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CALIBRATION OF THE NOL LARGE SCALE GAP
TEST WITH A PENTOLITE DONOR II

The work described in this report was carried out under Task
ORD 331-002/092-1/UF19-332-302 {Propellant and Ingredient Sen-
sitivity)., It presents the calibraticn date (pressure vs gap
thickness) for the NOL large scale gap test with a standard
pentolite donor. This information is of importence to the study
of shock sensitivity of explosives and propellants.
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CALIERATION OF THP FOL LARGE SCALE GAP TEST WITH A FENTOLITE DONCR II

- INTRODUCTION

Becauss NOS, Macen, Georgie, nass bren ciosed, thore ie no longer a satisfac-
tory source of tetryl pellets for use ms & standard donor in the large sczle gep
tezr (LSCT). Henceforth, tiue standard domor will be 50/50 pentolite prsesed to
a deasity of 1.56 g/cc; pellets will be supplied by NAD, Crane, Indiana, {Federal
Stock FNo. 1375-991-8891). It is the purpoge of this report to preseat the cali-
braticn curve, pressure vs thickness of polymethylmethacrylste (PMMA) sttenuator,
mozt in accord with our present knowledge of tue pentolite/PMMA system in the
L3G7.

EXPERIMENTAL

The LSGT is fully descrived in Relerence (1), It consists of a domor, &
PMMA gap, & moderalely confined test charge {scceptor), and a mild steel witoess
plate, The gap length is varied until the 50% value {8 Tound; 1t is ¢that lengic
of attenustor at wiich & hole is punched in the witness plate in S0% of the
trials. The 50% gap is, in fact, that length of attenuator which psrmits trans-
wigsion of the critical pressure rejuired to iritiate the acceptor explcaive to
devonation. Because the amplitude of the shock transmitted from the domor to
the PMMA i3 complexly relsted Lo the gap thickness, the test must be calibrated.
WJe sre concerned here with the calibraticn curve obtained with a 5.08 cx dism
x 5.75 cm long donor of 50/50 pentolite at 1.55 g/cc used to shosk load a 5.08 com
dinm cylinder of P4,

To» first ot of pentolite pellets was made at NOL>, and a calibratiocn of
the pent. liite/FMMA system was carried out with them®. Our usual procadure is to
Zolleow the ahoek fromt in the PMMA with a streak camera. Tae recoris give
positice (X} vs %ime () deta which must be differentiated to obiain the desired
shock velocity (U} vs X dats. Once the U v8 X dats ars obtsined, they can be
cmverted ¥ prassure (P) vs X dsta through the PiM4 sbock Rugomiot”.  Among
the problems invoivad are (a) obtaining sccurate X ve ¢ data, and (b) differen-
tiating them properly. OFf these, the latier s by far the more difficult problen.
In the firet work, =u analylicsl procedure and a graphicalaprocedm gave values
of U which differed Ly w2 swech as 0.3 mm/peec at X < 20 mw®,

S MR RPN, U oo it

Subsequent calibratioe wark? led to a revisicn of the U vs X curve (obtained
from che same X v8 ¢ data). % alsc shored the advantage of working with U vs X
rather than P vs X, inaspacn s eonversicm of U to P magnifisd differences by a
fsctor of 3 or k. Tnally, it demometrated, with Record 1h44, tkat three grapui-
cal methods of differentisting the same X va t date {considerad squivalent) guve
differences in the U ve t dats shown in Teble 1; the maximum spread is 0.25
ma/usec. A later numerical Zrestment of the same X vs t date by use of & spline
function gave a U vs X curve below those obtained by the three grephical methods
and incressed the maximm difference bztween methods to about 0.4 mmfisec for

-
P A

A LSS e S e AR




T

T
pRva

B 2o o By S s T - e e e

A PRIt

TN
SIS WA M

o I GO
sy ’ "

- 2

o

am

@

e = s PR o - T A, o R £ T B ST G E N

T g R T TN T T

XOLTR 70-25

X < 50 mm. These different U ve X frow the same X v8 t data are described to
sxphacize the difficuliy of choosing 2 metnod of differentiation. It is not &
probiem that we can expect to solve, cnly to mdnimize, It is one that will be

under continuing study becausc there is n¢ physical basis for choosing a "correct”

U vs X curve.

