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6. Digital Light Processing 

x t o" 

Figure 99 Spectra for H/ D2/He mixture a) 
Commercial MKS mass filter with circular 
rods ro=3.175mm b) DLP hyperbolic mass 
filter ro=2mm. 

Figure 99a shows the experimental mass spectrum for the H2/D2/He equal 

concentration gas mixture measured using a commercial QMS with 

circular electrodes having both pre-filter and post-filter (ordinate is given 

as pressure as standard with MKS software). Deuterium and helium cannot 

be resolved. This is also the case for the DLP filter Figure 99b. 

Species 

H
2
+ 

D/ 
He+ 

MKS DLP 
Relative 

(Circular (Hyperbolic performance 
rods) rods) 

3.17 3.03 

5.88 5.13 
5.88 5.13 

Table 13 Summary of peak resolutIOns (at 
10% peak height) for a DLP mass filter and a 
conventional alternative 

-4.4% 
-12.8% 
-12.8% 

The commercial mass filter produces slightly higher resolutions. This is 

largely due to its increased length relative to the hyperbolic filter and also 

the pre and post filters. A good correlation between the ratios of peaks 

heights (MKS-l: 1.59, DLP-l: 1.53) can also be observed in Figure 99. This 

provides further evidence that the DLP manufacturing technique is well 

suited to manufacture mass filter prototypes. 
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6. Digital Light Processing 

Conclusions 

The perfonnance of components manufactured by DLP has been 

characterised. These have been shown to vary significantly from the bulk 

material properties quoted by the supplier. 

A series of hyperbolic quadrupole mass filters have been fabricated using 

DLP and proven to work as mass spectrometers. The technique was found 

to be particularly suitable for prototyping mass filters that provide ideal 

hyperbolic field or for any other devices with complex geometries. 

Compared to other rapid prototyping techniques digital light processing 

otTers significantly smaller feature sizes, which allows a higher degree of 

accuracy both in manufacture and assembly. It also has the potential to 

produce a fully integrated mass spectrometer with a single mass analyzer 

or with array of analyzers at sub-millimetre and micro scale. 
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7. Conclusions 

7. Conclusions 

This thesis describes the outcomes of a body of research in which layer­

based manufacturing techniques have been used to process a range of 

functional materials. 

Novel techniques have been used to manufacture demonstrators/prototypes 

which have the potential to be utilised in engineering applications. Within 

the processes of refining material, parameter set and design several 

conclusions can be made which represent the core outcomes of this work. 

A commercial NiTi powder has been processed for the first time via the 

SLM technique to produce near 100% dense parts which exploit design 

freedoms granted by LBMTs. 

These NiTi components have been shown to display the shape memory 

effect and have been trained and later actuated to exhibit the shape memory 

effect. Furthermore they have been actuated by ohmic heating. 

The process of melting by laser and further reheating appears to induce the 

presence of the so-called R-phase which is normally consistent with aged 

Ni rich alloys. Processing NiTi powders in this way may serve to produce 

components which imitate those that have been aged. The presence of 

contaminants, however, cannot be ruled out as an austenite stabiliser. 

Piezoelectric-ceramic/polymer composites have been manufactured and 

been selectively sintered to silicon substrates demonstrating lithographic 

deposition techniques combined with laser interaction are capable of 

selective deposition. 

Selectively sintered regions have been consolidated by laser treatment. 

This causes partial sintering and adherence to the substrate. The processed 
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7. Conclusions 

regions are typical of components which might be employed by 'lab on a 

chip'devices. 

Piezoelectric-ceramic/polymer composites have been fabricated with the 

DLP technique and used to build freeform components. Microscopic 

analysis and calculation has predicted that piezoelectric properties could be 

of the same order as materials processed by conventional methods. 

Material properties and resolution tests have been performed on samples 

built by the DLP process. These have been shown to display a high degree 

of variance. There is also significant deviation with respect to the 

manufacturer's bulk material quotations. 

DLP has been used to manufacture components for quadrupole mass 

spectrometry. DLP has been shown to be especially effective for mass 

filter manufacture more specifically the manufacture of complex profile 

electrodes. Metallisation of the plastic components which meet with 

specification have been shown to outperform conventional filters in terms 

of both cost and functionality. 
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8. Future Work 

8. Future Work 

The outcomes of this thesis present several opportunities for further work. 

These relate to further investigations into the effect of manufacturing 

parameters upon material properties and the incorporation of 

prototypes/demonstrators into new applications. 

1. Surface finish, build reliability and tolerances across SLM platforms 

are widely reported problems. Processing NiTi was typical of the 

process with respect to those factors. To minimise post processing 

and hence cost, addressing these limitations would form an excellent 

topic of research. This is likely to rely heavily upon laser/material 

interaction modeling to optimise the build approximation to the 

design intent. 

2. Although the SME has been demonstrated for SLM processed NiTi 

alloys the degree of SME with respect to manufacturing parameter 

set has not been investigated in this work. This presents significant 

challenges to prepare a range of material samples to be subjected to a 

range of training regimes and later analytical techniques. This will 

allow the enhancement of components manufactured in this way for 

product applications. Porous materials and meshes can easily be 

manufactured by SLM. Shape memory materials in this form would 

find several possible application including 'self healing' crash 

structures or perhaps temperature sensitive filters. 

3. The extent of the R-phase present in SLM processed NiTi alloys 

requires further investigation. One approach to this would be TEM 

and XRD analysis under thermally controlled conditions. 
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8. Future Work 

4. Piezoelectric / pyroelectric pads deposited on silicon substrates can 

be employed for sensory and actuation applications. Research into 

poling these pads and incorporating similar structures into MEM 

type components may be possible. The viability of this is dependent 

upon the mechanical integrity and adherence of the piezoelectric 

material. 

