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Abstract: The aim of the work was to investigate the effect of thermal shocks on the load capacity of cylindrical adhesive
joints. The adhesive joints are made of ENAC-AISi7Mg0.3 aluminum alloy (sleeve) and glass-epoxy compositeEP405-GE (pivot).
The elements were joined together with the Araldite 2014 adhesive composition. The thicknesses of the adhesive layer were
0.025 mm, 0.075 mm or 0.125 mm. The adhesive joints were subjected to 0, 50, 100 or 150 cycles of temperature changes. The
maximum temperature was 60°C and the minimum temperature was -20°C. The results of the strength tests show that in the ac-
cepted range of variability of input factors, subjecting the joints to thermal shocks had a positive effect on their load capacity. The
highest values of load capacity were observed for joints with 0.125 mm or 0.075 mm thick adhesive layer, which were subjected
to 150 cycles of temperature changes. According to the results of the regression and correlation analysis, within the adopted
range of input factors variability, the number of cycles of temperature changes has a statistically significant influence on the load
capacity. It has been shown that the load capacity of adhesive joints increases with an increase in the number of cycles of tem-
perature changes. Student's t-test shows that statistically significant differences in the load capacity of adhesive joints subjected
to a different number of thermal shocks cycles occur in the case of variants: GO75L0 (adhesive layer thickness 0.075 mm, number
of cycles 0) and GO75L150 (adhesive layer thickness 0.075 mm, number of cycles 150) and variants: G125L0 adhesive layer
thickness 0.125 mm, number of cycles 0) and G125L150 (adhesive layer thickness 0.125 mm, number of cycles 150).

Key words: thermal shocks, cylindrical adhesive joints, aluminum alloy EN AC-AISi7-Mg0.3, glass-epoxy composite EP405-
GE

Streszczenie: Celem pracy byta ocena wptywu szokdw termicznych na no$nos¢ potgczen klejowych czopowych walco-
wych. Ztacza klejowe wykonano ze stopu aluminium ENAC-AISi7Mg0,3 (tuleja) oraz kompozytu szkto-epoksydowego EP405-GE
(czop). Elementy potgczono ze sobg za pomocg kompozycji klejowej Araldite 2014. Grubosci utworzonych spoin klejowych
wynosity 0,025 mm, 0,075 mm i 0,125 mm. Potaczenia klejowe poddano 0, 50, 100 lub 150 cyklom zmian temperatury. Tempe-
ratura maksymalna wynosita 60°C, a minimalna -20°C. Wyniki badan wytrzymato$ciowych wskazuja, ze w przyjetym zakresie
zmiennosci czynnikéw wejsciowych, poddawanie ztgczy szokom termicznym miato pozytywny wptyw na ich nosnos¢. Najwyzsze
wartosci nosnosci zaobserwowano w przypadku ztgczy ze spoing o grubosci 0,125 mm i 0,075 mm, ktére poddano 150 cyklom
zmian temperatury. Zgodnie z wynikami analizy regresji i korelacji, w przyjetym zakresie zmiennosci czynnikéw wejsciowych,
liczba cykli zmian temperatury ma istotny statystycznie wptyw na no$nos¢ potaczen. Wykazano, ze nosnos¢ ztaczy klejowych
ro$nie wraz ze wzrostem liczby cykli zmian temperatury. Test t-Studenta wskazuje, ze istotne statystycznie réznice w nosnosci
potaczen poddawanych réznej liczbie cykli zmian temperatury wystepuja w przypadku wariantéw: GO75L0 (grubos¢ spoiny 0,075
mm, liczba cykli 0) i GO75L150 (grubos¢ spoiny 0,075 mm, liczba cykli 150) oraz wariantéw: G125L0 (grubos$é spoiny 0,125 mm,
liczba cykli 0) i G125L150 (grubos¢ spoiny 0,125 mm, liczba cykli 150).

Stowa kluczow e: szoki termiczne, potgczenie klejowe czopowe walcowe, stop aluminium EN AC-AISi7-Mg0,3, kompozyt
szkio-epoksydowy EP405-GE

Introduction

Adhesive technology is used in many different indu-
stries. The popularity of adhesive joints results from their
numerous advantages, including the possibility of joining
elements made of various materials, good damping and
sealing properties, no need to make holes and possibility
of reducing the weight of the structure [6, 14, 17]. Never-
theless, adhesive joints also have some disadvantages.
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One of such disadvantages is the limited temperature re-
sistance of adhesives [7].

