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Patinya Kumsantia 2010: An Experimental and Numerical Study of Metallic Insert in
Sandwich Structures under Pull-out Test. Master of Engineering (Aerospace Engineering),
Major Field: Aerospace Engineering, Department of Aerospace Engineering. Thesis

Advisor: Assistant Professor Phacharaporn Bunyawanichakul, Ph.D. 69 pages.

The purpose of this research is to study the pull-out strength of metallic insert in
composite sandwich structures. This type of insert is widely used in the attachment for
helicopter skin which is commonly composed of Nomex honeycomb core and carbon epoxy
composite face skins. In general, the molded-in insert is used because of its ability to bond the
insert, core and face skins into one rigid unit. Three types of insert form were numerically
studied : through-the-thickness insert, non through-the-thickness insert and through-the-
thickness insert with head. The results from finite element modeling have shown that the insert
with head has lowest local stress comparing to the other insert types. The experimental study of
metallic insert under pull-out test have shown that the failure initially occurred by buckling,
folding and wrinkling of the honeycomb cell wall attributed to a transverse shear failure
adjacent to the potting mass. However, the whole structures are still attached together and resist
the load by the intact components. The last failure is the interfacial failure of potting/lower face
skin and followed by a rapid rip of the honeycomb core attributed to a tension failure at the
ultimate load. These failure mechanisms are investigated by specific test of each components
and implemented into the finite element modeling. Good agreement with the experiment is

observed by a slightly different of ultimate load about 3%.
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Key: Aluminium - 3003/ACG; 5052; 5056
Nomex - HRH10; HRH7S;
Fibreglass - HRP
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Solid beam (Alloy 2024) Sandwich beam (Nomex®)
Flexural rigidity 1.0 90.7500
Deflection from bending moment 1.0 (L) 0.0129, (W) 0.0110
Weight 1.0 1.0889

1301: Hexcel Composites (2000)
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l31: Shur-Lok Corporation (1981)
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Ultimate loads at failure

Tension test

Shear test Torque-out test
No undercut Undercut
4.87 kN 2.92 kN 5.14kN 9.60 N°'m
4.83 kN 3.25kN 5.56 kN 8.47 N°'m
5.32 kN 3.22 kN 5.20 kN 9.04 N°'m

Installed weights: No undercut 8.87 gr., Undercut 13.77 gr.

1301: Shur-lok corporation. (1981)
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1. IﬂiﬂﬁiN !!ﬁ%3@’@@’11451]@19]3!8’51?161]!9]95

1 Rotor Blades 6 Engine/Body Fairings and 8 Main and Cargo Doors
Prepregs/carbon/glass honeycombs.  Access Panels Epoxy carbon/glass prepreg,
Machined cores. Redux® adhesives Epoxy/BMI glass/carbon/aramid HexwWeb® honeycomb and
HexPly®/HexWeb® HRH-10 prepregs. Special Process, Redux® adhesive
detail kitting HexWeb® honeycombs.

2 Rotor Hub 7 Fuselage
Carbon epoxy prepregs Carbon and glass prepregs.

HexWeb® honeycomb
3 Glazing Bars
Epoxy carbon/glass prepregs

4 Flooring
Fibrelam® panels

5 Seats and Interior Fittings
Glass prepregsi/fabricated

panel material 10 Horizontal Stabilisers

Epoxy glass/carbon/aramid
prepregs. HexWeb® honeycombs

11 Fuselage Panels
Epoxy carbon/glass prepreg,
HexWeb® honeycomb and
Redux® adhesives

9 Boom and Tail Section
Epoxy carbon/glass prepreg,
HexWeb® honeycomb and Redux” This drawing is generic, to allow the maximum number of potential composite applications to be identified.
adhesive. Special Process The drawing is not intended to represent a specific helicopter.

H [ ) [ 1 1 a 4
M 11 deaisznevdmsudiuiliznouai veusanolines

301: Hexcel Composites (1998)
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Sandwich structure
Metallic insert |
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L. P Sandwich structure
Metallic insert
Cross section \ Resin Araldite AV121B l
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Screws for fixing with

testing machine
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! 260 mm Adjustable screws hole
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Radius of support 10 mm i(—)i
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_ _ T13 min. 20 min.
10 mm.
I 2 1.50 mimn.
______ v : o

le—! ! ! !

10 . P 10 mmn. N

’ 13 mm. ’

Top view Side View Front view

4 o 4
MmN 43 31 3 yuvesmaeaunsnilszinni 3

e All parts meshed with 8-node solid elements
with isotropic material model were used.
e Contact between all parts

e Specimen part is a MSC.Marc deformable

contact body, analytic definition. Potting

e Contact supported part is a MSC.Marc rigid
contact body, position controlled.
e Boundary conditions

® YZ-symmetry u =6 =6,=0

Insert
® XY - symmetry u,=6 =6 =0
Typel Type2 Type3

MUN 44 1UVT1A09 1 11U 4 LDVANLIAT 3 UA VUVUTIa0IRIToALNTNYTLANAINE

MmN 4 MmynguaniaFuduveridgae Nl¥dmiuiuuiaowwesiideaumsnlsznnaie

Part Young’s Modulus (MPa) Poisson’s ratio
insert 220000 0.3
potting 1312 0.3

nn: Bunyawanichakul (2005)
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LIRS W L TR T
Laser displacement sensor

