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A part of the FAA Joint Advanced Materials & Structures Center of Excellence

Motivation and Key Issues:

In-service bond failures between composite facesheets and
honeycomb cores in sandwich structures have been reported:

Boeing 747 upper Airbus A-310 Rudder
skin disbonds Failure

\ approx. 24" x 60"
upper skin disbond
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Motivation and Key Issues:

* Core-to-skin disbond initiation and growth are thought to
occur due to combination of factors:

* Water ingression into core volume, followed by freeze-
thaw cycles....water ingression may occur due to:

. Wickingbof}iquid_ou_s water through fa%eshe t microcracks,
along fiber/matrix interfaces, and/or through improper design
of edge closeouts

* Diffusion of water malecules through (otherwise undamaged)
facesheets, resulting in increased core humidity levels

* Pressure differences between inside and outside of

unvented honeycomb cores (Ground-Air-Ground or
‘GAG’ pressure cycles)
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* Mark Tuttle

Students
* Current: Rohith Jayaram

 Past Participants: Hrishikesh (“Rishi”) Pathak, Anirudh Ashok, Andrew King, Ritika
Singh, Karen Harban, Balakumaran (“Bala”) Gopalarethinam, Will Smoot, Sun Lin
“Jason” Tien, Shuyu “Frank” Xia
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* Lynn Pham, Zhi-Ming Chen
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Bill Avery, Hamid Razi, and Adam Sawicki/The Boeing Company
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Kevin Marshall/Hexcel Corporation

Shreeram Raj/Solvay Composites

Study Initiated in September 2015
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. Task 1: Measure humidity increase in sandwich core volume due to
dlffu5|on and compare with FE predictions

12.7mm thick 48 kg m—3 Nomex core
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Increase in RH% for panel with 8-ply facesheet
caused by exposure to 65°C and 90%RH
(B. Gopalarethinam and M. Tuttle, ASC Conf, Seattle, Sept 2018)
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* Task 2: Measure critical strain energy release rate (G,) using SCB specimens
subjected to elevated humidity and thermal cycling

——Specimen 1=—Specimen 2 —— Specimen 1——Specimen 2
['-OI'CE'. F —Specimen 3——Specimen 4 ——Specimen 3——Specimen 4
600
T 500
B Bpmin 400
l ! ! Z 300 | |
o 4 T
N X L1 = 100 1
I :
1—-]1— dn L L * 0 : T . )
Liinge \ [A -100 lé; 5 10 15 20 20
3 L i P! Displacement [mm] Displacement [mm]
i (a) Measurements for 8-ply as-produced specs with (b) Measurements for 8-ply as-produced specs with
"’"""‘r"'"""""""'"""{""rﬁ-‘f‘r""”(‘(ﬁ-‘(fjﬂ””"""':’"f”’W’f"ﬂﬂ‘q’?’?ﬂwfm”ﬁﬁ;JT i Nomex 48 kg/m* honeycomb core, 12.7 mm thick Nomex 48 kg/m* honeycomb core, 25 mm thick
Core Facesheets . —— Specimen 1—>Specimen 2 ——Specimen 1——Specimen 2
——Specimen 3——Specimen 4 ——Specimen 3——Specimen 4
800 400
600 300
Z 400 Z 200
o ]
B 200 g 100
0 ! . 0 T |
oo 10 30 100 A 10 15
Displacement [mm)] Displacement [mm]
(c) Measurements for 8-ply as-produced specs with (d) Measurements for 8-ply as-produced specs with
Nomex 128 kg/m? honeycomb core, 12.7 mm thick Kevlar 48 kg/m* honeycomb core, 12.7 mm thick

96 SCB tests performed using various facesheet/core combinations,
all at room temperature (Rishi Pathak, Anirudh Ashok,
Andrew King, Ritika Singh, Karen Harban, Shuyu “Frank” Xia)
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* Task 3: Develop an experimental setup to simulate ground-air-ground (GAG)
pressure cycles, which can be used to study delamination growth due to pressure
cycles in the lab

Final Climb \ n {'—\/—3\'\7 3:,:” Qf—ﬂ\;\—i;:b
Cruise + Maneuvers
Climb Accel. 2 /‘ { AR (A)
Ground-Air-Ground Pressurization Cycle: @/ %
GROUND (G) Loty ml: 7\?’ (
* Take Off \ vV
. A L N S
* Cruise + Maneuvers L s atiR S a5 " Tk
Y Lan d in g Engi ner—F; un Up Toke OFf Run LiftOff
\Z\.\ Afj 2\\ Af_j GAG Cycle
=L ! ;“ Q¥;\‘.
- - YV~
Cruise + Maneuvers Initial Descent ,"".,:"‘/\ {\ \\
AR (A) T
P GROUND (G)

=
y r\\\ =
v,:" (\\, .
................................. & o Znme
3
Landing/Re eseTh ust




A Center of Excellence

AMJ.-AS Laboratory Simulation of Ground-Air-Ground

Tonpor oS Pressurization of Sandwich Panels
* External Pressure decreases from 14.7 psi at - Initial configuration at ground elevation
ground level to 2 psi at cruise altitude
(~36000ft) Disbond between - [od=PH
facesheet and core Facesheet Core
Pol |

* External Pressure increases from 2 psi to 14.7
psi during descent of aircraft.

