) iJRASET

& International Journal For Research in
Applied Science and Engineering Technology

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGQGY

Volume: icara-20issue: conference Month of publication:  April 2018

DOI:

www.ijraset.com
Call: (£)08813907089 | E-mail ID: ijraset@gmail.com




International Conference on Aeronautics, Astronautics and Aviation(ICAAA)- April 2018
\

Fatigue Analysis of Lug Joint in the Nose Landing
Gear

S. Balaji', R.K.S. Kishore?, S. Sathish Kumar®
!Assistant Professor, UG scholar, UG scholar, Department of Aeronautical Engineering, Nehru Institute of Engineering and
Technology Coimbatore, Tamil Nadu

Abstract: The objective of this project is to design a lug joint in the nose landing gear. During take-off and landing, static and
dynamic loads are acting on the lug joint in the nose landing gear which leads to the structural failure of the component. The
take-off and landing loads are calculated by using aerodynamic calculations. The dimensions of the lug in nose landing gear is
obtained by strength of material approach for the aluminium alloy materials. Finite element analysis will be carried out in order
to estimate the maximum local stress which will be required in the fatigue analysis of the lug joint. Fatigue life and maximum
deformation of the lug joint in the nose landing gear at the region of high stress during the time of take-off and landing are
estimated.

L. INTRODUCTION

An aircraft is a machine which is used for good air transport system. It is used to travel one place to another place (long or short
distance) in a short period of time and it can able to carry high load i.e., in commercial aircraft passengers, cargo, flight crew, fuel
tank, scientific instruments or equipment., in military aircraft warheads, bombs etc., Landing gear is the most important component
of the aircraft. It can able to carry the whole weight of an aircraft at the time of takeoff, landing and taxing. Many types of landing
gears are used. There are single, main, tricycles, quadricycle, tricycle, tail gear, multi bogey, releasable rail and skid. In most of the
commercial aircraft, tricycle landing gear is used. It can be retractable or fixed. In modern aircraft to minimize the drag, retractable
landing gear is used. Tri cycle landing gear has one nose landing gear and two main landing gears. In landing gear, lug joint is the
most important structure. Lug is the structural member which can able to absorb high impact load at the time of takeoff and landing.
And then the load is transvers through other components or members. So, the design of the lug joint is very much important. When
design the lug joint of the main land gear, considered takeoff configuration. While takeoff, total weight of the aircraft is carried by
the main landing gear

1. MATHEMATICAL APPROACH
A. Load Calculation
Distance between the aircraft center of gravity and the ground will be
Hee = AHgiear + Dprop
-1.2+ 3.95
2
Hee= 3.175m.
Attach nose gear to the fuselage landing gear height will be,
Hce = Hee - Druse
2
-3.175-2.5
2
Hce-1.925 m.
Wing mean aerodynamic chord
B =VS.AR
2
=\61x12
=732.05m
=27.05m.
C =Sb
= 61
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27.05
= 225m
Tw=t\Cmax C = 0.12x2.25
Tw=0.27m.

B. Landing Gear Height
Hee=Hco+tw
-3.175+0.27
2
=304 m.
Xewr=X mg - X ac = Xegpueny C
= Xmg - €0.22 —0.18) x 2.25
= Xmg-0.09
Xh = Xach - Xr& - -
=|—h+ (Xac+ Xcgfuel) C-x mg
=13+ (0.22x0.18)x2.25 - Xmg
=13.09 - Xmg
Hp = Heg=ht=3.175
K= 1
mpAR
= 1
340 0x42—
=0.029
Cic = 2W
pVLES—
= 2x23000x9.81
0532%(427-8Yx61—
=0.88
Ccro=Crc+ ACLrLap
=0.88+ 0.9
CTo =178
Coro= Cooro+ KC? c1o
=0.03 + 0.029 x(1.78)?
CDTO =0.12
NOTE:
Vr=1.1xVs =1.1x140 = 154 Km\hr
Vg =42.7m\s
Dro = 1\2p1°R SCoro
= 1\2x1.225 X(42.7)2><61><0.12
D, =8174.7 N.
Lro=1\2 XPVZR Srer CL1o
=1\2 ><1.225><(42.7)2 x61x1.78
L, =121258.3 N.
Ly = 1\2xpVr? SiCup
= 1\2><1.225><(42.7)2><14x(-0.8)
Ly =-12507.7N.
Macref = 1\2xpvR2 Cwmacref Seer C
=1\2 ><1.225><(42.7)2><61><(-0.03)><2.25
Mac,s =-4598.2N.
Lwr= Lo~ Ly
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=121258.3 - (-12507.7)
Lwf= 133766.05N.

