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Abstract—In wing most of the weight is contributed by the ribs
which gives the basic shape to the wing. The weight of the aircraft
is reduced by the optimization techniques using the optistruct
software and again the rib model is redesigned and analyzed.
Initial design of wing is created and analysis is done for that base
with the necessary boundary condition, after the base model is
optimized. The base model is redesigned based on optimization
result and analyzed with same boundary condition. Then both the
result is compared. In this paper the structural optimization of the
rib is performed and explained that wing rib optimization of
weight does not affect the lift and drag theoretically. By this
optimization the weight of the wing gets reduced even with the
better performance.
Index Terms—Drag, Lift, Material reduction, Topology
optimization
I.

INTRODUCTION

Aggressive weight targets and shortened development timescales in the business aircraft industry naturally calls for an
integration of advanced computer aided optimisation methods
into the overall component design process.
Optimization is a process of selecting or converging onto a
final solution amongst a number of possible options, such that
a certain requirement or a set of requirements is best satisfied
i.e. you want a design in which some quantifiable property is
minimized or maximized (e.g., strength, weight, strength-toweight ratio).
The application of optimization technology is becoming
widespread throughout the aviation industry, exploiting the
potential to design lighter aircraft. This paper deals with the
Cessna citation, a business aircraft.
A. Topology Optimization
The objective of topology optimization is to determine holes
and connectivity’s of the structure by adding and removing
material in the extended domain which is a large fixed domain
that must contain the whole structure to be determined. Thus, a
material model must be defined to allow the material to assume
intermediate property values by defining a function of a
continuous parameter.
II. LIFT AND DRAG







Object: At the top of the object, aircraft wing
geometry has a large effect on the amount of lift
generated. The shape of the aerofoil and wing size will
both affect the amount of lift.
Motion: To generate lift, we have to move the object
through the air.
Air: Lift depends on the mass of the air flow over the
aero foil.
Weight of the aircraft.
III.

LOAD CALCULATION

The total weight of the aircraft is calculated by the following
for Cessna citation aircraft.
A) Weight and lift before optimization
The TOW is broken into four elements
1) Payload weight (WPL) = (12*120) + (1000) = 2440kg.
2) Crew weight (WC) = 2* 120 = 240 kg.
3) Fuel weight (Wf) = 5560 kg
4) Empty weight (WE) =9798 kg
WTO = WPL + WC + WF + WE
= 2440+240+5560+9798
= 18038 Kg / 176.952 KN
Lift calculation:
Lift formula, L = (1/2) dv2 S CL
Wkt,

L=W

D = 0.362 (from I.C.A.O standard atmosphere table)
S = 48.96 m2
V=270 m/s
CL = 2W*9.81/ D*S* V2
=0.27
For angle of attack by Velocity Relationship Curve Graph

A. Lift and Drag
Lift is the force that directly opposes the weight of an
airplane and it holds the airplane in the air. Lift is generated by
entire part of the airplane, but most of the lift is generated by
the wings. Lift is a mechanical aerodynamic force produced by
the motion of the airplane through the air.

α =3 degree, CL =0.4
α =5 degree, CL =0.52
α =8 degree, CL =0.8
α=16 degree , CL =1.4

B. Factors affecting Lift and Drag

Corresponding lift forces are,
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=17840 Kg / 175.010 KN

L=258408.92 N for CL =0.4
L=335931.49 N for CL =0.52
L=518617.84 N for CL =0.8
L=904431.22 N for CL =1.4

Lift calculation:
Lift formula, L = (1/2) dv2 s CL
Wkt ,

L=W

TABLE I
I.C.A.O STANDARD ATMOSPHERE TABLE

D=0.362 (from I.C.A.O standard atmosphere table)
S=48.96 m2
V=270 m/s
CL = 2W*9.81/ D*S* V2
=0.27 for CL =0.3
L = (1/2) d v2 s CL
= (1/2) *0.362*270*48.96*0.27
= 193.806 KN
Basic physics tells us that the lift and weight should be equal
to each other for any aircraft in steady, level flight. If the two
forces were not equal, the plane would not remain in level
flight. Since the optimized weight of the model does not affect
the lift and drag the software model can be done.
TABLE II
COMPARISON OF WEIGHT WITH LIFT

