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1. Introduction

For the verification of the FE-analysis which are performed with the global 2D and the
local 3D model (nonlinear contact analysis) a correlation between a lug test and test

analysis has to be done.
This report describes the analysis of the test with ANSYS 3D model including all con-
tact surfaces at the lug/pin/fuselage clevis interface. The analysis model considers also

all important parts of the test rig for load application.
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2. Description of the Lug Test#1 specimen

The skin panel and the precured lug part of the accident VTP were manufactured with

the material system, which is identical to the material used for the test specimen.

The test specimen is part of a LHS skin panel which was used for quality test purpose.
The lug area (see figure 2.1 ) is prepared for clamping to the test rig by removal of the
stringer run outs (webs and inboard flange) and reinforcement by additional plies in the

clamping area.

Figure 2.1
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Figure 2.2 shows the test specimen equipped with steel angles and aluminum metal

sheet doublers for installation into the test rig (see figure 2.3 and 2.4).

Figure 2.2
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Aluminium doubler

Steel angle

Figuré 2.3
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3. Fuselage clevis for the Lug Test#1

The stiffness of the clevis structure (see figure 3.1) used in the test rig has the same
dimensions around the connection bolt and thus provide the same stiffness behavior as
the original fuselage clevis (see figure 3.2). Figures 3.3 and 3.4 show the fuselage

clevis with the bonded strain gauges.

Figure 3.1
Fuselage clevis for Lug Test#1
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Figure 3.2
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Figure 4.1 illustrates the global design of the lug test rig. The global coordinate system

corresponds to the Aircraft coordinate system on this test rig and aligns to the three

TN - ESGC -1020/03 LHS Lug sub-component test#1 FEM analysis

4. Description of the test rig

4.1 Global view
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4.2 Load introduction and location of the test specimen in the test rig

The figure 4.2 shows the load introduction components of the test rig and the location
of the Lug Test#1 specimen itself.
Global coordinate system
y

z

Fz support cables for dead X
weight compensation

Local lug Mz moment 3 . .
measurement rods with . X-Load-Direction

small load cells / P &

Z-Load-Direction

) adige _Adjustable rods
/ | == with load cells
‘ > :

Adjustable rods
with load cells

Lug Test#1 /

Y-Load-Direction specimen

Local lug Mx moment
measurement rods with
small load cells

Figure 4.2
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5. ANSYS LHS rear main lug contact model
5.1 Model description

The complete FEA-model for the lug test analysis includes the ANSYS LHS rear main
lug contact model and all required parts for load introduction:

e Load introduction in the test rig for Fx, Fy and Fz according to the global coor-
dinate system

e Main rods Z1/2 and X1/2 with the ability to apply a preadjusted local lug mo-
ment Mx and Mz by a rod length variation

e Moment reaction rods FMX1/2 and FMZ1/2 for the measurement of the local

lug moments

Fx

See figure 5.1 global model view

[\z

Fz

Lug test#1 specimen
X2

Test rig load
introduction
components

; Fuselage clevis Supporting
Figure 5.1 J structure
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The test rig load introduction components are idealized by ANSYS ROD and BAR Ele-
ments which simulate the function of the test rig with the exception of the behavior of
the bearing with respect to free play. The FEA model of the test specimen attached to
the support structure and the fuselage clevis and its real counterpart is shown on figure
5.2 and 5.3. |

Figure 5.2
FEA-model of the Lug
Test#1 specimen

Figure 5.3
Lug Test#1 specimen in the tes;/rL[g\2

Support
structure

Test rig fuselage clevis Lug Test#1 specimen
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5.2 FEA ldealization of the test specimen

According to the described Lug Test#1 drawing in chapter 2 the ANSYS Lug Test#1

model was created (see figure 5.4 and 5.5).
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5.3 Fuselage clevis

To model the complete connection bolt behavior in the Lug Test#1 FEA-model the fuselage
clevis was also modeled with solid elements (see figure 5.6).

Figure 5.6

5.4 Test rig supporting structure

The Lug Test#1 specimen was directly connected to a steel framework supporting
structure. To model the deformation behavior of the Lug Test#1 specimen the support-
ing structure was included in the ANSYS model (see figure 5.7). The Lug Test#1

specimen was connected with RBE2-Elemeents at the bolt bonding locations to the
supporting structure.
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Figure 5.7

Test rig supporting structure
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5.5 ANSYS Contact surface definition

The contact surface definitions are the same for all ANSYS models (see figure 5.8 to
5.11). The ANSYS contact surface allows physically opening and closing gaps between

the meshes of the contact borders with a friction coefficient of 0.3.

