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ABSTRACT

This paper is a study on the results of strength tests on single-lap joints used primarily in the aerospace industry,
based on a Hi-Lok fastener. Two popular structural materials used in the aerospace industry were considered in this
work. The test specimens were fabricated from the EN-AW 2024 T3 aluminium alloy and a carbon composite. It
was decided to use the Naftoseal MC780 type C adhesive as a sealant to form the required hermetic, air-tight lap
joints. In the definition of the joint type used, the results are presented for the tests of selected 2D and 3D surface
roughness parameters, with isometric imaging of the surfaces related to this analysis. Microscopic images acquired
at a magnification of x500 illustrate the surface quality. This work concludes with a discussion of the test results

and conclusions.
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INTRODUCTION

Every machine or piece of equipment com-
prises a certain number of parts or components
made from suitably selected materials. The parts
are interconnected using a number of methods. A
fixed connection is called a stationary joint, which
is characterised by the parts interacting as if they
were a single unit, which facilitates the produc-
tion of component assemblies having a complex
geometry. This in turn allows cheaper materials
to be used to build large-scale assemblies, with
more robust materials only being used where the
greatest loads occur. The fabrication of such as-
semblies reduces the weight of the final product, a
critical factor for the modern aerospace industry.

The second equally important type of connec-
tion is the moving joint, which can be classified
into two groups: active and passive. Passive joints
have one part that is stationary and does not trans-
mit any motive power, and only permits a specific

movement by the other part. Active joints form a
group of moving parts. In these joints the moment
is transmitted from one part of the joint to anoth-
er. Moving and stationary joints can also be clas-
sified by their fastening ability (permanent and
temporary), the nature of the forces (positive and
friction), and the type of connection fastener used.

Temporary joints include connections that al-
low parts to be connected and disconnected any
number of times without the failure of either part.
Permanent joints include those connections that
cannot be disconnected without a failure of some
parts of the joints or their fasteners.

Bonded joints have a cohesive bond, which is
present between the parts being joined. Bonded
joints can be made either with or without the use
of a thermal energy input. In both cases, the re-
sulting joint cannot be separated in a non-forcible
way. Bonded joints can also be classified into
three groups: fusion welded joints [1-3], pressure
welded joints [4,5], and brazed joints [6—8].
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Another group of permanent joints involves
adhesive joints [9-11], where the load is trans-
ferred through the forces of adhesion [12—14]. An
important consideration when analysing adhesive
joints is their strength and load-bearing capacity.
The strength of adhesive joints is considered by
classifying them into two types: static strength
and durability. Static strength is also known as
short-term strength, or instantaneous strength,
which ranges from a few seconds to a few dozen
seconds, and sufficient testing often includes com-
paring the properties between the adhesive joints
and to examine the factors contributing to the
static strength. An extremely important advantage
of adhesive joints used in the aerospace industry
is the sealing of the resulting joint structure.

Hi-Lok is a simple two-piece fastener de-
signed to achieve, in a single all-round system,
design features that meet many of today’s indus-
trial requirements, in particular those applicable
to the aerospace and marine sectors [15, 16]. An
advantage of this fastener is the constant torque
on each joined component. This is achieved
through the integrated functions of a mutually in-
teracting system. The adjustable breakoff groove
in the Hi-Lok self-locking collar ensures uniform
preload values by separating the torque-carrying
part of the nut from the remainder of the fastener
assembly, once the specified torque is achieved.
The controlled preload of each Hi-Lok assembly
in a structure significantly improves the fatigue
life of the joined parts.

The Hi-Lok fastener must not be overloaded.
This ensures that the flange is automatically shorn
off when the design torque is reached. This en-
sures and eliminates the need to check for fastener
torque. This system is highly efficient and reliable.

In many industries, structural joints are re-
quired to be airtight, as is the case in aerospace
applications. The broader concept of the oper-
ating (or in-service) safety of such structures is
crucial throughout the lifecycle of a machine. An
important step in the design and fabrication of a
lap joint using a sealant is proper substrate prepa-
ration. Important substrate preparation methods
for joining modern structural materials include
machining (grinding [17], burnishing [18-20],
brushing [21,22]), chemical [23], electrochemi-
cal [24], ozone treatment [25] and others. As a
rule, these processes are designed to develop the
surface texture.

The objective of this work was to benchmark
the strength of a (single) lap joint created using
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a Hi-Lok fastener. The testing in this work anal-
ysed the shear strength of specimens made from
the following: EN-AW 2024 T3 aluminium alloy,
a carbon composite, and hybrid specimens com-
prising a carbon composite with EN-AW 2024
T3, joined using a Hi-Lok fastener. Tests were
also carried out on specimens fabricated using the
MC780 type C adhesive, which was designed to
seal the structure.

