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Abstract 
The Mea&« detonator is being developed u a replacement for the MC3132 flying 
plate detonator in the paracbute deployment _}'Btem of the B83 weapon. The MC364-4 
is a CPt deflagration-to-detonation transition device. Two modeLe are being developed: 
an interim des4;o using the MC'..3423 ignitor and a new production venion with 8 ODe­

piece ignitor/header _mbly. Features of both deaignl are described. Results of 
development teste involving the interim design are preeented. No-rue sensitivity teat 
and proof·teat results with the WR version are also included. The development 
program is on schedule. 

3 



Acknowledgments 
The author tbanb M. L. Liebermaa aDd F. J. vw.. 
(2515); J. E. KeDJ>OCiy. J. G. _ . ODd R. J. _ 
(2513); ODd A. C. Sch ..... (2616); all of SondIa Na­
tional Laboratorieo; W. R. Henclenoa ODd E. E. nl>­
billa of Mound Facility; R. IleCounoy of UDicI"",­
mica/Phoenix, Inc; and G. Seavy of VELER. IDe for 
their technical input and support dunn, MC:J6.M 
development and in the preparation of thiI report. 

.. 



Contents 
Summary •...........•••••.••••••..•••••••..••••••••••...•..•••••...••.•• _ •••.•••••.•. _ .•.•..• _._ •.. _ •• _._ 7 
Introduction .......................................................•.... _ ....••..•........•...•.•..... _ .....•. _ .•. _..... 9 
MC38« ID I'IlndioaaI CJuonoet.riotia ..............•........ _ ..•......•..•....•.. __ . __ ._ ..•..•.. 10 

"",lion CJuonoet.riotia ................................•..........•...........•.......... _ .•......•....•... _ ... _.10 
_tic Diocbarp Sonoitivity (!!SD) .........•••.....•....•.•.. _ .•......... _ •.. _ .... _ ..•.... 10 
Fe..ibility Teat ReIulta ...................................................................................... _ .. _ ..... 10 
MC3644 ID System Vibration T.t ........................................................... _ ........ _ ...... 12 
MC36« ID Proof Teot Reoulta ••••..•••.••••••....••••..•••• _ •• _ ••••••• _ ••••••••••••••• _ ••••••• _ ••••• _ ••.• 12 
Detooalor Output Studieo .....................................................•......•..•... _ •.......•..... _ ..... 16 

Failure Iov.tigation ....••...••.•..•.•......•••••••..•••.••......•.••.•.•••• _ ••••. _ •.•.•..••. _ •• _ .. __ ••.•.• __ •. _ .... 18 
MC:J64.( WR Detonator .......•................................................•.•......•..•........•. __ ....•......... 20 

H.or and "",tor Deoicn and Develop .... t SIa ......................... _ .... _ ........ _ .... 20 
Ignitor No-Fire Seillitivity ....................................................... _ ................................... 20 
Functional Proof T.t ................................................................................................... 20 

MC:J64.I De.ign Vemtcation Plan .................................................................................... 22 
Ileliveries and Scbedulea ................................................................................................... 22 

Deliveries .......................................................................................................................... 22 
Schedul .......... : ................................................................................................................ 22 

Action Items ........................................................................................................................ 22 
References ........................................................................................................................... 23 
APPENDIX A-DDT Detonaton in Production ..................................................... ..... 25 
APPENDIX B-Hatdware and Aaeembly Drawinp for War Reaerve MC36« ...... ?:1 
APPENDIX C- MC364f Deaign Requirements ........................................................... 29 
APPENDIX D-MC36« ID D· Telt After Combined Environments ....................... 31 

Figures 
1 Typical MC3644/HNS·IIA ALMDF AMembly .................................................... 9 
2 Cutaway of MC3644 ID ........................................................................................... 10 
3 MC3644 ID ••...••••......•.•••••••.••••........•••....••••••..••............•.....••.....•••...•...•....••...••.•.....•... 10 
4 MC3644 WR Detonator ........................................................................................... 10 
5 Teet Fixture Auembly ............................................................................................. 11 
6 Auembly for Cloture-Ditc Velocity Meuurement .............................................. 16 
7 Typical Cloture-Diac Velocity and Diaplacement Hiatories ............................... 17 
8 Cloeure-Disc Velocity and Diaplacement Hiltori. 

for MCa&« WR Detonator With 0.13·mm-Thick Ditc ...................................... 17 
9 Comparilon of Fired and Failed MCa&« ID Detonaton .................................. 19 

10 No· Fire Probability Curvet for MC3644 ............................................................... 21 
11 MC3644 ID Function Time at a Function of Gamma ........................................ 22 
12 MC3&« WR Function Time SI a Function of Ganuna ...................................... 22 
13 Me3&« WR Development and Phaae IV Productioo Schedules ..................... 23 

Tabl .. 
1 ETR Oata Summary of MC3644 ID Feasibility Teeta ....................................... 11 
2 MCa&« ID Feaaibility Teat·Fire Resulte ............................................................. 11 
3 Electrothermal Reepoo&e Data for MC3644 ]0 Syatem Random 

Vibration Teata ......................................................................................................... 12 
4 Static Deployment Test Results ............................................................................. 13 

5 



Tabl .. (cord) 
5 Mea&« ID Combined EnviroDment T.t sm. Electrotbermal 

Reopoooe 00 ..................................................................................... __ .. __ . IS 
6 Sununuy of MC36« Proof Toot 00 .. After Combu.ed 

Environmentl ......................................................................... _ ........... _ .. __ . __ ._ 14 
7 Sununuy of MC36« ID EIedroIhormal "- 00" .................. _.............. 16 
8 Bridpwire Reo"""" H;.to", of Uoit 108 .......................................................... 15 
9 Output Chup P ........... and C ........ Dioc Velocity De ... t 

Room Te!Q.peratUl'fl .......................................................................................... _...... 18 
to MCa&« ID Fail"", AnaIyUo Toot 00 .............................................................. _. 19 
11 Electrothermal ReIponee T.t Relulta on Development Lot A of 

MC3644 WR l)etonator ...................................................................... _ .. __ .. _ .. __ 20 
12 P .. tbermol and P .. tthermol Shock E1ectrotbermal "-00 .. 

for MC364<l WR Functional Proof T.t .............................................. _ .............. _ 21 
13 MC3644 WR Proof T.t nata ................................. ...................................... _ ....... 21 

• 



Summary 
Development of the MC3644 Interim Detonator 

(lD) at Unidynamica/Pboeniz, Inc (UPI) it complete. 
Fifty detonaton were 'hipped to ~ NatioDaJ. 
Laboratori •• Albuquerque (SNLA) for lIM in the 883 
Parachute Deployment S)'Item (PDS) deveIopmenL 
Of the SO, 6 were ~ully teeted at the l,.tem 
level; 34 additional MC36« IDs wen teeted .t UPI. 
One detonator failed to detonate. The inveetip.tion 
into the cause of the failure baa not been completed; 
however. it appears that a defective header may have 
caused the failure. Of the:w. detonaton teeted at UPI, 
15 were tested after being subjected to • combined 
series of mechanical and thermal environment.. There 
were no failures in thw group of units. 

Functional proof testing of the War Reserve (WR) 
final design MC36« "'88 lucceufuUy completed at 
UPI. Ten WR Meas«. and lIix trainen were ahipped 
to SNLA. No-rue aenaitivity teats verified. ' that the 
1.0-A requiremellt ia met. 

