
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 12, 2016 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 215 

Nitinol Chassis: Accidentals Car Chassis Free Charge Repair 
Vimal D. Shingala 

Department of Automobile engineering 

GIDC degree engineering college, Navsari, Gujarat, India
Abstract— Automobile in industry is rapidly going. During 

the last decade human factors is drawing more attention the 

automobile body manufacturing and maintenance of new 

industrial products especially in automobile industry. Very 

good quality is becoming a critical criterion for the success 

of many products. This time-equivalence method is one way 

to determine the appropriate automobiles severity. Super 

elastic nitinol is now a common and well-known 

engineering material in the automobile industry. While the 

greater flexibility or the alloy drives many of the 

applications. There are actually a large number of lesser-

known advantages of nitinol in automobile device. This 

paper mainly focuses of automobile chassis made by nitinol 

materials. Today’s biggest problems of accident in damage 

vehicles body (bonnet, car door, roof of car etc.) repairing 

cost is very large. So, its good solution of nitinol body easily 

repairs with minimum charge.  

Key words: Nitinol vehicle body, Shape memory behavior, 
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I. INTRODUCTION 

Improving super elastic and shape memory properties of Ni-

rich NiTi alloys is a very challenging and important subject 

due to the commercial importance of this alloy. Aging is a 

very effective way of improving shape memory and super 

elastic properties [1-4].The term nitinol is derived from its 

composition and its place of discovery: (Nickel Titanium-

Naval Ordnance Laboratory). William J. Buehler[1] along 

with Frederick Wang,[2] discovered its properties during 

research at the Naval Ordnance Laboratory in 1959[3].At 

the time the scientific team were trying to develop a heat 

and corrosive resistant alloy. In the process of creating a 

corrosive resistant alloy, they created a Shape Memory 

Alloy (SMA) made of 55% nickel and 45% titanium. This 

new material was relatively inexpensive and much safer 

(non-toxic) than previous SMA's. The team named their new 

alloy Nitinol (pronounced night-in-all), the name represents 

its elemental components and place of origin. The "Ni" and 

"Ti" are the atomic symbols for nickel and titanium, The 

"NOL" stands for the Naval Ordinance Laboratory where it 

was discovered[4].Although the mixture of nickel to 

titanium in nitinol is about equal, the smallest change in the 

ratio of the two compounds has a dramatic effect on the 

transition temperature of the resulting alloy[4]. For 

instances, a 1% difference in the ratio varies the transition 

temperature from -100 to +100 C. Every company 

manufacturing nitinol products today must hold the ratio of 

the components to a precise level to insure a stable and 

repeatable transition temperature. The nitinol alloy we are 

experimenting with has a transition temperature of 70C 

(158F) [4].This is due in part to low market awareness about 

shape memory technology,   as little engineering data for the 

alloys. However, as the scientific community comes to 

understand the metallurgy and discuss it more openly, shape 

memory actuators are becoming increasingly popular for 

automotive applications. Japan, which leads in this area, has 

an impressive number of patent applications. About100 

patents for automotive applications are filed annually in 

Japan, outnumbering American and European applications 

by an order of magnitude. Japan not only leads in the 

development of new applications, but also in their 

commercialization [6] [7] [8] [9] [10] [11] [12] [13]. 

II. NITINOL ALLOYS 

A. Physical Properties of Nitinol 

Density 6.45gms/cc 

Melting Temperature 1240-1310° C 

Resistivity (hi-temp state): 82 uohm-cm 

Resistivity (lo-temp state): 76 uohm-cm 

Thermal Conductivity: 0.1 W/cm-° C 

Heat Capacity 0.077 Cal/gm-° C 

Latent Heat: 5.78 Cal/gm; 24.2 J/gm 

Magnetic Susceptibility (hi-temp): 3.8 uemu/gm 

Magnetic Susceptibility (lo-temp): 2.5 uemu/gm 

Table no.1 [14] 

 
Fig. 1:Stress-Strain Characteristics of Nitinol at Various 

Temperatures [14] 

B. Mechanical Properties of Nitinol 

Ultimate Tensile Strength 
754 - 960 MPa or 110 - 

140 ksi 

Typical Elongation to Fracture 15.5 percent 

Typical Yield Strength (hi-

temp): 
560 MPa, 80 ksi 

Typical Yield Strength (lo-

temp): 
100 MPa, 15 ksi 

Approximate Elastic Modulus 

(hi-tem): 
75 GPa, 11 Mpsi 

Approximate Elastic Modulus 

(lo-temp): 
28 GPa, 4 Mpsi 

Approximate Poisson's Ratio 0.3 

Table no.2 [14] 
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C. Actuation 

Energy Conversion Efficiency 5% 

Work Output 1 Joule/gram 

Available Transformation Temperatures -100 to +100° C 

Table no.3 [14] 

D. Manufacture of Nitinol alloy 

Nickel–titanium alloy production is a very complex process 

that consists of: 

