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INTRODUCTION

Constant current sensitivity data, for ambient rtzmperature
conditions, are availabla for M6 Electric Blastirng Caps,
{Figure 1) as detailed in Refurence 1. To further chavacterize
zhe sensitivity of this blasting cap, it was decided to conduct
Brucaton constant current sensitivity tests at a low tempezrature
(-40°F) .

Usually, irn work of this type, the item Iis rameoved from
the conditioning apparatus and placed in a firing chamber for
functioning. Because the item under test may warm between the
time it is removed from the conditioning box and fired, a study
was initiated to ascertain if such a procedure provides valid
low temperature information. This study raesulted in the
develcpmant of a modified test procedure -- the caps ware insulated
using "styrofoam'" to prevent thair warming significantly prior
to fire -~ to insure that reliable lew temparatuze data woulid be
obtained.

This report summarizes the results of zhe investigation
and reports the low temperature (-40°T) senszitivizy characteriscics
of the M5 Blasting Cap. Loz 1, manufactur=d by Corpany A
was used.




SUMMARY

Five Bruceton constant current staircase sensitivity tests
were performed at -40°F on M6 Electric Blasting Caps using
pulse times of 0.001, 0.010, 0.100, 1.000 and 10.000 secords.

A techniqu=2, which utilized insulated caps to guarantee
maintenance of low temperature after the caps were removed
from the conditioning box for firing, was employed in these
tests (Table 1).

Further sensitivity tests were conducted on Lot 1 at
ambient temperature and at low temperatures in accordance with
the low temperature test procedures outlined in MIL-S-45428A --
no insulation is used to protect the caps from wazrming rapidly,
once removed from the conditioning chambex. A sumrmary of
these results is in Table 2. Certain results rfrom Table 1
ar2 included for comparison purposes.

The current estimates in the two low tamperature tests
appear to differ appreciably.

The most significant rasult in Test 3 -- testing under
dynamic conditions the items warmed rapidly -- was the very
small spread in high and low fire probability levels compared
to the spread for the cther two tests {testing wunder stable
conditions, either no or only slight temperature change).
This result is the antithesis ¢f whkat was expacted.




CONCLUSIONS

Low temperature tests conducted in accordance with the
procedures outlined in such military specifications as
MIL-S-45428A are inadequate for the proper evaluation
of electroexplcosive devices (EEDs).

Low temperature testing of initiators can be properly
accomplished if the items are functioned in the low temperature
atmosphere or adequately insulated so that the test temperature
can be maintained if they are removed from the conditioning
chamber prior to test.

RECOMMENDATIONS

Low temperature testing of initiators should ba efiected
in the low temperature conditioning atmosphere or, if this
is not possible, the initiators should be properly insulated
so that test temperature can be maintainad if the EEDs are
removed from the conditioning apparatus prior to test.

Low temperature test procedures outlined in militax
specifications pertaining tc EEDs should ba ravizaed in such a
manner so as to specify that the items be tested while maintained
at the conditioning temperature.

-3-




STUDY

M6 Blasting Caps, taken from Lot 1 manufacturaed by
Company A, were subjected to coastant current staircase tests
at -40°F, using five different pulse times -- 0.001, C.Cl0,
0.100, 1.000 and 10.000 seconds. The test results are
summarized in Table 3; detailed results are in Tables 4-8.

It can be seen from Table 3 that as the pulse width was
lengthened (that is, as the pulse time increased), the
necessary firing current decreased -- in all but one case.

This was at the 10-second pulse at 99.9% reliability, which

was higher than the corresponding value for the l-second and
O.l-second pulse. Apparently, this result is not unusual
although the phenomenon is, as evidenced by similar reports on
findings pertaining to sensitivity of imitiztors,by The
Franklin Institute Laboratories and Picatinny Arsenzl (Reference
1). No satisfactory explanaticn is available for this
occurrence and no attempt at theorizing wilil be mads.

The standard deviation is usuvally indicative ¢f 1ot
uniformity. The smaller the standard deviation or spread, the
more uniform the lot. It may be noted that the value shown
for the 10-second pulse time (0.04073 log me) is large.

Howaver, this is not unusual. Long pulse times pevmii functioning
of a given item cver a wide range of time for the same input
current. For example, M6 Caps wera actuated zt& 285 ma inasmuch

as 2,366 msecs and as little as 23%4 msecs (Table 8). This

creates incoasistencies and large standard deviations. The
Bruceton tests were accomplished zmploying the Franklin Institute
Laboratory Universal Pulser (FILUP). The FLLIP is czpable of
providing a predetermined quantity of curvent or & specifled

time (the pulsa width).

Further informztlon perteining to the Bruceton method is
in Reference 2.

prepared so encrgy znd time
at -40°F for iy determinad., Figure

2 shows the rela_;owsF‘p H-cween tha O.*Z, 50% a&nd 92,.9% firing
currents aad pulse time. The 0.1% and 29.9% ‘.*iﬂg lavels ware
calculated at 90% conifidence. The ralationzghip batwesn the

firing energy for 99.9% reliisabili 7 a: 90% ceouilidence and time

of application of this enargy is plottad in grazph form (Figure 3).
The equation emplovyed for calculaiting che requirad en2rgy for a
given firing probability was:

design, TwWO graphs (Figere 2 and 3) were
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"I" equals the current at the 99.9% fire with 90% confidence.

"R" equals resistance (a2ssumed to be about 1.7 ohms which
was a relatively high value for the M5 Caps testad
"t" eguals time of pulse duration.

These curves; based on data obtained &t -40°7F, have nearly
the same shape as those shown in Picatiany Arsensl Technical
Report 104 (for data cbtained at ambieunt temperatura).

