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Advanced Mechanical Engineering Mathematics
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Analytical techniques are developed for the solution of engineering problems
described by algebraic systems, and by ordinary and partial differential equations
topics covered include: linear vector spaces, eigenvalues, eigenvectors, and
eigenfunctions, first and higher-order linear differential equations with initial and
boundary conditions, sturm-Liouville problems, green’s function special functions,
bessel, etc.
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Advanced Numerical Methods
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Methods for solving ordinary differential equation and partial differential equation
for both linear and non-linear problems one-dimensional unconstrained optimization,
multi-dimensional unconstrained optimization and constrained optimization

Solutions for eigenvalue problems applications of numerical methods for

engineering problems
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Mechanical System Analysis and Problem Solving
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Analytical methods and problem solving in mechanical systems such as fluid, heat,
mechanice, control system, vibration system, energy efficiency, of the systems and

applications
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Mechanical Engineering Seminar 1
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Lectures and reports presentations on current research topics
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Mechanical Engineering Seminar 2
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Prerequisite 04-300-604 Mechanical Engineering Seminar 1
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Research methodology, research proposal development, data collecting and

processing, data analysis, research result interpreting and presentations
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Advanced Strength of Materials
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Design and analysis for advanced structure, stress and strain transformation,
equilibrium conditions in various loading conditions, constitutive law, stress and
deformation relationship, failure theory,shear center, curved beam, unsymmetric

bending
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Continuum Mechanics
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Elastic-plastic behaviour, tensor notations, theory of finite strain, strain tensors,
geometric nonlinearity, compatibility conditions, continuity equation, equation of
motion and equilibrium, stress tensors, elastic potential, principles of material
objectivity, material symmetry, anisotropy, AIRY’s stress function, yield conditions
and surfaces, postyield behaviour, plastic potential theory, constitutive equations in

plasticity, non-linear elasticity, viscoelastic materials, basic equations of viscous

flow
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Finite Elements Methods
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Finite elements of an elastic continuum, generalization of the finite element
concepts, problems in plane stress, plane strain and axisymmetric stress, three
dimensional stress analysis, bending of plate, steady-state field problems, heat

conduction, electrical potential, fluid flow, dynamic problems, non-linear material

problems
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Theory of Plasticity
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Stress tensors and tensor notations, yield criteria, stress-strain relations, plastic-
elastic problems, introduction to incremental plasticity theory, plane strain
compression, slip-line fields, friction effects, extrusion, deep drawing, rolling, limit

analysis, upper bound and lower bound solutions
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Theory of Plates and Shells
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Cylindrical and pure bending of plates, axisymmetrical bending of laterally loaded

rectangular and circular plates with various boundary conditions, plates of various

shapes, combined bending and stretching of plates, stresses and deformations of

shells, membrane theory of shells, bending theory of shells of revolution and other

shapes
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Fracture Mechanics
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Elementary and advanced fracture mechanics concepts, analytical modeling, fracture
toughness concept, fracture toughness testing, calculation of stress intensity factors,
elastic-plastic analysis, prediction of crack trajectory, fatigue crack growth and
environmental effects, computational methods in fracture mechanics, nonlinear

fracture mechanics, application of fracture mechanics to design
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Theory of Elasticity
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Kinematics and statics of deformable elastic solids, compatibility, equilibrium and

constitutive equations, problems in plane elasticity and torsion, energy principles,

problems in plane elasticity and torsion, energy principles, approximate methods and

applications
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System Engineering Design in Mechanical Engineering
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Concepts of engineering design system and system operation, fundamental
performance design in mechanical engineering, functions of material energy and

signal in mechanical engineering, design for mechanical component testing
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Mechanical Properties of Polymers

Tasaadhe uaznszuiuns lunssudsveddenssunaladn ANuFuWHTsenINg
Tnssadufunuanifveanatadin msdingied msasn uasTidnaduvesning
Wunuuiaeamdaladanadn MIneUaUeWLUNNNANAMAAT