5. Poling of BaTi031R5 composites is a subject of ongoing research as 

is the implication of ceramic content on the resolution of the DLP 

process. Demonstrator builds performed in this study are of a limited 

height and the distribution of ceramic content through build height 

was not observed to vary greatly. This might not be the case in scaled 

up builds. 

6. Resolution and material tests were performed on a single 

machine/material combination in this study. There are several 

competing platforms (SLA, 3DP etc) and material feedstocks 

available for each. Thus a true evaluation of machine/material 

performance would require manufacturer collaboration. To date 

manufacturers of LBMT apparatus are reluctant to issue standardised 

results. This is currently under review with the formation of an 

ASTM working group [154]. The development of accepted standards 

is fundamental to the proliferation of LBMTs. 

7. Coated DLP components have been demonstrated to be highly 

effective in mass filters for spectrometry applications. There are 

various similar components such as ion traps and more complicated 

filters which could be manufactured in this way. Youssef et al [155] 

predicted an ideal quadrupole mass filter would not only be 

hyperbolic in profile but also helical (twisted) in trajectory. This was 

proposed in 1971 but has to date not been successfully realised. 

158 



9. References 

9. References 

1. Chang, L.C. and T.A. Read, Experimental Evidence of Relaxation 

During DifJusionless Phase Changes of Single Crystal Beta-Au-Cd 

Alloys Contianing 47.5 Atomic Percent Cd. Physical Review, 1951. 

82(5): p. 770-770. 

2. Buehler, W.l, J.V. Gilfrich and RC. Wiley, Effect of Low­

Temperature Phase Changes on the Mechanical Properties of 

Alloys near Composition TiNi. Journal of Applied Physics, 1963. 

34(5): p. 1475-1477. 

3. Otsuka K, W.C.M., Shape Memory Materials. 1 ed. 1998: 

Cambridge University Press. 

4. Brick RM, G.RB., Phillips A, Structure and Propeties of Alloys. 3 

ed. 1965: Mcgraw-Hill Book Company. 

5. Tsuchiya, K. and S.T. Davies, Fabrication of TiNi shape memory 

alloy microactuators by ion beam sputter deposition. 

Nanotechnology, 1998.9(2): p. 67-71. 

6. Huang, W.M., Q.Y. Liu, L.M. He and lH. Yeo, Micro NiTi-Si 

cantilever with three stable positions. Sensors and Actuators a­

Physical,2004. 114(1): p. 118-122. 

7. Fu, Y.Q., H.J. Du, W.M. Huang, S. Zhang and M. Hu, TiNi-based 

thin films in MEMS applications: a review. Sensors and Actuators 

a-Physical, 2004. 112(2-3): p. 395-408. 

159 



9. References 

8. Wollants, P., J.R. Roos and K. Otsuka, Ont the Thermodynamic­

Equilibrium of Stress-Induced Martensite Transformations. 

Zeitschrift Fur Metallkunde, 1991. 82(3): p. 182-185. 

9. Mihalcz, I., Fundamental characteristics and design method for 

nickel-titanium shape memory alloy. Mechanical Engineering, 

2001.45(1): p. 75-86. 

10. Karpagavalli, R., AH. Zhou, P. Chellamuthu and K. Nguyen, 

Corrosion behavior and biocompatibility of nanostructured Ti02 

film on Ti6A14V. Journal of Biomedical Materials Research Part A, 

2007. 83A(4): p. 1087-1095. 

11. Schrooten, J., M. Assad, 1. Van Humbeeck and M.A Leroux, In 

vitro corrosion resistance of porous NiTi intervertebral fusion 

devices. Smart Materials & Structures, 2007.16(1): p. SI45-S154. 

12. Man, H.C., K.L. Ho and Z.D. Cui, Laser suiface alloying of NiTi 

shape memory alloy with Mo for hardness improvement and 

reduction of Ni2+ ion release. Surface & Coatings Technology, 

2006.200(14-15): p. 4612-4618. 

13. Lopez, H.F., A SalinasRodriguez and 1.L. RodriguezGalicia, 

Microstructural aspects of precipitation and martensitic 

transformation in a Ti-rich Ni-Ti alloy. Scripta Materialia, 1996. 

34(4): p. 659-664. 

160 



9. References 

14. Hebda, D.A and S.R. White, Effect of training conditions and 

extended thermal cycling on nitinol two-way shape memory 

behavior. Smart Materials & Structures, 1995.4(4): p. 298-304. 

15. Khalil-Allafi, I, W.W. Schmahl and D.M. Toebbens, Space group 

and crystal structure of the R-phase in binary NiTi shape memory 

alloys. Acta Materialia, 2006. 54(12): p. 3171-3175. 

16. Luo, H.Y., E. Abel, J. Hewit, M. Pridham, B. Steele, Z. Wang and 

A Slade, Issues concerning the measurement of transformation 

temperatures in NiTi alloys, in Smart Materials Ii, AR. Wilson and 

V.V. Varadan, Editors. 2002. p. 226-233. 

17. Malukhin, K. and K. Ehmann, Material characterization of NiTi 

based memory alloys fabricated by the laser direct metal deposition 

process. Journal of Manufacturing Science and Engineering­

Transactions of the Asme, 2006.128(3): p. 691-696. 

18. Mentz, 1., M. Bram, H.P. Buchkremer and D. Stover, Improvement 

of mechanical properties of powder metallurgical NiTi shape 

memory alloys. Advanced Engineering Materials, 2006. 8(4): p. 

247-252. 

19. Bihlmayer, AG., AR. Eibler and AA Neckel, Electronic 

structure of the martensitic phases BJ9'-NiTi and BJ9-PdTi. 

Journal of Physics: Condensed Matter, 1993.29(5083). 

20. Khalil-Allafi, 1., W.W. Schmahl and T. Reinecke, Order parameter 

evolution and Landau free energy coefficients for the B2 <-> R-

161 



9. References 

phase transition in a NiTi shape memory alloy. Smart Materials & 

Structures, 2005.14(5): p. SI92-S196. 

