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The contribution of statistical processes in the control
of technological processes

Olga-loana Amariei, Codruta-Oana Hamat", Alexandru-Victor Amariei

Abstract. In this paper, a manufacturing process is analyzed, having as
quality characteristic the “height of the screw head”, using analyzes and
representative diagrams. Based on this case study, the way to solve these
types of problems using the Quality Control Chart module of the WinQSB
program, as well as the XLSTAT program is presented.

Keywords: WinQSB, XLSTAT, statistical control, control sheets, centering,
accuracy

1. Introduction

The manufacture of high quality products is of particular economic importance,
“a first-class requirement of industrial enterprises” [7]. Products that have a higher
quality are much more sought after by customers and purchased in a much larger
volume, and the lack of this quality affects the entire organization.

Industrial enterprises use “two product quality control groups, namely:

a) deterministic control methods;

b) probabilistic or statistical control methods” [7].

“The main statistical procedures used in the study of processes are the so-called
Process Control Chats, which although they have a long “historical career” — the first
statistical control sheet being practically invented and applied in 1924 — did not “age”
with the entry in the age of digitalization. On the contrary, the current possibilities
of calculation allow, together with the use of modern means of measurement, to ob-
tain larger data collections, and their statistical processing to take place almost in-
stantly” [15].

2. Input data of the problem

The studied reference is represented by an M8 screw with a fully threaded hex-
agonal head, and the quality characteristic of interest is the height of the screw head
(Characteristic 1) of size 5.2 £ 0.05 mm. In this sense, 4 samples of 5 measurements
per day were taken from the production process, at an interval of 2 hours per shift,
for a week.
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Figure 1. The input data of the problem using the WinQSB program

The data collected (measured values for each product unit in the sample) are
entered in the Quality Control Chart module of the WinQSB program, in fig. 1.

3. Analysis

We first perform a statistical analysis of the recorded data, by subgroups (days)
and total [9]. So the statistical control is applied using the method of the arithmetic
average and the amplitude of the scattering for each sample of size n =5 pcs, and the
obtained results are presented in fig. 2.



23:03:22 Monday July 19 2021
Sample | Sample Size | Mean | Median | Midrange | Variance | 5.D. | Range | Maximum | Minimum
1 20 5.1850 51700 52050 0.0016 00398 0.1100| 52600 51500
2 20 5.1895 51750 51950 0.0018 00427 01300 52600 51300
3 20 51825 51700 52050 0.0013 00355 01100 52600 51500
4 20 51890 51700 5.1950 0.0022 O0.0470 0.1300| 5.2600 51300
5 20 51760 51650 51950 0.0015 00390 0.1300| 52600 51300
Dverall 20 51844 51700 51990 00017  0.0408 01220 52600 | 51300

Figure 2. Summary analysis

The arithmetic mean “represents the best estimator of the central position of the
distribution of measured values” [18] and “measures the stability over time of the
process adjustment, and the amplitude measures the stability of the accuracy over
time of the manufacturing process” [14].

For each quality control problem the module predefines a set of 14 rules (fig. 3),
which can be modified using the Edit menu options:

MNumber Rule Description

1 Single Point Above UCL
2 Single Point Below LCL
3 2 of 3 Pointz Above 2 Sigma
4 2 of 3 Points Below 2 Sigma
Lt 4 of 5 Points Above 1 Sigma
B
7
]

4 of 5 Points Below 1 S5igma

8 Points in a Row Above CL

8 Points in a Row Below CL
9 8 Points in a Row Above Median
10 8 Points in a Row Below Median
11 8 Points in a Row Up
12 8 Points in a Row Down
13 Single Point Jumps Up 2 Sigma
14 Single Point Jumps Down 2 Sigma
15 |Rule 15

Figure 3. The 14 rules offered by the WinQSB program

The analysis is continued with the “elaboration of representative diagrams,
available in the Gallery menu, first of all the control sheets for data obtained” by
measurement “which can be of several types:

» control sheets for averages/mean (X-bar (Mean) Chart — fig. 4);

» amplitude control sheets (R chart — fig. 12);

» control sheets for standard deviation of the sample “[6].

The average of these subgroups is under control, due to the fact that it does not
violate any of the 14 rules presented in figure 3.



N %-bar (Mean) Chart for Characteristic 1 of Amariei Olga

In Cartrol = Out of Canirol Disabled

1 Mean=5.1844  S.D. (Sigma) = 7.30E-3 5
ueL 52063
o 513
o 560
o ® 51344
s 57
-~ 5169
1L 51625

Curent point: 1 Sample Size = 20 Value = 5.185 Status: in control

Figure 4. X-bar (Mean) Chart

In fig. 5 are presented the results provided by XLSTAT in tabular form, in fig. 6,
in graphical form, as well as the descriptive statistical parameters (fig. 7).

Time\Subgroup [ 1 [ 2 [ 3 T4 5
10.00 5,160 5170 5,160 5178 5170
12.00 5,160 5,160 5172 5212 5,180
14.00 5,178 5,188 5,190 5,164 5172
16.00 5,238 5,238 5,208 5,202 5,182
Subgroup\Time 10.00 12.00 14.00 16.00
1 5,160 5,160 5,178 5,238
2 5,170 5,160 5,188 5,238
3 5,160 5,172 5,190 5,208
4 5,178 5,212 5,164 5,202
5 5,170 5,180 5,172 5,182

Figure 5. Mean by time factor and subgroup factor,
respectively by the subgroup factor
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Figure 6. Graphic representation of the average/mean the time factor,
rspectively by the subgroup factor




Statistiques descriptives (Données quantitatives) :

Statistique Height head
Nb. d'observations 100
Minimum 5,130
Maximum 5,260
ler Quartile 5,150
Médiane 5,170
3¢me Quartile 5,205
Moyenne 5,184
Variance (n-1) 0,002
Ecart-type (n-1) 0,041
Asymétrie (Pearson) 0,774
Asymétrie (Fisher) 0,786
Aplatissement (Pearson) -0,734
Aplatissement (Fisher) -0,709

Figure 7. Descriptive Statistics

The average estimated by the time factor is presented in matrix and graph form
in fig. 8, and by the subgroup factor in fig. 9.

Modalité  Moyenne estimées  Erreur standard  Borne inférieure (35%)  Borne supérieure [95%)

10.00 5,168 0,007 5,153 5,182
12.00 5,177 0,007 5,162 5,192
14.00 5,176 0,008 5,161 5,191
16.00 5,214 0,007 5,199 5,228

Moyennes(Height head) - Time

Heighthead
&

1000 1200 1200 1600

Time

Figure 8. Estimated average by time factor
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Modalité Moyenne estimées  Erreur standard ~ Borne inférieure (95%) Borne supérieure [95%)

1 5,184 0,008 5,167 5,201
2 5,190 0,008 5,173 5,206
3 5,183 0,008 5,166 5,199
4 5,189 0,008 5,172 5,206
5 5,173 0,009 5,156 5,190
{eight head) - Subgroup
5135
a1
18
®
£
E 518
=
£
a7
a7
16
s 2 s . s
Subgroup

Figure 9. Estimated average by the subgroup factor

The CUSUM Chart for average diagram represents the dispersion of the average
values from the central average value and has the role of highlighting the smallest
deviations of the manufacturing processes. It is followed if from this point of view
the values fall within normal limits, and in this case, due to the fact that all points
are represented in green (fig.10), it results that there are no uncontrolled values, as
in the case of the sheet control for environments (fig. 4).

It can be stated that “the CUSUM diagram is a” zoom “given to our process in
order to better understand and observe its unnatural behaviors and to react in time to
avoid waste from production” [5].

In Contral = Ot of Contrel Disabled
1 Target Value (Mean) = 5.1844  5.D. (Sigma) = 7.30E-3 5

Current point: 1 Sample Size = 20 Value = 6.00E-4 Status: in control

Alpha = 0.005 Beta=0 Shift =0.0110 d = 4.7036 theda = 20.5560° H = 0.0256 F = 548E-3

Figure 10. CUSUM for Mean Chart

11



In order to be able to follow “the evolution of a quality characteristic on which
a single measurement is performed at a given time interval” [10], the X chart is used
for individual values (fig.11).

