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Introduction

Aircraft interior details often require attachment of brackets for equipment and

furnishingss. Honeycomb panel face skins are very

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
Ib/ft3, 1/ 8Nomer lohelycomb 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
evaluationt o publ i sh f AvalueB.dlseimeaniagtofthésrisghiattat least 99%
of the population of material strength
with 95% confidence.
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Strenqgth 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.
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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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- ey Further cross-sections:
Insert Pull-Out (type NAS 1833) Insert Pull-Out (type NAS 1835) -Eg
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500 Piag 200 =
0 0
1] 2 4 0 2 4 [
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Rupture of potting mass I | Debonding

Figure 3 lllustration of Typical Test Results (Reference 5)

Core shear failure

local fiber breaking

skin delamination skin/core debonding

core shear buckling

core crushing

potting failure in shear potting failure in compression

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 AAO0O Basi s gqystarljdint sfwengths Howvdver, over al
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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FAA APPROVED
3D TEKLAM P/N NP2G1-02-1000 (N510)
Product Data Sheet

« FACINGS: 2-PLY PHENOLIC/7781 FIBERGLASS PER FAR 25.853, AMS-C-9084

+« CORE: 1/8 (3.0) NOMEX® HONEYCOMB PER AMS-C-81986

« PANELS MANUFACTURED PER TEKLAM PROCESS SPECIFICATION TPS-CN-500

‘A’ and 'B'
per TEKLAM Test Plan

PROPERTY TEST METHOD UNIT VALUE
B ‘A
Mean Basis Basis
Thickness ASTM C366 inch 1.000
Weight ASTM C29 Ibs/sq ft .70
Long Beam Flexural (L’ Direction) AMS-STD-401
Bending Moment inbs/in 526 477 442
Facing Stress psi 29,810 27,011 25,046
Deflection @ 100 Ibs. inch 0.099
Long Beam Flexural (W Direction) AMS-STD-401
Bending Moment in-bs/in 377 350 331
Facing Stress psi 21,287 19,751 18,673
Deflection @ 100 Ibs. inch 0.105
Short Beam Core Shear (L' Dir.) AMS-STD-401 psi 127 119 112
Short Beam Core Shear (W' Dir.) AMS-STD-401 psi 76 7" 67
Climbing Drum Peel ASTM D1781-76 indbs/3" 24
width
Flatwise Compression AMS-STD-401 psi 310 284 267
Insert Pull-Out (Tension) TPS-SF-2000, Type Il, Rev. B
NAS-1832-3-7 (Blind) Ibs 375 269 194
NAS-1834-3-1000 (Through) Ibs 434 352 295
NAS-1836-3-16 (Blind) Ibs 338 250 188
Insert Shear TPS-SF-2000, Type Il, Rev. B
NAS-1832-3-7 (Blind) Ibs 574 438 343
NAS-1834-3-1000 (Through) Ibs 670 560 483
NAS-1836-3-16 (Blind) Ibs 573 459 379

R S S S C—— S— |

basis design allowable data FAA-approved
TTP-1005 under FAA Project No. ST7145LA-T 3-22-00

Flammability - 60-Second Vertical FAR 25.853, Partl Pass
OSU Heat Release FAR 25.853, PartIv Pass
NBS Smoke Emission FAR 25.853, PartVv Pass

* STANDARD PANEL SIZES: 48" X 98", 48" X 144", OTHER SIZES AVAILABLE.
e STANDARD DIMENSIONAL TOLERANCES: WIDTH AND LENGTH: +/- 1/2"; THICKNESS: +/-0.010".
e FLATNESS: MAX. DEVIATION, DELTA, INS.= (LxL) x .004/T, WHERE L=LENGTH IN FT, T=THICKNESS IN INS.

REV. NOV. 2005

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
esti mated AAO Basi s equi valiens The chielsassongption onser v
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 measuring3.064st andar d devi at.
The 3.064 factor is the one sided tolerance factor associated with 99% probability at

95% confidence for a 30 specimen test program. S o ,

Mean i (3.064 x .10 x Mean) = .69 x Mean.

