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1. Introduction

Inspired by the works of other researchers, including the
analysis of nanobeams, nanotubes, nanowires, nanosheets,
and nanoshells, the large deflection of chromium
nanobeams investigated in this study. These systems have
many applications in electromechanical and biological
industries due to their unique mechanical properties. With
the increase in the need for these structures, we cannot
ignore the previous activities. Many of these studies are
limited to simulating the experimental data of chromium
nanobeams and predicting their behavior using finite
element methods. In the meantime, activities were also
carried out to provide models for the introduction of large
deflection nanobeams and curved nanobeams. Moreover,

the researchers investigated porous, functionally graded,
multilayer, piezoelectric, and piezomagnetic structures in
environments such as viscoelastic to expand their
knowledge about this structure. The purpose of this study
was to show the ability of the design of the experiment
method to simulate the deflection of cantilever chromium
nanobeams. For this purpose, the impact of length and
force was investigated using the design of 100 experiments
through applying factorial method on the nanobeam. In the
end, using the regression method, the behavior of the
nanobeam was predicted.

Table 1. Results of the deflection

Test no, | Deflection (hm) | Testno, | Deflection (nm) | Testno, | Deflection (nm) | Test no, | Deflection (nm)
1 -320.463 26 -7.191 51 -112.903 76 -99.593
2 -78.412 27 -208.242 52 -60.023 77 -5.198
3 -166.996 28 -16.146 53 -136.83 78 -51.007
4 -32.952 29 -280.776 54 -103.699 79 -72.995
5 -294.101 30 -4.292 55 -144.407 80 -18.876
6 -227.324 31 -20.65 56 -106.635 81 -52.878
7 -183.413 32 -189.816 57 -121.448 82 -27.947
8 -167.38 33 -29.647 58 -29.722 83 -8.422
9 -162.278 34 -238.474 59 -61.99 84 -270.324

10 -47.069 35 -58.141 60 -212.576 85 -42.257
11 -184.88 36 -131.348 61 -81.078 86 -53.245
12 -67.169 37 -36.831 62 -42.001 87 -28.025
13 -10.816 38 -23.892 63 -155.78 88 -188.934
14 -90.11 39 -247.726 64 -36.194 89 -44.526
15 -10.673 40 -148.399 65 -18.378 90 -198.764
16 -240.943 41 -8.581 66 -4.995 91 -37.915
17 -158.807 42 -18.521 67 -47.087 92 -53.732
18 -24.879 43 -318.909 68 -17.589 93 -22.104
19 -116.469 44 -101.585 69 -45.691 94 -25.982
20 -260.448 45 -70.927 70 -7.604 95 -284.122
21 -214.914 46 -21.531 71 -4.923 96 -177.187
22 -242.2 47 -59.485 72 -89.645 97 -11.872
23 -65.971 48 -207.924 73 -12.489 98 -203.872
24 -32.528 49 -130.046 74 -91.2 99 -81.158
25 -230.204 50 -365.785 75 -36.198 100 -26.115
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Figure 1. The impacts of the input parameters on the deflection
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Figure 2. The first-order regression model versus experimental data
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Figure 3. The second-order regression model versus experimental
data

2. Results
Table 1 shows the results of the experiments designed on
the deflection of nanobeams.

Figure 1 shows the impact of two parameters of force
and length on the deflection of nanobeams considering 4
force levels (8, 9.5, 11, and 12.5 nano-Newtons).

In the next step, the deflection of nanobeams by
applying four forces was investigated using regression
analysis in three cases of first-order equations, second-
order equations, and third-order equations based on the
input parameters. Figure 2 shows the experimental results
and the results of regression analysis for force and length
parameters in the case of first-degree equations.

Next, the quadratic equation was used to predict the
deflection of the nanobeam. It shows the quadratic
regression model for the nanobeam beam based on the
input parameters, in which R2 equal to 99.61% was
obtained (Figure 3).

In the end, in order to reach the regression model with

higher accuracy, the third-order equation was used to
predict the deflection of nanobeam. The third-order
regression model for the nanobeam beam was obtained
based on the input parameters, and the R2 value was equal
to 99.95% (Figure 4).
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Figure 4. The third-order regression model versus experimental
data

According to Table 2, the adequacy rate (R2) and the
error of the regression model in all three modes of the
equations are ready for all four force levels. Using the
equations, it becomes clear that the error in the second and
third-order equations are reduced by 81% and 90%
compared to the first-order equations.

