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Abstract: The authors of this scientific paper want to highlight, experimentally and analytically, the study
of mechanical stresses performed on current materials that can be used in the construction of military
artillery equipment, in the present case, the periscope mount. The scientific demarche goes through the
following stages: experimental determination of mechanical characteristics corresponding to the studied
materials (ertalon 4.6 and nanocellulose), using both the universal the Quasar 25 kN column testing
machine for tensile stress and the Charpy pendulum for the breaking stress by performing an impact test;
obtaining and interpreting the results supported by a mathematical modeling of the tensile strengths of
the studied materials, analysis performed according to the linear elongation of deformation.
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the main mechanical
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The strength of materials is a technical
discipline that studies the behavior of materials
subjected to various stresses [Bej 05], [Dud 13].
Research in this field is mainly focused on
industrial applications, such as new uses of
metallic, plastic, ceramic materials, and of other
non-metallic products in the construction of
reliable parts that can be successfully
assembled on the mechanical structure of
civilian or military equipment.

The knowledge of the optical, electrical,
chemical and mechanical properties of different
materials enables researchers to choose the best
material for a precise use and in accordance
with the destination imposed by the beneficiary.
Thus, it is necessary to know the mechanical
behavior of materials (samples of ertalon and
nanocellulose were selected for the present
scientific research [Che 11], [Vol 17]) by
determining the mechanical characteristics, and
by obtaining their characteristic curve using as
experimental methods — the tensile and
rupture test [Aga & Pet 22].

Of all the mechanical tests, the tensile test is
certainly a fundamental requirement, which is

fundamental modulus of elasticity, the tensile
strength/limit, the flow resistance, the breaking
elongation and the elongation coefficient.
Based on these experimental data, the
corresponding characteristic curve can be
obtained, which allows for the identification of
the elastic and plastic area, the throttling area
and the rupture of the materials/samples taken
for the experimental study, respectively. [Car
08], [Nis 17].

2. EXPERIMENTAL STUDY
2.1 Tensile experimental analysis

In order to perform the experiment in the
case of stretching stress for the two materials
under study, a method of analysis on the
universal testing machine, called the Plastic
Method, was achieved. [Sta 14]. Determining
the strength and plasticity characteristics of the
materials at the stress presented above was
done according to SR EN 10002/1-1997,
applying to the specimens under study an axial
increasing force (of max. 23 kN), usually until
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breaking, recording in this way the
corresponding variations for its length (ertalon
4.6 and nanocellulose) (Fig. 1 a), b) and c)) [Sta
97].

c)
Fig. 1. Fragile ruptures: a) ertalon 4.6, b) nanocellulose,
¢) dimensions of the sample

Following the rupture of the two samples
subjected to traction, a normal separation
section occurred on the axis, obtaining thus
their cross section. It is also mentioned that this
type of rupture appears suddenly, without any

previous manifestation, the two rupture sections
presenting a grainy structure, visible under the
microscope.

The scientific demarche was outlined in

accurately establishing and highlighting the
following strength parameters [Aga & Pet 22]:
a) determination of the breaking strength of the
tested material, taking into consideration the
value of the maximum force that appeared
during the testing of the F,,, samples divided
by the initial section of the 55 sample;
b) the determination of the relative elongation
at rupture was made by breaking in the middle
third of the length between the extreme parts of
those two samples and the determination by
direct measurement. The relative elongation at
rupture, determined experimentally, is valid
regardless of the position of the throttling, the
value obtained by the machine falling within
the prescribed limits for each of the tested
materials.

Following the experimental measurements
on the two studied materials, we obtained the
graphs of the curves corresponding to the
materials and the results for: a/L [mm], b/l
[mm],oy [N/mm?] (stress according to ISO 527-
1), &y % (specific deformation), Gm [N/mm?]
(maximum stress), o, [N/mm?], F[N] (breaking
load), E; [N/mm?] (modulus of elasticity)
(Table 1, Figure 2).
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Fig. 2. Graphic results obtained from the experiment
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Tab. 1. Values from experiments

No. Type of material a/L b/l v Gr gy €m F Et
sample mm mm mm/min N/mm? % % N N/mm?
- . ertalon 4.6/sample 1 10.00 6.00 230 527.5 9.4 9.4 5655.8 | 1749.9

