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Simulation of the Outlet Temperature using
Meteorology of the City of El Jadida-Morocco

Meryem El Badaoui * & Abdelatif Touzani °

Abstract- This article is a continuation of the previous article”
Modeling of a parabolic trough using two heat transfer fluids
and an economic estimation in the Moroccan dairy industry,”
presenting new parameters and results. Its objective is to
simulate the temperature of the chosen fluid, which is water by
using the meteorology of the city of El Jadida, city of the dairy
industry.

We presented the energy balance of the parabolic
trough then the thermophysical properties of the water, as well
as the meteorology of El Jadida by taking the maximum,
minimum temperature of the year plus the range of the wind
speed influenced the glass cover of the absorber. We finished
with a visualization of water velocity within the absorber.

I.  INTRODUCTION
ccording to the recent article "Modeling of a
parabolic trough using two heat transfer fluids and
an economic estimation in the Moroccan dairy
industry"[1], We made a comparison between two heat

a) Description of parabolic through

Glass cover

transfer fluids based on several parameters including
the heat exchange coefficient, the Grashof number as
well as their environmental and economic impact.

This comparison made it possible to choose
water as the heat transfer fluid within the industry. It is in
this context, and based on the metrology of the city of el
Jadida-Morocco, the simulation proposed below was
established under Comsol in transient mode using water
as heat transfer fluid.

[I. THERMAL BALANCE OF PARABOLIC
TROUGH

Accordant with the previous article, we focused
on the description of the parabolic trough as well as we
presented its thermal balance. Below we will briefly
introduce it. [2][3]

Absorber

Figure 2: Temperatures inside the pipe

Author a o: Applied Thermodynamics and Solid Combustibles (ATSC)”, Mohammedia School of Engineers (EMI), Rabat- Morocco.
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b) Thermal balance

The characteristic equation using water
0T (x,t) T (x, )
prCpmtDy; ot = prCy Dy a— qu(x,1)

Qu (x' t) = haanai (Ta (x' t) - Tf (x’ t))

1 Atpri-1)Cp-1)Ds At
Ty = ————[Tra—n | 1 , T,
fi 1+ Ath [ fG-1) ( + pfl Cfl Dai TAx + pfl CpiDai nAx qu( ai fl)]
AxT[Dai
Using the constants for simplifications, we have the equations below:
g TiH = AT + Bf(l h+C
- Axr[Dai pfi Cpl DaLnAx pfi CpiDain
The characteristic equation of the glass cover
E e [0 (® - 4ue® - 0,
% it - Pa CpaA [qab a,v qu ]
9

2Ky onD,, (T} — T}
ff
Qab = PselXap TUSan,U = 2 (Ta - Tv) + 1 = -

II

D,; 1—-¢, D
S In =% —+ v =ae
Z nDae &aq &y (Dvi)
5 Tt =T+ CWA [0y () = Gao () = 0, (©)]
= T =TL4+D Wit D= ——[qu () — 4o, (D) — 4. (0]
= PaCpa A ’
= Water thermophysical proprieties
eV0]
£ aT, (t) 1
= = t) — t
:E' ot vavav [qa,v( ) 9v,amb ( )]
‘B0
LEI qv,amb (t) = hv,amb Sve (Tv - Tamb ) + gvasve (Tl;l - chmb)
_% Tvt+1 = Tvt + vap—vAv [qa,v (t) ~ Qu.amb (t)]
% T =T, +E With:  E' = ——=[qa,» (t) = dv,ams (1)]
[a4 Pvlpy
; Since we chose to work with water as heat transfer fluid, this implies to present its thermophysical properties below.
£ Volumic mass (Kg/m?):
= —0.00327T7 — 1.6126T + 799.26;
:é Heat capacity (J/Kg.K):
- (276370 — 2090,1T + 8.125T2 — 0.014116T3 + 9.3701. 10—6T4)/
18.051
Thermal conductivity (W/m.K):
O —0.432 + 0.0057255T — 8.078.107°T? + 1.86.107°T3 + 1.861.107°

Dynamic viscosity (Pa. s):

3703.6
expiif—52.843 + + 5.866In(T) — 5.87910729T1?)
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[II.  DNI OF EL JADIDA DURING THE YEAR

According to Solar Atlas Masen [4][5], we were able to generate the following results

e

March April May June July August | September
DNI (Kwh/m?) 151 172 183 171 158 151 156
_rr Bouznikake & ,E
Easablanea BE[’_‘IE?;[-iIETHFJﬁE.‘
" i W
. o |' LY II:'H..