M X (individuals) Chart for Characteristic 1 of Amariei Olga

In Cantrol ® Dt of Control Disabled
7 Mean=5.1844  S.D. [Sigma) = 0.0269 2110

ucL 5.265

2 52381

+la 52113

o 5.1884

o 5.1575

-2c 51307

LcL 5.1038

] | D

Current point: 17 Sample Size =1 Value = 5.25 Status: not in control

Figure 11. X (Individuals) Chart for points 17+21

In Figure 11 it can be seen that points 17, 19 and 20 are out of control. But there
are other parts out of control, and this can be seen in fig. 12.

The parts 8+13, from 08.06.2020, ie the last three parts measured at 12 o'clock,
as well as the first three, from 14 o'clock, violated rule 8 from the list of the 14
offered by the program. This is 8 Points in a Row Below CL, and this may be due to
the following causes:

* incorrect adjustment of the machine;

* replacement of operators on machines;

» fatigue or inattention of operators when performing measurements.

Rule 3, namely: 2 of 3 Points Above 2 Sigma is violated by parts 17, 19, 20,
(measurements also performed on 08.06.2020, but at 16 o'clock), 38+40
(09.06.2020, 16 o'clock) , 58 (10.06.2020, 4 pm), 66+68 (11.06.2020, 12 noon), 78
(11.06.2020, 4 pm) and 98 (12.06.2020, 4 pm), and parts 19, 20, 40 and 68 also
violates rule 5, ie 4 of 5 Points Above 1 Sigma.

Single Point Jumps Down 2 Sigma - rule 14 violated by marks 79 (11.06.2020,
4 pm) and 99 (12.06.2020, 4 pm), and this may be due to the following causes:

* power failure

* tool breakage

* interruption of the supply of raw material

* calculation error etc.

12
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Figure 12. Matrix results

We move on to the verification of the inclusion in the accepted minimum and
maximum limits of the average values on subgroups, ie R (Range) chart — figure 13.

13



[ R (Range) Chart for Characteristic 1 of Amariei Olga

In Control = Outof Control Dicabled
1 Mean = 0,122 S.D. (Sigma) = 0.0238 5

ucL 0.1934
+in 0163
1o 01458
o 0122
1o © sz

—20 00744

oL 0.0506

Current point: 3 Sample Size = 20 Value = 0.11 Status: in control

Figure 13. R (Range) chart

Figure 14 shows the CUSUM for range chart. According to R chart and CUSUM
for range chart, all subgroups fall within the required limits.

In Cantal = Outof Contial Disabled
1 Target Value (Mean) = 0.122  S.D. [Sigma) = 0.0238 5

Current point: 1 Sample Size = 20 Value = -0.012 Status: in control

Alpha = 0.005 Beta =0 Shift = 0.0357 d=-4.7096 theda - 20.5560° H - 0.0841 F=-0.0179

Figure 14. CUSUM for Range Chart

4. Conclusion

The average of the subgroups is under control, due to the fact that it does not
violate any of the 14 rules predefined by the WinQSB program module. Also, the
CUSUM Chart for Mean diagram, which represents the dispersion of the average
values from the central average value and has the role of highlighting the smallest
deviations of the manufacturing processes, shows that there are no uncontrolled values,
as in the case of the control for environments. The verification of the inclusion in the

14



accepted minimum and maximum limits of the average values by subgroups led to the
same conclusion, namely that all subgroups fall within the required limits.

Regarding the X diagram for individual values, it is observed that out of the 100
parts that are the subject of this study, 20 violate one or even two rules (tests) offered
by the program. Most of the measured parts that violate these rules are from the
samples at 12 o'clock, namely parts, after the lunch break or at 4 o'clock (11 parts),
before the end of the activity on that day.
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Dimensionless wave numbers evolution of a three spans
simply supported beam when the intermediate supports
are moving along the whole beam

Zeno-Tosif Praisach”, Dorel Ardeljan, Constantin-Viorel Pascu

Abstract. Continuous beams simply supported with several intermediate
Supports are very common in engineering achievements everywhere. The
paper shows the evolution of the dimensionless wave number in 3D for-
mat, respectively of the eigenfrequencies for a continuous beam with
three openings when the intermediate supports take any position inside
the beam. The frequency equation for calculating the dimensionless wave
number is presented and the modal function is given with an example for
the case where the eigenfrequency has the maximum value at fist vibration
mode.
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1. Introduction

Beams that have more than one span and there are continuous throughout their
lengths are known as continuous beams. A continuous beam is a statically indeter-
minate multispan beam on hinged supports.

There are several methods to analyze the dynamic behavior of continuous
beams, such as: transfer-matrix technique [1], wave-propagation approach, Ray-
leigh-Ritz procedure, iterative procedure, conventional method of solving the equa-
tion of motion directly, the finite element method.

Continuous structures such as beams, can be modeled by discrete mass and stiff-
ness parameters and analyzed as multi-degree of freedom systems [3, 4]. For these
types of structures, it is necessary to assume homogeneous and isotropic material
that follows Hooke’s law [2, 6].

For a continuous beam of constant section, the natural frequency (1) for each
vibration mode can be determined if the dimensionless wave number is known.

2
a EO
=_n 1
g 2\ m@ M
where,

f» [Hz] is the natural frequencys;
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a, - dimensionless wave number;

E [N/m*] — Young’s modulus;

I [m*] - moment of inertia;

m [kg] — beam mass;

L =1; + I + I3 [m] — beam length;

n=1,2, ..., 0 —number of vibration mode.

The dimensionless wave number is important both for calculating the natural
frequencies and for the relationship of the mode shapes for each vibration mode. The
precision of evaluating the natural frequencies is crucial, because small structural
changes lead to reduced modal parameter changes [10].

2. Boundary conditions and frequency equation

In this paper it is considered a continuous beam supported at 4 (four) hinges,
that means three spans (fig. 1). It is known that the deflection and the bending mo-
ment is zero for the end hinges. Since the beam is continuous, the slope and bending
moment to the left and to the right of the intermediate supports are the same. Also,
the deflection is zero for the intermediate supports [7, 8, 9].
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Figure 1. Continuous beam with three spans

Based on the above statements, for each support (1, 2, 3, 4), it can be written:

w,(0)=0 w,(t,)=0
L a*w (0) w,(1,)=0
——=0
dx 3. sz(lz):_dM(l3)
w,(1,)=0 dx d )
WZ(O):O dez(lz):d2W3(13)
W) _aw,(0) A
dx dx W3(0):0
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2 T 2 2 =0
dx dx dx
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where, the characteristic function or normal mode of span can be expressed:
W, (xi) =A sin(anxl.) + B, cos(anxi) +C, sinh(anxi) +D, cosh(anxi) 3)

with i = 1, 2, 3 represents the number of spans.

After solving the system of equations (2) for calculating the integration coeffi-
cients: A;, Bi, C;, D; by using the following notation (4) for the terms with constant
value for a certain configuration of the continuous beam between two consecutive
supports:

sin(a l )
Z. = [ )——=Y coshla !
(1 _ 2) 1 COS(an 1) sinh(anll) cos (an 1)

Z,= 25in(anll)

Z, =1- cos(anl2 )cosh(anlz)
(2-3) {Z,, =cos(a,1,)sinh(a,1,) - sin(a,1,)cosh(a,1, ) @)
Z,, =2sin(a,l, )sinh(a,1,)
_ _ sin(anl3)
(3 ~ 4) Z, cos(anl3) 7sinh(anl3) cosh(anl3)
Z,, =2sin(a,l,)

the frequency equation of the system (2), which allows us to obtain the dimensionless
wave number a,, for a continuous beam with three spans, becomes:

(ZIZ le +le ‘IZZ) |I32 + (ZIZ RZZ +le |I23) ‘IM = O (5)

The solutions of equation (5) represent the dimensionless wave numbers for the
n vibration modes with which we can calculate the natural frequencies (1) and also,
we can plot the normalized mode shapes (3) for the continuous beam with three

spans.
3. Mode shape equation and integration constants
The normalized mode shape equation for the continuous beam with three spans

are obtained by solving the system (2) with the results replaced in (3).
Thus, for each span, the functions result:
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sin(a,l,)
sinh(a,l,)
hiW,(x,) = A, sin(a, x,) + B, [cos(a, x,) — cosh(a, x,)| + C, sinh(a,x,)  (6)

W (x)) = Al{sin(anxl) - sinh(a, x, )}

sin(a,l)
sinh(a,l;)

W,(x;) = A, [sin(anx3) - sinh(anx3)}

with x, 0[0, 4], x, 000, 4], x, 00, &].

