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Abstract: This research attempt was to examine shape memory behavior of lightweight 60 NiTiNOL cellular structure cast by investment 

casting process. Acrylonitrile butadiene styrene (ABS) polymer was used as pattern materials. The 4-point bend test was conducted under 

loading and unloading conditions. Shape memory behavior of 60 NiTiNOL Single layer core cellular structure was confirmed. 
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1. INTRODUCTION  

Ni-Ti based shape memory alloys have attracted much attention because of their potential applications for high temperature 

conditions. Honeycombs have been primarily used in lightweight sandwich structures and are some of the high strength/density 

structures in many important loading situations such as bending [1]. An auxetic structure to airfoil shapes were also developed 

[2]. Constructing the cellular structures from shape memory alloys (SMAs) provides even greater potential taking the advan-

tage of the shape memory and superelastic effects. Investment casting was employed to produce net shape lattice castings. This 

allows for parts with complex curvatures to be easily fabricated. Aluminum alloys [3], nickel-based superalloys [4], and tita-

nium alloys [5] have been studied. Despite significant casting defects, good strength and damage tolerance of the lattice struc-

tures have been measured. 

 

Investment casting differs from all other casting processes in the use of a disposable pattern to form the cavity into which the 

metal is poured. The complexity, detail and surface finish of the casting is directly dependent upon the integrity and dimen-

sional stability of the original pattern [6-15]. The purpose of this investigation was to estimate the shape memory behavior of 

Ni-Ti alloy cast in Titania investment shell moulds. The mechanical properties with loading and unloading conditions were 

also investigated. 

 
 

Figure 1: Single layer core cellular structure for investment casting. 

 

2. MATERIALS METHODS 

Acrylonitrile butadiene styrene (ABS) polymer was used as pattern materials. In the present work, the colloidal silica binder 

was used to fabricate the investment shell moulds from Titania as reinforced filler materials. The silica content in the colloidal 

silica binder was 30%. Two grades (primary and backup sands) of stuccoing sand were employed in the present investigation. 

Finer grade fused silica sand having AFS grain fineness number 140 was employed for primary coats. This sand was used for 
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first two coats, called prime coats to get good surface finish and every detail of the ABS pattern. Coarser grade sand having 

AFS grain fineness number 60 was employed for back up coats. The backup sand was employed to develop more thickness to 

the shell walls with minimum coats [25-30].  The thickness of shell moulds were 10 mm. After all coats, the shells were air 

dried for 24 hours. The investment shell moulds were heated to 300
o
C to remove ABS pattern material. Two shells of each 

treatment were made to get single layer core cellular structure as shown in figure 1. The Ni-Ti alloy was melted in an induction 

furnace under vacuum. The liquid alloy was gravity poured under vacuum into the pre-heated investment shell moulds [16-30]. 

The shell moulds were knocked off by hand hammer after solidification of the molten. The castings were cleaned with soft 

brush and visually inspected for pins and projections. The 4-point bend test was conducted on single layer core structures to 

estimate center point displacement during and loading and unloading as shown in figure 2. 

 

 
 

Figure 2: The 4-point bend test. 

 

3. RESULTS AND DISCUSSION 

In 60 NiTiNOL Shape Memory Alloy, TiC type carbide phases are visible in the microstructure as revealed from figure 3. 

Oxide phases can also be seen in microstructures of Ni-Ti alloy.  

 

 
 

Figure 3: Optical microstructures of 60 NiTiNOL. 

 

Figure 4 shows tensile loading- unloading curve of 60 NiTiNOL. No evidence of cracking or failure of the structure was ob-

served. Following release of the load, the residual displacement was 1.69 mm in the cellular structure at room temperature. 

This value of recovery is 63.68 percent of the initial inelastic deformation after release of the load. This confirms shape memo-

ry behavior in the single layer core cellular structure. 
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Figure 4: Loading and unloading curves. 

 

4. CONCLUSIONS 

The 60 NiTiNOL Shape Memory Alloy was cast in investment shell moulds. The shape recovery is 63.68 percent of the initial 

inelastic deformation after release of the load. This substantiates shape memory behavior in the single layer core cellular struc-

ture of 60 NiTiNOL. 