Sometimes EEDs which pass low temperature performance tests,
conducted in accordance with military specifications, fail when
used under field conditions. The procedure cocmmonly used for
testing the M6 Cap at low temperstur2 permits testing of
conditionad items in an ambient temperaturs atmosnibere. This
means that the caps may actually ba L1 ner “n=‘ the
specified low temperatures. To detzrming th ity cf
such metheds, an investigation into low tem
procedures was conducted. Since M5 Cap
firing within expensive conditioning ap
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an investigation perLormed before tha oenm“-iTLEv L2537 program.
A brief description is given balow.

Several thermocouples werzs calib:
manna2r: They were placed in a cond
at -65°F for 16 hcurs. Thea the

temperature in the chawber was lowared and
voltage recorded. Tnis technigua wes

data was obtainad so that a graph could
EMF to temperaltuxra This procedure was re
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per unit time for the first two minutes after removal was

0.016 °F per second. Consaequently, it was cencluded that near
conditioning temperatures could be maintained if the iansulated

caps were fired rapidly -- preferably in less than two minutes
after removal from the conditioning chamber. Further tests were
conducted on M6 Caps, taken from Lot 1 at ambient tamperature

and also at low temperatures by feollowing the low temperature

test procedures outlined in MIL-S-45428A as applied £o tha

M6 Cap. The test results are reported in Table 9 and 10.
Examination of these tables and Table 2 reveal that the current
estimated to obtain a 99.9% firing reliability at 9ULconfidence
level as well as for the 50% firing point is higher at cold
temperatures (-40°F) than at ambient temperatures. This data also
shows that the current valuves estimzted for the 0.1% firing

point at the 90% confidence level did noi differ at these two
temperature conditiocns. The valwue for the mean cx 507 firing
points lay somewhere between the corresponding valnes obtained

in the other two tests. Furthermore, the estimated current

for the 0.1% fire at 90% conflidence wes highar im this taest

(Test 3) than the corresponding values calenletad from the data

in Test 1 and 2. It should be notad also, that the calculated
current for the 99.9% fire =zt 907% confidence was lowar in Test 3
than the corresponding valuves oblainad in Test 1 and 2. Obsarve
also that the current ranges batween the 99.9% point end 0.1%

poinf at the 907 confid narrow or the stzandaxrd
deviation for this tast is ar of the other
two. Test 3 was conducted while the ca - e process of
warming toward ambient temperature. It could b2 that this
tapid
2
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TABLE 1

SUMMARY OF CONSTANT CURRENT SENSITIVITY TESTS CONDUCTED
AT -40°F ON THE M6 ELECTRIC BLASTING CAP *

90% Confidence Level
Pulse 50% Firing 99.9% Firing { 0.1% Firing
Time Reliability Reliability Reliability
(sec) (ma) (ma) (ma)
0.001 1,530 1,950 1,210
0.010 575 753 438
0.100 331 372 294
1.000 281 244 308
10.000 273 410 158

The M6 Caps were taken from Company A, Lot 1.

The caps were insulated to insure maintenance of the low
temperature during the warm-up period between the time
they were removed from the conditioning apparatus and

functioned.

-8-




TABLE 2

SUMMARY OF BRUCETON CONSTANT CURRENT SENSITIVITY
TESTS CONDUCTED ON THE M6 BLASTING CAP, LOT 1
(0.01=-Sec Pulse)

Reliability, %
Confidence Level
99.9 0.1 50%

Test (ma) (ma) (ma)
1 (A.T.D* 627 438 524
2 (-40°F)** 753 438 575
3 (-40°F Spec)¥¥*x 597 491 542
* A.T. - ambient temperature (78°F)
sk The M6 Caps were insulated, using 1'"x1'"x4" styrofoam

to insure maintenance of low temperatures when fired in
ambient temperature atmosphere.

Fkedke The test was conducted in accordance with the low temperature
test procedures outlined in MIL-S-45428A using the maximum
warm-up time of two minutes before fire. Thzse caps were
not insulated.




TABLE 3

SUMMARY OF CALCULATED TESTS OF FIVE BRUCETON CONSTANT
CURRENT SENSITIVITY TESTS CONDUCTED AT -40°F ON M6
BLASTING CAPS FROM COMPANY A, LOT 1

90% Confidence Level

Pulse Mean or 99.9% 0.1% Standard Time Energy
Time 50% Firing Point] Reliability Reliability Deviation Level
(sec) ma log ma |ma log ma .jma log ma lggﬁma;Kwatt-sec)

0.001 (1,530 3.18469 1,950 3.290031{ 1,210 3.08279| 0.02235] 0.0046
0.010 575 2.75926 7531 2.87689 438) 2.64163| 0.02567] 0.0085
0.100 331 2.51930 372) 2.56997 294] 2.46863% 0.01003| 0.0208
1.000 281 2.44799 322| 2.50794 244) 2.38804| 0.01488) 0.1556

10.000 273 2.43539 419 2.62252 158 2.19846] 0.04073| 2.6340

The caps were insulated to insure maintenance of the low temperature
during the warm-up period between the time they were removed from
the conditioning apparatus and functioned.
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RRSULTS OF CONSTANT CURRENT STAIRCASE SENSITIVITY TEST
ON

M6 ELECTRIC BLASTING CAPS AT -40°F, LOT 1 FROM
COMPANY A
(0.001=Second Pulse)

Functioning Firing Functioning Time
Resistance Time Current at Destruct current PFire (X)