Table 2. Comparison of the various regression models

Model order Efficiency (%) Error (nm)
First 89.15 24.42
Second 99.61 4.64
Third 99.95 241

In the following, unlike the previous part, all the
experimental data are not used for training in the
regression model, and only two series of data related to the
forces of 8 and 11 nanonewtons are used in determining
the deflection formulas of the nanobeam using the
regression model. Then the obtained formulas are used to
predict the deflection of the nanobeam at a force of 9.5
nanonewtons (as interpolation) and 12.5 nanonewtons (as
extrapolation). Table 3 shows the efficiency of the model
(R2) and the error of the regression model for three cases,
the first, second, and third-degree equation, and the use of
two force levels.

Table 3. Comparison of the various regression models

Model order Efficiency (%) Error (hm)
First 89.53 24.55
Second 99.59 4.88
Third 99.94 2.84

3. Conclusion

The results of the design of the experiments were obtained
by using method and regression analysis in two modes of
4 forces and 2 forces and they were compared. The results
are as follows: the first-order regression model is not
suitable for analyzing and predicting the behavior of
chromium nanobeams. The length of the beam has a
greater impact on the results than the force. The results of
the third-order regression are more appropriate and
accurate than the second-order and both of them compared
to the first-order in both cases of 4 forces levels and 2
forces levels, and have less error.




(’ r'—"v).’F'rd“r‘D‘VgL‘(A‘jJL}JLM[):AJL;JJJJK'Ale

~

” \ SWl 49 Flwlxo g 50 9,15 pole
http://mechanic-ferdowsi.um.ac.ir it y‘f'l
8 5 by oI/ - of
L2 ciied

*lh&‘lo)"— b w9y S oslawl b 09 5 (S gl S Hp > Sl
| Fulie de| D oleaY 5 b O shle a5
DOI: 10.22067/jacsm.2023.83862.1198
St olS 555G ey Sl eslinad b ol ookt oy s 2loiT ol ey Sl eslinal b s S sla sl ot callis ool o> oduKar
Olste 0 i sl 5o 5 (53005 (slopito Olsie 4 b ¥ 5 YO 3 i a0 il o 15 (S 5 b OF 03 45 0 1l loj )2

gty o2 Ol sllsb I35 S bty ol il gy 35 (S S s sl oo ol a8 510 OLE gl fuol oyl ot

RPTHE

Uj:“'"j‘i’ L;LAJJ.A & w u/—&[b u//.:.ﬂj a.’;ww:::v /Jj:"’“j"["j:‘} ‘;be b Lv ‘f’j'w =)0 ‘Jj:\-v\/j—{) JJ.A .J.jdﬂjx.xji.w =42
il 2t et (6 (Glbde S Yslro g ol oslizal floei (61 (L g sl ) JA)jﬁ‘CAAJJJ/‘M/J/J.’ Lol a8 00 5 Sl a0
45 sl ‘)LL'@LL',,LJ oslézal i a5l VD 5 3/0 (lag i 45 b i i il jot sy o 2bO9s3 (lp dide OVoles i ol

f{?u’/@jé.;dj.l:/ 45 3l U[“"”"’dﬂzj’”“uf/@’[;”l"if";;‘:"’u‘::" Ly i sl 32t Olso (500 5 o @ﬁ'jﬁ'c_é.djaj/a;/.é:w/lfdﬂfi J-Ls

Woeds b s s plodsn s bl sl ot Ol on ool ood Yolas [ g oy Slslows ol b iy o 5 2ty (Lo 2 lei
S ‘J':w;'u"
el b 0 S5 Je (S 5 5L Sl S0l

Modeling of Large Deflection of the Chromium Nanobeams Using Design of Experiments Method

Vahid Modanloo Yasser Taghipour Lahijani Ahmad Mashayekhi Behnam Akhoundi

Abstract This paper investigates the deflection of chromium nanobeams using the design of experiments method.
Using the full factorial method, a number of 100 experiments were designed in which the length and the force on the
nanobeam were considered input variables at 25 and 4 levels, respectively and the deflection of the nanobeam was
considered output. First, all 4 force levels (8, 9.5, 11, and 12.5 nN) were used for the analysis, and closed-form
equations were obtained to estimate the deflection of the nanobeam. The results showed that the effect of the length is
more than the force, by increasing the length so that the deflection changes with third degree. The third-order
regression model predicts the deflection with high accuracy, and its error value is lower than the first and second-order
regression models. Afterward, two levels of force (8 and 11 nN) were used for analysis, and new equations were
obtained to estimate the deflection of the nanobeam. The new equations were used for interpolation and extrapolation
of the nanobeam's deflection in forces of 9.5 and 12.5 nN, respectively. The results demonstrated that the regression
model using two force levels accurately predicts the deflections of nanobeams as well. The results of this research
demonstrated that it is possible to estimate the nanobeam's deflection without the need to perform more experiments
and spend cost, perform complex calculations, and solve differential equations; the nanobeam's deflection can be
accurately estimated with algebraic formulas.

Key Words Nanobeam, Large Deflection, Regression Model, Design of Experiment.
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