The action items related to the Mea&« develop­
ment program are described at the end of thia report. 
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MC3644 Detonator 
Status Report for the Period 

October 30, 1981 

Introduction 
The MC3644 detonator (part number 318493) ia 

being developed for use in the Parachute Deployment 
System (POS) of the B83 weapon. The axial detonator 
output will side-initiate lO-graina/ft heunitro.tilbene 
aluminum-sheath mild detonating fuze (HNS-llA 
ALMDF).' The force generated by the detonating 
HNS-UA ALMDF ejects the deployment cover aMem­
bly that, in turn, deploys the B83 parachute. Two 
MC3644s will be used in each weapon. A typical 
detonator/mild detonating fuse (MDF) auembly is 
illustrated in Figure 1. The MC3644 development 
activities are being conducted at Sandia National 
Laboratories, Albuquerque (SNLA) and at UPI under 
Contract 61-3840 

Flgur. 1. Typical MC36f4!HNS·J!A ALMDF Assembly 

The MC3644 is a deflagration-to-detonation tran­
sition (DDT) detonator using the explosive 2-(5-cyan­
otetr~zolato) pentaamminecobalt (III) perchlorate, 

which is .... ien-ted CP. The IJD ..... • .'pIa£lJ,. 
properti.,' thermal ~ 4 ipition. aDd .-e-
t"",tat.:oonaitmty ___ .. pa.;o,r 
in relation to the ckwL.··......t of ~ DDt' ~ 
nents. A lilt of thMe comptMIM"U • provided iD AP­
pendix A. A list of report. and J"ee(JUttM IRe mm'" 
in Etefer~ ~. 

Two versions of the MC3&U are beiDt developed 
in parallel activitiee. Tbe developmeut teIt.iac 01. 
interim design (Figures 2 aDd 3) ... completed at 
UPI. This version will be uaed in ~ devel0p­
ment te&ting until the war :'eeerVe (WR) version be­
comes available. The interim deaiBn C'f'MMiet. of three 
subasAembliea. The output subMaembly, which it 
common to both versions. iDdudes the DDT and 
output chargee. The. 6.2-mm-1ong DDT column COII­

sists of 0:.)72 g of CP pf!llled. in four equal lDCiemeute 
to a density of 1.5 Mg/mJ • Two incrementa or cp 
(0.037 g total) are preeaed. to a density of 1.75 Mg/mJ 
in the output pellet. The ootput pellet length is 2.54 
mm. The ignitor used in the interim MC36« is in 
production at UPI for the MC3423 detonator.' The 
proven functional characteristics of this ignitor meet 
the requirements of the 883 program. The ignitor is 
laser-welded into the output subaaaembly. The elec­
trical header is used to adapt the ignitor pigtail ~ 
to the SA2052 connector on the system electrical 
cable. The pilUl in the electrical header are hollow and 
act as the receptacle f<lr the ignitor leads. The leads 
are wldered to the header pins. Four laser welds are 
required to complete the assembly. 

The WR version (Figure 4) is diSCU88ed later in 
this report. A list or drawings defining the Me3&« 
WR is included in Appendix B. The design re<tui.re­
menta are included in Appendix C. 
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Figure 2. Cutaway of MCas.4 lD 

Figute 3. MC3644 ID 

L '_ ... ·.~" ... w=:sl 
Figure 4. MC3644 WR Detonator 
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o.oeo. CI" 
UOMl'.r 

0 .0.,..(7 
1.60 Mg/ m" 

MC3644 ID FunctIc)MI 
C"act~ 

The ipitioo aDd ..t.ty c~ 01 the 
MC3M4m ... denw-•• tecliDtbe",L4 srttJI" 
the MC3423 detonator.'"' The co.""" ipitor ..... 
output cbaract:.eriIti were t.-.d _ ,.n at tbe 
MC30W4 ID d ............. elforL 

ignition a-acterlllllcs 
The MC30W4 ID ipit« (MC3423) ..... .u.p 

O.051-m.m-diameter Topbet A bridpwue Mlietaace 
welded to 1.02-mm.-diameter Kovar piDL The pill 
spacing !s 1.<&0 mm.. The wire it kKJped to Khieve 
sufficient length for. LO-ohm bridpwin. Two 18-l1li 
incrementa of CP are prated 0Dt0 the wire at • 
density of 1.75 Mg/mJ at 276 MPL 

The all-fire and. no-rtre cbaracteristicI for thiI: 
design were determined by forty-unit Bruceton Ie'mi­
tivity tats run at .....!)4.°C and ambient tempenture. 
respectively.' The resulting reliability statements are 
summarized below. 

AJI-FIre at -M"C 
Fifty.percent threshold: 2.21 A with a st.andard 

deviation of 0.038 A. 
Ninety-live-percent confidence atatement: 999 in 

1000 wiU fire at 2.41 A. 

No-Flre at Ambient Temperature 
Fifty-percent threshold: 1.46 A with a standard 

deviation of 0.064 A. 
Ninety-live-percent confidence statement: only 1 

in 1000 will fire at 1.14 A. 

Electrostatic DIscharge 
Sensitivity (ESO) 

ESD protection for the MC3644- ]0 is achieved 
through the use of a O.25-mm-wide spark gap between 
the electrical leads and the case of the ignitor. Devel­
opment ESD test results for the MC3423 have been 
reported.1 Over 200 loaded ignitors were tested with­
out a firing to the 2O-kV 6OO-pf 5OO-ohm requirement. 

Feasibility Test ResuHs 
The feasibility of using a CP-DDT detonator to 

initiate the HNS-IIA ALMDF in the 883 application 
was demonstrated at UPI in a series of test firings at 
_55°C, ambient, and 130°C. Ten MC3644 IDs were 
fabricated and assembled with HNS-I1A ALMDF into 



.... t fixtUftll detiped to limulate the B83 barthraN 
conr""",tion (Floun 6). Tho cIooip _ • 1.3-
m.m. air gap between the detonator aDd the HNS-UA 
ALMDF. Three Ulembu. were CODditioaed .t MCh. 
of the three tempentunl for a minimum of 2 b. One 
detonator hu not been teIted. 

The .Ioctrothermal .......... (ETR) data r ...... 
group or detonaton are IUIIlDW'ized in TabJe I. Telt 
fire results at each temperature are Jiven in Table 2. 
The teet current was 5.0 A from a coutant current 
source. 

-.-

FIgUt'. 5. Test Fi:dure Aa&embly 

Thoical .... _(tJ_iD.,.,_ ....... 
1atod_bri<!p __ '_"""~_60_ 
of the CaIcuWor CoatroIIect nu. 8s 1 r Jl (aa)' 
UAI&38 at UPL n. ed:vIat' .... it ..... CIa • 

btidpwih u.nul .... wIaicIt ..... * to ... .. 
~_t,pIeoDJ_ .... It"''''60'''' 
,ive pll 11:1 OIl till hr4' Ahe. ID thio poop "'_ 60 _lilt. '1100 IlIiif 10 
I ..... _ .... ___ .'l'wop PM 
explanationa are &hat the a.ca:.nd: .............. 
or that the model it DOtwwitiweDOQlla to tJ.e ...... 
chaqel ill MidpAiN ftlliet-nce which ~ oc:e:ar 
at ignition of the upIoUve. TIlit atllDlric* ...... Iy iI 
being inveetip.ted. 