Structure and processing of methods engineering plastics, structure property

relationships, analysis of creep and stress relaxation, viscoelastic models, dynamic-

mechanical response, rubber elasticity
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Theory of Elastic Stability
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Introducing to principles and theories of structural stability and the buckling
characteristics of structures such as beams, columns, thin plates, etc., and

postbuckling of structures
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Selected Topics in Applied Mechanics
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Lectures, seminar and individual investigations or studies in selected areas in applied

mechanics
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Special Laboratory in Applied Mechanics
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Experiments, analysis, establishing models in research area in the field of applied

mechanics
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04-320-603
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Systems Dynamics and Controls
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Linear system theories, frequency, time domain and state-space analysis, modeling,
simulation and control of dynamic systems, application of dynamic system theory to
systems analysis, such as, mechanical systems, hydraulic systems, thermodynamic

systems, microelectromechanical actuators, design of feedback control systems,

application of computer control and programming to control of dynamic systems
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Theory of Vibration
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Describe vibration of multi-dimensional rigid body motion by vector methods and

multi-degree of freedom systems discrete modal analysis and continuous modal

analysis of one-dimensional systems plus finite-element formulation of numerical

problems
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Analytical Dynamics
MINRTIEHAMUNamanivessyuUveIoYMALaz Inguiunde gasvesauns
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Dynamical analysis of a system of particles and rigid bodies lagragian and hamilton
formulation of equations of motion, classical integrals of motion impact dynamics,

and stability analysis of linear and nonlinear systems
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Industrial Robots
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Introduction to robotic and automation technology robot applications, kinetic and
dynamic of robot arm, jacobian, trajectory planning, actuator and sensor systems

linear control for robot
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Measurement and Instrumentation
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Fundamental principles of measurement dynamic response of various instruments,
mechanical sensor, such as temperature, strain, force, flow rate application of

electronics component in mechanical measurement, data acquisition
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Advanced Control
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Phase plane analysis, multiple equilibria, lyabunov therory, state-space
representation, controllability and observability, state feedback, state estimatior,

kalman-bucy filter, linear quadratic regulaton, adaptive control
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Selected Topics in Dynamics and Controls

MIUTIEE FUUUT Llﬁgﬂﬁﬁ}uﬂaﬁﬁl’)ﬂﬁul@\‘] ‘ﬁ'?ﬂﬂ?‘iﬁﬂ]&lﬂﬂﬁT’lﬂlﬂWWg"U@\ﬁ%W
Wﬁﬁ1ﬁ§l§&£ﬁ$ﬂﬁﬂ’)ﬂﬂu

Lectures, seminar and individual investigations or studies in selected areas in

dynamics and controls
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Special Laboratory in Dynamics and Controls
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Experiments, analysis, establishing models in research area in the field of dynamics

and controls
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Viscous Fluid Flow
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Fundamental equations of fluid motion discuss of the viscous flow and boundary
layer theories, Laminar boundary layers, transition, turbulent boundary layers and

compressible boundary layers
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04-330-603
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Computational Fluid Dynamics
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Partial fundamentals of differential equation, classification of partial differential
equations, navier-stokes equation, initial and boundary conditions, derivation of
finite-difference expressions, consistency, stability, convergence, iterative methods

for elliptic differential equations, solution of parabolic and hyperbolic differential

equations, useing specific computer programs for evaluating the sample models

NgBVeIUAD RIS 3(3-0-6)
Boundary-Layer Theory
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Fundamental equation of continuum fluid mechanics, concepts of asymptotic
methods and low and high reynolds number flows, laminar boundary layers,
generalized similarity methods, two-and three dimensional flows, steady and
unsteady flows and introduction to hydrodynamic stability the material is covered in
the context of providing a logical basis as an introduction to a further course in

turbulent flows
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Theory of Turbulence
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Concepts of turbulence, transition and linear theory of flow stability, experimental
observations on turbulent generation, turbulent kinetic energy distribution, statistical
description of turbulence, mean turbulent energy and reynolds stress closure models,

turbulent shear flows in free turbulence and wall turbulence
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Advanced Gas Dynamics
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Methods of characteristics, unsteady continuous flow, unsteady flows with

discontinuities Shock tubes, detonation waves, two-dimensional and axisymmetric

supersonic flows, momentum and energy equation of compressible viscous fluids
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04-330-608
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Advanced Fluid Mechanics
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Incompressible fluid, viscous fluid and inviscid fluid, flow kinematics, differential
equations of motion, navier-stokes equations, viscous and inviscid solutions,
vorticity dynamics and circulation, vorticity equation, circulation theorems, potential
flow behavior, irrotational and rotational flows, simple boundary layer flows and
solutions, and real fluid flows and consequence
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Selected Topics in Applied Fluid Mechanics
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Lectures, seminar and individual investigations or studies in selected areas in

