[image: U:\UWTSD Logo.jpg]

MODULE CODE: ACDA 4019 (BEng)
Principles of OME
ANSWER SHEET FOR MARKERS

DURATION OF EXAM:  2 HOURS 

ANSWER ALL QUESTIONS (QUESTIONS 1 to 10) inclusive

Equipment or materials required – Calculators
Adnoddau neu ddefnyddiau sydd eu hangen - 

Question 1

Using diagrams to illustrate your answer, explain ‘deflagration to detonation transition’ (DDT) and the effect of charge diameter on the velocity of detonation (D).
[10 marks]
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We would expect them to explain that, for the same explosive substance, the greater the charge diameter above the critical diameter, the higher the initial VofD and the higher the sustained VofD. They should go on to explain the effects of self-confinement on burn rate, enabling faster burn rate in the larger diameter charge with consequent higher initial VofD.

Question 2 

Draw a hierarchical diagram that depicts the common types of explosives in everyday use.     
[3 marks]
In the wiring diagram we want to see: low explosive (propellant explosive) and high explosive. Low explosive can be split into propellant and pyrotechnic. High explosive can be split into primary, secondary and tertiary explosive. Primary high explosive may be further split down to deflagrating and detonating.
[image: ]

Briefly describe the characteristics each type of explosive you have identified, giving two named examples of each.
											[5 marks]

In this response we want to hear about sensitivity to stimuli. ESD, heat, shock, friction etc. Examples can include any of the primary/secondary compositions taught.

A large quantity of ammonium nitrate and fuel oil has failed to detonate during a trial. The investigation shows that a commercial detonator has been used to facilitate. Explain why the ammonium nitrate and fuel oil failed to detonate.
											[2 marks]
ANFO is a tertiary explosive and is less sensitive than primary or secondary explosives. As such, it requires a booster as well as a detonator to reliably initiate.

Question 3

Define the terms ‘critical diameter’ and ‘critical density’.
[2 marks]
Critical diameter – diameter below which a successful detonation cannot progress.
Density – critical density below which a successful detonation cannot progress.

[bookmark: _Hlk98758721]Why are critical diameter and density so important in terms of munition design? 
[2 marks]
If the critical diameter and critical density of the explosive used in a warhead are not considerwed then the warhead may fail to function as designed.
Draw a diagram of fixed-case artillery round. Annotate the types of explosives that you could expect to find in the fuze, main filling and primer/propulsion system. 
[6 marks]
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Question 4

Draw a graphical representation of heat of explosion (Q) and oxygen balance (W) for EGDN, nitroglycerine (NG) and TNT. 
[3 marks]
[image: ]
Explain why the gaseous plume following a TNT explosion is so dark in colour. 
[1 mark]
This is because the products of explosion contain a large % of carbon (s)

What products of detonation would you expect to find for EGDN given its oxygen balance?
[3 marks]
Given that the oxygen balance is zero, the products of detonation (other than N2(g)) are CO2(g) and H2O(g), leading to high energy release.
If aluminium were added to an explosive, what product of detonation would aluminium produce? Briefly explain what happens to the heat of explosion Q and gas volume V.  
[3 marks]
Aluminium will compete with the gaseous products (CO, H2O, CO2) to form Al2O3(s). The enthalpy of formation of Al2O3 is considerably higher than the gaseous products leading to an increase in Q and a reduction in V.

Question 5

Define the term ‘hot spot’ and its importance in the detonation process. Your answer must include examples of two types of hotspot and explain ignition temperature. Assume that the explosive is of sufficient critical diameter and density to sustain a detonation.			
[5 marks]

[image: ]

An artillery shell containing TNT is fired from a self-propelled gun on return from long-term field storage in a country with a diurnal temperature range of +52oC to +2oC. The shell is not inspected before firing, resulting in a breech explosion. Explain how the effects of diurnal cycling on TNT may have caused the premature explosion.
[5 marks]
TNT melts at approximately 80.6oC and some of the lower nitration products, if still present as impurities, melt at significantly lower temperatures, well below the 52oC experienced by this shell. Although the maximum temperature given is 52oC, that is the air temperature; it is possible for the internal temperature of the shell to be raised to a higher temperature if exposed to the highest temperature for a long period of time, during which the heat cannot dissipate. Add to that the lower melting points of impurities, and it is feasible that there could be areas within the filling that have melted or become plastic. When TNT sets under natural conditions, it tends to form long, brittle crystals that could crack under the forces of firing. Such cracks are sources of hot-spots, i.e. initiators for detonation.

[image: ]
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Question 6


State the typical energetic compositions of single, double and triple base propellants and the likely use of each.  
[3 marks]
In this question we are looking for the basic understanding in chemical composition – NC, NC/NG, NC/NG/NQ. SAA, Precision SAA and large calibre.

