-0

Ay 7T2R97E

A LASER TECHNIQUE FOR CALIBRATION
OF PIEZOELECTRIC TRANSDUCERS USED

TO MEASURE UNDERWATER SHOCK
PRESSURES

C. E. Edlund
G. F. Munsch
P. J. Pantermuehl
B. W. Vanzant

FINAL REPORT
Contract N00014-66-C0318
SwRI Project 03-1933

, Prepared for
? Field Projects Branch
Office of Naval Research
Washington, D. C.

luly 1971

) SOUTHWEST RESEARCH INSTITUTE

SAN ANTONIO HOUSTON

Reproduced by
NATIONAL TECHNICAL
INFORMATION SERVICE

Spr shield 3 215




Unclassified
Securilx Classification

DOCUMENT CONTROL DATA-R&D

(Security classilication of title, body of abstract and indexing annotation must be entered when the overall report is clas sitied)
1 OFIGINATING ACTIVITY (Corporate author) 28. REPORY SECURITY CLASSIFICATION
Southwest Research Institute Unclassified
P.O. Drawer 28510 2b. cROUP
San Antonio, Texas 78228 N.A.

3 REPORY TITLE

A LASER TECHNIQUE FOR CALIBRATION OF PIEZOELECTRIC TRANSDUCERS
USED TO MEASURE UNDERWATER SHOCK PRESSURES

4 DESCRIPTIVE NOTES (Type of report and inclusive dates)

Final Report

% AUTHORIS) (First name, middle initial, last name)

C. E. Edlund P. J. Pantermuehl
G. F. Munsch B. W. Vanzant

6 REPORTY DATE 78. TOTAL NO. OF PAGES 7. NO OF REFS
July 1971 75 22

88. CONTRACT OR GRAMT NO 8. ORIGINATOR'S REPORT NUMBERIS)
NO00014-66-C-0318 03-1933 Final Report

PROJECT NO

c. 9b. OTHER REPORT NO(S) (Any other numbers that may be assigned
this report)

10. DISTRIBUTION STATEMENT

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Office of Naval Research
Arlington, Virginia 22217

13 ABSTRACT

A crossed beam laser Dopplermeter was used to measure particle velocity at
an explosively generated shock front in water. The shock front velocity was mea-
sured by detecting the time interval required for the shock front to intersect two
parallel laser beams a known distance apart. A tourmaline piezoelectric gage was
positioned at the same distance from the explosive charge as was the point of
intersection of the crossed beam system. The peak shock overpressure as
indicated by the tourmaline transducer was the same as that calculated by the
product of front velocity times particle velocity times density of the undisturbed
water. Although the system is marginal for measuring particle velocity with
existing equipment, it is anticipated that normal technological advances wil.
eventually permit such a system to be used to calibrate underwater shock
transducers.

DD |'~°o.v“ls|473 Unclassified

Security Classification


























































ATEWIASSY TTHAD DOVEM

't TIADIA

6£987-0

i

-~

4

"






























23

MOTA ILVLIS AAVALS A0
INTIWANNSYAN Y04 WHLSAS HATddOd YESVT A0 WVEDVIA '8 TUNDIA

Tl ko ! VA S VTS
RN

wTrroo f \ TS T DAL DS
\. | Oy ST DS oO=
\
- >
TOIYDIE LT LT N e VT BLVILOINT
\ NS D TPy T TLE T T
BLT ! VA TITEY Pk S (
S ILC A TIOPVS —— Vﬁwﬂ
VTS = VYT T T~ I/\ ,\/./ &

) _ﬂ Qw\ ./#/ o _m —] ST

e

\\‘..\ t . i &l
oz e / S =4
OIS LS TSI v\\iﬁ ZTLON e

\\ T— =~
S O/V/ S PPy

FIFZENN LT TTLON

\




SINTIWIHNSVIWN MOTA
LAVALS MO4 WHLSAS "TVDILAO ANV MNVI ddIVM HUESV'I 6 HUNOLA










IGURLE

I---------
PN T ..