The adhesives are of polymer nature. Therefore, the
thermal properties of polymers influence the behavior of
the adhesive joint at reduced, elevated or changing tem-
peratures [4, 7]. Polymer materials (including adhesives)
exposed to elevated temperatures are subject to the so-
-called thermal degradation. During degradation, macro-
molecules break down into smaller fragments. Increasing
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the cross-linking of the material structure in the initial
stage of degradation may lead to an improvement in its
strength properties. However, further degradation pro-
gress, resulting in a reduction of the molecular weight or
excessive cross-linking of the structure, may contribute to
the reduction of the material strength [18].

The phenomenon of increasing the strength of adhesi-
ve joints under the influence of elevated temperature was
investigated in [20]. The analyzes were carried out on the
joints formed with the use of the adhesive composition
with the optimal curing agent content, the composition
with the excess curing agent and the composition with the
curing agent deficiency. The joints were subjected to ad-
ditional heat treatment at the stage of forming the adhe-
sive joints. It was shown that heat treatment contributed
to an increase in the static strength of connections at am-
bient temperature, regardless of the curing agent content
in the adhesive composition. It has also been proven that
heat treatment of joints with an excess of curing agent
resulted in a decrease in the static strength of joints ope-
rated at elevated temperatures. Therefore, the authors of
the research concluded that heat treatment (reheating)
cannot be treated as a universal method of increasing the
strength of adhesive joints.

Not only high, but also low temperatures can signifi-
cantly affect the properties of adhesives. It was proved in
[19] that negative temperatures increase the brittleness
of epoxy compounds. For this reason, adhesives that are
used at low temperatures are generally more plastic than
those intended for use at elevated temperatures [5]. It
was shown in [12] that low temperatures increase the stif-
fness of adhesive joints, while high temperatures reduce
it.

In practice, adhesive joints are most often exposed
to cyclical temperature changes. The problem of thermal
fatigue caused by thermal shocks has been the subject
of various studies [8—11, 13].

The work [11] analyzes the effect of thermal loads
on the shear strength of 316L steel single lap adhesive
joints connected with Hysol 9484 and Hysol 3421 adhe-
sives. The adhesive joints were subjected to 200 cycles
of temperature changes. The minimum temperature was
-40°C and the maximum 60°C. The conditioning time of
the samples at each temperature was 15 minutes. Accor-
ding to the test results, subjecting the samples to ther-
mal shocks reduced the mean value of the shear stress.
The highest, 30% decrease in shear stress value was
observed for joints connected with Hysol 9484 with me-
chanically processed adhesive surfaces.

Similar studies are presented in [9]. The adhesive
joints of 316L steel, connected with Epidian 5 and Epi-
dian 6 epoxy adhesives hardened with Z1 and PAC cu-
ring agents, were subjected to 200 cycles of temperature
changes in the range from -40°C to 60°C. As a result of
the research, it was found that the adhesive compositions
with the PAC curing agent had the highest resistance to
thermal shocks. In turn, the greatest decrease in the
value of shear stresses in the aftermath of temperature
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changes was observed in the case of joints connected
with the Epidian 5 + Z1 composition (about 50% decrease
in shear stresses).

The subject of the work [8] was the analysis of the
influence of cyclic temperature changes on the Young's
modulus of adhesivecompositions based on Hysol 9466
and Hysol 3421 epoxy resin. The samples were subjec-
ted to 200 cycles of temperature changes. The minimum
temperature was -40°C and the maximum 60°C. The au-
thor of the research showed that as a result of subjecting
the samples to thermal shocks, the Young's modulus va-
lues decreased by 8% for Hysol 9466 and 20% for Hysol
3421.

The authors of the work [13] investigated the effect of
thermal shocks on the interlayer adhesion of fiber-metal-
-laminate composites with a polymer-fiber layer used to
make a glass fiber prepreg with a thermosetting epoxy
matrix. The samples, depending on the variant, were
subjected to 500 or 1000 cycles of temperature changes.
The minimum temperature was -40°C and the maximum
60°C. It was observed that under the influence of ther-
mal shocks the stiffness of the composite matrix and the
strength of the interlayer adhesive joint decreased. It was
found that differences in thermal expansion of composite
components were the main reason for the reduction of
the joint strength.