For a single base propellant, what is the maximum theoretical percentage (%) for nitrogen? Explain how the nitrogen content impacts upon Force Constant and Flame Temperature.
[3 marks]
[image: ]Increasing %N leads to higher F and T because each N is bonded to 3O, hence more combustion gases.
[image: ]

A tank gun requires the highest pressures to achieve the required muzzle velocity for a long rod penetrator. What could be added to a double base propellant to achieve such performance and how would this affect barrel life? 
[3 marks]
In this case we are talking about HEN with the addition of RDX. We will obtain a higher F and To, which will reduce barrel life and battlefield mission. 

How could the barrel life be extended?
[1 mark]
Chrome-plating the barrel reduces wear due to friction and erosion by heat of propellant gases. Flame temperature can be moderated with coolants. Student will have been provided with examples.

Question 7
Describe the explosive train, explosion mechanism, advantages and disadvantages of FAE.
[8 marks]
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We would expect the student to explain the sequence of operation: fuel dispersal; time required for stoichiometric mix with atmospheric oxygen; detonation of initiating charge. 
Draw a Pressure-Time graph comparing a Fuel-Air Explosive (FAE) with a Conventional High Explosive.
[2 marks]


Question 8
You have two 1kg spherical kinetic energy projectiles, Projectile A has a diameter of 29mm, the diameter of Projectile B is 4mm. Assuming that each strikes the target at the same velocity, which will penetrate furthest, and why?
[4 marks]

Statement from slide [3 marks]
Kinetic Energy equation KE = 1/2 mv^2 (kJ)/ [1 mark}
[image: ]

Which of these two kinetic energy projectiles is likely to achieve the greatest penetration in a standard armour target, and why?
[6 marks]
[image: Fig 1007]

[image: Fig 1012]

The upper projectile is an Armour Piercing Capped Ballistic Cap (APCBC) shot, fired using double-base propellant, which drives the whole to the target. On impact, the ballistic cap is broken away, the dural nose pad enhances the angle of attack of the tungsten carbide penetrator before the penetrator engages the surface of the target. [2 marks]

The lower projectile is an Armour Piercing Fins Stabilised Discarding Sabot (APFSDS) shot, fired using triple-based propellant which delivers much greater firing pressure than the double-base propellant used for the APCBC shot. Soon after muzzle exit, the sabot is discarded, leaving the tnungsten carbide or depleted uranium long-rod penetrator to fly to target. This penetrator engages the target immediately and concentrates its greater mass/density over a smaller area that the APCBC. [3 marks]

It follows that the APFSDS is likely to penetrate furthest against the same target. [1 mark]

Question 9

Chemically, what is the difference between a gasless and a gassy delay?
										[4 marks]
· A gassy delay generally uses organic fuels (TNC, Purpurin, Charcoal, Glucose) and nitrates as oxidants. They produce a high volume of gassy products. [2 marks]
· A gasless delay is generally comprises a metal / metal oxide  (Thermite). The mixture burns to form solid reaction products. [2 marks]
When would each type be used?
										[2 marks]
· Gassy delays are used in vented situations. [1 mark]
· Gasless delays are required when the system is sealed from the outside world to prevent pressurisation and burn rate acceleration that would result from gas generation. [1 mark]
Explain the balance between conductivity and porosity in the functioning of a pyrotechnic delay.
										[4 marks]
· If we look at the delay as a column of pressed powder the porosity of the column will depend on the particle size of the powders and the compaction load. A porous delay will allow hot gases to permeate the medium and speed the reaction. [2 marks]
· If the delay is made of heat conducting materials (Metals) a highly compacted delay, although nonporous, will allow transfer of heat through the column via conduction, increasing the burn rate. [1 mark]
· These two mechanisms may compete. [1 mark]

Question 10

See below the spectra of a blue and a red flare.
[image: ]
[image: ]

What do these spectra tell us about the combustion of each flare?
[4 marks]
· The blue flare has a much lower infra-red contribution than the red flare. (very little contribution above 760nm) The red flare is burning much hotter. [2 marks]
· The blue flare uses organic, rather than metallic fuels to reduce temperature. [2 marks]
Why do we need different combustion regimes?
[6 marks]
· To provide variations in colour from the same ingredients. [1 mark]
· Copper requires a low heat to give a blue colour. Overheating the copper results in a greenish flame. [2 marks]
· The Chlorine generates Cu-Cl or Sr-Cl radicals which emit very strongly in their respective wavebands. The Cu-Cl radical exists as a quatromer in the flame and gives an intense blue. If this is overheated this dissociates into a dimer, which emits a weak green colour. [3 marks]
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Transition to detonation

« Explosive in advance of the combustion zone can become compressed by
thermal expansion. A pressure wave propagates through the unburned
material.

« This wave can increase in intensity until it is capable of initiating the
explosive in advance of the combustion front. It may be travelling at the
speed of sound in the material.

Reaction Shock Unreacted explosive
zone zone

« The material is now detonating. Detonation Wave Video




image3.png
Charge Diameter and DDT

i
H
-
e
a

® 50/50 TNT-a%
* 50/50 AMATOL





image4.jpg
Explosives

|

{

'

(Undergo deflagration)

Low Explosives

High Explosives
(Undergo detonation)

/

!