The constituent strengths to be used for analysis are then:

ons i s

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)

e nevalsg h

t Basis égéivalent is the

Additional comparison for the validity of the potting compound strength properties can
be seen by comparing values from Reference 4, Table 1.2.8.

The basic properties of a typical

sidered here are (at room temperature):

resin compound (Lekutherm X227) con-

Density ¥ 0.6 - 0.7 kg/dm’

R
Tensile strength % crit 14 N/mm? 2030 psi
Compressive strenth Op 36 N/mm? 5220 psi
Shear strength R crit 10 N/mm? 1450 psi
Tensile modulus ER 2300 N/mm? 333500 psi
Temperature resistance up to 100 °C

Table 1.2.8: Potting Material Properties

Figure 6 Potting Material Property Comparison (from Reference 3)

t

0

ac
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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.

Potting diameter, A+cell size
=A+. 1250

Depth of potting is insert length, L, + cell size Insert flange diameter, A
= L+.1250 ~ ’
SKIN
INSERT
HONEYCOMB

POTTING

=7— ,/_ COMPOUND
QH |

MS ECTION m Potting diameter, A+cell size

=A+. 1250

Figure 7 Typical configuration



J. Black
31 Aug 2015

Analysis Methods Report

Honeycomb Panel Insert Strength

Page 11

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.

Material Properties [Core) &

Geometric| Mechanical | Thermal | Fluid | Electromagnetic

1 Anisotropic 3D

Young's modulus

) Isotropic
1 100 Ly 0.05
@ Orthotropic
v 20000 YW 0.05
W 100 WU 0.05

Shear modulus

v 6000 il
vy 3500 v
w100 W
Density 0.001736

Foisson's ratio

Thermal expansion coefficient

Close

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

Beam supported at both ends
Two equal concentrated loads, equally spaced from ends
P P
l“' 0.4 R=V=P
Moo = Pa
R, k8 L ,‘R When x < a M. =Px
) lead Pa
: s At ter, Qmer = - 2
o 8 : o UEI el
—r: uuﬂ”-\!— Whenx<a A= %(31.- 3a? - x?)
‘ sheor T When x > a Pa > — 1is
E E btltl((L-a)A'=6—[.;|(3Ll-3' - a‘)
- i Al Pa
] . ‘ . =
: 5 B 2E1
moment |

Figure 10 AMS-STD-401 Relevant Beam Formula

Where:

L=s=20inch,a=s/4=5inch, P =100 lbs, W=3inch,h=1,¢c=.96
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The area moment of inertia, | is calculated, | =W x ¢ x (h-c)*= 3 x .02 x (1-.02)? =

.05762 in*

E = 1/Dinax X (P x @)/(24 x ) X (3 X L?T 4 x @%) = DnaxX (100 X 5)/ (24 x .05762) x (3 x 20?

i 4x5%

E = 1/Dinax X 397720

Dimax for L direction flexure is .099 inch, E, = 397720/.099 = 4.02 x 10° psi
Diax fOr W direction flexure is .105 inch, Ey = 397720/.105 = 3.79 x 10° psi

Material Properties (fiberglass)

Geometric | Mechanical | Thermal | Fluid | Electromagnetic

Young's modulus
] 4020000

() Isotropic

(@ Crthotropic
v 3780000

W
LA

() Laminate Shear modulus
Uy 634000
vy 634000

WU 534000

Density 0.0664

Foisson's ratio

Uy 014

Vv

WU

Thermal expansion coefficient
]

v

T
Ll

Close

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.

Material Properties (potting) “ ﬁ

Geometric | Mechanical | Thermal | Fluid | Electromagnetic |
_ ! 333500
@ Isotropic Young's modulus
©) Orthatropic Poisson's ratio 0.3
Density 0.023
() Anisotropic 3D Thermal expansion coefficient

Speed of sound

Close

Figure 12 Potting Compound Elastic Properti_es

The generic steel insert elastic properties are as follows:

Mazterial Properties (Steel) &
Geometric| Mechanical |Thermal | Fluid | Electromagnetic
_ " 29000000
@ Isatropic Young's modulus
©) Orthotropic Poisson’s ratio 032
Density 0.28
() Anisotropic 3D Thermal expansion coefficient

Speed of sound

Close

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 % 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.