Item (ohms) (msec) (amp) (msec)* No-Fire (0)
1 1.61 --- 1.61 8.1 0
2 1.52 8.7 1.68 -——- X
3 1.47 —-- 1.61 7.8 0
4 1.52 Lost 1.68 - X
5 1.52 1.61 .-- X
6 1.56 1.53 ——- X
7 1.24 1.46 Lost 0
8 1.56 1.53 9.3 [
9 1.51 10.3 1.61 ——- X
10 1.49 -—-- 1.53 7.4 0
11 1.58 6.6 1.61 - X
12 1.52 10.7 1.53 - X
13 1.59 10.8 Ll.46 ——- X
14 1.57 1.39 Lost 0
15 1.53 ——-- 1.46 6.6 0
16 1.57 8.6 1.53 ——- X
17 1.58 ———- 1.46 6.3 0
18 1.54 -———— 1.53 7.3 [+]
19 1.59 12.6 1.61 -—- X
20 1.47 9.4 1.53 -—-- X
21 1.47 ——-- 1.46 5.8 1]
22 1.53 - 1.53 6.2 .0
23 1.53 7.8 1.61 —-- X
24 1.49 -——e 1.53 7.0 0
25 1.54 8.8 1.61 - X
26 1.67 Lost 1.53 -——= X
27 1.57 Lost 1.46 --- X
28 1.54 -——-- 1.39 6.2 0
29 .51 | -e-a- 1.46 6.2 0
30 1.59 | e---- 1.53 5.6 0
31 1.63 6.2 1.61 - X
32 .51 ] eeee- 1.53 6.5 0
33 1.51 ] ee-e- 1.61 8.9 0
34 1.57 9.0 1.68 --- X
35 1.56 10.0 1.61 --- X
36 1.54 8.1 1.53 -—- X
37 1.60 | ~e--- 1.46 6.1 0
38 1.55 10.5 1.53 - X
39 1.58 ] @ e---- 1.46 7.4 [
40 1.55 7.4 1.53 --- X
41 1.47 ——— 1.46 5.9 ]
42 1.53 12.5 1.53 - X
43 1.51 ———- 1.46 7.0 [+]
[ 1.54 -=- 1.53 6.4 0
45 1.57 9.2 1.61 --- X
w6 1.55 ————- 1.53 7.2 0
47 1.50 8.5 1.61 .- X
%8 1.60 | o ----- 1.53 6.7 0

NOTE: *Failures were destroyed at 2 amps.
Line R = 0.08 ohm
Log Interval = 0.02 log amp

The caps were insulated to insure maintenance of the low temperature during
the warm-up period between the time they were removed from the conditioning
apparatus and functioned.
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TABLE 5

RESULTS OF CONSTANT CURRENT STAIRCASE SENSITIVITY IEST
OoN
M6 ELECTRIC BLASTING CAPS AT -40°F, LOT 1 FROM
COMPANY A
(0.0l=Second Pulse)

Functioning Firing Functioning Time
Rasistance Time Current at Destruct Current Fire (X)
Item (ohm) (msec) (ma) (msec)® No-Fire (0) |
1 1.57 9.88 646 - X
2 1.55 9.88 603 ——eee X
3 1.48 -—ee 563 10.02 [
4 1.60 9.87 603 X
5 1.61 ——-- 563 [
6 1.48 9.88 603 X
7 1.46 ——e- 563 0
8 1.53 ——- 603 0
9 1.50 11.50 646 X
10 1.62 9.89 603 X
11 1.57 - 563 0
12 1.55 * 10.66 603 X
13 1.54 —- 563 0
14 1.56 9.87 603 X
15 1.54 9.87 563 —ave X
16 1.58 9.89 525 .- X
17 1.58 ———- 490 9.87 [
18 1.55 .--- 525 9.88 [+]
19 1.55 563 9.88 [+]
20 1.53 603 ——— X
21 1.54 563 9.88 1]
22 1.52 603 9.89 0
23 1.50 9.88 646 ——— X
24 1.53 9.87 603 ~——- X
25 1.57 -———- 563 9.90 0
26 1.56 9.90 603 ———- X
27 1.67 9.88 563 ——-- X
28 1.63 ——e- 525 9.89 0
29 1.58 9.89 563 ——-- X
30 1.46 .-e- 525 9.89 o]
31 1.56 ——-—- 563 9.89 []
32 1.54 9.89 603 ——-- X
33 1.49 -———- 563 9.89 0
34 1.55 9.88 603 o= X
35 1.64 ---e 563 9.89 0
36 1.59 -——- 603 9.90 0
37- 1.50 9.88 646 ———- X
38 1.46 9.88 603 ——— X
39 1.54 10.37 563 ———- X
40 1.51 -———- 525 9.89 0
41 1.60 9.88 563 ———- X
42 1.54 -—-- 525 9.88 0
43 1.57 -mee 563 9.89 [
44 1.59 10.09 525 e X
45 1.55 ———— 563 9.88 [}
46 1.61 9.87 603 .--- X
47 1.53 m—— 563 10.68 0
48 1.52 9.88 603 ~m—- X
49 1.56 9.87 563 -—-- X
50 1.54 ———- 525 9.87 [\}

* Fajilures were destroyed at 1 amp.
Line R = 0.08 ohm
Log Interval = 0.03 log ma

The caps were insulated to insure maintenance of the low temperature during the warm-up
period between the time they were removed from the conditioning apparatus and functioned.
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TABLE 6

RESULTS OF CONSTANT CURRENT STAIRCASE SENSITIVITY TEST

ON
M6 ELECTRIC BLASTING CAPS AT -40°F, LOT 1 FROM
COMPANY A
(0.1-Second Pulse)

