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• Analysis – Input/Output Issues 

• M112 Block Variability 
• Results 
• Analysis 

• Production Process Variability 
• Results 
• Analysis 
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• Composition C-4 is a white plastic-bonded explosive material that can be molded and 
shaped by hand 

• Composition C-4 is a legacy explosive formulation with decades of use. 
• Contains: RDX, High molecular weight polyisobutylene (PIB), Dioctyladipate (DOA), 

Lightweight process oil (Oil) 
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• Due to its exceptionally high brisance characteristics, 
(The shattering capability of a high explosive 
determined mainly by its detonation pressure.) 
Composition C-4 is mainly used for demolition purposes 

• M112 Demolition Charge 
• M183 Demolition Kit 
• MICLIC 
• M18A1 Claymore Mine 
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• The Energy Output Test is the standard test 
method to evaluate Composition C-4 in the M112 
Demolition Block configuration.  The test 
measures the effectiveness of the explosive 
against a steel witness plate. 

• Procedure:  (MIL-DTL-50523A)  
• 0.5 x 1.5 x 10.0 inch cut M112 block 
• 1.0 x 10.0 x 10.0 inch ASTM A36 steel witness 

plate 
• Center prime with M6 blasting cap covered with 

0.5 x 1.0 x 4.0 inch tab of Composition C-4, 
secure with tape 

• PASS = Plate cut completely into two (2) sections 
• The testing at HSAAP utilized the exact setup listed in 

the Procedure above with the exception of the 0.5 inch 
dimension of the cut M112 block.  This dimension was 
variable in our testing and was modified up/down by a 
0.03 inch spacer based on the preceding test.  Testing 
was conducted per the Bruceton 50% analysis using an 
approximate 5 shot pre-test to establish the GO/NOGO 
threshold.   
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• 19 Batches tested using Modified Energy Output 
and calculated Bruceton 50% point 

• 1 Batch replicated 5 times 
• Overall mean = 0.378 inches for the 50% point of 

all tested batches.  
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• 4.58 % of tested blocks 
should fail MIL-DTL-
50523A.  (Based on 24 
batches tested and 50% 
point values) 

• 1.0992 batches out of the 
24 should fail. 

• Actual results showed 
that two (2) batches did 
fail. 

• Batch F and Batch 
A-4 both had a 
calculated 50% 
point above 0.500 
inches in height 
which is indicative 
of a probable 
failure. 

 

0.560.480.400.320.24

LSL *
Target *
USL 0.5
Sample Mean 0.378
Sample N 24
StDev(Overall) 0.0723187
StDev(Within) 0.0889608

Process Data

Pp *
PPL *
PPU 0.56
Ppk 0.56
Cpm *

Cp *
CPL *
CPU 0.46
Cpk 0.46

Potential (Within) Capability

Overall Capability

% < LSL * * *
% > USL 8.33 4.58 8.51
% Total 8.33 4.58 8.51

Observed Expected Overall Expected Within
Performance

USL = 0.5 inches
Overall
Within

Process Capability Report for 50% Point (inches)
24 Batches
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C-4 M112 Block Compostiton % RDX 

C-4 Batch Block 1st Third 2nd Third 3rd Third AVG STDDEV RANGE 

E 15 89.41 88.94 89.22 89.08 0.20 0.28 

E 2 89.45 89.60 89.4 89.48 0.10 0.20 

F 22 89.44 89.96 89.75 89.72 0.26 0.52 

F 2 89.24 89.27 89.19 89.23 0.04 0.08 
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Batch F Overlay 

Block 2 (0.45 in) D(0.1) D(0.5) D(0.9) 

1st Third 12.811 85.272 226.807 

2nd Third 12.549 87.585 236.891 

3rd Third 12.865 79.517 263.230 

Block 22 (0.63 in) D(0.1) D(0.5) D(0.9) 

1st Third 19.371 132.833 304.517 

2nd Third 22.801 148.126 329.931 

3rd Third 24.130 142.962 334.944 
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Batch E Overlay 

Block 15 (0.30 in) D(0.1) D(0.5) D(0.9) 

1st Third 16.369 117.486 296.263 

2nd Third 16.746 131.153 325.246 

3rd Third 15.380 122.801 310.173 
Block 2 (0.43 in) D(0.1) D(0.5) D(0.9) 

1st Third 24.448 143.910 340.795 

2nd Third 17.297 131.193 337.362 

3rd Third 12.261 127.317 326.390 
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PSD comparison 
F Block 2 (0.45 in) D(0.1) D(0.5) D(0.9) 

1st Third 12.811 85.272 226.807 

2nd Third 12.549 87.585 236.891 

3rd Third 12.865 79.517 263.230 

F Block 22 (0.63 in) D(0.1) D(0.5) D(0.9) 