Potting

Insert \ / B

~ - A

—
o

Nomex Core

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.

- NAS1B36-3-16 Insert

.

'A

Figure 16 Model Configurations

.
: 3

NAS1836-3-7 Insert
.
II o

NAS1836-3-1000 Insert
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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.
Displacement Magnitude ﬂ W

0.006698
- 0.006361
- 0.006026
- 0.005891

0.005357
0.00s0z22
0.004687
0.004352
0.004017
0.003683
0.003348
0.003013
0.002678
0.002343
0.00z2009
0.001674
0.001339
0.001004
0.00066%6
0.0003348
u]

Figure 17 Typical Tension Load deformed shape

Digplacement Magnitude ﬂ 7
0.0009359

- 0.oo008a91

- 0.o008423

- 0.0007955

.0007487
.0007019
.0006552
.0006054
.0005616
.0005148
.000468

.0004212
.0003744
.0003276
.000z2a08
.000z234

.0001872
.0001404
.359E-05
.68E-05

O oo oo oo oo ooooooo

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 (a k aomifonentso

i n). Théss A

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

1 |Element Local node Stress XX StressYY StressZZ Stress XY Stress¥Z StressZ¥ Prin Strs 1
2 1 1 0.718443 15.51156 0.167199 -12.522 -28.6307 0.045296 40.063606
3 1 2 0.7530089 15.82047 0.136399 -12.7085 -29.039 0.032221 40.68297
4 1 3 0.00749 0.079663 0.095332 -15.1997 -33.0902 0.020736 36.3019
5 1 4  0.01127 0.1191 0.127992 -15.0122 -32.6819 0.030089 36,0897
i} 1 5 0.781251 16.15562 0.142443 -8.61476 -31.7846 0.156615 42.08746
7 1 6 0.796108 16.30295 0.117628 -8.80175 -32.194  0.11288 42.59357
8 1 7 0.039773 0401826 0.081578 -16.047 -34.9348 0.079536 38.71257
9 1 8 0.,055794 0.563434 0.109876 -15.8591 -34.5257 0.111241 38.36853
Figure 19 LISA Results Imported to Excel Spreadsheet
2) Examine the Maximums an Minimums
Core 5tress
Stress XX |StressYY [Stress fZ [Stress XY [Stress Y |Prin Strs 1
Max 12.56 252.13 0.63 145.86 10544 291.35
Mlin -3.82 -70.23 -1.25( -145.80| -105.44 8,24
Potting Stress
Stress XX |5tress YY (Stress ZZ (Stress XY [StressYZ |StressZX |von Mises  |PrinStrs 1
max 202.65 54388 208.51 45408 S08.92 49.65 1029.95 643.23
min| -469.08| -B37.87| -302.29 -454,08| -508.92 -49,92 25.97 -224.27

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 Ibs. 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 |bs 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 Ib = 542 Ibs ult. (not critical)

Compare the von Mises stress to the tension allowable

Allowable shear load = 2415/1029.95 x 200 = 469 Ib (less critical than core)

Principal Stress 1. Upper Surface @ﬁ w
8696
- 8099
- 7502
6505
6309
5712
5115
4518
3921
3324
2728
2131
1534
937.1
340.3
-256.5
-B853.3
-1450
-2047
-2644
-3241

t

"

Figure 21 LISA Graphic Display of Fiberglass Skin Stress i Tension Load
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Honeycomb Panel Insert Strength

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 Ibs (not as critical as the core)

Similarly, the shear load condition internal stresses were compared to the allowables:

For the honeycomb core

Stress XX |Stress YY |Stress Z7 |Stress XY |Stress YZ |Stress ZX [von Mises
0.86 20.27 0.11 11.07 450 0.57 34.54
-1.00 -23.56 -0.13 -17.41 -5.75 -0.59 0.05

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 Ibs ult (not critical)

For the potting compound



