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Where is Swansea? 

Wales Swansea Cardiff - Welsh Capital 
Less than an hour away 
by car or train 

	


London – UK Capital  
Less than three hours 
by car or train  
(192 miles)  
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Swansea University 

•  29th UK university to 
be established 

•  King George V laid the 
foundation stone of the 
University in July 1920 
•  Now over 12,500 
students - 1,800 
international  



The College of Engineering 

•  Engineering established at the Universities Inception in 1920  
•  Formed into Multidisciplinary College in 2001 

•  Offering 11 undergraduate disciplines  
•  Wide portfolio of postgraduate options, including MSc, MRes, 

PhD and EngD 

•  Professionally accredited degrees 
•  Extensive Industry links, including TATA Steel, Rolls Royce, 

Airbus, European Space Agency, BAe systems, Siemens, IBM, 
Motorola, BT,  Ericsson, Esso, BP Chemicals 

•  Friendly and supportive study environment within the College and 
the Campus 



~ 100 academic staff  

~ 45 support staff 

~ 500 research staff and 
postgraduate students 

 (~150 International)  

~ 1600 undergraduates 

 (~300 International) 

The College of Engineering 



Undergraduate Degrees 

Aerospace 
Chemical and Biological Process 
Civil 
Electrical and Electronic 
Materials         
Mechanical  
Product Design  
 

  
 
 
Environmental  
Medical  
 
 
 
 
 

Sports Science & Engineering 
Sports Materials 
 
 



Undergraduate Degrees 

Year 0 

Year 1 

Year 2 

Year Out 

Year 3 

Year 4 

Optional:Year in Industry, Year Abroad 

BEng MEng 

Level 0 

Level 1 

Level 2 

Level 3 BEng 

Level M 

Level 3 MEng 

Graduation: Accredited Degree 



Accreditation 

Accreditation to the appropriate professional bodies: 
 Institute of Materials, Minerals and Mining (IOM3) 
 Royal Aeronautical Society (RAeS) 
 Institution of Chemical Engineers (IChemE)  
 Institution of Mechanical Engineers (IMechE) 
 Institute of Civil Engineers (ICE) 
 Institution of Electrical Engineers (IEEE) 

 
A graduate can achieve “Chartered”  (CEng) Status with additional 

work experience. 



Postgraduate Degrees 

Masters Degree Schemes: 
Master of Science (MSc)  

Master of Science by Research (MScR)  

Master of Philosophy (MPhil) 

Master of  Research (MRes) 

 
Doctorate Degree Schemes: 
Doctor of Philosophy (PhD) 

Engineering Doctorate (EngD) 

 



World Class Research 



RAE Ranking  
Source: Research Assessment Exercise 2008, overall summary of results using weighted averages 
www.rae.ac.uk ) 

Institution name Staff FTE's Overall GPA 
Position in 

UK 
University of Cambridge 210 3.321 1 
University of Oxford   122.7 3.07 2 
Imperial College London   293.1 3.036 3 
University of Manchester  180.22 2.963 4 
University of Nottingham  114.51 2.948 5 
University of Surrey   110.25 2.93 6 
University of Leeds   132.7 2.911 7 
Swansea University   63.5 2.902 8 
University of Bristol   88.1 2.88 9 
University of Warwick   69.45 2.85 10 



League Tables 

The Times The Guardian 



Science and Innovation Campus Site 
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BEng/MEng Aerospace 
Engineering 



L1: P. Ledger 
L2: C. Wang 
L3: M.  Whittaker 
LM: T.N. Croft 
Admissions: 
B.J. Evans 

 

BEng/MEng 
S. Adhikari 
(C. Wang) 

 

Admissions: 
W.G. Dettmer 

 

MSc 
T.N. Croft 
(W.G. 
Dettmer) 

 

Admissions:     
J.H. Sullivan 

 

EngD in 
Engineering 
J. Sienz 
(J.H. Sullivan) 

 

Lecturers on 
the College 
Mathematics  
modules 

 

Mathematics 
Theme 
 P. Ledger 
(M. Webster) 

 

Portfolio/ 
Centre repre-
sentatives for 
the Project 
modules of 
the College 

 

Projects 
C.P. Jobling 
(P. Williams) 

