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Fig. 5: Vacuum forming[5] 

 3.6 Nano-energetic performance 

The combustion wave speed of the energetic material was 
evaluated using fiber optics to track the flame front. For each 
experiment, a Lexan tube of 3.2 mm inner diameter and 0.8 
cm3 volume was filled up with energetic material (~5% 
theoretical maximum density) and inserted into an aluminum 
block instrumented with fiber optic photo detectors to 
facilitate the combustion wave speed measurement. The tube 
was open-ended in all the experiments. The four optical fibers 
(Thor labs M21L01) leading to photo detectors (Thor labs 
DET210) were installed at 1 cm spacing on the block. The 
data were obtained using a Tektronix oscilloscope TDS460A. 
A schematic of the experimental setup used to determine the 
combustion speed is shown in Fig. 6. We used an electric 
spark to initiate the ignition in all the experiments. As an 
energetic reaction is triggered, the oscilloscope records a 
voltage signal with respect to time for photo detectors.  

 

Fig. 6: Experimental set-up for the system[5] 

The combustion wave speed of the energetic material was 
determined based on the time interval between the responses 
of two adjacent photo detectors [6]. The combustion wave 
speed was also measured using the “On-Chip Diagnostic” 

method [7]reported earlier by our group. This method is based 
on time varying the resistance of a sputter-coated thin 
platinum film, in which the resistance of the film changes as 
the energetic reaction propagates over it. 

3.7 Micro-blast wave assisted metal foil forming 

The energy of micro-blast wave emanating from the open end 
of a polymer tube is used to deliver micro-particles for bio-
medical applications. The occurrence of shock waves is 
commonly associated with supersonic flight and is an integral 
part of high-speed flow analysis. Shock waves can also be 
used for innovative applications in various fields such as 
medicine, biological sciences and industry. Menezes et al. [8] 
have developed a device to deliver micro particles using shock 
waves generated by laser ablation for bio medical 
applications[12]. A polymer tube coated with explosives acts 
like a shock tube to generate micro blast wave. Small amounts 
of micro explosive and traces of Aluminium is uniformly 
coated on the inner wall of this polymer tube. When the micro 
explosive is electrically triggered from one end of the polymer 
tube, a detonation wave is generated inside the tube. When this 
detonation front is allowed to escape from the opened of the 
polymer tube, a micro-blast wave is generated. The schematic 
representation of formation of micro blast wave at the open 
end of the polymer tube is shown in Fig.8. Since the amount 
of energy expended in the generation of the blast wave from 
the open end of the polymer tube is very small they are 
referred here as micro-blast waves.  

The ignition of the reactive explosive compound (HMX) 

 

Fig. 7: Showing polymer tube[11] 

is done from one end of tube. 
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Recently Jagadeesh [9,10] has used thin metal foils (_100 
mm) to transfer the momentum from shock wave loading to 
carry out very interesting bio-medical applications including 
needleless drug delivery and DNA transfer in biological 
targets. 

 

Fig. 8: Polymer tube for emanating the blast wave[11] 

4. CONCLUSION 

This paper reviwed the various forming process used in the 
present world as per the requirements and the working of the 
latest experimental set ups being used for the forming process. 
It can be from drawing, deep drawing, bending to nano-
energetic materials and micro-blast wave assisted metal 
foil forming which are the most widely preferred ways 
of forming are the latest methods which are more 
benificial to the automotive and aerospace industries. 

REFERENCES 

[1] Groche, P., Fittshe, D., Tekkaya, E.A., Allwood, J.M., Hirt, G., 
Neugebauer, R., 2007, Incremental Bulk Forming, Annals of 
CIRP, 55/2, p. 636. 

[2] Hause, S., Maltby, W., 1999, Western Civilization, A History of 
European Society_, Wadsworth Publishing Company, Belmont, 
CA. 

[3] M. Geiger, M. Kleiner, R. Eckstein, N. Tiesler, and U. Engel, 
Microforming, Ann. CIRP, 50-1 (2001) 1-18. 

[4] Hahn, O., Bangel, M., 2002, Clinchen von Stahl und Aluminum 
in Hybridbauweise, UTF Science III, Meisenbach, Bamberg, 
21–24. 

[5] Error! Hyperlink reference not valid. by image In-
mould_decoration/vaccum_forming/deep_drawing.png/embossi
ng/ In-n d 

[6] K. B. Plantier, M. L. Pantoya, A. E. Gash, Combustion Wave 
Speeds of Nanocomposite Al/Fe2O3: The Effects of Fe2O3 
Particle Synthesis Technique, Combust. Flame 2005, 140, 299.  

[7] S. Bhattacharya, Y. Gao, S. Apperson, S. Subramaniam, E. 
Talantsev, R. V. Shende, S. Gangopadhyay, A Novel On-Chip 
Diagnosis Method to Detect Flame Velocity 

[8] Menezes V, Takayama K, Ohki T, Jagadeesh G. Laser-ablation-
assisted micro- particle acceleration for drug delivery. Appl 
PhysLett2005;87. 

[9] Jagadeesh G, Apparatus and method for delivering biologically-
active sub- stances or micro-medical devices to a target, US 
Patent Application No. 12480514, 2010 (under consideration).  

[10] Jagadeesh G, Apparatus and method for genetically 
transforming cells, US Patent Application No. 12480508, 2010 
(under consideration) 

[11] S.R. Nagaraja a,n, S.G.Rakesh a, J.K.Prasad b, P.K.Barhai b, 
G.Jagadeesh c, Investigations on micro-blast wave assisted 
metal foil forming for biomedical applications, International 
Journal of Mechanical Sciences 61 (2012) 1–7 

[12] Jiang Z, Takayama K, Moosad KPB, Onodera O, Sun M. 
Numerical and experimental study of a micro-blast wave 
generated by pulsed-laser beam focusing. Shock Waves 1998;8: 
337–49. deration). 

 


