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ACCURACY ANALYSIS OF THE MODEL EXPERIMENTS
ON DIPPING PURSE SEINE MODELS AT SIDE STREAM'

Abstract. The research aim is to analyze accuracy of the experimental data obtained during the
experiments in the hydraulic channel of "MariNPO", LLC (Kaliningrad) in 2014. During the exper-
iments, three purse seine models were immersed under different loading of a leadline (0 kg, 0.248 kg,
0.338 kg) and different speed of the current (0.2 m/s, 0.3 m/s, 0.4 m/s). Seven experiments were
carried out for each model (0 kg and 0.2 m/s; 0.248 kg and 0.2, 0.3, 0.4 m/s; 0.338 kg and 0.2, 0.3,
0.4 m/s). To confirm reliability of the data there was carried out the analysis of the total error which
included: instrumental error, cargo error, measurement error of the net the models were made
of, inaccuracy of immersion, displacement of the seine along OY axis, approximation error. To ap-
proximate the pilot data there was chosen the method of ordinary least squares. Approximation was
conducted with a straight line (linear regression), polynomial n (polynomial regression), and
a combination of arbitrary functions. The least error (6.82%) was obtained in the experiment 0 kg
and 0.3 m/s, maximum (14.76%) — in the experiment 0.338 kg and 0.2 m/s. When the error doesn’t
exceed 15%, subject to the adequate precision of measurement, the results of the experiments
should be considered satisfactory.
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Introduction

The experiments of submerging purse seine models in the hydraulic channel of "MariNPO",
LLC were conducted in 2014; the experimental results have been earlier introduced [1]. Three models
of a purse seine were built with different leadline loading: 0 kg, 0.248 kg, 0.338 kg. The characteristics
of the experimental purse seines are given in Table 1.

Table 1
Characteristics of the purse seine models’
Model Ly, m Hy, m Ly, m H,, m a, mm d, mm u, uy Fy
1 10.0 1.16 0.210
2 10 2.1 7 1.5 6.0 0.4 0.7 0.714 0.133
3 10.0 0.95 0.190

"Ly - length of top selection in harness; H, - height of seine in harness; Ly, - length of top selection; H, -
height of seine in landing; u, — horizontal landing coefficient; u, — vertical landing coefficient.

Experimental measurements were done in still water, as well as in a flow having velocity
0.2 m/s, 0.3 m/s, 0.4 m/s. limmersion time, immersion depth, displacement of the leadline along
OY axis, approximation error were being measured during the experiments. The purpose of the research
was to justify the reliability of the data obtained.

Error calculation

In order to confirm the reliability of the data, it is necessary to calculate the error. The error con-
sists of instrumental error (stopwatch, ruler, hydrometric flowmeter C-31), cargo error, error of the net
the models were made of (mesh size, thread diameter), immersion error, displacement of the seine
along OY axis, and approximation error.

The following formula is used to estimate the overall error:

2 2 2 2 2 2
. , d )
5{01 — ( 6 instr ) + ( 5 c j + ( 6[1 j + ( 5 imm j + disp + appr ,
100% 100% 100% 100% 100% 100%

where 6, - overall error of the experiment; d;, - relative instrumental error; d, - relative cargo error;

' The paper has been prepared in the framework of the RFBR grant "Mathematical, physical and simula-
tion modeling of net fishing gear and aquaculture" No. 15-08-00464-a.
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d, - relative net webbing error; dimm - relative error of purse seine immersion; O, - relative error
of purse seine displacement; 3,y - relative approximation error.
The relative error was calculated using the formula:

5. ==L 100%,
X

where 9, - relative deviation of the value; X - arithmetic mean value; g, - absolute error of the value.
Absolute error €1 is calculated using the formula:

€ =0:X Iy,
€ =0, X1,
where 6. — mean square deviation of the values; 3, — Student’s coefficient, which depends on the

number of degrees of freedom (n — 1) and confidence probability f.
Mean square deviation ¢

G. = Zin:l(xf_)_c)z
* n(n-1) ’

where 7 - number of measurements; x; - i-st element of measurement.
Table 2 shows the results of calculating the relative error of the measurement values.

