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Instructions to Candidates
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Please give the information requested in the boxes below.

| FORENAME(S): @m%e.

SURNAME:

TwxeRer

Complete, fold and seal
(see note 2 below)

(Gweler yr ochr arall am y fersiwn Cymraeg)

2. Enter your name in the space provided to the right, fold over =0 — = —
and seal down (using the label provided) to hide your name
3. The answers must be legibly written. The Examiners can -~ ~ra illegible script or have it typed and the expense of typing
charged to the candidate.
4. Write your answers in ink. I
5. Begin each answer on a fresh page. Do all rough work in the answer book and cross it through.
6. No part of this book is to be torn out; it must be handed in complete.
7. If more books than one are used, fasten them together using the tags available from the invigilator(s). |
8. Every book must be handed in. In no circumstances may answer books, used or unused, be taken out of the examination venue.
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Section A
Question 1

The 5 principal factors that affect the performance of a warhead are:
e

Length to diameter ratio, for optimum performance the ratio should be between 23 and 27.

P gm,rym c’“‘TJ“‘I”")
The type of warhead should be matched to the target, i.e. continuous rod/blast
fragmentation are better suited to fast moving aircraft than long rod penetrator

Must be able to be initiated at the right distance to achieve the desired effect, i.e. air blast
used to make use of reflected pressure wave to x8.

Should have a well-designed safety and arming unit, so that it functions when required, but
doesn’t function unintentionally.

0
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Question 2

Blast is dramatically affected by altitude as the air gets less dense as altitude increases. This
means that a much greater massof explosive would be required at a greater altitude to
achieve the same effect. L~

the same pressure due to the air being less dense there are less air molecules per unit
volume to compress and pass on the pressure wave and as such would affect-how well
fragmentation is spread in the vicinity of the target.

L
As this is a fast-moving air target at either altitude it would be unreliable to target with a
long rod penetrator and as such a fragmenting blast warhead such as continuous rod would
be much more effective.

)

The greater mass of explosive is required as the explosive will have to do more work to exert \.

i
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Question 3

1. To calculate the actual thickness of the armour (/) you would need the equation as
follows: / .
v l': g

t 0.5 =
(See booklet) I = Cos(a0% — Cos(ao”) 0.65m to 2d.p.

2. Assuming the L:D ratio is around 23 to 27 then yes, the penetrator will defeat the

target. -~ )(
7\
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Question 4

When an explosion occurs underwater, there is a high peak overpressure produced in a
shockw_a_vé which can cause damage to a near by vessel, but this does not last very long and
despite the high peak pressure will have a low impulse at distance to the target. 3

One of the more significant effects is the ,I_;mbble pulse which is caused by shrinking or
compression of the explosive gases calised by hydrostatic pressure, this compression causes
adiabatic heating, which causes expansion. The bubble pulse will migrate towards a hard
boundary m{_h-i"dﬁ can act like a shaped charge against the hull of the vessel, causing defeat.

The other method of defeat is where the explosive gases from the bubble cause the water
density to decrease causing the vessel’s back to break or the vessel to sink.

[

—

Adding aluminium to an underwater explosive increases it’s Heat of Explq_s.jei'rif(Q), while
decreasing the volume qf.pf’o'-ducts, largely due to converting CO and H20 to aluminium 2. X
oxide which is a solid therefore taking up less volume, a much higher QxV gives a much [ p
higher power of explosion compared to TNT, with the optimum being at 18% aluminium.
Overall this leads to a greater power of explosion and a much larger pressure wave and
bubble pulse as described above.

\‘-.I r\ kY
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Question 5
See booklet for pressure-time curve.

The impulse is the area under the graph for the period of the positive pressure phase (as
seen on graph), the impulse is the stage in which the pressure wave pushes outward i.e.

doing work, this means the greatgr-‘fhe impulse or area, the greater the destructive force
produced by the explosive. d

There is also an impulse in the negative phase of the curve which causes a vacuum effect,
pulling people from behind buildings etc.
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Question g S

Ballistic life of a gun propellant is the life for which the propellant will still be able to project
/the projectile as desired, this is different to the chemical life which gives a better indication

of how long the chemicals in the propellant can continued to be safely stored without risk of
incident, say due to acid build up due to water ingress.