applied fluid mechanics
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Special Laboratory in Applied Fluid Mechanics
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Experiments, analysis, establishing models in research area in the field of applied

fluid mechanics
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Theory of Combustion
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Application of theoretical knowledge to practical problems solving of the following
topics : first and second laws of thermodynamics, energy and exergy analysis of
thermal systems, discussion of all types of combustors and incinerators, flame and

mixed flame theories

MIMANNIULaZIIA 3(3-0-6)
Convective Heat and Mass Transfer
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Heat and momentum transfer in laminar and turbulent flow, the laminar boundary
layer solution, similarity and nondimensional parameters, mass-momentum heat
transfer analogy convective heat transfer at high elocity stability transition, and

turbulence free convection
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Conduction Heat Transfer

Y
AWugrumsthanudou duwdsuvvuenluszuuiinanin inansenscuenuay
a o =S o S =) 4 I3 @
NNANTINAN NYHHVOIYIUND T\Ix‘lﬂ‘]ﬂiﬂﬁu ﬁ?ﬂﬁ?“ﬁﬂﬁWHﬁWﬂiN AINANHAY
3 & aa a d Aa 1 9 A A A
%u“luwmm ﬂ1§'3lﬂ§1$1’”"ﬂ\1ﬂ33%1ﬂ! UHAIAIMUIDULIAADUN ﬂ13lﬂaﬁlul1"lﬁ
a Ia 4 a § 4 a Aa o o
35 I lustarosus matiamsasuresuuuuduinia mahanudeoulu

[ A a

vodertaey lulyInsia
Heat conduction fundamentals, separation of variables in the rectangular
coordinates system, cylindrical coordinates system and spherical coordinates system,
duhamel’ s theorem, green’s function, laplace transform, one-dimensional composite
media, approximate analytic methods, moving heat source, phase-change, finite
difference methods, integral-transform technique, heat conduction in anisotropic

solids
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Radiation Heat Transfer
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Radiation of a blackbody, definitions of properties for non-black surfaces,
prediction of radiation properties radiation exchange of radiant energy between black
isothermal surface radiation exchange in an enclosure composed of diffuse-gray
surfaces exchange of thermal radiation between non-diffuse and non-gray surfaces
radiation in the presence of other modes of energy transfer fundamentals of radiation

in absorbing, emitting, and scattering media the equation of transfer for an

absorbing-emitting gas
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Applications of Combustion
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Discussion of combustion problems including pollution, fires, explosion hazards,
furnace combustion chambers, combustors for reciprocating engines both theoretical

and empirical approaches
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Advanced Thermodynamics
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An extended treatment of the fundamentals of classical thermodynamics, including
availability and reversibility, the chemical potential, properties of matter,

thermochemistry, chemical equilibrium of real gases and gas mixtures
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Selected Topics in Thermodynamics and Applied Heat
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Lectures, seminar and individual investigations or studies in selected areas in

thermodynamics and applied heat
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Special Laboratory in Thermodynamic and Applied Heat
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Experiments, analysis, establishing models in research area in the field of

thermodynamics and applied heat
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Energy Storage Systems
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Importance and modes of energy storage, thermal energy storage, sensible heat
storage and storage in phase change materials (PCM), mechanical energy storage,
storage in potential and kinetic energy, electrical and magnetic energy storage,
chemical energy storage, long-term storage system testing of thermal energy storage

system, economic aspects of thermal energy storage, solar thermal energy storage

and application
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Solar Energy Engineering

v A

o o o 1 a J o 1 a J
ﬂ'NiJﬁ'iJ‘W‘l!‘ﬁi314?]1\1@]?]\1@11/1@]8&!@131@?! N1IITUAUNUIVIIAIDINGY T