1st Third 19.371 132.833 304.517 

2nd Third 22.801 148.126 329.931 

3rd Third 24.130 142.962 334.944 

E Block 15 (0.30 in) D(0.1) D(0.5) D(0.9) 

1st Third 16.369 117.486 296.263 

2nd Third 16.746 131.153 325.246 

3rd Third 15.380 122.801 310.173 
E Block 2 (0.43 in) D(0.1) D(0.5) D(0.9) 

1st Third 24.448 143.910 340.795 

2nd Third 17.297 131.193 337.362 

3rd Third 12.261 127.317 326.390 
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1st Quartile 88.940
Median 89.090
3rd Quartile 89.280
Maximum 91.320

89.090 89.120

89.080 89.110

0.324 0.345

A-Squared 25.53
P-Value <0.005

Mean 89.105
StDev 0.334
Variance 0.111
Skewness -1.08148
Kurtosis 8.92675
N 2006

Minimum 86.400

Anderson-Darling Normality Test

95% Confidence Interval for Mean

95% Confidence Interval for Median

95% Confidence Interval for StDev

91.290.489.688.888.087.286.4

Median

Mean

89.1289.1189.1089.0989.08

95% Confidence Intervals

Summary Report for RDX

1st Quartile 6.5720
Median 7.2630
3rd Quartile 7.8620
Maximum 12.2030

7.1564 7.2340

7.2120 7.3200

0.8602 0.9151

A-Squared 4.85
P-Value <0.005

Mean 7.1952
StDev 0.8868
Variance 0.7864
Skewness -0.226682
Kurtosis 0.243980
N 2007

Minimum 3.5430

Anderson-Darling Normality Test

95% Confidence Interval for Mean

95% Confidence Interval for Median

95% Confidence Interval for StDev

12.010.89.68.47.26.04.83.6

Median

Mean

7.307.257.207.15

95% Confidence Intervals

Summary Report for 10th Percentile
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1st Quartile 19.953
Median 21.209
3rd Quartile 23.284
Maximum 29.254

21.471 21.703

21.081 21.351

2.573 2.737

A-Squared 10.74
P-Value <0.005

Mean 21.587
StDev 2.652
Variance 7.034
Skewness 0.309923
Kurtosis -0.047064
N 2007

Minimum 11.681

Anderson-Darling Normality Test

95% Confidence Interval for Mean

95% Confidence Interval for Median

95% Confidence Interval for StDev

27.525.022.520.017.515.012.5

Median

Mean

21.7521.6021.4521.3021.1521.00

95% Confidence Intervals

Summary Report for 50th Percentile

1st Quartile 19.953
Median 21.209
3rd Quartile 23.284
Maximum 29.254

21.471 21.703

21.081 21.351

2.573 2.737

A-Squared 10.74
P-Value <0.005

Mean 21.587
StDev 2.652
Variance 7.034
Skewness 0.309923
Kurtosis -0.047064
N 2007

Minimum 11.681

Anderson-Darling Normality Test

95% Confidence Interval for Mean

95% Confidence Interval for Median

95% Confidence Interval for StDev

27.525.022.520.017.515.012.5

Median

Mean

21.7521.6021.4521.3021.1521.00

95% Confidence Intervals

Summary Report for 50th Percentile
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Batches A-1 thru T Within Block 
MAX StDev 

RDX, % 0.563 
10th 1.405 μ 

50th 3.157 μ 

90th 18.240 μ 90.089.889.689.489.289.088.8

16

14
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8

6

4

2

0

89.33 0.1451 26
89.37 0.1817 26
89.40 0.1354 26

Mean StDev N

1.097.88

tnecreP

XDR

noitisoP

dr3
dn2
ts1

 lamroN
XDR fo margotsiH

3rd2nd1st

89.8

89.7

89.6

89.5

89.4

89.3

89.2

89.1

89.0

Position

RD
X

Individual Value Plot of RDX vs Position

3rd

2nd

1st

0.260.240.220.200.180.160.140.120.10

P-Value 0.316

P-Value 0.397

Multiple Comparisons

Levene’s Test

Po
si

tio
n

Test for Equal Variances: RDX vs Position
Multiple comparison intervals for the standard deviation, α = 0.05

If intervals do not overlap, the corresponding stdevs are significantly different.
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Blocks 1 thru 30 Between Block 
MAX StDev 

RDX, % 0.529 
10th 1.122 μ 

50th 3.086 μ 

90th 11.420 μ 90.089.889.689.489.289.088.8
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1

20

1

kcolB

9
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2

52
42
32
22
12
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Block

RD
X

89.365

88.7

90.1

Interval Plot of RDX vs Block
95% CI for the Mean

Individual standard deviations are used to calculate the intervals.
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Batches A-1 thru T 
MAX StDev 

RDX, % 0.473 
10th 0.9228 μ 

50th 2.213 μ 

90th 15.160 μ 
9

0
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4.68 2.78 0.88 8.88 6.98 4.09 2.1

R
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S
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O
N
M
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H
G
F
E
D
C
B

A-5
A-4
A-3
A-2
A-1

2.01.51.00.50.0

P-Value 0.000

P-Value 0.000

Multiple Comparisons

Levene’s Test

IM
EM

Test for Equal Variances: RDX vs IMEM
Multiple comparison intervals for the standard deviation, α = 0.05

If intervals do not overlap, the corresponding stdevs are significantly different.

