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OTIVIMARY yOes%.,

The purposa of this inve-stigation. was to detentaine the effect

Iupon output of the M,1-100 e lectric dct~onatov (D~w-. P-9245691) iihen the

cup bottom pro file, nwiterial, and axplos Lves densjity arc- altcred. The

effects of detonator conl'ineiieoit nnd e:Joi 1C.d deitsity were ~Ilso

investigated. This pro-ram was nccot1)!.shecI in three phasos.

Phiase I evaluated the cutp bottom thickness arid profile as 14Cll

as material. The explosives density w~as also investigated.

Phase Il determ~ined Whet Oef]1t datonator corfine-mmnt artd con-

finem(ýnt mater'ial. has on the abLIL iy to ti.tiatO Mnt:po~iel~d

Phase III evaiiftiLd ti~v effect o~f va1:yLi1( Htim. ePXPlosi'VC lead

material.. dwcnaity.

*At the completion of th.I.S Stu'dy, t!-,( dctonmtoa; dcscribed by

Picatinny dwgr. P-9245691 was z~elcctcd aý; being one oC 'lie most efficical:.

M.Te detonator cup has a .005" bottow~ thij.ck-ncebs with a .1.501, radius.

Eqjual zEficienlcy Was -2 desL-Pi :*.'hico has, i flat bottom entd is also .005"

thick. Evaluzition of the. test dat:a sh1ows that nll othec~t c~tp !1-ýsi.gs could

not excued the officie.iecccfte; tw..o design's.

The ms'srwsn u1:of the inti~re prom-rim xwas thei abili,i-y

oi l'oth of those design ronfigov'. al;:Uiis to i-nit-Late a Pi;l.0-5 r:,plosiva lea',,d

ac -oas ez.:tr c n c Iy large - a tr gap,,. ¶3ý:enL (lent itf-neýs b!.ock meas'tirmeots, in-

dicate that the explostvo l1ead; at-iievred hi~horde deion2ation. over aiL--,p

-m~it bu ofurther v%):k~wýs pr-C!-LL~r.rm:d -lon01t-., li~ios. The eiiyof

c -n.consoiurtir oftheLt r "ev t ois d:taintce t.s nt. tlwý detrigi-

zit ,"0V ý:sn
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gaps in any arbitrary configuration. This ability was demonstrated when

the detonator was functioned essentially unrestricted in the plastic test

clip S•R-102. Any side or bottom confinement may affect this ca,)ability

S ,dr drastically either enhancing or limiting its ability. All detonators were

functioned with a 100 microfarad capaqitor charged to 1.6 volts.

Al
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FORWARD

ICI received this contract from Picatihiny Arsenal to inv-!stigate

fi the output of the X4-100 detonator. The object of the contractwas to de-

termine which dctonator configuration is the mos-t efficient for initiation

1of leads across'vorious air gaps.

The investigation was prompted by the fact that testing at

Picat inny suggested a marginal area exists in the present ADAM detonator/

lead train. The )[I-100 had been selected for use in the ADAM fuze train

where its required to initiate a PBU-5 lead over an air gap of .2". The

lead is .095" long by .114" in diameter and has an aluminum cup.

The parameters affecting initiation efficiency were previously]

invest'gated to some d.ogreo by tWo sources. They are ICI (formerly Atlas

] Chemical Industries, Inc.) amd the Link Ordnance Division of General Pro-

cision (now Space Ordnance Systets). Link's report wao prosented in March

of 1966 as an unnumbered fin.1l report to Honeywell .Under Honeywell llurchas¢

Order number 161776. Our development teEý data is on file. Both develop-

mnpnts were for the WA\IUI weapons system, an Air Fo:ce design. In this

weapon, the )4-1-00 datonator initiated an aluminum cup lead contaiting 12rC

which was .305" long aad .313" ia di-imaeter over an air gap af .150". Re-

liable initiation was achieved with' o detonator having a .005" thick bottoir

-° aluminum cup having a bottom radius oF .150". This is the KI-l00 cup 6e-

sign.

" Si,,ce that time it has been noted by ICI that other profiles of

the cup bottom work equally v2ll under certain conditions and we began to

realize that bottom thickness and wnsG are rimae pertinont cantrolling fea-

tures of the design.

-3-
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The question of reliability of the ADAM fuze train therefore

prompted the investigation to determine the most optimum detonator design

so that the train could possibly be improved accordingly. The lead in

the ADAM fuze is shown in the appendix. It should be noted Lhat the

I length of the lead normally is only .095" long. Nost of the testing in

the early stages of this investigation was done using leads that were

.150" long. This was dotie to eliminate any Concern over the fact that

the minimum length of this lead may be in itself a problem area. In the

later stages of the testing' the actual, ADAM lead was tested in exactly'H si�ilar circumstances and for the most part the lead initiation oas no

H different. The output of the smaller lead is less than that of tha

larger lead when'measured by the steel dent block oL'tput technique.

H
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INTRODUCTIOIV

The XM-100 detonator and its related piece parts and explosive
Ii components are detailed by Picatinny Arsenal drawings. The top assembly

drawing P-9245691 lists the related subassembly drawings and describes'

the explosive materials.

