
Aj —Afl9 223 AMNANN MC WHITNEY NEW YORK F/S 19/1
SEPARATION OI STANCE TESTS oc SRO~swtO FUNNELS FOR 105—tel (Ml ) PR—ETC (U)
SEP 77 R S KUKUVKA. K A GAJOII. R N RINONER DAAA2I—75—C—0222

UNCL.ASSIFI
~

D ARLCD—C R—77~~ t iii

UI~E~1EEE1~1I~~W ’
LIUII%



______ 

L M~ liii 2.2

I I’  ‘
~ OOI~

IIIH~f(fff 1 .25 llIll~ III1I~o .

MICROCOPY RESOLUTION TEST CI-1~~T
NATIOf 4AL . BUREAU Or STAN DA RDS-l9h3 - ,~



r’ ~~~~~~~~~~~~~ ~~ ~-‘-.r~~~. _____________

(

~~~~~~~~~ AD44OOOU

J~EPARATIoN ~ ISTANC~ jESTS OF GROUPED

\
~~L~1NELS FOR 1Ø5..~4~1 (~ 1) PROJECTILE~~~ ,/

~~~~J~~~~~~~~~~~~~~~~~ 7ARRADCOM
KIWfl fr/ ~IANDH AMMANN a WHITNEY

• HARD ~~./JHDN PROJECT COORDINATOR

~
. 

- 76- ~ 227

_ _ _  

(93~ ~~7~J ~~~~—r~~J

c, 

US ARMY ARMAMENT RESEARCH AND DEVELOPMENT COMMAND
LARGE CALIBER

WEAPON SYSTEMS LABORATO RY
DOVER. NEW JERSEY

APPROVED FOR PUBUC RELEASE; DISTRIBUTION UNUMITED.

r t ~S~ac~
(
~?.fl

A —  f



—~

The findings In this report are not to be construed
as an official Department of the Army position.

DISPOSITION
Destroy this report when no longer needed. Do not
return to the originator.

4

b

S



F ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1!

UNCLASSIFIED
SECURITY CLASSIFICATION Or TH~$ PAGE (5%.,, ON. &,t.oc~~

“ii READ INSTRUCTIONSr EPORT DOCUMEIlTATIur i i~~~ u BEFORE COMPLETR~G FORM
I. REPORT MuM•ER 2. GOVT ACCESSION NO 3. RECIPiENT’S CATALOG NUMUER

ARLCD-CR-77011 ,...~~ ________________________
4. TITLE (~~~ 

SuabNtS.) S. TYPE or REPORT & PERIOD COVERED

SEPARATION DISTANCE TESTS OF GROUPED
FUNNELS FOR 105-MM (Ml) PROJECTILES •~ ~~~~~~~~~~~~ ORG. REPORT NUMUER

7. AUTNOR(.) S. CONTRACT OR GRANT NUMUER(I)

Robert S. Kukuvka , ARRADCOM 
DAAA 21-75-C-0222Kirti A. Gandhi , Amxnann 8 Whitney

Richard M . Rindner • Proj ect Coordinator __________________________
S. PERFORMING ORGANIZATION NAME AND ADDRESS 

/ 
*0. PROGRAM ELEMCNT. PROJ~~CT, TASK

Ammann 8 Whitney , Consulting Engineers ‘I
Two World Trade Center
New York , New York 10048 __________________________
II. CONTROLLINO OFFICE NAM E AND ADDRESS *2. REPORT DATE

ARRADCOM , LCWSL SEPTEMBER 1977
Manufacturing Technology Div (DRDAR-LCM) IS. N U M U E R  O

4
F~1

PAGES

Dover 1 NJ 078Q1
II. MONITORING AGSNcY NAME & ADDREU(SS ~~tt.r.nE f,c Ccn~ ottSn4 OhIo.) IS. SECURITY CLASS. (of ff1 . r.poef)

UNCLASSIFIED
IS.. DECLASSIFICATION/DOWNGRADING

SCH EDULE

IS. DI$TRISUTION STATEMENT (.1 ff1. R.po.*)

Approved for public release; distribution unlimited .