 

Aerospace Engineering 
Portfolio 

J. Sienz / (S. Adhikari) 
 

Portfolio Administrative 
Officer: A.F. Morris 

Portfolio Administrative 
Support: E. Hall 

 

Professional Bodies 
(RAeS, IMechE, IOM3, 

IED) 

Industrial Liaison 
Committee 

External Examiners 

College of Engineering 
L&T 

S.G.R. Brown 

Aerospace Engineering Structure 

Student Representatives 



Aerospace Summary 

Accreditation: BEng/MEng/MSc/EngD with minor changes 

BEng/MEng: 
•  60% increase in L1 students from 10/11 to 11/12 

•  192 FTEs overall (4 L0, 89 L1, 65 L2, 26 L3, 8 LM) 
•  Second highest UCAS entry (just behind Welsh) 

•  Highest conversion rate in Engineering 

Current Student numbers 
•  Level 1   91 

•  Level 2   85 

•  Level 3   71 
•  Level M   6 

 



Level 1 



Level 2 



Level 3 



Level M 



Level M Design project 
Winner of Merlin Design and 
Aircraft Handling Competition: 

•  IT FLIES UK 2011 
•  IT FLIES US 2012 
•  Swansea is the first 

university to hold both 
titles at the same time 



Site visits 
Site visits to GE and Airbus, and also to Bloodhound Technical Centre 



Flight training 



Progression/Award Statistics 

% Good Honours 10/11 = (6+13)/(6+13+12) x 100 = 
19/31 x 100 = 61.3	

 	

% Good Honours 11/12 = (7+10)/(7+10+9+1) x 100 = 
17/27 x 100 = 62.96	




Executive Summary  

5% improvement to 87% of students satisfied or very 
satisfied with the overall quality of their course. 

Swansea University climbed 38 positions in UK rankings for 
student satisfaction to 42nd. 

Swansea has climbed 12 places in the Sunday Times 
League Table to 45th position. 

11 subject areas now in upper quartile, with 3 ranked in 1st 
position. 



Student Recommendation 

89% of final year and 91% of taught postgraduate students 
would recommend Swansea to a friend or relative 



Research  



Civil & Computational Research Centre 

•  Computational Mechanics 
•  Optimisation 

•  Computational Fluid dynamics 

•  Computational electromagnetics 

•  Rotordynamics  

•  Morphing wing aircraft 

•  Energy harvesting 

•  Computational Biomechanics 

•  Uncertainty quantification 



My Research Areas 

u Uncertainty quantification in modelling and simulation  
u Dynamic analysis of complex structures 

u Vibration energy harvesting 

u Atomistic finite element method 

u Dynamics of nanoscale structures  

u Nanoscale bio sensors 
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Uncertainty quantification 



Uncertainty in Structural Dynamics 

 
 
 
 
	


Stochastic dynamical systems across the length-scale	




Equation of Motion of Dynamical Systems 



Uncertainty modeling in structural dynamics 

Uncertainty 
modeling 

Parametric uncertainty: 
mean matrices + random 
field/variable information 

Random field discretization 
  

Nonparametric uncertainty: 
mean matrices + a single 

dispersion parameter for each 
matrices 

Random matrix model 



Dynamic Response 

•  For parametric uncertainty propagation:  

 

•  For nonparametric uncertainty propagation 

•  Unified mathematical representation  

•  Can be useful for hybrid experimental-simulation approach for 
uncertainty quantification 



Plate with Stochastic Properties  

•  We study the deflection of the beam under the action of a point load 
on the free end.  

•  The bending modulus is taken to be a homogeneous stationary 
Gaussian random field with exponential autocorrelation function 
(correlation lengths L/5) 

•  Constant modal damping is taken with 1% damping factor for all 
modes.  