SThe unique feature of this detonator is its miniature size. Its

diameter is '.100" and its length is .250" with an extended terminal length

p• oi,.220". Its extremely low initiation sensitivity and high output effi-

ciency make it a good candidate for consideratioa in explosive trains.

I The present drawings require a~glass to metal seal plug assembly

• with a single terminal. The cup material is aluminum with a .150" bnttom,

radius, .005" thick. Charges of IC.X and RD1333 lead azide are consolidated

] at 12,000 psi. The plug assembly has a resistance welded wire from the

terminal to the header. The bridge.-ire is then covered with a lead styphnate/

lacquer mixture. The plug assembly' is inserted inito the cup assembly and

crivmped. The crimp joint is sealed with a se-alant.

Variables of th-is design were investigated to' determine effect on

output effikiancy. The cup bottom shape and material was varied and the

charges were also altered in density.

Assembly draviings ailong with test and piece part drawings are

- included in this report.

V5
ti
I' -5 -.



DESIGN INWiSTICATIONLi
Phase t

Twelve different cup configucations were investigated. Four

cups were investigated varying only the bottom radius for P-9245697.

i- Four other groups were studiedwith the bottom radius and bottom thick-

II ness varied. The remaining four cup configuration was made from steel

instead of aluminum which is,required by drawing P-9245697, and varying

Hl the bottom radius and in'side diameter.

Croup Bottom Radius Bottom Thickness Material

1 .150 +,.007 .005-.000 Alumihum

2 .090 + .007

3 .060 + .007 " "

4 Flat "

+.002
[ I ,5 .150 + .007 .009-.000

6 .090 + .007

S7 .060 + .007

8 Flat
+.001

9 .150 + .007 .005-.000 Steel

10 .090 + .007 "

11 .060 + .007

12 Flot

Group 1 is the cup par dwg. P-9245697
Groupi I thiru 8 use ignition pllug ass'y. P-9245692
Groups 9 thru 12 ,ise ignition plug ass'y. SKA-106
Groups I thiru 8 cup dravwing is SIýA-105

" Groups 9 thrtt 12 rzup drawing is SKA-104

I -6-
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Hl The second part of this phase investigated the effect of density

of the explosLv", materials in thecup. The cup u.ed in Group 1 was selected

11 . for this investigation. The ,present design requires that quantities of IMTiX

and RD1333 lead azide be compressed at 12ý000 psi to achieve the proper powder

height. This phase investigated explosive densities at 5,000, 15,000 and

30,000 psi. The quantity of explosives was varied to comply with the pr-sent

drawing height while the column lengths remained constant.

Phase 11'

This phase investigated confinement and confinement material.

This limited investigation compared steel to aluminum with a fixed air gap

Iwith two 'different air gap diameters. A drawing of this holder is in the

appendix identified as SKA-103

Phase III

This involved the study to determine what effect on steel dent

output the acceptor lead denst.ty 'has. Six PBVI-5 lead gruups were compared

by testing leads having exlosive densiti.es of 5,000 to 30,000 psi in incre-

H ments of 5,000 psi. These leads were .150" 'long. Detonators of Group I de-

sign were used to itnitiatn the leads across an air gap.

I Ihis phase also included aa investLgation of a train 'similar to

the ADAM fuze detonator/lead train. One exception is that no confinement

* existed. In this phase, TC1 manufactured 1200 detonators. 1000 wera shipped

"to Picatinny and 200 were tested at ICI. The 200 leads were made to drawing

9275339. These items were tested across ain air gap of .250" which is greater

than'the maxinuuT, gap oi .200" in tho .\DAIM 'fuze.

oF
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Since two designs performed equally well throughout this study,

(Groups 1 and 4), it w.a decided to test 100 of eachgroup for reliability.

i Picatinny requested that the 1000 shippable detonators bc manufactured with

a flat bottom. Their reasoning for this selection was a practical one in

that the standard detonator with a .150" radiused bottom were already avail-

able. Thiey wished to run more tests at Picatinny with this flat bottom

vers ion.

7.,
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DISCUSSION OF RESULTS

Phase I -V•ry~nr Cun Confifuration

All 12 different groups as previously listed ware tested by

initiating the larger ADAMi lead (.150"). The lead was positioned againsti
a steel witness bloqk. Each group was tested until a "no-dent-" was re-

ported at increasing air gaps. It became evident quickly that the cups

intorporating a thicker bottom and smaller radius were markedly less

j efficient than the flat bottomed and 6.150" radiused cups. This l', W I

screening thus climiniated all of the groups but 1, 2, 4 and 5, and the

steel detonators in totality. Further testing over increasing!)* 1arge

air gaps of 0.7 and O.C narrowed dowm the design selectionm

I and 4. These final selections were also guided by testing of t1n

smaller lead - with' only 1 and 4 dispatiying the ability to re-lably in-

itiate this lead over the larger gaps.

.f The radiused designs leave a failure tradnmark in that

-.s destroyed by the ,jcttin.- action oE the shnarpd charge effect witi.

itiation. .ome of these smaller radii in fact wilV jet through up LO oC

thick steel and could be used as penetrators very rel'[ably. They will

i-itiate the lead even over viry smal, air gaps. It is for thLs reason

-.ne iristtnctively would feel the'flat bottomed c'ip will ultimatcly'prove tL

be superior to the .150" radius even though bt~h performed as v-111 in thits

asp study.

