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7-PIN INSERTION PROCESS

ADVANTAGES OF COMPOSITE MATERIALS:
+High strength-to-weight ratio
*Corrosion resistance

DISADVANTAGES OF COMPOSITE MATERIALS:
*relatively poor Inter-laminar properties
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Z-PINS, before Insertion, are kept in PREFORMS:

/ 2 sheets of double-density foams which support the pins
[ 1 | during the Insertion and them from buckling
L || under it load applied by ULTRASONIC HAMMER.
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ssusceptibility to damage - Ultrasonic vibrations of hammer head heats up the Z.
*inck of acceptable jolning methods PINS and prepreg assembly making the insertion easler.
*poor through-thickness thermal conductivity The ZPINS are pushed with the hammer head and, as

Most of these disadvantages can be solved by the application of Z-PINS:

Tiny, 5 - 20mm long, 0,25 - 2mm dismeter pins, made of various fbre-epoxy
5 or metals, ke Titanlum (there are no restrictions for size and material
used for ZPINS), which Inserted through the thickness of laminate hold the plles

nrmmmwmmmmmluuhw In order
to decrease the number of wasted Z Pins and to avold using

Insertion process. Z-Pins were manually lnserted in the holes mude In the
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quality and decrease the damage of the composl!

the foam collapses, they are driven Into the laminate.

ultrasonic
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15 also no need of preforms

¢+ EXPERIMENT
Two Z-Pin Insertion methods has been applied:

*Standard ULTRASONIC HAMMER INSTERTION
sManual Insertion of the Z-Fins into the perforated prepreg assembly
Unique TESTING RIG has been designed for Z PIN TESTS:

UNIVERSAL TESTING RIG
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3D FINITE ELEMENT model of the sngle Z PIN embedded In the
composite structure wis bulll. The model conslsts of three paris:

MESH

*PULL-OUT tests (MODE 1) SR
*SHEAR-OUT tests (MODE II), with opening force control *RESIN POCKET (resin-Mied eye-shaped space sround the Z-PIN)
*MIXED MODE tests (10°, 20%, 30° and 45%), with off-axis displacement control SSURROUNDING LAMINATE
MﬂwWﬁ&mWMOPmFORCE&DBPmT 1000 e t models (featiiHing Sz Simm plece of
OL during SHEAR-OUT tests. Springs of various thicknesses can be appiied to with 2 Z PIN In the middle) were analysed Clec e

survey &!Mdhuﬂk stiifness on the pull-oul/shear-out betaviour.
SPECIMENS TYPES Bricks of carbon-epoxy laminate, | Smm x

__ 15mm and 6mm thick, with a delam flim In
the middle of the thickness producing a
mu:lc In the laminate, contalning one or
four ZPINS Inserted Ihouyn the whole
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BOUNDARY CONDITIONS
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quarter part of the model was meshed. PULLOUT
FORCE was applied as a uniformly distributed
pressure over the top of the pin. According (o the

TASLISOTR! specimens obser of he real only the
PQUASE H1Ckyme ‘lmw‘pmolmenmel was held on the opposite
*SINGLE Z-Pin specimens surfuce of the modd.
*GROUF of 4 ZPINS specimens
{two different spacings: 1.75mm & 3.2mm)
e SES ANALYSED
M'Mmi:m e Two separate cases were modelled:
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L SINGLE & FOUR PIN

SPECIMENS mmmammmm

To understand the mechanics of the sliding phase the also the
performed:

*Direct contact between the Z PN and the LAMINATE
*LAYER OF RESIN between the 7 PIN and the LAMINATE

* STEADY STATE analysis was used to solve the stress and

mwmm-m straln fedd In the vicinity of the Z-PIN under the applied load.
sPINNING DEPTH tests (PULL-OUT & SHEAR-OUT)

Mpmotmzmw-ummmt shortening the Insertion

depth of the pin STEADY STATE ANALYSIS INSTEPS was used 1o

SPULL OUT SPEED tests (0.05mmv/min, 0.Smu/min, 5.0mm min)
=Repetitive PULL-OUT & PUSH-IN lesis
SPURE RESIN PULL-OUT tests

PINNING
DEPTH
INFLUENCE |

DESPLACE SENT

simulate the pull out process. The ENERGY RELEASE
+ RATE during the process was evaluated,
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Y STEADY STATE
Two phases of the PULL-OUT process could be Identified: PHASES OF PULL-OUT ’ ANALYSIS
CRACK PROPAGATION PHASE, when the fracture between. v AR .
the Z PIN and composite Is formed, and all the structure Is [up ||} N ET Typlcal DISPLACEMENT
tretched elastically 1 { l' : 1: :l i DISTRIBUTION over the moded
SLIDING PHASE, which when the crack reaches the Al ; CRACK
bottom of the Z-PIN, when the Z-PIN s actually pulled out of PROPAGATION
the composite. 1
‘The growth of the force during the F- |
PULL-OUT ENERGY sliding phiase Is possibly caused = o dstortion of the composiie = |~y
ighiness of the surfaces of the pins. the beginning phase of the pull-ont | {
Detalled miaroscoplc observations m process. Mized mode [racture 1
| revealed also 20° to 40° “twist” angle 0 visibie at the top of the moded. !
. of the Z-Pins (measured on 3mm c )
distance), -
PR ! =] STRAIN ENERGY
X () RELEASE RATE CURVE
aedt B  STHAM ENERGY HELEASE RATE I

During the SHEAR-OUT the following behaviour e - Straln energy release rate curves

o s b PHASES OF MIXED MODE " suggest stable character of the

= f the crack between Z-
LINEAR FORCE GROWTH, when the Is 5
elustically, is followed by the rapid DROP OF THE FORCE, S EEee e PIN and and composie or resn).
when the structure of the Z-PIN Is damaged, however without | I S RaeS
the Tracture. loose fibres of the Z-PIN, stll Pee |
abile to carry the load, cause the growth of the force until the e
total Z-PIN fracture, when the force drops rapldly to zero. |
- 3 DISPLACEMINT &

CONCLUSIONS
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The Z-PINS iderably i the | Tami i of WHAT'S LEFT TO INVESTIGATE T
ﬂnhnjnta.whklkmufﬂnmﬂnwnkmsmnrhminmh The deaailed descr r 2

1 descriplion and ma themmatical model of e PULL QLT and SITEAR-OUT
general. They have drawbacks too: proowsses,
*negative influence on in-plane properties of the laminate (fibre mmore sophisticated FE model of the singie 7 PIN with inferface clements for erads
waviness) propagation dmulstion
S t =Develkmnenl of U ool ing of ZPIN in

=problems with proper insertion