T_ 1_ ETR Dm -.ry oI_U .. 
F •• .-, T_ 

.... l.-Iod PIooI 
8ridpwire Ipitcw AM _bIy 

Average {JlWrC) 
Standard deviation (pwrC) 
Range ("WrC) 
Number teated 

800.' 
21.8 
ffI 
10 

\li3(Q I""'" 
... 1000 

.... 6821 
10 10 

Table 2_ 1IC3844 ID F .... bIHty T •• t-Flr. R.lult. 

Ignition Bridgewire Function 
Temp. Serial Time (11) Open Time t," .," Gamma·· 

Shot (·C) No. (.-) (.-) 1J:a) 1J:a) (,..) (.WIK) 

I Ambient 19 621 6.8 7.6 15000 
2 Ambient 16 660 700 6(1 7.2 7.2 16000 
3 Ambient 11 64<) 680 627 7.0 7.1 16000 , -55 10 750 780 731 7.2 7.2 17000 
5 -55 12 730 770 711 7.1 7.1 16000 
6t -55 I' 730 770 702 10000 
7 130 13 550 580 529 7.2 7.1 15000 
8 130 1l 550 590 526 7.2 7.2 15000 
9 130 15 550 600 527 7.2 8.5 13000 

*Transit time in HNS-IiA ALMDF 
uGamma arter temperature conditioning 
tNo MDF detonation 

II 



The timel tl and t, are the elapled time from 
shock anival at the time-of-arrival detectol' (TOAD) 
(Figure 5) to the arrival of the detonation wave .t t.be 
end of the HNS-IIA ALMDF. Thia ... the lint 
attempt to meuure detonation traoait time in the 
HNS-JIA ALMDF alter impKt of the detonator cl0-
sure disc. The procram ,0&1 is to initiate ft Jenctb o! 
HNS·11A ALMDF with each MC36« "'"""'- Once the 
~hnique is developed, the timM t" and it sboukl rive 
an indication of bow uniformly the detonation is 
developing in the tide-initiated HNS-IIA ALMDF. 

The transit time hal been calculated \aline. veloc­
ity of detonation for HNS-IIA ALMDF of 6.5 km/f 
and a shock velocity in aluminum of 6.0 bD/ •. For the 
purp08e of this calculation, it wu IlMUDled thatdeton­
tion occurred immediately inside the aluminum 
sheath, i.e., zero run diltance to detonation, and that 
it occurred either on the detonator dis or at the edge 
of the c108ure disc. Th~ calculated transit time, is 7.11 
to 7.52~, depending on the origin of detonation, and 
taking into account the transit time from point of 
detonation to the TOAD. 

With the eKception of Shot 6, the HNS-IJA 
ALMDF detonated in each shot. An aluminum wit­
ness block wns used to determine if the HNS-IIA 
ALMDF detonated. Additional evaluation of this 
technique will be required before a specification can 
be established and before the 8.5-J'S time in Shot 9 
should be considered a problem. 

It has been determined that the CP in detonator 
14 (Shot 6) failed to grow to detonation. The investi­
gation into this failure is discussed later in this report. 

MC3644 10 System Vibration Test 
Two deployment covers with two MC3644 IDs 

each were subjected at room temperature to a simulat­
ed sled-track random-vibration environment. The 
sled ~track environment is an overtest for the system, 
but It was used because some parachute testing is done 
on the sled track. Subsequent to vibration, the deploy­
ment covers were assembled to a static test stand and 
fired. The deployment velocity of each cover was 
measured. The fire -pulse current was applied to only 
one detonator in each test. In test I, the second 
detc\1ator was sympathetically initiated by the HNS­
Ii A ALMDF. The second detonator in test 2 (unit 61 
Shot 3, Table 2) was removed from the cover and 
tested in a separate fixtUre. A short length of HNS-IIA 
ALMDF was initiated succesa{ully, but an instrum~n­
tation problem erased the data. 

E'fR measurements were made on each detonator 
before and after vibration. The data are given in Table 
3. Un ; ~s 28 and 56 were subjected to two cycles of 

I' 

vibr.tioa.. DepkJyJDent tMnMIka ....... ia T .... 
4. The rue- ill pnnN! ...... &han oae woaW ..... 
and io probobIyd .. '" cIift"_ bo", _ ...,. 
proced .... 

MC3e44 II) Proof T..t H ...... 
Fifte8a MC3&U IDa were a I 'ibled aDd wbject­

ed to ~ ClOIIIbiDed _virna ....... 01 thermal -.a. 
""",honicaI oboek, and .i1._ (Appendix C) • 
outlined in PS318493 .... A. The UDit. were tubject-
eel to the mechanical sLuL --..I ...:~- • MJUl;a __ • ___ '''lI0II-
menta at room totm .... ture. The UDitII .... fired ill 
the fis:tUl'fll abown iD Ficure 6. The effeet of the 
environment. on the CP/bridpwire iIltert.oe _ de­
termined by ETa te.tiar is aumawiIed in Table 6. 
The d.trud.ive tell data 8ft! ItlIIUIIaI'izMl ill Table 8. 
~ raw telt data are iDduded in Appendix D. The 
tUDee tl and ts in Table 6 are the eIap.ed tm.e. from 
TOAD output to switch cbure .t MCb eDd 01 the 
HNS·11A ALMDF (Fiowo 61. W;th ............... tho 
data in channel 2 (tJ .verap 17 D8 Ioapr. This 
characteristic b.u peniated since the.tart of the pr0-

gram. The cauae remaina to be determined. The HNS­
IIA ALMDF hu rU9d .. u.cactorily m 29 MC3644 ID 
testa at UPI. 

A summary of ETR data at MCh _mbly atep is 
included in Table 7. ETR meaurementa were made of 
two small group of detonaton (_rial DOL 7~79 and. 
90-107) to determine if the finalaeeembly 'M!1d of the 
connector and the soldering of the connector pins 
affected the unit quality. The limi.ted data indicate 
there is no effect. 

Table 3. Electrothermal Ra....,n .. Data 
lor IIC3844 ID S",tam Random VlbraUon 
T.lt, 

Serial 
No. 

18 
28 
56 
61 

Average 
Standard 
Deviation 

-

Ignitor 
Only 

14,000 
13,000 
10,000 
9,000 

12,000 
3,000 

Aile, 
Weld 

16,000 
13,000 
10,000 
9,00(1 

12,(M)() 
3,000 

After 
Shipping 

15,000 
14,000 
10,000 
9.000 

12,000 
3,000 

After 
Vibration 

15,000 
12,000 
10,000 
9,000 

12,000 
2,000 



:' 
Table 4. Sblile Deplo,_"t Te.t A_ 

Bridgewire 
Resistance BW Fu.. Cover 
at Ignition Ignition upon ","lion MoWn· Velocity 

Shot Unit (~La18) Time (,.a) (,.a) Energy (mJ) <.0) (mi.) 

1 56 1.07 600 6<U 13.6 860/810 23.8 
2 18 1.03 6<0 700 15.9 980/860 21.3 
3 61 ND ND ND 

·First motion is the elapsed time from the leading edge of the fire puhe to the time tbe ...... pia 
retaining the cover began to shear. The times recorded wtlre monitored li!O" apert, .t;.ceut to the 
detoDII.tor mounting holes. The early time 'NIlS recorded adjacent to the fired detonator. 