T
S
R
Q
P
O
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M
L
K
J
I

H
G
F
E
D
C
B

A-5
A-4
A-3
A-2
A-1

20151050

P-Value 0.000

P-Value 0.000

Multiple Comparisons

Levene’s Test

IM
EM

Test for Equal Variances: 90th Percentile vs IMEM
Multiple comparison intervals for the standard deviation, α = 0.05

If intervals do not overlap, the corresponding stdevs are significantly different.
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All Batches 
Within Block Between Block Between 

Batch 
MAX StDev MAX StDev MAX StDev 

RDX, % 0.563 0.529 0.473 
10th 1.405 μ 1.122 μ 0.9228 μ 

50th 3.157 μ 3.086 μ 2.213 μ 

90th 18.240 μ 11.420 μ 15.160 μ 
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• 6.90 % of tested blocks 
should fail MIL-DTL-
50523A.  (Based on 720 
blocks tested) 

• 1.656 batches out of the 
24 should fail. 

• Actual results showed 
that two (2) batches did 
fail. 

• Batch F and Batch 
A-4 both had a 
calculated 50% 
point above 0.500 
inches in height 
which is indicative 
of a probable 
failure. 

 

0.6000.5250.4500.3750.3000.2250.150

LSL 0
Target *
USL 0.5
Sample Mean 0.367095
Sample N 312
StDev(Overall) 0.0896071
StDev(Within) 0.0461165

Process Data

Pp 0.93
PPL 1.37
PPU 0.49
Ppk 0.49
Cpm *

Cp 1.81
CPL 2.65
CPU 0.96
Cpk 0.96

Potential (Within) Capability

Overall Capability

% < LSL 0.00 0.00 0.00
% > USL 8.97 6.90 0.20
% Total 8.97 6.90 0.20

Observed Expected Overall Expected Within
Performance

USL = 0.5 inches
Overall
Within

Process Capability Report for Thick AVG
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1st Quartile 89.850
Median 90.080
3rd Quartile 90.220
Maximum 91.080

89.945 90.060

90.050 90.110

0.349 0.430

A-Squared 6.14
P-Value <0.005

Mean 90.003
StDev 0.385
Variance 0.148
Skewness -1.36741
Kurtosis 5.22181
N 175

Minimum 88.000

Anderson-Darling Normality Test

95% Confidence Interval for Mean

95% Confidence Interval for Median

95% Confidence Interval for StDev

90.690.089.488.888.2

Median

Mean

90.10090.07590.05090.02590.00089.97589.950

95% Confidence Intervals

Summary Report for RDX

1st Quartile 10.794
Median 11.896
3rd Quartile 12.797
Maximum 15.229

11.577 12.056

11.620 12.056

1.448 1.788

A-Squared 0.47
P-Value 0.245

Mean 11.816
StDev 1.600
Variance 2.560
Skewness -0.220637
Kurtosis 0.243059
N 174

Minimum 6.553

Anderson-Darling Normality Test

95% Confidence Interval for Mean

95% Confidence Interval for Median

95% Confidence Interval for StDev

15.013.512.010.59.07.5

Median

Mean

12.112.011.911.811.711.6

95% Confidence Intervals

Summary Report for 10th Percentile
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1st Quartile 27.894
Median 29.765
3rd Quartile 31.593
Maximum 40.137

29.199 30.106

29.299 30.300

2.740 3.385

A-Squared 0.84
P-Value 0.029

Mean 29.652
StDev 3.028
Variance 9.171
Skewness -0.33700
Kurtosis 1.40897
N 174

Minimum 19.386

Anderson-Darling Normality Test

95% Confidence Interval for Mean

95% Confidence Interval for Median

95% Confidence Interval for StDev

39363330272421

Median

Mean

30.430.230.029.829.629.429.2

95% Confidence Intervals

Summary Report for 50th Percentile

1st Quartile 59.169
Median 67.255
3rd Quartile 72.645
Maximum 111.840

65.028 68.226

65.288 68.354

9.671 11.947

A-Squared 0.78
P-Value 0.041

Mean 66.627
StDev 10.688
Variance 114.243
Skewness 0.24736
Kurtosis 1.87785
N 174