a

a -4 v W a -4 a Y [ a
!L’(?f\‘]’E'JTVIG]EJLLa%ﬂ'li’Jﬂi\iﬁLLﬁ\i@Tﬂﬁﬂ ’ﬁﬂTW{]Mﬂ'lﬂ?ﬁﬂﬂi\iauﬁﬁﬁﬂﬂﬁﬂ
a Jda {
NTZUIUMTANYTOULAIDAATAN LA FUANUS DULLVIS BULAZIU NS
A o L Y a J a
mnANUENTIE M3dszgnadldwasnuanudouninuaseind szuunan Tl
9 a 4 Iq 9 @ <} @ a 7
mm%auﬁmmmﬂuazmiﬂnqmﬂwm FEUUNNNUNAITULLAIDING Y
A A Y [ @ a J
mﬂjuiﬁEl‘VILﬂEJ’J"lI’E’J\'iﬂ‘UWﬂNWHLLﬁQ@WWIEJ
Sun and earth relationships, solar radiation and its measurement, solar radiation
climatology, thermal processes in solar and flat-plate collectors, concentrating
collectors, applications of solar thermal energy, photoelectric effect in
semiconductor p-n junctions, solar photovoltaic components and systems, design of
photovoltaic systems for electrification and water pumping, applications of
photovoltaic solar energy, storage systems for solar energy, recent advances in solar

energy applications
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Design of Thermal System
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System designing process, establishing a mathematical models, relation between

heat system and cost, using several methods to find the best cost efficient system
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Turbine Design
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Aerodynamics theories, airfoils, the design of the various types of turbine for

appropriated applications, the momentum theory and the energy of the moving fluid

to the control boundary, the horizontal and vertical axis turbine design
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Models and Modeling of the Electrical Power Plant
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Principles of the power plant design for the grid connection, systems of the
stabilization, load distribution, control system for peak and normal load operation,
plant factors for economical concern, environmental impacts and safety, calculation

of the energy plant factors
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Renewable Energy System Design
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Varity of renewable and sustainalhe energy, system design in energy of hybrid and
flexible power plant, studying in wind, water, solar, biomass and biogas energy,

innovative design in generating of electrical power

malulagmsulasndsnuiia 3(3-0-6)
Biomass Energy Conversion Technology
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Uses of energy from wasted materials from both aricultural and industrial sectors,
principles of gasifier from biomass, the principal designs of the power plants,

methods for polution reducing from combustion in gasifier systems
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Selected Topics in Energy Engineering
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Lectures, seminar and individual investigations or studies in selected areas in energy

engineering
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Special Laboratory in Energy Engineering
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Experiments, analysis, establishing models in research area in the field of energy

engineering
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Industrial Internship in Mechanical Engineering
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Industrial practice to analyze and solve industrial-relevant problems of the internship
thesis research by working in an industrial environment for at least 1 semester under
the supervision of a faculty member and industry, preparation of a working report

and summary of the job
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Environmental Systems and Management
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Concepts of environmental systems and management issues and priorities, standards
and criteria setting, indication and indices, information systems, organization
enforcement and economic aspects of environmental control, EMS and ISO,

monitoring, pollution prevention, case studies
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Engineering Economy
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Basic of engineering economy, costs, interest calculation, present worth, annual
worth, rate of return, benefit-cost ratio, depreciation, impacts of income tax, break-
even points, replacement, inflation, project evaluation and decision making under

risks and uncertainty
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Thesis
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Research in an interesting topic in mechanical engineering under the supervision of
a faculty member, preparation of thesis in a proper form, presentation at a public

seminar, oral examination and writing up a complete thesis
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1. as.fwent s land

25A1532AVYIA (National Journal Publishing)

A v J 4 J an o = J
1) Wiand Ualumd meywed ASna uazuyAng IUND, “MINATDUILUUY
9 A a 9 =4 a 4
uazszeanuiownerda lihdedies, Nsasismnssumans s1suena
s, aUUN 1-2 WounnsIAN - TUNAN 2552 WY 22.

o 4 ¢ v oa & o a a d a = A
2) Al 1Us1Tuneg UTANT WAUDY, “NITUATICHITINGHYUAZNITNAADIND

b =)

[

ANIANYULMITUAZINOUVDWHUNNDTUNTINAVIINAAUOZAAAN”, RN
1-2 LﬁﬂuilﬂiWﬂiJ - fUNAN 2552 W‘Ifh 40.
A o 4 4 aa & 9 @ [ = ]
3) Wil U5 Tund, eaans Uszyaas, “waniznunnd1veddiliunnuaely
Y [
sMauUUEUTIve”, pUN 12 MouNATIAN - TUNAY 2552 W 88,
4) P.Pramot.N.Phatana-im, Numerical Solution for Three Dimensional Nestion using
Hybrid Genetic Algorihm, , UM 1 1AoUNNIIAN - ﬁqmﬂu 2553 wih 7s.