To sum up, the problem of the influence of thermal
shocks on the strength properties of adhesive joints
seems to be a very important issue in the design and
operation of adhesive structures. In the literature, there
are some analyzes concerning the influence of thermal
shocks on the strength of adhesive joints. However, the
results of these analyzes are partial and inconclusive.
Moreover, most of the research was carried out on lap
joints in which the same materials were joined together.
Therefore, it is justified to conduct further research that
would allow for a better understanding of the problem,
explaining the mechanism of the phenomena, and most
importantly, predicting the strength properties of adhesi-
ve joints subjected to thermal shocks. Therefore, the aim
of the research presented in the article is to assess the
impact of thermal shocks on the load capacity of cylin-
drical adhesive joints made of ENAC-AISi7Mg0.3 alum-
inum alloy and glass-epoxy compositeEP405-GE. The
adhesive joints examined in the article reflect the actual
joints in composite overhead insulators. A more detailed
description of the overhead composite insulators can be
found in the works [3, 21]. This article is a continuation of
the research presented in [21], which included the analy-
sis of the effect of natural seasoning on the load capacity
of cylindricaladhesive joints.

Methodology
The analysis of the impact of thermal shocks on the
load capacity of adhesive joints was carried out for cy-

lindrical joints. The sleeves were made of ENAC-AISi-
7-Mg0.3 aluminum alloy (Table 1). The pivots were made
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Table 1. Chemical composition of ENAC-AISi7Mg0.3 aluminum alloy [1]

Fe Si Mn Ti Mg Zn Others
max019 | 65-75 | max01 | max025 | max005 | 025-045 | max0.07 efoizodof; Al - balance

of EP405-GE glass-epoxy composite (manufacturer - KU-
VAG ISOLA Composites GmbH, Germany).

The two-component composition Araldite 2014 (ma-
nufacturer — Huntsman, Germany) was used to make the
adhesive joints. Araldite 2014 is resistant to temperatures
up to 120°C (248°F), exposure to different chemicals and
water. It can be used for bonding ceramics, metals, GRP
structures, electronic components and other elements
exposed to an aggressive environment and elevated
temperature. The curing of the Araldite 2014 composition
takes place at room temperature [2].

The surfaces of pivots and sleeves were mechanically
treated in order to develop the geometrical structure of
the surface and, as a result, to increase the strength of
adhesive joints between the adhesive and the adherends.

Table 2. Results of surface roughness measurements

The sleeve surfaces were turned on the LZ-360 universal
lathe (manufacturer — Fabryka Maszyn Tarnéw, Poland).
The pivots surfaces were ground using a RUP-280 roller
grinder (manufacturer — Fabryka Maszyn Tarnéw, Po-
land) with an MVBE 45 grinding wheel with dimensions
of 400x50x107 mm (manufacturer — Norton Saint-Gobain
HPM Polska Sp. z o. o., Poland).

Then, the surface roughness of the adherends
(sleeves and pivots) was measured. Measurements were
carried out using an optical profilometerTalysurf CCI Lite
(manufacturer —Taylor Hobson, England). The designa-
tions and the meaning of the surface roughness para-
meters were adopted in accordance with the PN-EN ISO
4287:1999standard [16].The results of the roughness
measurements are presented in Table 2.

SLEEVE (turned)
2Dparameters
Rp Rv Rz Rc Rt Ra Rq Rsk Rku
11.8 um 7.51 uym 19.4 um 17.7 um 20.9 uym 4.64 um 5.46 um 0.579 2.00
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PIVOT (ground)

2Dparameters
Rp Rv Rz Rc Rt Ra Rqg Rsk Rku
9.88 um 8.75 um 18.6 ym 4.16 ym 18.6 um 0.599 pm 1.14 pm 0.635 294
pm Length = 1.85 mm Pt = 31.1 um Scale = 50.0 um
20 ! : ' ; ' : : ' -
19: | [
- ) ! i { ) -
0 .-- - -
4 I | s
-10 — ’ L
-20 3
1 L] T T T T T T L) T T B
i o1 0.2 03 04 05 D6 o7 ik} 18] 1 1.1 12 1.3 14 1.5 1.6 mm
3Dparameters
Sq Ssk Sku Sp Sv Sz Sa
12.6 pm -0.597 2.21 36.2 ym 40.8 ym 77.0 um 10.8 ym

The next step was to degrease the surfaces of the
adherends in order to remove grease contamination,
dust and other machined residues that could weaken the
connection. The pivots and sleeves were placed in an

Fig. 1. Dimensions and shape of the cylindrical adhesive joints
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EMMI-40HC ultrasonic cleaner (manufacturer — EMAG,
Poland) filled with acetone. After 5 minutes, the ele-
ments were removed from the washer and allowed to dry
completely (the drying time was 5 to 10 minutes). The
elements prepared in this way were bounded using the
Araldite 2014 composition. A schematic drawing of the
created cylindrical adhesive joints is shown in Figure 1.