17. DISTRISUTION STATEMENT (of A. .b.f r.ct .,t.,.d In Stock 20, II ~~ff.,.nt fr. RipeN)

IS. SUPPLEMENTARY NOTES

IS. MEY WORDS (C.ntbuu. ~~i rsvoce. old. II i.c.e. 7 .,d Id.,,U~~’ b~ block m boc)

Riser funnels 105-mm projectiles (Ml)
Safe separation distance Protective shields

St. A TRACV I~~~~~~~~ ~~~ N ~~~~~~ -__, • &~ bl..k ~~~~~ ‘)

~~~ Thirty-two tests were conducted to determine the safe clea spacing between con-
veyor fixture trays containing 16 loaded 105-mm projectile funnels (with Composition
B filled risers) . These tests simulated the passage of the conveyor trays through the
ramp connecting the Funnel Pulling Buildings (E-133 and E-134) and the Riser Melt
Building (E-9) at the Lone Star Army Ammunition , Texarkana , Texas . Four of
these 32 tests utilized aluminum or ateel plate shields . However , further testing with
shields was discontinued since an unshielded clearance of 3.66 m (12 ft) between two

DO ~~~~ W3 EDiTION OF INOY 511$ OSUOLETE UNCLASSIFIED
SECURITY CLASSIFICATION or ThIS PAGE (lb., OW. Int.o.~~

_ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _



TThIr!T.A R~~WT~Wfl
SECURITY CLASSIFICATION OF TNIS PAOI(Wb DWo OWsoc~~

20. (ConVd) b

adjacent trays was found to be safe and will meet production requirements as well .
The safety of the 3.66-meter separation was verified by confirmatory testing .

I

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(lb.n OW. I.oc~~



TABL E OF CONTENTS

Page

AC KNOWLEDGEMENTS

SUMMARY 1

INTRODUCTION 2

Background 2
ObjectIves 2
Cri teria for Confi rmatory Tests 3
Format and Scope of Report 3

TEST ARRANGEMENT , RESULTS AND ANALYSIS 4

General 4
Test Arrangement 4

Funnels and Trays 4
Simulated Ramps 4
Method of InItiation 5

• Test Results 5
Test with ShIelds 5
Test without Shields 6

Test AnalysIs 6

CONCLUSIONS AND RECOMMENDATION 8

Conclusions 8
Reconinendatlon 8

TABLES

Table 1 Stnnary of separation distance tests
of lO5-nm~ funnels 9

FIGURES 
__________________

Fig 1 105-rn (Ml ) projectile riser funnel 15 
I~~~~~5I IR

Fig 2 Funnel support tray 16 ‘~~ ~~ ~~~~Fig 3 Bl ast shield detaIls 17 
~~~~~~~~~~~ aFig 4 TypIcal arrangement - test wi thout j $tIFICATIOL.....-——--——~~shIelds 18

IT ..

II TttIIT ,OS,I~~!1& 1~T~ C~~Z$

j j~~~~~~ A~AI L E~ K SkLC

H

~

————-.

~

——--

~



~~~~~~~~~~~ ~~~~~ 
.
~~
- 

-~

TABLE OF CONT ENTS
(concluded)

Page

Fig 5 TypIcal arrangement - test with shields 19
Fig 6 Post shot damage — Test 7 (steel shields) 20
FIg 7 Post shot damage - Test 8 (steel shIelds-) 21
FIg 8 Typical arrangement - Tests with shields

at acceptors only 22
Fig 9 Post shot damage - Test 9 (altjni n~n

shields) 23
Fig 10 Post shot damage - Test 10 (a1taninii~shields) 24
FIg 11 Typical shot damage for tests wi thout

shields 25
Fig 12 VariatIon of propagation probability

versus number of observations as a
function of confidence level 26

APPENDIX - Statistical Evaluation of Explosion
Propagation 27

DISTRIBUTION LIST 

~~~~~~~~~~~~~~~~



ri.- 

~~~~~~~~ 

- 

~~~~~~~~~~~~~~~~~~~ 

. - ,  

~~~~~~~~~~~~~~~~~~~~~ 

. -

~
- - -.--

~

. 