!I '-9-
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">. ýt.y of Explcvestv(. X and RI1333 Lead Azide)

" :,p 1 design was, used for this test. It consisted of

testing 2etona~orci that had the e'qplosives consolidated at 5000, 15000

and 30000 pci. Each density gtooo was functioned directly against a

steel dent block. The output increased with increased density. 7t

should be noted that this may be partially due to the fact that the

higher density items had more explosives in the cup per unit column length.

Another test was to function each group of detonators into a

.150" long PBM-5 lead across air gaps of .250" and .500". The results of

these tests had a range of .007" and .011". It can be noted that the
density ranges tested resulted in acceptible lead initiation results through-

dctit th range. This indicates that a rat-her wide tolerance on weight and

density can be tolerated provided column lengths of explosives are uniform,

Phase I testing was designed to be a screening phase for the

detonator only. Of all the profilos and materials tested, two designs

sho•ed a marked superiority over' all the others. The designs were basic-

+.003
ally similar, having a .005-.000 inch bottori thickness of aluminum. De-

sign I has a .150" radius'which is the present Picatinny design. Design

4 has a flat bottom cup. Test: reftlts indicate that neither design dis-

Splayed a noticeable snpriority over the other. l'iorn discretionary testing

will be necessary to evaluate these two further. It is the authors' opinion

that further evwluation would tnd1.ca1:e that the flat bottom des ign would be

more efficient. This is ba.'id on the overall trend of these tests which

deons trateth [tt, lial:ion abi Ity increasea x v -th an inc rc,:+e in rildins.

F In radii lesi lt.n ._O 1 0', the abllity to 1titiate leads over an air gap

S~~~d L:• in i .he s qe i~cil1.y.
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I The steel cup detonatot output was much less than that of a

comparable aluminum design. This indicates that the mass of the deton-

ator bottom is the controlling feature for initiation of leads. The

aluminum bottom fragment apparently achieves a higher velocity when it

impinges the lead surface. This is the explanation for the ability of

"the aluminum cup design to initiate over such large air gaps. BottomIi

particle velocity effects are also apparent because even though the dent

A output of tLh steel design is higher per se, than' the aluminum, its lead

initiation ability is for less.

* The explosives consolidation density phase produced somewhat

baffling results. It was expected that the 5000 and 30000 psi groups

would be less efficicet than the 15000 psi gi-oup. All worked equally

well with the output of the detonator increasing with increased density.

All devices initiated the leads high order. From related testing on

arother program, it is known that at consolidation of approximately 70000

psi! the ability to initiate is lost. These findings come from a study

* on a delay version 6f the XM-100 for the RAA-I program. There is obviously

scme point above 30000 psi wqhere failures will occur but chis program did

not find this point.

Phasc 7I -. Con fin'Žmont Comparison

SDetonators from Group 1 woo used for this series of tests. The

i ~.3 .. IS-5 leads used were .1.5011 long. Vin coufincrient irate--'ials in•vestigated

were 2G24 alumiumn and B.1.13 steel. Te air gap -n the holder was .250".

""The dbiric.1trs of tho air g*, ;.;(re .003" aud ."93". A drowing of this I o Idor

" M% S\-103 is in the2 appendi-x. This a';ro2lbly V1,13 theM fuRctioncd aaa Li;t

stecol dont block. Tha l.imited nanount of tes ug showed a dettper dent in;

3 :rteel con ir:'Int. FrcoI th,l 'ziioill irouant: to-eZd , ft is not posst,,] " to di s-
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tinguish tCe effect of the gap diameter. More testing is required along

these lines.

Phase III Varying ',BXIN425 Density'of Lead

SThis test was run with 6 groups of .15011 long leads in which

the PBXN-'5 density ranged from 5000 thru 30000 psi in 5000 psi increments.

SDetonators from Group 1 were'used to initiate these leads. The air gaps

tested were .250"1 and *.500-!. The 5000 psi group Was somewhat less efficient

" than the remainde'r. However, it appears that explosive consolidaItion from

10,000 psi thru 30,060 psi makes the leid increasingly more efficient.

This conclusion must be tempered by the knowledge that previous

testing of a similar nature at Picatinny showed that, in, the ADAIM train,

failures can be expected at 30,000 psi. ihere ..igain we should caution that

the tests performed by ICI ini this phase were with an unrestricted deton-

ator while those at Picatinny introduced some confinewe•'t and bottom re-

striction.

Rel'iahiL.itX with ADfAI Lead

100 detonators each from Groups I and 4 were' tested across,a

.250" air gap into a .100" PBXN-5 lead (dwg. 9275339). This test was to

'determine the reliability in a configuration similar to ADAM detonator/

lead configuration, The 100 detonators of Group 4 were from a production

lot of 1100 of vlhich 1000 were shipped to Picatinny. The steel dents were

comparable for each Group.
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Iti TEST RESULTS

(Arranged by Group)

Air Gap Lead Length Min. Dent flax. Dent *'Ave. Dent
QtY. (i oc le s) (Lnciios) Cices) _(Enches) (hnchns)