EXPERIMENTAL PROCEDURE

The research plan was implemented based on
a strength analysis of single-lap joint specimens
made of aerospace structural materials. Test
specimens fabricated from the EN-AW 2024 T3
aluminium alloy and a carbon composite were
tested. The test specimen shown in Figure 1 is
a single-lap specimen joined using two Hi-Lok
fasteners. The dimensions of the specimens and
their individual components are also shown in
Figure 1.

Table 1 shows the different versions of
the joints fabricated with aerospace materials
(EN-AW 2024 T3 aluminium alloy and carbon
composite) together with the Naftoseal MC780
Class C adhesive used as the sealant.

Strength tests were carried out on the speci-
mens, both with and without the sealant. The EN-
AW 2024 T3 aluminium alloy used in this work
was a material with applications in the aerospace
industry. It contained a high copper content and
had good fatigue strength. It has been used in
components requiring a good strength-to-weight
ratio. To develop the surface of the specimens
made of the EN-AW 2024 T3 aluminium alloy,
a P320 grit machine tool was used. The carbon
composite (six layers of carbon fiber) used in this
work was fabricated in a heat and pressure (auto-
clave) process and is a structural material widely
used in the aerospace industry. The advantage of
carbon composites is their low weight, which is
why there is increasing interest by the industry
in this material as weight is critical in its appli-
cations. For the lap joint specimens, a Hi-Lok
HL20PB-5 fastener was used, with the length
specified for the stack produced (being the thick-
ness of the single-lap specimen), and the Hi-Lok
HL86PB-5 nut. Before the fabrication of the sin-
gle-lap specimens, the contact faces of the struc-
tural materials were cleaned twice with acetone
(by wiping and leaving to flash off).
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Fig. 1. Simplified schematics of the tested joint with a Hi-Lok fastener

Some of the specimens (versions V2, V4, and
V6) were made with the Naftoseal MC780 Class
C sealant, a two-component sealant intended for
fuel tanks and air-sealing of aircraft fuselages. It
was developed for the surface sealing of structures
and wet riveting. It has the advantage of resistance
to jet fuel and other chemicals used in the aero-
space industry. It can be applied to the surfaces of
materials like aluminium alloys, stainless steels,
titanium alloys and composite materials without
adversely affecting their strength. The test spec-
imens (V2, V4 and V6) were fabricated as fol-
lows: the joint material was degreased in the first
step of joining, followed by the hand application
of the sealant. The test specimens were positioned
with spring clips and left until the sealant had ful-
ly polymerised (cured). Next, the test specimens
were placed in a clamp and the Hi-Lok fasteners

Table 1. Joint specimen versions

were installed. The samples thus fabricated were
inspected for quality. The geometric dimensions
of the specimens, the position of the fasteners
(trueness of the holes made), the lap length, the
adhesion of the shank head and nut and the seal-
ant flash were checked, among other things. The
selected surface roughness parameters (2D and
3D) were tested and analysed with a roughness
and contour measurement station, a T8000 RC-
120400 from Hommel-Etamic. A 2 um radius
tip measuring probe was used for the tests.

Destructive testing was performed using a
Zwick/Roell Z150 strength testing machine. The
crosshead speed during the test was 2 mm/min,
which means a static test range. A minimum of 5
single-lap joint specimens were produced and de-
stroyed in each of the combinations shown (ver-
sions V1 to V6).

Variant Joint assembly
V1 Carbon composite — Carbon composite
V2 Carbon composite — MC-780 Class C sealant — Carbon composite
V3 Carbon composite — Al EN-AW 2024 T3 alloy
V4 Carbon composite — MC-780 Class C sealant — Al EN-AW 2024 T3 alloy
V5 Al EN-AW 2024 T3 alloy — Al EN-AW 2024 T3 alloy
V6 Al EN-AW 2024 T3 alloy — MC-780 Class C sealant — Al EN-AW 2024 T3 alloy
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A Keyence VHX-5000 microscope was also
used in further examinations to ensure the quality
of the specimens used and to image the surfaces
of the structural materials (EN-AW 2024 T3 alu-
minium alloy and the carbon composite).

RESULTS AND DISCUSSION

Based on tests using selected surface rough-
ness parameters and the analysis of the results,
a suitable level of surface texture development
was found for the carbon composite used. The
results for the selected 2D and 3D surface rough-
ness parameters are listed in Table 2. An adequate
level of surface development is a prerequisite for
the successful sealing of aerial structures. In this
case, no additional treatment was required to pro-
duce a surface profile.

Table 2 includes a photograph of the carbon
composite structure at a X500 magnification. The
tests on selected 2D surface roughness parame-
ters were performed for a minimum of eight test
runs, and the average values of the parameters are
shown on the roughness profile in the table. The
results of the 3D parameter measurements are

Table 2. Surface texture of the carbon composite

shown in an isometric image for the surface of
interest. As an analogy to the carbon composite,
Table 3 shows the results of tests on selected sur-
face roughness parameters for the EN-AW 2024
T3 aluminium alloy.