Friction force :

Fr=pu (W~ L)

= 0.04 (23000x9.81x- 121258.3)

Ff =4174.8N.

T =Pyp = 69854.7 — 4564.2 — 4174.8
AV/ —23000
A = 2.65 m\s?

C. Contributing moment
Mw =W (Xmg-Xcg)
=23000%9.81(Xmg)
Mp= D{Zp- Zyvc)
=4564.2x3.1
=14149.02 Nm.
M T= T (ZT _ZMG)
=69854.7 x3.1
=216549.5 Nm.
Mewe = Lwe ( Xme— Xacwito cg)
133766.05 (Xmg— 0.09)
I—h ( Xac h = Xmg)
=-12507.7 (13.09 — Xig)
Ma =M, - (Zeg— Zmg)
= 23000 x2.65x3.1

Mch

Xing = lyymg® - (Zp - ZMQ ) + (Zr— Zme) — Macys - ma (Zcg — Zmg) — Wxeg + LWF +Xacy: + Lhaen
Lwf+ Lh+W
= 23000x9\57.3 — 14149.02+ 216549.5 = ( - 4598.2) — 188945 + 0 + 133766.05 + (12507.7 x13.09)

133766.05 + (-12507.07) - 23000x9.81

= 130020.6 = 1.250 m.
10437165 —
X'mg =1.25m.
Check tip back requirement
AXeg = XCg — XCQatt
=(0.30-0.18)C
=0.12 x2.25
=0.27m
Distance between mg and aft
Xmg s« Xmg aft = Xmg — Axmg
=1.25-0.27
=0.98m.
Tip back angle
«tb =tan * (Xmg\Hcg)
=tan ™ (0.98\3.175)
< tb =17.15deg .
This angle is greater than aircraft take off rotation angle (14 deg )
17.15>14
FNpax=BMpe W
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0.15=125 W
B
B= 125
0I5
B = 8.33 ( Distance between mg and ng )
FNn = Fnmax + FN gynamic (due to breaking )

=WBmax + W \ac \H
B B gB
={(23000x9.81) + 1.25 )} + ¢(23000x9.81x3x3.175 )}

8.33 9.81 x8.33
= 33858.04 + 26299.5
Fn= 60157.5N.

D. Dimension calculation of the nose landing gear joint
Vertical load is applied on the wheel is ,
Fvn =FOS x F
= 1.5 x60157.5
=90236.25 N
Material used : AL 7075
Yield stress :
oyt= P
(2ma™ay—
503 = 90236.25
2x3.14 xd?
—
503 x 1.57 = 90236.25
-d2—
d> “114.2
Bearing stress:
o bearing = P
D xt
o bearing = 0.5 x ultimate stress
=0.5 %572
ob =286 Mpa .
o bearing = 90236.25
Nxt——————
3146 = 90236.25

——
t = 90236.25
3146

t =28.68 mm. or 29 mm.
h=2d ;. b=t
h=2x11 ;. b=28.68
h =22mm ; b=29mm
Material used : AL 7050
o =470 Mpa
ow= P

(2rnd\4)

470 = 90236.25
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> = 122.28
d =11mm.
o ,=0.5%x470
oy, =235 Mpa
obearing= P
D xt
235 =90236.25

134t
2585 = 90236.25
t
t = 3.5mm,
h =22mm,
b =35mm.
Material used : AL 7178
oyt =538 Mpa
oyt = P
(2mdA4)
1.57 x 538 = 90236.25
d2

d> = 106.83

d =10.33

d =11mm.

op = 0.5%x538

o, =269 Mpa

Op = p
Dxt

269 = 90236.25

11x+—
2959 = 90236.25

-+

T

t = 30.49,t=31mm.

E. Final Values
t = 30mm,
b = 30mm,
d = 10mm,
h =25mm.

1. MATERIAL SELECTION

The material of lug joint must be carefully selected. So that

it can able to withstand for high applied load. Thus there are

Several materials can be used for manufacturing the lug joint.

Considered the strength and weight is very much important.

The strength must be high and weight must be less to reduce

dead weight of the aircraft during fly . Here Aluminium

Alloy is considered to design the Lug joint. Selection of material depends upon

1) Stiffness

2) Strength

3) Durability

4) damage tolerance
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5) Corrosion.