The pivots diameter (d1) was 16-0.01 mm. The inner
diameter of the sleeves (d2) was made in three dimen-
sions: 16.05 mm, 16.15 mm, 16.25 mm so that it was
possible to form joints with 0.025 mm, 0.075 mm or 0.125
mm adhesive layer thickness. The Araldite 2014 adhesi-
ve composition was applied to the inner surface of the
sleeve and the central part of the pivot surface with a spa-
tula. The sleeve was placed in the middle of the pivot.
The sample prepared in this way was placed in a special
device (jigging fixture).The device allowed to maintain the
desired (coaxial) position of the joined elements and as
a result the same thickness of the adhesive layer thro-
ughout the cross-section. The cross-linking process in the
device was carried out for 48 hours at the temperature of
21 £ 1°C. The scheme of the device used is presented
in Figure 2.
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Fig. 2. Scheme of the device

The created adhesive joints were subjected to thermal
shocks. For this purpose, the samples were alternately
placed in a freezer (manufacturer — Electroline Equip-
ment Inc, Canada) at a temperature of -20°C and in a va-
cuum dryer (model DZ-2BC I, manufacturer — Huanghua
Faithful Instrument Co., LTD, China) at a temperature of
60°C. The samples were conditioned at each temperature
for 30 min. Figure 3 shows the conditions of the conduc-
ted thermal shocks.

A 1 cycle 150 cycles
60 )
g
e
3
©
g 30| 60
5
2
-20

Time [min]

Fig. 3. Thermal shock conditions

After the samples were subjected to thermal shocks,
12 variants of adhesive joints were obtained. The variants
differed in the number of cycles of temperature changes
and the thickness of the adhesive layer. All variants are
presented in Table 3.

The last step of the research was testing the strength
of the cylindrical adhesive joints. The samples were sub-
jected to an axial shear test on a Zwick/RoellZ100 testing
machine (manufacturer: ZwickRoell GmbH & Co. KG,
Germany). Figure 4 shows a sample placed in the handle
of the machine.

Strength tests were carried out in accordance with the
PN-EN ISO 10123: 2019-07 standard (Adhesives — De-
termination of shear strength of anaerobic adhesives
using pin-and-collar specimens) [15]. During the tests,
a test speed of 5 mm/min, initial force of 50 N and a ma-
ximum deformation of 15 mm were assumed
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Table 3. Variants of the created cylindrical adhesive joints

Adhesive layer Number of cycles
Serial No A V! of temperature Variant
thickness [mm]
changes
1. 0 G025L0
2. 50 G025L50
0.025
3. 100 G025L100
4. 150 G025L150
5. 0 G075L0
6. 50 G075L50
0.075
7. 100 G075L100
8. 150 G075L150
9. 0 G125L0
10. 50 G125L50
1.125
11. 100 G125L100
12. 150 G125L150

upper compression plate

test specimen

test specimen support

Fig. 4. The sample placed in the handle of the machine

Results and discussion

Table 4 and Figure 5 show the results of strength tests
carried out for 12 variants of adhesive joints.
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Table 4. Strength test results
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Fig. 5. Strength test results

Based on Table 4 and Figure 5, it can be concluded
that the adhesive joints that have not been subjected to
thermal shocks have the lowest load capacity. Adhesive
joints with the same adhesive layer thickness, which were
subjected to cyclical temperature changes, have a higher
load capacity. Therefore, within the accepted range of va-
riability of input factors, subjecting the adhesive joints to
thermal shocks had a positive effect on their load capa-
city. The highest values of load capacity were observed
for joints with 0.125 mm and 0.075 mm thick adhesive
layer, which were subjected to 150 cycles of temperature
changes. In the case of joints with 0.075 mm thick adhe-
sive layer, it was noticed that the load capacity increases
with an increase in the number of cycles. The increase
in the load capacity of joints subjected to thermal shocks
can be explained by the fact that high temperature could
increase the cross-linking of the adhesive structure and
stiffness of joints.