—— e ——

T

7 Figure 5.8

e

Contact surfaces:

Bushing to CFRP lug surface Fuselage clevis to bolt surface Bolt to bushing surface

3. Contact Dafinition Bushing | CFRP 7
Type: open | friction 03 (Coulomb) L

X

Figure 5.9 Figure 5.10 Figure 5.11

LHS Model Source: LHStesmace N R
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6. Reaction force & moment calculation in ANSYS [nonlinear contact]

The local lug reactions are calculated in the ANSYS model for every load step. At a de-
fined cut through the fuselage clevis (see figure 6.1) the summation of the grid point
force balance in this cut gives the local lug reaction including respective forces & mo-
ments. Also the deformation of the complete bolt area is taken into account for this pro-

cedure.

Section plane

LHS: cutting plane -> Estimation of lug reactions

Figure 6.1
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As shown in figure 6.2 the calculation of bolt rotation and lug reactions on displaced lug

center was made with user written subroutine in ANSYS (APDL).

Nodes to define Displaced Lug Center

Displaced Lug Center CSYS
=» Displacements DX, DY, DZ

=» Reaction Reference CSYS

Nodes to define Bolt Rotation CSYS

Bolt Rotation CSYS
= Rotation angles
RX, RY, RZ

Deformed structure! (Displacements scaled by a factor 10)

= Reactions in Displaced Lug Centre:

Mrsp = SUM( ;i x F;) Frse = SUM(F;)

Figure 6.2
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7. Application of load cases
7.1 LHS ANSYS contact Lug Test#1 W375 MOD rotx=0°
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In agreement with NTSB, NASA, American Airlines and Airbus the W375 MOD load
vector from the NASA calculations is used for all FE-Analyses which are compared with
the test (see table 7.1).

For this calculation no bolt rotation about the bolt x-axis was pre-adjusted with the main

rod turnbuckles.

Table 7.1
Fres FX FY FZ
[kN] [kN] [kN] [kN]
159 -67 -7 -144
318 -133 -14 -288
a77 -200 -21 -432
635 -267 -28 -576
794 -333 -35 -720
953 -400 -42 -864

7.2 LHS ANSYS contact Lug Test#1 W375 MOD rotx=0.5°

For the second analysis model the same W375 MOD load vector was chosen as in

chapter 7.1.

Additionally before applying the load vector a bolt rotation about the global X-axis of

rotx=0.5° was introduced with a length adjustment of the Fz main rods Z1/2 by the turn-

buckles.
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8. FEA results
8.1 LHS ANSYS contact Lug Test#1 NASA W375 MOD rotx=0°
8.1.1 Rear main local lug forces & moments

Table 8.1
Fx Fy Fz Fres Mx Mz Rx Rz
[kN] [kN] [kN] [kN] [Nm] [Nm] [°] [°]
0 0 0 0 1 -12 0 0
-67| -7 -144 159 767 -88 -0,026 0,001
-133 -14 -288 318 1466 -183 -0,051 0,003
-200 -21 -432 477 2123 -287 -0,074 0,004
-267 -28 -576 635 2734 -385 -0,096 0,006
-333 -35 -720 794 3301 -478 -0,117 0,007
-400 -42 -864 953| 3828 -566 -0,138 0,009

Rx/Rz bolt rotation in relation to rib 1

8.1.2 Deformation & Rx bolt rotation

The cross section through the CFRP lug, the bolt and the fuselage fitting illustrates the
connection bolt contact situation under max. applied loading condition (see figure 8.1

and 8.2). The color scale is von Mises equivalent stress distribution.