~~~~~
- — -.-

~~~~~
.------

~~

ACKNOWL E DGEMENTS

The authors wish to express their sincere appreciation to
the following for their assistance and guidance during the test
program and/or report preparation: Messrs. IrvIng Forsten,
Joseph Marslcovete, Jack Canavan, Peter Skerchock and Curtis
Anderson of ARRADCOI4I Dover, New Jersey; Captain Edward Bishop,
Messrs. Wayne Taylor and Joseph Martinez, and Test Personnel at
Yuma Proving Ground, Yuma , Arizona; the 105-rn Design and
Development Group at Lone Star Army Prnunltlon Plant, Texarkana ,
Texas; and Mr. Norval Dobbs of Munann & Whitney, Consul ting
Engineers , New York , New York.



SUMMARY

Tests descr ibed In this report cover one phase of an overall
safety engineering program entitled “Safety Engineering in Support
of Aninunition Plants” conducted under the guidance of the Manufac-
turing Technology Division of the Large Caliber Weapons Systems
Labora tory, ARRADCOM.

Thirty-two tests were performed to determine the means of
safely conveying trays of 105-rn projectile funnels containing
Composition B between the Funnel Pulling Buildings (E-133 and
E—134), and the Riser Melt Building (E-9) at the Lone Star AAP,
Texarkana , Texas.

Sixteen holes were drilled In an alum inum pla te In a 4 by 4 1
matrix to form the tray support for the funnels. The whole assem-
bly representing the tray and the funnels was supported on cinder
blocks to achieve the plant operational height of approximately
0.91 meter (3 feet). Four of the 32 tests were conducted to eval-
uate the effectiveness of aluminum and steel shields . The remain-
ing tests were performed us ing a s imula ted conve yor ramp or a
tunnel . These tunnels were fabricated at Yuma Proving Ground,
Y uma , Arizona , and were 2.44 meters wide by 2.44 meters high by
2.44 meters long ( 8 feet wide by 8 feet high by 8 feet long). They
were cons truc ted from 2 x 2 x 3/16 s teel angle frames and wer e
covered with 22-gauge steel corrugated sheeting.

One donor tray and two acceptor trays were used in each test.
Initially, the distances between the donor and the two acceptors
were varied. For the confirmatory tests, however , both acceptors
were placed at a distance of 3.66 meters (12 feet) from the donor.
Only one centrall y loca ted funnel within the clus ter of 16 was
initiated using an M6 blasting cap inserted into approximately 55
grams (2 ounces) of Composition C4.

Results of the confirmatory tests indicated that a safe
clear separation distance of 3.66 meters (12 feet) would preclude
any propagation of explosion with probability of 94, 93 and 89percen t for 90, 95 and 99 percent confidence l imits , respectively.

1

_ _ _ _ _ _ _



~ -~ -~ -~ - ~~~~~ - - -~~~~~~~~~~~~~~~~~~~~~~~ - ,- —-~~~ . - - --~~~~~~~~~~~~~~~~~~~~~~~ 

INTRODUCTION

Background

At the present time, an Army—wide expansion program is
underway to upgrade existing and to develop new explosive manu-
facturing and LAP (Load-Assemble—Pack) facilities . Increase in
the production cost-effectiveness and improvement in safety
records are expected from this effort. As a part of the overall
program, the Manufacturing Technology Division of the Large
Caliber Weapons Systems Laboratory, ARRADCOM, Dover, New Jersey,
under the direction of the Project Manager for Production Base
Moderniza tion and Expans ion, is engaged in developing safety
criteria. The program is labelled as “Safety Engi neering in
Support of Mnnunition Plants”. The data developed from this
program will be used as the basis for the design of future ex-
plosive production installations .

Safe spacing between boxes containi ng 60 pounds of TNT or
COmposition B has recently been determined. However, simi lar
iThformation for other explosives and explosive items Is still
lacking. For example , the facility process for the new 105-rn
Projectile Melt/Pour Facility at Lone Star Army Anmunition Plant ,
Texarkana , Texas , requires that a series of trays be transported
on a conveyor within the ramp connecting the Funnel Pulling Build-
ings (E—l 33 and E-134) to the Riser Melt Building (E-9). Each
tray carries 16 Composition B filled funnels. Since the safe
separation between these trays was unknown, a series of tests was
performed whereby the required information could be obtained.
The results of these tests as well as a description of the over-
all test series are presented in this report.

Objectives

The primary objective of this program was to either develop
