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Abstract

A Finite Element Analysis of a load test of the LAS-937 adapter has been made to check if there is any risk
that the aluminuim in the upper interface of the adapter yields. The analysis was done in ABAQUS CAE.
The reason for doing the analysis is that the adapter was measured to be oval after the load-test. Several
different analysises were run to check how sensitive the model was to a higher load or lower yield strength in
the alumium. It was found that the resulting stresses in the FE-model interface is not high enough to explain
the ovality of the the interface. Even with the higher load or lower yield strength properties the deformations
in the FE-model were not as high as the measured ovality.
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Introduction

The upper interface of a LAS-937 adapter delivered from CRISM was found to be oval. Before shipping
the adapters, CRISM load tests them. It is suspected that the ovality is the result of these load tests. A
possible weakness in the load tests has been discovered during a rupture test of an identical adapter, it was
found that the aluminium ring used to transfer the compressive and translative forces plasticized, introducing
unwanted forces and moments into the adapter structure, in turn leading to failure of the grid structure [4].
A study by Joonas Köll [3] where a FE-model of the rupture test was made, confirmed that the plasticising
of the ring seemed to cause the failure. Additionally the analysis suggested that the stresses in the upper
interface may be higher than the yield stress of the aluminium used. For future testing the aluminum in the
the test-ring was replaced with a higher strength aluminium, while no changes were made to the design of
the upper interface. The purpose of this analysis is to make a more detailed FE-model of the upper interface
and the upper part of the grid structure in order to get a better understanding of the stresses in the upper
interface during the test loading. Of special interest is if the stresses in the upper interface exceeds the yield
stress of the aluminum, this could indicate that the reason of the ovality is permanent deformation as the
result of plasticity in the upper interface.

FE-model

The FE-model consists of the following parts;

1. A rigid plate where the the loads are introduced

2. The test-ring which transfers the loads to the upper interface

3. A set of bolts that connects the test-ring to the upper interface

4. The upper interface which have recesses for the grid structure

5. The grid-structure.
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Figure 1: The FE-model geometry

The geometry of the model is based on drawings in ref [1] and on measurements done on a sample of
the adapter provided by RUAG. The geometry is shown in figure 1.
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Material Properties

The bolts are made of steel with Young’s modulus 206 GPa. The test-ring is assumed not to plasticise and
is modeled with aluminium with Young’s modulus 70 GPa, The interface is made of AMg-6 aluminium alloy
and is modeled as elastic plastic, the material properties[3] implemented are shown in table 1. To check the
sensitivity of the model to a change in the material properties, the yield strength was varied by lowering it by
20 MPa, resulting in two variations; variation 1 where the yield strength is 170 MPa and variation 2 where
the yield strength is 150 MPa. This gives the stress-strain curves shown in 2.

Plastic Strain True stress [MPa] 1 True stress [MPa] 2
0 69.4 49.4

0.0002 124 104
0.0014 161 121
0.0054 188 168
0.027 339 319

Table 1: Plastic properties of AMg-6 Aluminium alloy

Figure 2: Plastic strain and true stress for the two tested cases

The carbon fibre ribs are modeled as an orthotropic material, with material properties according to table
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2, here E1, E2, ⌫12 and G12 are given in reference [1]. The remaining properties are assumed with the basis
in these values. The volume fractions are calculated with the same method as Arvidsson [7] used. The local
material 1, 2 and 3 directions are shown in figure 3.

Property Helical Rib Circular Rib
E1 [GPa] 80.7 65.4
E2 [GPa] 5.95 5.7
E3 [GPa] 5.95 5.7

⌫12 0.24 0.253
⌫13 0.24 0.253
⌫23 0.24 0.253

G12 [GPa] 2.23 2.140
G13 [GPa] 2.23 2.140
G23 [GPa] 2.23 2.140

v
f

0.33 0.26

Table 2: Material properties for circular and helical ribs

In the intersections between two ribs these material data does not apply as the fiber content in the
intersections are much higher than in the ribs. The strategy used for calculating the properties in the
intersection is to first calculate the local material property for a rib in the intersection using micro mechanics
stiffness prediction, then calculate the global orthotropic properties of the intersection using laminate theory
as described in [5].

