it was destroyc’ in
the blast. A comparatively high impulse is due to & perturbation in the
10 to 2k-msec region of the decey. An examination of the gage and sensor
gave no clue to the cause. 'The 355-foot gage functioned well in all
{ aspects.
g L4 Modified Standard Cages

4L.4,1 The 100-Cycle Time Base Generator., The impulse measurement

from the L10-foot gage reccrd is comparably high due to an unexplained

verturtstion in the 45 to 70-mscc region of decay.

The 10C-cyele system proved to have scveral weaknesses includ-
ing a poor quality stylus which resulted in an illegikle trace, The
primary feilure is in the mechanical design of the time marking oscillator.
Tt is perticularly vulnerable to acceleration in the verticel or most sen-

sitive plane. A redesign of the time marker mechanism will be considered,

L.4.2 Porous-Metal Disc Orifice. Results from both gages is very

encouraging., There was no evidence that any foreign matter passed thru
the disc as is the general rule with all other damping media. The discs
are easily tlushed with a mild detergent, Further research in this ares

is under way.

Three independent photocell units at 80C, 960, and 1L45C fect
functioned, Thesc units had no time mechanism so it can only be assumed

they fired at zerc time.




L.,5 VLP Gage
All three gages {unctioned. The moter in the 19,550-fcot gage failed

because of frictional drag tetween the recording drum and a gulde bearing.
Failure occurred a few milliseconds after the arrival of the shock front
so that a peak value was recorded. The record from the gage at the

159, 000~foot stetion did not show any deflection caused by pressure,
although the gage did operate during the time it was exposed tc air blast,

and the record had a good quality time trace.

Microbarograph data has since shown that the pressure received at
that range (SES Headquarters) was about 12 percent of that predicted.
This pressure (0.0012 psi) would represent a displacement of something
under 00,0015 inches on this VLP gage; such a displacement is impossible
to locate on a 60-inchk long trace and when found is difficult to evaluate,

The conclusion is that this gage was out of range,

L & Prototype Accelerometer and Pressure Gages

A detailed discussion of the results of all the prototype gages may

be found in the Appendix.

5. CONCLUSIONS

The requirements of Project 1.3b were fulfilled. Tests of this type
are worthy of further consideration. Future development and test programs

stiiould improve the quality of self-recording instrumentation.
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ABSTRACT

This report covers the participation by The Bendix Corporetion,
Friez Tustrument Division in Operation Snowball during the
period Mey-November 196k4. The purpose of the Bendix Friez par-
ticipatisn in Operation Snowball was to obtain field test data
and exp:rience useful in the design and development of self-
rece:aing blast instrumentation for Ballistic Research Labora-
toriea. To accomplish the objective, instruments were manu-
factured 1in accordance with in-progress design studies; used
in the Operation Snowball field test; and finally tested and
evaluated in the laborstory. The report includes descriptions
¢f the self-recording instruments, test information, and recom-
mendations for improvements.
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FOREWORD

The work described in this report was performed under the techni-
cal supervision of Messrs. R. E. Relsler and C. H. Hoover of the

Explosion Kineties Brancn of the Terminal Ballistics Laboratory,
Aperieen Proving Ground, Maryland.
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A.1 INTRODUCTION

In December 1963, Bendix Friez was awarded R & D Contract No.
DA-36-034-AMC-0232(X) to design, fabricate and test three each,
prototype, ruggedized, self-contained, recording blast pressure
gages and triaydel accelerometers for the Bellistic Research
Laboratories, (BRL), Aberdeen Proving Ground, Maryland. A pri-
mary objective was the development of instruments capable of pro-
viding good records in environments associated with blast pres-
sures above 200 PSI which 1s the limit for satisfactory perform-
ance of exdsting Instruments. The contract specified a three
phase program of study, fabrication and test in that order.

By May 1964 the study phase had progressed to a point where pre-
liminary models of components had been made, including fluld oecil-
lator timers (Reference 1) and blast pressure sensors. Develop-
ment of a higher frequency electro-mechanicel timer by a vendor,
the Exline Engineering Company, showed promise. Bendix Research
Laboratories had completed a design study for an accelerometer
(Reference 2) and preliminary drawings based on the findings were
in preparation at Bendix Friez.

Late in May 1964 the R & D contract was amended by Modification

No. 1 which added Operstion Snowball requirements to the existing
work effort. Operatlion Snowbell was a fleld test explosion of

500 tens of high explosives scheduled to take place in July 1964

at the Suffield Experimentel Statlon, Alberta, Canada. The addi-
tionel requirements imposed upon Bendix Friez by Modificatlion No. 1

»

were as Jollows:

1. Manufacture three recording blast pressure gages
based on latest design studles, for Operation
Snowbell fleld tests.

2. Manufacture three recording triaxiasl accelerome-
ters hased on latest deslgn studies, for Operation
Snoshell fleld tests.

3. Pea 1 compoelite tests on the six instruments to
insure properly functioning hardware prior to the
fleld tests.

4. Provide field engineering service for the six instru-
ments during Operation Snowbgll field tests.

5+ Prepare a report on the performance of the instruments,
together with conclusions and recommendations for
improvements.
51
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A.l.1 Background

During the period May - July 1964, i.e., the time between the
issuance of Contract Modification No. 1 and the start of
Operation Snowball field tests, three blast pressure gages
and three accelerometers were bullt and tested. The designs
were based orn the R & D contract study phase developments as
of May 1964, At that time, the design studies were not com-
plete, particularly with respect tc environmental conditions,
as no shock or vibration tests had been performed. However,
because of the short time avallable prior to the Operation
Snowball fileld test, the use of these designs was Justified
on the grounds that the information to be gained from the
field test would be of conslderable value in furthering the
design studies. In procurement, short cuts were taken to
expedite delivery of components. For example, an available,
large size, high pressure gas supply and pressure regulator
package was purchased for the accelercmeter timer, rather
than wait for the development of & more compact assembly.
After the blast pressure gage~ and accelerometers were assem-
tled there was encugh time to perform only a limited number
of tests to demonstrate that the instruments were operating
properly prior to delivery to the fleld test site.