means to prevent accidental propagation of detonation from one tray
to another with each tray containing approximately 18 kilograms
(40 pounds) of Composition B, or to find a safe clear separation
distance between two adjoining trays.

The secondary objectives were to see if the new zamac (zinc
casting alloy) funnels would enhance propagatIon of detonation,
and to observe If the particular location of a “donor” funnel In
a 4 by 4 matrix on a tray had any bearing on the outcome of the
propagation of explosion to the other funnels.

2
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CriterIa for ConfIrmatory Tests

Initially, It was Intended to perform 25 confirmatory tests
with one donor and two acceptors In each test providing 50 obser-
vattons. These 50 observatIons with no propagation of explosion
In any one observation conform to lower limits of probabilities of
no propagation of 93 and 90 percent for confidence levels of 95
and 99 percent, respectively. The upper limit would be 100 per-
cent no propagation of explosion for all confidence levels.

After 47 observations wherein no propagation of explosion
took place, an approval from DARCOM and ARMCOM Safety to conclude
the test program was sought and granted.

These 47 observations provide 89.5 percent reliabIlity for
a 99 percent confidence level as explained in the Test Analysts.

Format and Scope of Report 
-

The main body of this report is divided Into three sections.
Section 1 contains the background and objectives of the project,
whereas Section 2 contaIns the project test arrangement, results
and analysis. The conclusion and reconinendatlons derived from the
test results are presented in Section 3.

Since future standards of measurements In the United States
will be based upon the SI Units (the tnternatlonal System of Units)
rather than the United States System now in use, all measurements
presented In this report will conform to those of the SI System.
However, for those persons not fully familiar with the SI Units,
United States equivalent units of particular test data are pre-
sented In parentheses adjacent to the SI unit. A list of units,
symbols, and United States conversion factors for SI Units is
presented In Appendix A. The method for the development of the
statistical evaluation of explosion propagation is presented In
the Appendix.

3 
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TEST ARRANGEMENT , RESULTS AND ANALYSIS

General
This section describes the test setups used in the test

program and evaluates ~he results of the tes ts. Ident ica l tests
are grouped together. Tests where no shields were used pro-
vided sufficient number of observations to merit a quantItative
eval uation for predicting the probability of explosion propaga-
tion with a certain degree of confidence.

Resul ts of individual tests are listed in Tab le 1 .

Tes t Arrangement

Funnels and Trays

The cross-section of the riser funnel Is shown in Figure 1.
The funnel s were manufactured using a zinc casting al loy cal led
“zamac”. Sixteen of these funnels were supported vertically on a
tray in a 4 by 4 matrix. Each funnel contained approximately
1.14 kilograms (2 1/2 pounds) of Composition B. Thus, each tray
supported approximately 18 kilograms (40 pounds) of the explosive.

Each tray was fabricated from 6O61-T6 aluminum plate 8
millImeters (5/16 Inch) thick and 0.53 meter (21 inches) square.
Plan and elevations of the tray are illustrated in Figure 2.
Sixteen holes were drilled In the tray to support the funnels.
When metal sh ie1ds were used, the shiel ds were attached to the
vertical sides of the tray using three 6.35-nri (1/4-inch) diameter
bolts.

Detai ls of the shield and Its connection to the tray as
well as the plan of the test arrangements are Illustrated in
Figure 3.

Simulated Ramps

The trays containing the funnels were placed on cinder
blocks (nominal size 8 inches by 8 Inches by 16 inches) to achieve
the plant operational height of approximately 0.91 meter (3 feet).
One donor tray and two acceptor trays were placed within the con-
fines of a simulated conveyor ramp or a tunnel . These tunnels
were fabricated at the Yuma Proving Ground and were 2.44 meters
long by 2.44 meters wide by 2.44 meters high (8 feet long by 8
feet wide by 8 feet high). The structural frame was constructed
from 2-inch by 2-inch by 3/16—inch steel angles and was covered
with a 22—gauge (0.76-nm or 0.O~-in) thick corrugated steel sheet.

4 