 Vacuum melting/casting 

 Press forging 

 Rotary swaging 

 Rod/wire rolling 

In the past, NiTi alloys with near stoichiometric 

composition have been produced satisfactorily by both arc 

and induction melting methods [15]. One of the problems 

encountered with arc-melting was that it required multiple 

re-melts to ensure chemical homogeneity; however, 

importantly this process produces only minimum 

contamination of the alloy. Current manufacture involves 

the use of vacuum induction melting in graphite crucibles 

(Fig. 1) that ensures effective alloy mixing by simple means, 

with slight carbon contamination In the melt forming TiC 

[16].The presence of oxide impurities does not affect the 

unique properties of 55-Nitinol, as these appear to be evenly 

distributed within the NiTi matrix. The double vacuum 

melting manufacturing process ensures purity and quality 

and maintains the mechanical properties of the alloy. The 

raw materials are carefully formulated before the alloy is 

melted by vacuum induction. After this process, vacuum arc 

re-melting takes place to improve the alloy chemistry, 

homogeneity and structure. The double melted ingots are hot 

worked and then cold worked to a variety of shapes and 

sizes according to product specifications, i.e. Nitinol wires, 

bars, etc. as described earlier. Alloys for orthodontic or 

medical use can be produced as drawn or with mechanically 

cleaned surfaces. Hot and cold working can be undertaken 

on Nitinol alloys, below the crystallization temperature. The 

alloy composition is important to the manufacturing process 

and it appears that 55-Nitinol can be processed by all forms 

of hot working more easily than 60-Nitinol. Strengthening 

of the alloy occurs through low temperature deformation 

and maintains a minimum of 12% tensile elongation. Some 

NiTi alloys appear to be sensitive to the effects of heat 

treatment that can effect both shape memory and the 

pseudo-elastic behavior; however, NiTi alloys of near 

stoichiometric composition such as are used in dentistry do 

not appear to be affected [17][18]. Gould studied the 

machining characteristics of nickel–titanium alloys and 

found that tool wear was rapid and the cutting speed, feed, 

tool material, tool geometry and type of cutting fluid had an 

effect on the results of the manufactured Nitinol. 

Specifically, these alloys could be turned 10–20 times faster 

with carbide tools than with high speed steel tools. Light 

feeds of 0.003–0.005 in rev are recommended in turning 

[19] and in order to maximize the tool life, 55-Nitinol 

should be cut at a speed of 220 Ft. min-1. An active highly 

chlorinated cutting oil is advised to obtain a reasonable drill-

life along with the use of silicon carbide wheels to grind the 

surface of Nitinol alloys. 

 
Fig. 2:The manufacturing process of Nitinol alloy 

The speeds at which cutting tools should be operated vary 

according to the composition of the alloy. Therefore, it 

appears that sharp carbide cutting tools are required to 

machine Nitinol alloys using techniques involving light 

Feeds and slow speeds. 

E. Super elasticity and Shape Memory in Nitinol 

Nitinol combines two closely related unique characteristics:  

 shape memory and  

 Super-elasticity. 

Shape memory gives Nitinol the ability to be deformed at 

one temperature, and then return to its original shape when 

being heated to its transformation temperature. This effect is 

caused by the material changing from its low temperature 

monoclinic martensitic structure to the high temperature 

cubic austenitic structure. Transformation temperatures in 

our finished Nitinol wire range from -15°C to +22°C, 

depending on the grade of Nitinol used. Shape memory 

Nitinol wire can be used to develop implants that may be 

delivered into the body in a compact shape and then 

activated into their functional form once they have been 

deployed [20].The plastic deformation that occurs in NiTi 

alloys within or below the TTR is recoverable, within 

certain limits, on reverse transformation. It is this 

phenomenon of crystalline change which gives rise to the 

shape memory effect of the material and the super-elastic 

behaviour. The part of the RTTR in which ‘shape recovery 

‘occurs is termed the shape recovery temperature range 

(SRTR). This has also been termed ‘mechanical memory’ 

[15].This is unlike conventional metallic stress-strain 

behaviour where elastic response in conventional alloys is 

recoverable, but is small in size; and where larger strains are 

associated with plastic deformation, that is not recoverable 

(Fig. 3). 

 
Fig.3:Ni-Ti strength curve 
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Fig. 4:Stress-strain curve: stainless steel and nickel–titanium 

The super-elasticity of nickel–titanium allows deformations 

of as much as 8% strain to be fully recoverable (Fig. 4), in 

comparison with a maximum of less than 1% with other 

alloys, such as stainless steel. Although other alloys such as 

copper–zinc, copper–aluminium, gold–cadmium and nickel–

niobium have been found to have super-elastic properties 

[15], Nickel–titanium is the most biocompatible material 

and has excellent resistance to corrosion. An alloy system is 

an aggregate of two or more metals which can occur in all 

possible combinations. As such, a second group of Nitinol 

alloys can be formed if the NiTi alloy contains more nickel 

and as this approaches 60% (wt) Ni an alloy known as 60-

Nitinol forms. The Shape memory effect of this alloy is 

lower, although its ability to be heat-treated increases. Both 

55 and 60- Nitinols are more resilient, tougher and have a 

lower modulus of elasticity than other alloys such as 

stainless steel, Ni–Cr or Co–Cr (Fig. 4). Table 1 shows the 

values for typical properties of Nitinol alloys. 