Functionng Firing Functioning Time
Resistance Time Current at Destruct Current Fire (X)
Item (ohm) (mgec) (ma) (mgec)* No-Fire (0)
1 1.50 cvecee 328 7.71 0
2 1.56 meeema 340 6.90 0
3 1.56 72.74 352 ———— X
4 1.58 93.70 340 ———- X
5 1.55 55.77 328 e X
6 1.53 ———ae- 317 7.52 0
7 1.47 328 7.89 0
8 1.61 340 .- X
9 1.59 328 - X
10 1.56 317 8.29 [}
11 1.54 328 c—e- X
12 1.57 317 8.73 0
13 1.56 328 ——-- X
14 1.55 317 7.18 0
15 1.56 328 8.14 o
16 1.58 340 ———- X
17 1.56 328 7.85 [}
18 1.64 340 ——— X
19 1.61 328 ——- X
20 1.51 ———oeo 317 8.57 [}
21 1.53 m————- 328 7.49 [}
22 1.64 63.82 340 = X
23 1.57 EEEE T 328 7.81 0
24 1.58 90.44 340 ——-- X
25 1.58 ————ee 328 6.25 0
26 1.62 95.95 340 LTS X
27 1.55 cmsomn 328 7.88 0
28 1.52 97.54 340 —--- X
29 1.59 | ese--- 328 7.25 0o
30 1.57 EELEEYS 340 7.42 0
31 1.51 67.92 352 ———— X
32 1.55 78.86 340 -—-- X
33 1.57 88.33 328 P X
34 1.45 emmmma 317 7.21 [o]
35 1.55 | eeee-- 328 6.10 0
36 1.64 87.20 340 ce- X
37 1.5 | eec--- 328 7.09 [}
38 1.60 102.33 340 m——— X
39 1.52 105.71 328 -em- X
40 1.61 c—even 317 7.20 [+]
41 1.53 101.45 328 ——- X
42 1.48 | cece-- 317 6.91 [}
43 1.52 91.21 328 —e-- X
23 1.56 | @ --e--- 317 7.32 [}
45 1.50 | @ =ee--- 328 7.20 0
46 1.57 109.80 340 LTS X

* Failures were destroyed at 1 amp

Line R = 0.08 ohm

Log Interval = 0.015 log ma

The caps were insulated to insure maintenance of the lov temperature during the warm-up
period between the time they were removed from the conditioning apparatus and functioned.
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TABLE 7

RESULTS OF CONSTANT CURRENT STAIRCASE SENSITIVITY TEST
ON

M6 ELECTRIC BLASTING CAPS AT -40°F, LOT 1 FROM
COMPANY A
{1-Second Pulse)

Functioning Firing Functioning Time
Resistance Time Current | at Destruct Current Fire (X)
Item (ohm) (msec) _(ma) (msec)* No-Fire (0)
1 1.53 257 8.56 0
2 1.55 266 9.93 0
3 1.56 276 6.98 0
4 1.48 285 - X
5 1.57 276 - X
6 1.48 266 11.13 0
7 1.55 276 a--- X
8 1.55 266 10.52 [+]
9 1.52 276 cenee X
10 1.5 ] =e==a 266 7.93 [}
11 1.51 583 276 R X
12 .5t | @ me--- 266 7.76 0
13 1.5 | eeee- 276 8.19 [
14 .52 | ----- 285 7.70 0
15 1.49 301 295 ~——e- X
16 1.46 309 285 | @ ee--- X
17 1.42 ———— 276 8.54 0
18 1.55 460 285 | @ eee-- X
19 1.42 ———— 276 9.58 [}
20 1.46 922 285 | @ eeee- X
21 1.52 -——- 276 7.21 0
22 l.44 877 285 | 0 meme- X
23 1.51 - 276 8.41 [
24 1.49 —em- 285 8.59 0
25 1.48 347 295 | 0 eee-- X
26 1.57 522 285 ——e——— X
27 1.53 754 276 | --==- X
28 1.60 - 266 7.47 [o]
29 1.48 536 276 | eeea- X
30 1.50 -—- 266 8.25 0
3 1.56 575 276 | 0 e=--- X
32 1.54 - 266 7.88 [
33 1.52 - 276 9.68 0
34 1.54 538 285 | 0 e---- X
35 1.53 —— 276 9.36 0
36 1.42 .- 285 7.75 0
37 1.46 528 295 | ~e-=-- X
38 1.41 .—- 285 8.98 0
39 1.50 730 295 | 0 eeee- X
40 1.45 555 285 X
41 1.58 -—- 276 0
42 1.49 - 285 0
43 1.43 521 295 X
44 1.42 .- 285 1]
45 1.62 293 295 X
46 1.57 547 285 X
47 1.53 - 276 0
48 1.51 ~-- 285 0
49 1.57 400 295 X
50 1.54 634 285 ———— X

* Failures were destroyed at 1 amp
Litte R = 0.08 ohm
Log Interval = 0.015 log ma
The caps were insulated to insure maintenance of the low temperature during the warm-up betwesen
the time they were removed from the conditioning apparatus and functioned.
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TABLE 8

RESULTS OF CONSTANT CURRENT STAIRCASE SENSITIVITY TEST

ON

M6 ELECTRIC BLASTING CAPS AT -40°F, LOT 1 FROM

COMPANY A

(10-Second Pulse)

Functioning Firing Functioning Time
Resistance Time Current | at Destruct Current Fire (X)
1tem (ohm) (msec) (ma) (msec)* No-Fire (0)
1 1.53 748 266 —.—- X
2 1.59 - 257 8.89 0
3 1.55 cmm-- 266 7.91 0
4 .52 |  =ee-- 276 7.36 [}
5 1.50 654 285 ---- X
6 .41 | e-e-- 276 7.92 0
7 1.55 2,366 285 ———- X
8 1.54 411 276 -=-- X
9 1.50 ————- 266 8.06 [
10 1.53 | eee-- 276 Lost []
11 1.50 258 285 --—- X
12 1.59 708 276 == X
13 1.43 | =ee-- 266 7.41 0
14 1.56 276 9.82 o
15 1.52 285 ——-- X
16 1.50 276 9.90 o
17 1.57 285 m——- X
18 1.54 276 7.60 [«
19 1.47 285 —-- X
20 1.47 276 8.68 1]
21 1.48 285 -——- X
22 1.55 276 7.71 0
23 1.59 285 ——-- X
24 1.50 276 ———— X
25 1.40 266 7440 s}
26 1.68 276 6.98 [}
27 1.53 285 .--- X
28 1.51 276 ——-- X
29 1.48 266 8.80 o
30 1.56 276 8.24 (¢}
31 1.50 285 7.76 0
32 1.65 235 - X
33 1.45 285 7.15 (o}
34 1.51 295 -———- X
35 1.48 285 ——-- X
36 1.48 276 8.77 0o
37 1.53 285 ——-- X
38 1.54 276 ——ea X
39 1.59 | =e-=- 266 5.89 0
40 1.51 1,116 276 .—-- X
41 1.58 | = -ee-- 266 8.27 0
42 1.53 276 .—n- X
43 1.56 266 7.77 0
44 1.51 276 7.73 [0}
45 1.64 641 285 mean- X
46 1.56 423 276 | @ eeee= X
47 1.57 266 ———- X
48 1.53 257 8.32 o
49 1.47 266 7.63 0
50 1.66 276 meeem X

* Failures were destroyed at
Line R = 0.08 ohm
Log Interval = 0.015 log ma

1 amp.