SRR e ——

Precise optical measurement

1. UTM: Instron 4206

2. Yokogawa DL708E

3. Input force signal

4. Input displacement signal measured from machine

5. Input displacement signal measured from

laser sensor

' -
v 9#‘

o 4
Acquisition Data Processing (ADP)
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ort distance

Supp

H ] o [ I
ﬂTWﬁ 47 DTNATOUNITAA 3 N I ITUATULEURAIY
1311: Bunyawanichakul (2005)

1 @ < 1 Ia g 4
fﬂiﬂﬂﬂTTﬂJﬂﬁﬁﬂQTNLl"UQLLﬂiﬂ (G) VBN ULFUAIBTNINDILUUITS UV Qﬂi%}!ﬁﬂ

‘Vﬂf’hﬂﬁgﬂiiﬂﬁﬁ@ﬂﬂé}ﬂﬂﬁﬂﬂ15Tf’i\N’f)511’8)\1NﬁﬁLlﬂuﬁlﬂ!mﬂﬁWﬁﬂﬂﬁMﬂW@]i 2 1A 9619918 39

{ va A 9

a Jd a 1 4 1 a
Usznev lideedmudsiia 4 Tnua unuaeilowwewrurazununiiguanifFuduuo g
v Y Y
Taquaaalumsen 5 Taenganiwanudenousswiwnus WAINIgoLulsz Uy 12 145y
Y A ~ A o [] a P (=Y
NNANUAURDY (T, ) HAZANWATIARDU (5) VUA N UIVOUD DU UAN I UHANTENY
Yo NuIA UMz lutUUTIaeIaNLIng 2 U6 0613918 meldnisenssunaeanand

AUNT IN9IDVDINIAULNL LEAAITIHAZIDIARININA 48 - 50

Ms1ei 5 sngaauifguduveiagaen tlsdmsuuunsiasinsean 3 99

Part Young’s Modulus (MPa) Shear Modulus (MPa) Poisson’s ratio
skin 73100 - 0.33
core E=E=1, Ey= 94 G,=1, Gyz= 17, ny =26 v,=03, V,=V,, =002

nn: Bunyawanichakul (2005)
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® All parts meshed with 4-node solid elements

with isotropic material model for face skin and
. . Upper face skin

orthotropic for sandwich core were used. pper f

® Contact between all parts

® Specimen part is a MSC.Marc deformable

Y-Symmetry () Sandwich core

contact body, Analytic definition.
Selected element

® Contact supported part is a MSC.Marc rigid

contact body, position controlled for pin and > ) Lower face skin
Support distance/2 ‘

force/moment for punch.
® Boundary conditions

%2 Model of sandwich beam
® Y-symmetry u =0,=6,=0

Y o an Ia
ﬂTWﬁ 48 LUV 2 UA LUVUTUNIATUDINULYUAIY
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500 Ve
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0 &
0.00 0.50 1.00 1.50 2.00 2.50

Displacement (mm)
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Variation -G 1005905 805 70%  60%  50% 403% 20% 255 128%
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Load (N)
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Displacement (mm)
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Load measuring
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® All parts meshed with 8-node solid elements Upper face skin

with isotropic material model for insert and potting and
orthotropic for sandwich panel were used.
® Contact between all parts

® Specimen part is a MSC.Marc deformable

contact body, Analytic definition. 17
> Poy-
4 (l([,‘l s

® Contact supported part is a MSC.Marec rigid Insert

contact body, position controlled. Potting

® Boundary conditions

® YZ-symmetry u = ey ~0,-0 Lower face skin

® XY - symmetry uzzexze =0 1 . .
4 "4 Macro-scale model of insert pull-out in honeycomb

4 [ an @ A
ﬂTWﬁ 52 4uUUADY 1 Tu 4 wyvauuas 3ua summﬁ’ommiﬂTam“luimqﬁ%’mwum%

ms1ei 6 MInauanasuduvesiagan dlsdmiuuuusiassiadeaunsn lane lu

9 /A
Iﬂiﬂt’fiﬁucﬁ‘uﬂ]“}f
Part Young’s Modulus (MPa) Shear Modulus (MPa) Poisson’s ratio
insert 220000 > 0.3
potting 940 - 0.35
skin E = E = 52000, E= 5000 G_=32424, ny: GyZ =3500 v_=0.09, Vo=V, = 0.29
core E=E=1, E= 94 G =1, Gyz= 17, ny =26 v =03, V=V, =002

1311: Bunyawanichakul (2005)
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Radius of support
10 mm

6.35+000)
5.00+000)
3.65+000)
2.30+000)
9.49-001
-4.02-001
-1.75+000)
-3.10+000)
-4.45+000)

-5:80+000)
Zoine Txy critical

~-4.00 MPa

® 7.15+000)

-z -8.50+000)

Potting type 1 -9.85+000)
-1.12+001

-1.26+001
+ -1.39+001
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NN 53 msﬂizmﬂﬂmmﬁ’mﬁauuuizmmea@ia XY voussuras luuusaoslsznni 1

Radius of support 6 18+000
10 mm 4844000
Zone Z;y critical 350+000
~-5.40 MPa 216+000

~~~~~~~~ 5.18-001

-5.22-001
-1.86+000)
-3.20+000

Zone 'Z'xy critical -454+000)

~-420 MPa

-5.88+000)
----- -7.23+000)
-8.57+000)
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