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Introduction 
 
Aircraft interior details often require attachment of brackets for equipment and 
furnishings. Honeycomb panel face skins are very thin (.02ò) which discourage direct 
mechanical attachment to them. Storage bins, television monitors and emergency 
equipment are typical installations requiring special fastening details. Since the walls of 
the partitions and monuments (lavatories, galleys and closets) are usually non metallic 
honeycomb panels, threaded inserts are universally employed to accept the attachment 
screws. The inserts are usually installed after the panel is manufactured by drilling large 
holes and bonding the metal inserts with room temperature curing epoxy potting 
compounds (Figure 1). Prediction of the local strength of the insert is complicated by the 
mix of materials and processes.  Depending on the geometry of the insert and the 
direction of the load, several internal failures are possible. Although many sandwich 
configurations are feasible, this paper will focus on panels that are an inch thick with 3.0 
lb/ft3, 1/8ò cell Nomex honeycomb core and 2 plies of 7781 fiberglass/phenolic for each 
face skin. Test data to calibrate the LISA 8.0 (Reference 1) Finite Element Analysis 
(FEA) will be provided by published results of the TEKLAM company (Reference 2). 
This data was acquired using stringent test procedures and passed enough statistical 
evaluation to publish ñAò Basis strength values. The meaning of this is that at least 99% 
of the population of material strength is expected to equal or exceed the ñAò Basis value 
with 95% confidence. 
 

 
   Figure 1     Insert installation procedure 
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Strength of Constituent Components 
 
Figure 1 (from Reference 4) shows that the failure modes vary with core thickness, 
indicating the importance of accurate mechanical strength data on all the materials 
involved. 

 
  Figure 2   Insert Failure Mode Variation with Core Thickness 
 
 
 
Some of these failure modes for an unrelated test program are illustrated in Figure 3 
(from Reference 5) where the load/displacement plot shows a jagged progression 
indicating several internal failures precede the final one.  Figure 4 (from Reference 6) is 
a section cut from another test program result that also shows evidence of many 
internal failures. 
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   Figure 3  Illustration of Typical Test Results (Reference 5) 
 

 
   Figure 4 Section cut of Test Specimen (Reference 6) 
 
 
The TEKLAM data sheet (Figure 5) contains most of the information required to predict 
performance.  Strength test for constituent materials are presented at the same level of 
statistical ñAò Basis quality as the overall fastener system joint strength. However, 
important material properties of the potting compound are missing from the inventory. 
Unfortunately, those values must be estimated by other means. It will be shown that the 
consequences of this inconsistency are not dramatic because the potting is not limiting 
joint strength in any of the tests. 
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  Figure 5    TEKLAM  Product Data Sheet (Reference 2) 
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Typical strength of an epoxy potting material, so called DAPCO 3040, was obtained 
from Reference 11. As with all composite materials, the typical, or average, values are 
not used for design strength prediction. Variability in these materials is often much 
greater than in metals. In order to proceed, the typical strength data were converted into 
estimated ñAò Basis equivalents using conservative assumptions. The chief assumption 
was to claim that the statistical standard deviation was 10% of the mean (or typical) 
value. For reference, a well made composite material would have about 5-10% of the 
average as a standard deviation. Another assumption is that a reduction from the mean 
value measuring 3.064 standard deviations is enough to achieve the ñAò Basis levels. 
The 3.064 factor is the one sided tolerance factor associated with 99% probability at 
95% confidence for a 30 specimen test program. So, the ñAò Basis equivalent is the 
Mean ï (3.064 x .10 x Mean) = .69 x Mean.   
 
The constituent strengths to be used for analysis are then: 
 
Fiberglass Tension -  25046 psi, Compression 18673 psi (Figure 5) 
Nomex Core - Compression 236 psi, L shear 112 psi, W shear 67 psi  (Figure 5) 
Nomex Core - Tension = .69 x 333.5 psi = 230 psi (Reference 7 and Appendix E) 
Potting  - Tension = .69 x 3500 = 2415 psi, Compression = .69 x 4000 = 2760 psi  
Potting  - Shear = .69 x 2000 = 1380 psi (Reference 4 and Appendix C) 
 
Additional comparison for the validity of the potting compound strength properties can 
be seen by comparing values from Reference 4, Table 1.2.8. 
 