The caps were insulated to insure maintenance of the low temperature during the
warm-up period between the time they were removed from the conditioning apparatus and

functioned.
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RESULTS OF CONSTANT CURRENT STAIRCASE SENSITIVITY TEST

AT AMBIENT TEMPERATURE, ON M6 ELECTRIC BLASTING CAP

FROM LOT 1, COMPANY A
(0.010-Second Pulse)

Functioning Firing Functioning Time
Resistance Time Current at Destruct Current Fire (X)
Item (ohms) msec (m_amp) (msac)* No-Fire (0)
1 1.65 11.65 603 ema x
2 1.66 15.90 563 —-- X
3 1.65 15.25 525 ———- X
4 1.73 17.30 490 ———- X
5 1.66 | = ee--- 458 6.73 0o
6 1.70 490 6.21 [}
7 1.61 525 6.12 0
8 1.65 563 ———- X
9 1.63 525 6.00 [}
10 1.66 563 ———- X
11 1.62 525 5.18 0
12 1.62 563 ———- X
13 1.65 525 ———- X
14 1.60 490 6.59 o
15 1.67 525 6.69 0
16 1.64 563 ceee X
17 1.64 525 ———= X
18 1.70 ————- 490 6.48 0o
19 1.63 16.69 525 m—-- X
20 .63 | = eeee- 490 5.71 0
21 1.62 amewa 525 5.61 [¢]
22 1.60 13.62 563 -———- X
23 1.66 ~—m-a 525 5.47 1]
24 1.58 12.36 563 ——-- X
25 1.67 ammna 525 9.32 [}
26 1.60 13.15 563 X
27 .60 | @ ~eee- 525 [
28 1.70 13.64 563 X
29 1.56 13.30 525 X
30 1.60 | e-aaa 490 [}
31 1.62 15.43 525 X
32 1.60 | = eee-- 990 0
33 1.63 17.59 525 ———— X
34 1.58 -——e- 490 6.32 [
35 1.62 13.90 525 ———- X
36 1.55 ———- 490 6.31 0
37 1.60 | = ece-- 525 6.33 [1]
38 1.66 12.19 563 ———— X
39 1.67 15.22 525 - X
40 1.66 ————e 490 6.26 0
41 1.62 |} eeee- 525 6.54 0
42 1.60 15.08 563 - X
43 1.63 | eea-- 525 5.57 0
44 1.61 17.06 563 -—-- X
45 1.60 14.14 525 | @ eeea- X
46 1.69 - 490 5.73 1]
47 1.60 15.14 525 ———- X
48 1.59 ——eea 490 6.03 0
49 1.58 | @ e---- 525 6.39 0
50 1.56 14.22 563 ———- X
51 1.68 17.97 525 ———- X
Failures were destroyed at 1 amp

Line R = 0.08 ohm
Log Interval = 0.03 log wmamp
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TABLE 10

RESULTS OF CONSTANT CURRENT STAIRCASE SENSITIVITY TEST IN
ACCORDANCE WITH THE LOW TEMPERATURE TEST PROCEDURES
OUTLINED IN MIL-S-45428A ON THE M6 ELECTRIC BLASTING CAP

FROM LOT 1, COMPANY A
(0.010-Second Pulse)

Functioning Firing Functioning Time
Resistance Time Current at Destruct Current Fire (X)

I1tem (ohms) (msec) (mamp) (msec)* No-Fire (0)
1 1.62 514 7.73 0
2 1.52 525 8.19 0
3 1.62 538 7.21 0
4 1.53 550 -—-- X
5 1.56 538 ——— X
6 1.62 525 8.37 0
7 1.59 538 7.61 0
8 1.61 550 _———- X
9 1.64 538 - X
10 1.54 525 7.13 0
11 1.62 538 7.00 0
12 1.55 550 7.43 0
13 1.58 568 .- X
14 1.61 550 6.93 1]
15 1.63 563 --- X
16 1.66 550 === X
17 1.59 563 —-e- X
18 1.70 550 9.06 0
19 1.60 538 - X
20 1.57 525 6.42 0
21 1.73 538 ---- X
22 1.57 525 9.48 0
23 1.62 538 8.01 0
24 1.62 550 ———— X
25 1.55 538 7.47 0
26 1.57 550 -=-- X
27 1.59 538 8.71 [
28 1.55 550 7.07 0
29 1.59 563 ——-- X
30 1.59 550 —-—- X
31 1.56 538 6.81 0
32 1.62 550 ——-- X
33 1.62 538 - X
34 1.52 525 7.53 0
35 1.49 538 ' 6.20 0
36 1.64 550 —--- X
37 1.57 538 7.63 0
38 1.67 550 -———- X
39 1.59 538 ——-- X
40 1.53 525 7.81 0
41 1.57 538 6.71 0
42 1.56 550 ———- X
43 1.51 538 7.31 0
44 1.49 550 7.47 0
45 1.57 563 -———- X
46 1.58 550 6.59 0
47 1.53 563 —a——— X
48 1.78 550 - X
49 1.51 538 ———- X
50 1.5 | =----- 525 6.94 0
51 1.67 13.49 538 ——-- X