The Pre-Snowball tests performed by Bendix Friez on a limited
time schedule were the following:

1. Static pressure versus stylus deflection calibra-
tion of the three blast pressure sensors for the
three blast pressure gages.

2. Operationsal tests of the three blast pressure
gages:

a. Recorder operatlon and adjustment of tape
speed.

b. Electro-mechanicel timer operaticn.

e. AdJustments to recording stylil to pro-
duce readable traces on the tapes.

d. Electrical checks of all circuits.
3. Acceleration (centrifuge) versus stylus deflec-

tiocn calibration of the three accelercmeters in
three axes.




4. Operational tests of the three accelercmeters:

a. Recorder operation and adjustment of tape speed.
b. Fluid oscillator timer calibretion.

¢. Adjustments to recording stylii to vproduce
readable traces on the tapes.

d. Electrical checks of &ll circuits.

Under normal conditions, dynamic testing in the BRL Shock
Tube would have followed the manufacturer's test program.
Lack of time prior to the start of Operation Snowball
field test necessitated the elimination of the dynamic
tests. However, blast presscure sensors identical to
those supplied in the Snowpall Inst -uments were tested

in the BRL Shock Tube prior to the field test. The test
results, rresented in BRL Project 1.1 Report (Reference 3)
provided a tasis for confidence in using the new sernsors
in the Snowtall field teat.

The six instruments were delivered in July 1964. A repre-
sentative from the Bendix Friez Ingineering Department,
assisted BRL personnel in servicing and mainteining the
instruments during the Snowball field tests.

Following the field tests the instruments were returned
for additional testing and evaluation. Post-Snowball
tests and evaluation were not provided for in Contract
Modification No. 1, but were conducted at the request of
BRL as an sid in the design of the prototype instruments
being developed under the original R & D contract. The
Post-Snowball test and evaluation pregram consisted of
the fcllowing items.

1. Visual inspection

2. Static pressuve catiibration of blast sensors
3. Shock tests of blast pressure gages

4. Vibration tests of the blast pressure gages

5. OShock tests of the accelercmeters

6. Centrifuge calibration of the accelerometers

7. Vibration test of one accelerometer

The following pages of this report contain the detalls of the
work done as outlined above, as well as conclusions and
recommendations based on the work.
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A. 2.1

A.2 TEST IRSTRUMENTS FOR OPERATION SNOWBALL

General

The six instruments comprised three self-recording blast
pressure gages with ranges of 0-200 PSIG, 0-4C0O PSIG and
0-600 PSIG respectively; and three self-recording triaxial
accelerometers, two with a range of 0-76G and one with a
range of 0-20G (See Figures 1 thru 4). All six were
self-contained, i.e., free from external power require-
ments. The instruments were designed to provide a visi-
ble (under magnificaticn) record of tlast pressure versus
time or acceleration versus time on £ steel tape. All six
wvere designed to fit the BRL Type V ground baeffle mount.
The three blast pressure gages were also equipped with
internal pipe thread adapters for optional pedestal mount-
ing. Each instrument was equipped with a multi-conductor
electrical cuble for remote initistion and battery test.

A.2.1.1 Blast Pressure Gage

The blast pressure gage was a sell-contained
instrument designed to provide a record of blast
pressure versus time on a steel tape. The Snow-
ball Instrument was a smaller and lighter gage
than earlier models. Like previous gages, the
Snowball gage was housed in a metal cylinder.
However, aluminum alloy was used where possible
and components were miniaturized to make an over-
all package 6-1/4" long by 4-3/4" diameter, weigh-
ing 5-3/% 1bs. The principal components of the
blast pressure gage were (1) a blast pressure
sensor, (2) a recorder and (3} a timer. In the
Snowball gege the blast pressure sensor consisted
of a 1-1/4" dismeter Ni Span C convoluted disc
diaphragm brazed to a stainless steel mounting
plate. An osmium tipped stylus was mounted on a
flat spring anéd attached to the center of the
diaphragm by a short length of stalnless steel
tubing. Thus the defiection of the dilephragm was
transmitted directly to the stylus. A Jewel bear-
ing surrounded the tubing supporting the stylus
and restrained the stylus motion to a single axds.
Specific improvements incorporated in the Snowball
gensor included the following: (1) The sensor
diaphregm was furnace brazed to the mountlng plate
to provide more uniform heating during assembly

54




Figure 1 Blast Pressure Gage, Aperture Plate Removed to Show Sensor,
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Figure 3 Triaxial Accelerometer Assembly,
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Figure 4 Triaxial Accelerometer. Housing Removed
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Figure 5. Schematic of Triaxial Accelerometer Sensing System




e

I

R e

T

-h

and eliminate strains witnin the diaphragm
often caused by uneven heating associated

with torch brazing. (2) The sensor assembly
was made interchangeable with respect to the
gage housing according to previously estab-
lished procedures. This was made practical by
means of dowel pin locators co align the sen-
sor stylus in proper position with respect to
the recording tape. (3) An O ring seal vas
provided between the sensor assembly end the
gage housing. (4) The jewel bearing, previously
menticned, replaced a teflon bushing as the
stylus guide. (5) The resonsnt frequency of
the sensor assembly was raised to 3,500 c¢ps or
above for the 200 PSI to 600 PSI units.

The Exline recorder used in the Snowbell gage was

a smaller version of a similar recorder used in
previous BRL gages. A stainless steel negator
spring 3/8" wide by .0035" chick and about 60"

long was used as the drive motor and the record-
ing medium. The naturally convex face of the
spring was vapor honed with a fine abrasive to
produce a satin-finish, as a contrasting back-
ground for the stylus trace. The negator spring
was wound up on a spool on the powsr output

shaft. In unwinding, 1t pasced over a flanged
idler pulley in an arc of slightly less than 180°
and on to a take-up spool. The stylil made con-
tact with the spring at the idler pulley. A new
feature in the Snovwball recorder was the provision
of a gear and slip-ciutch frive between the power
output shaft and the take-up spool to apply tension
to the spring. This was an attempt to overcome the
tendency, in earlier mcdels, for the spring to
leave the idler pulley under shock impulse and
cause Interruptions in the recorded traces. The
recorder was equipped with a centrifugal-friction
gevernor to control the anguiar veloelty of the
power output shaft. This in turn ccntrolled the
linear velocity of the spring to a nominal value
of three inches per second. Actually, the linear
velocity of the spring varied from 6% above average
tc &% below average duc to the continually decreas-
irg randius of the point where the spring left the
power output spool while unwinding. Another new
feature in the Snowball recorder was the method of
starting. An explosive piston actuator end rack-
and-pinicn were cmployed to impart an initial "kick"
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to start the iiechanism and bring the tape up
to speed within five milliseconds (Reference L),