The integration constants from (6) are:

=—— Al B le COS(anlz) — COSh(a"lz) + Z11 Sinh(anlz)
sin(a,l,)—sinh(a,l,) 2
(N
C,=ALZ, -A
__ A EZIZ Z, +7,,Z,,
sin(a,l,) —sinh(a,l,) Zy

and the constant A; has the value so that the mode shape function (6) to be normal-
ized by the entire length of the continuous beam for each vibration mode separately.

Dimensionless wave numbers evolution when the intermediate sup-
ports are moving along the whole beam

We will take into account the fact that the intermediate supports (fig. 1) can be in
any position along the normalized continuous beam ([, + L + =1, or s =1-1; - I).
This means that, for each location of the intermediate supports, from relation (5),
values of the dimensionless wave number are obtained for each vibration mode.

By plotting all the obtained values of the dimensionless wave number in a 3D
diagram, for each vibration mode separately, we obtain a surface that gives us a gen-
eral image on the evolution of the wave number depending on the position that the
intermediate supports can have.

Figures 2 - 7 show the evolution of the dimensionless wave number for the first
six vibration modes (n = 6) for the normalized continuous beam with three spans.
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Figure 4. Dimensionless wave number evolution for the 3™ vibration mode.
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Figure 5. Dimensionless wave number evolution for the 4™ vibration mode.
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Figure 6. Dimensionless wave number evolution for the 5™ vibration mode.
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Figure 7. Dimensionless wave number evolution for the 6™ vibration mode.
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4. Conclusion

By analyzing figures 2 - 7, the following conclusions can be drawn:

1. for first vibration mode, the maximum dimensionless wave number is
obtained when the intermediate supports are placed equidistantly (fig. 8), /;
= [; = [3. Taking into account the relation (1), for this configuration of the
continuous beam we also have the maximum eigenfrequency;

2. when /[, - 0 and /, — 0, the continuous beam behaves like a beam
clamped at the left end and hinged at the right end;

3. when /, —» 1and [/, - 1, the continuous beam behaves like a beam hinged
at the left end and clamped at the right end;

4. when [, - 0 and [, — 1, the continuous beam behaves like a beam

clamped at the both ends;
Knowing the analytical expression of the modal function, it is easy to obtained
the mode shape curvature function, on which depends the establishment of the location
of a damage on the beam [5], in case of its appearance.
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Figure 8. Continuous beam with intermediate supports placed equidistantly —
the first six normalized mode shapes.

References

[1] Sule S., Nwofor T.C., Application of Matrix Iteration for Determining the
Fundamental Frequency of Vibration of a Continuous Beam, International
Journal of Engineering Reearch and Development, Vol. a(12), 2012, pp. 30-36.

23



(2]
(3]

(4]

(5]

(6]

(7]

(8]

(9]

Ebrahimi F., Advances in Vibration Analysis Research, Published by InTech,
Croatia, 2011.

Khodabakhsh S., Rama B.B., Clustered Natural Frequencies in Multi-Span
Beams with Constrained Characteristic Functions, Shock and Vibration, 18(5),
2011, pp. 697-707.

Ichikawa M., Miyakawa Y., Matsuda A., Vibration analysis of the continuous
beam subjected to a moving mass, Journal of Sound and Vibration 230(3),
2000, pp. 493-506.

Gillich G.R., Praisach Z.1., Modal identification and damage detection in beam-
like structures using the power spectrum and time-frequency analysis, Signal
Processing, 96, Special Issue: SI, Part: A, 2014, pp. 29-44.

Mead D.J., Yaman Y., The harmonic response of uniform beams on multiple
linear supports: A flexural wave analysis, Journal of Sound and Vibration, 141(3),
1990, pp. 465-484.

Ntakpe J.L., Praisach Z.I, Mituletu C.I., Gillich G.R., Muntean F., Natural
frequency changes of two-span beams due to transverse cracks, Journal of
Vibration Engineering & Technologies, 5(3), 2017, pp. 229-238.

Gillich G.R., Ntakpe J.L., Wahab M.A., Praisach Z.I., Mimis M.C., Damage
detection in multi-span beams based on the analysis of frequency changes
Journal of Physics: Conference Series 842 (1), 2017, 012033.

Gillich G.R., Praisach Z.1., Hamat C., Gillich N., Ntakpe J.L., Crack localization in
L-shaped frames, Acoustics and Vibration of Mechanical Structures - AVMS-2017,
2018, pp. 315-322.

[10] Ntakpe J.L., Gillich G.R., Mituletu I.C., Praisach Z.1., Gillich N., An Accurate

Frequency Estimation Algorithm with Application in Modal Analysis. Romanian
Journal of Acoustics & Vibration, 13(2), 2016, pp. 98-103.

Addresses:

Lect. Dr. Eng. Habil. Zeno-losif Praisach, Babes-Bolyai University,
Faculty of Engineering, Piata Traian Vuia, nr. 1-4, 320085, Resita,
Romania zeno.praisach @ubbcluj.ro

(‘corresponding author)

PhD. Stud. Dorel Ardeljan, Babes-Bolyai University, Faculty of
Engineering, Piata Traian Vuia, nr. 1-4, 320085, Resita, Romania
dorel.ardeljan @ubbcluj.ro

PhD. Stud. Constantin-Viorel Pagcu, Babes-Bolyai University, Faculty
of Engineering, Piata Traian Vuia, nr. 1-4, 320085, Resita, Romania
constantin.pascu @ubbcluj.ro

24



STUDIA UNIVERSITATIS BABES-BOLYAI

Engineering 66(1) 2021 DOI:10.24193/subbeng.2021.1.3

An assessment of physical properties and water holding
capacity of soil under different fertilizer applications
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Abstract. This study was carried out at the Teaching and Research Farm
of the Department of Agricultural and Bio-Environmental Engineering,
School of Engineering, The Federal Polytechnic, Ado-Ekiti to evaluate
the water holding capacities of soil under different fertilizers. The exper-
iment was laid out in randomized complete block design (RCBD). The
treatments: control, poultry waste, biochar and urea fertilizer replicated
four times were incorporated into the soil and maize seed planted. Data
collected were subjected to statistical analysis. Soil samples were ana-
lyzed for moisture contents, bulk densities, particle densities and water
holding capacities. Maize yield was also analyzed. The result obtained
showed a significant (p< 0.05) changes in maize yield for the different
fertilizers. It also shows a non-significant (p<0.05) effect on water hold-
ing capacities of the soils incorporated with different fertilizers. The
study concluded that fertilizers has no effect on the water holding capac-
ity of the soil and that poultry waste amended soil will produce higher
yield.

Keywords: water holding capacity, biochar, poultry waste, urea fertilizer
1. Introduction

Water holding capacity designates the ability of a soil to hold water. It is useful
information for irrigation scheduling, crop selection, groundwater contamination
considerations, estimating runoff and determining when plants will become stressed
[1, 2, 3]. Understanding some physical characteristics of the soil is useful to deter-
mine the strengths and weaknesses of different soil types. Soil moisture limits forage
production potential the mostly in semiarid regions [4, 5, 6]. Estimated water use
efficiency for irrigated and dry-land crop production systems is 50 percent, and avail-
able soil water has a large impact on management decisions producers make through-
out the year (Hatfield and Dold, 2019) Fertilizers are mainly applied in form of farm-
yard manure and crop residues. Nevertheless, a study on soil fertility management
on smallholder farms in western Kenya [7, 8, 9] showed that many of the farmers
are using fertilizers but the application rates are low and differ between farm types.
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Within that study, the farm types were classified by wealth; production orientation
(self-consumption or market-oriented); constraints to land, labor and capital; family
structure and main source of income. Mineral fertilizers are mainly applied as di
ammonium phosphate and calcium ammonium nitrate and urea for top dressing.
Small sized farms are less self-sufficient in food production and relay more on off-
farm jobs, but dispose over a higher capital for mineral fertilizer purchase (Tisdale
et al., 1997).

