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“For Want of a Nail…the Kingdom was Lost”
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CADs: At the Heart of Today’s Aircrew Escape Systems
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Typical Design of a Pyro Delay Cartridge
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DELAY COMPOSITION
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Presenter Notes
Presentation Notes
To a large extent the area of pyrotechnics is more based on art than on science. It does lag other chemical energetic materials (propellants and explosives) in our scientific understanding and  predictive capability.  Although often not fully understood, pyrotechnics is not the Black Art that it is generally believed to be.  
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Commonly Used Navy Pyro Delay Systems

Tungsten Delay Compositions, MIL-T-23132
• W, BaCrO4, KClO4, SiO2

Manganese Delay (D-16) Compositions, MIL-M-21388
•  Mn, BaCrO4, PbO4

Boron Delay (T-10) Compositions, MIL-D-85306
• B, BaCrO4

Zr-Ni Alloy Delay Compositions, MIL-D-85866
• Zr-Ni (I), Zr-Ni (II), BaCrO4, KClO4

Presenter Notes
Presentation Notes
Many other delays in proprietary cartridges – not discussed today but most of the trends and observations today would apply to them.  Zr-Ni Type 1 is 70% Zr.  At 3% (1) when (2) is added in there is 7% Zr which is almost marginal at cold – low heat output.   Army spec fo Zr-Ni delay is MIL-C-13739
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Observed Delay Related Problems
• Delay time variability, high Coefficient of Variation
• Occasional out of population short delay times
• Occasional out of population long delay times
• Inter-incremental separation, quenching, propagation failures
• Wrong selection of target mean delay time (and unexpected shifts)
• Workmanship/Quality/Lack of Process Control
• Poor delay column or increment strength, consolidation characteristics
• Contamination of hardware, from loading tooling, or in delay composition
• Loading of delay or ignition increments out of proper sequence
• Change in delay time over short time periods
• Poor long term delay time stability (aging)
• Lot to lot differences in ingredient performance
• Etc.

Presenter Notes
Presentation Notes
Delay time variability – bad ingredients, bad mixing, bad handling, bad loading, bad testing



Tungsten Metal Powder
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Chemical Properties of Manganese Metal

Manganese tends to easily oxidize, like Iron, and requires 
surface protection to remain chemically stable



PUSZYNSKI

Oxygen analyses indicates clearly the presence of oxygen 
containing compounds (HxByOz) on the surface of boron. Boron 
powder when exposed to moisture tends to hydrolyze forming boric 
acids and/or oxides. This oxygen containing compounds can be 
easily removed by dissolution in methanol.

Washing the Boron
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Barium Chromate 

BaCrO4 lots (used in a 4.5% boron mix). “Bad” barium 
chromate did not load well while the “good” barium 
chromate did.  Both lots (from different suppliers) met the 
barium chromate spec.

“Bad” “Good”
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Diatomaceous Earth

SEM image of selected
Diatomaceous earth aggregates
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Presenter Notes
Presentation Notes
 80–90% silica, with 2–4% alumina (attributed mostly to clay minerals), 0.5–2% iron oxide  Diatomaceous earth consists of the fossilized remains of diatoms, a type of hard-shelled microalgae




The Facts of Life About Ingredient Specs
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• Most ingredient specs are based on “off the shelf” materials which were 
available 30-50 years ago

• Nearly all original suppliers are no longer providing those ingredients
• Environmental, safety and economic issues result in frequent changes in  

suppliers, sources, and production processes
• Some ingredient lots, although meeting spec, do not perform well in delay comps
• Performance (burn rate, heat output, long term stability, etc.) is often impacted 

by uncontrolled and/or unknown ingredient impurities 

The Challenge: Identify ingredients which both 
meet the spec AND performs in the pyro mix. 

Presenter Notes
Presentation Notes
Antimony sulfide – South America (Bolivia) VS China – different performance in percussion primers



Many Ways to Mix Pyro Delays
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• Each method can succeed
• Each method can fail
• Need to optimize/control parameters
• Often uses several processes together

Presenter Notes
Presentation Notes
CEC76 is a version of the NASA Lewis program which is commercially maintained and supported.



Tungsten Delay Composition: 
• Density of tungsten is 19.25 g/cm3

• Density of diatomaceous earth (Superfloss, SiO2) is 0.25 g/cm3

Settling/de-mixing can become a major problem when:
• Over mixing
• Re-blending
• Careless handling
• Shipping
 16

Pyro Delays Are Not “Mixed Like a Cake…”

Presenter Notes
Presentation Notes
Generally no binders (gasless), no curing.   80:1 differwence!   Density of Pb = 11.34 g/cm3



Potential for Settling Isn’t 
Often Called Out In Specs
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From the Tungsten Delay Composition Spec – MIL-T-23132:

One Solution: Block the composition prior to shipping



Smear Test – For Mixing Evaluation
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Shown is a B-BaCrO4 delay 
composition mix (with 3.5% B).  
Yellow streaks show the 
presence of larger agglomerates 
of BaCrO4
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Tungsten Delay 

75% W

65% W
55% W

45% W

35% W

25% W
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Classic Thermal Quenching
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Hardt, Phung, Valenta – 5th IPS

Extinction Distance for Flame Propagation

Effect of 
wall thickness
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Delay Cartridge: Failure to Function
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Disassembly
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Sectioning and Analysis of the “Slug”
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Reaction Chemistry of W Delay
KClO4 decomposition at 580-600C
KClO4 → KCl + 2O2

To sustain the reaction, BaCrO4 decomposes at approx. 1400C
BaCrO4 → 4BaO + 2Cr2O3 + 3O2

Tungsten reacts with the oxygen to form tungsten trioxide
2W +3O2 → 2WO3

If over-oxidized, rate controlling step is diffusion of oxygen through 
the oxide layer on the surface of the tungsten particle

If under-oxidized, burning rate is primarily controlled by heat 
conductivity of the metal fuel 



Delay Increment Loading Issue

Burn Direction

Loading:
• Flat Ram
• 44 ksi
• Scoop
• Load to exact length (± 0.001”)
• Use small final increments, if needed

Ignition

Output
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Assigned Cause: Thin initial thin increment likely broke up and did not 
maintain sufficient contact with next increment to assure propagation.



Nested Delay Increments Using a Step Ram
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Zr-Ni Comp Delay Failure (Dud)
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Post Firing
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Gap



Possible Causes
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• Insufficient thermal output, of primer or delay increment 
• Too high density at increment interface, affecting ignitibility and gas 

flow
• Contamination of sidewall with output charge during loading
• Expansion/contraction causing movement of displaced increment 

during burn
• Too high loading pressure (glazed increment) – too hard to ignite
• Too low loading pressure (reacted increment) – too soft to retain 

position
• List could go on and on…



Design Problem 

Case

Delay Insert
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Concluding Remarks
• Pyro delays, because of their low cost, simplicity, and high reliability, will continue to be a 

critical part of many military systems for the foreseeable future. They will continue to be a 
critical “nail” in many systems.

• The CAD/PAD community needs to maintain technical competence in this area.
• Unlike propellants and explosives, the knowledge base for pyro delay has not expanded 

much since the 1960’s. What we learn today generally comes out of trying to understand 
what went wrong.

• Pyro delays will likely continue to present challenges – ingredients and processes will 
change, safety and environmental regulations will increase, memories will fade and 
expertise will be lost.
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Presenter Notes
Presentation Notes
We only become smarter by making mistakes
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