{

{

Propellants.

Nitrocellulose
Nitroguanidine

Pyrotechnics

KCIO; KNO3,Mg

Primary explosives

Mercury fulminate
Lead azide

Secondary explosives

NHNO;, TNT, RDX





image5.emf
So, what’s this all about? A Typical Shell

Cap:- Ingniferous input,
percussion or electric,

Eeewty pelize RDX/TNT/Wax fillin
Formerly CE (tetryl) xnifhing Lead styphnate based

Now RX 3601 or similar

Additives :-

Graphite in the electric cap.
Lead Oxide

Calcium silicide

Barium Nitrate

Tetrazine in the percussion cap

LDNR Stab sensitive

Detonator Gunpowder G20 in

the primer body. Vents

Boron based delay. Through holes and lights
Switch in / out Propellant

First Fire layer (or layers)
Usefully fine gunpowder

Granular propellant:- Either pressed onto the cap or
double base, 7 hole granule. in magazine in the primer

With de-coppering agent or both.

In line / out of line

Stemming and
detonator

LDNR = Lead dinitro resorcinate









So, what’s this all about? A Typical Shell

Cap:-Ingniferousinput, 

percussion or electric, 

Lead styphnatebased

Additives :-

Graphite in the electric cap.

Lead Oxide

Calcium silicide

Barium Nitrate

Tetrazinein the percussion cap

First Fire layer (or layers)

Usefully fine gunpowder

Either pressed onto the cap or

in magazine in the primer

or both.

Gunpowder G20 in

the primer body. Vents 

Through holes and lights 

Propellant.

Granular propellant:-

double base, 7 hole granule. 

With de-coppering agent

RDX/TNT/Wax filling

Booster pellet:-

Formerly CE (tetryl)

Now RX 3601 or similar

LDNR Stab sensitive

Detonator

Boron based delay.

Switch in / out

In line / out of line 

Stemming and 

detonator

Booster

LDNR = Lead dinitro resorcinate


image6.emf
Primary and Secondary Explosives
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How Does Detonation Occur?

~ Hot-Spot Formation

Where energy is concentrated in excess of the
ignition temperature/threshold — linking/quenching.

Cracks, voids, impurities etc as small as 0.1-10um
Time duration - 10us to 1ms
1. Bubble collapse

2. Friction

3. Shear band formation

4. Crystal fracture

5. Visco-plastic work

6. Electrical discharge
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2-4-6-TNT

Melting point 80.9°C (after laboratory purification). Industrial
material probably ~80.6°C?

Can readily be filled by melt-casting (vapour is toxic).

Forms eutectics with impurities (largely lower nitration
compounds) which can migrate through a filling and exude at
an open surface.

* 2-4-6-TNT = melting point 80°C, 4-NT = 56°C, 3-NT = 16°C, 2-NT =-10°C

The set point (easier to determine than the melting point) is
specified to limit the impurity content.

Readily forms large crystals on solidification, so somewhat
brittle, may crack.
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TNT

Solidification process.

» On cooling, molten TNT forms long crystals.

» When castinto, say, an artillery shell the crystals nucleate at the cooler
edge and grow towards the centre.

« Their planes of weakness line up, and cracks propagate.
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' Table 12-4 Application of NC as Function of % Nitrogen

% Nitrogen in NC Uses
10.2-11.0 Celluloid contain_er§ for mortar bomb augmenting
charges. Celluloid is NC/camphor (75/25 % wiw)
11.2-12.2 Formerly used iq pho}ographic film and currently used
in paints and lacquers
(known ;:‘"z'l'ype A" Propellant SC. Extruded double-base rocket propellants
12.5 Neonites NRN*
12.6 Cast double-base (CDB) rocket propellants
12.65 Ballistite
12.9-13.1 Propellant WM.
(known as "Type B") Triple-base propellants N and NQ
13.15 Propellants NH, FNH
13.2 NNN
134 Neonites (NRN)*, NPP
14.14 Theoretical percentage for complete nitration

* Neonites contain mixtures of NCs having N = 12.5 % and N = 13.4 %
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Characteristics of Propellant Grade NC

Made from cotton cellulose in most countries.
— Australia uses wood

Nitrogen content is between ~12.2 % and ~13.4 %

Has no melting point and ignites at around 180°C

When dry it is sensitive to initiation by impact, friction and ESD
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Impact Energy Density

v Material | Density  1kgsphere Impactarea
(kg.m-3) radius (mm) (mm2)
-
steel 2698 29.5 2733
copper 7873 10.1 321
lead 8933 8.9 249
tungsten 19254 4.1 54

Denser fragments deposit their energy over a smaller area of the target than
less dense fragments of the same mass.

Provided the fragment survives impact without excessive distortion, the
denser fragment will penetrate better than a lighter fragment of the same
mass, assuming the same impact energy.
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Spectrum of Blue Flare
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                                                                      SR102 magnesium 35 potassium perchlorate 30 strontium carbonate 11 Alloprene 20 boiled linseed oil 4 Spectrum of Red Flare