The surface of the EN-AW 2024 T3 alumin-
ium alloy was also characterised by an adequate
level of texture development. The 2D surface
roughness parameters studied included: Ra —
arithmetic mean of the roughness profile ordi-
nates; Rp — maximum peak height of the rough-
ness profile; Rv — maximum valley depth of the
roughness profile; and Rz — maximum height of
the roughness profile. The 3D roughness param-
eters studied included: Sa — arithmetic mean of
the 3D profile ordinates; Sp — maximum 3D pro-
file peak height; Sv — minimum 3D profile valley
depth; and Sz — maximum 3D profile height.

Figure 2 shows the variation of forces as a
function of elongation for the versions of inter-
est (V1 to V6). The force trends shown are an
example and are representative of their version
group (V1 to V6). The force trends were obtained
during the strength tests carried out on the Zwick/
Roell Z150 machine. The crosshead speed during
testing was 2 mm/min.
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Table 3. Surface texture of the EN-AW 2024 T3 aluminium alloy

Al EN-AW 2024 T3 alloy
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Based on the completed analysis, there is an
explicit grouping found in the force variation
trends. This applies to the following versions:
V1-V2, V3-V4 and V5-V6. In addition to the
obvious advantage of the sealant in sealing off
an aerospace structure, there was an increase in
the failure force of the single-lap joint (with the
sealant) and an increase in the elongation of the
test specimen. For the first group of versions (V1-
V2), a significant increase in specimen elongation
and the damping effect was observed in the speci-
mens which featured the sealant (MC780 type C
adhesive). The force trend plotted for V1 shows
a characteristic failure trend of the carbon com-
posite (the failure zone is the jagged plot line).
A similar nature for the trend plots was observed
for the second group of specimens (V3-V4),
with a clear point of failure in carbon compos-
ite specimen V3. A slightly different nature in the
force trends is represented by the third group of
specimens (V5-V6), in which the single-lap joint
specimen material was the EN-AW 2024 T3 alu-
minium alloy. Again, an increase in the failure
force of the single-lap joints specimens using the
MC780 type C sealant was observed, compared
to the specimens without the sealant. In addition,

a point of specimen bond separation — seal loss
of the structure — was found on the trend plot for
version V6. Identifying this point is particularly
important, especially in the aerospace industry.
After a further increase in the failure force of the
single-lap joint, the structure lost the seal.

Figure 3 shows the effect of the type of joint
fabricated (V1 to V6) on the force level achieved
during the strength tests.

Based on the results obtained, the highest
failure force in the strength tests was found for
the V6 test specimens, i.e. the specimens made of
the EN-AW 2024 T3 aluminium alloy and sealed
with the MC780 Class C adhesive.

In each group of test specimens (V1-V2,
V3-V4, V5-V6), the use of the sealant in the
single-lap joint resulted in a noticeable increase
in the failure force of the joint, so the sealant
does more than seal the structural joint. For the
first group of test specimens (V1-V2) made of
the carbon composite, a 12% increase in fail-
ure force was found for the specimens with the
sealant compared to the specimens without the
sealant. For the hybrid specimens (V3-V4),
a 15% increase in failure strength was found
for the specimens with the sealant compared

151



Advances in Science and Technology Research Journal 2022, 16(6), 147-155

18

16

0

III\

78
/)

|
v \ \\
| ////%/ﬁk \
4 W Il

Elongation [mm]

Fig. 2. Force variation trend vs. elongation for the versions tested

to those without the sealant. As a measure of
the scatter in the results, the standard deviation
values are shown in Figure 3. It is worth noting
these values, as they were relatively low for
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all the specimen types tested, which is indica-
tive of the repeatability of the single-lap joints.
Table 4 summarises the examples of failures in
the structural single-lap joints.

Maximum force [kN]

V1 V2 V3

Fig. 3. Fabricated joint type (V1 to V6) vs.
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Table 4. Failure examples of a structural material single-lap joint

Variant V1 Variant V2

Variant V4

Variant V5 Variant V6
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The images in Table 4 show all the sample
combinations analysed during this work. The
failure zones of the specimens are evident in
these images.

CONCLUSIONS

Based on all the work carried out, certain
general conclusions can be made. The surface of
the carbon composite does not require prepara-
tion for the adhesive bonding processes. The lev-
el of surface texture development was sufficient.
In all test specimens made with the MC780 Type
C adhesive as a sealant, an increase in the fail-
ure force of the single-lap joint was found, in
comparison to the specimens without this seal-
ant. The largest increase of 15% was found in
hybrid versions V3-V4 of the specimens tested.
Based on the tests, relatively small scatter values
of the test results around the mean value were
determined, which indicates a stable fabrication
process for single-lap joints. The analysis facili-
tated a statement about the grouping of the force
variation trends. This applies to these versions:
V1-V2, V3-V4 and V5-V6.
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