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Gobbet of Scientific Paper – Programmable Tandem Detonator
The programmable tandem detonator scientific paper is written as SPIE (The international society for optics and photonics) conference proceedings, specifically from the Radio electronic systems conference held in Jachranka, Poland, 2019. It is authored by Tomasz Kuczerski, Zbigniew Lewandowski and Dariusz Gibalski, who carried out the research on behalf of the Military Institute of Armament Technology, Zielonka, Poland. The research was conducted to further the capability of armour piercing on behalf of the Polish military. 
The system presented was implemented on the basis of microcontrollers using RISC (Reduced Instruction Set Computer) architecture. The use of microcontrollers allows simple and easy programming of the detonation of two separate charges; the precursor charge is usually excited with a minimal delay time, whilst the main charge must be stimulated within a defined interval, as a result of the missile design. To put it simply, a tandem detonator is a dual system where the distance between the first and second charge creates a puncture in reactive armour. The two-stage processor-controlled fuse was designed with an electric actuator because the STANAG requirements state that detonator materials must be detonated using electrical stimulation. 
When testing the effectiveness of armour piercing, changing the detonation time between the main and precursor charge is often necessary. The use of a programmable system allows for quick and easy altering of the delay time. 
The system has an array of components which communicate with one another in order to carry out the detonation of the two charges; three microcontrollers are used, with a clock for synchronisation, thermistors for stimulation of priming material and a comparator which detects a change in signal from an impact sensor.
The controller system runs off a complex algorithm which will not operate if the protective systems fail on start up. If the initial setup runs smoothly, the system will allow for input of data (alteration of delay time etc). After data has been input and the arming conditions are met, the system can then enter the armed state. Once an impact signal is input to the system, the primer for the precursor charge detonates. The main charge then detonates after the defined delay time. 
Tests were carried out in a laboratory, which confirmed that the programmable system consistently met the requirements; no faulty operation was observed within a wide temperature range. Some minor structural errors were discovered, which allowed for removal of the defects. 
Overall, the research has proven that a programmable tandem detonator system is highly beneficial for testing new missile structures.
