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Abstract

A simple implosion type device (fission) is described. Its main parts, their detailed design, geometry (including placement and configuration), engineering and derivation from simple plane wave lens in earlier study is described. Types of lens, their configuration, truncated icosahedron, hexagonal, pentagonal, pyramidal cones, their arrangement, curve in polar co-ordinates and role is explained. Three devices each with unique radius and mass required for explosion is described. Pressure calculations are presented emphasizing explosive strength and bounds for criticality of fissile mass. Its detonation mechanism (arming) is also briefly discussed. Various types of initiators and their operations are described. It is observed that simple mathematical principles play an important part.        
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	Introduction




Low to medium range fusion devices have attracted a lot of attention recently due to their ability to use less (few grams [1]), simple, inexpensive, and abundant fuel (D2 and T), have simple architecture and construction (using Co base superalloys [2]) with more new compact fission devices (triggers with new neutron initiators (electrical pulse)) and ability to produce large amounts of energy. These could be air dropped [3], canon fired or missile delivered with single or multiple entry and reentry vehicles (MIRVs). In this study, which is a continuation of previous studies [4, 5], an implosion type device (as trigger) is described. An implosion type fission device from spherical charge [6, 7] which forms the conglomerate of two stage modified Teller Ulm or Mike Ivy fusion device [1, 4, 5], is a process N which takes a spherical sub critical mass M of fissile material of radius R1 as input, and divides it into a (n No. of finite) spherical supercritical mass of radius R2 (Fig. I) [8] 


Where  
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Fig. 1: Basic concept of an implosion type fission device [8]

In order for device to achieve said condition, a uniformly sufficient (integrated over whole surface) pressure is to be applied on the surface of sphere of fissile mass of radius R1 such that mass (represented in the form of a sphere (left hand side in Fig. 1)) is compressed into a sphere of radius R2 (R2 < R1). This may be represented in below Fig. 2
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Fig. 2: Schematic of uniformly applied pressure integrated over whole surface to achieve sub critical mass [8]

Uniformly sufficient means that pressure must be applied in a spherical manner (integrated over whole surface), enough to reduce the radius from R1 to R2 with
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Where 

Rc = critical radius (required) of fissile mass M. 

Rc is a function of fissile element’s (Uranium, Plutonium, Thorium) critical density (dc), which in turn is a function of purity (> 99.9%) as achieved by extraction (extractive or chemical metallurgy [9-13]) and refining (enrichment e.g., of Uranium (Uranium Hexafluoride (UF6)) [14, 15] by ultracentrifuges (gas centrifuges [16, 17]), diffusion, electromagnetic, aerodynamic, laser isotope, plasma separation and ion exchange (solvent exchange) processes). 

To facilitate uniformity, a special enclosure is constructed, called a shock – wave lens. To facilitate sufficiency, a minimum pressure needs to be calculated which makes fissile mass M achieve a sufficient compression ratio. This minimum pressure is a function of radius of lens enclosure RL and of the mass mL of the conventional explosives in the lens enclosure used to deliver pressure against the fissile mass, M.          
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Fig. 3 a: A plane section of internal structure of implosion type device
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Fig. 3 b: A schematic of implosion type device, its internal and external structure
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Fig. 4: Truncated Icosahedron lens apparatus for implosion type device
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Fig. 5: Internal structure diagram for truncated icosahedron lenses 
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Fig. 6: Half apical angle for a hexagonal pyramidal cone

Both uniformity and sufficiency can be modelled using Maple [18] (a linear analytical model). Geometrical figures were constructed with Euclid. 


	Construction (main parts)



A plane section of internal structure of implosion type device is shown on figure 3 a and b. It consists of following main parts [6].


	1773 EBW detonator inserted into brass chimney sleeve.

	Comp B component of outer polygonal lens 

	Cone shaped Baratol component of outer polygonal lens.  

	Comp B inner polygonal charge 

	Removable aluminum pusher trap door plug screwed into upper pusher hemisphere. 

	18.5ʹ ø Aluminum pusher hemisphere 

	4.375ʹ ø Tuballoy two-piece tamper plug

	3.62ʹ ø Pu-239 hemisphere with 2.75 diameter jet ring

	0.5ʹ thick cork lining.

	7 – piece Y – 1561 Duralumim sphere.

	Aluminum cup holding pusher hemisphere together. 

	0.8ʹ ø Polonium – Beryllium Urchin Initiator

	8.75ʹ ø Tuballoy tamper sphere 

	9.0ʹ ø boron plastic shell        

	Felt padding layer under lenses and inner charge.