The Exline electro-mechanical timer used in Snowball
was developed from timers used in earlier BRL gages.
The purpose of the timer was to provide a recorded
time base for other events shown on the recorder
tape. This was accomplished by vibreting a stylus
at a known frequency, ian contacv with a moving tape
to produce an oscillatory trace. Previcusly used
electro-mechanical timers cperated at a frequency
of 50 cps. For Snowball, a higher freauency was
desired. Under the basic R & D contract mentioned
in the Background portion of this report, Exline
Engireering Company was attempting to raise the
frequency of the timer to the 250 cps range. Changes
in the design of the timer, including smsller ball
bearings, reduction in the moment of inertia of the
rotor, an increase 1n the torque constant of the
return spring, and control of contact bounce with
bilasing megnets had raised the frequency to 100

cps. Further increase in frequency was considered
impractical within the limits of the basic timer
design. The lmmediate need for a higher frequency
timer for Snowball was met by a short cut and a
compromlise. The output from a 100 cps Exline timer,
incorporating the chenges noted above, was fed into
8 double pole double throw relgy to vibrate the sty-
lus mechanism at 20C cps.

Auxiliary components in the gage included a battery
for povering the timer and {o fire the piston actua-
tor upon command, a manual arming switch and & fixed
or reference stylus. Orifice damping as used by
BRL on other self-recording gages was provided. The
orifices mey be seen in the aperture plates in
Figures 1 and 2.

In operation, an external initisting switch attached
to an electric cable connected to the gage is closed
to fire the piston actuator, accelerate the recorder
and start the timer. The piston actuator acceler-
ates the tape to cperating speed within five milli-
seconds. The tape runs for sbout twenty seconds.
The three stylii (pressure, time and reference line)
scribe separate traces simultaneously on the moving
tape.

(Aatalab ke s bt o B '.TW




PR

R e

e Rt

2

A'2.l'2

o e B L

Test data 1s obtained from the blast pressure gage
by removing the negater spring tape from the
recorder and examining the stylii traces under
magnification. Blast gressures are determined

by comparing the deflection of the sensor stylus
trace with appropriate pressure versus deflection
calibration data. Time intervals are determined
from the number of cycles of the kmown freguency
traced by the timer stylus. The reference trace
is normally a straight iine. Any lateral motion
of the tape with respect to the recorder frame
would appear as an off-gset in the reference trace.

The triaxial accelerometer may be described as a
liquid mass, liquid ccupled, self-damped reccrding
instrument (See Figures 3, 4 and 5}. All compon-
ents except the high pressure gas supply and pres-
sure regulator were housed within an aluminum alloy
cylinder with a stainless steel cover and mounting
plate. The overall dimensions were 11-1/2" long by
4-3/4" dlameter at the mounting plate. The gas
supply and pressure regulator were housed in a
separate cylinder 5-1/2" long by 3-1/4" diameter.
The two contalners were connected by pneumstic
tubing and an electrical cable. The combined
welght of the two units was approximately 23 1lbs.

The princlpal components in the accelerometer housing
were (1) a liquid mercury seismic mass, housed with-
in 8 roughly cubical cavity, with a Ni Span C membrane
mounted on each of the six cavity walls, (2) six con-
duits containing the silicone fluid coupling liquid,
starting at the outer surface of each of the six mem-
branes and terminating at a Ni Span C diaphragm in
each conduit, (3) s metal tube, carrying a stylus,
conn=cting the cuter surfaces of the diasphragms, in
pairs, for each of the three orthogenal axes of the
seismic cavity, (4) e spring-powered tape recorder
in which a negator spring supplied the motive power
and the recording surface, (5) a fluid oscillator
timer cperating a stylus at a calibrated freguency

of approximstely 500 cps, (6) a fixed or reference
stylus, (7) a battery, (8) an explosive piston actua-
tor and (10) a manual arming switch.

In operaticn, a remote initisting switch is cleosed to
fire the explosive plston actuat-r to accelerate the
tape recorder to normal tape speed within five milli-
seconds and start the regulated gas to flow to activate

L




SENSOR NO. L42-8

COMPUTED
MOTION DEVIATION | LINEARITY
DIAPHRAGM DIAPHRAGM | ( STRAIGHT FROM PER CENT
MOTION HYSTERESIS LINE COMPUTED | BASED ON
PRESSURE | (DEFLECTION) (DOWN-UP) | 0-40O PSI) MOTION TOTAL
PEIG INCHES INCHES INCHES INCHES DEFLECTICN
0 0 - 0 0 0
100 .0040 - .00kL1k -.0001k 0.9%
200 .00812 - .00828 -.00016 1.0%
300 .01230 - .012k1 -.00011 0.7%
Loo 01655 0 . 01655 0 0
300 .01232 +. 00002 .01241 -. 00009 0.5%
200 00810 -.00002 .00828 -.00018 1.1%
100 . 00400 0 .00k1k -. 0001k 0.9%
0 0 0 ¢ 0 0
Natural Frequency 5490 cps
TABLE I

PRE-SNOWBALL BLAST PRESSURE GAGE CALIBRATION
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the fluid timer. The recorder tape runs at about

three inches per second for 20 seconds. Accelera- [4
tions sensed by the instrument appesr as dellec-

tions in the traces scribed on the tape by one or

more of the three sensing stylii. At the same time

the fixed or reference stylus and the timer stylus

scribe respective traces on the tape.