However, decreasing soil fertility, the parasitic weed Striga spp is a major
problem for agricultural productivity in SSA [10, 11]. Maize, which is one of the
most important food crops in rural areas of Nigeria is greatly affected by this weed.
Due to the land pressure and intensification of agricultural practices, the fallow pe-
riods tend to be shorter and the diversity of the crops lower (Mertz, 2002). This and
the decline in soil fertility create an ideal environment for Striga and other weeds.
Farmers have little knowledge about Striga control [12, 13]. Soil moisture available
for plant growth makes up approximately 0.01 percent of the world's stored water
[14]. Soil texture and structure greatly influence water infiltration, permeability, and
water-holding capacity [15].

Soil texture refers to the composition of the soil in terms of the proportion
of small, medium, and large particles (clay, silt, and sand, respectively) in a specific
soil mass [16]. For example, a coarse soil is sand or loamy sand, a medium soil is a
loam, silt loam, or silt, and a fine soil is a sandy clay, silt clay, or clay. Water holding
capacity varies by soil texture. Permeability refers to the movement of air and water
through the soil, which is important because it affects the supply of root-zone air,
moisture, and nutrients available for plant uptake. A soil's permeability is determined
by the relative rate of moisture and air movement through the most restrictive layer
within the upper 40 inches of the effective root zone. Water-holding capacity is con-
trolled primarily by soil texture and organic matter. Soils with smaller particles (silt
and clay) have a larger surface area than those with larger sand particles, and a large
surface area allows a soil to hold more water.

2. Materials and Methods
2.1. Site description

The experiment was carried out at the Teaching and Research Farm of the
Department of Agricultural and Bio Environmental Engineering, School of Engi-
neering, The Federal Polytechnic, Ado-EKkiti, Ekiti State. The area lies on longitude
5°13* 17.0004” E and latitude 7° 37 15.9996” N in the derived tropical rainfall of
southwestern Nigeria [ 14]. The climate of the area is classified as tropical. The average
annual temperature of the area is 25.1°C and rainfall average is 1334 mm. The rela-
tive humidity of the area is between 60 — 80% [15]. The major materials used for the
experiment are plastic buckets, (perforated) container of the same size, biochar, urea
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fertilizer and poultry waste. The biochar was purchased at Ado-Ekiti market and the
urea fertilizer was obtained from Ondo state Agricultural Development Programme
(OSADP) Ikare Akoko. The poultry waste was obtained from the poultry farms of
the Department of Agricultural and Bio Environmental Engineering and Department
of Agricultural Technology, The Federal Polytechnic Ado-Ekiti, Ekiti state. Other
materials are Axe, tractor, motor saw, digger, cutlass, and shovel, hoe, and rake for
land preparation. Mortal and sieve were used for the preparation of the biochar.
Weighing balance, core sampler and mason jar were used to take measurement and
the soil bulk density. While soil textural triangle was used to determine the soil struc-
tural classes. The water holding capacity was determined using plastic buckets which
have been perforated.

2.2. Land preparation

The experimental site measured 19 x19 m (0.0361ha) was on a flat terrain which
had been fallow for more than three (3) years. The vegetation on the area (trees and
grasses) was removed using Axe, cutlass, hoe, and motor saw. The area was tilled
mechanically using plough and harrow. While the marking out (the division into
treatment plots) was done using measuring tape and pegs.

2.3. Experimental design

The experiment was laid out in a randomized complete block design (RCBD)
with four replications and four treatments. A total at sixteen (16) plots each measured
4 m x 4 m (16 m*) were used for the experiment, the replicate was 1 m apart. The
treatments were control, biochar, urea fertilizer and poultry waste. Treatments were
uniformly incorporated to the plots after making the bed using plough and harrow
[4,9, 10]. Few weeks later, the soil samples from those treatment plots was collected
at the same quantity and was put into the perforated buckets to determine their water
holding capacity and other physical properties.

2.4. Soil sampling
2.4.1. Water holding capacity

A 10 kg soil sample was collected from each of the treatment’s plots, 2500 ml
of water was added into it and was left for 24 hours. The water that infiltrate into the
containers was collected and was turn into measuring cylinder and measured. These
were done for four times per treatment plot and the average was estimated.

2.4.2. Bulk density

The soil sample was collected using core sampler and it was measured to be
0.1433 kg/m* before taking to the laboratory to determine the volume and the cross-
sectional area of the core sampler. It was done for four times per treatment plots.
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2.4.3. Moisture content

This method is used to determine the percentage of water in a sample by drying
the sample to a constant weight. The water content is expressed as the percentage by
weight of the sample as shown in equation (1):

Wwet-Wdry

0 =
HoW wdry

x 100 (H

where: %W - Percentage of moisture in the sample
Wwet - weight of wet samples in grams (g)
Wdry - weight of dry sample grams (g)

2.4.4. Yield test

Five cobs were harvested at random from those treatment plots and weighed to
determine the yield. This procedure was replicated four time per treatment.

2.4.5. ANOVA

Analysis of Variance (ANOVA) will be used to test for variation in water hold-
ing capacity of the soil under different fertilizer application as well as variation in
physical properties of the soil (bulk density and particle density).

3. Results and discussion
3.1. Physical properties

Results of the treatment plots based on physical properties are as shown in
Tables 1, 2, 3, and 4. Table 5 and 4.6 shows the effect of biochar, poultry waste and
urea fertilizer on physical properties of the soil. The results show that the application
of fertilizers causes significant difference in the soil's physical properties (moisture
content, bulk density, and particle density). The significant value is less than the o
value of 0.05. This shows that all the fertilizers incorporated into the soil will change
the physical properties of the soil as seen in the multiple comparison test in Table 6.
The findings agree with [15].

3.2 Water holding capacity

The effect of those soil on water holding capacity is shown in Tables 7 and 8.
The application of biochar, poultry waste, and urea fertilizer has no significant dif-
ference in water holding capacity according to the analysis of variance (ANOVA)
shown in Table 8.

3.3. Yield

The result of the effect of those treatments on crops planted into that treatment
plot is shown in Tables 9 and 10. While Table 9 shows the raw data are collected on
yield. Table 10 shows the analysis of variance of yield and 11 shows the multiple
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comparisons for yield. The tables show that there is a significant difference between
those treatments and maize yield. The plot at which poultry waste and urea fertilizer
was added has a highly significant.

Table 1. Control experimentation

Moisture content Bulk density Particle density

Trails (%) (ke/em’) (kg/em’)

Triall 22.22 0.0018 35

Trial 2 16.66 0.0018 5.0

Trial 3 17.88 0.0018 4.6

Trial 4 15.56 0.0018 54
Average 18.08 0.0018 4.6

Table 2. Treatment with poultry waste
Trials Moisture content Bulk den3sity Particle de?sity
(%) (kg/cm”) (kg/cm”)

Trial 1 13.33 0.0018 6.5

Trial 2 15.55 0.0018 54

Trial 3 14.44 0.0018 59

Trial 4 16.66 0.0018 5.0
Average 15.00 0.0018 5.7

Table 3. Treatment with biochar
Trials Moisture  Bulk den3sity Particle de3nsity
(%) (kg/cm”) kg/cm

Trial 1 20.00 0.0018 4.0

Trial 2 17.77 0.0018 4.6

Trial 3 15.56 0.0018 54

Trial 4 17.78 0.0018 4.6
Average 17.78 0.0018 4.7
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Table 4. Treatment with Urea

Bulk density ~ Particle density

Trials Moisture % ke/cm’® ke/cm®

Trial 1 14.44 0.0018 5.9

Trial 2 16.66 0.0018 5

Trial 3 18.88 0.0018 4.3

Trial 4 15.55 0.0018 54

Average 16.38 0.0018 5.2
Table 5. Variation in Physical Properties
Source Type III Sum of Squares Df Mean Square F

Corrected Model 595.499a 5 1.1 120746
Intercept 636.96 1
Fertilizer 0.816 3
Physical Properties 594.683 2
Error 5.918 6
Total 1238.376 12
Corrected Total 601.417 11

a. R Squared = .990 (Adjusted R Squared = .982)

Table 7. Variation in Water Holding Capacity

Trials Control (ml) Poultry waste (ml) Biochar (ml) Urea(ml)
Trial 1 420 320 450 795
Trial 2 420 253 320 225
Trial 3 210 300 250 200
Trial 4 285 426 350 275
Mean average 334 325 343 374
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Table 8. Water holding capacity. Dependent Variable: Observation