 
 
 Figure 6     Potting Material Property Comparison (from Reference 3) 
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Finite Element Model geometry parameters 
 
The parametric geometry of the potting used for the Finite Element Models is consistent 
with accepted panel insert installation instructions used in industry (Figure 7). The 
rationale is that when the hole is drilled, on average, it will remove half the cell on the 
circumference of the hole and leave half the cell to fill with potting. Instructions for insert 
installation also include direction to fill cells under any partial height insert so that the 
bottom of the insert is bonded to the honeycomb core. This is modeled by a volume of 
potting that is one cell diameter thick below the insert. 
 

 
    Figure 7   Typical configuration 
 

Depth of potting is insert length, L, + cell size 
= L+.125ò 

Potting diameter, A+cell size 
=A+.125ò 

Insert flange diameter,  A 

Potting diameter, A+cell size 
=A+.125ò 
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Finite Element Model Material Elastic Properties 
 
Since the internal loads in the constituent parts of the sandwich structure are dependent 
on their relative elasticity, it is important to include the best estimate of those properties 
in the analytical models. The core properties are extracted from published vendor 
values shown in Appendix C. 
 

 
 
   Figure 8   Honeycomb core elastic properties 
 
 
 
 
Fiberglass/Phenolic face sheet elastic properties are calculated from the Long Beam 
Flexural test data of Figure 5. The AMS-STD-401 test specimen dimensions had a 20 
inch span, 10 inches between load points and a 3 inch width. Using the test 
configuration of Figure 9 and the beam formula in Figure 10, the face sheet Modulus of 
Elasticity that is consistent with test may be calculated. 
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         Figure 9   Test Set Up and Test Specimen Configuration for Long Beam Flexure Test 
 
 

 
   Figure 10   AMS-STD-401 Relevant Beam Formula 

 
Where: 
 
L = s = 20 inch, a = s/4 = 5 inch, P =100 lbs, W = 3 inch , h = 1, c = .96 
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The area moment of inertia, I is calculated, I = W x c x (h-c)2 = 3 x .02 x (1-.02)2 = 
.05762 in4 

 

E = 1/Dmax x (P x a)/(24 x I) x (3 x L2 ï 4 x a2) = Dmax x (100 x 5)/ (24 x .05762) x (3 x 202 
ï 4 x 52)  
 

E = 1/Dmax x 397720 

Dmax for L direction flexure is .099 inch, EL = 397720/.099 = 4.02 x 106 psi 

Dmax for W direction flexure  is .105  inch, EW = 397720/.105 = 3.79 x 106 psi 
 
 
 
 

 
 
  Figure 11   Fiberglass Skin Elastic Properties 
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Elastic properties of the potting compound were extracted from the aforementioned 
Reference 4, Table 1.2.8. 
 

 
 Figure 12  Potting Compound Elastic Properties 
 
 
The generic steel insert elastic properties are as follows: 
 

 
         Figure 13      Steel Insert Elastic Properties 
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Modeling Philosophy and Geometry 
 
Analysis of many insert geometries was anticipated, and an economic number of nodes 
and elements was a major consideration. Since the results were to be correlated by 
test, peak stress prediction was not necessary. A coarser discretization was acceptable, 
and consistent with the goals. Seeking prediction of local failure in proximity to the insert 
led to limiting the overall dimensions of the model to about 3x the insert dimension. The 
general arrangement and proportions of all the models is as shown in Figure 14.  As the 
details of the specific insert were accommodated into this format, individual finite 
elements were molded to fit each configuration. The procedure was to draw the outline 
of a section of the insert in 2-D, surround the insert outline in elements representing the 
potting, add core elements out to a ¾ inch radius and 1 inch depth, and revolve the 2-D 
geometry around the insert axis. The resulting model had 10 elements through the 
thickness, 8 elements radially and 12 elements azimuth. 