25 .000 .150 .009 .012 .0107
25 .250 .150 .007 .012 .0±04
25 .300 .150 .007 .011 .0098
25 .400 .150 .007 .01i .0098
10 .500 .150 .000 .011 .00.96
10 .600 .1ý0 .007 .011 .0095
5 .700 .150 .007 .010 .0092
5 .500 . 100 .006 .010 .0086

.500 .100 .007 .008 .0078
5 .700 .100 .006 .010 .0086

Group 2

25 .000 .150 .010 .012 .0103
25 .25). .150 .003 .011 .0108
25 .300 .150 ;00M .0.11 .0095
25 .400 .150 .008 .011 .0 L03
10 .700 .150 .007 .q10 .0091

5 .500 .100 No Dent .009 .0060
5 .700 .100 .008 .009 .0086

* *

25 ..000 150 O0O .013 .0i11

25 T00 .150 .006 .011 .0091
25 .250 .150 No Dent .009 .0026
25 .300 .150 No Dent .009 .0022

Group4
. j 25 .000 .150 .010 ..012 .01Cr

25 .250 .150 .007 .012 .01-_
25 .300 .150 .007 .011 .0094
25. .400 .150 .007 .011 .0098
1I0 .500 .15-0 .007 .0i1 .0089

10 .600 .150 .007 .010 .0089
5 .700 .150 .009 .Otl .0100
5 .500 .100 .007 .009 .0082
5 .600 .100 .007 .009 .0080S ! 5 .700 .1I00 .007 .009 ,0080
5 .800 .100 .005 .009 .0032

"Calcttla ld and cam:t, iod to 40Il do', r.,lml.

- 13 -
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II !TEST RESULTS

(Arr.nged by Group)

Croup 5

Air Ca'p iLed Length ~nm. Dent 'Mix. Dent Av2. DuntQy (C,11ie S) (inchns) (•,t,ý)_ h .L,•Cl~s) L,_InChI

25 .000 .150 .008 .013 .010725 .250 .150 I .0U7 .011 1010125 .300 .150 .007 .011 .0097S25 .400 .150 .007 .011 .0100
10 .500 .150 .007 .010 .0092S10 .600 .150 .007. 011 .0095
5 .700 .150 .007 .010 .008-5 S .l0l .150 No Dent .009 .00661] 5 .500 .100 .009 .010 .00925 .600 .100 .007 .010 .00845 .700 .100 No Dent .009 .0062

LLao
Grott 6

f 25 .000 .150 .010 .012 .0110- 25 .250 .150 No Dent .011 .006225 .300 .10 No Dent .010 .0030

I

- - Group 7

25 .000 .150 .008 .012 .0108
25 .100 .150 to Den t .oC9 .004625 .250 .150 .001.006 .0016
25 .300 .150 .. 001 .003 .0039

17 (otlp 8I "
25 .oo .1.50. .010 .012 .01082 25 .250 .1550 .007 .011 .0101,a 25 .3)0 .. 150 .007 .011 .009425 .06 1. 150 .007 .013 .009910 5C0 •130 -'!o Dert .011 .001895 .500 .o00 .004 .008 .00705 .600 .1.00 .006 .009 .0073
. .700 1.100 .005 .010 .00,32

- 14 -
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[1TEST RESULTS

(Arranged by Croup)

[1 ~Group9

i Air Gap Lead Length Ilin. Dent Max. Dent Ave. Dent
(inches),. (inches) (inches) (inches) (ILcI s_

25 .000 .150 .009 .012 .0110
25 .050 .150 .008 .011 .0100

* 25 .250 .150 No Dent .011 .0070
25 .300 .150 No Dent .010 .0036

Group 10

2 5 .000 .150 .010 .013 .0117
25 .050 .150 .007 .016 .01 i1
25 .250 .150 No Dent .012 .0064

jrot tp 12

25 .000 .150 .010 .012 .0112I
25 .050 .150 .007 .012 .013425 .250 .150, .0105 .1 02 1- .0 ,134

i 25 .00)0 .15(d .0 I0 .013, .0112.
25 .050 .i50 .007 .012 .0]00
25 .250 .150 .007 .011 .0094
25 .300 .150 No Dent .011 .4086

(1) The bulk of Li',se :iro not den' ,npotdue d by the i;,tiatiori of
the booster, hut resuIIIt frcm~ tlho jotI'iAng ef fct of th. detotl-
ator alove. TiVe mijority o( tlhv !)oor;terrs d1d riot initiate.

- 15 -



I TEST R1ESULTS

(Arrangcd by Air Gap)

o gI
Lead Length Min. Dent Max. Dent Ave. DentGroup ( iche s) J_ (m nche s) __nches)

1- .150 .009 .012 .01072 .150 .010 .012 .01034 .150 .010 .013 .0111
4 .150 .010 .012 .01095 .150 .008 .013 .0107

L]6 . .150 .010 .012 .01107 .150 .008 .012 .01038 .150 .010 .012 .0108
9 .150 .009 .012 .011010 .50 .010 .013 .011711 •150 .010 .012 .011112 .150 .010 .013 .0112

.U50" Air Cap

I 3
.4
5
6J7• 8
9 .150 .008 .011 .0100S10 .150 .007 .016.0101

11 .150 .008 .01.8 (1)* .O'134
12 .150 .007 .012 .01.00

iii
.100" Air Cmr

A 2
3 .006 .011 .0091
"4

7 7 50o Dent .009 .0046
8
9~1.0

! • 11

12

t "3:S.a prcv!.,)uj corý.1,mt.