[ B 2 | ertalon 4.6/sample2 | 10.00 | 6.00 190 5185 | 49 | 49 |[35627 | 28173

- 3 ertalon 4.6/ sample 3 | 10.00 6.00 250 522 14.0 14.0 | 5652.8 | 1294.5

) 4 nanocellulose/ 10.00 4.00 250 421.5 3.7 3.7 565.1 1000.3
sample 1

B nanocellulose / 10.00 4.00 190 419 3.5 3.5 670.3 1468.4
sample 2

& nanocellulose / 10.00 4.00 230 418 3.9 3.9 536.4 1167.1
sample 3

From the graphs presented above we could
highlight, based on the drawing of the
characteristic curve of the materials in
coordinates representing the stress and
deformation, the relevant conclusions for
choosing the optimal material for the
construction of the periscope mount for artillery
equipment, namely: ertalon 4.6/sample 2,
presents all the optimal conditions for the use
of the material at a higher level of exploitation
of the breaking strength. On the other hand, in
nanocellulose, the breaking stresses are much
lower (up to 670.3 N), but in sample 3 the
deformation increases up to about 3.9 %, which
ensures an optimal elasticity of the material.
The ertalon 4.6 material has better mechanical
properties compared to nanocellulose.

2.2 Experimental analysis at rupture

As previously presented, the sample that
obtained the experimental “vote of confidence”
was subjected to a practical rupture test, an
experiment carried out by using the Charpy
Pendulum- type of device (hammer) (Fig. 3).

The final results obtained according to the
characteristics and dimensions of the material
for ertalon 4.6 are highlighted on the receipt
issued by the apparatus, after performing the
breaking impact:

> breaking power (Ak = 54.99 kJ/m?);
» the kinetic energy of the breaking impact
W =21.9401J).

2.3 Preliminary conclusions

The comparative analysis and the
possibilities of implementation are presented
based on the data provided in the present study,
the main advantages and disadvantages
associated with the materials proposed for the
experimental study being highlighted below:

Advantages:

a. ertalon 4.6/sample 3 can withstand loads of
up to about 5652.5 N with a deformation of
about 14%:;

b. nanocellulose/sample 3 can withstand a
much lower load, but the deformation can reach
3.9%;

c. ertalon 4.6/sample 3 is used for high loads;

d. for large deformations nanocellulose/sample
3 is used. Nanocellulose/sample 1 and
nanocellulose/sample 2 are not recommended
for use at high stresses or large deformations.

Disadvantages:

a. the other materials of the analyzed samples,
ertalon 4.6/sample 1 and ertalon 4.6/sample 2,
respectively, are not indicated for use in terms
of the strength of the material.
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Fig. 3. Testing of ertalon 4.6 material at breaking

3. MATHEMATICAL MODELING OF
TENSILE STRENGTHS ACCORDING TO
LINEAR ELONGATION AT
DEFORMATION

Taking into consideration the experimental
results obtained and centralized in table 2 and 3
respectively, and taking into account the
deformation suffered by the sample subjected
to the tensile test (Fig. 4), a mathematical
model can be established to highlight the

breaking strengths according to the linear
elongation at deformation.

L=ly+Al

Fig. 4. Test piece subjected to tensile test: Iplength
sample, tensile stress with axial forces F, the sample
elongates at 1,

We noted with: oistase, OrsTasn — the tensile
strength of the ertalon 4.6 based material and
nanocellulose, respectively, and with o1, G,
03, O, Or5, Or6 — the average tensile strengths
of the specimens taken from the ertalon 4.6 and
nanocellulose sample.
It is considered that the tensile strengths of the
specimens taken from the samples under study
vary with the linear deformation lengths
according to the tensile strengths of the basic
materials, according to the following relation:
ows(Al) = emef(Al), (1)

Tab. 2. Values of the tensile strength parameters of the ertalon 4.6 material

No. | Basic material

Linear elongation Al

Tensile strength

/ at deformation (N/mm?)
sample (mm)

1. Ertalon 4.6 Alie 0 OrSTASe 527

2 Ertalon 4.6 Alje 215 Orl 527.5
(sample 1)

3. Ertalon 4.6 Alpe 234 o 518.5
(sample 2)

4. Ertalon 4.6 Alze 210 o 522
(sample 3)

Tab. 3. Values of the tensile strength parameters of the nanocellulose material

No. | Basic material

Al linear elongation

Tensile strength

/ at deformation (N/mm?)
sample (mm)

1. | Nanocellulose Alin 0 OrSTASn 424

2 Nanocellulose Alan 210 Or4 421.5
(sample 4)

3. Nanocellulose Alsy 234 Or5 419
(sample 5)

4, Nanocellulose Algn 215 Or6 418
(sample 6)




which relation is adapted to the present research
after an experimental tensile procedure of
welded specimens and in which [Hat 18]:

arps - represents the average tensile strength of
the specimens from the ertalon 4.6 sample and
nanocellulose, amp - represents the tensile
strength of the basic material, Al - represents
the linear elongation at deformation.

The aim was to determine the f (Al) functions
for the two basic materials (ertalon 4.6 and
nanocellulose).