21. Miyazaki, S. and M. Kohl, Recent development in TiNi-based 

shape memory alloys, in Smart Strnctures and Materials 1998: 

Smart Materials Technologies, M. Wuttig, Editor. 1998. p. 2-13. 

22. Hane, K.F. and T.W. Shield, Microstrncture in the cubic to trigonal 

transition. Materials Science and Engineering A, 2000. 291(1-2): p. 

147-159. 

23. Hane, K.F. and T.W. Shield, Microstrncture in the cubic to 

monoclinic transition in titanium-nickel shape memory alloys. Acta 

Materialia, 1999.47(9): p. 2603-2617. 

24. Tan, L., O. Shaw, K. Sridharan and W.C. Crone, Effects of oxygen 

ion implantation on wear behavior of NiTi shape memory alloy. 

Mechanics of Materials, 2005. 37(10): p. 1059-1068. 

25. Cady, W.O., Piezoelectricity. Vol. 1. 1964: Dover Publications. 

26. Smith, C., Wise M. N Energy and Empire: A Biographical Study of 

Lord Kelvin. 1989: Cambridge University Press. 

27. Leo, DJ., Engineering Analysis of SMART Material Systems. 1 ed. 

2007: John Wiley & Sons. 

28. Jang, L.S. and Y.C. Yu, Peristaltic micropump system with 

piezoelectric actuators. Microsystem Technologies-Micro-and 

Nanosystems-Information Storage and Processing Systems, 2008. 

14(2): p. 241-248. 

162 



9. References 

29. Bharti, V. and R. Nath, Piezo-, pyro- andJerroelectric properties oj 

simultaneously stretched and corona poled extruded poly(vinyl 

chloride)films. Journal of Physics D-Applied Physics, 2001. 34(5): 

p.667-672. 

30. Kanno, I., Y. Tazawa, T. Suzuki and H. Kotera, Piezoelectric 

unimorph miroactuators with X-shaped structure composed oj PZT 

thin films. Microsystem Technologies-Micro-and Nanosystems­

Information Storage and Processing Systems, 2007. 13(8-10): p. 

825-829. 

31. Liu, M.W., T.H. Cui, W.J. Dong, Y. Cui, J. Wang, L.Q. Du and 

L.D. Wang, Piezoelectric microcantilevers with two PZT thin-film 

elements Jor microsensors and microactuators, in 2006 1st Ieee 

International Conference on Nano/Micro Engineered and 

MolecularSystems, Vols 1-3. 2006. p. 775-778. 

32. Fu, Y., E.C. Harvey, M.K. Ghantasala and G.M. Spinks, Design, 

Jabrication and testing oj piezoelectric polymer PVDF 

microactuators. Smart Materials & Structures, 2006. 15(1): p. 

S141-S146. 

33. Kumar, A. and M.M. Perlman, Simultaneous Stretching and 

Corona Poling oj PVDF and P(VDF-TRIFE) Films .2. Journal of 

Physics D-Applied Physics, 1993.26(3): p. 469-473. 

163 



9. References 

34. Gottmann, J., B. Vosseler and E.W. Kreutz, Laser crystallisation 

during pulsed laser deposition of barium titanate thin films at low 

temperatures. Applied Surface Science, 2002.197: p. 831-838. 

35. Kasai, T., Y. Ozaki, H. Noda, K. Kawasaki and K. Tanemoto, 

Laser-Sintered Barium-Titanate. J oumal of the American Ceramic 

Society, 1989.72(9): p. 1716-1718. 

36. Belushkin, A.V., D.P. Kozlenko, N.O. Golosova, P. Zetterstrom 

and B.N. Savenko, A study of disorder effects atferroelectric phase 

transition in BaTi03. Physic a B-Condensed Matter, 2006. 385: p. 

85-87. 

37. Chaisan, W., R. Yimnirun and S. Ananta, Two-stage sintering of 

barium titanate ceramic and resulting characteristics. 

Ferroelectrics, 2007. 346: p. 84-92. 

38. (PI), P.I. Piezo-University. 1996-2009 [cited 22/4/2009]; 

Available from: http://www.llhvsikinstrumrnte.com. 

39. Deshpande, S.B., P.D. Godbole, Y.B. Khollam and H.S. Potdar, 

Characterization of barium titanate: BaTi03 (BT) ceramics 

prepared from sol-gel derived BT powders. Journal of 

Electroceramics, 2005.15(2): p. 103-108. 

40. Kwon, S.W. and D.H. Yoon, Effects of heat treatment and particle 

size on the tetragonality of nano-sized barium titanate powder. 

Ceramics International, 2007. 33(7): p. 1357-1362. 

164 



9. References 

41. Wada, S., H. Yasuno, T. Hoshina, S.M. Nam, H. Kakemoto and T. 

Tsurumi, Preparation of nm-sized barium titanate fine particles 

and their powder dielectric properties. Japanese Journal of Applied 

Physics Part I-Regular Papers Short Notes & Review Papers, 2003. 

42(9B): p. 6188-6195. 

42. Buscaglia, V., M.T. Buscaglia, M. Viviani, L. Mitoseriu, P. Nanni, 

V. Trefiletti, P. Piaggio, I. Gregora, T. Ostapchuk, J. Pokorny and 

J. Petzelt, Grain size and grain boundary-related effects on the 

properties of nanocrystalline barium titanate ceramics. Journal of 

the European Ceramic Society, 2006. 26(14): p. 2889-2898. 

43. Polotai, A, K. Breece, E. Dickey, C. Randall and A Ragulya, A 

novel approach to sintering nanocrystalline barium titanate 

ceramics. Journal of the American Ceramic Society, 2005.88(11): 

p.3008-3012. 

44. Baldus, O. and R. Waser, Experimental and numerical 

investigations of heat transport and crystallization kinetics in laser­

induced modification of barium strontium titanate thin films. 