The second lot of pentolite pellets was cobtained from Crene. They, too,
nave besn used in s calibration study’, and from the four shots mede, X v8 ¢
dute were read st much closer intervals than in the first study. The X v t
data of the first ztudy £it into the X vs t data of the second for X < 50 mm,
i.,e., there seoms no experimentally significant differsnce betwnen the two seis
of position - time data. The more recent set of data has been differentiated
muserzcally’. It 18 not surprising that the U vs X curve differs from the best
graphical treatment® by 0.k to 0,05 mm/usec over the range of 5 %o 50 mm in X.
Unfortuastaly, &3 we indicated above, there is 28 yet n. method of selecting
the more sccurate curve, Hence, at the present time, and pending the resulsa
of continuirgstudies, the two U va X curves will be averaged X < 50 mm; the
more recent vaiues (numericcl differentietion) will be used 2t X > 5G mm.

This choice i3 slso besed in part on the zresults of 2-D flow computaticns
described balow,

2-D COMPUTATIONS

Wz have lomg neesded a nydrodynaaic 2-dimensiosal computation of tae complex
fiow in the shocked PiMA to asslst in interpreting the gep test results. Two
attempts have now been made, 2ach with variaants of the HEMF cods., The first 6
used 1% zones per inch of PMMA, which produced a P vs X curve sacwing @ number
of oszillations; these might be caused by either the coarse zoning or complex
intaractions of shock, compression and rarefaciion waves or both. The second!
used 20 zones per inch and showed & smooth U va X curve, {The zoming does rot
seom to be sufficlently fine to scexint for the result; some smoothing of the
data must have been & part of deriving the U v8 X curve,) Neithexr computation
showy a sharp dip inhU for ¥ > 70 mm shown in the vest graphically derived curve
for pentolite, Lot 1. It was cm this basis as well as a signifizant difference

in tne X vs & dsta (X >5C mm) of Lot 1 from the X vs t dats of Lot 2° that the
former have beep discarded.

It is evident that nsither of the hydrcdynemic calculstions seems completoely
satisfactory, and that they are not completely consistent with each other. Until
a better description of the flov can be obtained, we shall assume that the F m X
curve for pentolite (1.56 g/cc) should be similar to thet of tetryl (1.51 g/ec).
In ?sot, this pressed pentolite was chosen because of 1ts similarity to tetryl.

In other words, the pentolite P vs X eurve should be as Irez of oscillations as
the currernt curve for tetryl.

CHOICE OF CALIBRATION CURVE

Ag in the case of the calibration with tetryl, values of pressure at small
attenuation (X < 10 mm PMMA) sre considered nominal. Deta for X > 10 mm are
axtrepclated beck to a8 value at X = O corresponding %o the pressure entering the
PWA 5f the incident pressure is the C-J pressure for pentoiite. /This boundary
pressure should actually be that induced by the von Feumeun (not the C-J) pressure
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of the donor. However, we arz not yet able to make good pressure measurements
at small values of X in the gap teat, The electromegnetic method, which measures
{ pariicle veloeity (u) directly,shas been used to verify the tetryl calibration
curve at X = 10, 20, and 25 mm.” The P values obtained from the measured u

. were well within the expected accuracy ($10%) of the tetryl calibration; they
differed from the current calibration values by -4%, 0% snd 1% for X's of
: 10, #0, and 25 mm, respectively./

R s s,

3

I T

Computations of detonation parameters at several densities of both TRT and
PETH by & Ruby~-iike code are given in Reference (9). If these are combined
sccordipg to the method for mixtures gziven in Reference {10) and interpolated
to the proper density, C-d values for 50/50 pentolite at 1,56 g/cc are:

D = T.2 mm/usce,

Hew pone,

2%

= u = 1.92 mm/usec,

’

and P = 216 kbar

e

The isentrope from thitc point was taken approximately perallel to that for cast
pentolite (Walker-Sternberg curvesll) and intersected the PMMA Lugomiot at

5,‘2“}1['&,""15 A 4

U = 6.24 me/isec,

u = 2.28 mm/usec,

and P = 168 kvar

Hence our nominal values st X = O are U, = 6.2k mm/isec and Py = 168 kbar, as

2
i3

T e A OO

shown in Tables 2 and 3.