3.1 Mathematical modeling for the ertalon
4.6 sample

Applying the mathematical modeling,
performed by means of the Matlab software,
the following numerical data are obtained:
fo=1.01383040138304013830401383040138304,
f1=1.15304371530437153043715304371530437,
f2=1.06067703605840955478853700877966438,

Alle= 215, A126= 234, A13e= 210.
After derivation and simplification, a system of
three equations with three unknowns was
obtained. To determine the three unknowns,

&, (N/mm?)
560
540
520
500
480
460
440
430
400

400
200 205 210 215 220
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Cramer's rule was used, and in Figure 5 the
distribution of the tensile strengths for the
ertalon 4.6 sample was represented graphically.
Thus, the following numerical values were
obtained:
- the determinant of
z =-2.6804390179769482E6,
- the determinant of
y =2901584.031213972,
- the determinant of
x =-105178.26765496314,
- the determinant of the system
D =-2.5408290470172756E6,
and the following solutions of the system
resulted:
z =1.0437746,
y =-0.012244735,
x = 2.2058086E- 2.

In other words, the average tensile strength
of the basic material according to the linear
elongation varies according to the relationship:

aps(AD)=  ams(Al)  (2.2058086E - 2Al1*-
0.012244735A1 + 1.0437746). 2)
500
225 230 235 240 245 250
Al (mm)

Fig. 5. Distribution of the tensile strengths of the ertalon 4.6 sample depending on the linear elongation at
deformation



336

3.2 Mathematical
nanocellulose sample

modeling for the

Similar to the procedure presented above,
the following numerical data were obtained
according to the mathematical modeling
performed in Matlab:
fo=0.83302678127942266710329968715307,
f1=10.86532098425771164254223016428234,
£,=10.91708444276345465886655472832876,

Al4n = 210, AlSn = 234, Alﬁn =215.

Thus, a system of three equations with three
unknowns was obtained. Cramer's rule was
used again to determine the three unknowns.
Then, the following numerical values were
obtained:

- the determinant of
z =-2.285570285538267E6,
- the determinant of
y =-476536.6398407243,

&, (N/mm?)
500
490
180
470
460
450
440
130
420
410

400

200 205 210 215 220

- the determinant of
x = 15502.638886661021,
- the determinant of the system
D =-15507.94888666E0131.
Thus, the following solutions of the system
resulted:
z=0.8115364,
y =0.1125748837,
x =-3.2678876E3.

In other words, the average tensile strength
of the nanocellulose basic material according to
the linear elongation has the expression:
aws(Al) =  ams(Al)  (-3.2678876E3AI*-
0.1125748837 Al+0.8115364). (3)

Figure 6 shows the distribution of the tensile
strengths of the nanocellulose material
according to the linear elongation at
deformation.

500

225 230 235 240 245 250

Al (mm)

Fig. 6. Distribution of tensile strengths of the nanocellulose sample as a function of linear deformation elongation

The distribution graphs show that there is a
functional dependence between the tensile
strengths of the basic materials and the linear
elongations at deformation, which is
approximated by a function with a parabolic
variation. The more accurate the experimental
results, the more faithfully the mathematical
model describes the studied process.

4. FINAL CONCLUSIONS

The scientific demarche materialized in:
a) the experimental determination  of
mechanical characteristics corresponding to
the studied materials (ertalon 4.6 and
nanocellulose), using the universal column
testing machine for tensile/stretching stress.



In this case, the results obtained
experimentally, showed that these mechanical
strength characteristics may have different
values, depending on the experimental
conditions, on the dimensions of the samples,
the strength speed, and the characteristics of the
testing machine, respectively.

Moreover, the graphs presented in the paper
show that sample 2 (ertalon 4.6) presents all the
optimal conditions for the use of the material at
the upper level of the exploitation of the
breaking strength, being the material that can
be used in the construction of the mount of the
periscope attached to various military artillery
equipment.

b)  experimental
mechanical characteristics for the studied
materials, with the help of the gravitational
pendulum (in this case, the breaking test), at
the Charpy test and at the Izod impact test, all
with
processing, according to ISO standards, of

achievement  of some

these corroborated mechanical

some tested nylon samples with the help of the
broaching machine.

In this case, the processing was performed
on the optimal material, highlighted at point a),
the data being recorded on the receipt issued by
the device. In this case, too, the advantages and
disadvantages of the studied samples were
highlighted.

c) obtaining and interpreting the results were

also supported by a mathematical modeling of
the tensile strengths of the materials under

5. ACKNOWLEDGEMENT

This scientific paper represents activities
financed by the research project of the
Romanian Ministry of National Defense,
position 63/2020-2022, PSCD type, acronym:
AVANGARDROBO.