Applied Physics a-Materials Science & Processing, 2005. 80(7): p. 

1553-1562. 

45. Ibrahim, A, M. Yahaya and M.M. Salleh, BaTi03 nanocomposite 

thin film as pyroelectric sensor, in 2004 Ieee International 

Conference on Semiconductor Electronics. Proceedings, B.Y. 

Majlis and S. Shaari, Editors. 2004. p. 415-418. 

165 



9. References 

46. Ihlefeld, J.F., W.J. Borland and J.P. Maria, Enhanced dielectric and 

crystalline properties in ferroelectric barium titanate thin films. 

Advanced Functional Materials, 2007.17(7): p. 1199-1203. 

47. Kaiser, D.L., M.D. Vaudin, G. Gillen, C.S. Hwang, L.H. Robins 

and L.D. Rotter, Growth and Characterization of Barium-Titanate 

Thin-Films Prepared by Metalorganic Chemical-Vapor­

Deposition. Journal of Crystal Growth, 1994. 137(1-2): p. 136-140. 

48. Suzuki, K. and K. Kijima, Preparation and dielectric properties of 

polycrystalline films with dense nano-structured BaTi03 by 

chemical vapor deposition using inductively coupled plasma. 

Vacuum, 2006.80(6): p. 519-529. 

49. Ohno, T., D. Suzuki, K. Ishikawa, M. Horiuchi, T. Matsuda and H. 

Suzuki, Size effect for Ba(ZrxTil-x)O-3 (x=0.05) nano-particles. 

Ferroelectrics, 2006. 337: p. 1197-1204. 

50. Pithan, C., Y. Shiratori, R. Waser, J. Dornseiffer and F.H. Haegel, 

Preparation, processing, and characterization of nano-crystalline 

BaTi03 powders and ceramics derived from microemulsion­

mediated synthesis. Journal of the American Ceramic Society, 

2006. 89(9): p. 2908-2916. 

51. Duffy, W., B. Cheng, M. Gabbay and G. Fantozzi, An elastic 

behavior of barium-titanate-based ceramic materials. Metallurgical 

and Materials Transactions A, 1995. 26(7): p. 1735-1739. 

166 



9. References 

52. Lu, H.A, L.A Wills and B.W. Wessels, Electrical-Properties and 

Poling of BaTi03 Thin-Films. Applied Physics Letters, 1994. 

64(22): p. 2973-2975. 

53. Thongrueng, J., T. Tsuchiya, Y. Masuda, S. Fujita and K. Nagata, 

Properties and degradation of polarization reversal of soft BaTi03 

ceramics for ferroelectric thin-film devices. Japanese Journal of 

Applied Physics Part I-Regular Papers Short Notes & Review 

Papers, 1999. 3S(9B): p. 5309-53l3. 

54. Kim, S.J., K.J. Kim, N.J. Seong, J.B. Wang, H.J. Park and M.Y. 

Kim, The degradation of barium titanate (BaTi03) films under 

high electric fields, in 1998 International Symposium on Electrical 

Insulating Materials, Proceedings. 1998. p. 147-150. 

55. Chaudhari, O.N., D.R. Bambole and AB. Bodade, Structural and 

gas sensing behavior of nanocrystalline BaTi03 based liquid 

petroleum gas sensors. Vacuum, 2006. SI(3): p. 251-256. 

56. Wan, F., J.O. Han and Z.Y. Zhu, Dielectric response in 

ferroelectric BaTi03. Physics Letters A, 2008. 372(12): p. 2l37-

2140. 

57. Agoudjil, B., L. Ibos, Y. Candau and J.C. Majeste, A comparative 

analysis of dielectric, rheological and thermophysical behaviour of 

ethylene vinyl acetate/BaTi03 composites. Journal of Physics D­

Applied Physics, 2008. 41(5). 

167 



9. References 

58. Dang, Z.M., Y.F. Yu, H.P. Xu and J. Bai, Study on microstructure 

and dielectric property of the BaTi03/epoxy resin composites. 

Composites Science and Technology, 2008.68(1): p. 171-177. 

59. Kawai, H., The Piezoelectricity of Poly (vinylidene Fluoride). 

Journal of Applied Physics, 1969.8(975): p. 11. 

60. Furukawa, M.D., E. Fukada, Y. Tajistu, A. Chiba, Ferroelectric 

Behavior in the Copolymer of Vinylidenefluoride and 

Trifluoroethylene. Journal of Applied Physics, 1980. 19(Ll 09). 

61. Eberle, G., E. Bihler and W. Eisenmenger, Polarization Dynamics 

OfVdf-Trfe Copolymers. Ieee Transactions on Electrical Insulation, 

1991. 26(1): p. 69-77. 

62. Kaura, T., R. Nath and M.M. Perlman, Simultaneous Stretching 

And Corona Poling Of Pvdf Films. Journal of Physics D-Applied 

Physics, 1991. 24(10): p. 1848-1852. 

63. Kaura, T. and R. Nath, Simultaneous Stretching And Corona 

Poling OfPvdf And P(Vdf-Trife) Films. II 

Journal of Physics D-Applied Physics, 1992.26(1993): p. 469-473. 

64. Luo, x'T., L.F. Chen, Q.J. Huang, Q.L. Wu and Y.P. Hong, 

Preparation and properties of PVDF matrix piezoelectric 

composites containing highly aligned BaTi03 whiskers. Journal of 

Inorganic Materials, 2004.19(1): p. 183-188. 

65. Ploss, B., Influence of poling and annealing on the nonlinear 

dielectric permittivity of PVDF-TRFE copolymers. Ieee 

168 



9. References 

Transactions on Dielectrics and Electrical Insulation, 1998. 5(1): p. 

91-95. 