Al 7075-T6 has high strength, lower fracture toughness.

Used for tension application where fatigue is not critical. It

also has low short transverse properties and low stress corrosion resistance.

(AVA MATERIAL PROPERTIES

Density, p 2830 Mpa 2830 Mpa 2800 Mpa
Elastic modulus, 71.7 Gpa 72 Gpa
E
Ultimate tensile 525 Mpa 607 Mpa 552 Mpa 572 Mpa
stress , Ot
Yield stress Gy 470 Mpa 538 Mpa 503 Mpa 503 Mpa
Fatigue strength 200 Mpa 150 Mpa 160 Mpa 159 Mpa
Poisson’s Ratio 0.33 0.33 0.33 0.33
v
V. MODELING OF LUG

2D view of nose landing gear

1 Partl

F_ 4 :

xy plane
4 v7 plane
4 7% plane

‘i:' PartBody

= ? Pad.1
'E’i Sketch.1
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3D view of nose landing gear

S Partl

= vy plane
- vz plane
- rx plane

=3 PartBody
.Ju,_:,?

ketch.1

A. Fatigue Analysis Of Al 7050
Total deformation of Al 7050

40.00 (mm)

Equivalent stress of Al 7050

- 6.1474 Min
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Fatigue life of Al 7050

40.00(mm)

Damage of Al 7050

5
5 5.5556e31
w 44444631
— 3.3333e31
= 2.2222e31
11111e31

10000 Min

Factor of safety of Al 7050

40.00{mm)
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B. Fatigue analysis of al a 7075
Total deformation of Al 7075

50.00 (mm)

Equivalent stress of Al 7075

166.67
1 12654
86.408
46.278
6.1474 Min

50.00 {mm)

1250 37.50

Fatigue life of Al 7075

11773 Min

50.00 (mm)
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Damage of Al 7075

50.00 (mm)

12.50 37.50

Factor of safety of Al 7075

50.00{rmm)

C. Fatigue Analysis Of Al 7178
Total deformation of Al 7178

0.00 20,00 40.00(rmm)
]

I
10.00 30.00
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Equivalent stress of Al 7178

B: 7178

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

18-03-2018 21:36

367.32 Max
32719

- 6.1474 Min

0.00 20.00 40.00(mm)
I ]
10.00 30,00

Fatigue life of Al 7178
B: 7178
Life
Type: Life
18-03-2018.21:38

1e8 Max
1e7

0.00 20,00 40.00(mm)
T ]

innn annn

Damage of Al 7178

B: 7178

Damage

Type: Damage
18-03-201821:39

1e32 Max
8.8889%31
7.7778e31
6.6667e31
55556831
44444031
3.3333e31
2.2222e31
1.1111e31
10 Min

ES

0.00 20.00 40,00 (mm)
L Sa—  SSS—
10.00 30.00
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Factor of Safety of Al 7178

0.00 2000 40,00 (mrm)
e — —
1000 3000

D. Fatigue Analysis Of Al A 7175
Total deformation of Al 7175

_— :
10.00 30,00

Equivalent stress of Al 7175

6.1474 Min

40.00(mm)
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Fatigue life of Al 7175

Type: Life
18-03-2018 21:45

1e8 Max
1e7

,\'[

40.00{mm)

Damage of Al 7175
G5
Damage
Type: Damage
18-03-2018 21:46

1e32 Max
8,888%31
7.7778e31
6.6667e31
5.5556e31
4440431
3.3333e31
g 2222231
1111131
10 Min

40.00(rmm)

Factor of safety of Al 7175
N
Safety Factor

Type: Safety Factor
18-03-2018 21:47
15

13.459 Max
5

0.22525 Min
0

'\“[

40,00 (mm)
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Meshed nose landing gear

30.000 (mm)

VI CONCLUSION

This project work present a computational model for the fatigue analysis of the lug joint in the nose landing gear. The dimensions of
the proposed model are obtained by the strength of material approach and the stress analysis and the fatigue life is estimated. For
this estimation finite element analysis tool is used. Stress analysis of the lug is carried out and maximum stress is identified around
the hole of lug which is found out to be lower than yield strength of material. So, the lug design is safe. For this design, life of the
lug in the nose landing gear is 1*10" cycles for Al T6 7075 which is greater than other aluminium alloys like Al 7050, Al 7178, Al
7175 through comparison of fatigue analysis.
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