 

•  An Euler-Bernoulli 
cantilever beam with 
stochastic bending 
modulus (nominal 
properties 1m x 0.6m, 
t=03mm, E=2 x 1011 Pa) 

•  We use n=1881, M=16 
 



Response Statistics 

Mean with σa  = 0.1 Standard deviation with σa  = 0.1 

Proposed approach: 150 x 150 equations 
4th order Polynomial Chaos:  9113445 x 9113445 equations  
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Plate with randomly placed oscillators 

10 oscillators with random stiffness values are attached at 
random locations in the plate by magnet 



Mean of a cross-FRF 
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Reduced diagonal Wishart
Experiment



Mean of the driving-point-FRF 
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Reduced diagonal Wishart
Experiment



Standard deviation of a cross-FRF 
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Standard deviation of the driving-point-FRF 
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Input 

Output 

Integration with ANSYS 

The Finite Element (FE) model of an 
aircraft wing (5907 degrees-of-freedom). 
The width is 1.5m, length is 20.0m and the 
height of the aerofoil section is 0.3m. The 
material properties are:  Young's modulus 
262Mpa, Poisson's ratio 0.3 and mass 
density 888.10kg/m3. Input node number: 
407 and the output node number 96. A 
2%  modal damping factor is assumed for 
all modes. 



Vibration modes 



Mean of a cross-FRF 
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Standard deviation of a cross-FRF 
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Energy harvesting under uncertainty 

•  Wireless sensor network for structural health 
monitoring 

•  Self-powered sustainable sensors – vibration energy 
harvesting   
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The average harvested power due to white-noise 
base acceleration with a circuit without an inductor 
can be obtained as 

The optimal condition is 



Vibration energy harvesting 



Vibration energy harvesting 
1.  Borowiec, B., Litak, G., Friswell, M. I., Ali, S. F., Adhikari, S. and Lees, A. W. and Bilgen, O., "Energy harvesting in 

piezoelastic systems driven by random excitations", International Journal of Structural Stability and Dynamics. 
2.  Ali, S. F. and Adhikari, S., "Energy harvesting dynamic vibration absorbers", Transactions of ASME, Journal of 

Applied Mechanics. 
3.  Friswell, M. I., Ali, S. F., Adhikari, S., Lees, A.W. , Bilgen, O. and Litak, G., "Nonlinear piezoelectric vibration energy 

harvesting from an inverted cantilever beam with tip mass", Journal of Intelligent Material Systems and Structures, 
23[3] (2012), pp. 1505-1521. 

4.  Litak, G., Friswell, M. I., Kitio Kwuimy, C. A., Adhikari, S. and Borowiec, B., "Energy harvesting by two 
magnetopiezoelastic oscillators with mistuning", Theoretical & Applied Mechanics Letters, 2[4] (2012), pp. 043009. 

5.  Ali, S. F., Friswell, M. I. and Adhikari, S., "Analysis of energy harvesters for highway bridges", Journal of Intelligent 
Material Systems and Structures, 22[16] (2011), pp. 1929-1938. 

6.  Jacquelin, E., Adhikari, S. and Friswell, M. I., "Piezoelectric device for impact energy harvesting", Smart Materials 
and Structures, 20[10] (2011), pp. 105008:1-12. 

7.  Ali, S. F., Adhikari, S., Friswell, M. I. and Narayanan, S., "The analysis of piezomagnetoelastic energy harvesters 
under broadband random excitations", Journal of Applied Physics, 109[7] (2011), pp. 074904:1-8. 

8.  Ali, S. F., Friswell, M. I. and Adhikari, S., "Piezoelectric energy harvesting with parametric uncertainty", Smart 
Materials & Structures, 19[10] (2010), pp. 105010:1-9. 

9.  Friswell, M. I. and Adhikari, S., "Sensor shape design for piezoelectric cantilever beams to harvest vibration 
energy", Journal of Applied Physics, 108[1] (2010), pp. 014901:1-6. 

10.  Litak, G., Friswell, M. I. and Adhikari, S., "Magnetopiezoelastic energy harvesting driven by random excitations", 
Applied Physics Letters, 96[5] (2010), pp. 214103:1-3. 

11.  Adhikari, S., Friswell, M. I. and Inman, D. J., "Piezoelectric energy harvesting from broadband random vibrations", 
Smart Materials & Structures, 18[11] (2009), pp. 115005:1-7.	




Energy harvesting from fluid flow 

!
The objective:  
•  To harvest energy from flow induced vibration (inverted 

piezo beam with tip mass) 
•  Useful for structural health monitoring in pipelines in 

nuclear power plants 
•  Power future generation of medical devices implanted 

within arteries and blood vessels.  



