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Table 1 Pendulum Friction Indexes of Some Explosives

Method

Sample A ZA B IB IXIC D E F LF
1 PEIN 10.0 56.0 10.0 37.6 7% 10.00 10.00 10.00 20,00
2 RbX 10.0 50.0 10.0 34.7 73 10.00 10.00 10.00 20.00
3 HMX 10.0 44.0 10.0 28,5 66 10.00 10.00 10.00 20,00
4 Ruro carlit 10.0 44.0 10.0 26.4 66 10,00 10,00 10,00 20,00
S Gelignite 752 10.0 44.0 10.0 26.4 66 10,00 10.00 9.50 19,06
6 Ammonia gelatine 10.0 44.0 10.0 26.4 66 10.00 10.00 8.83 17.89
7 Gelignite 607 9.5 43.% 9.1 25.5 66 9.23 9.15 9.17 18.39
B0 Tetryl 8.5 42.5 7.3 23.7 66 7.68 7.45 9,00 18.22
9 Hoxal(P-30) 8.0 34.0 6.4 15.6 53 6.33 6.60 7.3 16.89
10 Propellant 7.0 32.0 4.6 12.0 53 4.78 4.90 9.94 19,94
11 Comp. B 7.0 33.0 4.6 13.8 53 4.40 4,90 7.44 14.77
12 Gelignite 507% 5.5 30.%5 1.9 9.3 53 2.67 2.35 9.44 18,66
13 Comp. C-4 5.0 28.5 1.0 5.7 53 1.12 - 1.50 5.61 14.67
14 Comp. A-4 5.0 21.0 1.0 4.2 42 0.93 1.50 6,50 14.61
15 NC 13.4% 5.0 22.5 1.0 6.9 42 0.54 1.50 9.50 19.06
16 HC 11.5-12.2% 5.0 21.0 1.0 4.2 42 0.35 1.50 9.56 17.84
17 Comp. A-3 5.0 21,0 1.0 4,2 42 0.35 1,50 6.22 12,22
18 Comp. A-3type 4.0 19.5 0.8 3.9 39 0.28 1.20 1,78 7.11
19 HNo.5 kuro carlit 3.5 19.5 0.7 3.9 39 0.25 1,05 5.67 13.67
20 Igniter 3.0 10.0 0.6 2.0 20 0.21 0.90 5.11 10,50
21 Ammonium perchlorate | 0.5 6.5 0.1 1.3 13 0.04 0.15 0.89 4.50
22 Pleric ncid 4.0 0.8 8

23 THT 4.0 0.8 8

24 Ammon explogive 3.0 0.6 6

25 Black powder 1.5 0.3 3

26 ANFO

27 Slurry

28  Ammonium nitrate
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Table 2 Friction sensitivity at Each explosion efficiency and Pf

Explosion Efficiency (kgf)
9/10 5/6 50% 1/6 1/10 24
Sn.mgl.e
1 PETH 6.6 6.0 4.4 3.3 2.6 45.5
2 RDX 18.0 16.0 10.7 7.2 6.4 40.0
3 HMX 17.6 16.0 12.3 9.4 8.7 36.9
4 Euro carlit 22.4 20.8 16.2 12.7 11.8 32.4
5 Gelignite 75%
6 Az=onia gelatine
7 Gelignite 60%
8 Tetryl 15,2 24.4 12.6 10.9 10.4 34.8
9 Hexal(P-30)
10 Propellant 21.2 19.4 15.4 12.1 11.2 33.2
11 Cozmp. B 16.2 15.0 11.8 9.2 6.4 37.2
12 Gelignite S0% 23.4 19.9
13 Comp. C~4 29.0 27.4 23.4 19.9 18.8 21.9
14 Coap. A-4 18.0 16.4 12.6 9.6 8.8 36.7
15 NC 13.4% 13.8 12.4 9.2 6.8 6.2 40.5
16 NC 11.5-12.2% 22.6 20.8 15.5 11.6 10.6 33.8
17 Comp. A-3 18.0 16.6 13.8 11.3 10.8 34.3
18 Comp. A-3 type 22.8 22.0 19.5 17.4 16.8 25.9
19 No.5 kuro carlit
20 Igniter
21 Acxonium perdilorate
22 Picric acid
23 THT
24 Ammon explosive
25 Black powder
26 ANFO
27 Slurry
28 Asmonium nitrate
C
107 -1 s—e—s
8, \o\\
: \\ A .
o 3 —* \
Nt \
: — —lh‘-‘_‘ J
0 D %ﬁr
0 10 20
N
Fig. 1 Pendulum Friction Indexes of Some Explosives
N: Number of Explosives, in order of Pendulum Friction
Sensitivity
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Table 3 Impact Sensitivity at Each Explosion Efficiency and Pd

At ——————————————————

Bxplosion Efficiency (cm)

Sample 9/10 s/6 sos  1/6 1/10 P

1 PETH 22,0 20.0 16.0 12.8 12.0 43.6
2 RDX 30.2 27.0 19.7 14.2 13.0 42.9
3 HMX 27.6 24.6 17.9 13.2 12.2 43.3
4 FKuro carlit 31.8 30.0 29.5 21.7 21,0 39.2
5 Gelignite 75%