The results of the research on the influence of thermal
shocks on the load capacity of cylindrical adhesive jo-
ints were statistically analyzed using the Student's t-test.
Statistical significance a = 0.05 was assumed for the
analyzes. Student's t-test was used to analyze significant
differences between the load capacity of adhesive joints
subjected to the same number of cycles of temperature
changes, differing in the thickness of the adhesive layer.
The results of the Student's t-test are presented in Table
5.

Based on Table 5, it can be seen that the probabi-
lity values p are in most cases greater than 5%. The-
refore, within the accepted range of variability of input
factors, the compared variants of adhesive joints do
not show statistically significant differences in terms of
load capacity. Statistically significant differences in load
capacity are revealed only between the pair G025L150
(adhesive layer thickness 0.025 mm, number of cycles
150) and G075L150 (adhesive layer thickness0.075 mm,
number of cycles 150) and the pair G025L150 (adhesi-
ve layer thickness0.025 mm, number of cycles 150) and

40

Table 5. The results of the analysis of significant differences
between the load capacity of adhesive joints with different ad-
hesive layer thickness

N'i';'zzrs‘)f Compared variants p [%]
G025L0 GO075L0 35.370

0 G025L0 G125L0 42.135
GO075L0 G125L0 29.598

G025L50 GO075L50 40.531

50 G025L50 G125L50 33.430
GO075L50 G125L50 24.776

G025L100 GO075L100 48.532

100 G025L100 G125L100 44.582
GO075L100 G125L100 44.339

G025L150 GO075L150 3.880

150 G025L150 G125L150 0.413
GO075L150 G125L150 41.161

Table 6. The results of the analysis of significant differences
between the load capacity of joints with 0.025 mm thick adhe-
sive layer, which were subjected to 0, 50, 100 and 150 cycles
of temperature changes

p [%] G025L0 G025L50 G025L100 | G025L150
G025L0 X 18.984 9.351 46.090
G025L50 X 38.647 18.804
G025L100 X 7.699
G025L150 X

Table 7. The results of the analysis of significant differences
between the load capacity of joints with 0.075 mm thick adhe-
sive layer, which were subjected to 0, 50, 100 and 150 cycles
of temperature changes

p [%] G075L0 G075L50 G075L100 | GO75L150
GO075L0 X 20.453 10.853 4.460
G075L50 X 31.361 15.427
G075L100 X 30.424
G075L150 X

G125L150 (adhesive layer thickness 0.125 mm, number
of cycles 150). This means that only in the case of these
two pairs, the thickness of the adhesive joint has a signifi-
cant influence on the load capacity of the adhesive joints.

Student's t-test was also used to analyze significant
differences between the load capacity of adhesive joints
with the same thickness of the adhesive layer, but with
a different number of cycles of temperature changes. The
analyzes were performed for joints with 0.025 mm (Ta-
ble 6), 0.075 mm (Table 7) and 0.125 mm (Table 8) thick
adhesive layer.
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Table 8. The results of the analysis of significant differences
between the load capacity of joints with 0.125 mm thick adhe-
sive layer, which were subjected to 0, 50, 100 and 150 cycles
of temperature changes

p [%] G125L0 G125L50 G125L100 | G125L150
G125L0 X 7.990 15.858 1.179
G125L50 X 38.589 13.014

G125L100 X 11.076
G125L150 X

On the basis of Table 6, it can be concluded that all
p values are greater than 5%. Therefore, within the ac-
cepted range of variability of input factors, in the case of
adhesive joints with 0.025 mm thick adhesive layer, the
number of cycles of temperature changes does not have
a significant effect on their load capacity. According to the
results presented in Table 7, only when comparing the
variants GO75L0 and G075L150 the p value is less than
5%. This means that within the accepted range of varia-
bility of input factors, a statistically significant difference in
load capacity occurs in the case of joints with 0.075 mm
thick adhesive layer, which were not subjected to cyclic

Table 9. Results of the one-way analysis of varianceANOVA

Input variable Output variable p

Adhesive layer thickness

(ALT) 0.480

Load capacity (P)

Number of thermal shock cycles

(CN) 0.057

Loadcapacity (P)

Table 10. Results of regression and correlation analysis

temperature changes or were subjected to 150 cycles of
thermal shocks. A similar situation is observed in Table 8.
According to the presented results, within the accepted
range of variability of the input factors, a statistically si-
gnificant difference in load capacity occurs only between
joints with 0.125 mm thick adhesive layer, which were
not subjected to thermal shocks or were subjected to 150
cycles of temperature changes.

