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M m ARDEC LOADING EQUIPMENT

> Modern melt pour equipment with Intelligence Control M odeling
System (ICM) which utilizes cart water level sensor s,
thermocouples, data collectors, and real time control screens to

develop loading processes.



v Loaded 478 projectiles
v' 262 each X-ray acceptable

> Analysis of the data

v No direct correlation between a single parameter and
guality of rounds.

> Review of X-ray data shows porosity present in
all rounds, including acceptable rounds
v" Issue was not completely resolved
v Acceptable rounds were on the margin




RathEeivard - @njective

> Establish a robust IMX-101 melt pour process for 155m m
M795 projectiles.

> Conduct DoE to obtain data that provides information
regarding the cause and effect relationship between L/  A/P
process parameters and porosity.

v" Conduct confirmation runs

> DoE developed in conjunction with

* American Ordinance (Loading contractor for high vo lume
production)

* BAE (Explosive manufacturer)




DoE Parameters

v Pour Temperature
v Cooling water Temp
v" Cart water height

v Funnel design

> DoE Design Full Factorial - 2*4 — 16 runs — 4k
Ibs of IMX-101 + 2 midpoints

v" Each run consists of 8 rounds
* Thermocouple round will be in all runs




C - Cart Water Height

L H
R_tunnel desion S L
Std Order Run Order Center Pt Blocks Pour Temp Cooling Water Temp Cart Water Ht (in) Funnel
2 1 1 1 Hi L L S
9 2 1 1 L L L T
11 3 1 1 L H L T
5 4 1 1 L L H S
13 5 1 1 L L H T
18 6 0 1 M M M T
4 7 1 1 H H L S
7 8 1 1 L H H S
15 9 1 1 L H H T
6 10 1 1 H L H S
17 11 0 1 M M M S
12 12 1 1 H H L T
10 13 1 1 H L L T
16 14 1 1 H H H T




Temp (F)

505 L 0
220 j{ﬁ—i“‘m\ =
o IR NS
205 ——-JY\eT . =
200 01 j“a 4
o I N .

185 AN N T N 3

180 N N e \

175 NN vy N

170 Ny RN ~ _

165 e T Y \'\m

160 _. -

155

150

145

140

135

130

125

120 . . . . .

9:14:24 10:26:24 11:38:24 12:50:24 14:02:24 15:14:24 16:26:24

——Thermo1.1 ——Thermo 1.2

—— Thermo 3.3 Thermo4.1

Thermo 1.3
Thermo4.2

Thermo2.1 ——Thermo2.2 ——Thermo 2.3 ——Thermo 3.1 —— Thermo 3.2

Thermo4.3 Funnel 1 Funnel 2 Funnel 3




DoE @hsenations

Process adj
significantly smoother

> Material exhibited less porosity defects (4 of 112)
v Material was heated and mixed at higher temps

> No significant difference can be made utilizing the different
funnel designs

v Results indicate that the existing funnels at load ing contractor
are adequate.
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DeE Confirmation

DoE data analysis established confirmation parameters

2 confirmation runs of 8 rounds each
2 confirmation runs of 16 rounds each

v All 48 rounds were acceptable

Loading parameters transitioned to American Ordnance




SUmMmeaiy.

> To establish optimum loading parameters for explosive
formulations the use of data acquisition and tightly monitored
process control is required

> A systematic approach to solve casting defects was s uccessfully
demonstrated

> DoE resulted in development of loading parameters for | MX-101
that can transitioned to the industrial base