5 \
d ﬁA‘- ﬂujx. WJMJM
e A~ C
o o . 7 hcﬂlﬂw
Factors which influence the ballistic life are aspects such as: whether stabilisers or

plasticizers are contained within the fill allowing the composition to remain effective and

not contain voids which could cause shear planes, which in turn could cause detonation on ;
set-back, when firing.



-
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Section B
Question 7 ch

The thickest armour on a tank is at the front, as it is slope which then increases the distance Q-Fp
needed for the penetr{c_gr-fd perforate the armour. The armour on the belly of the tank is LRP
flat and generally thinner than the armour at the front and top. High Explosive 8quash Head
(HESH) could be used, but may not be effective against ERA, which may blast it away as it
impacts, pushing the pool of explosive back as it forms thus not allowing a shock to progress
through the armour and a scab or spall to form in the inside of the tank, which will cause
injury, but not necessarily with lethal effect. A better form of attack would be a shaped

_~tharge as the jet formation would be a lot faster (in the region of 10kms) and this would ffﬂ‘

not be stopped by a spall lining. These would be most effective at a stand-off, of 4-8 cone f \
diameters, so may be dependant on the thickness/size of ERA, so may be best used on the [“J 1 | ‘|
front armour. A

Another lethal mechanism may be use of a buried Explosively Formed Projectile (EFP), this
could quite easily penetrate the thinner flat under belly armour of the tank and could be as
simple as a buried metal dustbin filled with explosive and the lid inverted to form the
;;hélllow dish to form the slug. This kind of device is effective up to 1000 cone diameters

“~"away but would not be as effective against the more substantial armour of the front and .

top. So would only really be effective on a common tank patrol or known route.

A long rod penetrator could also be used-as the high length to density ratiqj,z-?{?Z?) with a
self-sharpening and work hardenLng't'if) would make it ideal, though for frontal attack it is
likely to ricochet due to the angle of obliquity, though due to its high density and velocity
maybe able to penetrate the ERA.

/ \h U} N ¥ {L\wﬂl WL Jwr-g %I

v, 74 .
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Question 9

1
a) Where, vy, = Vv2F LAprygs "2, M=8kg, C =12kg and the Gurney constant =
c 2

2700ms™ /ﬂ/
¢

Substitution of the above values gives: . (4o-
Vs ey VXN X
Vo=2499.7 ms? |~ (b 2 VB S
€ X1 XN = et
[_CdpairAS] Z(+ qq‘%
b) Fragment slow down, Vs =V el™ 2m
Where C4=1.6, pg;r =1. 225/kgm S= 1?1/ M = ((10 X 1073m)3 X pgroe; =
(% 107°m®) x 7850 kgm™ = 7.85 /10~ 3kg, A= (10 x 10~ m)2 /LM
(1x 19,- *m?) ,and Vo= 24,99 7 ms 1 ){MA/"Q o e U»J{fﬁ“ (y-rflf’
) - »}.ﬂJJ M{;"/‘{"bm" 9 “,lga
Vs =2450.27 ms to 2.d.p. ’
/ e X
[ If the fragment geometry were to change to a sphere of diameter 10mm the volume @
\ would decrease and the surface area would increase (assuming you’d use the

. hemispherical surface), most likely the drag coefficient would decrease So, W|thout
'runﬁmghthe%_numbers I would think the slowdown would be less.

s e C 0_9./7" |
c) Kinetic Energy D_e/rusity, KED b

3?05 x7.85x10 kg x( 2450.27 ms~1) 2
KED =2 T = 235.65 /mm~

10mm X10mm
v

p
As the KED of the fragment is much higher than that required to penetrate the car It( S/
would enter the passenger compartment. \

d) The five goals of IM compliance are as follows:

‘@duced operational risk — Make the case more impervious to round impact or
fragmentation

>

4 /
> rd
\/Reﬁuced storage risk —improved ballistic, but more importantly c\hyu/cal life 3

Reduced risk in transport — Better mitigations to fire and impact, as well as better

packaging }?
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Safe disposal — ensure the warhead has additives to ensure no off-gassing or acid
release which cause detonation in storage etc
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