Source Type III Sum of Squares Df
Corrected Model 9411.687a 3
Intercept 1838058.063 1
Fertilizer 9411.687 3
Error 297739.25 12
Total 2145209 16
Corrected Total 307150.937 15
a. R Squared = .031 (Adjusted R Squared = -.21)
Table 9.
TRIALS Wl:s)?el t(lrlz]g) Biochar (kg) Urea (kg) Control (kg)
Trial 1 0.40 0.25 0.15 0.25
Trial 2 0.20 0.22 0.15 0.10
Trial 3 0.35 0.24 0.20 0.15
Trial 4 0.25 0.20 0.17 0.10
Mean average 0.30 0.23 0.17 0.15

Table 10. Multiple Comparisons for yield

(D) Fertilizer (J) Fertilizer Mean Difference(I-J) Std. Error | Sig.
Control Poultry Waste | -.1500%* 0.0424 0.004
Biochar -0.0775 0.0424 0.093
Urea -0.0175 0.0424 0.687
Poultry Waste Control .1500* 0.0424 0.004
Biochar 0.0725 0.0424 0.113
Urea .1325% 0.0424 0.009
Biochar Control 0.0775 0.0424 0.093
Poultry Waste | -0.0725 0.0424 0.113
Urea 0.06 0.0424 0.182
Urea Control 0.0175 0.0424 0.687
Poultry Waste | -.1325%* 0.0424 0.009
Biochar -0.06 0.0424 0.182

The error term is Mean Square (Error) = .004.
*. The mean difference is significant at the 0.05 level.
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4. Conclusion

It is concluded that the different fertilizers incorporated into the soil has no ef-
fect on the water-holding capacity of the soil but have an effect on the physical prop-
erties of the soil and yield of maize. According to results obtained from the experi-
ment, farmers are advised to use any fertilizer at any point in time because there is
no effect at all on the water holding capacity of the soil. Fertilizers should also be
applied to the soil to increase yield and the physical properties of the soil when the
need arises.
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Acoustic emission as a valuable technique used for
monitoring polymer failures

Jakub Skoczylas®, Sylwester Samborski, Mariusz Ktonica

Abstract. In the paper, acoustic emission (AE) system was presented as
a method that can be used to monitor polymer material failures. Samples
fabricated of two aluminum profiles bonded together with a thick layer
of cured epoxy resin were subjected to fracture tests. Epidian 53 epoxy
resin cured with ZI curing agent as well as Epidian 5 epoxy resin cured
with PAC curing agent were selected as adhesives. Acoustic emission
parameters were acquired during Double Cantilever Beam (DCB) tests.
The frequencies of elastic waves released during failure were then ana-
lyzed using both Fast Fourier Transformation (FFT) and Wavelet Trans-
formation (WT) for the two materials.

Keywords: acoustic emission, DCB test, epoxy resin, wavelets, Wavelet
Transformation

1. Introduction

Polymers consisting of epoxy resins are nowadays widely used especially as a
fiber reinforced polymer (FRP) composites’ matrices but also as adhesives and coat-
ings in many branches of contemporary engineering e.g. automotive industry, aero-
space industry, marine industry and electronics. Besides their excellent chemical and
corrosion resistance, high tolerance to different environmental conditions [1] and
adhesive properties [2], epoxy resins are classified as brittle materials with low crack
propagation resistance and weak fracture toughness [3]. Thus, it is important to ex-
amine the mechanical behavior of these materials as well as to detect failures that
may occur just at their origin to prevent further damages.

Acoustic emission (AE) is described as a useful technique applied for health
monitoring [4, 5] and failure detection [6—8]. The term ‘““acoustic” seems to be a little
bit misleading because human ear is not able to hear the frequencies which are re-
ferred to this technique, with a range of 100 kHz — 1 MHz [6]. This method let to
classify material defects with relation to appropriate ranges of signal frequencies.
The main AE advantage is that it gives the opportunity to indicate damage onset just
while the propagation initiates [9, 10] whereas other traditional methods allow to
notice material failures until as they are much more advanced. Most commonly oc-
curring material defects can be correlated with specific frequencies of the elastic
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waves [5-8, 11-14]. However, the frequency ranges depend on the materials. In ad-
dition, various matrices can generate various AE signals while cracking [9] as well as
ply geometry and orientation of fibers and matrices can also affect the emission [15].
Thus, it is crucial to deeply analyze the behavior of particular materials before AE
can be successfully used for defect recognition and health monitoring.

Typical AE system consists of piezoelectric sensors, preamplifier, A/D card and
a PC equipped with a dedicated software [6, 12]. Data registered by AE sensors are
hits and counts in classical approach. Today, however the AE systems enable much
more sophisticated analysis of the registered elastic waves: not only energy or am-
plitude of the signal can be derived, but also FFT and wavelet analyses [13, 15]. In
order to make it possible to distinguish different types of damage processes based on
signal analysis it is essential to categorize the collected signals into clusters. It can be
obtained using K-means method [5, 16, 17] based on calculating Euclidean distances.

So far, many AE researches have been already conducted on matrix-fiber effect
appearing in various material types. Different defects were classified such as matrix
cracking, matrix-fiber debonding, delamination, fiber breakage or fiber pull out and
assigned to AE frequencies [5-8, 11-14]. Moreover, some additional examinations
were done on fibers separated from matrices to confirm the range of frequency for
fiber breakage [13]. It was also proved by AE that higher number of hits was registered
in case of samples without self-healing capability than in case of samples with self-
healing capability which was caused by constantly matrix repairing [5]. Furthermore,
the number of hits can be also correlated with the course of stress-strain curve [13]
and in-plane shear modulus [15].

Based on the open literature the different ranges of frequencies of acoustic
waves emitted during failure can be correlated with appropriate types of damages
appeared inside testing materials. Following groups of AE frequencies were distin-
guished for CFRP composites: 0-50 kHz, 50-150 kHz, 200-300 kHz, 400-500 kHz
and 500-600 kHz, which could be referred to matrix cracking, delamination,
debonding and fiber failure or fiber pull out, respectively [14]; for GFRP composites:
140-250 kHz, 250-350 kHz and 350—450 kHz, which corresponded to matrix crack-
ing, debonding and fiber breakages, respectively [11]; 0-150 kHz, 150-400 kHz and
400-550 kHz, which could be attributed to matrix cracking, interface failures and fiber
breakage, respectively [5]; 60—150 kHz, 200-300 kHz and 400-500 kHz, which were
associated with matrix cracking, delamination and fiber cracking, respectively [6];
63.1 kHz, 129.5 kHz and 213.3 kHz, which were connected to matrix cracking (with-
out fiber bridging or fiber pull out), delamination (with fiber pull out) and fiber
breakage, respectively [12]; for hybrid CFRP/GFRP composites: 50-160 kHz, 150-
300 kHz, 300-400 kHz and 400-600 kHz, which corresponded to matrix cracking,
interface failure, fiber pull out and fiber breakage, respectively [13]. As it can be
noticed, for each material the failure classification looks similar referring to raising
frequency. The lowest frequencies corresponded to intra-ply cracking, whereas the
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highest ones were reserved for fiber breakages and fiber bridging. Furthermore, me-
dium frequencies were related to interlaminar cleavage. However, frequency ranges
might vary in each case depending on different types of composites and specimens
preparation, also among the same type e.g. GFRPs. Moreover, different types of
damages occurring inside breaking specimens could be referred to different ranges
of elastic waves amplitudes. As described in [7] following ranges were distinguished:
40-50 dB, 45-60 dB, 65-80 dB, which corresponded to matrix micro-cracking, fi-
ber/matrix debonding and fiber pull out, respectively. Hence, it can be inferred that
raising amplitudes corresponded to material failures in a similar way that they cor-
responded to raising frequencies.

Analysis of acoustic emission waveforms is based on applying signal analysis
tools such as Fast Fourier Transformation (FFT) and Wavelet Transformation (WT).
Acoustic emission systems are equipped with a specialized frequency analysis com-
puter software which helps to interpret the results using both FFT and WT, providing
particular information on acoustic wave propagation, as well as damage mechanisms
and their origin. However, it is worth to notice that WT has some advantages over
FFT. The most important of them is that this method of analysis let to obtain more
accurate results as it is localized not only in frequency as FFT, but also in time.
Hence, additional information is given on when in time a specific frequency occurs
[18, 19], which makes WT a valuable mathematical tool helping to deeply examine
signal structure [20]. Because of that, WT can help with analyzing complicated is-
sues that are unable to resolve using FFT only [16].