Table 2 contains the two sets of U vs X data for the pentolite donor and
their average for the range X < 50 mm. It also gives the Reference (5) data
selected for X > 50 mm and the corresponding calibration date for the tetryi
donor. These data ara plctted in Figure 1 which shows the U vs X curve (pentolite
donor) slightly above that for the tetryl donor as would be expected from the

,g respective camputed C-J pressures. Tne two curves appesr to becowe coincidemt
% at X = 35 mn (possibly &8 early as X = 25 mmn). For X > 35 mm, the aversge differ-
{ = ence in the veiocities for the two curves iz 0.02 mm/usec; the maximum 38 O0.05

mn/usec or less than 2% U. The maximm value i3 less than the sverage difference
50.07 my/i1sec) found in differentiating the same X ve t data by different methoda
Tablel). Hepce it cannot be considered significant, and the twe calibretion
curves will be trested as coincident for X 2> 35 mm.

|
SRS
[

, For X < 35 mm, only one additional smoothing sdjusiment was made. The value
of Uat X = 5 mp was incressed by sbout i% to make the present curve more similar
in shepe to the calfdration curve for the tetryl domor. This is in the reglon of
noninal wiues {i.e,, X <10 m) vjgere we now knov, frow electrassgnetic measure-
ments of particle welocity in PMMA®, that both csslibration curves must eventually
be revised.
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Table 3 coutains the date sclected for the present calibratior curve of the
LSQT with & 50/50 pressed pentolite donor, p, = 1.56 g/ce. The P vs X data¥
sre plotted in Figure 2 where the caliibration for the tetryl donor is alsc shown
for comparison. In both cases, for X = 10 to 100 mm, the accuracy is believed

to be 12,.5¢% in U and +10% in P or better. Largest errors would be expected at
the two extremes of the range.

The revised calibraticn for the pentolite donor can now be used for compari-
son of P_ measured in the gap teat with the two different donors. Tsble U contains
the resuf’ts for such a comparison obtalned about five years ago with pentolite
pellsts from Lot 1. With the present calibration, the value of U at the 50% point
ie the same for the two donors %o *0.5% and the value of P, is the same to 2%,

The previocus calibration gave differences larger by a factdr of five,

The cnly material that has so far been tested with both pentolite pellets,
ot 2, and tetryl is DATB. The results were:

- . e > wm e e e m e = e

DATB Acceptor 50% Value
Donor e
po(g/cc) % ™™D Gep(cards) Gap(mm) Pg(kbar)
) 2 1,667 90.75 139 35.3 35.1
T 1.674 91.13 138 35.0 Ih, 7ex

#» Bacomes 34.9 when corrected to p_ = 1.667 g/ce.
[o]

For x ~ 35 mn both the SO¥ gap value and P, were the same to within less than i%
end this fact lends support to the coincidence of the two calibration curves of
Flgure 2 at X > 35 m. So too does the result for Comp B-3 o7 Tebie k.

The gap test results for both lots of pentolite pellets indicate that the
5C% pressure P, i5 the same as that measured with the tetryl donor. Insamuck
as the pentolife vas chosen to have the same detonation velocity and appraximately
the zane detonation preseure as the standard tetryl donor, it is reascnsble to
expect that the pressure pulse it produces in the PMMA vill be of spproximately
the sams shape and duration as that produced by the tatryl. If so, the memaured
Pg should be the same in each case, as it asppears to be.

% As mentionsd earlier, the PMMA HMugcomiotS was used to comvert U ve X data
to P vs X.

[RSPRR—— Y
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SUMMARY

The calibration curve for the LSGT with 50/50 pentolite as the donor has
been revised in the light of additional data for the pentolite/PMMA system and
8 better knowledge of the PMMA Hugoniot. Work will be continued and the present
curve will be revised when rew data indicetes that a revision should be wade.