 
 
   Figure 14    Typical Finite Element Model Lay-out 
 
Orthotropic properties are used for the core and the face skins, but it is only important 
for the core because the strength ratio is almost a factor of two, as is the modulus of 
elasticity. The weak direction for core strength is always critical for these analyses.  As 
can be seen in the typical plots of load vs. deflection of Figure 3, failure of the first 
constituent does not necessarily produce total failure. The internal load redistributes to 
the alternate load paths, until they too fail as the load increases. The method used here 
claims that first failure defines the allowable load. It is therefore conservative, compared 
to the test failure value. 
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Loads and Constraints 
 
The 1.5 inch diameter cylinder is supported in all directions as shown in Figure 15, 
where the red triangle symbols represent constrained degrees of freedom. The tension 
load is applied as a circular distribution at the bottom of the bolt hole, simulating the nut 
contact circle. The in-plane shear load is applied on a semi-circle of nodes at the top of 
the insert. The two loads are applied as separate load conditions, like the test cases 
they represent. A 200 pound load level was arbitrarily selected for the evaluation.  This 
load is scaled to the lowest value required to achieve material failure in any of the 
constituents. 
 

 
 
    Figure 15   Loads and Constraints 
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Resulting Model Configurations 
 
The configurations of the analysis models constructed with the process described above 
is shown in figure 16. The shapes of the inserts and the assumed potting enclosure are 
clearly visible. 
 

 
 
   Figure 16  Model Configurations
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Detail  Results for NAS1836-3-16 Insert 
 
The deformed shape of any Finite Element Model should be examined for anomalies. 
Figures 17 and 18 show these shapes are reasonable.  

 
  Figure 17   Typical Tension Load deformed shape 
 

 
  Figure 18  Typical Shear Load deformed shape
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LISA allows selection of output file format. This feature was used to prepare segregated 
element files representing the different constiuents (aka ñcomponentsò in LISA). These 
were were imported into Excel spreadsheets for evaluation simply by cut-and-paste 
(Figure 19). The maximum and minimum values of selected internal stresses were 
examined (Figure 20) and compared to the allowables. Then the location of the critical 
element was determined to gain insight to the predicted failure. The procedure is 
detailed below: 
 
1)  Scan stress analysis results 
 

 
 
              Figure 19  LISA Results Imported to Excel Spreadsheet 
 
2)  Examine the Maximums an Minimums 

 
 

 
                                       Figure 20   Max/Min Scans 
 
3)  Compare stresses to allowables 
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All Analyses were performed with an arbitrary Insert load of 200 lbs.  This load was 
scaled to the level of  the allowable for each load type and failure mode. 
 
The Tension load case results were as follows: 
  
Honeycomb Core allowables (TEKLAM data sheet, Figure 5)  
xy  = 112 psi  
yz  =  67 psi  
yy  = -267 psi, +230 psi  
The core is shear YZ critical (Figure 20) 
Allowable tension load =67/105.44 x 200 = 127 lbs ult  
 
Potting  allowables (DAPCO 3040 data sheet, Appendix D) 
Shear xy  = 2000 psi typical, .69 x 2000 =1380 psi estimated A basis allowable 
equivalent  
Compression  =  4000 psi typical, .69 x 4000 = 2760 psi,  A basis allowable equivalent  
Tension = 3500 typical, .69 x 3500 = 2415 psi, A Basis allowable equivalent  
The potting is shear YZ critical (Figure 20) 
Allowable shear  = (1380/508.92) x 200 lb = 542 lbs ult. (not critical)  
Compare the von Mises stress to the tension allowable 
Allowable shear load = 2415/1029.95 x 200 = 469 lb (less critical than core)  
 
 

 
 
         Figure 21    LISA Graphic Display of Fiberglass Skin Stress ï Tension Load 
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Fiberglass allowables (TEKLAM data sheet, Figure 5)  
Compression = 18673 psi (A Basis W direction)  
Use compression allowable 
The corresponding shear load to achieve the compression allowable in the fiberglass is 
(Using Figure 21): 
Allowable tension  load =  18763/8696 x 200 lbs = 432 lbs (not as critical as the core) 
 
 
Similarly, the shear load condition internal stresses were compared to the allowables: 
 
For the honeycomb core 

 
 
Honeycomb Core allowables (TEKLAM data sheet) 
xy  = 112 psi 
yz  =  67 psi 
yy  = 267 psi 
Stress XY critical 
Allowable shear  =112/17.41 x 200 = 1287 lbs ult (not critical) 
 
  
For the potting compound 

 
 