Table 5. MC3644 ID Combined EII.lrollment T .. t _ EIectr_ 
R •• pon •• Data 

Before After Thermal Mter Mechanical After 
Environment Shock Shock Vibration 

Number of units 15 15 15 15 
Gamma*("W/QC) 

Average 17000 16000 15000 15000 
Standard Deviation 3000 2000 3000 3000 
Minimum 10000 12000 9000 9000 
Maximum 22000 20000 19000 19000 

Bridgewire Resistance (ohm) 
Average 1.004 1.092 1.053 1.051 
Standard Deviation 0.024 0.04 0.023 0.021 
Minimum 0.971 1.035 1.011 1.008 
Maximum 1.048 1.204 1.113 1.091 

Theta (QC) 
Average 29.9 35.0 36." 36.7 
Standard Deviation 7.8 5." 8.6 8.6 
Minimum 22.2 26.4 27.3 26.8 
lI.bximum 49.8 47.0 58.5 59.3 

'Values arc rounded off to be consistent with lin expected error of approximately 800 in standard 
deviation. 



TIIIIIe e. .........., of·1IIC3e44 Proof TNt Data An.. Canl.lnl. 
I!nvtromnenla 

Number of T.t ~ Eo .. ~ II, t, .. 
Unita Temperature (,00) (aW) (,00) (,00) (oIIm) (,00) (,00) 

5 Ambient 
A ....... 628 15.8 7S2 6:W US 6.84 7.01 
SWldud Dev. 50 0.76 82 <6 0.06 0.07 0.07 

5 -Moe 
A ...... 760 19.9 1404 757 1.19 6.82 7.11 
SWIdud Dev. 87 2.l 6<6 86 0.02 0.07 0.03 

5 !J2°C 
Average S22 1U 900 525 1.22 7.00 7.08 
Standard Dev. 35 1.17 403 40 0.03 0.23 0.12 

5 Ambient Control 
Average 588 15.2 882 584 1.17 6.91 7.12 
Standard Dev. 8 .• 0.21 205 15.2 0.02 0.07 0.06 

Notes: 
It - Ignition time 

E; - Ignition enersY 
t .. _ Bridgewire break time 
It - Function time: leading edge of pulse to TOAD output 
~ - Bridgewire reei.tanee at ignition 

t l and 4 _ Trans..it times in HNS-IIA ALMDF 



T.w.7. ......" of 11C3144 IJ ~b~"""'" r .... 7. (coot/ 
AMPNMO ... 

"'-G_ ...... .. ..- 0-
BoriaI .. ...... """"'" I~T.ad ..- (-.J ('CI c,.w/'Cl · 

Item. Tilted -"" ( .... ) (0e) f/£WrC) 1bpbIw8u kr 'IJ ...... .............. .0-38 M_ CI.I07 .U .-...... ..... .... ... Mil - ..., ILT -MiDiatwa 0.171 .... ... ......... UI7I TI.I ..... -- ..... "liD 710 ......... "". ..... fA .... 
.......... ""'. 0.0 .. ... .. NuaaberTIIted 77 77 77 
Numbec TIt&ed ,. 

" 29 o...:-torSub Ny 70-71 
Bare BricIpwirI .... '" ..... ..... ... .-..... 0 .... 9'7.' ... MiaiIIu.mt 0JI27 • 'U , .... 

MinimUlD 0 .... 73.0 ... .... -... 1.10 .TA .--- 1.062 ..... 800 ........ "". .... ... . ... 
StaDdatd Dev. 0 .... ••• .. N ___ T ..... • • 8 
Number T.ud .. ., ., Detoaator SilL Ny ""07 
BareB~ 99-137 ...... .- .... .-M- o .... 9'7.' ... MinilllWil !D'. .... ..... 

MiDiroUlD ~926 TID 530 -- '.D'!' TID .-...... - • .D27 121.2 610 StaDdanl [)ey. ...., .... -Standard Dev. 0.025 11.0 70 NWilberT .... • • • 
Number T.ted 39 '" 39 

Lo.ded Jpitor 10-38 ...... 1.011 23 .• .-Minimum 0.939 20.8 .--- ..... 27." .-St.ancanI Dev. 0.038 1$ 1100 When tested at room temperature after e:qM)8Ul'e 
Number T.uod '" 29 29 to combined environments unit 108 exhibited a high 

l.-ded Ipitor 25-37 bridgewir~ resistance after thermal shock (Table 8). ...... '.1122 26.0 14"'" 
Minimum ...., 23 .• 12100 
Mu.iIl1UID 1.075 28.2 15900 
SlaDdani Om'. 0.033 1.7 1100 TabieB. Brldgewlre _t.nce HIetory Of NumberT __ 12 12 12 

Unit 108 Lo.ded Ipitor ,..98 ...... 0.961 26 .• 13500 
MinUaum 0_ 17.7 .... Date Resistance ...... - .. .,. &2.0 19000 Assembly Stage Reconled (0 .... ) ......... ""'. 0.043 7.7 3000 
Number Telted 62 62 .2 Bare Wire 5/5/81 0.99'1 

Loaded. Ignitor 99-137 Ignitor 6/8/81 0.996 
M_ 0.997 26.0 I .... Explosive Subassembly 6/ll/81 1.005 
MiDiJaUlD 0.961 15.3 7000 After Thermal Shock 7/27/81 1.204 
Mu.imllll1 1.026 54.' 23000 

After Mechanical Shock 7/'JIJ/81 1.058 Standard Dev. 0.020 ••• .... 
Number Tated 39 39 39 After Vibration 8/3/81 1.059 

&.pkllive Su~mbly iO-19 
M~ 1.018 32.5 16000 
Minimum 0.967 28.' IDODO 

The resistance readings will normally increase at. Muil1lll.m 1.073 .... 17000 
Standard Dev. 0.0« ' .3 l!OOO the exploeive subassembly stage due to the increased 
Number Tested 10 10 10 lead length required to attach the connector. The 

ExplOAive SubaMelllbly 20·79 resistance after thermal shock is higher than expected 
M~ 1.009 36.3 I .... and may reflect a damaged bridgewii'e or a poor 
MinilllUlD O.SII 25.7 .... 
W..a:llim1Jll1 1.083 59.' I .... bridge wire weld. The unit had a comparatively short 
Sw,dard Dev. 0.056 9.' 3000 ignition time compared to units in the ambient group, 
Number Tested 13 13 13 which might suggest a "hot spot" in the wire due to 
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damage. The open time for this unit ~ with the 
other unite in the group. The weld pl'OCMl Ibould be 
reviewed. 

Detonator Output Studl .. 
The MC3&« ha.I a l~mm standoff from. the HNS­

IIA ALMDF in the nextasaembly. Tbepurpoeeofthe 
gap is twofold: 

1. It prevents any low-level preabock which orig­
inates in the DDT column and traveJa througb 
the steel body ahead. of the detonation from 
entering the HNS-IIA ALMD[i', compreaaing 
the HNS-UA ALMDF core and thereby de­
creasing its sensitivity. Computer modeling 
by J. Harlan baa shown that ptelbock exiata 
and that it win arrive in the HNS-IJA 
ALMDF ahead of the main detonation wave. 
The preshock amplitude is approximately 0.5 
to 0.8 GP •. The exact effect of preshock on the 
HNS-I1A ALMOF detonation &enaitivity is 
not understood. The approach is to isolate the 
detonator to prevent preshock. 