The results of the strength tests were also subjected
to the one-way analysis of varianceANOVA. This analysis
was used to determine the extent to which the dependent
variable (adhesive layer thickness or the number of cyc-
les) affects the independent variable (load capacity). The
results of the analysis are presented in Table 9.

The p values listed in Table 9. are greater than 0.05.
This means that, according to ANOVA, both the thickness
of the adhesive layer and the number of thermal shock
cycles do not have a significant effect on the load capaci-
ty of the adhesive joints.

Subsequently, regression and correlation analysis
was performed. The input factor was the thickness of the
adhesive layer (ALT) or the number of thermal shock cyc-
les (CN). The output factor was the load capacity of the
adhesive joints. As a result of the conducted analyzes,
regression equations were obtained. The equations show
the relations between the load capacity and the adhesive
layer thickness and between the load capacity and the
number of thermal shock cycles. The calculated values
of the Pearson's linear correlation coefficient (R) indicate
the degree of linear dependence between the analyzed
variables. The values of the determination coefficient R2
specify the percentage of changes in the output variable
resulting from changes in the input variable. The results
of the regression and correlation analysis are presented
in Table 10.

Pearson's _
. . . Coefficient of
Input Output Linearregressione correlation determination
variable variable quation coefficient R? P P, Ps
R
ALT P yP = 24325 +7958xALT 0.111 0.012 0.000 0.226 0.226
CN P yP = 24041 + 11.7 xCN 0.225 0.051 0.000 0.013 0.013

p, - probability value for the constant, p, - probability value for the coefficient for the adhesive layer thickness / number of cycles, p; - probability value

for the regression equation

According to the results of the analysis presented in
Table 10, the regression equation describing the rela-
tionship between the load capacity and the number of
thermal shock cycles can be considered statistically signi-
ficant (p3<0.05). Moreover, both the constant value and
the value of the coefficient at the number of cycles have
a significant influence on the result of the regression equ-
ation. The value of the Pearson linear coefficient indicates
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that the load capacity of adhesive joints increases with an
increase in the number of thermal shock cycles. The re-
gression equation describing the relationship between the
load capacity of the joints and the adhesive layer thick-
ness is not statistically significant (p3> 0.05). Therefore,
the thickness of the adhesive layer does not significantly
affect the load capacity of the adhesive joints.
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Conclusions

1.

In the adopted variability of input factors, subjecting
the samples to thermal shocks contributed to the
increase of the load capacity of the adhesive joints.
The highest increase in load capacity, amounting to
13%, was observed in the case of joints with 0.075
mm thick adhesive layer, which were subjected to 150
cycles of temperature changes. The increase in the
load capacity of joints subjected to thermal shocks
can be explained by the fact that high temperature
could increase the cross-linking of the adhesive struc-
ture and stiffness of joints.

The analysis of significant differences between the
load capacity of adhesive joints with different adhesi-
ve layer thicknesses showed that within the adopted
range of variability of the input factors, only joints with
adhesive layer thickness of 0.025 mm and 0.075 mm,
as well as, 0.025 and 0.125 mm, which were sub-
jected to 150 cycles of temperature changes, differ
significantly in terms of load capacity. Therefore, only
in these two cases the thickness of the adhesive joint
had a significant influence on the load capacity of the
joints.

The analysis of significant differences between the
load capacity of joints subjected to a different number
of cycles of thermal shock showed that within the ad-
opted range of variability of the input factors, statisti-
cally significant differences in load capacity occur only
in the case of joints with 0.075 mm or 0,125 mm thick
adhesive layer, which were not subjected to thermal
shocks or were subjected to 150 cycles of thermal
shock. Therefore, only in these cases the number of
cycles of temperature changes had a significant im-
pact on the load capacity of the adhesive joints.

. According to the results of the regression and correla-

tion analysis, the relationship between the load capa-
city of the adhesive joints and the number of cycles is
statistically significant. The value of Pearson's linear
correlation coefficient indicates that the load capaci-
ty of a connection increases with an increase in the
number of cycles of temperature changes.
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