The principle of operation of the sensing system msy
be described as follows: When the accelerometer is
subjected to acceleraticn, the liquid mercury tends
to move in the direction of the resulting force.
Motion of the mercury deflecte oae or more palrs of
membragnes on the cavity walle and thus imparts

motion to the silicone fluld in the ccupling lines.
The coupling fluid transmits motion to the diaphragms
which, acting in palrs, deflects the attached stylii.

Data is obtained from the instrument by removing the
tape from the recorder and examining the traces under
magnificatlion. Acceleration values are determined by
comparing the observed deflections with calibration
data. Time intervals sre determined from the number
of cycles of known frequency traced by the timer sty-
lus. The reference trace gerves as ar indicator of
tape stability.

A.2.2 Pre-Snowball Tests

Pre-Snowball tecte were those tests performed on the three
blast pressure gages and three accelercmeters pricr to instal-
lation in the field.

A.2.2.1 DBlast Pressure Gages

The blast pressure sensors were calibrated by deter-
mining the static pressure versus diaphragm deflec-
tion relaticnship for both increasing and decreasing
pressures. FPressure was applied to the sensor dia-
phragm by a dead weight tester and measurcd by a cali-
brated Helse gage. Deflecticns of the diaphragm were
measured by a Csrson electronic micrometer. Measure-
ments were made in steps from zero to the maximum
rated pressure of the sensor and back to zero. Cali-
braticn data for a typical sensor are shown 1n

Tsble I. Figure 6 18 a graphic presentation of
typical senscor calibration data.

Operation of the complete blast pressure gage

Ft:
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assemblies was checked to insure (1) proper recorder
tape sperd of about three inches per second, (2)
adequate styliil pressure to produce readable traces

on the moving tapes, (3) proper electrical operation.
The electro-mechanical timers were calibrated by the
nanufacturer, Exline Engineering Co., and the timer
operating frequencies were reported as 201.04, 201.42
and 200.36 cps for the three units. When bench tested
by Bandix Friez a variation in frequency of about + 5%
from the reported values wes obsarved.

A.2.2-2 Triaxial Accelerometers

The eccelerometers were calibrated by determining sty-
lus deflection versus scceleration. To perform this
test the accelerometers were mounted on the boom of a
rotary accelerator (centrifuge) and subjected to various
accelergtion inputs in steps up to or slightly above the
maximuim rating of each unit on tz2st. Recorder tapes wcre
stationary during each step or run. Between runs the
tapes were advanced about 1/2 inch to separate the indi-
vidual traces and facilitate reading. Tests were made
in one direction along each of the three orthogonal axes
of the accelercmeters. At the conclusion of the series
of runs, the tapes were removed, examined under magni-
fication, and the height of the deflection for each run
was measured. The dsta for a typical accelerometer are
tabulated in Table 11 and shown graphically in Figure 7.
Other tests performed to insure properly cperating units
were a5 follows:

l. Calibration of fluid oscillator timer fre-
quency (See Figure 8).

£. Measureuent and sdjustment to provide a
recorder tape speed of about three inches
per second.

3. Adjustment of stylii tc prcduce readable
traces on the moving tape.

L. Electrical check of all circuits.
Fleld Operaticns

During the Operation Snowball field tests, a representative of
the Bendix Friez Engineering Department was present at the test
site to provide field engineering service and to assist BRL per-
sonnel in servicing and maintaining the blast pressure gages and
accelerom=ters.

ﬂ""m




ACCELEROMETER NO. 1X-T6G

T P——

PRE-SNOWBALL TRIAXIAL ACCELEROMETER CALIBRATION

COMPUTED | DEVIATION | LINEARITY
DEFLECTION |  FROM PER CENT
STYLUS ( STRAIGHT | COMPUTED BASED ON
ACCELERATION AXIS DEFLECTION LINE ) | DEFLECTION TOTAL
G SEE FIG. INCHES INCHES INCHES DEFLECTION
0 5-6 o 0 0 0
21 5-6 .0015 .0018 -.0003 .3%
42.1 5-6 .0035 .0035 0 0
63.2 5.6 .0050 . 0053 -.0003 4.3%
8k. 3 5-6 .00T0 .0070 0 0
0 42 0 0 0 0
20 h-2 L0010 .001k -. 0004 7.3%
4o 4.2 .0030 .0Cc28 +.0002 3.6%
60 h-2 . 0040 Nolol'S -.0001 1.84
80 -2 .0055 .0055 0 0
0 1-3 0 0 0 0
20 1-3 . 0007 -0013 -+ 0006 12.0%
%) 1-3 . 0020 .0025 -, 0005 10.0%
60 1-3 .0035 .0028 -. 0003 6.0%
80 1-3 . 0050 . 0050 0 0
TABLE 11
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Figurc 7 Pre-Snowbali Calibration, Triaxial Aceelerometer
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Operating tests were performed at the test site prior to field
installation by initiating the piston actuators and running
test tapcs through the recorders. Ome fluid oscillator was
operated from the compressed gas supply attached to the accel-
erometer. Following these tests, new piston actuators, tapee
and compressed gas supply were installed as required.

The blast pressure gages and accelercmeters were mounted on
steel rings, encased in concrete with the top surfaces flush
3 with ground level at designated positions with respect to
£ Ground Zero as shown in Table III. About three hours prior
to the detonation, the blast pressure gages and uccelerometers
vere manuslly armed. The Instruments were initiated at Zero
= Time minus two seconds by a relay zlosure in the Test Director's
logic unit.

) et g -

70




e A b

DISTANCE

STATION FT. SENSOR RANGE SENSOR NO.
5 175 Pressure Gage 0-600 PSI 62-6
5 175 Accelerometer 0-76G 1X-76G
) 205 Pressure Gage 0-400 PSI 428
7 250 Pressure Gage 0-200 PSI 22-10
7 250 Accelerometer 0-76G 3X-T6G
9 355 Accelercmeter 0-20G 2X-20G
TABLE ITI

LOCATION OF INSTRUMENTS IN FIELD TEST

Lo
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A.3 RESULTS AND DISCUSSION

As soon as permissible after the blast, personnel re-entered the
grea and recovered three of the instruments. The other thiee
instruments were buried by the blast and werc not recovered until
later.