To calculate local properties of the ribs in the intersections, material data for the constituent materials
of the ribs are needed, these are given in [1] and presented in table 3 here G12 is calculated as

GMatrix

12 =
EMatrix

1

2(1 + ⌫12)
(1)

GFiber

12 =
vf

(1/G12 � vm/Gm)
(2)

as according to chapter 2 in [5].

Property Fiber (HTS/HTA) Matrix
E1 [GPa] 238 4

⌫12 0.12 0.3
G12 [GPa] 25.5 1.5

Table 3: Material properties for constituent materials

In a intersection it is assumed that the fiber volume fraction v
f

of a rib is two times as high, using this,
Elocal

1 , Elocal

2 and Glocal

12 for the local rib in an intersection are calculated as

Elocal

1 = v
f

E
f

+ (1� v
f

)E
m

(3)
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Glocal
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f
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+
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⌫local12 = ⌫
f

v
f

+ ⌫
m

v
m

(6)
the properties are shown in table 4

Property Local helical rib intersection
Elocal

1 [GPa] 158
Elocal

2 [GPa] 11.4
Glocal

12 [GPa] 4.05
⌫local12 0.18

Table 4: Local material properties in intersections

Using these properties the in plane material properties for a laminate consisting of two ribs intersecting
at an angle of 60� are calculated using a MATLAB-script based on laminate theory described in chapter 3 in
[5]. The results are presented in table 5. Intersections between a helical rib and a circular rib are assumed
to have the same properties as a crossing between two helical ribs.

Out of plane properties are estimated using micro mechanics stiffness predictions. The results are pre-
sented in table 5. The local directions are shown in figure 3.

Eint

3 =

✓
v
f

E
f

+
v
m

E
m

◆�1

(7)

⌫int13 = ⌫int23 = v
f

⌫
f

+ v
m

⌫
m

(8)

Gint

13 = Gint

23 =

✓
v
f

G
f

+
v
m

G
m

◆�1

(9)

Property Crossing helical [GPa] Crossing Circular [GPa]
Eint

1 48.6 48.6
Eint

2 10.5 10.5
Eint

3 11.4 11.4
⌫int12 1.49 1.49
⌫int13 0.18 0.18
⌫int23 0.18 0.18
Gint

12 32.1 32.1
Gint

13 4.05 4.05
Gint

23 4.05 4.05
vint
f

0.66 0.66

Table 5: Material properties for carbon fibre intersections
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Figure 3: Material directions in the grid

Bolt Loads

The bolts are modeled as solid parts which are then pretensioned in the first step of the analysis to 14 kN
using the Bolt Load command in ABAQUS, in subsequent steps when external loads are applied, the length
of the bolts are fixed to the length achieved at the end of the first step.

Interactions

The contact between the top ring and the test-ring is modeled with a tie constraint, likewise for the contact
between the bolts and interface/test-ring as shown in figure 4. The contact between the upper interface
and the test-ring is modeled as a penalty contact with either a friction coefficient of 1.3 [6] or alternatively
frictionless contact, the conditions can be seen in figure 4. Contact between the grid and the test ring is not
modeled. For the contact between the grid and the interface two scenarios are analyzed, one where the grid
is assumed to be completely tied to the interface, the other where the contact is frictionless.
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Figure 4: Contact conditions for the different parts of the model

Grid-structure

The grid-structure is modeled using a combination of the beam-based grid-structure created by Joonas Köll
for his analysis and solid elements to be able to simulate the contact between the interface and the grid.
The solid elements extends from the recesses in the interface down to the first crossing between two helical
ribs. There the cross-section surfaces are coupled with the beam grid-structure using a kinematic coupling
constraint, all the nodes of the cross-section are coupled in all six degrees of freedom to the end-points of the
beam elements making up the lower grid structure. The coupling is shown in figure 5.
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Figure 5: Coupling between beam grid structure and the solid grid structure.