2. The 10-grain/ft HNS-IIA ALMDF is large 
enough in terms of eJ:ploeive diameter to be 
side-initiated through its aluminum sheath. 
However, the sheath is not strong enough to 
support forces imposed by the detonator in 
contact with it for 20 yr. Tolerances in the 
assembly would not allow a zero-standoff 
zero-contact assembly. 

Therefore, the assembly was designed to hold the 
detonator 1.0 mm above the HNS-IIA ALMDF and to 
use the detonator steel cloeure disc 88 a flying plate to 
initiate detonation in the HNS-IIA ALMDF. The 
pressure threshold for HNS-lIA ALMDF' and for 
other explosives,lo is dependent on particle size, pulse 
width, density and geometry. For a 35-os pulse width, 
coarse powder requir~ a higher shock preasure at a 
given density and geometry than does fine powder. 

HNS-UA ALMDF begins as a coarse «0.5 m2/g) 
powder; however, it undergoes somewhat severe me­
chanical deformation during manufacture which 
causes the particles to break. Particle-sized meaeure­
ments by R. Jungstll indicates an order of magnitude 
s ize reduction. The effect of this size reduction on 
sens itivity, varticularly in HNS-IIA ALMDF where 
geometry would be a significant parameter, is not 
known. The availahle data indicate that the pressure 
theshold for pelletized HNS-IIA ALMDF at 1.60 Mg/ 
m~ density and a 35-ns pulse width is 8.6 GPa,1I and 
tha t this wculd appear to be the worst case. To achieve 
R6 GPa in the HNS-IIA ALMDF, the steel closure 
disc would be required to have a minimum velocity of 

1.8 Iua/ .. _ .. ;". .-- ........ Ia .... PI!.f !1 
MC36« deoip, the _ dloe Io ,o.~ !* ~, 
The _ ...... width into ... IDill'DA ALMI' 
in the MOP' _ ... kakt«I by •• > ............. q-"hi 
CSQIt:. _ thaD 30... ., 

TodetermiDetheMC3844dloe-.. .. 1.11-_ 
dWpl8C'Mll4llt •• oUlDber 01 output -+ n ,', rM" .... 
fabricated without ipi_ ~ _ iD Ihiit.i 
.. ppiy; Ihonl ... iD _ 1. 2, "'" 3 ('1'''' II .. ' 
RP87 expIodiDc ..... iN ____ to 

initiatetbeDlYI'cn'umnin&beoutpuhll'" HYto 
full d ..... tion (F .... 6). VISAR (Velocity Iioaiifo.­
ometer S}'Item fOl' An) ReOector) ~ w.e 
uaed to determiDe the m.ta.ltaDeou1 dille veIoeity. 1'tiie 
outputcbarp puuaeten.Del the r.ultaare ......... 0 

Table 9, The DDT _ "'" _ ....... "" the 
""",e diameI«. Typical VISAR dota il-..,. ;.,. 
locity and die.pl ..... nt hiI&oriM fot' m.e. 0.13 IIUII. 

and 0.25 mm thick are abown in Fipre 7. 
The ....uta for Shot 4 (Table 9) -' the 

average for three aboU in which MC31U4. 01 the WR 
venion were tested (or m.c weIocity. The diM:a 'WIeN 

0.13 mm thick. The velocity of 2.93 Iml/. c:omparea 
with that obtained in Shot 2. It doee not appeM that 
RP87 affected the di8c velocity in Shot 2. The VISAR 
velocity and diaplaoement histories for Shot .. are 
shown in Figure 8. 

The Gurney equation for ca1eulating the wIocity 
of a metal plate in an open-face IWlDdwich geometrylS 
was used to obtain an estimate of the do8ure diac 
velocity. A Gurney 'characteristic veloeity (.J2E) of 
2.41Ir.mfs1· was used for the CP output charge which 
has a density of 1.75 Mg/mJ _ The calculated velocities 
for 0.13 mm and 0.25 m.m closure di&ca were 2.84 kmJs 
and 2.19 km/s, respectively. In this calculation, the 
mass of eIpi08ive included both the output charge and 
the DOT column. When only the IWl88 of the output 
charge was considered, the calculated velocities were 
33 % lower; this indicates that the DDT column makes 
a significant contribution to the disc velocity. A com­
parison of the disc velocities of Shots 1 and 2 suggests 
that the output charge should be as long as possible. 

VISAA 

~'-f2Z~~j::::J=~~C~P Output Cherp 
RP-81 Cf> DDT 

38 mg. 1.15 Mg/ml 

Figure 6. Assembly for Closure-Disc Velocity Measure­
ment 



i , 
j 
• 
2 

! 

r 

• . 
2 

II 

r 

! • 
j 
• 
2 

... ... 

" / _,I 
/ 

/ 

n.. .. I,.' ... ..... --

!/ 
J 

V 

• 

V 

II 
/ 

V 

n...u .O..-,-.J 
• 

./ 
..... 

• 

/ 

f • : 

I 

! 
I , , 
!l 

j 

, 
j 
; 

J 

• ~ 
j 
; 

J 

! • 
j 
• 
2 

f 

I I 
-/ 

/ 

"'" ,,-
/ 

V 

~ 0.111 __ 

1 
/ 

I 
/ 

T1iIJI,e 11 •• ,., .... 

• 

/ 
/ • -

Figur.8. CIOIure-DiIc Velocity and DiJJplacement Hi.toriee: (or MC36« WR Detonator With O. 13-mm-Thick Disc 

17 



T_9 • Output Cherge p __ t.rs ..... CIoe ... DIec VelacltJ_ . t_ T __ IVeIacItJ.t 1.00IIIIII Dt.pleci ... ..., 

C ...... 
Diameter Leacth Weicht 

Shot Unit (mm) (mm) (lUI) 

1 (2 3.30 1.27 19 
2 57 3.30 2.M 38 
3 52,M 3.30 2.M 38 
( 15.13.10 3.30 2.M 38 

The VIS-AR records for Shot. (Figure 8) indieate 
that the cloeure diacs did not accelerato: as uniformly 
as did those in Shou I, 2, and 3 (Figure 7). The acale 
factors are the same in both cues. The reason for this 
difference is not understood. The intensity, contrut. 
and data traces from the VISAR recorda do not indi­
cate experiment setup, disc surface preparation, or 
computational problema. 

The effects of output charge length, DDT column 
length and density, and clOilure disc thickneee should 
be investigated further. Increasing the disc thickness 
from 0.127 to 0.254 mm would double the preeeure 
pulse width and woold be beneficial if the dlac velocity 
remained greaur than 2.0 km/ •. The calro1atedll pres­
sure pulse driven into the HNS·IIA ALMDF by a 
O.127-mm-thick disc at a velocity of 2.2 km/. is ap­
proximately 15.0 GPa. 

Flash radiography should be used to determine 
the shape and mechanical i.ttegrity of tile closure disc. 

Failure Investigation 
During feasibility testing at -34°C. one MC3644 

ID (Unit 14) failed to initiate the HNS·IlA ALMDF. 
It had been agreed that functional-rejected ignitor 
headers from the MC3423 development could be used 
for feasibility tests. Some of these functional rejects 
had hairline cracks in the ceramic substrate. P08tmor­
tern of t.he detonator by UPI showed that the DDT 
column did not grow to detonation. A comparison of 
the output body inside diameters of the failed unit 
and a successful unit is illustrated in Figure 9. 