Signals are represented in WT as a linear combination of wavelets [18] which
have limited duration and are located where concerned [21]. While FFT bases on
wave analysis, WT focuses on wavelet which is explained as a “small wave”, having
its energy focused in time [17]. Thus, it gives the ability to conduct simultaneous
time and frequency analysis using appropriate mathematical solutions. One of the
most significant wavelets property is that they are smooth which means that they are
the best basis for representing signals consisting of freely many singularities. This
means that function of n derivatives can be represented by a wavelet that is n times
continuously differentiable. In case when not enough information is given about a
signal, using wavelets is a good choice for classifying different varieties of functions
because wavelets have the unconditional basis property, described additionally as a
near-optimal property. Likewise, nonlinear thresholding and coefficient vector trun-
cation are both optimal in case of signal recovery, statistical estimation and data
compression. Moreover, WT is computationally less expensive than FFT and can be
easily adopted to inhomogeneous functions [17].

Generally, WT is a transformation similar to FFT because both of them are
based on the operation of multiplying the signal function f{?) by transformation ker-
nel. The difference is that FFT uses periodic sine and cosine functions representing
defined frequency whereas WT’s transformation kernel bases on wavelets. The using
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of WT requires that only one elementary wavelet is applied, defined as a mother
wavelet. In order to decompose the signal, mother wavelet copies are used. They come
into being due to mother wavelet scaling and relocating, according to formula (1)
where ¢ is time or space coordinate and b is mother wavelet relocation in time or
space domain. Thus, Continuous Wavelet Transformation can be calculated as the in-
tegral of signal function multiplied by wavelet function, using the formula (2) which

may be also expressed as (3). Function ¢, ,, is defined as a complex wavelet function

coupled to ¢, , [22].
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After substitution a =% and b =£, k, j € C to formula (1) a new wavelet

family is created which is a basis of Discrete Wavelet Transformation expressed by
formula (4).

Wy =27 [ fO@@T-kdi=(f0O.4;,)
- )

Furthermore, it should be emphasized that the same signal can be interpreted in
a different way depending on the basis wavelet that has been chosen. Hence, select-
ing the appropriate basis wavelet plays an important role in whole analysis process.
Different wavelets can be used as a basis for computation, including Haar wavelet,
Morlet wavelet, Meyer wavelet, Mexican Hat wavelet [21].

Application areas of WT include: harmonic analysis; numerical solutions; math-
ematical problems; signal processing e.g. medical, biomedical, seismic, geophysical;
image processing e.g. medical, biomedical; fractals and chaotic systems; radaring;
automatic target recognition [16, 17]. Moreover, since middle 90s it has been also
applied for cutting the noise from audio files [23].
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2. Methods and materials

In the paper AE was used to monitor polymer failures during Double Cantilever
Beam (DCB) test, which was conducted in accordance with ASTM D5528-13 Stand-
ard. DCB is a mode I fracture test [24]. In this case, failure is caused due to a load
attached in perpendicular direction to a specimen surface [25]. The schematic view
of a specimen with dimensions indicated is shown in Fig. 1.

Figure 1. Schematic view of DCB specimen [25].

Samples with following dimensions (according to Fig. 1) were used: length
L =210 mm, pre-crack length a = 65 mm, width B = 25 mm, thickness 2h = 8 mm.
Specimens were fabricated of two aluminum profiles thick on 2 mm and a polymer
layer thick on 4 mm. Polymer layer was made of cured epoxy resin, wherein two
kinds of epoxy resins as well as two kinds of curing agents were used to produce the
specimens at ambient conditions by bending the appropriate amounts of the ingredi-
ents. Materials’ details are given in Table 1.

Table 1. Cured epoxy resins prepared for testing

Material Material Epoxy Curing The amount of curing agent
symbol designation resin agent added expressed as a % of a
total weight of resin
I E53/Z1/100:10 |Epidian 53 Z1 10
I E5/PAC/100:60 | Epidian 5 PAC 60
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In order to prepare DCB samples a silicone form was used with recesses
210 mm x 25 mm x 8 mm. To obtain the appropriate length and thickness of cured
epoxies, rectangular aluminum pieces thick on 4mm were used to set a distance be-
tween profiles, as shown in Fig 2. After curing and 3-day acclimatization the pieces
were removed. Subsequently, notches deep on 20-30 mm were cut in the middle of
polymer layer.

aluminum pieces

top aluminum profile

cured epoxy resin

bottom aluminum profile

Figure 2. The model of DCB sample taken out of the form.

The samples were then subjected to DCB tests using the Autograph AGS-X SkN
universal testing machine. The photo presenting a loaded specimen is shown in Fig. 3.

-

piano
hinges

DCB specimen

AE sensor

Figure 3. View of a loaded specimen during DCB test.
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Firstly, piano hinges were bonded to each specimen. Secondly, DCB samples were
loaded quasi-statically at vertical speed equal to 1 mm/min. During DCB test, acoustic
emission system AMSY-5 was used to register acoustic emission parameters. AE sen-
sor was placed in 30 mm distance from specimen’s end. The acquired data was col-
lected on computer’s hard drive. Finally, dedicated software was applied to conduct
the analysis.

3. Results and discussion
During DCB tests AE parameters such as frequencies (fag), hits, counts, ampli-
tudes, as well as forces and corresponding energies were registered by AE system.
In Fig. 4 mean values of frequency were plotted for the two tested specimen types.
As it can be seen mean value of frequency was equal to 117.5 kHz and 45 kHz for
material I and material II, respectively. Thus, the frequency for material IT was over

60% lower than for material I. This proves that AE frequency registered during frac-
ture depends on material type.

120 I

100
80

60

Jai [kHz]

40

Material [ Material T1
Figure 4. Mean values of acoustic emission frequency for the two tested materials.
Moreover, wavelet analysis tool was applied to determine the time range when
AE frequency occurred. One specimen for material I and II was selected to prepare

visualization based on wavelets, as presented in Fig. 5. This way of results presenta-
tion uses a contour diagram in which WT coefficients are indicated by color map.
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As it can be noticed the measurement points with the highest intensity of WT coef-
ficients may be simply localized in both frequency and time and peak frequencies
obtained from FFT analysis correspond well with the results of WT. In Fig. 5a and
Sc color map of WT coefficients is shown for material I and II, respectively. Fur-
thermore, in Fig. 5b and 5d the respective FFT plots are given. In the case of both
materials the mean value of frequency 117.5 kHz and 45 kHz is related with the
highest intensity of WT coefficients presented in Fig. 5a and 5c and is localized in
the time range of 55-60 us and 30-35 pus, respectively. To summarize, emission of
elastic waves was more intense in case of material I, because the higher AE fre-
quency was registered as well as the signal duration was longer, over 80 us and over

50 us in case of material I and II, respectively. However, a time duration was rela-
tively low in both cases.

(Y
~—
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Amplitude [mV]

’f‘imew [usj " S Fréqdéné; [l?Hz]

Frequency [kHz] NG
SR P S U P
Amplitude [mV]
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)

Frequenéy [kHz]

Figure 5. Contour maps of WT coefficients: a) material I; ¢) material II and re-
spective FFT plots: b) material I; d) material IT

For the purpose of this research the AE frequency was only analyzed although
other AE parameters were also registered during the tests. It would be interesting to
conduct deeper analysis of the problem with additional relation to number of hits,

counts, acoustic energy, as well as force. This will be the objective of further re-
search.
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4. Conclusion

Based on the experimental analysis it can be concluded that:

1) It was proved that acoustic emission may be successfully used for monitor-
ing failures in case of both selected materials: Epidian 53 epoxy resin cured with Z1
curing agent (marked as material I) as well as Epidian 5 epoxy resin cured with PAC
curing agent (marked as material II).

2) According to the results mean values of AE frequency registered during
failure for the two tested materials varied depending on material type.

3) DCB test can be applied not only to laminates and adhesively bonded parts
but also to analyze the behavior of cracking appeared inside the thick adhesive layer.