Load Case

The load case that seemed most likely to cause the ovality is the combined compression load case described in
the test program [2]. In this test the test ring was loaded to 110% of the design load. The loads (0,148.5,-374)
kN are introduced to a reference point attached 1.5 m above the rigid top ring as shown in figure 6. The
reference point is rigidly attached to the rigid top ring. Additionally to check how sensitive the model is to
an increase in loads an analysis is run with 200% of the design load resulting in the load vector (0,270,-680)
kN.
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Figure 6: The loads acting on the rigid top ring

Boundary Conditions

The lowest hoop of the grid structure is locked in all degrees of freedom assuming that the attachment to the
test rig is i completely rigid.

Analysis steps

The analysis is divided into several steps from which the results are extracted.
1. The bolt loads are applied so that the the bolts are pretensioned for the subsequent steps. At the end

of the step the bolts are fixed at the length caused by the pretensioning.

2. The specified load case is applied to the load point to simulate the testing. Additionally large displace-
ments are considered from this step.

3. The load case is removed to simulate the unloading of the structure.

4. The test-ring and the bolts are removed from the analysis to simulate removing the adapter from the
test rig.

Variation of contact conditions and loads

Some of the parameters of the model were changed to see how it would affect the results. The first was to
vary the contact conditions between grid and interface from tie to frictionless. The second variation was to

12



increase the load to 200% of the design load instead of 110%. The third variation was to lower the yield
point of the aluminum from 170 MPa to 150 MPa.

For the last two variations of the test scenario, the friction between the test-ring and the interface were
reduced to zero. Furthermore the analysis was run with frictionless contact between the grid and the interface
for both these cases. In table 6 the different combinations that were run in the analysis are shown.

Contact between interface and grid Contact between interface and testring Load Yield Strength
1 Frictionless Friction Coefficient 1.3 110% 170 MPa
2 Tie contact Friction Coefficient 1.3 110% 170 MPa
3 Frictionless Frictionless 200% 170 MPa
4 Frictionless Frictionless 110% 150 MPa

Table 6: The different cases that were analysed

Since the deformations in case 3 and 4 were suspected to be higher the the previous cases there is a risk
that the bolt threads come in contact with the test-ring and interface. Therefore contact conditions were
introduced between these surfaces

Results

The Von Mises stress in the interface for case 1 is shown in figure 7.
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Figure 7: Von Mises stress in the interface in case 1

Of primary interest is the magnitude of yielding in the aluminum, since this could cause permanent
deformations. According to figure 7 the stress seems to be highest along the upper inner edge of the interface.
The Von Mises stress are plotted along this edge in figure 8. An additional line showing the yield stress (170
MPa) of the aluminium of type AMg-6 is present.
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Figure 8: Von Mises stress in the interface the numbers are according to the cases in table 6

The stress distribution for the positions with the highest stress for case 1 are shown in figure 9.
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Figure 9: Von mises stress distributions for case 1

The measured ovality from RUAG is shown in figure 10, the ovality from the FE-model is shown in figure
11 the case shown in the figure is the case were the no friction condition is used.
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Figure 10: Measured ovality at RUAG with scale factor 50
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Figure 11: Displacements extracted from the FE-model for case 1 and 2, with scale factor 500
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Figure 12: Displacements extracted from the FE-model for case 3 and 4, with scale factor 100
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Conclusions

The stresses in the upper interface does not seem high enough to cause the remaining deformation measured at
RUAG. As can be seen in figures 10 and 11 the resulting displacement from the FE-model is around 10 times
lower than the ones measured at RUAG. Even when increasing the load or lowering the material properties,
although the stress increases as seen in figure 8, the deformation does not reach the same magnitude as
measured at RUAG.

Discussion

Although the scale of deformation is not the same between the measurements and the FE-model the shape
is similar. It seems likely that the combined compression load-case really causes the ovality. What could be
further investigated is if the material properties for the interface is correct, since this has an impact on the
results and the source of the data was not controlled by RUAG. Another subject for further investigation is
what happens if you abandon the assumption that the contact between the bolts and test-ring/interface is
tied, instead it could be modeled with a friction assumption.
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