Figure 4: DNI of EL Jadida from October to February
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130

117
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a) Temperatures of EL jadida in 2019

According to the Accu Weather website [8], we
were able to take the meteorological history of the city in
2019 to identify the maximum and minimum
temperatures of the year to use them in our simulation.

IV.  METEOROLOGY OF EL
JADIDA-MOROCCO
In this paragraph, we wil look at the
meteorology of El Jadida during the year 2019 by

presenting the maximum and minimum temperatures
and the wind speed.[6][7]
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SIMULATION OF THE OUTLET TEMPERATURE USING METEOROLOGY OF THE CITY OF EL JADIDA-MOROCCO
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Figure 5: Maximum and minimum average temperature for the year 2019

The figure above shows, on the one hand, the low temperatures are September at 26°C and January

daily average maximum and minimum temperatures of  with 8°C.
the year. On the other hand, the months with high and

35
3
2
2
1

1

m[10°C-15°C[ m[15°C-20°C[ m[20°C-25°C[ m[25°C-30°C[ m>=30°C

Figure 6. Average Maximum temperature in 2019
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SIMULATION OF THE OUTLET TEMPERATURE USING METEOROLOGY OF THE CITY OF EL JADIDA-MOROCCO
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Figure 7: Average Minimum temperature in 2019

The figures beyond show the number of days per month, reaching peak temperatures for the first diagram,
while the second presents the days with the lowest temperatures.
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January 2019

Figure 8: The minimal temperature in January 2019
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Figure 9: The maximal temperature in September 2019

Figures 8 and 9 present the months having the maximum and minimum temperature of the year, recording
on January 6, the lowest temperature of the year: 2 °C as for September 30 marks the highest temperature of the

year: 32 °C.
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SIMULATION OF THE OUTLET TEMPERATURE USING METEOROLOGY OF THE CITY OF EL JADIDA-MOROCCO

b) Wind speed during 2019
35
30
25

20

Days

15

10 ¢

® Average wind speed ( Km/h)

Figure 10: Average wind speed in 2019
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Figure 11: Daily Wind speed in 2019

The figures above show the evolution of wind speed in 2019, varying from 8km/h to 73Km/h. We notice in

Global Journal of Researches in Engineering (A) Volume XX Issue II Version I n Year 2020

the second diagram a variation of the wind speed compared to the days of each month of the year.
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The figure above shows us the variation of the
ambient temperature during the day, starting from 7h to
19h. We observe on 6 January (1), marked the minimal
temperature of the year, reaching a maximum of 293K at

10 a.m.

V.

RESULTS AND DISCUSSIONS

7 8 9 10111213 141516 17 18 19

Figure 12: Ambient temperature on 6 January (1) and on 30 September (2)
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Ambient Temperature(K)
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noticeable on 30 September.

7
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2)

On the one hand and on the other hand, we
notice that a higher temperature: 304K at 1p.m was

¢~ Qutlet water temperature on January 6 and September 30
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Figure 13: Qutlet water temperature on January 6 (1) and September 30 (2) using Comsol Multiphysics
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SIMULATION OF THE OUTLET TEMPERATURE USING METEOROLOGY OF THE CITY OF EL JADIDA-MOROCCO
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Figure 14: Simulation convergence curve
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Figure 15: Variation of the outlet temperature according to time on January 6 (1) and September 30 (2)

Figure 13 shows the simulation under Comsol
Multiphysics of the water temperature at the outlet on
January 6 and September 30. Take an outlet
temperature exceeding 290K for January 6, while
September 30 marks a temperature exceeding 400k.