Wind Energy Energy Quantification 

1.  Adhikari, S. and Bhattacharya, S., "Dynamic analysis of wind turbine towers 
on flexible foundations", Shock and Vibration, 19[1] (2012), pp. 37-56.	


2.  Adhikari, S. and Bhattacharya, S., "Vibrations of wind-turbines considering 
soil-structure interaction", Wind and Structures, An International Journal, 
14[2] (2011), pp. 85-112.	


3.  Bhattacharya, S. and Adhikari, S., "Experimental validation of soil-structure 
interaction of offshore wind turbines", Soil Dynamics and Earthquake 
Engineering, 31[5-6] (2011), pp. 805-816.	


4.  Adhikari, S., On the Application of ANOVA method for Wind Energy 
Predictions, Report prepared for Garrad Hassan Ltd, March 2007.	


5.  Adhikari, S., Uncertainty Quantification in the Prediction of Wind Velocities, 
Report prepared for Garrad Hassan Ltd, April 2006.	


•  Fluid-structure interaction under 
stochastic loading 

•  Wind-velocity modeling 
•  Ensemble behavior of wind 

turbines 
  



Stochastic multiscale method 

•  New generation of structural materials 
•  Nano-composites, bio-composites  
•  Self-sensing, multifunctional, self-healing and sustainable materials – 

high strength to weight ratio 
•  Structural mechanics community needs to embrace new materials and 

develop next generation of analysis and design tools 
•  Requires multiscale and multiphysics approach 



Nano-scale stochastic mechanics 

•  Uncertainty in modeling (geometry, boundary condition, 
system parameters) 

•  There are defects which may not be known a-priori 
•  Analysis using the principles of structural mechanics, 

dynamics, stochastic finite element method  
•  Propagation of uncertainty across the length and time-scale 



Main research themes 

1997 2006 

•  Stochastic finite element 
•  Spectral methods 
•  High-frequency analysis 
 

2000 

Central Underlying Themes	

(1)   Stochastic mechanics	

(2)   Structural dynamics	

(3)   Atomistic finite element method	


2003 

•  Structural dynamics 
•  Damping analysis 
•  Experimental methods 
•  System identification 

•  Probabilistic reliability 
analysis 
•  Random eigenvalue problem 
•  Model updating 
•  Mode veering 

•  Atomistic finite element 
method 
•  Mechanics of CNT, 
Graphene, buckyball 
•   Dynamics of Viscoelastic 
systems 
• Gaussian process (GP) 
emulators 
• High dimensional model 
representation (HDMR) 

2008  

•  Computational stochastic dynamics – model 
calibration and validation 
•  Stochastic multiscale method for bio and 
nano structures 
•  Vibration/wind energy harvesting under 
uncertainty 

Future 

•  Nonparametric UQ 
•  Random matrix theory 
•  Parametric sensitivity analysis 
•  Nonlocal finite element method  
•  Wind energy quantification 

2010-  

•  Nanoscale biosensors 
•  Vibration energy harvesting 
•  Computational Biomechanics 
•  Nanocomposites 
•  Dynamics of wind turbines 
•  Magneto elastodynamics 
•  Stochastic projection 
methods 
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Atomistic finite element method 



Can we use continuum mechanics at the 
nanoslace?  

u What about the 
“holes”? 

u Can we have an 
“equivalent” continuum 
model with “correct” 
properties?  

u How defects can be 
taken into account ? 



Effective Longitudinal Surface 

11
211 επR
FY =

11
11 2 επRd

FY =
11
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Which Young's modulus?  



Which Young's modulus?  