Further investigation revealed that the ETR gam· 
rna value for the ignitor in the failed unit decreased 
from 16,000 pW/oC after loading to 10,000 pW/oC 
after the ignitor assembly was welded into the output 
body sub8.llsembly. This change in gamma IS indica· 
tive of a decoupling of the CP and bridgewire. During 
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DDT Ilioc Dioe 

Leacth Velocity '\'hicbwM 
(mm) (""".) (-) 

7.U 2.75 0.13 
5.97 2.90 0.13 
9.10 '2.06 0.25 
9.10 2.93 0.13 

the ignitor _bly. a COIIlpl'MIiw force ol489 New­
tons • applied. betWOi&i the ipdtor aod output body to 
insure contact oftbe ipitor output aDd DDT column 
input surlacea. In 8ddition to the eha:Dp in pmma, 
several ignitors which bad been bded with the fMai ­
bility unita, but DOt uaed, 'Mlft fouad to haw a COIl­

taminant on the CP. 'I'Iu. contamjuni __ .Iilic::on 
greoe which wu ueed to ... the CXMl'I'I of deeiccated 
containers. How theee· unita became contaminated. 
with this creue • not knotm. 

Table 10 sUl'lllDaf'ize8 a Ilene. of 16 teat firinp 
conducted in an effort to dUplicate the failure. Varioua 
poaaible failure mecbaniama were incorporated into 
the units. Theee included 

• Cracked headers 
• COntaminantS such as ~ter, silicon greaae, 

and isopropyl alcohol in the CP 
• Excess free volume 
• Output bodies without cl08we disc 

Except for the contaminants, theee failure mecha­
nisms were intendNi to.how theta sudden decrease in 
pressure at the ignitorIDOT column interface may 
have been the cause of the failure. All or these units 
we1"e fired successfully. The e.J:ce88 free volume test in 
which a small hole is drillei:l into the side of the ignitor 
has not been performed. 

It is still felt that a cracked header was the cause 
of the failure. The 10,000 IlW/oC gamma, per &e, is not 
sufficient to cauae the failure. CP detonators with 
gammas as low as 3000 have fired. Howe"er, if the 
decrease in gamma was caU8ed. by a crarked header 
which failed structurally at assembly, it is possible 
thAt complete failure occurred shortly after ignition­
dropping the pressure behind the burn front and 
extinguishing the reaction. The isopropyl alcohol con­
taminant caused the CP to swell and made the units 
totally unusable. The cause of this failure should be 
determined to aid in future header designs intended 
for use in DDT deviceR. 



F ..... CompatiM>n of Fired and r.iled MC'.,3&U m Detoaatcn 

T.ble 10. MC3844 10 F ...... An-'Y* TMt DN 

Bridgewire Function Bridr ...... 
Camma Resisianct! Time B..u 

Test Serial (.WI"C) (ohm) ( ... ) (Id) c...m.n .. 
Cracked Headel'll 

1 11 15500 0.95 ~ 1~ Teeted .t -55-C. 
2 18 18600 !.l6 823 720 Fired bich order .. 
3 19 17-400 0.990 128 730 determiDed ~y ,. 

Crease Contaminant ray and visual ex· 

1 16 14500 1.019 570 600 amiflllUon of DDT 
2 15 15300 1.048 600 650 column metal ex· 

Water Contaminant ..".;on. 

3 12 14900 0.968 650 100 
4 10 15800 0.979 660 100 
5 11 15900 1.079 600 

No Closure Disc 
1 85 14000' 1.00 656 660 
2 86 7100 1.08 419 4SO 
3 81 14200 1.05 623 620 

10 Cycles Thermal Shock: - 5S°C to 132°C. 
1 22 15300 1.128" 610 980 Tested. at -65°C 
2 23 15000 1.087 610 1010 Fi.-.d HNS·IIA 
3 21 16200 1.124 650 12490 ALMDF. 
4 24 13200 !.l35 640 610 
5 20 16200 !.l08 650 650 

· 'gnil 'lr stage 
··'ncludes cable resistance 
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MC3644 WR Detonator 
The major difference betweeD the interim aDd 

WR or final d~ign MC3&U is the tae.der (FicuN "). 
The number of piecea hal been reduced. rrom three to 
two, the number of .-embly bondint: .. from four 
Mid. plus one aoIder COIlIWldioD to three weIcIII (DOt 
including the bridgewire weld). The ip:itpr aDd. eJec­
trical1eada are in one put. 'rb;e t: .... "trieal CODDeCtot. 
machined teparat.ely to reduce the cmt of brnechi,. 
the inside grOOVf!l. TlliIa alao IboukI reduce the CCl.t of 
the brazed header. 

Header and ignitor DesIgn and 
Development Status 

The ceramic header is being manufactured by 
VELER. Iru:. Santa Clara. California. on Contract 61-
GB17. T he header and electrical sheUa are fabricated 
from Kovar. The ceramic is supplied by Mound Lab­
oratory in the bisque state. Co~Dta made by 
VELER indicate that the Diamonite ceramic pro­
duces a better header than other ceramics because the 
chromium in the Diarnonite ceramic gives better met. 
allizing adhesion. The Mound bisque is iaoetaticaily 
pressed. and as a result the shrinkage is leas and more 
uniform. The fact that VELER can machine the 
bisque is an advantage in that they have better control 
over the parts. EquaUy important, the lead times for 
procuring ceramic parts for metallizing is col18idera­
bly less-6 to a wk from the bisque stage 88 compared 
to 15 to 20 wk from other BOurces. 

The fabrication pr0<:e88 involves core-drilling 
blanks from the bisque stock. At the present time. the 
percentage of waste is high; it would be reduced. if the 
bisque bar diameter were increased to 38.1 mm. 

Six headers were subjected toa 276 MPa (40k psi) 
loading test. Subsequently, the headers were cleaned 
and se<:tioned; no cracks were found and no significant 
voids were founrl in the braze joints. 

UPI has completed hridgewire, connector assem­
bly. and header-to-output body weld studies and load­
ing studies on the new header. 

The CP explosive is loaded into the header in two 
parts of 17.5 mg each. The first part is loaded at 276 
MPa (40k psi) and the second at 69 MPa (lOll. psi). 

Forty ignitors were assembled for subsequent 
testing and delivery to SNLA. The ETR data recorded 
at three stages of assembly are summarized in Table 
11. The gamma values a re 29 % higher than for the 
interim units in Table 1. Six trainers and ten MC3644 
WR detonators have been shipped to SNLA for use in 
ITU system test series. 
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TeIIIe 11. ~ .. " •••••• T,... 
" ...... _ D ... la ...... Lot A of_II[, •• '. 
WI! DeIoII.al40 

a.. 
P..- IIridee frio« FiaoI 

Bridco P . , ..... (oIJ.I) 

A_ O.r UI03 l.OOI 
MiniMl1lD 0.111 0_ o.N2 
)«4.i-UIII 1,0lI0 U162 1.0118 
SW>dud Dmotioo 0'- o.o.n o.o.n 
NumberT".ed 39 31 31 

G ....... (pwrC) 
Averop 880 21,000 21,liOO 
Minimum 710 16.600 15,800 
Maximum 1180 26.100 26.700 
SW>dud DeviaUoa 90 2,500 2,600 
Number TflIted 39 31 31 

ignitor No-Flre Sen8itlMty 
The .wo. 100"""'. aDd ... _ mdudiao< the 

bridgewire dfllicn.· at" pl.t.terned after the MC3423 
Detonator for which ignitiou and no-fire 1MIBitivitie. 
have been delDODltrated and reported. Since the DO­

fire sensitivity is very crucial in the MC3644 applica­
t ion, a 10-unit Lanclie eenaitivity tell ... completed 
to verify that DO change in aenaitivity w oocurred.. 
ASENT computer program analysis abows that . 95% 
confidence level, 1 unit in 1000 would be e:r.pected to 
fire at 1.28 A_ The 50% thre8hold waa 1.46 A with • 
standard deviation ol 0.228 A. The reaults show that 
no signirlcant changes have occurred and that the DO­

fire requirement or 1.0 A can be met easily. A proba­
bility plot of the no-fire test results is included in 
Figure 10. 