Table 2
Error results
Relative error, o
Model 1 Model 2 Model 3
Error E E E E E E E E E
N e < N e < > e <
(=) (=) (=) (=) (=) (=) (=) (=) (=)
Il Il Il Il Il Il Il Il Il
N N N N N N N N N
Thread diameter, d 0.58% 1.19% 0.71%
Mesh size, a 0.47% 0.64% 0.39%
Cargo weight, P 0,01%
Flowmeter C-31 0.4% - for 0.2 m/s; 0.6% - for 0.3 m/s; 0.8% - for 0.4 m/s
Ruler 5%
Stopwatch 0.01%
Table 3 shows the results of calculating the relative error of the immersion of the seine.
Table 3
Error of immersion and error of displacement of purse seine in immersion, %
Model 1 Model 2 Model 3
: 1 : 1 : 1 ]
28, .8 28, .8 28, 3§
Load; flow velocity L= = ER-B-R- 4 = =R = 4 = S @
’ 223 | 323 | £2% | 2EE3 | 2% | FEig
ES a s ES a s ES 8 E3
— [Re=) L= (=¥
0kg; 0.2 m/s 4.96 3.37 332 4.49 2.75 241
0.248 kg; 0.2 m/s 3.79 2.20 2.41 4.17 6.30 4.49
0.248 kg; 0.3 m/s 2.75 1.27 2.45 5.31 4.82 4.49
0.248 kg; 0.4 m/s 321 4.71 3.84 2.92 3.31 4.50
0.338 kg; 0.2 m/s 3.28 2.52 495 2.34 5.03 4.50
0.338 kg; 0.3 m/s 3.58 1.92 6.08 2.54 4.39 4.49
0.338 kg; 0.4 m/s 3.59 6.53 421 3.86 4.81 2.92

For representation of the obtained experimental data as a function y = f{x) we use approximation [2].

For our approximation, let us choose the least squares method - this is the most common way
of approximating the data [3]. The method provides the minimum sum of deviation squares from the
approximating function to the experimental points, and it also does not require passage of the approxi-
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mating function through all the experimental points. Using the least squares method, the most common
is straight line approximation (linear regression), n-degree polynomial approximation (polynomial re-
gression), and the approximation by a combination of arbitrary functions ("linfit" function).
As a calculation example let us take model 2 under 0 kg loading and flow velocity equal to 0.2 m/s.
The input data for calculation of approximation were estimated on the basis of the work theory [4].

The input data:
0.2 0.858 0.448
0.4 0.707 0.426
t=[06|v=|0.783 | w=| 0.448 |,
0.8 0.8 0.435
1 0.858 0.458

where 1 — relative immersion time of the purse seine; v — relative immersion rate of the purse seine; ® —
relative displacement of the purse seine along the OY axis in immersion.

To calculate the linear regression, integrated in MathCAD functions such as slope (evaluate slope
coefficient of a straight line) and intercept (finds the point of intersection with the y-axis) are used.

The linear regression is given by:

Jin (1) =4+ Bxr,
where
A= intercept(t,v),
B =slope(t,v).

To calculate the polynomial regression, regress and interp functions are used.
The polynomial regression of the 2™ degree is given by:

fr(1)= a, Xt +a,x1+a,

To calculate approximation by a combination of functions, built-in "linfit" function is used.
Approximating function is given by:

Jin(1)= a$+b sin(t).

Let us plot on a graph and compare approximation results (Fig. 1, 2).
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Fig. 1. Approximation results of the experimental data of the relative immersion rate
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Fig. 2. Approximation results of the experimental data of the relative displacement of purse seine

Approximation error can be calculated using the following formula:

where §, - approximation error; v, - relative immersion rate of the purse seine in approximation.
Table 4 shows approximation error results of the relative immersion rate of the purse seine.

Table 4
Approximation error results of the relative immersion rate of the purse seine
Model 1 Model 2 Model 3

. = = = =R = T =
Load; flow velocity 5.2 E.2 T s =2 g2 x § 52 £ < = £
Qo @ S wu L=l QO @ S w = s QO w S w L=l =}
s £ S £ 2 s g S S 2 = S £ 2
=g | Fg | F& | "¢ | Fg | f& | "g | Fg | F&

St [V il -Vl St -]
0kg; 0.2m/s 9.45 9.05 8.09 15.25 7.89 12.77 15.25 5.79 12.77
0.248 kg; 0.2 m/s 4.86 1.76 4.34 10.73 7.7 10.16 10.74 4.85 8.76
0.248 kg; 0.3 m/s 341 3.35 4.34 4.59 0.64 4.66 12.1 5.48 11.73
0.248 kg; 0.4 m/s 2.60 091 230 2.59 0 4.03 7.92 0.64 7.73
0.338 kg; 0.2 m/s 4.86 1.76 4.34 17.9 8.59 16.11 9.61 8.46 8.08
0.338 kg; 0.3 m/s 341 3.35 4.34 8.77 3.48 7.3 12.1 5.48 11.73
0.338 kg; 0.4 m/s 3.25 3.07 3.48 5.97 1.14 5.33 6.47 0 7.62