- 16-
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! 11TEST RF:SU'LTS

(Arranged oy Air Gip)

ii .250" Air

Lead Length Miin. Dent Max. Dent Ave. Dent

Gru (inches) (inches (incheos) (inches)

1 .150 .007 .01.2 .0104
2 .150 .008 .011 .0108
3 .150 No Dent :009 .0026

S4 .!50 .007 .012 .0102

5 .150 .007 .011 .0101
I 6 .150 No Dent .011 .0062

7 .150 .001 .006 .b016

8 .150 .007 .011 .0104

9 .150 No.Dent .011 .0070

""1 10 .150 Vr; Dent .012 .0064

11 .150 .C95 .021 (1)* .0134

- 12 .150 .0J7 .011 .0094

.300!_ Air Gap
1 .
1 .150 .007 .011 .0098
*2 .150 .007 .011 .0095

i 3 .150 No Dent .009 .0022
- ! 4 .1L ,007 .011 .0094

5 .150 .. 007 .011 .0097

6 .150 No Dent .016 .0030
47 X50 .001 .008 .0039

8 .150 .007 .011 .0094

9 .150 Llo Dent .010 .0036

10
Aj 1112 .150 No Dent .011 .0036

.1,r),01" Air' Ga

1 ! .150 .007 .011 .0098

* 2 .150 .003 .011 .0103
3

S4 .150 .007 .012 . 0093
-5 150 .007 .01,1 .0100
6
7
S.150 .007 .013 .0099

.9
jo

12

"I €Sc-r. pre'vi'•lis conmcvc t.

• 17-



TEST VUSULTS

(Arranged by Air Gap)

1 .500" Air Gap

Lead Length MinL. Dent Max. Dent Ave. Dent
(inches. Žles)-LD (inches) nle

1.100 .006 .. 010 .0086
.150 .008 .011 .0096

2 .100 No Dent .009 .0060
3
4 '.100 .007 .009 .0082

.150 .007 .01.1 .0089
5 .100 .009 .010 .0092

.150 .007 .010 .0092.
6
7
8 .100 .004 .008 .0070

.150 No Dent .. 011 .0039

11
12

1 .oo,.600" Air Ga

1 10 .007 .008 .0,178
.150 .007 .011 .0095

.1 .2

4 .100 X007 .009 ..0030
.150 .007 .010 .00139

I . 5 .100 .007 .010 .0034-
.150 .007 .011 .0095

6
7K . 8 .100 .. 006 .0109 .0078
9
1.0
11
12



ii
S.TEST RES'ULTS

(Arranged by Air Gap)

U .70011 Air Gap

"Lead Length Min. Dent Max. Dent Ave. Dent
Group (inches) _(inches) (inches) (inches)

1100 .006 .010 .0086
.150 .007 .010 .0092

2 .100 .008 .009 .0086
.150 .007 .010 .0091

3
4 .100 .007 .009 .0080

.150 .009 .011 .0100
5 .100 No Dent .009 .0062

.150 .007 .010 .0088
6
7
8 .150 .005 .010 .0082

ji 9
10
it

12

2
3
4 .100 .005 .009 .X0255 '.100 No Dent .009 .0066

'11
i 6
• 7

T] 9

10

12

) . - - 1 9 -
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ITEH nl00 Detonator DATE TESTED 5/74

PURCHASE ORDER NOý ATLAS ORDER NO. 3639
SPEC. WORK ORDER N _.
SAMPLE SIZE: 140 LOT NO. _

LOT SIZE: ST'ITCH TYPE

mPIAsE 1 TESTER:

J! TYPE OF TEST AND COMMENTS:

Group 1 Detonators (.005" Thick and .150" Radius and Aluminum)

-I

Text Re3ults

Dent (.150" LONG LEAD) AIR CAP ,ClS) (.1.60" LONG LEAD)
De p ti ,o 1 1
(i n e C . 1 .5 .60 70 -

_ ~~ _ _ _ 
f -i -

K. .0
001

.006 I Iii .- -, - -.- --- - - - - 1 .• .

.007 17 2 14 1 6 3 1

7 -2 W 1~ 3  21i _ __I

.0110 7 ! I 7 14~ 6! 3'_ _ I

.011 14- 13 4 6

.012 3 '_

.014-I . . . I -

.016-- 20-

.017. V _ _

- -20-



rITn.4 )0100 D otuorx'Lor DATE TESTED 57>
PURCIIASF ORDER NO. ATLAS CtRD!ER NO: 3039
SPEC. _ORK o:1.DER NO.
SAMPLE SIZE: 120 LOT NO.
LOT SIZE: S_,"ITC_ TYPE

PHA•SE I TESTER:_______________

TYPE OF TEST AND tOMMENTS:

Group 2 Detonators (.003" Thick and .090" Radius atid Aluminum)

Te-t Rea s l..

D ent (.150" LONG LEAD) AIR GAP (tI00iI'S( LOG" LONG IT-'AD)

kiazhes) C, V~)5)
nI - 05 -10 Po -41 10 no ag clK 1-f~~v-a 50

•CI
I .r.1 _____ 

-_cj _./•2 __.•

.00 0 .......... .. .