* Failures were destroyed at 1 amp.
Line R = 0,08 ohm
Log Interval = 0.03 Log mamp

The caps were conditioned for 16 hours at -40°F prior to removal from the cold chamber and
allowad to warm at ambient temperature for two minutes before actuation.
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APPENDIX C

CALCULATIONS



I. BRUCETON CONSTANT CURRENT SENSITIVITY TESTS ON THE
M6 ELECTRIC BLASTING CAP

A. Test Conducted at -40°F

1. Calculation of the Mean (m) or 50% Firing Reliability:
m=c+dG‘/L. ‘.{‘o-_f_/
(2 t= 2
Where m- mean in log units
c = lowest normalized firing current (log units)
d = step size in log units

Ny= total number of fires or no-fires (use the
smaller of the two values)

pia number of fires or no-fires (whichever occurs in
fewer numbers) at a given current level

i = current level; 0, 1, 2, 3, cceee

a. 0.00l=-Second Pulse

log amp amp i f!‘ fy igo izfo
0.14435 1.39 (0] *0 2 (o] o]
0.16435 1.46 1 3 9 9 9
0.18435 1.53 2 10 10 20 40
0.20435 1.61 3 11 3 V] 27
0.22435 1.68 4 3 0 0 0
N, = 27
N, = 24
E ieg = 38
Eizfo = 76
1 x38+%

24
m = 0.186016 log ampmsl .53 amp

m = 0.14435 + 0.02 (—

-23-




b. 0.0l0-Second Pulse

log ma 1 £x £, 1f, 12f,
2.69051 490 0 0 1 ] 0
2.72051 525 1 1 6 6 6
2,75051 563 2 6 14 28 56
2.78051 603 3 15 3 9 27
2.81051 646 4 4 0 (o} 0
N = 26
Ny = 24
S £, =43
Eizfo = 89
3) +
m= 2,69051 + 0.03 —L_(43) ¥
24
m = 2.75926 log ma ~~ 574.5 ma
c. 0.100-Second Pulse
log ma ma i fo fx £, isz
2.50137 317 0 9 ] 0 0
2.51637 328 1 12 9 9 9
2,53137 340 2 2 12 24 48
2.54637 352 3 0 2 6 18
N, = 23
Ng = 23
1f, = 39
126, = 75

m = 2,50137 + 0.015 e;—:’— x 39 - 9

m = 2,51930 log ma A~ 330.6 ma

-24-




d. 1.000-Second Pulse

(o]

2t

= 29

£
E 1285 = 75

log ma ma i £y fo if, 1°f,
2.42549 266 0 0 8 0 0
2.44049 276 1 7 10 7 7
2.45549 285 2 10 7 20 40
2.47049 295 3 7 0 21 63
N, = 24
No = 25
Eif = 48
x
Zizf = 110
b
m = 2.42549 + 0.015( x 48 - ;)
m = 2.44799 log ma o 28l ma
e. 10.000-Second Pulse

log ma ma i fo 3 if, 12f°
2.41040 257 0 2 0 0 0
2.42549 266 1 9 2 9 9
2.44049 276 2 12 0] 24 48
2.45549 285 3 2 12 6 18
2.47049 295 4 0 2 0 0

Nx = 25

N, = 25

25
m = 2.43539 log ma A 273 ma

m = 2.41049 + 0.015 (1 x 29 « s;)

-25«




Calculation of M 2
12, . =it

Ni /4

M=

The symbols have the same meaning as for estimating m.

a. 0.00l-Second Pulse

e _16 _ (38 \ 2
24 2

M = 0.6608

b. 0.010-Second Pulse
_ 89 43 2
M=% '(24)

M = 0.50

c. 0.100-Second Pulse

wo 15 39)2
53 23

M = 0.386

d. 1.000-Second Pulse

110 48 \ 2
M= —
2% 2 /

e. 10.000-Second Pulse

M=L5-—- 2—92
25 25

M= 1.65

-26-




3. Determination of Constant S

Values of S are posted in Table I of the Princeton
Report (Page 51) and correspond to the value of M calculated above.
Interpolation of values may have been necessary but will not be shown.

Pulse Time
sec S
0.001 1.118
0.010 0.856
0.100 0.669
1.000 0.992
10.000 2.715

4. Calculation of the Standard Deviationcy:n

On = ds

Where:

Om

standard deviation in log units
Both d and S have the same meanings as before

a. 0.00l-Second Pulse

Om = 0.02 x 1.118
On = 0.02235 log amp

b. 0.010-Second Pulse

Um = 0.03 x 0.856

(mn = 0.025668 log ma
c. 0.100-Second Pulse

Jn

On

d. 1.000-Second Pulse

0.015 x 0.669

0.01003 log ma

Qm = 0.015 x 0.992
(Jx = 0.01488 log ma

e. 10.000-Second Pulse

. Om = 0.015 x 2.715

(. = 0.04073 log ma
-27-
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5. Determination of the Constants G and H

Values of G are obtained from Graph IV and H from Grave 1V
of the Princeton Report (Pages 56 and 57). Interpolation of values
may have been necessary but will not be shown.