Atomistic finite element method 

u Atomic bonds are represented by beam elements 
u Beam properties are obtained by energy balance 

 

Scarpa, F. and Adhikari, S., "A mechanical equivalence for the Poisson's ratio and thickness of C-C bonds in single wall 
carbon nanotubes", Journal of Physics D: Applied Physics, 41 (2008) 085306 

Utotal =Ur +Uθ +Uτ

Ur =
1
2
kr Δr( )2 Uθ =

1
2
kθ Δθ( )2 Uτ =
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2
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Atomistic finite element method 

u All parameters of the beam can be obtained in closed-form: 
 
E = 4krL

πd 2
, G =

32kτL
πd 4

d < 2 6 kτ
kr

Φ =
3krd

4 6+12ν + 6ν 2( )
32kτL

2 7+12ν + 4ν 2( )
kθ =

krd
2

16
4Α +Β
Α +Β

Α =112L2kτ +192L
2kτν + 64L

2kτν
2

Β = 9krd
4 +18krd

4ν + 9krd
4ν 2

Scarpa, F. and Adhikari, S., "A mechanical equivalence for the Poisson's ratio and thickness of C-C bonds in single wall 
carbon nanotubes", Journal of Physics D: Applied Physics, 41 (2008) 085306 



For space frames: 

K[ ] u{ }= f{ } [K] à stiffness matrix 
{u} à nodal displacement vector 
{f} à nodal force vector 

Atomistic Structural Mechanics  



(F Scarpa and S Adhikari, 2008. J. Phys. D: App. Phys., 41, 085306) 

Atomistic FE – bending deformation of 
SWCNTs 



Buckling of Carbon nanotubes 

Flores, E. I. S., Adhikari, S., Friswell, M. I. and Scarpa, F., "Hyperelastic axial 
buckling of single wall carbon nanotubes", Physica E: Low-dimensional 
Systems and Nanostructures, 44[2] (2011), pp. 525-529. 

(a) Molecular dynamics 

Comparison of buckling 
mechanisms in a (5,5) SWCNT 
with 5.0 nm length.  

(b) Hyperplastic atomistic FE (Ogden 
strain energy density function ) 



!

Carbon nanotubes with defects 
u We are interested in the changes in the mechanical 

properties 

Scarpa, F., Adhikari, S. and Wang, C. Y., "Mechanical properties of non 
reconstructed defective single wall carbon nanotubes", Journal of Physics D: 
Applied Physics, 42 (2009) 142002  



Carbon nanotubes with defects 

(a) Ratio between mean of axial Young’s modulus and pristine stiffness and (b) 
between standard deviation of the Young’s modulus against pristine Young’s 
modulus for armchair (n,n). Pristine Young’s modulus Y0: 2.9, 1.36, 0.91, 0.67 
TPa for a thickness d = 0.084 nm. ● = 2 % NRV; ■ = 1.5 % NRV; ▲= 1 % NRV; 
♦= 0.5 % NRV 
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Fullerene 



Vibration spectra of fullerene family 

Adhikari, S. and Chowdhury, R., "Vibration spectra of fullerene family", Physics 
Letters A, 375[22] (2011), pp. 1276-1280. 

The variation of the first natural frequency across the 
the complete range of fullerenes. The 8 spherical 
type of fullerenes include C60 , C80 , C180 , C60 , 
C240 , C260 , C320 , C500 , C720 
 and the 8 ellipsoidal (or non-spherical) type of 
fullerenes include C20 , C30 , C40 , C50 , C70 , C90 , 
C100  and C540  (fullerenes are not drawn in scale). 



Thin shell theory 
The natural frequencies of spherical fullerenes can be given by 



Atomistic Simulation vs Shell theory 

Spherical type fullerenes 
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Graphene 



(F Scarpa, S Adhikari, A S Phani, 2009. Nanotechnology 20, 065709) 

Atomistic FE – in-plane SLGS 



Scarpa, F., Adhikari, S., Gil, A. J. and Remillat, C., "The bending of single layer graphene 
sheets: Lattice versus continuum approach", Nanotechnology, 21[12] (2010), pp. 125702:1-9. 

Atomistic FE vs Continuum – SLGS 

Circular SLGS (R  = 9: 5 nm) 
under central loading. Distribution 
of equivalent membrane stresses. 

Deformation of rectangular SLGS 
(15.1 x 13.03 nm2) under central 
loading.  



Axtomistic FE vs Continuum – SLGS 

Comparison of the nondimensional force vs. nondimensional out-of-plane displacement for 
circular and rectangular lattice and continuum SLGS. 