S.00 •1 ____ _---

•1 .o0 - ! I
3 2

.03 1_ 11 13 _-

3 2_2 1

___ _" ....... ""7 .. !2.... ..... .... .. . ..... . .__

. .. .,-.. . I

0 13I

A__ r__ 12 A



n:"1 2C1.00 Drhtor'.'tor DATE TF*ST'ID S~
ii Plu21C.HASE I)RPER No. _____________ ATLAS ORDER NO. _________________

____ ____ ____ ____ ____ ____ ____ ___ ORX. ORDER No._ _ _ _ _ _ _ _ _ _ _

SAMCILIF 'L'E: 10LOT NO. _________________

d LOT SIZA:________________________ SlITCI( TYPE_________________

PHASE 1 TLS'rFR:______________

TYiPr 01: TPST A-46 CO'AEN rs:

G:oup 3 DotoniLtor s (.005" Tlii~k and .060",Racd-Ws di'd Aluminium)

( i~" o:; T~)AUR, c:.v) (I.ý;CiV:S) (.lo" LoNC, Lr,'V))

______;ý I ______ 1 -- -.6EL .-....-.-. -I. .

3_ '3
t-3LI

~ 1 1 '1 L liL L J-7- -

I 2I1I



*Tzij nI100 Detouator DATE TESTED 5/7_

PURCHASE ORDER NO. ATLAS ORDER NO. 3639

SPEC. VORK ORDER NO;
WfkE SIZE: 145 LOT NO.

LOT SIZE: S-IqC1t TYPE

PHASE 1 TESTER:

TYPEOF TEST AND COo .ENTS:

Group 4 Detonatois (.005 Thick and Flat Bottom and Aluminum)

Test Renults

/ D'nLu (.150" LONGLEAD) AIR GAP (INCHIES) .(.100" L0o:G LI'AiD)

• No .
(7a 30 . 0Ile().. .. _,,LO .. . .. g-, - t r. .. 7 1

.1 2 2 3
7 2

.010 6 5__ f f 1. 4, 3- 3

.011 13 3 71 2j

_ _T I I A _

S -. ..... .. --{ .



SGI00 Detonator DATE TESTED 5/74

PURCHASE ORDER NO. ATLAS ORDER NO. 3639

SPEC. TORK ORDER NO.
SAMPLE SIZE: 145 LOT INC.
LOT SIZE: S'41T7C0 TYPE

PIIASE I TESTER: _ __ , __._.

i I TYPE OF TEST AND CONW4ENTS:

Group 5 Detonators (.009" Thick and .150" Radius & Aluminum),

Temi Reskils

Dx:nt (.150" LONG LEAD) AIR GAP (INCItIES) - (.too" 10,G T.EAD)
i\opth - - -"-.-.. ..

____ _ _ 2 -o ..... .. .. . 3...i.400_

_.00

.005

.0•0 
1..0 .2z2 .1__z.,

4 J 2Otl 12 312 411 9[ 1I -

.01• 1 " i ,42!I
.r•- - .... .-.....L-

.016

o 17 f



METN4 ,M100 Detonaitor DATE TESTED 5/74
PURCHASE ORDER NO. ATLAS ORDER NO. 3639
SPEC. W-ORK ORDER NO. _

SAM PLE SIZE: 75 LOT NO. _

LOT SIZE: ,_,_ SITCH TYPE _

. PIASE 1 TESTER:

TYPE- OF TEST AND COWMENTS:

C roup 6 Detonators (.009" Thick and .090" Radius and Aluminum)

Test ReaulCs
ii i n I U I e- , I

De,,: (.150" LONG LEOD) RAI GAj (NCI•MES) (.100" LONG LEAD)
Depth No 0 ___-

(inches) Gap .050 1.20 .200 .111)0 ,500 .,L600 .7.0.Q (

I 1 . ...

.00 -9 -1

.002

.005 1 . . . . . I ____ . . ..

._,. •006 I •o3F - - __ - _

.007 .o,_. _ _-7 "--T

r .009

.010 3 j 0. 5 L

.012, 4

.013 - - -.-...

.01-5 __I , __ _,

.017

kT!

. . . ' - --- ..- •

[ .o•8 J_<



fr.A M 1ri00 Detonator DATE TESTED 5/7/4

PURCIASE ORDER NO. ATLAS or.DER NO. 3639

SPEC., WORK ORDER NO.
SAPPLE SIZE: 100 LOT, NO.

LOT SIZE: STITCH TYPE

P1ASE 1 TESTER:-'

j TYPE OF TEST- AND CO1I,'ENTS:

Group 7 Detonators (.009" Thick and .060" Radius and Aluminum)

ii .. . .. .- . . .. .
- Test Reitult

Dei-" (.150" 7)0'c LE'AD) AIR CAP (I'CHMtES) (.100" LONG LEAD)
Dop.th No

(iche " . _ .0_0 '.,oo .5o0 -5 0.oo '00Q ..400 ...E0 Q

.000 10

i .oi 1 7 2 ..
* 5 71

. '1 3

..01. 3

".006 2 1_: iL ..... - -- - - - - __: X.07 3l.

G• O0S

.009 2 . ...