ﬂszqu‘%mmﬁzﬁummmﬁ (International Conference)

1) Pramot, P., Ochs, J., “3D Nesting Using genetic Algorithm Technique”,
Engineering Symposium, Lehigh University, USA, 2001.
2) Pramot, P., Ochs, J., “Toolpath Optimization in FDM Rapid Prototyping System”,
Bethlehem industrial conference, USA, 2002.
3) Pramot, P., Ochs, J., “Optimization in Rapid Prototyping Systems Using Genetic
Algorithm”, Engineering Symposium, Lehigh University, USA, 2003.
2. asdlSwvan usudndisue

N5A15ITAVHIMIFIA (International Journal Publishing)

1) “Sensitivity Analysis of the Shipboard Integrated Power System”, Prempraneerach
P., Hover F.S., Triantafyllou M.S., McCoy T.J., Chryssostomidis C., and Karniadakis

G.E., Navel Engineering Journal, Vol. 120, No. 1, 2008.

U3243391M13520VUUBIA (International Conference)
1) “Implementation of Resolved Motion Rate Controller with 5-Axis Robot Manipulator

Arm”, P. Prempraneerach, P. Kulvanit, The First TSME International Conference on

Mechanical Engineering, October 20-22, 2010.
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Podded Propulsion”, ﬂﬁﬂﬁgﬂjiﬂﬂ'l\n"]ﬂﬂWi ﬂi\iﬁ VU INYIUNYATATANT 48,

2553, Y111 326-333
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3. A% YADA UMDY

ﬂﬁz‘ljﬂ%‘lﬂﬂﬁi%ﬁﬂﬂ]ﬂ?ﬁﬁ (International Conference)

D

2)

Manusak Janthong, “Regelung Eines Inversen 3D —Pendels”, Institut Fufr Mess-Und
Regelungstechnik, Shaker Verlag, 2005, PP. 34-35.
Manusak Janthong, “Design and Implementation of Control Concepts for Image-

Guided objcet Movement,” Shaker Verlag, 2006.

132433911135201191@ (National Conference)

D

a 4 [ Jan [ QJ 1Y a d
Mad uaNTERUEAT oz vyANA 11unes, ManannlUsunsunoNNunDI¥I8
lumswanswniues lauanlaeld APX, msdszaguimmnions

) Y 1
mnssumsesnauralszmealneg asan | Tsawsylulwna, @eelny, 2-3

WORAIMOU 2543, Wi 412-421.

U a d
4. a3.33%u Jseusuns

ﬂﬁz‘ljﬂ%‘lﬂﬂﬁi%ﬁﬂﬂ]ﬂ?ﬁﬁ (International Conference)

D

2)

3)

4)

Wirachai Roynarin, MSc, P.S Leung, Ph.D, Prof. P.K. Data, Ph.D, “ The
Investigation of Airfoil Characteristics Using CFD Techniques”, I Mech E ‘Up and
Coming in Fluid Machinery’, London, UK, 9 October 2003.

Wirachai Roynarin, MSc, P.S Leung, Ph.D, Prof. P.K. Data, Ph.D, “Wind Machine
for Shrimp Farm Aeration Process” , European Wind Energy Association (EWEA)
Conference, Madrid, Spain, 16-19 June 2003.

Wirachai Roynarin, Ph.D, P.S Leung, Ph.D, Prof. P.K. Data, Ph.D, “The Performance
of a Self-Starting Straight Bladed Vertical Darrieus Wind machine at Sea Site
Environment”, EWEA conference, London, UK 2004.

Wirachai Roynarin, MSc, P.S Leung, Ph.D, Prof. P.K. Data, Ph.D, “Using Wind
Turbine Machine to Reduce Carbon Dioxide Emission in Shrimp Farm Aeration

Process”, Wind energy Conference, Manchester, UK, October 2003.
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5) Wirachai Roynarin, B.Engineering, MsC, Ph.D. Mechanical Engineering, “The Wind
Energy Development in Thailand” Presented at UNN, Newcastle, UK on 20 April
2005.

U32433%1M332AVHIA (National Conference)

1) Wirachai Roynarin, Ph.D, “The Wavefoil for Energy Converter”, Mechanical
Engineering , SEE, Huahin Thailand, 1-3 Nov. 2004.