	Uniformity: The shock wave lens enclosure 



The shock wave lens, for simplicity called just lens consists of an almost spherical shell of radius RL, which focuses the explosive (shock) waves of the conventional explosive used to the center of the device, which contains the fissile material, called pit. This configuration (lens and pit) can have various models and geometries (such as truncated icosahedron, smaller icosahedron, frustum, pentahedron, hexahedron, pyramidal cone) explained below,


	The Truncated Icosahedron Model (Nonlinear analytical model)



The lens usually is designed as a truncated icosahedron, which is almost spherical. The interior of this truncated icosahedron may be viewed as nested group of smaller truncated icosahedra resembling a honeycomb; therefore, each vertical lens element is either a hexahedron or pentahedron pyramidal cone / frustum of decreasing radius. On top and at the center of every hexagon and pentagon of the truncated icosahedron, there is an exploding-bridgewire detonator which initiates the explosion.         

Because the lens enclosure is totally symmetric with respect to pit, each lens intersection with any plane normal to any radius will be a regular pentagon or hexagon whose symmetry group is either S5 or S6 respectively, therefore it can be modelled in two dimensions exactly, with the final model constructed by applying the principal symmetries of these two groups in three dimensions. Namely within each cone a complete rotation by 2π around the radial axis of the corresponding two-dimensional curve. 

Inside each vertical lens cone there are two types of explosives used, a fast explosive with detonation speed [image: ], usually explosive compound B and a slow explosive with detonation speed [image: ], usually Baratol. Let RA be the sub radius of the fast explosive prior to the focusing lens and RB be the inner radius of the fast explosive after the focusing lens, with RA + RB = RL     


	Apical Angles of Hexagonal and Pentagonal Pyramidal Cones  



[image: ][image: ]If the vertices of the truncated icosahedron are placed on a sphere of radius RL = [image: ] with [image: ], then all the edges have length 2. Suppose circumradius of pentagons and hexagons are rp and rh respectively. Following equation satisfies the half apical angle θ1 of the hexagonal cone and half apical angle θ2 of the pentagonal cone respectively (Fig 6). 
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For the hexagonal cones, with all equilateral sub triangles, [image: ], and for the pentagonal cones, [image: ]. Equations (A) becomes,

[image: ]

[image: ]

From which we get apical angles of hexagonal and pentagonal cones as 
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These angles are invariant under RL


	Lens concept



Each cone has either five or six neighbors which have exact same behavior. All cones are synchronized in the explosion, therefore shock wave propagates only towards the pit and never cross boundaries, because they are cancelled by shock waves of neighboring cones. 

Assume (x(t), y(t)) a point of shock wave front at time t after detonation at time t = 0. Clearly, x(0) = 0 and y(0) = RL. Prior to focusing, [image: ] is the wave front distance from detonator at (0, RL), as a function of time for fast explosive. Therefore, the shock wave for the fast explosive (Comp B) prior to focusing satisfy the equation:
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Which is an equation of circle. These shock waves are shown on Figure 7. The object of the lens is to focus the waves in the form shown on Fig 8. This can only happen if below equation is satisfied. 
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	The hexagonal lens



The transition is achieved by adding a slow (less expensive) explosive with an appropriate shape Y1, which will modify the shock waves resulting from equation 2. This is a classical problem in wave mechanics first time investigated by Descartes for optical waves. Solution is called a Cartesian Oval. In this solution, a particular point exists, where hyperbola in place of a plane wave is achieved, which is one of degenerated cases of cartesian Oval. In order for Y1 to effectively work as lens between the detonator and pit, first one models











































































	Pentagonal Lens

















	The Lens Curve in Polar Coordinates














	Machining of Baratol



	Set r = r1 in equation 4 

	Consider incremental approximations θj, where j [image: ] on equation 8 









	Calculation of Pressure 



	Explosive Strength 















	Radial bounds for criticality of fissile mass 
















	Case 1: RF = 5 cm
















	Case 2: RF = 2.5 cm














	Case 3: RF = 7.5 cm

















	Assembly and detonation mechanism (arming)



	Assembly 



	32 separate frustums (Figure 6) are created (20 hexagonal and 12 pentagonal ones) as shown in Figure 15 and 16 which contain the lenses.

	The frustums are then assembled on top of the pusher sphere completing the truncated icosahedron (Fig 4 and 5) 

	One hexagonal cone is left uncovered, and its contents can be removed based on diagram of figure 3.





[image: ]


	Arming 



	First neutron generator (e.g. Po-Be urchin neutron initiator [19, 20]) or Uranium Deuteride (UD3) or electrically triggered pulsed neutron emitter or others (section 2.4) (L)) is placed at the center of two plutonium hemispheres (H)

	Join the two hemispheres. 

	Inserts the resulting sphere into one of the two semi cylinders of Tuballoy two piece tamper plug (G)

	Join the two pieces together and screw the resulting cylinder into the removable aluminum pusher trap door plug (E).

	The resulting segment is then lowered into the actual pit and screwed against the pusher element (F). 

	Last hexagonal lens is put into place. 

	Last 7-piece, Y – 1561 Duralumin (top) cap (J) is placed on the resulting sphere 

	Last 1773 EBW detonator (A) inserted into brass chimney sleeve.       



	Conclusion
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