66. Su, 1., Z. Ounaies and 1.S. Harrison, Ferroelectric and piezoelectric 

properties of blends of poly(vinylidene fluoride-trifluoroethylene) 

and a graft elastomer, in Electroactive Polymers, Q.M. Zhang, et 

aI., Editors. 2000. p. 95-100. 

67. Su, 1., Z. Ounaies, 1.S. Harrison, Y. Bar-Cohen and S. Leary, 

Electromechanically active polymer blends for actuation, in Smart 

Structures and Materials 2000: Electroactive Polymer Actuators 

and Divices, Y. BarCohen, Editor. 2000. p. 65-72. 

68. Tang, Y.Z.x., Chan HL W, Choy CL. Electron irradiation effects in 

electrostrictive P(VDF-TrFE) copolymers in THE 2001 12TH 

IEEE INTERNATIONAL SYMPOSIUM ON APPLICATIONS OF 

FERROELECTRlCS.2001 

69. Dveyaharon, H., TJ. Sluckin, P.L. Taylor and AJ. Hopfinger, Kink 

Propogation as a Model for Poling in Poly(Vinylidene Fluoride). 

Physical Review B, 1980.21(8): p. 3700-3707. 

70. Gimenes, R., M.A. Zaghete, M. Bertolini, 1.A. Varela, L.O. Coelho 

and N.F. Silva, Composites PVDF-TrFEIBT used as bioactive 

membranes for enhancing bone regeneration, in Smart Structures 

and Materials 2004: Electroactive Polymer Actuators and Devices, 

Y. BarCohen, Editor. 2004. p. 539-547. 

169 



9. References 

71. Migahed, M.D., M.1. Abdel-Hamid and A. Wafa, Relaxation 

behavior in polarized PVDF films under the influence of 

mechanical and thermal multistresses above glass-transition 

temperature. Journal of Applied Polymer Science, 1998. 70(5): p. 

859-864. 

72. Nam, Y.W., W.N. Kim, Y.H. Cho, D.W. Chae, G.H. Kim, S.P. 

Hong, S.S. Hwang and S.M. Hong, Morphology and physical 

properties of binary blend based on PVDF and multi-walled 

carbon nanotube. Macromolecular Symposia, 2007. 249: p. 478-

484. 

73. Kim, G.H. and S.M. Hong, Structures and physical properties of 

carbon nanotube reinforced PVDF composites. Molecular Crystals 

and Liquid Crystals, 2007. 472: p. 551-559. 

74. Paradiso, R., G. Loriga and N. Taccini, A wearable health care 

system based on knitted integrated sensors. Ieee Transactions on 

Information Technology in Biomedicine, 2005. 9(3): p. 337-344. 

75. Ray, M.C. and R.C. Batra, A single-walled carbon nanotube 

reinforced 1-3 piezoelectric composite for active control of smart 

structures. Smart Materials & Structures, 2007. 16(5): p. 1936-

1947. 

76. Betti, M., C.C. Baniotopoulos and G.E. Stavroulakis, Modeling and 

simulation of piezoelectric-active control of wind-induced 

170 



9. References 

vibrations on beams, in Topics on Mathematics for Smart Systems, 

B. Miara, G. Stavroulakis, and V. Valente, Editors. 2007. p. 61-75. 

77. Arous, M., H. Hammami, M. Lagache and A Kallel, Interfacial 

polarization in piezoelectric fibre-polymer composites. Journal of 

Non-Crystalline Solids, 2007. 353(47-51): p. 4428-4431. 

78. Sakamoto, W.K., S. Shibatta-Kagesawa, D.H.F. Kanda, S.H. 

Fernandes, E. Longo and G.O. Chierice, Piezoelectric effect in 

composite polyurethane - Ferroelectric ceramics. Physica Status 

Solidi a-Applied Research, 1999. 172(1): p. 265-271. 

79. Topolov, V.Y., S.V. Glushanin and A.E. Panich, Features of the 

piezoelectric response for a novel four-component composite 

structure. Ferroelectrics, 2004. 308: p. 53-65. 

80. Tuncer, E., I. Sauers, D.R. James, AR. Ellis, M.P. Paranthaman, T. 

Aytug, S. Sathyamurthy, K.L. More, J. Li and A Goyal, Electrical 

properties of epoxy resin based nano-composites. Nanotechnology, 

2007. 18(2). 

81. Hull, D.C.T.W., An Intorduction to Composite Materials. 2 ed. 

Cambridge Solid State Series. 1981. 

82. Thamjaree, W., W. Nhuapeng , A Chaipanich and T. Tunkasiri, 

Fabrication of combined 0-3 and 1-3 connectivities PZT/epoxy 

resin composites Applied Physics A: Materials Science & 

Processing, 2005. Volume 81, (7): p. 1419-1422. 

171 



9. References 

83. Thomas, F.M., Victor F. Janas Ahmad Safari Roland L. Loh 

Richard B. Cass, Novel Processing of 1-3 Piezoelectric 

Ceramic/Polymer Composites for Transducer Applications. Journal 

of the American Ceramic Society, 1995.78(11): p. 2913-2916. 

84. LushcheIkin, G., New polymer-containing piezoelectric materials. 

Physics of the Solid State, 2006.48(6): p. 1023-1025. 

85. Kwok, K.W., C.K. Wong, R. Zeng and F.G. Shin, AC Poling study 

of lead zirconate titanate/vinylidene fluoride-trifluoroethylene 

composites. Applied Physics a-Materials Science & Processing, 

2005.81(1): p. 217-222. 

86. Luo, X.T., L.F. Chen, X.l Chen and Q.J. Huang, Preparation and 

electromechanical properties of PVDF matrix piezo-electric 

composites containing highly oriented BaTi03 whiskers. Journal of 

Materials Science & Technology, 2004.20(4): p. 441-444. 

87. Luo, X.L.C., Xiaojun Chen, Qianjun Huang, Preparation and 

Electromechanical Properties of PVDF Matrix Piezoelectric 

Composites Containing Highly Oriented BaTi03 Whiskers. Journal 

of Materials Science & Technology, 2004. 20(4): p. 441-444. 