A%

S R Bt Tl o AR TSm0 £ R WA S Tt i e e i -

e s e A

ST A TS S TR e KR AT T




RS CF Lo i e T AR YRAp iy ;

NOLTR 7C-25

RE¥FERENCES

1. Jaffe, G. X Robersom, A. R. Clairmemt and D. Price, NOLTR 65-177
(15 Wev 1965). CONFIDENTIAL

I. Jaffe, 3. Roberson and J. Toscanoc, NOLTR 63-19 (29 Jan 1963).
D. Price ard T. P. Liddiard, NOLTR 66-87 {7 July 1966), Table A-1.

?. P. Liddiard and Donna Price, NOLTR 65-43 {20 Aug 1965), particularly
the appendices,

J. G, Brkman,"Bshavior of FMMA under Suock loading by & Pentolite Domer I,”
in preparsticn,

B. B. Mener, R. 6. Jonson, and R. F. Paulson, "Simuletion of tne Dynamical
Ioading of PMMA in the ROL Reguiar Card Gap Test,” Honeywell docuuent
12135-FRI{Kov 1968 ).

M. Ksmegai, “Numerical Anaiysis of = Diverging Wave in Lucite," Internal
Report, University of California, LRL (Oct 1969).

D. J. Miwaxds, et al, "The Eleciromagnetic Velocity Gage and Applicatiome
to the Measurement of Particle Velocity in PMMA," in preparatiocua.

C. L. Mader, University of California, Los Alamos, Report 2900 (1963).
D. Price and H. Hurwitz, NOLTR 63-2i6 (1963).

H. M, Sternberg and ¥. A, Weiker, NOL, Worksheets compiled from dats
svailable in 1960.

D. Price, ROLTE 64-148 (18 Auvg 156k4).




NOLTR 70-25

Sl it annashd b ot vt

jreen

A

B s e oy HHIvTS

SYONOQ UITOLNId ANV TA¥LIL ¥Od 33AUND X SA N 20 NOSIHVIWOD

(WW) X

I "Old

0z

YONOQAQ FLINOINI 303 ¥IVE GIDVYEIAY 2 318yl O
JONOQ TA¥L3L YO JAYND (€) 394 memmmem

o't

0'9

PPN PATER BETELTY SUS LR

N 3 ad

Al s

0 A B 0 G R T e e Do A st
- ]

it

(538/WW) N

A S

=2 %

E. il ik




'%
e

MWWWWW?EWEMW infimtibeint bl | p
PR R T TN, N APRIUR ot NCRT PO P A v etk U LU RO
. o et v S . . .o -t e .
R . s e . S0 T e B
SPRE I ,:‘,‘( ’ S

e
P

P(K BAR)

ERMEIRAR RPVIAS SRS EITIE SRR iRan KR B DR 5 06wy

-
o

A ey R i AP PO SRS g
.

NOLTR 70-25

200

ISOF‘\

PENTOLITE

TETRYL

i d
OG 20 A0

X{MM}

_—

i
&0 80

FIG, 2 COMPARISON OF CALIBRATION CURVES FOR TETRYL AND PENTOLITE DOMNORS
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Tadle 1%
SPREAD IN VELOCITY DATA FOR THREXZ METHCDS CF DIFFERENTIATION

X Nean Value Spread in U values from threc
{mm) U mm/pmec methods, mm/mec
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of Reference (k).
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Table 2
Pentolite
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Table 3
CALISRATION TATA CHOSEN FOR LSGT WITH PENTOLITE DONOR¥
X{mn ) Pg(kbar) U(m/eec)  u(mm/psec)

0 (168; és.zu‘ '2.28;
5 (123 5. 58; é 1.87
10 93.7 5,09 1.56
15 76.3 L.76 1.36
20 61.6 h,46 1.17
25 5¢. T 4, 22 1.02

30 43,5 0.913

35 35.7 0.788

4o 28.1 0.651

b5 2z 0.533

jsg 13 0.549

1k, 0.

60 12 T

9

(

6

3

W

0.320
T0 0.2k
80 0.199
90 0.168
100 0.1k45

.

wwwwio.ugok.»ww
ERESHLEZIRER

¥ Pm/m, 50/50, fo = 1. 56 g/ce. Values shown in parentheses are only noulnsl.
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