4) Wavelet analysis is a promising tool which helps to examine AE signal in
detail regarding time, frequency and WT coefficients.
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Abstract. The paper presents a laboratory micro hydroelectric power
plant destined to applicative activities. The hydraulic turbine is a Pelton
turbine, rebuilt by fast prototyping in Geomagic Design X and printed
on a 3 D printer. The turbine casing and the afferent elements are made
in-house. The hydrogenator is synchronous being an alternator from a
Dacia vehicle. The hydrogenerator load is constituted by 3 groups of
light bulbs. We analysed the working of the micro-hydroelectric power
plant in idle run and for different loads. As a result of the analysis we
found out that it stably works for different loads and by its open construc-
tion it is useful for developing students’ ability to understand the phe-
nomena. The installation designed and executed is useful for the engi-
neering students as the pandemic forbids the thematical visits in hydro-
energetic facilities.

Keywords: micro hydroelectric power plant, renewable energy, Pelton
turbine, 3D printer

1. The present stage related to the production of the electric power
in hydro-energetic installations

The use of renewable sources of energy for the production of electric power
contributes to the reduction of gas emissions with greenhouse effect. Thus, the Eu-
ropean Union decided that in 2030 at least 32% of the raw final energy consumption
should be ensured from renewable sources [1], hence the need to implement solu-
tions for the production of electric energy from unpolluted sources.

An implemented solution is the use of water for the production of electric en-
ergy, micro-hydro energy being considered one of the most profitable energetic tech-
nologies [2]. Thus, more and more countries have built hydroelectric power plants
or micro hydroelectric power plants which should ensure their power supply need.

On the international level, there are solutions which use drinking water, water
used in irrigations and water used for the production of electricity [3-5]. For the pro-
duction of electricity using micro-hydro energy, in Spain they proposed the use of
water from all overflows [6], and in Belgium they intend to pump water which is 500
m deep in a deallocated mine [7].
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When the turbine is placed directly on the supply pipe with water, the investment
costs are very much reduced as compared to the classical variant of placing a turbine
and the environment is not negatively influenced by this one [8].

In the case of locations with no national power supply network some solutions
are implemented which consist of more than two combined systems of renewable
energy (solar, wind, hydro-energetic) and a storage system. In some cases, these sys-
tems are completed and with diesel-generator able to supply energy in the situation
in which the other systems are not working [9].

Where there is a power supply network for consumers, all the needs of electric-
ity can be satisfied and the excess can be provided in the national network, the supply
producers becoming consumers [10].

For an optimal working these systems need to be properly designed, depending
on the functional objectively pursued (minimal total cost, maximum performance,
minimal loss in the exploitation period, the static and dynamic performances) [11-
13] thus it will work safely [14-17].

In the pandemic conditions, when the access to the hydro-power facilities is re-
stricted, in order to provide students with an adequate understanding of a micro hy-
dro power plant functioning, one was built in the laboratory. After the analysis of its
operation, we remarked that they are working adequately, being able to ensure the
need of energy for the configured consumers.

2. Design and achievement of the laboratory micro hydroelectric
power plant

The block diagram of the main components which constitute the laboratory mi-
cro hydroelectric power plant are presented in figure 1. The electric generator is of
the tree-phased synchronous type being in fact an alternator of a Dacia 1300 vehicle,
having the following technical characteristics [18]:

- Working voltage U — 14 V;

- The maximal load current I, — 30 A.

The maximal power Pi.x calculated results:

P=U-1=420[W] (1)

The supply of the operating winding of the synchronous generator is achieved
by an accumulator of 12V, 10A by means of the Klcollector, the power provided
being redressed by means of a diode block/circuit. The adjustment of the tension in
the energizing circuit is achieved by a make-and-break relay and the electric values
provided are monitored by a voltmeter and an ampermeter.
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Figure 1. The main components of the laboratory
micro hydroelectric power plant.

The supply of the operating winding of the synchronous generator is achieved
by an accumulator of 12V, 10A by means of the Klcollector, the power provided
being redressed by means of a diode block/circuit. The adjustment of the tension in
the energizing circuit is achieved by a make-and-break relay and the electric values
provided are monitored by a voltmeter and an amperemeter.

The connection between the electric generator and the hydraulic turbine is
achieved by an elastic hitch.

The hydraulic turbine is made of:

casing made of transparent polycarbonate;

the rotor of Pelton turbine rebuilt by fast prototyping in Geomagic Design X
and built with the help of a 3D printer made of PLA (polylactic acide) using
the technology FDM (fused deposition modeling) [19, 20];

the metallic shaft supported on 2 roller bearings (radial-axial bearing) on
which the rotor of Pelton turbine is imbedded. At the exit from the casing
the shaft has sealing semerings on both sides;

injector designed in the Autodesk Inventor software and placed on the tur-
bine casing which by means of a screw on the thread end offers the possibil-
ity to modify the injector position concerning the water flow control;

the drainage coupling placed in the turbine casing used for the evacuation of
the turbined water.

Figure 2 shows a Pelton turbine bucket, Figure 3 presents a Pelton turbine, both
of them rebuilt in Geomagic Design X, and Figure 4 shows an image from the pro-
cess of 3D printing of the Pelton turbine.
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Figure 2. Pelton turbine bucket.

Figure 3. Pelton turbine.
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Figure 4. The Pelton turbine during the printing process.

The water supply for the laboratory micro hydroelectric power plant was
achieved from the city network which has a pressure of 4 bars and 12 light bulbs,
35W were the consumers. In order to vary the load, these were connected in 3 turns,
with 4 bulbs in a turn, the total power being:

P =F,, ko, =140 [W] 2)

The supply diagram of the excitation winding of the synchronous generator and
the supply of consumers is presented in figure 5 and in figure 6 there is an image
with micro hydroelectric power plant achieved and mounted in the laboratory.
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Figure 5. Supply electric diagram for the excitation winding
of the generator and consumers.

Figure 6. The laboratory micro hydroelectric power plant.
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3. Analysis of the laboratory micro hydroelectric power plant oper-
ation

The analysis of the operation was achieved in 2 stages: at the assembly place
where the water supply of the turbine was doing at the pressure of 2 bars and in the
laboratory where the pressure of water at the entrance of the turbine was of 3,5 bars.

In the first stage the excitation power was adjusted by the regulating relay
around 1,5 A. For the revolution of the generator there were 840 rot/min, the power
provided was 14,5 V. At the coupling of the load the power of the load had the values
in table 1.

Table 1. The values of the load current

Load power Load current
(W] [A]
140 10
280 13,5
420 17

After mounting the micro hydropower plant in the laboratory the speed was
measured in idle operation, the mode of the speed variation being presented in figure 7.
The maximum speed for the idle operation of the micro hydropower plant was
1112,2 rot/min, this being reached in 1,3 seconds.

We did some analysis referring to the operation of the micro hydropower plant
with 1/3, 2/3 in load and nominal load.

For the analysis of the operation with 1/3 load, we connected a row of bulbs and
we observed the fact that the value of the current in the circuit of the consumer is
13,7 A, and the voltage supplied was 11,5 V, the current measured in the excitation
circuit being 2,62 A. The mode of the speed variation at operation with 1/3 of load
is presented in figure 8 where we observe that the maximal speed is 877 rpm and it
is reached in 0,82 seconds.

For the analysis of the operation with 2/3 load two rows of bulbs were con-
nected. In this situation the current in the consumer circuit is 14 A and the voltage
supplied is 11,2 V. The variation mode of the speed at operation with 2/3 load is
presented in figure 9 where we observe that the maximal speed is 768,6 rpm and it
is reached in 0,49 seconds.
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Figure 7. The mode of the speed variation at the start of the micro hydropower
plant in idle operation.
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Figure 8. The mode of the speed variation at the start of micro hydroelectric
power plant and operation in 1/3 load.
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Figure 9. The variation mode of speed at the start of micro hydroelectric
power plant and operation with 2/3 load.
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Figure 10. The variation of the number of revolutions at the start of the micro
hydroelectric power plant and its operation at nominal load.
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For the analysis of operation at nominal load all the bulbs in the circuit were
connected in the consumer circuit being 17,9 A and the tension supplied is 10,2 V.
The mode of speed variation at start and operation in nominal load is presented in
figure 10 where we observe that the maximal speed is 597,1 rpm and this is reached
in 1,18 seconds.