88. Hauser, C., C. Sutcliffe, M. Egan and P. Fox. Spiral Growth 

Manufacturing (SGM) - A Continuous Additive Manufacturing 

Technology For Processing Metal Powder by Selective Laser 

Melting. in Solid Freeform Fabrication Proceedings. 2005. 

89. Gebhardt, A., Rapid Prototyping. 1 ed. 2003, Muncih: Hanser. 

172 



9. References 

90. Kruth, J.P., Benchmarking of Different SLS/SLM Processes as 

Rapid Manufacturing Techniques, in International Conference of 

Polymers and Mould Innovations. 2005, PMI: Gent, Belgium. p. 7. 

91. Becker, H., S. Czerner, A. Ostendorf, P. Stippler and P. Matteazzi, 

Technology improvements for micro scale laser sintering, in Opto­

Ireland 2005: Photonic Engineering, B.W. Bowe, et aI., Editors. 

2005. p. 467-474. 

92. Venuvinod, P.K., Rapid Prototyping-Laser Based and Other 

Technologies. 2004: Kluwer Academic Publishers. 

93. Wong, M., S. Tsopanos, C. Sutcliffe and E. Owen, Selective laser 

melting of heat transfer devices. Rapid Prototyping Journal, 2007. 

13(5): p. 291-297. 

94. Morgan, R., C.J. Sutcliffe and W. O'Neill, Density analysis of 

direct metal laser re-melted 316L stainless steel cubic primitives. 

Journal of Materials Science, 2004.39(4): p. 1195-1205. 

95. Pogson, S., P. Fox, W. O'Neill and C.J. Sutcliffe, The direct metal 

laser remelting of copper and tool steel powders. Materials Science 

and Engineering a-Structural Materials Properties Microstructure 

and Processing, 2004. 386(1-2): p. 453-459. 

96. Santosa, E.C., Masanari Shiomia, Kozo Osakadaa and Tahar 

Laouib, Rapid manufacturing of metal components by laser 

forming. International Journal of Machine Tools and Manufacture, 

2006.46(12-13): p. 1459-1468 

173 



9. References 

97. Savalani, M.M., L. Hao, Y. Zhang, K.E. Tanner and RA. Harris, 

Fabrication of porous bioactive structures using the selective laser 

sintering technique. Proceedings of the Institution of Mechanical 

Engineers Part H-Joumal of Engineering in Medicine, 2007. 

221(H8): p. 873-886. 

98. Rehme, 0., C. Emmelmann and n. Schwarze, Selective Laser 

Melting of lattice structures in solid shells, in Virtual and Rapid 

Manufacturing - Advanced Research in Virtual and Rapid 

Prototyping, P.l Bartolo, et aI., Editors. 2008. p. 529-535. 

99. Salmoria, G.V., lL. Leite, C.H. Ahrens, RA. Paggi and A. Lago, 

Manufacture by selective laser sintering of functionally graded 

P A 61P A 12 components with applications in antiffiction materials, 

in Virtual and Rapid Manufacturing - Advanced Research in 

Virtual and Rapid Prototyping, P.J. Bartolo, et aI., Editors. 2008. p. 

313-317. 

100. Liu, B., J. Cheng, P.K. Bai and lH. Wang, Mechanical and 

thermal properties testing of rapid prepared molybdenum/copper 

composites, in Istm/2005: 6th International Symposium on Test and 

Measurement, Vols 1-9, Conference Proceedings, T.n. Wen, 

Editor. 2005. p. 4663-4666. 

101. Shishkovsky, LV., L.T. Volova, M.V. Kuznetsov, Y.G. Morozov 

and LP. Parkin, Porous biocompatible implants and tissue scaffolds 

174 



9. References 

synthesized by selective laser sinteringfrom Ti and NiTi. Journal of 

Materials Chemistry, 2008.18(12): p. 1309-1317. 

102. Wehmoller, M., P.H. Warnke, C. Zilian and H. Eufinger, Implant 

design and production - a new approach by selective laser melting, 

in Cars 2005: Computer Assisted Radiology and Surgery, H.U. 

Lemke, et aI., Editors. 2005. p. 690-695. 

103. Beal, V.E., P. Erasenthiran, C.H. Ahrens and P. Dickens, 

Evaluating the use of functionally graded materials inserts 

produced by selective laser melting on the injection moulding of 

plastics parts. Proceedings of the Institution of Mechanical 

Engineers Part B-Journal of Engineering Manufacture, 2007. 

221(6): p. 945-954. 

104. Shishkovsky, I., 1. Yadroitsev, P. Bertrand and 1. Smurov, Alumina­

zirconium ceramics synthesis by selective laser sintering/melting. 

Applied Surface Science, 2007. 254(4): p. 966-970. 

105. Gahler, A., J.G. Heinrich and J. Gunster, Direct laser sintering of 

AI203-Si02 dental ceramic components by layer-wise slurry 

deposition. Journal of the American Ceramic Society, 2006. 

89(10): p. 3076-3080. 

106. Wua, B.Q. and A. Kumar, Extreme ultraviolet lithography: A 

review. Journal of Vacuum Science & Technology B, 2007. 25(6): 

p. 1743-1761. 

175 



9. References 

107. Killi, S., Custom design, more than custom to fit!, in Virtual and 

Rapid Manufacturing - Advanced Research in Virtual and Rapid 

Prototyping, PJ. Bartolo, et aI., Editors. 2008. p. 777-783. 

108. Bassoli, E., A. Gatto, L. Iuliano and M.G. Violante, 3D printing 

technique applied to rapid casting. Rapid Prototyping Journal, 

2007. 13(3):p. 148-155. 