Enlarged photogrephs of some of the records produced by tne instru-
ments during the field test are shown in Figures §, 10 and 11. 1Imn

all cases, the motion of the tape is5 from right to left, and the

time sequence of events on the traces ig from left to right in the
photographs. It should be noted that tbe photographs in Figures 9,

10 and 11 are composites. That is, each trace was photographed
separately and then assembled and rephotographed as a group, primarily
to show a sample of the records produced by the self-recording instru-
ments in the field test. Because these are composite photographs the
time of events on the respective traces may not be in exact alignment
with each other.

Figure & shows a faelrly good set of blast pressure gage traces and
Figure 10 show: a poor set. Figure 11 is typical of the azcelerometer
recordings, all of which were rather poor.

Figure 9 is an enlaged (approximately 50X) photograph of the three
traces recorded by the 200 PSI blast pressure gaege. The bottom trace
is that of the pressure sensor. The straight, horizontal line, repre-
senting ambient pressure pricr to the blast, is clearly shown coming in
from the left edge of the picture. Then there is a very rapid rise in
pressure, with a small discontinuity in the verticel trace, as the gage
senses the blast pressure. At the pesk pressure and during the pres-
sure decrease there are seversl loops in the trace, indicating tape
reversal:. The middle t ace, the timer record, is readable, with
perhape not more than two or three timing marks missing during tae
blast intervai. The heavy marks on the tape are deep indentations
apparently made by the stylus during the tlast period. Tape reversal
is indicated since these marks overlap previcus markings. The top
trace 18 the reference line. Tape reversal 1s indicated by the loop

in the trace. This is follcowed by scome discontinuity in the trace.
Otherwise the reference line is fairly stable and resdable.

Figure 10 1s an enlarged (approximately 95X) photograph of the three
traces nroduced by the 600 PSI blast pressure gage. The bottom trace

is the pressure sensor recording. Tco the left of thc left edge of the
pilcture (not shown) the irace was a horizontal line representing ambient
pressure prior to the blast. At the left margin of the photograph the
trace shows a rapid rise in pressure as it records the blast. After
reaching a peak and starting down, the stylus apparently left the tape.

oy
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Figure 9 Blast Pressure Gage Tra.os, Showing Fairly Good Field Test Records




fa

e

REFERENCE
TRACE

TIMER
TRACE

PRESSURE SENSOR
TRACE

4——=TAPE MOTION

Fighne Blast Pressure Gage Traces, Showing Poor Field Test Records.
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Figure 11 ‘Triaxiul Accelerometer Truces, Showing, Tvpical Field Test Records,
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A tape reversal seems to have occurred, for the trace resumes at in
"earlier" time on the tape. The backwsrd slopes and loops in the
remainder of the trace indicate additicnal tape reversals. The
middle trace is the timer record. Prior to sensing the blast the
trace was similar to the timer trace shovn in Figure 9. (The dif-
ference in magnification betwecn Figures 9 and 10 should be noted.).
Probably three timing marks are missing during the pressure sensing
period and random stylus marks appear instead. The finger-shaped
trace at the right of the photograph is a somewhat distorted timing
mark. Beyond, to the right and not snown, the timing marks resume
a normal pattern. The reference line at the top of the photograph
shows conslderable evidence of tape reversal and shift. Shift is
defined as motion at right angles to normal tape travel.

Figure 11 is an enlsrged (approximately 50X) photograph of the five
traces recorded by one 76G accelerometer. The timer trace at the
lower left corner of the picture shows five very similar, but dis-
torted figures representing the timer oscillations, prior to the
blast. The principal deviations in the figures occur at the upper
extremities wlhere there 1s a noticeable variation in the magnitude
of stvlug deflection. There 1s also evidence of stylus drag 1i; this
region. For example, after the stylus reached its maximum deflection
upward, the return stroke should have argied off to the right on the
tape. Instead, the return stroke tends tn parallel the up stroke as
though dragged sideways by the moving tape. Finaelly, the stylus
breaks free, traces a "V"' and then resumes a normal stroke down and
to the right. During the time of the blast, tha timer trace 1s very
erratic, there is no regularity in the patterns and there are dis-
continuities. Also, there 1s evidence of tape reversal or perhaps
stylus drag where traces overlap or show reverse slopes. Beyond the
right edge of the picture, but not shown, the same pattern of dis-
torted, but similar timiug marks, shown at the left edge of the pic-
ture, resumes after the blast. The second; third and fourth traces
from the top represent the three acceleration sensing axes of the
accelerometer. All three traces exhibit similar, but not identical
characteristics. The traces enter the picture at the left margin as
straight or nearly strsigh%, horizontel lines representing a steady
state. (The trace for axis 2-4 shows a serles of irregularly spaced
deflections of very low magnitude and duration for some time prior to
the sensing of the blast). When the blast 1s sensed all three traces
are very erratic. The traces apprcar as random dots, dashes and seg-
ments of curves followed by continuous or nearly continuous wavy lines.
There 1s evidence of tape reversal or stylus drag where traces overlap,
repeat or show reverse slopes. The reference trace at the top of the
plcture, enters at the left edge as a straight line. At the time the
blast is sensed, the trace is a series of widely spaced segments show-
ing evidence of tape reversal and shift.

To sum up the general impression gained from the photographs, it 1o




obvious that more gtability in the instrument structure 1s essential.

Tape reversal and tape shift call for better recorder design. Dis-

continulties in the traces probably indicate relatlive motion of the i
recorders with respect to the mounting plates, or bounce in the stylii

supports.

Figure 12 shows smoothed pressure versus time plots of the fleld test
data obtained from the three blast pressure gages. These plots are
the result of curve smoothing by BRL tc correct the recorded traces
for defects such as tape chift and *“ape reversal.

A.3.1 Post-Snowbaell Tests Blast Pressure Gages

Post-Snowball tests are those tests performed on the blast
pressure gages and accelerometers after tne Snowball fleld
tests were completed and after the instruments were returned
to the plant.