For figure 14 of the convergence curve of the
simulation converges quickly. This convergence shows
us the validity of our simulation.

The figure 15presents the temperature evolution
from 7h to 19h of the two days mentioned above.
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€~ Variation of Glass cover temperature depending on wind speed
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Figure 16: Variation of Glass cover temperature depending on wind speed

In figure 16, we notice a decreasing effect of the wind speed on the glass cover temperature for the three
ambient temperatures.

&~ Water speed in the parabolic trough
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Figure 17: Vertical section of parabolic trough

This figure allowed us to visualize the interior of the parabolic by presenting the speed of the water in the
absorber by reaching a speed of 0.13m/s at the parabolic through the outlet.
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¢~ Variation of temperatures depending on solar irradiation
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Fig. 19: Temperature variation according to solar irradiation during September 30

The figures above show the variations of the
three temperatures during January 6 and September 30
depending on solar irradiation.

It can be seen that solar irradiation has an effect
on the three temperatures, more precisely the absorber
temperature, its increase implies an increase
intemperatures, recording increases in the temperatures
of the fluid, the absorber and the glass respectively:
470K, 474K and 327K for a maximum irradiation of 500w
/ m2 during January 6, moreon September 30 and for a
maximum irradiation of 750w / m2 at temperatures of
577K, 581K and 346K.

VI. CONCLUSION

This labor made it possible to work with the
water chosen at the end of the previous work by
simulating its temperature at the outlet.

This study, first of all, made it possible to
visualize the meteorology of the city by identifying
January 6 as the day with minimum temperature and
September 30 having a maximum temperature, as well
as the variation of the temperature at the exit during
these two days.

Also, we exposed the variant wind speed from
8km / h to 73Km / h in 2019, as well as its influence on
the glass cover temperature.

© 2020 Global Journals
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Abstract- The article presents the results of comparative experimental studies to identify the
effectiveness of the new design of the end grinding wheel. The analysis of the obtained empirical
models shows that the roughness of surfaces ground with a new design wheel is much lower
than that of a standard grinding wheel.This is due to the fact that the creation of discontinuity on
the frontal zone of the working end with the profiling of the protrusions along the Archimedean
spiral eliminates periodic impacts, increases the number of cutting grains, creates conditions for
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capacity of the continuous part of the working end of the wheel.
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Results of Comparative Experimental Studies to
Identify the Effectiveness of the New Design of
the End Grinding Wheel

CpaBHUTENbHbIE 3KCMEPUMEHTaIbHbIE NCCNEA0BAHUA LLEPOXOBATOCTU NOBEPXHOCTU NPWU TOPLLOBOM
WAM$OBAHUM KPYroM HOBOM KOHCTPYKLUMM U CTAHAAPTHLIM KPYrom

Hassan Ahmad Husseynov “ & Chingiz Mirza Mammadov °

Absiracl- The article presents the results of comparative
experimental studies to identify the effectiveness of the new
design of the end grinding wheel. The analysis of the obtained
empirical models shows that the roughness of surfaces
ground with a new design wheel is much lower than that of a
standard grinding wheel.This is due to the fact that the
creation of discontinuity on the frontal zone of the working end
with the profiling of the protrusions along the Archimedean
spiral eliminates periodic impacts, increases the number of
cutting grains, creates conditions for a relatively uniform
distribution of the allowance between them and increases the
meticulous capacity of the continuous part of the working end
of the wheel.

Keywords: grinding wheel, roughness, surface quality,
empirical model, archimedean spiral, efficiency, cutting
conditions.