Minimum 33.504

Anderson-Darling Normality Test

95% Confidence Interval for Mean

95% Confidence Interval for Median

95% Confidence Interval for StDev

10590756045

Median

Mean

68676665

95% Confidence Intervals

Summary Report for 90th Percentile
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Batch 1 
MAX StDev 

RDX, % 0.5268 g 
10th 1.384 μ 

50th 4.315 μ 

90th 15.74 μ 
1
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Production Variability (Within Batch or Between Nutsches) 
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Batch 1 
MAX StDev 

RDX, % 0.4980 g 
10th 1.376 μ 

50th 3.171 μ 

90th 12.800 μ 1
0
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All Batches (Between) 
MAX StDev 

RDX, % 0.3550 g 
10th 1.600 μ 

50th 3.028 μ 

90th 10.688 μ 

1st Quartile 10.794
Median 11.896
3rd Quartile 12.797
Maximum 15.229

11.577 12.056

11.620 12.056

1.448 1.788

A-Squared 0.47
P-Value 0.245

Mean 11.816
StDev 1.600
Variance 2.560
Skewness -0.220637
Kurtosis 0.243059
N 174

Minimum 6.553

Anderson-Darling Normality Test

95% Confidence Interval for Mean

95% Confidence Interval for Median

95% Confidence Interval for StDev

15.013.512.010.59.07.5

Median

Mean

12.112.011.911.811.711.6

95% Confidence Intervals

Summary Report for 10th Percentile

1st Quartile 27.894
Median 29.765
3rd Quartile 31.593
Maximum 40.137

29.199 30.106

29.299 30.300

2.740 3.385

A-Squared 0.84
P-Value 0.029

Mean 29.652
StDev 3.028
Variance 9.171
Skewness -0.33700
Kurtosis 1.40897
N 174

Minimum 19.386

Anderson-Darling Normality Test

95% Confidence Interval for Mean

95% Confidence Interval for Median

95% Confidence Interval for StDev

39363330272421

Median

Mean

30.430.230.029.829.629.429.2

95% Confidence Intervals

Summary Report for 50th Percentile

1st Quartile 59.169
Median 67.255
3rd Quartile 72.645
Maximum 111.840

65.028 68.226

65.288 68.354

9.671 11.947

A-Squared 0.78
P-Value 0.041

Mean 66.627
StDev 10.688
Variance 114.243
Skewness 0.24736
Kurtosis 1.87785
N 174

Minimum 33.504

Anderson-Darling Normality Test

95% Confidence Interval for Mean

95% Confidence Interval for Median

95% Confidence Interval for StDev

10590756045

Median

Mean

68676665

95% Confidence Intervals

Summary Report for 90th Percentile

OSI_IMEM_2016-07 



 
 
2016 Insensitive Munitions & Energetic Materials Technology Symposium, Nashville, Tennessee 
© 2016 BAE Systems 

Non-Export Control Information – Releasable to Foreign Persons 
(Export Reference) 

Process Variability (Within & Between Summary) 
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All Batches 
Within 

Nutsche 
Between 
Nutsche 

Between 
Batch 

MAX StDev MAX StDev MAX StDev 
RDX, % 0.5268 g 0.4980 g 0.3550 g 

10th 2.041 μ 1.376 μ 1.600 μ 

50th 4.853 μ 3.171 μ 3.028 μ 

90th 19.650 μ 12.800 μ 10.688 μ 
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Variability Comparison (Within & Between Summary) 
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Within 
Nutsche 

Within 
Block 

Between 
Nutsche 

Between 
Block 

Between 
Batch 

Between 
Batch 

MAX 
StDev 

MAX 
StDev 

Absolute 
Diff. 

MAX 
StDev 

MAX 
StDev 

Absolute 
Diff. 

MAX 
StDev 

MAX 
StDev 

Absolute 
Diff. 

RDX, % 0.5268 g 0.5630 g 0.0362 g 0.4980 g 0.5290 g 0.0310 g 0.3550 g 0.4730 g 0.118 g 

10th 2.041 μ 1.405 μ 0.636 μ 1.376 μ 1.122 μ 0.254 μ 1.600 μ 0.9228 μ 0.6772 μ 

50th 4.853 μ 3.157 μ 1.696 μ 3.171 μ 3.086 μ 0.085 μ 3.028 μ 2.213 μ 0.815 μ 

90th 19.650 μ 18.240 μ 1.410 μ 12.800 μ 11.420 μ 1.380 μ 10.688 μ 15.160 μ 4.472 μ 
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Conclusion / Recommendations / Summary 
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• Within Nutsche and Block variability is negligible 
• Between Nutsche and Block variability is negligible 
• Between Batch variability is where the majority of the error 

is coming from 
• Modified EOF test should have been conducted on a 100% 

pass/fail test instead of Bruceton 50% point (Better 
matching the Energy Output Test in the specification) 

• Better control of input materials will improve consistency of 
the Composition C-4, within and between batches 
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