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* Modernised Mulwala Facility (MMF):

-SB propellant manufacturing capability

-Enhanced production capacity; improved environmental
and OH&S characteristics

= Qualification guidelines:

-New propellant from new facility requires fundamental
assessment of ageing characteristics and comparison with
product previously demonstrated to be S3. =——

TERRITORY

= Nature specific ageing protocol
d eve | O p me nt . B

-Required ageing conditions
-ldentification of life-limiting propellant properties

Mulwala isuan
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|< Life-Limiting Factors (safe-life/performance) >|

|( Ageing Media Equivalence ’l

Molecular level effects

Bulk properties System performance

e Stabiliser (HPLC)
e Composition (GC, FTIR)

e Burn rate properties (CV —
gas + pyro)

* Instrumented barrels
e Transparent gun simulator

e MW (GPC) * Mechanical properties * Modelling (Casbar, IBHVG2,
e Heat evolution (HFC) * Vulnerability (SSCO, 2 stg vulnerability models)
e Thermal transitions (DSC, light gas gun)
TGA) e Sensitiveness (EHDS)
e E content (Bomb e Thermal conductivity
calorimeter) e Density (Pycnometry)
* Weight loss \_ Yy, \_ \ )
e Deterrent profiles (Raman N\

microscopy)[thru’ CEEM]
e Thermochemical

prediction (ICT code) .
e Moisture Content (KF-T) Muzzle velocity

Peak chamber P
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Test Pgdgram: COmparison Propellants -
Propellant DOM Type Stabiliser NC Grade Deterrent
AR1 Oct "10 SB DPA C:13.2% N DNT
AR3 Apr’05 SB DPA C:13.2% N DNT
L2 Jun “10 SB EC E:12.0% N -

Grain Dimensions
(relative to normalised dimensions of AR1)
Propellant
Length Diameter Web Perforations
AR1 1.0 1.0 1.0 1
AR3 3.4 2.3 2.6 1
L2 16.2 8.0 3.8 7
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| Test Prbgram: Ageing
Ageing Duration (days at 70°C)
Testing Media AR1 AR3 L2
Molecular level TAM, PCA 0-135 0-84 0-197
Bulk properties PCA 0-84 0-84 0-197
Gun performance PCA 0-84 - -
(M TAM ampoules (4,20 mL)
Days at 80°C (dWheaton vials (8 mL)
Testing Media L2 (XPharmaglass vials (21 mL)
Molecular level 20ml TAM 20, 40, 60, 80 @PCA Bags
Bulk properties 20ml TAM 40, 60, 80
Gun performance” - 40, 80

NBHVG2 simulations
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ivalence: Weight Loss — AR1

_Ageing'Media EQy

+ 10g bag Trial 1
08 1 . 10gbagTriat2 | loose hook
0.7 - e 90g bag trial i
= 4ml TAM vial
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Days at 70°C
AOP-48 guidance
Media Wt loss%
4 ml TAM <0.2
PCA bag <0.1
Sealed ammo <0.1




L AgeingfMedia Edu
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ivalence: Weight Loss Summary

loose hook

100 120 140 160 180 200
Days at 70°C

+ ARI1: PCA Bags

o AR3:PCA Bags

« L2: PCA Bags
-——AQOP48 UL

m ARI: 4ml TAM vial
0 AR3:4ml TAM vial
+ L2: 21ml TAM vial
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AgeinggMedia Equjvalence: Stabiliser.loss — AR1

1.2
o d[S()] n
Function Fit: ——— = —k|[S(t)]
dt
1w
¢ B .
508 4 o S
L2 + +§ + /
B [ ] F
S 06| * " i, T
h Y07 mg o [ES] NATO tube ISS R T B .
a2 n
04 x ..[DPA] """""""""""""" [ES] limit: Syr DEF(AUST), 30°C storage
=
O
° [ES] limit: 5.9yr AOP-48, 30°C storage
0 . . o s ee o—+o— o 9 o o o o
0 20 40 60 80 100 120 140

Days at 70°C

+ [DPA] 10g bag Trial 1 [DPA] 10g bag Trial2 m [DPA] 90g bag; trial e [DPA] 4ml TAM

o [ES] 10g bag Trial 1 x [ES] 10g bag Trial 2 o [ES] 90g bag trial + [ES] 4ml TAM
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S/S,

AR3[ES]

AR1[DPA]

AR3[DPA]

Days at 70°C

\ :’:-I-:{::t__
’ :’:' -:’:.

L2 wt loss:

bags >0.3%

vials =0.4%

+

= L2:[EC] 20mI TAM o L2: [EC] PCA Bag

ARI1: [DPA] PCA Bag « AR1: [DPA] 4ml TAM o AR1: [ES] PCA Bag
+ AR3: [DPA] PCA Bag a AR3: [DPA] 4ml TAM © AR3: [ES] PCA Bag

+ AR1: [ES] 4ml TAM
= AR3: [ES] 4ml TAM

ES=[DPA]+0.85 [n-no-DPA]

DEF(AUST) 5 yr Chem Safe Life

Propellant S/S,
ARI1 [ES] 0.5
AR3 [ES] 0.5

L2 [EC] 0.6




Weight Avg Molecular Weight (x1000)