6 Ammonia gelatine

7 Gelignite 60%

8 Totryl 100.0 60.0 20.0
9 Hexal(P-30)

10 Propellant 47.2 44.8 38.3 33.0 31.0 35.5
11 Coap, B 100.0 0.0
12 Gelignite 50%

13 Comp. C-4 65.0 40.0 30.0
14 Coop. A-4 85.0 50.0 25.0
15 KC 13.4% 39.8 33.3 19.2 11.2 9.2 44.4
16 NC 11l.5-12.2% 51.5 37.5 11.9 3.9 2.5 48,0
17 Comp. A-3 100.0 60.0 30.0
13 Coap. A-3 type
19 HNo.5 kuro carlit 37.6 35.3 29.2 24.2 22.7 37.9
20 Igniter 87.6 8L.2 64.6 51.8 48,2 24.1
21 Amzonium perchlerate] 54.5 51.0 40.9 33.0 31.0 33.5
22 Pleric acid

23 THT

24 Amnmon explosive 100.0 0.0
2% Black powder 23.0 26.3 23.1 20.4 20,0 39.8
26 ANFO

27 Slurry

28 Ammonium nitrate

Table 4 Corrclation

between Pendulum Friction and Friction Sensitivity

Lhod A £A B £B EC D B P £F
E.E.
9/10  « _— —_ J— 0.10 — —_ — —_— .
r 0.4160 0.4616 0.4067  0.5162  0.4188  0.3903  0.4129  0.4099 0.3463
o _— —_— P 0.10 — JR J— — —
5/6 r 0.4329  0.4680 0.4186  0.5405  0.4243  0.4019  0.4198  0.4537 0.4157
o 0.10 0.10 —_— 0.10 —_— —_ _— 0.05 0.10
o r 0.4837  0.4936 0.4606 0.5606  0.4467  0.4407  0.4625  0.5751 0.5025
1/6 o 0.10 0.10 —_ 0.10 —_ — 0,10 0.02 0.05
r 0.5054  0.4810 0.4752  0.5597  0.4423  0.4541  0.4776  0.6489 0.5740
o 0.10 0.10 —_ 0.10 —_ —_— S 0.02 0.05
110 r 0.4984  0.4833 0.465%  0.5442  0.4334  0.4452  0.4684  0.6403  0.5595
o 0.10 0.10 —_— 0,10 - 0,02 0.05
o r '0,5048  0,4877 0.4754  0.5592  0.4393  0.4541 = 0,3910  0,6456 . 0.5691

o toignificance level

risample correlation coefficient
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Table § Correlation between Pendulum Friction and Impact Sensitivity

Nethod A ZA ) B .EC D B P TP
B.E,
9710 o | o.05 0.10  0.05 0.10 0.10 0.05 0.05 0,0 0.10
v | 0.7223 o0.5622 0.7140 0.6006 0,5217  0.7079  0.7180 0.5004  0.6437
s/6 o | 0.0 0.10  o©.10 0.10 0.10 0.10 0.05 0.10 0.05
r 0.6970  0.5533 0.6550  0.5711  0.5299  0.6434  0.6620 0.6101  0.672}
58 5 | — 2 — @ — — — — —_ — -
r | 0.0525 0,1661 0.3374  0.2631  0,0866  0.3146  0.3318 0.3897  0,3957
1/6 o | — —_— —_ — J— - —
r | 0.2800 0.2913 0.2247 0.3064 0.2946  ©0,2094 0,2217 0.3566  0.3953
/10 o | — —_— — J— —— — ——  o.10 0.10
r | 0.4776 0.4329 0.3457 0,385¢ 0.4080  0.3167 0,360 0.6016  0.6146
P o | — —_— — J— J— J— —  0.10 pu—
r | 0.3102 o0.2003 0,3079 0,281 0.295¢  0.2712  0.3096 0.470L  0.4527
o :aignllﬂcencn level; risample correlation coefficient
(em) =100}, 1.0
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Pendulum Friction Tests on Some Explosives (IV)
Digitized Pendulum Friction Sensitivity

by Kazuo HASUE?* Toshihiro KIKUKAWAZ?* Seiji HIRANO* Yuichi OGAWA*
Kazumasa OKAZAKI and Shoji NAKAHARA®*

The pendulum friction sensitivity of some explosives has been shown as E,
PE, Sn, C, Sp and U in order of explosion strength by the routine method but
the rapid comparison of sensitivity of each explosive was not easy by this method.
To permit rapid comparison of each explosive’s sensitivity, several point systems
which gave an appropriate point for each explosion were evaluated and a digitized
pendulum friction sensitivity was called a pendulum friction index (PFI).

PFls of some explosives were compared with several explosion efficiencies of
the friction sensitivity and the impact sensitivity. It was found that the friction
sensitivity correlation was slightly greater than the impact sensitivity correlation;
however, neither correlated well with the PFls.

Also PFIs made the rapid comparison of relative sensitivity of each explosive
easier than the routine method. |

Method B, in which E and PE were given 1 point, Sn, C, and Sp were given
0.1 point and U was given 0 points, was recommended because of its simplicity.

(*The National Defense Academy, 1-10-20
Hashirimizu, Yokosuka, Kanagawa, 239, Japan)
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