4. Conclusion

The providers of turbines or hydraulic micro-turbines have a catalogue with
models experimentally tested, which have been initially designed based on the meas-
urements achieved on industrial turbines.

Generating the geometry of the Pelton rotor by fast prototyping in Geomagic
Design X offers the possibility of reducing the design time as compared to the clas-
sical variant and brings the following advantages: fast achievement of components,
very high precision, low-cost price.

After analysing the functioning micro hydroelectric power plant designed and
executed in the laboratory we found out that it stably functions being able to provide
the necessary electricity for consumers.
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Effect of amended soil using different fertilizer applications
on phenology of Cassava in Edo State South-South Nigeria
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Abstract. Three experimental fertilization treatments of fertigation
(FERT), Nitrogen-Phosphorus-Potassium (NPK), and poultry organic
fertilizer (ORG) were applied on a cassava (TMS 30573) cultivation
at the rate 300 kg/ha for NPK and ORG, while fertigation was inject-
ed at 1.5 litres/minutes. The results were compared with the control
and unfertilized field using the same cassava cultivar. The results
from the four treatments indicated that the cassava phenological de-
velopment significantly responded to fertilizer applications. At 183-
day after planting (DAP), the plant height under FERT was higher
than NPK, OGR and CON by 19.0 cm, 60 cm and 80 cm. Conversely,
under ORG, the leaf emergency (le) steady increased to 42 leaves at
183 DAP, whereas NPK reached peak (1¢) at 161 DAP and dropped
to 41 at 183 DAP. Also, under the FERT and CON, le dropped to 38
and 33 leaves at 183 DAP. The rate of leaf death (1d) is significant at
P<0.001 under fertigation, NPK and ORG, while insignificant under
control treatment. Projected cassava yield per hectare estimated from
phenological and morphological development indicated that ORG
showed high possibility of producing cassava yield increase of 2.5
tons/hectare over FERT, 3.2 tons/hectare, 4.8 tons/hectare under
NPK and CON respectively.

Keywords: Cassava-TMS 30573, Fertilization, Phenological develop-
ment, Cassava yield, Treatment

1. Introduction

Cassava is one of the most important crops due to its large chain value
addition. Several food items as garri, funfun, pupuru are a by-product of cassava.
Manihot esculenta Crantz is also an essential calorie for human and animal well-
being. [1] indicated that cassava is the third important calories source after rice
and rice mostly in tropical countries. Also, the crop is increasingly used in the
pharmaceutical and beer industries [9]. The global population explosion and an
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emerging increase in cassava usage as direct and indirect consumption, drug and
beer manufacturing have greatly increased the demand for the crop. The study of
[1] revealed that cassava’s demand has tremendously increased due to its wide
range of uses. Presently, three is a large gap between the cassava yield and
population growth in Nigeria. Conversely, an average cassava yield of 22.0
tons/ha is not sustainable to attain intended cassava yield potential.

Having established an existence between a large cassava yield gap and a
growing population, it is important to increase its production to reduce possible
deficits, improve food security and economic growth. The finding from the study
of Hillock (2014) showed that global cassava’s yield represents 46% and 36%
over the African continent. Despite that Nigeria is the largest cassava importing,
most of the cassava importing regions in Nigeria have been experiencing a
reduction in yield per hectare due to nutrient depletion, prevailing weather
conditions, and farm management. However, all the factors attributed to cassava
yield per hectare could be achieved by choosing and planting a cassava stem
variety suitable for a given agro-ecological zone regarding climate (temperature,
rainfall e.t.c), nutrients, and pest resistance. Also, agronomic and farm practices
are very imperative to achieving improved cassava yield. [3] reported that
cassava yield could be increased by planting suitable cassava varieties and
application of the required amount of fertilizer

Constant cultivation without fertilizer application will likely lead to nutrient
depletion and low cassava yield. Amendment of nutrient-depleted soils is
commonly achieved through the use of fertilizers as NPK, Urea, and organic
manures both from plants and animals. [8] observed over Sub-Saharan Africa that
cassava yield increase with fertilizer application. It is important to determine the
rate, amount, and type of fertilizer to use in response to soil type and condition.
Also, the information on the soil analysis is significant to fertilizer application.
[4] revealed that nitrogen (N) and potassium (K) are the major nutrients required
for cassava yield. 4R Nutrient Stewardship principle is recommended to be used
in applying fertilizer for cassava cultivation.

Hence, this study aims to evaluate and compare the phenological
development of cassava under three fertilizer treatments (URE fertigation, NPK,
organic manure) with the control treatment. The results obtained will be useful to
select appropriate fertilizer for optimum cassava yield in Edo State, Nigeria.

2. Materials and Methods.
2.1. Site description

Field experiments were carried out at the Teaching and Demonstration of
Auchi Polytechnic, Auchi located at latitude 7.0465°N and longitude 6.2701°E.
The soil has a high percentage of sand with low fertility due to continuous
cultivation and erosion. Auchi is located within a tropical savanna climate with
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annual average precipitation and air temperature of 1,205 mm and 28°C. The
highest and lowest dry period is February and July with a maximum temperature
of 38°C and 29°C.

2.2. Land preparation

The vegetation on the area (trees and grasses) was removed using Axe,
cutlass, hoe, and motor saw. The area was tilled mechanically using plough and
harrow. While the marking out (the division into treatment plots) was done using
measuring tape and pegs. A cassava variety of TMS 30573 was planted on the
18th March 2021. The cassava stake of 26 cm long was manually planted on the
ridge’s crest at a spacing of 2 m.

2.3. Experimental design

The design of the experiment was 4 * 4 randomized complete block
design with three replications. The size of each plot is a 4 m * 6 m and contained
6 rows of 6 m length with a planting distance of 2 m. A total of four (4) plots
including a control treatment were constructed. The plant was fertilized with
NPK at a dose of 15:15: 15 at the rate of 300 kg/ha after two months of a
plantation at plot A, while fertigation of NPK (15:15: 15) was done at 1.5 litres
per minute on plot B. Organic manure was used to plot C before tillage at the rate
of 300 kg/ ha. Hence, plot D is the control treatment where no form of soil
amendment was carried out. Each of the plots was subjected to the same
supplementary water application of 5 mm for every three (3) days interval for
plant germination and establishment. The rate of germination was determined 40
days after planting. The germination rate was 80% in plot A, 100% in plot B,
80% in plot C, and 75% in plot D. The weeding activities were carried out using
convection and application of herbicide (Force Up). Cassava phenological
development (plant height, plant width, leaf emergency, leaf death) was measured
every five days over each of the plots. Statistical metrics of ANOVA and T-test
were used to compare different treatments on the cassava growth parameter.
Signal 1.0 version was used for the smart plot of the phenological parameter. The
least significant difference (LSD) and multiple range test (DUNCAN) were used
to compare the mean at a 1% confidence interval. Some of the field activities
were shown in plates 1-4.
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Plate 1: Land clearig (A), Installation of irrigation system (B), Operation of
irrigation system (C) and Growing cassava plant (D).

3. Results and Discussion

3.1 Cassava germination

The germination of planted cassava stake was observed at exactly 20
days after the day of planting. The survival and germination showed that plot A
recorded a 100% germination rate (GR), while plots B, C, and D indicated GR of
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80%, 75%, and 80% respectively. A similar finding was obtained by [3] revealed
that MKUC 34-114-106 cassava cultivar had survival and GR of 95.4% and
96.7%.

3.2. Cassava phenology under soil amendment

The growth parameters of cassava were measured at 25 days after planting
(DAP) across the plots. The plant height (Ph) increased suddenly with solid NKP,
fertigation, and organic manure while under control treatment, the Ph started to
increase at 69 DAP. Average plant of 160.0 cm was obtained in plot B
(fertigation), 141.0 cm in plot A (Solid NPK fertilizer), 100.0 cm at plot C
(organic manure), and 80 cm under control treatment at 183 DAP as shown in Fig
la. The finding revealed that the plant growth response abruptly to fertigation and
NPK soil amendments. The control treatment could be attributed to the depletion
in the soil nutrient due to its continuous cultivation. However, the steady
development of cassava phenology under organic manure could be best be
explained by the long period required for the decomposition processes. The
finding is similar to the study of [5] which revealed that under fertigation or any
soil am