Functional Proof Test 
Nine WR design detonators were Il88embled and 

subjected to 10 consecutive cycles of t hermal shock 
from - MoC to 132°C. The units were held at each 
temperature for 2 h. ETR and electrostatic suscepti­
bility tests \"~re completed before temperature condi· 
tioning. 1:!."Tn. testa also were done following tempera· 
ture con:litioning. T he nine units were Il88embled into 
8 fixture with HNS-llA ALMOF and test tired at 
- MoC, room temperature, and 100°C-three units at 
each temperature, respectively. 

·Alumina ceramic charge holder 3.05 mm deep 'I 3.05 mm 
diameter; 0.051 mm diameter Tophet A bridgewire 



... .-­_.-......... -.-- -- '-'--: 
u _ ._ . __ ':'. :': '.::~:=.: : :: : :: __ ._._ 
u __ ._ · -_ · _.--.--_. _. 
U#,_' 

•• 
•••• __ ... _H .......... I 2"'0.z'" 

Fit ... 10. No-Fire Probability Curvet; for MC3&U 

The pretbennaJ Md poattbermaillhock ETR data 
for the nine wit. is summarized in Table 12. AA • 
result of temperature conditioninl. the average value 
ror gamma decreued. 23%; there ... a COITeIpODding 
increue of 40% in the .tandard. deviation. The range 
in gamma values incn:.ued. from 9.000 to 12,9O!O. [t is 
not clear that this change was due to the temperature 
conditioninc. The nine units were run through the 
ETR test twice after thermal conditioning . . The rtl"8t 
time the average gamma was greater than 30,000, 
which is not realistic. The average in Table 12 ia the 
result of the second run, which was done 24 h later. 
The raw ErR data is being reviewed by UPI (or 
possible test procedure problelll.8. 

Tab .. 12. Pr.thermal and Poetthenul Shock 
for Electrothermal Anpon .. Dab for MC3844 • 
WR Functional Proof TNt 

Standard 
Parameter Average Dev. Minimum Maximum 

Bridge Resistance (ohm) 
Prethermal 
Shocir 1.012 O.(}f2 0.977 1.057 
P' .... u nermal 
S,,",k l.013 0.043 0.950 1.064 
" E' hange 0 0 - 27 + 0.06 

Gamma (~WrC) 

P rnhermal 
S,,",k 22000 3000 16000 25000 
PO!'t ti':ermal 
Sh.x:k 17000 '000 12000 25000 
" !'h:mge -23 + 40.7 - 21.9 + 1.96 

The _ far JoiC3I44ID'" dolo • &A~ 
____ (ToIIIo 51 ... 14.1% __ 

.....nicAl eboc:k ad ftbratica 
The __ lbedoia_p..iDT_ 

13. The doia _ all __ r.. doo MC3IU. 

T_13. IICI.HWII~T __ ~ 
I iW1UI Mock -1rC to larc, 10 ere'lit 

Temper­...... 
C·C) 

II, I!, .. <_, <-.I, u.) 

I.Ir 15.7 .... 
... 
u.) 

.. 
u.) 

1160 8.91 

.. 
u.) 

'l.11 
Amb 3 -------

0.02 1.1 5 210 0 ... .... 
-M°C • 1.10 .... m lUiO 8.88 7 JU - ---- --0.13 2.8 rt1 48 0.07 6..IM 

lOO·C 3 
1.10 13.5 ... 1030 .... 7.0& ----- --0.02 0.' • 120 .... 0.02 

Note: 
R. - Bridpwire ,..mce at ipitol' 

~ - I,nitioa enet'CY 
l{ '"" Function w.e 

t.., - Brictr-ire opea time 
tlot., - HNS-llA ALMDF t.ru.it time 

• Number above each line. the avenp and Dumber- beJow 
line is atandard deviation. 

There it some inureat in .tudying the relationship 
of gammas a3 measured in the ETR teAt and the 
dynamic lunctional characteristics. Figures 11 and 12 
illustrate the relationship of function time and. gamma 
for the Me3&« ID combined environment group and 
the MC364.( WR proof teat group. About the only 
conclusion one can dra. from these few data is that, 
although there is a trend toward longer times with 
higher gammu, there are also unexplainable anoma­
lies. Function time it used in this comparison becal.ll'le 
ignition time, which might give different results, is not 
being calculated correctly by the CCDS: it is calculat­
ed to be longer than the function time. In an earlier 
component (MC3095) in which titanium subhydride 
potassium perchlorate was loaded on the bridgewire 
and ceramic header. there was no correlation between 
gamma and ignition time. 

This is not to suggest that ETR nondestruct test­
ing is not of value. because it is. Bad welds. decoupled 
powder, powder and wires, and contamination of the 
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powder can be detected. The ETR data eumot be 
used to predict which unit. will haw 0. 01' abort 
function times. however. 

-

(-
-

oT ...• I , , , , I I I I I I ! I T 
'0 20 111)0 

Figure 11. MC3644 lD Function Time .. a ('unction of 
Gamma 

oT ,,',' ,. I , ~~ .. .. " • ' __ loWr Ct 

Figure 12. MC3644 WR Function Time as a Function of 
f:arnma 
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MC3M4DII" 
V .. lfIcatIon PI8n 

Deoip voriIIca_ -... at UPI will iDdude the 
folloorioc: 

o ,abricatioa 01168 uaita 

• ETR.ad B8D ....... liltiuet t.tiac 
o SID. 30 to SNLA 

Perform the follooriac -.. ... to: 
o 20 uaita IADpIy .. -fiN 
• 63 unitt all.fin ..... i= anaJ:y.iI 
• Subject 46 unite to combiaed. environmentt pM' 

PS318493 ODd D-_lli_ at ..... _-
two, --M°C, ODd lOO"C, ......... Iy 

Mo.t of the hardware fOl' uu. MrieI of teata it on .bmd.. 

Deliveries and Schedules 
DeIIY __ 

Delivery of unit. to meet syatem test needs is on 
schedule. Fifty MC36« IDe were received from UPI. 
Ten additional MC36« IDs have been oniered. The 
MCa&« ID baa been deeignatAd for \lie in the Bomb 
Teet Unit (BTU) and Parachute I>evelopment Unit 
(PDU). 

Ten MC36« w,l detonators were received along 
with aiz trainers. Tbeae units have been designated for 
UlIe in the FTU teet program only. 