6. REFERENCES

[Aga & Pet 22] Agavriloaei L.P., Petrisor S.M.,
Example of good didactic — experimental
practice regarding the choice of an
optimal material for artillery equipment,

337

study, analysis performed according to the
linear elongation at deformation.

In this case, the validated scientific
hypothesis demonstrated that the tensile
strengths of the specimens taken from the
studied samples vary depending on the linear
elongations at deformation depending on the
tensile strengths of the basic materials, after an
innovative calculation relation and adapted to
the current experimental requirements.

The mathematical modeling validated the
results that were obtained, and the calculation
demarche was performed by means of specific
software.

The conclusion highlighted that the more
accurate the experimental results, the more
accurately the mathematical model describes
the studied process, obtaining a functional
dependence approximated by a function with
the parabolic variation between the tensile
strengths of the basic materials and the linear
elongations at deformation.

While sample 3 (ertalon 4.6) shows optimal
conditions for the use of the material at a higher
level of exploitation of the breaking strength,
nanocellulose (sample 3) ensures the optimal
elasticity of the material. Hence, the fact that
the ertalon 4.6 material has the optimal
characteristics to be used in the construction of
the periscope mount that can be fixed on
various pieces of military artillery equipment,
such as: the 120 mm caliber launcher, the
M1955 152 mm caliber howitzer or the M1977
100 mm caliber anti-tank cannon.

in: The Scientific Bulletin Addendum —
The Official Catalogue of the , Cadet
INOVA”  Exhibition, No. 7/2022,
,Nicolae  Balcescu” Land  Forces
Academy Publishing House, Sibiu, pp.
294-304, 2022

[Bej 05] Bejan M., Rezistenta Materialelor,

volumul 1 & 2, Editura AGIR& MEGA,

Cluj-Napoca, 2005

08] Carcea 1., Materiale compozite.

Fenomene la interfatd, Ed. Politehnium,

2008

[Che 11] Chen W., Yu H., Liu Y., Hai Y.,
Zhang M. and Chen P., Individualization

[Car



338

of cellulose nanofibres from wood using
high-intensity ultrasonication combined
with  chemical  pretreatments, n:
Carbohydrate polymers Journal, vol. 83,
issue 4, pp. 433-442, Elsevier Ltd, 2011
[Dud 13] Dudescu M. C., Rezistenta
Materialelor.  Notiuni  fundamentale.

[Sta

Renewable Materials, Wiley Online
Library, 2017

14] ASTM D638 — 14: Standard Test
Method for Tensile Properties of Plastics

[Sta 97] ASTM E8/E8M (SR EN 10002-1-97-

B): Standard Test Methods for Tension
Testing of Metallic Materials

Solicitari simple, Editura U.T. Press, [Voi 17] Voisin H., Bergstrom L., Liu P. and

2013 Mathew A., Nanocellulose — Based
[Hat 18] Hatiegan C., Gillich G. R., Riduca materials for water purification, in:

G..et. al., Equation of Motion and Nanomaterials Journal, No. 7/57, pp.

Determining the Vibration Mode Shapes 887-895, MDPI, Sweden, 2017

of a Rectangular thin Plate Simply  [Net O1] https://www.directindustry.com/prod/

Supported on Contour using Matlab,
Annals of the University “Eftimie
Murgu” from Resita, year XX, no. 1, pp.
127-138, 2018

[Nis 17] Nishida H., Yamashiro K. and Tsukegi
T., Handbook of Composite from

galdabini/product-27948-416305.html -
Galdabini  office, https://www.scribd.
com/ doc/ 250144868/Poliamida -
standardepoliamide, https://www.arsenal.
ro /tun100.html - echipamente militare de
artilerie.

CERCETARE EXPERIMENTALA PRIVIND ALEGEREA UNOR MATERIALE
COMPOZITE NECESARE CONSTRUCTIEI SUPORTULUI DE LUNETA
ATASAT PE ECHIPAMENTE DE ARTILERIE
Rezumat:Autorii prezentei lucrari stiintifice doresc sa evidentieze, experimental si
analitic, studiul unor solicitari mecanice efectuate pe materiale de actualitate ce pot fi
folosite in constructia unor echipamente militare de artilerie, in spetd, suportul lunetei.
Demersul stiintific parcurge urmdtoarele etape: determinarea experimentald a unor
caracteristici mecanice corespunzdatoare materialelor luate in studiu (ertalon 4.6 si
nanoceluloza), utilizind atat masina universala de testat pe coloane Quasar 25 kN
pentru solicitarea la tractiune cat si pendulul Charpy pentru solicitarea la rupere prin
efectuarea unei testari de impact; obtinerea §i interpretarea rezultatelor sustinuta de o
modelare matematica a rezistentelor de rupere la tractiune a materialelor luate in

studiu, analiza efectuata in functie de lungirea lineara de deformare
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