500 120

[DPAJ=0 =
430 / T 102 e [MW]10g bag Trial 1
* s —
400 | h*x* 1100 £ 4 [MW]10g bag Trial 2
350 | e 190 0 | 4 [MW]90g bag Trial
300 - A - + 80 % ¥ [MW] 4ml TAM vial
250 - e 170 B o [MN] 10g bag Trial 1
2 .
200 _-.._‘%_§ K _.-;.O * .X | £ 60 20 & [I\-/]N] ]_Dg bﬂ.g Trial 2
150 4 -g-”_-_”_“%'--—-..__;__________-_ . * )K - X Tl S + 50 go & [W gng ba'g Tﬂﬂl
100 - MN/ -__St___-“__'“r_"—dr- — Toxox * 4 40 ‘E + [MN] 4ml TAM vial
o + T - o]
+ - e . . .
=0 | \__’ o . 13 E Function fit extrapolated
media wt loss > 0.35% ZS
0 T T T T T T T 20
0 20 40 60 80 100 120 140
Days at 70°C

Function Fit: Molecular weight reduction via monomer unit decomposition
with chain recombination [Bohn, 1998]
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14 AR3 [DPAJ=0

AR1 [DPAJ=0
L [DPA]

media wt loss:
bags >0.3%

vials >0.4%

T8
L. - media wt Iu:?ss:‘é ¢ %
04 media wt loss: >0.35%
f >0.35%
0.2 -
U | T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200
Days at 70°C

+ AR1PCA Bag ¢ AR1 TAM vial

o AR3 PCA Bag AR3 TAM vial

o L2PCA Bag e [2TAM vial

————— Extrapolated Fn Fit
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VN andl Stabiliseg, Depletion - Kinetics -

MN: Reduction via Monomer Unit Decomposition (k) with
Chain Recombination (k,,)

Monomer [Primary Stabiliser] >0 [Primary Stabiliser] = 0
Decomposition model | k_;x10°(1/d) | kox102(1/d) | R® | kux10°(1/d) | k.ox102(1/d) R’
AR1 (70°C) 2.6 0.0 0.4435 2.6 0.0 0.7447
AR3 (70°C) 2.6 0.0 0.5842 9.1 0.0 0.8549
1.2 (70°C) 1.5 0.0 0.8832
L2 (80°C) 11.1 2.8 0.9398

Stabiliser: nt" order decomposition [AOP-48]

Stabiliser Depletion 5 n® order model 3
kx10™(1/d) n R
AR1 (70°C) 3.9 0.7 0.9549
AR3 (70°C) 7.4 0.7 0.9668
L2 (70°C) 0.2 0.0 0.9236
L2 (80°C) 0.6 0.4 0.9822

12 i1,

P

Chem Stability

AR3 <AR1< L2
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—Unaged

ects: Methanical Properties- L2

40 H

—Aged 40 days at 80°C

Ageing Duration at 80°C

—Aged 80 days at 80°C
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Applied Stress (MPa)
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1.0 3 e
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% max Pressure

afformance; L2 (IBHVG2 modelling)

g
Effect of burn rate Effect of burn rate and fractured geometry
120 T L T T T T 200 T - T T T T
Unaged baseline Unaged baseline
40 days aged 180 | 40 days aged
100 L 80 days aged 80 days aged ------
160 r ]
N 140 B () . 5} :
% | Vieille s La
o
60 r a 100 | . ]
x r = aP n
E 80 :
40 + S ’
60
00 | 40 +
20 +
0 J A 0 1 1 1 L 1 1
20 -15  -10 20 20 -15  -10 -5 0 5 10 15 20

Time, ms

Age (days)| a (%) n (%) |£(100MPa), % | Quickness (%) | E content (%)
0 0 0 0 0 0
40 -14 +4 +3 +3 0
80 -30 +6 -7 14 4
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Bulk Effects: Mechanical Properties

R1
Age (days) DISA (%) MW (%) PDI (%)
0 +4 0
42 +1 -11
85 +10 -33

15 i g,

1]
---------
llllll

DISA eterreq= FN(Physical surface area

+ initial burn rate enhancement)

- AR1 and AR3

Age (days) | DISA (%) MW (%) PDI (%)
0 / +14 0 0
42 | +37 -53 -20
86 \ +78 / 76 52
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 Bulk Effe

cts: ART"Burn Rate

Age (days)

i (16 MPa), %

i (120 MPa), %

Pmax (%)

Quickness (%)
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Concluffons N ___ o a e

= Ageing Media:

— PCA bags offered improved sealing efficacy over TAM vials.

— Propellant ageing in PCA bags and 4 and 20ml TAM vials gave acceptable
agreement whilst adequate sealing integrity was maintained.

= Ageing Protocol:

— For all propellants represented, at the ageing temperatures considered,
functional performance rather than safe-life will be life-limiting.

— For the AR propellants, a 55°C ageing temperature would be more appropriate
owing to DNT-loss at the 70°C condition.

Propellant

5yr Chem Safe Life

Functional Life

Life Limiting Factor

AR1

>135d at 70°C equiv.

63d at 70°C equiv.

Deterrent induced burn rate
changes.

Deterrent induced burn rate

AR3 >84d at 70°C equiv. | 42d at 70°C equiv. | changes and (possibly) loss in
structural integrity.
L2 ~60d at 80°C equiv. | <40d at 80°C equiv. Loss in structural integrity.
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