A.3.1.1 Visusl Examinatioxn

Two of the Llast pressure gages {400 and 600 PSI
units) were visually examined upon return from

the Snowball fleld tests. All breaks in the exter-
nal surfaces of the gages, such as cap screw reces-
ses, senslng apertures and switch cavities had been
filled with fine sand. Sufficlent sand had worked
through the sensing holes in the aperture plates to
produce small "sand-blasted" crescent shaped markings
on the surfaces of the pressure sensor diaphragms.
When all the sand was removed, however, there was no
visibie evidence of damage to the externmal surfaces
of the blast pressure gages. From a structural point
of view, two of four screws in one aperture plate
were loose.

Inside the blast pressure gages there was very minor
damage. For exsmple, the piston actuator stop block
on both rccorders had moved slightly out of positicn.
This probably occurred when the actuator was flred to
start the recorder. End play was cbserved in the
pinicn shaft of cne recorder and in the intermediate
gear shaft on the other recorder. On both blast pres-
sure gages the pressure senging stylus was bent in the
direction of tape motion.

A.3.1.2 ©Statlc Pressure Czlibration

All three blast pressure sensors were recalibrated
a5 a check on thi» pressure v-rsus deflection
characteristics after exposure to the fleld tests.
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A.3.1.3

The method of calibration was identical to that

employed in the Pre-Snowball tests. A comparieon

of the "pre" and "post" Snowball calibrations for

one typical blast pressure sensor is shown in 2
Figure 13. The two sets of data for the three

blast pressure sensors show good agreement at all

corresponding test points. The maximum difference

at any one calibration point was 1.8% tased on

total motion of the blast preseure sensor.

Shock Tests

Al three olast pressure gages were tested to deter-
mine the behavior of the blast pressure gage mechanism
under shock conditions. Each blast pressure gage was
fastened, in turn, to the taeble of a Barry Model 20 VI
sand drop machine and subjected to shock pulses of 25,
50 and 100G with a pulse duration of 10 to 12 milli-
seconds. All drops were made in the vertical axds
with the blast pressure sensor facing downward. The
recorder Tape within the blast pressure gage was run-
ning during the tests.

Following the drops the reccorder tapes were removed,
photographed under magnificetion and evaluated. The
data are tabulated in Table IV. A total of 11 drops
were made, four at 25G, three at 50G and four at

100G. Only the blast pressure sensor trace was
vigible on the tapes for all 11 drops. The timer
trace was not visible at all. The reference trace

was visible in only four of the X1 drops. At 25G, DR
the blast pressure sensor traces for three of the
drops showed 1o deflection due to shock, while a

pulse .0Q005" high was recorded in the fourth drop. At
50G, there was a pulse .0005" high in the blast pres-
sure sensor trace for all three drops. At 100G there
were three traces with a pulse .001" high and one with
a pulse .0015" high (See Figure 14). Thus it appears
that shock impulses up to 100G have little effect on
the pressure sensing accuracy of the blast pressure
gage. There was no =vidence of structural damsge to
the blast pr ssure gages due to shock. The reference
traces, when visible, showed no devietion from a
straight line. In the Snowball bl-st pressure gages
the reference stylus was mounted on the recorder frame.
Therefore, the stralght line traces praduced in the
shock tes.s merely indicated no lateral motion of the
tape wlth respect to the recorder frame. Any motion
of the recorder with respect to the blast sensor base
plate was not indicated. A reference line stylus

-
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mounted on the blast pressure sensor base plate would pro-
vide more useful information, which could be used to cor-
rect the blast pressure sensor trace 1f a shift in the tape
wvas indicated.

A.3.1.4% Vibration Tests

The three blast pressure gages were mounted, In tum,

on the table of an M-B Model C-10 vibration machine

to search for resonance points in the gage structure.

Each gage was vibrated over a frequency range of 10 to

2000 cps at a constant input of 20G. The recording tapes
in the geges were running during the tests. Detalls of the
test conditicns are tabulated below:

Blast
Run Gage Srequency Input Timing Stylus
Ro. Unit Range CPS G Operation
1 200 psi 10-2000 20 Not ¢ rating
2 200 psli  10-2000 20 Not operating
3 400 psi 10-2000 20 Not operating
4 40O psl 10-2000 20 Operating
5 600 psi  10-2000 20 Not operating

Observation of the reccorder tapes following the tests
showed that the blast pressure sensor trace remained a
straight line at the lower frequencles. As the frequency
approached 80 cps, the blast pressure sengor trace began
to respond to the vibration at a double amplitude of about
.001" to .002". As the input frequency increased above

80 cps the frequency of the response in the blast pres-
sure sensor trace increased also. However, the amplitude
of the oscillations remained essentially constant at about
.002" double amplitude. The reference trace remained a
straight line throughout the test. The timer stylus, when
not operating, produced only a straight line in all cases
except at the higher frequencies in run no. 3 where there
was no visible trace. In run no. % the operating timer
stylus produced a saw tooth trace of about .Cl0" double
amplitude.

A.3.2 Post - Snovhall Tests, Triaxial Accelerometers

A.3.2.1 Visual Examination

Some deficiencies in the fluld oscillator design were
apparent after a visual examination of the triexiael accelero-
meters retumed to Bendix Friez from the Snowball field tests

Q




A.3.2.2

In one unit the lucite mounting plate of the oscil-
lator hed fractured, making the timer lnoperative.

In a second accelercmeter the cemented joint between
two plastic parts had feiled. In addition the metal
tubes attached to the plastic parts had worked loocae.

Later on in the test program, one accelerometer was
disassembled. In thie unit several of the membrane
diaphragms wers found to have been damaged by bot-
toming against the walls of the membrane chambers.

Shock Tests

All three accelercmeters were sutjected to a series

of shock impulses ranging up to approximately twice

the respective ratings. Tests on the two accelerome-
ters rated at T76G were performed on a Bungee Cord
"Slingshot" Shock 3tand at 30, 60, 9C, 120 and 150G
with a pulse duration of 10 to 13 milliseconds. The
20G accelerometer was tested on the Barry Model 20VI
sand drop tester at 10, 20, 30 and 40C with a pulse
duration of 10 to 12 milliseconds. Each accelerometer
vas dropped in each of the threoe orthogonal axes includ-
ing both directions in the 1-3 axis (See Figure 4).