.01 0  t3 3

• .011 1I3,13 I .. ... _ -
.012 6

T.°1- --
.015

A -°I -- I I 26
At. 2 " A " -



ITEUd )0I.00 Detonator DATE TESTED 5/74
PURCHASE ORDER NO. ATLAS ORDER NO. 3639 ..
SPEC. WORK ORDER NO.
SAMPLE SIZE: 125 LOT NO.
LOT SIZE: S7IT'iX.H TYPE

PHASE 1 TESTER:

TYPE OF TEST AND COM?4ENTý:

Group 8 Dotouators (.009" Thick and Fl•t Bottom and Aluminum)

Test Results

Steel
Dent (.150" LONG LEAD) AIR GAP (INCUPS) (.100" LONG LEAD)
Depth No. .

(inch•hics) p .050 .100 .250 .300 .400 .50 90- ,.,{..

.000 1

t .,.•004 . . .,
____.oo 1 ____I, - .1-'- -
.00 5 6 1

, 0 0 7 _ ' •- - K _ '. 1 7. 1 1-

" . '4•1 .3 3 _

...01.. . 2 1
njrOl) 716 6 7.

.0TII 156 1
.012 3 ,' - 1 . .

X.1 14

r.015* & 2



-4
SrrfEg 20100 Detonat:or DATE TESTED 5/74

PUR1CHASE CRDER NO. ATLAS ORDER NO. ____9

SPFC. WORK ORDER NO. _

SAMPLE SIZE: 100 LOT NO. _ _

LOT SIZE: 1 SITCH TYPE
PHASE 1 TESTER:-

TYPE OF TEST AND COW.4ENTS:

Group 9 Detonators (.005" Thick and .150" Radius and Stee1)

Test Results
Steel
Dent (.150" LONG LFAD) AIR GAP (INUCIES) (.100" LONG LEAD)

, (inches) Gap .050 .100 1.250 .300 .00 .500 6-0 .O70 .500 -.700 _bi•L

• .000 3 11 .

S.0012

.004

- .005

.C06

.007

r .0091 1 3 2J.009 I I3

.010 4 17 9 7

O .Ol 14 5 2

.012 6

-.013
.014

.015
T .0.17

• .....'hh "
Af 2

A'r, ,::. A .qi



nG .4 X00 Detonitor DATE TESTED 5/74

PURCHASE ORDER NO. •_ATLAS ORDER NO. 3639

SPEC. WORK ORDER NO.

SAMPLE SIZE: 75 LOT NO.
LOT SIZE: SVITCH TYPE

PHASE 1 TESTER:

TYPE OF TEST AND COMMENTS;

Group 10 Detonators (.005" Thick and .090" Radius and Steel)

i i . . .. .... ....
Test Results

Dent (.150" LONG LEAD) AIR GAP (INCIIES) 1.100" LONG, LEAD)
Depth No ...- ,-..-.-

(inches) Cap .050 .100 .?50 .300 .400 .500 .6.009 .70W o_ . 00 . toO.._

.000 -

.0012 - -

• • ,003

.? .004

.005

-.006 1

.007 2 - - -

.008o 2 3 . . ..- . -.-...-.

.009 3 4

.010 2 4 - 4

.011 9 5 3

.012 8 2 1

.013 6 1 -

.014._ 2

.015 2

.0161

.017

.0• -__ ,_ _ --



- -MMI100 Detonators DATE TESTED 5/74

PURCHASE ORDER NO. ATLAS ORDER NO. 3639
SPEC. W___ YORK ORDER NO.
SAMPLE SIZE: 75 LOT NO.
LOT SIZE: SVITCH TYPE

P•ASE 1 TESTER:

iI TYPE OF TEST AND COMMENTS:

Group 11 Detonators (.005" Thick and .060" Radius and Steel)

* U-
Test Resul.t

* Dent (.150" LONG LSAD) AIR GAP (INCHES) (.001'' LONG LEAD)
Depth No

(inches) GaD .050 .100 .250 .300 .400 500 .600 .700 .500 .600 .7 0

".000

.001

.002

.0047

• •.0051 . ..

i) .~006 1..

S.007

.008 3 1

.009 1 2

S!!.0 10 2 2I

.011 is 1 f

.012 5 2 2

.013 2 3

.014 1

.015 6 2 -...

.016 - 3 4 -.-

.017 2

S. .. 018 21

.019 21.020 o _ __ 2 - -- __

.021 ..... 1 -........... _ _ _ _

- 30 -



M4100 Detonator DATE TESTED 5/74
PURCHASE ORDER NO. ATLAS ORDER NO. 3639
SPEC. WORK ORDER NO.

SAMPLE SIZE:, 100, LOT NO.

LOT SIZE: SVITCH TY'PE

PIHASE 1 TESTER:

TYPE OF TEST AND COMD4ENTS:

Group 12 Detonators (.005" Thick and Flat Bottom and Steel)
Ii'

"Teet Results

Dent (.150" LONG LEAD) AIR GAP (ICIT ES) (.100" LONG LEAD)
Depth No . '

(inches) Gap .050 .100 .250 .300 .400 .200 .6001 70QQ0 JQ .600 "'700 .800

.000 2 .
:11

S.003,, II

* .. .004

"a .005

* .006

i .008 6 6 6

.009 4 4

.010 4 4 7 9..----

".011 14 13 6 3 ..