~~~~~~~~~~ - - ~~~~-~~~~~~~ -- . .



- - -~~~~~~~ - ..~~~~~~~ .

Figure 4 illustrates a typical test setup with the trays
supported on cinder blocks Inside the simulated ramp.

Method of Initiation
Only one centrally located funnel within the cluster of 16

was Initiated. Initiation was accomplished vIa an M6 blasting
cap inserted Into approximately 55 grams (2 ounces) of Composi-
tion C-4. A 50—blasting—cap capacity blasting machine was the
electrical source which was located at a distance of approximately
300 meters (1,000 feet) away from the test area. At this same
location was a bomb-proof observation post which provIded protec-
tion for the test personnel and a means for observing the tests.

Test Results

Test wi th Shields

Four tests were performed using either steel or alu.milnum
F plate shields. Each test consisted of two acceptor trays sepa-

rated by a donor tray. In two of these tests, the shields were
placed both at the donor and the acceptors ; whereas in the re-
mainlng two tests , the shields were placed only at the accep i. r.
Since the ramps were in short supply and it was felt that the
tests could be evaluated without them, ramps were not used in
this test series.

As listed in Table 1 , the shields were utilized in Test
Nos. 7 through 10.

Tests Nos. 7 and 8 utilIzed 9.5-rn (3/8—in) thIck 6061 -T6
aluminum plate and SAE 1020 steel plate shields, respectively.
Shields were located both at the donor and acceptor trays In
each test. The clear separation between donor and acceptor trays
in each test was 1.83 meters (6 feet).

Figures 5 and 6 illustrate the test setup and post-shot
damage, respectively, of Test 7, whIle Figure 7 shows the damage
incurred by the steel shields in Test 8.

Even though there was no propagation In either test, the
damage sustained by the funnels indicated that the shields were
ineffective and that the donor shields were possibly a source of
danger.

In Tests Nos. 9 and 10, the shields were aluminum and steel ,
respectIvely. The shields were located only at the acceptor trays
(Fig 8). SInce the donor shield was not present, damage to t

he5



acceptor funnels was less severe in these tests (Fig 9 and 10)
than in the previous two tests. However, since all funnel trays
are potential donors , the use of shields only at acceptors will
have limited use In a production l ine.

Test Without Shields

A total of 28 tests were performed without shields . Ex-
cept for Test No. 31 which had only one acceptor, all indivIdual
tests- utilized two acceptor trays separated by a donor tray.
The tunnel arrangement was used in all tests without shiel ds .

In the initial six tests which were exploratory In nature,
the separation distances between the acceptor and donor trays
were varied In order to establish a safe clearance between items.
Separation distances of 0.93, 1.83, 3.66 and 5.49 meters (3, 6,
12 and 18 feet) were used in the exploratory series. Propagation
did not occur in any of these tests. However, the damage in-
curred by the acceptor funnels at separation distances less than
3.66 meters (12 feet) was severe enough to indicate that, in
similar tests, propagation might have occurred. Therefore, for
the performance of the confi rmatory series of tests , a separation 

. 

-distance of 3.66 meters was selected based upon the acceptable
production requirements of the plant.

Typical damage produced In each confirmatory test is ii-
lustrated in Figure 11. Even though some holes in the funnels
occurred during these tests , the holes were , in genera l , small in
size (9 nm) and small in number. Larger holes did occur in sev-
eral tests; however, they were usually restricted to one large
hole (a maximum of 19 m) In one funnel per test. As described
below, these larger holes were not considered to be a source of
propagation.