2) Wirachai Roynarin, B.Engineering, MsC, Ph.D. Mechanical Engineering, The Wind
Power , Joint Student Presentation on Energy and Environment for Sustainable
Development (SPEED): The 2nd International School of Energy Science held by
JGSEE, Kyoto University and RIT at Rajamangala Institute of Technology (RIT)

19 — 22 July 2004.

3) Wirachai Roynarin, B.Engineering, MsC, Ph.D. Mechanical Engineering, RMUTT,
“Wind Energy in Thailand , Potential, Current Status and Future”, Development Of
Wind Energy Unitization in Thailand, AIT Conference Centre, July 6-7 Pathumthani,
Thailand 2006.

a W

5. a5 als1 W3y
1391352AVMIUIYIA (International Journal Publishing)
1) Asasutjarit, C., Charoenvai S., Hirunlabh J., Khedari J.,2009, “Materials and
mechanical properties of pretreated coir-based green composites”, Composites Part
B: Engineering, Vols. 40, pp. 633-637.
2) Asasutjarit, C., Charoenvai S., Hirunlabh J., Khedari J., 2008, Effect of pretreatment
on properties of coir-based green composite”, Advanced Materials Research, Vols.
47-50, pp. 678 —681.

3) Asasutjarit, C., Hirunlabh J., Khedari J., Charoenvai S., Zeghmati B., Cheul Shin U.,
2007, “Development of coconut coir-based lightweight cement board”, Journal of
construction and building materials, Volume 21, Issue 2, Pages 277-288.

4) Charoenvai, S, J. Khedari, J. Hirunlabh, C. Asasutjarit, B. Zeghmati, D. Quenard and
N. Pratintong, 2005, “Heat and moisture transport in durian fiber based lightweight
construction materials”, Journal of Solar Energy, Volume 78, Issue 4, April 2005,

Pages 543-553.
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5)

Khedari, J.,Charoenvai, S. and Hirunlabh, J., 2003, “New insulating particleboards
from drian peel and coconut coir” Journal of Building and Environment, Vol. 38,

Issue 3, pp. 435-441.

ﬂszqﬁmmﬁzéfummmﬁ (International Conference)

D

2)

Asasutjarit, C., Charoenvai S., Hirunlabh J., Khedari J., “ Investigations on

hygrothermal performance of coconut coir cement boards under Thai climate as

determined by filed test and simulation”, the 16th International Conference on

Composite Materials (ICCM-16), 9" - 14" July 2007, Kyoto, Japan, G-1.
Asasutjarit, C., Charoenvai S., Hirunlabh J., Khedari J., 2007, “Feasibility Study of
Using Coconut Coir Lightweight Cement Boards as Building Component in
Thailand”, Proceedings of ACIC 07 Advanced Composites in Construction, 2

4" April 2007, University of Bath, Bath, UK, Pages 253-260.

3) Charoenvai, S, , Khedari J., Hirunlabh J., Daguenet M., Quenard D .,2005, “Impact

4)

5)

of Rice Husk Ash on the Performance of Durian Fiber-based Construction Materials”,
The 10" International Conference on Durability of Building Materials and
Components, Hotel HILTON, 17-20 April 2005, Lyon, France, pp.TT3-51
Charoenvai, S, Khedari, J., Hirunlabh, J., Shin, U., 2004, "Investigation on
Mechanical Properties of Durian Fiber-based Construction Materials Containing Rice
Husk Ash (RHA)", The Third International conference on Advances In
Structural Engineering and Mechanics, 2-4 September, Seoul, Korea, pp.1679-
1687.

Srisorrachat, S, et al., 2000, “Anaerobic Wastewater Treatment by UASB Reactor”,
Regional Symposium on Chemical Engineering 2000, 11-13 December, Singapore,

pp- BP2.2.

1352433%1M352AVIA (National Conference)

D

2)

Asasutjarit, C., Charoenvai S., “Development of a vacuum dryer for red chilli”, The
6" Asia-Pacific Drying Conference (ADC 2009), 19" — 21% October 2009,
Bangkok, Thailand

Charoenvai, S., Khedari, J. and Hirunlabh, J., 2004, “Effect of Rice Husk Ash on
Durian Fiber-based Construction Materials,” The 1" KMITL International
Conference on Integration of Science & Technology for sustainable

Development, 25-26 August 2004, Bangkok, pp.61-64.
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