 

REFERENCES 

1. A. G. Evans, Lightweight Structures and Materials, October 2001, MRS Bulletin, 36, 2001, p. 795. 

2. A. Spadoni, M. Ruzzene, Static Aeroelastic Response of Chiral-core Airfoils. J. of Intelligent Material Systems and Structures, 18, 2007, 

pp. 1067-1075. 

3. D. J. Sypeck, H. N. G. Wadley, Cellular Metal Truss Core Sandwich Structures. Advanced Engineering Materials, 4, 2001, pp. 759-764. 

4. M. V. Nathal, J. D. Whittenberger, M. G. Hebsur, P. T. Kantzos, D. L. Krause, Superalloy Lattice Block Structures. Proc. 10th Intl. 

Symp on Superalloys, ed. by K.A. Green et al., The Minerals, Metals & Materials Society, 2004. pp. 431-440. 

5. Q. Li, Q, E. Y. Chen, D. R. Bice, D.R, D. C. Dunand, Mechanical Properties of Cast Ti-6Al-4V Lattice Block Structures, Metallurgical 

and Materials Transactions, 39A, 2008, pp. 441-449. 

6. A. Chennakesava Reddy, K.M. Babu, P.M. Jebaraj and M.P. Chowdaiah, Accelerator for faster investment shell making and its effect on 

the properties of investment moulds, Indian Foundry Journal, 41,1995, pp.03-08. 

7. A. Chennakesava Reddy, H.B. Niranjan and A.R.V. Murti, Optimization of investment shell mould using colloidal silica binder, Indian 

Journal of Engineering & Materials, 3, 1996, pp.180-184. 

8. A. Chennakesava Reddy, V.S.R.Murti and S. Sundararajan, Regression modeling approach for the analysis of investment shell moulds 

from coal-flyash, Foundry Journal, 9, 1997, pp.36-40. 

9. A. Chennakesava Reddy, V.S.R. Murti, S. Sundararajan, Some aspects of reducing sediments rate of refractory fillers in the investment 

casting process, Journal of Engineering Advances, 10, 1998, pp.61-63. 

10. A. Chennakesava Reddy, V.S.R. Murti and S. Sundararajan, Control factor design of investment shell mould from coal flyash by Tagu-

chi method, Indian Foundry Journal, 45, 1999, pp. 93-98. 

11. A. Chennakesava Reddy, V.S.R.Murti and P.M.Jebaraj, A new technique for measurement of the strength of ceramic shells in the preci-

sion casting process, Journal of Testing and Evaluation, 28, 2000, pp. 224-226. 

12. A. Chennakesava Reddy, V.S.R. Murti and S. Sundararajan, Bonding mechanism in the coal-flyash ceramic shells, Indian Foundry 

Journal, 47, 2001, pp.21-25. 

13. A. Chennakesava Reddy, V.S.R. Murti, and S. Sundararajan, Development of a Ceramic Moulding Process from Coal Flyash for In-

vestment Casting, 18th AIMTDR Conference, Kharagpur, 21-23rd December 1998, pp.118-122. 

14. A. Chennakesava Reddy, S. Sundara Rajan and V.S.R. Murti, Dampening of Noise Parameters for Developing Ceramic Shell Process 

from Coal Flyash by Taguchi Method, CEMILAC Conference, Ministry of Defence, India, 20-21st August, 1999, pp.91-95. 

15. A. Chennakesava Reddy, and V.S.R. Murti, Studies on Lost-Wax Process Using Silox Binder, X-ISME Conference on Mechanical En-

gineering, New Delhi, 09-11th December, 1996, pp. 82 – 86. 

16. A. Chennakesava  Reddy, Characterization of ceramic shells fabricated using yttria as reinforcing filler, National Conference on Ad-

vanced Materials and Manufacturing Technologies, Hyderabad, 5-7th  December 1997, pp.125-129. 