III. CORROSION 

The corrosion behaviour of Nitinol orthodontic wires was 

compared with stainless steel, cobalt-chrome and b-titanium 

by [21] [22]. The wires were exposed to a 1% NaCl solution 

via an electrochemical cyclic polarization technique. 

Scanning electron microscopy and energy dispersive X-ray 

analysis was used to determine differences between pre- and 

post-polarized surfaces. The Nitinol alloy was the only 

specimen to exhibit a pitting type corrosion attack, which 

the authors concluded warranted further investigation. 

Vivo corrosion characteristics of seven Nitinol 

wires in clinical use for 3 weeks to 5 months. Scanning 

electron microscopy revealed the presence of numerous, 

round-bottomed, Corrosion pits interspersed with corrosion 

products rich in titanium. This was presumed to be a mixed 

oxide of titanium and nickel. Fractured surfaces of Nitinol 

wires showed small equiaxed dimples that resulted from 

micro void coalescence within the grain-boundary zones 

[23]. There appears to be correlation with in vitro [21] [22] 

and in vivo corrosion of Nitinol. The performance of wires 

used in orthodontics can be affected by corrosion in the 

mouth. Nitinol wires under SEM as received from the 

manufacturer and following 1 month to 1 year’s use in the 

mouth. They found no corrosion of the Nitinol wires with 

maintenance of a smooth, undulating surface. In contrast, 

stainless steel wires showed sharp elevations of metal 

particles on their surface [24]. Polarization resistance and 

zero resistance ammeter to study the corrosion behaviour of 

stainless steel, cobalt–chromium, beta-titanium and Nitinol 

orthodontic springs. They also studied the effect of coupling 

the wires to stainless steel brackets [25]. In orthodontic 

treatment, the corrosion behaviour of the wires was affected 

by coupling to the brackets. The effects of beta-titanium and 

cobalt–chromium were comparable showing less corrosion 

than the other wires, however, Nitinol was shown to be 

inferior to stainless steel, with a tendency to pitting attack. 

The authors concluded that over the relatively short period 

of orthodontic treatment, the effect of the corrosion did not 

appear to be deleterious to the mechanical properties of the 

wires, and should not significantly effect the outcome of 

treatment. To assess corrosion potential, compared Nitinol 

wire with stainless steel wire in clinical use for periods 

ranging from 1 to 8 months. Scanning electron microscopy 

was used to assess surface characteristics; qualitative 

chemical information was obtained with X-ray spectrometry 

to indicate oxide prevalence and organic contamination of 

the wires. Unused Nitinol wires exhibited large variations in 

surface texture with an undulating ‘bubbling’ or mottled 

‘caked’ appearance In comparison, stainless steel wires were 

generally smoother, but showed small metallic prominences 

[26]. Obvious pits occurred on electrolytically corroded 

Nitinol wires, with loosely bound corrosion products; 

however, after clinical use, no differences in surface 

characteristics were obvious when comparing pre- and 

postoperative SEM photographs. There was no significant 

difference between the surface oxygen content of Nitinol 

compared to stainless steel, which would suggest that there 

were no differences in the clinical performance of the two 

wires, in terms of corrosion. 

IV. COST AND AVAILABILITY 

Nitinol is an expensive material due to extensive processing 

costs and a very limited amount of suppliers. Cost has often 

impeached the use of the material in highly competitive 

and/or cost driven applications. The rise of managed health 

care, including reimbursement policies by insurance 

companies in a lot of countries may dampen the use of 

nitinol in high added value designs. Available in a number 

of alloy compositions, sizes and thermo-processing 

conditions, nitinol wires have become ‘commodity’ items. 

Ribbons, strip, sheet and especially tubing are less readily 

and far more Costly. The vast majority of nitinol 

components being used in current medical device 

applications (including some FDA-approved permanent 

implants or stents) are manufactured from the very typical 

50.8 at% Ni alloy composition. This alloy has well 

documented superelastic characteristics at room and around 

body temperature making it an ideal candidate. When the 

thermal shape memory effect is required, a warmer binary 

composition (50.7 & 50.6 at% Ni) can also be used 

successfully [27]. 

V. LIMITATION 

 Very difficult to join to dissimilar material 

 Difficult to plate, coat, etc. 

 Design challenges due to non-linear behaviour and 

thermal hysteresis. 

 Difficult to model and analyse behaviour (FEA, etc.) 

 More Cost  

 Few suppliers 
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VI. CONCLUSION 

Although shape memory actuators can provide significant 

advantages over conventional devices in certain areas, they 

have only slowly been penetrating the automobile market. 

This is mainly caused by not proper information and the 

minimum data of engineering for shape memory alloys. 

However, with the better understanding of the metallurgy 

and a more open discussion in the scientific community, 

shape memory actuators are becoming increasingly popular 

for automobile applications. 
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