109. Channeux, IF., R Miney, S. Dimoy, E. Brousseau, E. Miney and 

U. Harrysson, Benchmarking of three processes for producing 

castings incorporating micro/mesoscale features with a high aspect 

ratio. Proceedings of the Institution of Mechanical Engineers Part 

B-Journal of Engineering Manufacture, 2007.221(4): p. 577-589. 

110. Mu, lX. and X.F. Yin, Application of microfluidic reactors on 

synthesis reactions. Progress in Chemistry, 2008. 20(1): p. 60-75. 

111. Wohler, T., Wohlers Report 2008. 2008, Fort Collins: Wohlers 

Associates Inc. 

112. Fico, M., M. Yu, Z. Ouyang, RG. Cooks and WJ. Chappell, 

Miniaturization and geometry optimization of a polymer-based 

rectilinear ion trap. Analytical Chemistry, 2007. 79(21): p. 8076-

8082. 

113. Roy, S., Fabrication of micro- and nano-structured materials using 

mask-less processes. Journal of Physics D-Applied Physics, 2007. 

40(22): p. R413-R426. 

176 



9. References 

114. Drews, M.E. and D.A. Fonnan, Low cost, real-time simulation of 

an Unmanned Aerial Vehicle, in Aiaa Modeling and Simulation 

Technologies Conference - a Collection of Technical Papers. 1999, 

Amer Inst Aeronautics & Astronautics: Washington. p. 284-292. 

115. Dawson, P.R., Quadrupole Mass Spectrometry and its 

Applications. American Vacuum Society Classics. 1995, New 

York: AlP Press. 

116. Blain, M.G., L.S. Riter, D. Cruz, D.E. Austin, G.x. Wu, W.R. Plass 

and RG. Cooks, Towards the hand-held mass spectrometer: design 

considerations, simulation, and fabrication of micrometer-scaled 

cylindrical ion traps. International Journal of Mass Spectrometry, 

2004.236(1-3): p. 91-104. 

117. Gibson, lR. and S. Taylor, Prediction of quadrupole mass filter 

performance for hyperbolic and circular cross section electrodes. 

Rapid Communications in Mass Spectrometry, 2000. 14(18): p. 

1669-1673. 

118. Badman, E.R, RC. Johnson, W.R Plass and RG. Cooks, A 

miniature cylindrical quadrupole ion trap: Simulation and 

experiment. Analytical Chemistry, 1998.70(23): p. 4896-4901. 

119. Yin, W.W., M. Wang, A.G. Marshall and E.B. Ledford, 

Experimental Evaluation of a Hyperbolic Ion Trap for Fourier­

Transformation-Cyclotron Resonance Mass-Spectrometer. Journal 

177 



9. References 

of the American Society for Mass Spectrometry, 1992. 3(3): p. 

188-197. 

120. Taylor, S. and R.F. Tindall, Silicon based Quadrnpole Mass 

Spectrometry using Microelectromechanical Systems. J. Vac. Sci 

Technol. B, 2001(19): p. 557-562. 

121. Wapelhorst, E.H. and J.P. MUlier, A Fully Integrated TOF Micro 

Mass Spectrometer. J. Complex MEMS Sensors and Actuators A, 

2007: p. 138,22-27. 

122. Pau, S.P., C. S.; Low, Y. L.; Moxom, 1.; Reilly, P. T. A; Whitten, 

W. B.; Ramsey, J. M., Microfabricated Quadrnpole Ion Trap for 

Mass Spectrometer Applications. Phys. Rev. Lett, 2006. 96: p. 

120801. 

123. Van Amerom, F.H.W.C., A; Cardenas, M.; Bumgarner, J.; Short" 

R. T. Microfabrication of Cylindrical Ion Trap Mass Spectrometer 

Arrays for Handheld Chemical Analyzers. Chern. Eng. Comm, 

2008(195):p.98-114. 

124. Song, Y.W., G.; Song, Q.; Cooks, R. G.; Ouyang, Z.; Plass, W, 

Novel Linear Ion Trap Mass Analyzer Composed of Four Planar 

Electrodes. J. Am. Soc. Mass Spectrom, 2006. 17: p. 631-639. 

125. Austin, D.E.W., M.; Tolley, S. E.; Maas, J. D.; Hawkins, A R.; 

Rockwood, A L.; Tolley, H. D.; Lee, E. D.; Lee. M. L., Halo Ion 

Trap Mass Spectrometer. Anal. Chern, 2007(79): p. 2927-2932. 

178 



9. References 

126. Bower, c.A., K.H. Gilchrist, lR Piascik, B.R Stoner, S. 

Natarajan, C.B. Parker, S.D. Wolter, J.T. Glass and On-Chip 

Electron Impact Ion Source using Carbon Nanotube Field 

Emitters. Appl. Phys. Lett., 2007.90: p. 124102. 

127. Dixon, RH.T., Powder Metallurgy for Engineers. 1971, London: 

The Machinary Publishing Co. 

128. Tonshoff, H.K., A. Ostendorf, K. Korber and A. Beil, Flexible 

machining system to produce micro prototypes, in Micromachining 

and Microfabrication Process Technology Vi, 1.M. Karam and 1. 

Yasaitis, Editors. 2000, Spie-Int Society Optical Engineering: 

Bellingham. p. 182-192. 

129. Wang, F., l Mei and X.H. Wu, Direct laser fabrication of 

Ti6AI4VITiB. Journal of Materials Processing Technology, 2008. 

195(1-3): p. 321-326. 

130. Interrante, L.V. and M.J. Hampden-Smith, Chemistry of Advanced 

Materials An Overview. 1998, New York: Wiley-VCH. 

131. Goodhew, P.J. and F. Humphreys, Electron Microscopy and 

Analysis. 1988, London: Taylor and Francis. 

132. Guanghan, W.x., Xiang Jiang, and Darius Nikanpour, 

Measurement of specific heat, latent heat and phase transformation 

temperatures of shape memory alloys. High temperatures-high 

pressures, 2007. 37: p. 91-107. 