Schedules 
The development and Phue II production activi­

tiee at UPI are def'med by PERT Network NO 318493. 
A summary of these activity peg points is shown in 
Figure 13. The development program is on schedule. 

Action Items 
The devp.lopment program at UPI is presently on 

schedule; however. the following items will require 
timely attention to maintain the schedule for first 

. production unit delivery in March 1983. 

• An Advance Engineering Release (AER) for 
the det~nator should be issued aa soon as UPI 
has auembled the design verification lot. An 
AER for the header bas been issued . 

• The drawings should be transferred to Mound 
• The velocities of the 0.13- and O.25-mm closure 

discs must be determined. The closure disc 



th_1houId be eh.oDpd to 0.26 ............ 
vidod the velocity io hicb .nouch. 

• The .ffoeta of DDT column \oucth """ _ty 
and output column lenph on diM: ... Iocity 
should be evaluated. 

• The calculation of icnition time by CCDS ill not 
correct. The icnition model needI to be re­
viewed. 

• The ETR teat procedure Ihould be evaluated. 
The gamma valu. obtained for _liven unit at 
different tim. are varyins over unreaJDtic 
rangel!. 

• The cause for the failure (dilcueled earlier) 
should be detennined. 

• Test fi:lturel and inatrumentation need to be 
defined and procured for production lot accep­
tance teatina of the MC3644 at UPI. 

• The bridgewire welding proceu at UPI .bould 
be reviewed. to eliminate JX*ible bridpwire 
damage. 

BTU MC3132 

DTU MC3132 

POll MC3132 

MTU MCH44 

LTU MCH44 

FTU MC3 .... ... MCH44 

MC3144 (Interim) 

1 

Ref .. encet 
lAo It JemIw-, ~ of. 11.,. DdmtCi .. 

Flue AaMMlIIy. SANDel·2IIO ~..: .......... 
tioDal ~ to'" pION! t '). 

Ow . ......... J . W. r-_ .... J. Q. .... 
"_"'2-(~)_.' . ' C. 
bUt (W) ~ .... CP . ... V.lnil( ... . neon" 
AppIic __ - Am.. N . Pnp. "-- ...... ~ .. 
p.o,..; .. __ NM. ........ 7 •• 171. 

3M.L.~_J.L.'" rl' ... -st.t.oIdtit 
o...elopawatol2-(~) IWta·A_b, Co­
bolt (m) p..........., ... DDT...-," __ ..... 
enth Jnt.enMtionel Pymwh", 8=;:. Vail, CO, JuI)I' 14-
18. 1980. 

.J.Q._ .... K. L. __ n. ThmoooI-....... 
.itwn 0/ 1M NftJ BIlpk»iue J-(s-c)1lllOtd~) Pmta­
Ammine-Cobolt (III) PnrItlonJu. 8AND'18-OM6 (AIbu. 
querque: Sodia Labora&oria. AupIIt 1978). 

5[HwlopIMtU Tat Ikpon on tM JlC3423. UP] D'J'R. 
1.1.8, Coatnc:t 13-3148, (Pboe.nis: U~ 
inc. 23 JUDe 1980). 

1 
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APPENDIX A 

DDT Detonator. In Production 

Detonator 

MC3196A 
MC3423 
MC3533 
MC3608 
MC3614 

861-3, -4; W85 
W80 
Development completed; canc:elled 
W79 
WS< 
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APPENDlXB 

Hardware. and Assembly Drawings 
for War Reserve MC3644 

No. Title . Dwr No. 

I MC36« 31_ 
IA MC36«TRA 3l1WlU 

II Detonator AMembly 346212 
III Output ~mbly 346211 
IV Body~bly 346210 

Body Output 346209 
Diac 3453IU 

V Icnitor 346234 
VI Header Auembly, Bridged :w6208 

Bridge 345354 
VII Header AMembly 346207 

Connector Shell 346206 
VIII Header 3461/19 

Shell 346107 
Inaert, Ceramic 3461/14 
Inaert. Metallized 346105 
Pin • . \it 346102 
Pin, Fow8l'd 346103 
Insert, Aasembly 346106 
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APPENDIX C 

MC36# DesIgn Requirements 

All-Fire Current 
Current Duration 
No-Fire 
Electroatatic DiAcharge 
Capability 

Pin to Case bolation 
Temperature 
Thermal Cycle 
Mechanical Sno..'\. 
Vibration 

5.0 A at -OS°e 
7.5 DlI 

1.0 A. 5 min at room temperature 
20 kV. 600 pF. 
500 ohms 
> 10-.' Mn at 500 Vdc 
--55° k lOO·C 
10 Cyclt'8, -550 to lOOOC 
390.0 m/J2, 1.5 to 2.0 ma, 1/2 aiDe 
Sinueoidal. 98 mls!, 26 to 2000 Hz, 7.6 
mm double amplitude 

Initiate 10 grain per foot. HNS-IlA ALMDF. 
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APPENDIX 0 

MC3644 10 D-Test After Combined Environments· 
. 

TOAD TOAD to TOAD to Calc:u.laled Bridp Irn!""" ......... MOP TiIIM MD'TImo 
Firina Function Foil SW 1 FoilSW 2 lp.itioo 000· """'" ,tqnitkm t , ~ 

Tnl Serial T,mperltur, Timtl ~) c..) c.., Tillli <1-) c..) (mJ) ( ..... ) c..) c..) 
100 Ambient 667.6 7.1 7.1 ... 880 15.9 1.08 U1 7.10 , "17 Ambient .... 1 7.1 7.' ... 700 18 .• 1.16 . .. .... , loa Ambient 5«.' 7.1 7.1 ,.. 700 1'-6 1.21 U7 .... 

• 109 Ambient .... 1 7.1 7.1 ... 790 15.7 1.11 8.14' e. 
5 11. Ambient 628.8 7.' 7.1 "" ... 16.5 1.19 ... , 7.06 

Moo 624.0 .28 76' 1M 1.15 ... 7.01 
Std Dev. .. 50 ..- 076 -:..- m m , HI _5.'\°C 78.5.1 7.1 7.2 790 ''''' 20.3 1.18 '61 7.14 

7 "' - 5&·C 633.0 7.1 7.2 630 990 ". 1.21 U' 7.00 

• 113 - M oe 802.1 7.2 7.1 61' 2300 20.' 1.18 11.76 7.1l 

9 "' - Moe 862.9 7. 1 7.1 ... 1090 22.' 1.21 •• 7.11 
10 115 -&SoC 713.5 7.1 7.2 720 780 19.1 1.19 67. 7.14 

M.~ ?57.S 760 140< IU 1.11 U. 7.11 
Std. Dev, .... Of ... U .02 .m -:..-

H '" +132~C .... 8 7.' 7.1 ... ... 14.8 }.21 ... 7." 
12 118 + 132· C 534.6 8.' 7.' "" ... 14.0 1.19 67' ... 
13 119 +132°C 456.8 7.2 7.' ... ... 12.3 1." 7." '.11 
" 120 +132·C 547.3 7.1 ' .1 ... "50 1U 1.21 ... 7.16 

" !2l + 132°C 539.9 7.' 7.1 ... 1210 14.7 1.22 '41 .... 
Moo 525 ... ... lU ... 2 ' .00 •. ot 

Std. Dey. .. .. .,,, m "]0 "lr .Il 

~ Fi ring current 4.85 A, 7.0 ms pulse 
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