17. A. Chennakesava  Reddy, Characterization of ceramic shells using rutile (titania) as reinforcing filler at casting temperature, National 

Conference on Advanced Materials and Manufacturing Technologies, Hyderabad, 5-7th  December 1997, pp. 130-134. 

18. P. Martin Jebaraj and A. Chennakesava Reddy, Prediction of thermal shock of ceramic shells using fused silica as reinforcing filler at 

casting conditions, National Conference on Advances in Production Technology, Bangalore, 7-9 February 1998, pp.52-56. 3 



MMM 5th International Conference on Modern Materials and Manufacturing, Bangalore, India 

 

6-7 December 2013 99 

 

19. H.B. Niranjan and A. Chennakesava Reddy, Investment shell moulds using graphite filler to prevent dimensional instability and metal-

mould reaction of Ti-alloy castings, National Conference on Advances in Production Technology, Bangalore, 7-9 February 1998, pp. 

57-62. 

20. Ch. Rajana and A. Chennakesava Reddy, Interfacial Reaction between Zirconium Alloy and Zirconia Ceramic Shell Mold, National 

Conference on Advanced Materials and Manufacturing Technologies, Hyderabad, 18-20 March 2000, pp. 212-217. 

21. S. Madhav Reddy and A. Chennakesava Reddy, Interfacial Reaction between Magnesium Alloy and magnesia Ceramic Shell Mold, 

National Conference on Advanced Materials and Manufacturing Technologies, Hyderabad, 18-20 March 2000, pp. 218-222. 

22. A. Chennakesava Reddy, Development of Alumina Investment Shell Molds to Cast 7075 Al-Alloy, National Conference on Advances 

in Manufacturing Technologies (AMT-2001), Pune, 9-10 March 2001, pp. 102-104. 

23. A. Chennakesava Reddy, Thermo-Physical Properties of Fused Silica Investment Shell Moulds at Preheat Conditions of Steel Casting, 

National Conference on Advanced Materials and Manufacturing Techniques, Hyderabad, 08-09th March 2004, pp.342-346. 

24. A. Chennakesava Reddy, Structure and Morphology of Recycled Iron-Rich Al-Si Alloys Cast in Thin-Walled Investment Shell Moulds, 

National Conference on Advanced Materials and Manufacturing Techniques, Hyderabad, 08-09th March 2004, pp. 347-349. 

25. A. Chennakesava Reddy, Microstructure and Mechanical Properties of AA2219 Alloy Turbine Impeller Manufactured by Investment 

Casting, National Conference on Computer Applications in mechanical Engineering, Anantapur, 21st December, 2005, pp. 321-323. 

26. A. Chennakesava Reddy, Impact of Boron Coated Investment Shell Moulds on Surface Modification of Hypoeutectic Al-Si Alloys, 

National Conference on Computer Applications in mechanical Engineering, Anantapur, 21st December 2005, pp. 324-326. 

27. A. Chennakesava Reddy, Counter-Gravity Casting of IN625 Alloy in Thin-walled Investment Shell Moulds, 6th National Conference on 

Materials and Manufacturing Processes, Hyderabad, 8-9 August 2008, pp. 54-57. 

28. Ch. Rajanna, A. Chennakesava Reddy, Effect of Refractory Filler Materials on Defect Formation in Investment Cast Ni-Base Super 

Alloy, 6th National Conference on Materials and Manufacturing Processes, Hyderabad, 8-9 August 2008, pp. 58-61. 

29. P. Laxminarayana, A. Chennakesava Reddy, Quantification of Delta Ferrite in Austenitic Stainless Steel Cast in Investments Shell 

Moulds, 6th National Conference on Materials and Manufacturing Processes, Hyderabad, 8-9 August 2008, pp. 62-65. 

30. S. Madhav Reddy, A. Chennakesava Reddy, Effect of Strontium on Surface Modification of Al-Si Alloys Cast in Investments Shell 

Moulds, 6th National Conference on Materials and Manufacturing Processes, Hyderabad, 8-9 August 2008, pp. 66-69. 

 

 

 

 

 

 