179 



9. References 

133. Chiang, LJ., C.H. Li, Y.F. Hsu and W.H. Wang, Effects of thermal 

cycling on multiple-stage transformation in Ti49.3Ni50.7 shape 

memory alloy. Journal of Alloys and Compounds, 2008. 462(1-2): 

p.47-51. 

134. Khalil-Allafi, l, A. Dlouhy and G. Eggeler, Ni4Ti3-precipitation 

during aging of NiTi shape memory alloys and its influence on 

martensitic phase transformations. Acta Materialia, 2002. 50(17): 

p. 4255-4274. 

135. Poon, R.W.Y., lP.Y. Ho, x.y. Liu, C.Y. Chung, P.K. Chu, 

K.W.K. Yeung, W.W. Lu and KM.C. Cheung, Anti-corrosion 

performance of oxidized and oxygen plasma-implanted NiTi alloys. 

Materials Science and Engineering a-Structural Materials 

Properties Microstructure and Processing, 2005. 390(1-2): p. 444-

451. 

136. Agarwala, M., D. Bourell, l Beaman, H. Marcus and l Barlow, 

Direct selective laser sintering of metals. Rapid Prototyping 

Journal, 1995. 1: p. 26-36. 

137. Gall, K, N. Yang, H. Sehitoglu and Y.!. Chumlyakov, Fracture of 

precipitated NiTi shape memory alloys. International Journal of 

Fracture, 2001. 109(2): p. 189-207. 

138. Frick, C., A. Ortega, l Tyber, K Gall and H. Maier, Multiscale 

structure and properties of cast and deformation processed 

180 



9. References 

polycrystalline NiTi shape-memory alloys. Metallurgical and 

Materials Transactions A, 2004. 35(7): p. 2013-2025. 

139. Kroger, A, R. Wernhardt, C. Somsen, G. Eggeler and A Wieck, In 

situ transmission electron microscopy-investigations on the strain­

induced B19 '-phase in NiTi shape memory alloys structured by 

focused ion beam. Materials Science and Engineering a-Structural 

Materials Properties Microstructure and Processing, 2006. 438: p. 

513-516. 

140. Cuevas, F., M. Latroche, F. Bouree-Vigneron and A. Percheron­

Gw5gan, A conjoint XRD-ND analysis of the crystal structures of 

austenitic and martensitic TiO.64Zr0.36Ni hydrides. Journal of 

Solid State Chemistry, 2006.179(11): p. 3295-3307. 

141. Tobushi, H., Y. Ohashi, T. Hori and H. Yamamoto, Cyclic 

deformation of TiNi shape-memory alloy helical spring. 

Experimental Mechanics, 1992.32(4): p. 304-308. 

142. Smith, W.A, A Shaulov, and B. A Auld" Tailoring the properties 

of composite piezoelectric materials. IEEE Ulfrason.Symp, 1985: 

p.642-647. 

143. Mustofa, S., T. Araki, T. Furusawa, M. Nishida and T. Hino, The 

PLD of BaTi03 target produced by SPS and its electrical 

properties for MLCC application. Materials Science and 

Engineering B-Solid State Materials for Advanced Technology, 

2003.103(2): p. 128-134. 

181 



9. References 

144. SanjUIjo, lA., R.S. Katiyar, S.P.S. Porto, ,Temperature 

dependence of dipolar modes in ferroelectric BaTi03 by infrared 

studies. Phys. Rev. B, 1980. 22(2396). 

145. Envisiontec. R5 Material Properties Data Sheet. 2007 [cited 2009 

15 January]; Available from: www.stratatec.co.nz/material­

properties-sheets/rS-r11.pdf. 

146. Chan, H.L. and J.UNSWORTH, Simple Model for Piezoelectric 

Ceramic/Polymer 1-3 Composites Used in Ultrasonic Transducer 

Applications. IEEE Transactions on Ultrasonics, Ferroe1ctrics and 

Frequency Control, 1989.36(4): p. 7. 

147. Bowen, C.R., A. Perry, H. Kara and S.W. Mahon, Analytical 

modelling of 3-3 piezoelectric composites. Journal of the European 

Ceramic Society, 2001. 21(10-11): p. 1463-1467. 

148. Consort, BS EN ISO 527-2: Plastics -Determination of tensile 

properties Part 2: Test conditions for moulding and extrusion 

plastics, B. standard, Editor. 1996. 

149. Grimm, T., User's Guide to Rapid Prototyping. 2004, Society of 

Manufacturing Engineers. 

150. CPO-Programs. 2009 [cited 2009 January 20th]; Available from: 

www.electronoptics.com. 

151. Gibson, lR.T., S.; Leck, J. H, Detailed Simulation of Mass Spectra 

for Quadrupole Mass Spectrometer Systems. J. Vac. Sci. Technol. 

A, 2000. 18: p. 237-243. 

182 



9. References 

152. Turchette, Q.AK., D.; King, B. E.; Leibfried, D.; Meekhof, D. M.; 

Myatt, C. 1.; Rowe, M. A; Sackett, C. A; Wood, C. S.; Itano, W. 

M.; Monroe, C.; Wineland, D. 1., Heating of Trapped Ions From 

the Quantum Ground State. Phys. Rev. A, 2000.61: p. 063418. 

153. Taylor, S. and 1.R. Gibson, Prediction of the Effects of Imperfect 

Construction of a QMS Filter. 1. Mass Spectrom., 2008. 43: p. 609-

616. 

154. Associates, W. Organisational Meeting for Proposed New ASTM 

Activity on Additive Manufacturing Technologies. 2009 [cited 5th 

March 2009]; Available from: 

http://wohlerassociates.com/agenda.pdf. 

155. Youssef, E.A, Imaging Properties of a Novel Electristatic Lens. 

Canadian Journal of Physics, 1971. 49(21): p. 7. 

183 


