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Performance Improvement of C1 Delay
for AA-/BB- MM Mortar Shells
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2 o < 6|z 2AYF AA-/BB- MM KDDD, KEEE 2 et ghefe 21-8.9] oF 92 %7} &3 Eolrt. £
%12 KFFF, KGGG Al#HFuze)9] #3571 C1 A ?i THORE ZHHYT. £ A NEEe dekesd A
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AR F 71E5te] 4o vlustelth. Aedst 2¢E2 /A A AES 41’41 90 %, N & AFL A 7.5 %=
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TEOE(L T, 95 % RH) 240 B3 5 243 28 o0 200 B84L 1els) PAE 23stsich. WA
o 452 Bol B WMol 4L A1) A4 5 7159 Festoick. BEES AL A A 30%, AH F 0% 55
o1gel 45-g Telsksint.

Abstract In the past six years, approximately 92% of the malfunctions of AA-/BB- MM KDDD and KEEE
mortar shells have been identified as misfires at the point of impact due to failed combustion of the
C1 delay component of KFFF and KGGG fuzes. The aim of this study was to prevent recurring
ammunition malfunctions by conducting experimental research to improve the performance of the C1
delay. The causes of the combustion failures in the C1 delay were analyzed in the context of the ignition
and delay agents, and the compositions of both agents were modified to improve the performance. The
agents were detonated after accelerated aging tests to compare their performance. An improvement by
the composition modification was confirmed, and the maximum misfire rates of the original (C1 delay)
and improved (C1A1 delay) products were 90% and 7.5%, respectively. Additionally, a change in the
waterproofing agent was considered to enhance the water resistance. The appropriate waterproofing
agent was determined based on the measured water content after storage at high temperature and high
humidity (71C, 95% RH), as well as the efficiency of the operation. The water resistance was evaluated
by immersing samples in a water-filled chamber and detonating them. The improved product demonstrated

superior performance with a misfire rate of 0%, in contrast to the rate of 30% of the original products.
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Fig. 1. The structure of C1 delay
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Table 1. Fuels List of Igniter

Zirconium(Zr), aluminum(Al), magnesium(Mg),
Metals L .
titanium(Ti), tungsten(W) etc.
boron(B), carbon(C), silicon(Si), sulfur(S),
Non-metals
phosphorus(P) etc.
2.3 X[¢H|

AAA= F 7Y KA L Aolo] ARHHE0]
L Q3% 49 AMREY, Pyrotechnic Delay DeviceZ
B EZol| w2t 2 A EWMillisecond)ollA Z
Z(Second)7HA] theket HAZ ARGHTH4] A AAE=
25o] wa} Tungsten, Manganese, Zirconium-Nickel
S Table 29} Zo] &kof wet thfstA L/dETH5].
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Table 2. List of military delays with chemical
components
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Composition

Components

hand-held
signal delay

W, BaCrOs, KClO4, VAAR

tungsten delay

W, BaCrO4, KClOg,
diatomaceous earth

manganese delay

Mn, BaCrO4, PbCrOy4

zirconium-nickel

Zr-Ni alloy

delay BaCrOs, KCIO4
T-10 delay B(amorphous), BaCrOs4
24 C1 XIGIT HIAZCH U0l

2.4.1 XAt 9

20 20
Distance(nm)

o 20 40 60

Fig. 2. Microscopic analysis of Igniter
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Table 3. The microscopic analysis results of Igniter

Sample Type Layer Depth d?;;zgi;
Alpha-Zirconium, Zr3O[ 8.8 mn 8.8 m
Pristine Monoclinic Zirconia,
16.4 mn
m-ZrO;

8-year namrauyAlpha—Zirconium, 7Zr30[ 17.2 m 47.8 mm
aged Oxygen 14.2 m

8-week Alpha-Zirconium, Zr;0| 16.1 mn 23.4 mn
thermally aged Oxygen 7.3 m

2.4.2 XA 23t XK 7S5t

A AAI= Zr-NiZk BaCrO4, KClO4L2 FAJ=]0] 9]
o} 7]1& AFolA AAAY] AdaFH2 Zr, Ni2l Abst
of o5 AXHQ LT Fad| AdaFoo] WY 5
U EAstTHG, 8l

etoko zl-go] ¥hAgt 2| Ae] XA DSCEA At
£ Table 49 YeM Tt Pristine Al=9] H|s] HHH,
III ASPolA 8W7t Hte] w3ke Alge AEdH] g
F2 7HAchl 2R EE EobA A AAY Aol

AL Selstrt.

Table 4. The DSC analysis results of Zr-Ni delay

Sample Type Heat of reaction | Initiation reacﬂtion Storage
(/9 temperature(C) (year)
Pristine 729.47 325 0
HHH ASP 670.25 335.63 8
11 ASP 584.87 345.45 8
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Table 5. Major Improvement points

Qlstoirt. ol 718 2o
1 971 719k Aol Qe 7k
52 seIsi

Component C1 Delay C1A1 Delay
F33B A-1A
Ignition System (zr 00%) (zr 00%)
VAAR Binder None
Zr-Ni(Slow/Fast) W
Delay System
Double Delay Single Delay
Waterproofer AT-100 Resin / Resin No. 8 /
P Lacquer Hernon 40995
Body Stair shape U shape

Table 6. Some common fuels and their properties

Heat of combustion

Fuel Density(g/cm?) (keal/g)

Aluminum(Al) 2.70 7.4
Magnesium(Mg) 1.74 5.9
Titanium(Ti) 4.51 4.7
Tungsten(W) 19.30 1.1
Zinc(Zn) 7.14 13
Zirconium(Zr) 6.51 2.9
Boron(B) 2.35 14.0
Carbon(C) 2.26 7.8
Silicon(Si) 2.33 7.4

3.1 C1 XA
MIL-STD-311

Lot

o & &EAYe] HE
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Fig. 4. Agings test results for C1, C1A1 Delay

Table 7. The results of moisture absorption test

Waterproofing Type Moisture content(%)
Before Test 0.01
None 0.03
Lacquer 0.03
AT-100 Resin 0.04
K414 0.01
Hernon 40995 0.01
Hernon 59621 0.01
Resin No. 8 0.01
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Table 8. The results of water pressure chamber test

Pressure | Time | Sample Inactive(%)

(kef) ) | EA) Cl1 Delay C1A1 Delay

5.5 4 10 0.0 0

3.5 24 10 30.0 0

5.0 10 10.0 0

5.0 30 3.3 0

5.0 60 6.7 0
A0 W2 WHEAIES Cl, ClAl A9 7+

7110704 AT T AE 7 108 B gaEes

71&8) AR 7 o]t 2ol It H4 719t AlE
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