0 0.5 1 1.5 2 2.5 3
0

5

10

15

20

25

30

35

w/d

FR
2 /Y
/d
3

 

 

Lattice R = 2.5 nm
Continuum R = 2.5 nm
Lattice R = 5.0 nm
Continuum R = 5.0 nm
Lattice R = 9.5 nm
Continuum R = 9.5 nm
Eq. (17)

0 0.5 1 1.5 2
0

5

10

15

20

25

30

35

w/d

F 
a 

b/
Y/

d3

 

 

Lattice a = 3.88 nm
Continuum a = 3.88 nm
Lattice a = 5.0 nm
Continuum a = 5.0 nm
Lattice a = 15.1 nm
Continuum a = 15.1 nm
Eq. (18)



2

8
d
k

Kh
τ=

C-C bonds deform under stretching and hinging 

Hinging constant related to thickness d 

( )hr

hr

Kkd
Kk

E
33

34
1 +
=

( )hr

hr

Kkd
Kk

E
33

34
2 +
=

rh

rh

kK
kK

31
1

1221 +

−
==νν

Applying averaging of stretching and 
hinging deformation over unit cell: 

( )hr

rh

Kkd
kK

G
+

=
3
3

12

F Scarpa, S Adhikari, A S Phani, 2009. Nanotechnology 20, 065709 

Analytical approach for SLGS – 
honeycomb structure 

•  Isotropic for “infinite” graphene sheet 
•  Orthotropic for finite size graphene 

and considering edge effects 



Unit cell made by rods withstanding axial and 
bending deformation 

F Scarpa, S Adhikari, A S Phani, 2009. Nanotechnology 20, 065709 
(L Kollár and I Hegedús. Analysis and design of space frames by the Continuum Method. Developments in Civil Engineering, 10. 
Elsevier, Amsterdam, 1985) 
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A Rigidity matrix is obtained using a lattice 
continuum modelling of space frames à 
equivalence with plane stress formulation for a 
plane sheet: 
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Analytical approach for SLGS – 
honeycomb structure 



Scarpa, F., Adhikari, S. and Chowdhury, R., "The transverse elasticity of bilayer 
graphene", Physics Letters A, 374[19-20] (2010), pp. 2053-2057. 

• Equivalent to structural “sandwich” beams 
• C-C bonds in graphene layers represented with 
classical equivalent beam models 
• “Core” represented by Lennard-Jones potential 
interactions:    

rmin = 0.383 nm 
ε = 2.39 meV  

Ef =0.5 TPa (I.W. Frank, D.M. Tanenbaum, A.M. van der Zande, 
P.L. McEuen, J. Vac. Sci. Technol. B 25 (2007) 2558) 

Atomistic FE – Bilayer Graphene 



Scarpa, F., Chowdhury, R., Kam, K., Adhikari, S. and Ruzzene, M., "Wave propagation in graphene nanoribbons", Nanoscale Research 
Letters, 6 (2011), pp. 430:1-10. 
Chowdhury, R., Adhikari, S., Scarpa, F. and Friswell, M. I., "Transverse vibration of single layer graphene sheets", Journal of Physics D: 
Applied Physics, 44[20] (2011), pp. 205401:1-11. 

Lumped mass matrix: 

Minimisation of the Hamiltonian for the ith mode: 

Comparison against Molecular Mechanics 
model based on the eigenvalue analysis of 
the system Hessian matrix 

Mechanical vibration of SLGS 



• (8,0) nanoribbons with different lengths 
• Errors between 2 and 3 % 
• Average thickness d = 0.077 nm  

Mechanical vibration of SLGS 



Graphene composites 

Chandra, Y., Chowdhury, R., Scarpa, F., Adhikari, S. and Seinz, J., 
"Multiscale modeling on dynamic behaviour of graphene based 
composites", Materials Science and Engineering B, in press. 

Polymer Matrix 

van der Waals interaction 

Graphene sheet 
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Nanobio Sensors 



Vibration based mass sensor: CNT 

Chowdhury, R., Adhikari, S. and Mitchell, J., "Vibrating carbon 
nanotube based bio-sensors", Physica E: Low-dimensional 
Systems and Nanostructures, 42[2] (2009), pp. 104-109. 