ANSYS 7.1
NOV 6 2003
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PLOT NO. 1
NODAL SOLUTION
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TIME=7
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PowerGraphics
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Figure 8.1
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Deformations are scaled up for a better understanding of the structure behaviour.
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Rx bolt rotation

Rib 1 plane

Displaced bolt axis

The calculated Rx bolt rotation defined
as angle between displaced rib1 and
displaced bolt axis was at max. applied
loading condition

o=-0.14° ﬁ

Figure 8.2

Deformations are scaled up for a better understanding of the structure behaviour.
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8.1.3 Contact status and pressure

| Contact surface between: \ Bushing & CFRP Lug

e ANSYS 7.1
NOV 7 2003
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NODAL SOLUTION

TIME=7
CONTSTAT (AVG)
RSYS=0
PowerGraphics
EFACET=1

Contact status
red + green => contact
blue => gap

ANSYS 7.1
NOV 7 2003

Contact pressure
distribution
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Figure 8.4
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| Contact surface between: | Bolt & Bushing
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NOV 7 2003
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Figure 8.6

TIME=7
CONTSTAT (AVG)
RSYS=0
PowerGraphics
EFACET=1

ANSYS 7.1
NOV 7 2003

PLOT NO. 1
NODAL SOLUTION

TIME=7
CONTPRES (AVG)
RSYS=0

PowerGraphics
EFACET=1
AVRES=Mat
DMX =2.853
ShiX =870292

IEEECCCZCCCoOARECmAECOCEoYM
IR EEEHE N R

Issue 1 2 3

Date 10.11.2003 02.12.2003 08.12.2003

%y

AIRBUS




TN - ESGC -1020/03 LHS Lug sub-component test#1 FEM analysis 22/32
| Contact surface between: | Bolt & Fuselage clevis
Y=317mm Y=412mm
ANSYS 7.1
Fy | g
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Figure 8.7
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8.1.4 Strain distribution at the pin hole

ANSYS 7.1
NOV 6 2003
18:12:06

PLOT NO. 1
NODAL SOLUTION
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FWD St

I

Fres=953kN

LHS model
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Figure 8.9
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Figure 8.10
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ANSYS 7.1
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8.2 LHS ANSYS contact Lug Test#1 NASA W375 MOD rotx=0.5°

8.2.1 Rear main local lug forces & moments

Table 8.2
Fx Fy Fz Fres Mx Mz Rx Rz
[kN] [kN] [kN] [kN] [Nm] [Nm] ] ]
0 0 0 0 1 -12 0 0
-67 -7 -144 159 1536 -68 0,487 0
-133 -14 -288 318 2379 -53 0,457 0
-200, -21 -432 477 3250 -164 0,436 0,001
-267 -28 -576 635 4059 -280 0,418 0,002
-333 -35 -720 794 4805 -394 0,4 0,004
-400, -42 -864 953| 5484 -500 0,384 0,005

Rx/Rz bolt rotation in relation to rib 1

8.2.2 Deformation & Rx bolt rotation

The cross section through the CFRP lug, the bolt and the fuselage fitting illustrates the

connection bolt contact situation under max. applied loading condition (see figure 8.13

and 8.14). The color scale is von Mises equivalent stress distribution.

ANSYS 7.1

NOV 6 2003
18:1939

PLOT NO. 1
NODAL SOLUTION

v  Figure 8.13

Deformations are scaled up for a better understanding of the structure behaviour.
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Rx bolt rotation

26/32

Rib 1 plane

Displaced bolt axis

The calculated Rx bolt rotation defined
as angle between displaced rib1 and
displaced bolt axis was at max. applied
loading condition

a=0.39°

Figure 8.14

Deformations are scaled up for a better understanding of the structure behaviour.
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8.2.3 Contact status and pressure

| Contact surface between: Bushing & CFRP Lug
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| Contact surface between: | Bolt & Bushing
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| Contact surface between: | Bolt & Fuselage clevis
Y=317mm Y=412mm
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8.2.4 Strain distribution at the pin hole

ANSYS 7.1
NOV 6 2003
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Figure 8.22
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Strain distribution in material coordinate system
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ANSYS 7.1
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Figure 8.23
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9. Summary

It was shown that the ANSYS 3D nonlinear contact analysis of the test specimen in-
cluding the test rig components and the test part support fixture is in acceptable
agreement with the local 3D analysis with displacement boundary conditions derived

from the global 2D FEA with embedded 3D rear lugs.

The consideration of the displacement of the bolt axis in terms of the tilt angle Rx is
necessary for the simulation of the behavior the fin/fuselage attachment to achieve the
correct reaction moment Mx. This was demonstrated in the analysis by the length ad-

justment of the Fz load introduction rods which is identical to a forced tilted pin axis.

ﬁ Issue 1 2 3

w Date 10.11.2003 02.12.2003 08.12.2003

AIRBUS