Actual Weight
176.952 N

Optimized Weight
175.101 N

Lift Force
193.806 N

IV. RESULTS AND DISCUSSION
The theoretical calculations show that the lift force does not
varies by optimizing the wing model. Then the model is
designed and optimized and redesigned and the weight is
compared. The weight of the optimized model is low compared
to the original model. Thus by using this method 1 to 5 % of
weight of the aircraft is reduced.
TABLE III
COMPARISON OF TWO MODELS

Contents
Weight

Model
21.8 Kg

Optimized Model
15 Kg

The Table-III shows the comparison of and mass of two
models, the weight of optimizes model is less the base model.
V. CONCLUSION
Fig. 1. Velocity relationship curve graph

B) Weight and lift after optimization
The MTOW is broken into four elements
1) Payload weight (WPL) = (12*120) + (1000) = 2440kg.
2) Crew weight (WC) = 2* 120 = 240 kg.
3) Fuel weight (Wf) = 5560 kg
4) Empty weight (WE) =9600 kg
WTO = WPL + WC + WF + WE.
=2440+240+5560+9600

This paper is about the studies before the optimization. The
lift force is calculated since the lift is equal to weight, by
reducing the weight it will not affect the lift force and stability.
And the drag force also doesn’t affect by optimization. Thus
weight can be reduced from 4-5% of the actual component
weight by using topology optimization technique.
REFERENCES
[1]

J. J. Reuther, J. J. Alonso, J. R. R. A. Martins, S. C. Smith, “A coupled
aero-structural optimization method for complete aircraft
configurations,” 37th Aerospace Sciences Meeting and Exhibit 1999, pp.
1-31.

45

www.ijresm.com
[2]

[3]

[4]

International Journal of Research in Engineering, Science and Management (IJRESM)
Volume-1, Issue-4, April 2018

Y. S. Kumar, M. Venkaiah, “Design and analysis of aircraft wing,”
Proceedings of International Conference on Recent Trends in
Mechanical Engineering-2K15 (NECICRTME-2K15), vol. 2, no. 1, pp.
248-251.
Krog, Lars, Alastair Tucker, and Gerrit Rollema. "Application of
topology, sizing and shape optimization methods to optimal design of
aircraft components." Proc. 3rd Altair UK HyperWorks Users
Conference, 2002.
K. Sureka, and R. S. Meher, “Modeling and structural analysis on A300
flight wing by using Ansys,” International Journal of Mechanical
Engineering and Robotics Research, vol. 4, no. 2, pp. 123-130, April
2015.

[5]

[6]

[7]

[8]

S. R. Konayapalli, and Y. Sujatha, “Design and analysis of aircraft wing,”
International Journal and Magazine of Engineering, Technology,
Management and Research, vol. 2, no. 9, pp. 1480-1487, Sept. 2015.
V. Vinayaka, S. Kumar, and B. Reddy, “Design and linear static analysis
of transport aircraft vertical tail for different rudder deflection
(Rotation),” International Journal for Scientific Research and
Development, vol. 3, no. 10, pp. 1-13, 2016.
B. Madhekar, and M. S. Gupta, “Optimization in wing design of fighter
and passenger aircraft,” International Research Journal of Engineering
and Technology, vol. 2, no. 5, pp. 1294-1296, 2015.
A. R. Kumar, S. R. Balakrishnan, and S. Balaji, “Design of an aircraft
wing structure for static analysis and fatigue life prediction,”
International Journal of Engineering Research & Technology, vol. 2, no.
5, pp. 1154-1158, May 2013.

46