Pulse Time
sec G H
0.001 0.99 1.43
0.010 1.01 1.33
0.100 1.05 1.27
1.000 1.00 1.38
10.000 0.93 1.96

6. Calculation of Standard Error,

_ g‘IQI-f—WZ
dp="7 N

where: (2;: is the standard error in log units

K is a constant for the desired
reliability (3.090 for 99.9%
reliability)

The other values are as described above

a. 0.00l-Second Pulse
(5‘;: 0.02235 ¥ (0.99)2 + (3.090y2 (1.425)2

N

O;= 0.02061 log amp

b. 0.010-Second Pulse
G- 0.02567 \|(1,01)E_+_ (3.090) 2 (1.33)2

Ny

0& 0.02218 log ma

-28-




c. 0.100-Second Pulse

0,;' 0.01003 (1.05)2 x (3.090)% (1.27y2

\23
(5= 0.01137 log ma

d. 1.000-Second Pulse

q;,_, 0.01488  \k1.00) + (3.090)2 (1.38)2
%

qs= 0.01330 log ma

e. 10.000-Second Pulse

(. Q:04073 \10.92532 + (3.090)2 (1.96)2

0;; 0.05 log ma

7. Calculation of the 99.9% and 0.1% Firing Reliability
for a 50% Confidence Level (F99.9/50 and F0.1/50)

F 99.9/50 = M + KO,
F 0.1/50 =M - KGpp

Where: F are in log units

.

o'ﬁ, k and J;y have been defined above
m

a. 0.001-Second Pulse

F99.9/50 = 0.18602 + 3.090 (0.02235)

li

F99.9/50 = 0.25508 log amp

F0.1/50 = 0.18602 - 3.090 (0.02235)

it

F0.1/50 = 0.11694 log amp

-29.




0.010-Second Pulse

F99.9/50 = 2.75926 + 3.090

F99.9/50 = 2.83858 log ma

(0.02567)

F0.1/50 = 2.75926 -3.090 (0.02567)

FO.1/50 = 2.67994 log ma

0.100-Second Pulse

F99.9/50 = 2.51930 + 3.090
F99.9/50 = 2.55029 log ma

F0.1/50 = 2.51930 - 3.090

FO.1/50 2.48831 log ma

1.000~Second Pulse

F99.9.50 = 2.44799 + 3.090
F99.9/50 = 2.49397 log ma
FO.1/50 = 2.44799 - 3.090
FO.1/50 = 2.40201 log ma

10.000~Second Pulse

F99.9/50 = 2.41049 + 3.090

F99.9/50 = 2.53632 log ma
FO.1/50 = 2.41049 - 3.090
FO.1/50 = 2.28466 log ma

-30-
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8. Calculation of the 99.9% and 0.1% Firing Reliability for
a 90% Confidence Level (F99.9/90 and F0.1/90)

(Ni + 1.2 gz
F99.9/90 = F99.9/50 + K Ni {amd

Ni + 1.2) o
F0.1/90 = F0.1/50 - K Ni /4
Where: F99.9/90 and F0.1/90 are in log units

K is a constant for the desired confidence
(1.645 for 907 confidence)

All other values are as defined above

a. 0.001-Second Pulse

24 + 1.2
F99.9/90 = 0.25508 + 1.645 24 0.02061

F99.9/90 = 0.29068 log amp -~~~ 1.95 amp

24 + 1.2
F0.1/90 = 0.11694 - 1.645 24 0.02061
F99.9/90 = 0.29068 log amp -\~ 1.95 amp

24 + 1.2
F0.1/90 = 0.11694 - 1.645 24 0.02061
F0.1/90 = 0.08134 log amp .~ 1.21 amp

b. 0.010-Second Pulse

24 + 1.2
F99.9/90 = 2.83858 + 1.645 24 0.02218
F99.9/90 = 2.83858 log ma .- 753 ma

24 + 1.2
FO0.1/90 = 2.67994 - 1.645 24 0.02218

F0.1/90 = 2.64163 log mar~r 438 ma
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0.100-Second Pulse

23 + 1.2
F99.9/90 = 2.55029 + 1.645 23 0.01137

F99.9/90

F0.1/90

F99.9/90

F0.1/90

F0.1/90

1.000-Second Pulse

F99.9/90

F99.9/90

F0.1/90

F0.1/90

10.000- Second Pulse

2.56997 log ma A~ 372 ma

23 + 1.2
2.48831 - 1.645 23 0.01137
2.56997 log ma %~ 372 ma

23 + 1.2
2.48831 - 1.645 23 0.01137

2.46863 log ma A 294 ma

24 + 1.2
2.49397 + 1.645 24 0.01330

2.50794 log ma A~ 322 ma
24 + 1.2
2.40201 - 1.645 24 0.01330

2.38804 log ma A~ 244 ma

25 + 1.2
F99.9/90 = 2.53632 + 1.645 25 0.05

F99.9/90

F0.1/90

F0.1/90

-32-
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25 + 1.2
2.28466 - 1.645 25 0.05
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B. Test Conducted at Ambient Temperature

1.

Calculation of the Mean (m) or 50% Firing Reliability

(0.01 Second Pulse)

log ma ma 1 £o £, Lf 12¢,
2.66055 458 0] 1 0] 0] (0]
2.69051 490 1 11 1 11 11
2.72051 525 2 12 12 24 48
2.75051 563 3 ] 13 0] ]
N, = 26
No = 24
Zifo = 35
Eizfo = 39
<_l__ x 35 + 0.5)
m = 2.66055 + 0.03 24
m = 2.71930 log ma #\vs 524 ma
2. Calculation of M
59 <3_s 2
M= 24 - 24 = 0.3316
3. Determination of Constant S
See Page 5/ of the Princeton Report
S = 0.5749
4. Calculation of the Standard Deviation, O_m.
O= = 0.03 x 0.575 = 0.01725 log ma
5. Determination of the Constants G and H

See Pages 56 and S /7 of the Princeton Report

G = 1.11

H=1.29

=33




6. Calculation of the Standard Error,().p

@.1)2 + 3.092 (1.29)2
G; 0.01725 24
7. Calculation of the 99.9% and 0.1% Firing Reliability
for a 50% Confidence Level (F99.9/50 and F0.1/50)

0.01415 log ma

F 99.0/50 = 2.71930 + 3.090 (0.01725)
= 2.77260 log ma
F 0.1/50 = 2.71930 - 3.090 (0.01725)

2.66600 log ma

8. Calculation of the 99.9% and 0.1% Firing Reliabilities
for a 90% Confidence Level (F99.9/90 and FO0.1/90)
24 + 1.2
2.77260 + 1.645 ( 24 ) 0.01415