The shocks were monitored by an Endevco Model 2213C
accelerometer. The amplifled o tput of the Endevco
unit was displayed as a trace oun the screen of a Tex-
trenic model 531A oscilloscope and photographed for
evaluation. The fluid cscillator timers and record-

ing tapes in che triaxial accelerometers were operating
during the shock teats. Following the tests the reccrder
tapes were photographed under magnification to assist in
study and evaluation of the data. Photographs of the
tapes together with the input impuises are shown in
Figurcs 15, 16 ard 17.

Mounting the triaxial acceleromcters on the shock stands
presented some problems and may account for some of the
apparent malfunctions mentioned belcow. To facllitate
mounting, the cylindrical housing was removed from the
accelerometer as shown in Figure 4. The auxiliary high
pressure gas supply unit shown in Figure % was not shock
tested.  The fluild oscillator timers were operated by
regildated, compressed air suppliea frem the laboratory
systen during these tests.

Shock tests in axis 5 were made with the heavy mounting
plate of the accelercmeter bolted directly to the shock
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stand. In axes 1 3 and 2-4 the accelerometer was mounted
in the manner shown in Flgure 18.

Figure 4 shows two of the four steel straps which fasten

+he heavy mounting plate of the accelerometer to the seis-
mic mass housing. During the drop tests relative motion

wes observed between these two heavy components. 1t seems
reasongble to assume that such motion would develop forces
which would bhe sensed by the seismic mass to produce recorded
cross-talk. The recorder and assoclated components were
cantllevered at one end of the accelerometer and undoubtedly
moved with respect to the seismic mass housing when subjected
to shock impulses. This motion would account for some or all
of the indicated tape shift. Any relative motior of the
component parts of the fluild coupling conduits that would
affect the conduit veolume would also affect the stylus deflec-
tion of the particular axis involved.

Examination of the accelerometer recorder tapes used in the
shock tests provided the followlng information:

First: The response of the triaxial accelerometers to
accelerations along a given axis was gcod. There were Si
separate drops involving three accelercmeters in three axes
each. Good responses were recorded in 43 drops or sbout 80%
of the total. In the remaining 11 drops (all involving one
instrument) the responses were extremely low in amplitude and
no attempt was made to measure the deflections.

Second: Undesirable cross-talk was prevalent. Cross-talk in
these triaxial accelcrometers may be roughly defined as a
recorded resvonse in one or hoth axes at right angles to the
direction of the input acceleration. Cross-talk was recorded
in both of the axes at right angles to the direction of the
drop in almost every one of the 54 drops.

Third: There was evidence of lateral movement of the recorder
tape, 1.c , motion along the axis of the five stylus points in
many of the drops. In sbout “0% of the drops there was a
definite shift 1n the tape poslitinon as indicated by an off-get
in the refercnce trace. In an additional 40% of the drops the
tape motion was oscillatory as indicated by a wavy reference
trace. Since the reference stylus was fastened to the plate
on which the recorder was mounted, relative motion -. the
recorder with respect to 1tes mounting plate 1s ‘ndicated.

Fourth: Tape reversal as Indiceted oy loops in the iraces
of one or more stylil occurred in more than 40% of the drops.
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A.3.2.3

Fifth: Good, readable timing traces were produeced in
about 40% of the drops. However, this may be & function
of stylus adjustment. For example, most of the timing
traces for the 20G accelerometer were good. About half
of the timing traces for one of the 760 accelerometers
were good, while all of the traces for the second 76G
accelerometer were poor.

Sixth: Discontinulty in one or more of the traces was
observed in about 35% of the drops. This malfunction
probably was due to lack of balance ir the stylii mount-
ing assemblics, or to looseness in the recorder mounting.

Deflections of the anecelerometer stylil as recorded on
the tapes were measured for each drop where there was a
good response. Typleal data for one accelerometer are
plotted as deflection versus acceleration curves in
Figure 19.

Calibration

One T6G mccelerometer, No. 1X-76G, was recalibrated on

the centrifuge in all three axes ard in both directions

on the 1-3 axls as part of the Post-Snowball test progranm.
The test was identicsl Yo that used in the Pre-Snowball
ealibrations. Pre-Snowball and Post-Snowball calibrations
and Post-Snowball shock tests are plotted on stylus deflec-
ticn versus acceleration charts for the respective axes in
Figure 20 for comparison.

It is obvious that there 1s lack of close agreement among
the sets of data. In the #5 axis, the "post" dcflections
are generally lower than the "pre" data. In #2 and #1-3
axes the reverse holds true. The probable explanation for
the difference is simply that the coupling fluld condults
were not completely filled with fluid. For example, in
the -course nf examining and inspecting the uccelercmeters
some coupling fluld escaped and was replaced.

ALl of the shock induved deflectlions are higher than the
corresponding centrifuge values. Two explanations are
suggested.

i. There was amplification of the shock prlse with-
in the accelerometer structure, due to relative
motion of components.
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2. There was a shift in the recorder and its mount-
ing plate with respect to the supports for the
sensing stylii.

A.3.2.4 Vibration Test

A Vibration test was performed in an attempt to deter-
mine the frequency response characieristics of the
triaxial sccelerometer. The test results were not satis-
factory due to apparent instablility of the recorder struc-
ture, and no useful data was obtalned.
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A.4 CONCLUSIONS AND RECOMMENDATIONS

Laboratory tests performed for the Operation Snowball program have
provided a great deal of information applicable to the development
of prctotype, self-contained blast gages and accelerometers for

R & D Contract DA-36-034-AMC-0232(X).

The blast pressure gages and accelerometers used in the Snowball tests
performed well encugh to indicate that with further development and
refinement of the basic designs, practical, self-contained recording
instruments can be produced for environments atove the 200 PSI level.
The blast pressure sensor, consisting of a stylus mounted on a dia-
phragm proved capable of scribing & readable trace on a moving steel
tape. The blast pressure sensor celibration is stable. The fluid
oscillator will produce a nominal 500 ¢ps timing trace (although some-
what distorted) on a moving steel tape. The trlaxlal accelercmeter
design demonstrated an ability to record three channels on a single
meving tape.