* Pressure difference between inside and

outside of unvented sandwich structures + Deformed configuration at cruising altitude
* Caused by alternating changes in Cavity created by bulging of
disbonded secti -
external pressure and temperature sbondedse®  po2  [PozEER

* Results in significant deformations and
core volume increase

Chen, Z. M., R. Krueger, and M. Rinker. 2015. “Face Sheet/Core Disbond Growth in Honeycomb Sandwich Panels Subjected to Ground-Air-Ground Pressurization and In-Plane Loading,” presented at the National Agency for Finite Element
Methods and Standards World Congress 2015, June 21-June 24, 2015.
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* GAG Specimens

Facesheet

Teflon insert and pressure sensor
embedded in core
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* GAG Specimens
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Monitor Surface
Using DIC

Transparent
Plexiglass

iy

Vacuum Box
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* Modifications of test setup as experience gained:

* Increased thickness of transparent plexiglass plate from 0.5 in to 2 in,
to minimize optical distortions due to plate deflection
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* Modifications of test setup as experience gained:

* Added Nomex fitting to GAG specimen aluminum frame, to eliminate
pressure loss from core volume
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* Modifications of test setup as experience gained:

* Adjusted camera angles used in 3D DIC measurements to improve
accuracies —
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* Modifications of test setup as experience gained:

* Increased thickness of backside (non-delaminated) facesheet, such that
distortions due to pressure differential occurs primarily on delaminated side

Cavity created by bulging of
disbonded section
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Facesheet/core combinations tested to date:

Component Description Product Designation

Carbon/Epoxy plane woven prepreg

Cytec (Solvay) Facesheet

Three-ply: [0/45/0]; panels T300/970 3k PW

Facesheet Panels

Four-ply: [0/90]

Eight-ply: [0/45/90/45]¢

Core Material Nomex 48 kg/m?3 honeycomb core, Hexcel HRH-10-3-1inch
25.4 mm thick (3 Ib/ft3; 1.0 in thick)
Adhesive Thin film adhesive 3M Scotch-Weld AF 163-
2k
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Typical Measurements for Panel w/3-ply facesheets

W [rom]
168875
156813
1.32687
1.20625
1.08562
)
0.565
0844375
0.72375
0.603125
0.4825
0.24125
012
0

A part of the FAA Joint Materials & Center of

External pressure = 14.7 psi External pressure = 14 psi
Core pressure = 14.7 psi Core pressure = 14.65 psi

120625
108562

. 0.965
o8w37s
072375
0.5
0361875
029125
0.120625
0

External pressure = 8.5 psi External pressure = 4.3 psi External pressure = 2 psi
Core pressure = 14.56 psi Core pressure = 14.50 psi Core pressure = 14.45 psi

External pressure = 10.2 psi
Core pressure = 14.61 psi
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3 Plies Facesheet GAG Specimen — [0/45/0];: (15t Run)

W [mm] W [mm] W [mm]
1.93 2.31825 1.81
1.80937 2.17336 I 1.697
1.68875 2.02847 1.584
1.56813 1.88358 M 1471
— 1.4475 1.73869 H 1.358
1.32687 1.5938 H 1045
1.20625 1.44891 H 113
1.08562 130402 H 1019
0.965 1.15912 H 0.906
0.844375 1.01423 M 0.793
0.72375 0.869344 = 0.68
0.603125 0.724453 0.567
0.4825 0.579562 0.454
0.361875 0.434672 0.341
0.24125 0.289781 0.228
0.120625 0.144891 0.115
0 0 0.002

Before starting the vacuum pump After pressurization After depressurization
Pressure in Vacuum Box = 14.67 psi Pressure in Vacuum Box = 1.99 psi Pressure in Vacuum Box = 14.66 psi
Pressure in specimen core = 14.68 psi Pressure in specimen core = 14.44 psi Pressure in specimen core = 14.65 psi

Max W(mm) = 2.318mm
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3 Plies Facesheet GAG Specimen — [0/45/0];: (15t Run to 50t Run)

3-ply Face sheet Sandwich Panel

Cycle Out-of-Plane Displacement E
”W(mm)” 2 —— 1st Cycle
1st cycle 2.31825 % ot ey
10th cycle 2.45095 2
20t cycle 2.42351 3 20th Cycle
30t cycle 2.3788 2 30th Cycle
40t cycle 2.46649 3 —— 40th Cycle
50t cycle 2.42939 O‘é o —— 50th Cycle