Test Analys is

Upon breakup of a donor tray, fragments from both the tray
and the funnels serve as primary fragments , with the larger num-
ber of fragments formed from the funnels. At separation distances
of 3,66 meters, the number of fragments which penetrated and/or
impacted the acceptor funnels was small. Even though some of the
penetrating fragments were relatively large, propagation did notoccur . This is attributed to the softness of zamac metal frag-ments wh ich, upon impact with the acceptor funnels, will deform
and thereby lose a considerable amount of energy that would other-wise be transferred directly to the acceptor explosive .

6
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• A total of 47 observations were made for a separation dis-
tance of 3.66 meters without any propagation explosion . This
corresponds to a probability of propagation occurrence between

- zero and 6, 7.2 and 10.5 percent for confidence limits of 90, 95
and 99 percent, respectively (Fig 12).

I
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CONCLUS IONS AND RECOt4IENDAT ION

Conclus ions
1. The in itiation of one funnel centrally on a tray

containing sixteen 105—rn projectiles of ComposI-
tion B filled funnels will result in a high order
detonation reaction to the entire 16 funnels on
the tray.

2. Steel and aluminum shields 9.5 m (3/8 inch) thick
• placed on funnel trays were found to be Ineffec-

tive for separation distances of 1 .83 meters
(6 feet).

3. A clear separation distance of 3.66 meters
(12 feet) between adjacent trays precludes
propagation of explosion .

Reccimnendation

The clear separation distance between adjoining trays of
sixteen 105—rn (Ml ) projectile funnels should be equal to or
greater than 3.66 meters (12 feet).
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STATISTICAL EVALUATION OF EXPLOSION PROPAGATION

Statistical Theory

Attempt has been made in the main body of this report to
evaluate the possibility of the occurrence of explosion propaga-
tion based upon a statistical analysis of the test results . This
section of the report is devoted to mathematical means by which
the statistical analysis was performed.

The probability of the occurrence of an explosion propaga-
tion is dependent upon the degree of certainty or confidence
level involved and has upper and lower limits. The lower limit
for all confidence levels is zero, whereas the upper limit is a
function of the number of observations or, in this particular
case, the number of acceptor items tested. Since each observa-
tion is independent of the others and each observation has a con-
stant probability of a reaction occurrence (explosion propaga-
tion), the number of reactions (x) In a given number of observa-
tions (n) will have a binomial distribution. Therefore, the es-
timate of the probability (p) of a reaction occurrence can be
represented mathematically by:

p X/ fl Eq. l

and, therefore, the expected value of (x) is given by:

E(x)~~ np Eq. 2

Each confidence level will have a specific upper limit (p2)
dependinci upon the number of observations involved. The upper
probability limi t for a given confidence level a, when a reaction
is not observed , is expressed as:

(l—p2 )” Eq. 3

where,

• 1-a and ac l.O Eq. 4
-r

Use of equation (3) is illustrated in the following example:



— 
Example

Determine the upper probability limit of the occurrence of
an explosion propagation for a confidence level of 95 percent
based upon 30 observations without a reaction occurrence.

Given

No. of Observations (n) — 30
Confidence level (a) 95 percent

Solution 
-

1. Substi tute the given value of (a) into equation (4) and
solve for c;

e 1—a • 1—0.95 • 0.025
2 2

2. Substitute the given value of (n) and value of (~~
) into

equation (3) and solve for ~2

= 0.025 (l—p2)30

or,
SI 0.116 (11.6 percent)

Conclusions

For a 95 percent confidence level and 30 observations, the
true value of the probability of explosion propagation will fall
between zero and 0.116; Or statistically it can be Interpreted
that in 30 observations a maximum of 3.48 (—0.116 x 30) obser-
vations could result in a reaction for a 95 percent confidence
level .
Probability Table

Table A—i shows the probability limits and the range of the
expected value E(x) for different numbers of observations. Three
confidence limi ts, 90, 95, and 99 percent, are used to derive
the probabilities.
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