ES . L]
O Y T W IR
I L

VELOCITY ON SPECTRAL

DISTRIBU












31

) B EBLASS
Il ODwWwS —

FIGURE 11. CROSS-SECTION SCHEMATIC OF EXPLOSION
CONTAINMENT CHAMBER FOR INITIAL EXPLOSION TESTS



VTddNS ¥aMOd ANV ISV 7

-
‘

[ "THAOW SDISAHA Vdl12adS

71

TANOTA




INAWIDONYVIEY ¥ATI'TdN] TAWOLOHd ANV TVDI1dO €1 JdNL 14




' CHAMBER AND SIGNAL

EXPLOSION CONTAINMEN

I

FIGURE

IPMENT

QI

E

PROCESSING



























43

LASE/Z SBEBINY /&)

-~
'
' N\
T L NRASAL 1AL
4 FIFES (73 )
S / ‘ , \
’o g -~> 7 - \
v W
oA R & 9
’60-}«:3/.}j-\ '
-~
9
- ‘- - i Tl AL g Lk
&
l J\, 1
T i rRANAL ) N & ' . S~
EAEE= 7, oOBSERKATION
ri

|

' -
! = S CarvERQED BEAM OUT
: rd

OrREEr BEarr ST 7
N

-" -

FIGURE 21. CROSS-SECTION SCHEMATIC AT VIEWPORT LEVEL




44

WILSAS TVIOILJdO-OULODIATH Z0 AYLINWOTD

/

/

/
- -
T IOoNT S/vViL ,
DT LA ES YD L —;_ u—

e - \
\

779> )
v £, Dor5 /£, 2

At b -- ./{@ vy

T 1 T 1 L DITHY CRU O N\ .\\\-ﬂ 7000 =91
*r e \ SAroo/YiAT
e ST
‘o

Ch L VA S -~ =
T O T - Y
B TLDTFT -V
S/NNF7 - 7

'22 3ANDOIA

SO

\hv
o

7
7"

\oT /&~ \ -/

~

- P Za

res =7















49

HOLVTTIOSO TVOO™
LNIANIJIANI SV 611 TAAOW DONISN WALSAS AINAAOYALAH 'SZI¥NDIA

TVOS/LTI AN

|

FAOPTOSITIDOS O PSP
AN NIV OLL L WL Q
. L

- L L - radd
kL2 27 4

-l
T

CATIVIIVICI DS I Y
YV OF SIS F T

-
-

Q
3

|

.4\(“1 —

N B ONLY e
EZrea - . =

s
i —_—

P/ @ —



50

LNIWIODNVIHYV dOUYUIN

T Z AT
NP EL DR S

D TS

Pl

ADNINI TR T

|

|
|
)

o ——

- e ey~

DI, D/ Vs> —

A TdNOd

— e

/

‘92 3™UNDIA

SowTIN

-

/IS T? —

~+




52 fringes /inch (measured under inicroscope)

Enlarged Fringe
Pattern on ruled
paper (photo
above)

L»z/.vs'—'-——-
\

Laser

Mirrors

FIGURE 27. FRINGE PATTERN WITH MIRRORS
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FIGURE 31. DISCRIMINATOR OUTPUT FOR VARIOUS
DOPPLER FREQUENCIES
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Tourmaline Gage

pttdk pressure = 3900 psi
Doppler Systen

peak deflection = 2.3 c¢cn (beneath pulse)
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COMPARISON OF DOPPLER SIGNAL FROM LARGE
AND SMALL PARTICLES ON PLASTIC DISKS
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SHOCK FRONT VELOCITY AS MEASURED BY
PHOTOMULTIPLIER OUTPUT
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Tape Trace - Tourmaline Piezoelectric Response

Bottom Trace - Photomultiplier Current

FLUCTUATION OF PHOTOMULTIPLIER CURRENT

FIGURE 40.
DUE TO DEFLECTION OF LASER BEAM

