Table 5 shows approximation error results of the relative displacement of the purse seine in im-
mersion.
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Table 5
Approximation error results of the relative displacement of the purse seine in immersion
Model 1 Model 2 Model 3
= == = == = ==
S = e - £ S = e - E S = 2 = £
Load; flow velocity $2 | §% | 22 | £% | §% | &S | §% | E% | €
= L £ 2 s £ =i £ 2 = =i £ 2
=g | Fg|F&| "¢ | g | F& | "g | Fg | Tz
St [ St [ Ll [
0kg; 0.2m/s 5.94 6.65 5.99 7.21 3.12 7.58 7.21 3.12 7.58
0.248 kg; 0.2 m/s 13.67 6.41 9.23 3.18 2.99 2.29 10.46 6.6 9.84
0.248 kg; 0.3 m/s 5.79 0.39 5.41 5.69 1.09 6.14 2 1.73 2.28
0.248 kg; 0.4 m/s 0.53 0.32 1.52 1.08 0 1.30 0.42 0.21 1.16
0.338 kg; 0.2 m/s 5.33 3.55 4.25 15.47 9.34 14.14 6.77 5.99 5.81
0.338 kg; 0.3 m/s 2.86 1.18 3.38 6.06 4.06 5.52 1.84 1.44 1.97
0.338 kg; 0.4 m/s 1.08 0.43 1.62 1.11 0.11 2.01 1.37 0 2.01
Table 6 shows overall error of the experiments with the purse seine models.
Table 6
Overall error of the experiments with the purse seine models, %
Load; flow velocity Model 1 Model 2 Model 3
0kg; 0.2m/s 13.70 11.41 9.08
0.248 kg; 0.2 m/s 9.13 10.88 12.36
0.248 kg; 0.3 m/s 6.82 7.94 10.12
0.248 kg; 0.4 m/s 7.72 7.66 7.61
0.338 kg; 0.2 m/s 7.65 14.76 13.37
0.338 kg; 0.3 m/s 7.42 9.96 9.88
0.338 kg; 0.4 m/s 9.53 7.84 10.08

Measurement accuracy is considered adequate when the error does not go beyond 15%.
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B. B. Maxapos. A. A. Hedocmyn

AHAJIM3 TOYHOCTHU MOJEJIbHBIX SKCIEPUMEHTOB
IO MOrPYXXEHHIO MOIEJIEH KOLIEITbBKOBOIO HEBOJIA
IMPH YCITOBHUH BOKOBOI'O TEYEHHAA

Henp mccnemoBaHus — aHANINW3 TOYHOCTH JAHHBIX, MMONYYCHHBIX 3KCIIEPHMEHTAIBHBIM ITyTeM
B 2014 1. B ruapokanaie OAO «MapuHIIO» (Kanmuaunarpanm). B xone dKCIIepuMEHTOB OCYIIIECTB-
JISIIOCHh TIOTPYXKEHHE TPEX CIEHHAIBHO IIOCTPOSHHBIX MOZEIEH KOMIEeTbKOBOIO HEBOJA C Pas3sind-
HOW 3arpy3koil HmkHe# moxbopsl (0; 0,248 u 0,338 kr) ¥ mpu pasITUUHOW CKOPOCTH TCUCHUS
(0,2; 0,3 u 0,4 M/c) — mo 7 3kcniepuMeHTOB st Kaxkaoit monenu (0 xr u 0,2 m/c; 0,248 kr u 0,2; 0,3
u 0,4 m/c; 0,338 kr u 0,2; 0,3 u 0,4 m/c). J]71st monTBEpKACHUS TOCTOBEPHOCTH MOJyYSHHBIX JAHHBIX
OBLT MPOBEJICH pacyeT OOIIel MOTPENIHOCTH, BKIFOYAIONICH B ce0si HHCTPYMEHTAIBHYIO MOTPEI-
HOCTB; IOTPEIIHOCTh Beca rPy30B; MOIPEIIHOCTh U3MEPEHUH JICNU, U3 KOTOPOW OBLIH CACIaHBI MO-
JIEJIN; MOTPELTHOCTD MOTPYKECHUS HEBOJIA; IOTPEIIHOCTh CMEIIeHH HeBoaa ocu OY; MOrpeIHocTh
anmpoKcUManuu. s anmpoKCHMAaIlid AIKCHEPUMEHTANBHBIX JAaHHBIX OBLT BBEIOpaH MeETOJ
HAaUMEHBIINX KBaJIpaToB. ATIIIPOKCHMAITUS ObliIa TIPOBEIeHA TPSAMOMN JIMHUEH (JTMHEHHAs perpeccus),
MTOJIMHOMOM 7-H CTeTnieHH (MTOJITMHOMHAIIbHAS PErpeccrs) U KOMOMHAIMEH TTPOU3BOIBHBIX (YHKITHH.
Hammenpimas norpemsocTts (6,82 %) Obi1a momydena B sxcniepumente 0 xr u 0,3 m/c, HanbombIIas
(14,76%) — B sxciepumente 0,338 kr u 0,2 M/c. YUuTHIBast, 9TO TOYHOCTH M3MEPEHUI CUNUTACTCS JOCTA-
TOYHOMU, KOT/Ia TIOTPEITHOCTh HE BBIXOJWT 3a paMKH 15 %, pe3ynbTaTsl SKCTICPIMEHTOB CIIEAyeT TpH-
3HATh YJIOBJICTBOPUTCIHHBIMH.

KuroueBble ¢JI0Ba: KOIICIBKOBBIN HEBOI, AMIIPOKCUMAIIHS, MATEMATHICCKAsT MOJICITb.
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