.012 4 1

.013 3

.014

.015

- - .016 -.-.-...... 1

.01 7 - 3 i .

.018,

A YL. 3200o A -- 31



ITEM X!I00 Detonator DATE TESTED 5/74
PURCHASE ORDER NO. ATLAS ORDER NO. 3639

SPEC. WORK ORDER NO.
SAMPLE SIZE: _2_ LOT NO.
LOT SIZE: SWITCH TYPE --__

TESTER:

H TYPE OF TEST AND CO4MMENTS: PHASE 1, PART 2

Explosives Density Varied in Detonator

Test Results

retonator Against Steel .150" Lead Against Steel .150" Lead Against SteelýiJNo_Air Gap -_ No Lead Det. to Lead Gap .250"1 Det. to Lead Gap .500"1

Dent ?owder Consolidation (PSI) Powder Coflsolidation (PSI) Powder Consolidation (PSI)
Depth 5.000 15,000 30,000 1500 5,000 30,000 5,000 15,000 .30,000
(in.)

._,000..

.001

•.002

007 1 '3 2

!i.0o8 ,,

- .009 6 _ _2 '3 5 '1 3

.010 18 2 17 14 14 '18 23 20

.011o 1 3 1_37 6 8 _ 1 2

.012 12 15 "___.,

.013 8 10

.014

.015

Average .0098 .0120 .0124 .0102 .0098 .0102 .0096 .0100 .0100

-32-
ATt 3200 A



S ITEM I100 Detonator DATE TESTED 5/74
PURCHASE ORDER NO. ATLAS ORDER NO. 3639

SPEC. _ORK ORDER NO.
SAMPLE SIZE: 37 LOT NO.

LOT SIZE: STITCH TYPE

PHASE II TESTER:

TYPE OF TEST AND COMMENTS:

Group 1 Detonators Confinemcnt

ii -

Test Results

ALUMIN•• CONFINIMTi-NT STEEL CONFINEMENT

.150" Lead Length .150" Lead Length
" -ir On n 9" Air Gap = .250".

Dent Air Gap Air Gap Air Gap Air Gap
_(in.) .063 Dia. Hole .093 Dia. Hole .063 Dia. Hole .093 Dia. Hole

.002
ii,

.00 3 ...... __ _,_. .. . . .
ZI

..004

.005V . .006 1 _ _ _

.007 1

* ~.008 2.' 4__ __ _ _ _ _ _ _ __ _ _

.009. 5

• .110 1 3 ,

.011

.012 1

.013 5

.014 5 3

.015 5 1

".016

.017 . .... .

Avcrage .0084 .0089 .0145 .0134

- 33 -Alt,. •;200 A



IFEM G100 Detonator DATE TESTED 5/74

PURCHASE ORDER NO. _ _ _ _ ATLAS ORDER NO. 3639

SPEC. W WORK ORDER NO.
SAMPLE SIZEM 102 LOT NO.

LOT SIZE: SWITCH TYPE

PHASE III TESTEr,:
TYPE OF TEST AND COMMENTS: PARTS 1 & 2

.150" LEAD LENGTH VERY DENSITY OF LEAD
EXPLOSIVE MATERIAL

Test Results

_ _ 5,000 PSI 10,000 PSI 15,000 PSI 20,000 PSI 25,000 PSI 30,000 PSI

27 HGS, 29 MGS. 30-1/2 FGS. 31-1/2 1NGS.- 32-1/2 NGS. 33-1/2 1GS.
Dent PBXN-5 PBXN-5 PBXN-5 FBX)0-5 PBXN -5 PBXN-5

,250- .500" .250•"1 .500", .2501 .500"i .250" .500' .250" .500,, .250"1 .500"
_inches) z,_, Gil Cap ca Gap Gap , Ca G Gap Gap Gap Gap Gap Gap

,.001

L002 -.-.-.- - , -

•003

.004

.005o.-- - - .

.006 1 2

.007 1 1

.008 1

.009 3 3

.010 2 5 6 10 9 3' 9 1 2 I

.011 7 1 3 1 6 8 3 8

•J .012 3 I

S013

S.014

.015,

Average .0087 .0089 .0096 .0100 .0110 .0101 .0100 .0101 .0109 .0108 .0111 D0i10

-34-
ATL. 3200 A



ITEM 100 DetonatorDATE TSTED 5/74
PURCHASE ORDER NO. ATLAS ORDER NO. 3639
SPEC. W__ ORK ORDER NO.
SAMPLE SIZE: 200 LOT NO.
LOT SIZE:. __SVITCH TYPE

rESTER:
TYPE OF TEST'AND COMMENTS: PIASE III, PART 3

AIR GAP - .250"
LEAD CUP ASS'YS PER DUG. 9275339

GROUP I DET. Test Results GROUP 4 DET.

(inches) '150" Rad._ Bottom Flat Bottom
___.... B.ooom / _ _ _ _ _ _

.001 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.002 _-

.003

.004

•, .0o5 2

.006 8

.007 7 __1_2

.008 47 69 "___ ,

.009 36 17

U• .010 2 ,,_

A.erage .008 ...... ,008

ATL. 3201) A - 35 "
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