Adhikari, S. and Chowdhury, R., "The calibration of carbon 
nanotube based bio-nano sensors", Journal of Applied Physics, 
107[12] (2010), pp. 124322:1-8 

Point mass Distributed mass 



Vibration based mass sensor: CNT 
The equation of motion of free-vibration: 

 The resonance frequencies: 

 The Mode shapes: 

We use energy principles to obtain the frequency shift due to the 
added mass. 



Vibration based mass sensor: CNT 
Natural frequency with the added mass: 

Identification of the added mass 



Vibration based mass sensor: CNT 
Mass of a nano object can be detected from the  frequency shift Δf

Adhikari, S. and Chowdhury, R., "The calibration of carbon nanotube based 
bio-nano sensors", Journal of Applied Physics, 107[12] (2010), pp. 
124322:1-8	




Vibration based mass sensor: CNT 
Mass of a nano object can be detected from the  frequency shift 
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Molecular mechanics
Exact solution
Calibration constant based approach

Δf

Adhikari, S. and Chowdhury, R., "The calibration of carbon nanotube based 
bio-nano sensors", Journal of Applied Physics, 107[12] (2010), pp. 
124322:1-8	


CNT with  deoxythymidine  



Vibration based mass sensor: Graphene 
Vibrating graphene sheets can be used as sensors with different 
mass arrangements 



Vibration based mass sensor: Graphene 
Relative added mass: 
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Molecular mechanics
Proposed approach

Vibration based mass sensor: Graphene 
Vibrating graphene sheets can be used as sensors with different 
mass arrangements 

Fixed edge 

SLGS  with  adenosine 
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Boron Nitride Nanotube and Nanosheets 



!

Axial vibration of BNNT 

(a)	


(a) Axial vibration and its 
associated frequency of  (b) 
zigzag and (c) armchair  
BNNTs given by the MM 
simulations (discrete dots) 
and a column model with 
Young’s modulus 1TPa 
(solid lines).  Chowdhury, R., Wang, C. W., Adhikari, S. and Scarpa, F., "Vibration and symmetry-breaking 

of boron nitride nanotubes", Nanotechnology, 21[36] (2010), pp. 365702:1-9.	




!

Torsional vibration of BNNT 

(a)	


Chowdhury, R., Wang, C. W., Adhikari, S. and Scarpa, F., "Vibration and symmetry-breaking 
of boron nitride nanotubes", Nanotechnology, 21[36] (2010), pp. 365702:1-9.	


(a) Torsional vibration and its 
associated frequency of (b) zigzag 
and (c) armchair BNNTs given by 
the MM simulations (discrete dots) 
and a column model with shear 
modulus 0.41TPa (solid lines).  



Optimised shape of BNNT 

Optimized configuration 
of armchair BNNTs: (a) 
(3, 3),  (b) (4,4) and (c) 
(6,6) with the aspect 
ratio  15, and (d) short 
(6, 6) with the aspect 
ratio 2.  

(a) 

(b) 

(c) 

(d) 



Mechanical property of BN Sheets 

Boldrin, L., Scarpa, F., Chowdhury, R., Adhikari, S. and Ruzzene, M., "Effective mechanical 
properties of hexagonal boron nitride nanosheets", Nanotechnology, 22[50] (2011), pp. 
505702:1-7.	


Example of armchair (4, 0) BN sheet. 
Boron atoms are in red, nitrogen 
atoms are in green. 
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DNA Mechanics 



Atomistic FE of DNA 
From protein data bank file to ANSYS input file – a new code for 
automatic translation 



Atomistic FE of DNA 
Material properties of the beams are obtained depending on the 
nature of the bonds 

Mode 3 (MM:33.679; FE 38.768 GHz)	
 Mode 6 (MM:111.696; FE 112.71 GHz)	
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Conclusions: nanomechanics 
Ø  Atomistic finite element method is developed for general 

nanosalce structures: 

§  Carbon nanotube 

§  Fullerenes  
§  Graphene 

§  Nanoscale bio sensors  
Ø  Programs have been written to convert pdb files to Finite Element 

geometry file and material properties 

Ø  Encouraging results compared to MM simulation were obtained 
Ø  Future: nonlinearity, large-scale problems such as proteins & 

nanocomposites, molecular dynamic simulations, experimental 
validation 