Length of the Specimen (inch)

21
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4 Plies Facesheet GAG Specimen — [0/90]: (1%t Run)

W [mm] i i W [mm] i n W [mm]

1.25 1.40211
I 1.17188 1.31448 1.17188
1.09375

1.22685 1.09375

1.01562 1.13921 1.01562

1.05158 0.9375
0.963951 0.859375
0.876318 0.78125
0.788687 0.703125
0.701055 0.625

0.613423 0.546875

N S ) N I |
T T T T [ T [ o
&

0.525791 0.46875

0.438159 0.390625

0.350527 0.3125

0.262896 0.234375
0.15625 0.175264 0.15625

0.078125 0.0876319 0.078125

0 0 0

Before starting the vacuum pump After pressurization After depressurization
Pressure in Vacuum Box = 14.67 psi Pressure in Vacuum Box = 2.01 psi Pressure in Vacuum Box = 14.66 psi
Pressure in specimen core = 14.69 psi Pressure in specimen core = 14.51 psi Pressure in specimen core = 14.67 psi

Max W(mm) = 1.402mm
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4 Plies Facesheet GAG Specimen — [0/90]s: (15t Run to 50t" Run)

4-ply Face sheet Sandwich Panel

Cycle Out-of-Plane g "
Displacement “W(mm)” z
1st cycle 1.40211 ‘qt:'j ——1st Cycle

10th cycle 1.40727 § 10th Cycle
20t cycle 1.38378 & 20th Cycle
30t cycle 1.3966 2 30th Cycle
40t cycle 1.39539 3 —40th Cyce
= ——— 50th Cycle

50t cycle 1.41601 3

Length of the Specimen (inch)

23
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8 Plies Facesheet GAG Specimen —[0/45/90/45];: (15t Run)

W [mm] W [mm]

0.4 0.427182
0.375 ' 0.400483
0.35 0.373784
0.325 0.347085

0.3 0.320386
0.275 0.293688
0.25 0.266989
0.225 0.24029

0.2 0.213591

I N |
3
3,

[ | |

0.175 0.186892

\

0.15 0.160193

0.125 0.133494
0.1 0.106795
0.075 0.0800966|
0.05 0.0533977]

0.025 0.0266989|

0 0

Before starting the vacuum pump After pressurization After depressurization
Pressure in Vacuum Box = 14.68 psi Pressure in Vacuum Box = 1.98 psi Pressure in Vacuum Box = 14.66 psi
Pressure in specimen core = 14.69 psi Pressure in specimen core = 14.57 psi Pressure in specimen core = 14.68 psi

Max W(mm) = 0.427mm
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8 Plies Facesheet GAG Specimen — [0/45/90/45]s: (15t Run to 50t" Run)

8-ply Face sheet Sandwich Panel

Cycle Out-of-Plane =
Displacement “W(mm)” £E
15t cycle 0.427182 Z oy

10t cycle 0.430486 z 10th Cycle
20t cycle 0.440891 2 20th Cycle
30" cycle 0.43814 F 30th Cycle
40th cycle 0.444714 5 —40th Cycle
2 ——— 50th Cycle

50t cycle 0.446042 3

-6 4 2 0 2 4 6

Length of the Specimen (inch)

25
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Comparison of 3 plies, 4 plies and 8 plies facesheet

Comparison of Bulge for the Face Sheets

2.5

—— 1st cycle
3ply Face
Sheet
1st cycle
4ply Face
Sheet

1st cycle

' 8ply Face
Sheet
1

3

Out-of-Plane Displacement, W (mm)

0

-5 -3 -1
Length of the Specimen (inch)

5

26
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Summary of Current Status

* Ground-Air-Ground pressurization has been successfully
replicated in the lab; specimens were subjected to external
pressures decreasing from 14.7 psi to 2 psi and subsequently
increased back to 14.7 psi.

* As expected, out-of-plane displacements due to pressure
differentials decrease as facesheet thickness is increased

* Preliminary fatigue tests performed “manually” for 50
cycles...slight increases in displacement observed after ~ 40
cycles



A Center of Excellence

AM S Laboratory Simulation of Ground-Air-Ground
K g Pressurization of Sandwich Panels

Transport Aircraft Structures
Materials & Center of

oint

Work Planned for 2018-19

* Modify pressure system to allow automated GAG cycles.

* Conduct experiments for higher number of cycles/runs
(e.g., 10k cycles)

e Conduct experiments using different combinations of core
densities and facesheet thickness.

* Introduce thermal chamber to allow tests at -50°C

* Perform FEA modeling
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Thank You!

Questions, Comments, Suggestions?