In general, the structures of the blast pressure gages and accelerome-
ters require additional review and analysis and perhaps redesign to
prevent relative moticon of the different parts when subjected to shock
and vibration. There are obvious deficiencies in the designs which ccn-
tribute tc some of the problems. BSpecific recommendations follow:

1. Provide increased stylus deflection for the triaxial
accelerometer sensors. OSnowbell accelerometers had
deflections of .007" to .009" over the rated accelera-
tion ranges. At leaat double the deflecticn is desired.

2. Refine the fluid oscillator to (1) improre reliability (i.e. a
more rugged design is required), (2) improve wave shape and
(3) reduce gas flow requirements.

2. Improve the tape recorder design (1) to prevent shifting of
the tape on the recording drum as well as tape reversal.
(Consider use of two tapes, one for recording and for

motive power), (2) to provide a simpler method of install-
ing the recording tape.

L. Redesign the triaxdal accelerometer membrane chambers to
prevent bottoming of the membrane diaphragnms.

5. In the blast pressurz gage, remove reference stylus from
recorder frame and attach to blast pressure sensor frame.




6. Strengthen the mounting structure for the recorder in
the triaxial accelerometer.

T+ Balance the stylus assemblies in the accelerometers.
8. Overcome the cross-talk problem.

G. Develop means for completely filling the fluld cavities
in the accelercmeter.

10. Peduce the slze of the gas supply and regulator package for
fluid oscilletor operation.

From the conclusions and recommendations listed, it 1s obvious that
many refinements and improvements are necessary to make the blast
pressure gages and accelerometers reedy for regular field use. It

is unfortunate that there was not enough time prior to the field

test te have discovered and corrected some or all of the faults in

the instruments, which showed up in the field test and in the Post-
Snowball tests. The test results show that the principal improve-
ment needed in the self-recording instruments is t! @ capability to pro-
duce good, reedable traces under the environmental conditions associa-
ted with blast pressure levels above 200 P5I. The information and
experience gained from the Snowball program will be of great help in
the development of better, more reliasble instruments for the higher
pressure levels.
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fense . tivily or other orgamization {corporate author) 1ssuing
the report,

2a. REPORT SECURITY CLASSIFICATION: Enter e over-
all security clussification of the report. Indicate whe'her
“*R=stricted Data' is included Marking is to be in accorde
ance witl appropriale security regulations.,

2h. GROUP: Automatic downgrading 1s specified in DoD Di-
tective 5200, 10 and Armed Forces Industrial Manual, Enter
the group number. Also, when appl:cabte, show that optional
markings have been used for Group 3 and Group 4 as author-
1zed.

). REPORT TITLE: FEnter the complete report title in all
capital letters. ‘Titles in all cases should be unclassified.
If & meanyagful tule cannot be selected without classifice-
tion, show title ol 3 sication an all capitals in narenthesis
immediately following the title,

4. DESCRIPTIVE NOTES: I appropriate, enter the type of
reporl, .o, I0LEnm, progress, summary, annual, or final.
Give the inclusive dates when a specilic reporting period 1s
covered.

5. AUTHOR(S): Enter the name(s) of auvthor(s) as shown on
ot 1n the report. Emter last name, [1rst name, middle nitial,
If military, show rank and branch ol service., The npme of
the principai sathor 15 an ahsolute minimum requirement.

b. REPORT DATE: Ernter the da.e of the report as day,
month, year, or month, year, [f more than one date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
rhould [ollaw normal pagination proceiures, 1, e., enter the
number of pages containimg information

7k, NUMBER OF REFERENCES Enter the total number of
refercnces cited int the report,

Ba. CONTRACT OR GRANT NUMBER: I[ sppropriate, ente.
the applicable numher of the contract or grant under which
the teport was written

Bb, &, & Bd. PROJECT NUMBER: Enter the appropriate
nilitary department identific ation, such as project number,
subproject numbher, system numbers, task number, etc.

Ga. ORIGINATOR'S REPORT NUMBER(S): FEnter the coffi-
cial report number hy which the document will be identified
and controlled by the onginating activitv, This number must
br umque Lo thas report,

1b. OTLER REPORT NUMBER(S): Il the report has been
assigned any other report numhers (erther by the originator
or hy the spensor), alse enter this number(s),

| Services, Department of Commerce, for sale 1o the public, indi-

1

10. AVAILABILITY/LIMITATION NGTICES: Enter any him-
itations on further disseminanian of the report, other than those
imposed by security classificacion, using standard statements
such as!

(1) “‘Qualified requesters may obtain copies of this
report from DDC. "

(2) "“Foreign announcement and diasemination af this
report by DDC is not authorized. '’

£3) U S, Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

(4} “*U. S. mulitary agencies may obtain copies of this
report directly from DDC. Olher qualified users
shall request Yhrough

(5) '*All distribution of this report is controlled Qual-
ified DDC users shall request through

1f the report has been furnished to the Office of Technical

cate this fact and enter the price, if known.

11, SUPPLEMENTARY NOTES: Use [or additional explsna-
tory notes.

12, SPONSORING MILITARY ACTIVITY: FEnter the neme of
the departraental project office or laboratory sponscring (paw
ing for) the research and development. Include address.

13 ANSTRACT: Enter an shstract giving a breef and farn tnal
summary or the document indicative ot the repart, even though
It may also appesr flsewhere 1n the hody of the techmical ve
pert. if additionsl space s required, @ contination sheet
shall he atrached,

It s haghly desirable that the abstract of classifed re-
ports he unclassifiet. Fach patapraph of the abstract shall
end with an infication of thee military secuzity classificalion
ot the information in the patagraph, 1epresentid s (T8) (8}
1O or (U

There 1s no Limitatton on the length of 1he abstrart  Tlow.
ever, the sugeestoed leaph s iom 150 10 225 wonds,

4. KEY RORDS  Key words ure tec hncally meaningful terms
)t short phrasi's that chardacterize a report and may be used as
index enties for cataloging the report. Key wonls must be
setected so thiat no secuny vlassifivation s required lden
‘lens, such as pupment model designation, trade name, e
tary project ¢ ode pame, pearraphie Lo ation, may he used ds
ey words but wall be followed by anoindieating of ferha al
camext The assignment ot links, rules and werghts
ptinnal
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