F99.9/90

2.79704 log ma . 625 ma

F0.1/90

24 + 1,2
2.66600 - 1.645 24 0.01415

2.64162 log ma ~~ 438 ma

C. Test Conducted at Low Temperature in Accordance with MIL-S-45428A

1. Calculation of the Mean (m) or 50% Firing Reliability
(0.01 Second Pulse)

log ma ma _i fo £x ifo izfo
2¢720~5'/ 5§S 0 9 0 (0] 0
538 1 11 9 11 11
5'77‘;0055? 550 2 5 11 10 20
563 3 0 5 0 0

2- 75057

-34-




N, = 25

X
Ny = 25

= 21

o =
zi.szo = 31

1 x 21 + 0.5)
m = 2.72051 + 0.01 25

m = 2.73391 log ma
2. Calculation of M
31 2
M= 25 - \25 = 0.53440

3. Determination of Constant S

See Page &/ of the Princeton Report
S = 0.93153

4. Calculation of the Standard Deviation, Gm

On = 0.01 x 0.932
Om = 0.00932 log ma

5. Determination of the Constants G and H

See Pages 5 and § Jof the Princaton Report

G =1.013
H=1.36

6. Calculation of the Standard Error,o;p

N \] (1.013) % + (3.09)% (1.36)2
)p= 0.00932 25

0;, = 0.01082 log ma
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7. Calculation of the 99.9% and 0.1% Firing Reliability
for a 50% Confidence Level (F99.9/50 and FO.l1/50)

F99.9/50 = 2.73391 + 3.090 (0.00932)

2.76269 log ma

F0.1/50

2.73391 - 3.090 (0.00932)

2.70513 log ma

8. Calculation of the 99.9% and O.l% Firing Reliability
for a 50% Confidence Level (F99.9/90 and F0.1/90)

F99.9/90

25 + 1.2
2.76269 + 1.645 25 0.01082

2.69125 log ma e 491 ma
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II. REQUIRED ENERGY (W) FOR A 99.97 FIRING RELIABILITY
AT A 907% CONFIDENCE LEVEL FOR THE M6 ELECTRIC
BLASTING CAP AT -40°F

We=12Re
vhere: W = energy in mwatt-sec
I = current F99.9/90 in amps

R = assumed bridge resistance of 1.7 ohms

t

pulse time in msec

a. 0.001-Second Pulse

W= (1.95)2 x 1.7 x 0.001
W = 6.46 mwatt secs

b. 0.010-Second Pulse
W= (0.753)2 x 1.7 x 0.010
W = 0.64 mwatt-secs

c. 0.100-Second Pulse

W (0.372)2 x 1.7 x 0.100

23.5 mwatt-secs

=
"

d. 1.000-Second Pulse

3
t

= (0.322)2 x 1.7 x 1

W 176.3 mwatt-secs

e, 10.000~-Second Pulse

W= (04192 x 1.7 x 10

W= 2,985 mwatt-secs
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II1. COMPARISON OF THE MEANS OBTAINED FOR THE M6 BLASTING CAP
AT -40°F (INSULATED CAPS) AND IN ACCORDANCE WITH THE LOW
TEMPERATURE TEST PROCEDURES OUTLINED IN MIL-S-45428A

a. 1% Significance Level

g. kG e
a—= W where U@ 1is the standard error of the

estimated mean.

Gm, G and N have the same definitions
given above

1. -40°F
O Om, (5, 0.025668 x 1.01
T -

%7 &

G@ = 0.005292 log ma

m, = 2.75926 log ma

2. Low Temperature Test as per MIL-S-45428A

oy 0.00932 x 1.013

O?)‘f 0.001927 log ma

/M, = 2.73391 log ma
/M -fp = 2.75926 - 2. 73391
A/ = 0.02535 log ma

2.9
1£ &7 > (2.58) N +N "/‘67 % 02‘2 2

then/M1; is significantly different thanmz. Since,

24 + 2.9 \
0.02535 > (2.58) 24 )\l(o.005292)2 + (0.001927)2

or 0.02535 > 0.016286, then M; and M, are

significantly different
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b. 5% Significance level

1 . '40°F

CT“ (14591 (52/
G = TN\ I_—/W = 0.005292 log ma

M) =2.75926 log ma

Ca 2.Low Temperature Test as per MIL-S-45428A

%2_ = 6;”& GZ- = 0.001927 log ma
NA2
/7o = 2.73391 log ma
AN =/ /2, = 0.02535 log ma

. 2 2
1f Am>(1.96)<N;_“2)‘\IOa:+ 0}2

then m; is significantly different than mye

24 + 2.2 2 2
Since, 0.0253522>(1.96) 24 Q(0.005292) + (0.001927)

or 0.02535 > 0.01205, then m; and m, are

significantly different h
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N\, ABSTRACT \

Accession No. AD

Picatinny Arsenal, Dover, New Jersey

EVALUATION OF LOW TEMPERATURE TEST
PROCEDURES FOR ELECTROEXPLOSIVE DEVICES

Leonard Shainheit

Technical Report 3139, March 1964, 43 pp,
tables, figures. UNCLASSIFIED report from
the Artillery Ammunition Laboratory,
Ammunition Engineering Directorate.

Constant current sensitivity data, for
ambient temperature conditions, were
available for M6 Electric Blasting Caps.

To further characterize the sensitivity of
this blasting cap, Bruceton constant current
sensitivity tests at low temperature, were
conducted.

Usually, in work of this type, the item
is removed from the conditioning apparatus
and placed in a firing chamber for
functioning. Because the item under test
may warm between the time it is removed
from the conditioning box and fired, a study
was initiated to ascertain if such a
procedure provides valid low temperature
information.

This report summarizes the results of
the investigation and reports the low
temperature sensitivity characteristics of
the M6 Blasting Cap.
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