Ped)epam- B cTatbe W3N0XKEHbI pe3ynbTaTtbl CPaBHUTE/IbHbIX
3KCNepPUMEeHTaNIbHbIX Mccnep,osauuﬁ no BblABNEHUIO
3¢ PeKTUBHOCTHU HOBO KOHCTPYKLUUU TOpLEBOro
wAMPOBaANbHOrO Kpyra. AHaZM3 MOJNIYYEHHbIX 3MMNUPUYECKUX
Mo,qeneﬁ NnokKasbiBaeT, 4TO LWepOoXoBaTOCTb nOBerHOCTeﬁ,
WANGPOBAHHbLIX KPYrom HOBOM KOHCTPYKLUM 3HAUYUTEJIbHO
HUXe, uyem WANPOBaAHHbIX CTAaHAAPTHbIM  Kpyrom. 3T0
obbAcHAeTcA Tem, yTO co3gaHuem npepbIBUCTOCTU Ha
¢poHTanbHO 30He paboyero Topua ¢ npoduANPOBaHMEM
BbICTYNOB no apxumegoBoi cnupanu yCTpaHsaTCcA
nepuoauyeckme ypaapbl, YBEIMUMBAIOTCA UUCIO PEXYLUX
3epeH, co3aakTca ycnosua AnAa OTHOCUTE/ZIbHO paBHOMEPHOro
pacnpegeneHusa nNpPUNycKa MeXAy HUMMA WM NOBbIWAeTcA
BbIXa*KUBAIOLWWAA CNOCOGHOCTb CN/IOLWHOM YacTu paboyero Topua
Kpyra.
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[.  BBEAEHWE

WAndoBanbHbIX
HOBBbIX

acwTabol NpUMeHeHUs

onepauuu, nosiBneHue

MaLUMHOCTPOUTENIbHLIX  MATepPMaNoB U  HOBbIX

a/IMa3HO-abpasuBHbIX WMHCTPYMEHTOB ANA  UX
06paboTKM BbI3biBaET HEOOXOAUMOCTb B Bbosiee geTaibHOM
n3yyeHun OGU3NYECKOW CYLLHOCTM 3TOro npouecca.AHanus
npouecca WANdoBaHUA HEYKNOHHO MPUBOAUT K MbICAM,
YTO NpPW 3TOM3HAYMUTENbHAA YacTb MeXaHW4YecKoW paboTbl
TPaTUTbCA HA TPEHWE W COOTBETCTBEHHO NPUBOAMUT K
NoBbILEHHOMY Tennosomy BO34,eMCTBUIO Ha
obpabaTbiBaeMyto NOBEPXHOCTb, a B MOCAEACTBUU, K
YXYALWEHUIO FeOMETPUYECKUX MapameTpoB LWANPOBaAHHbIX
NOBEPXHOCTEM U CHUXEHUIO  PU3MKO-MeXaHUYECKUX
CBOWCTB NOBEPXHOCTHOrO cNnosA obpabaTbiBaemon getanu.

B KauecTBe npumepa npoBeaem aHa/iM3 npouecca
TopueBoro wWnMdoBaHMA, OT/IMYAlOLLENCA C HaMbosbLuel
NAoWanblo  KOHTaKTa. Maea  CHWXKeHWs  TenjaoBoro
BO34€eNCTBUA Ha obpabaTbiBaemyto NoBEPXHOCTb
nocpeacTsom yCOBEpPLEHCTBOBAHMALWANDOBANBHOIO
WHCTPYMEHTa, B YacTHOCTU TOpLEBOro WandosanbHOro
Kpyra, npuvBena K MOABMEHUIO KPYroB C MPEpPbIBUCTbIMU,
3KCLUEHTPUYHBIMWU, HAKNOHHbIMU M Ap. MOBEPXHOCTAMM.
3TMMKM Kpyramm XOTA W YAAETCA CHUXKEHWe TensjoBoro
BO34eNCTBUA Ha 0bpabaTtbiBaemyto MOBEPXHOCTb, OAHAKO,
OHM HEeYK/JOHHO BeAyT K MOBbllWeHUO Bubpauuu B
TEXHO/IOTMYECKON CcUCTEME WM3-3a YAAPHOro BO34encTBusA
npu npepbiBUCTOM WAMGOBAHUN U HEYPaBHOBELUEHHOCTY,
npyv WAMGOBAHUN C ISKCLEHTPUYHBIMMU U HAKNOHHLIMM
Kpyramu. YgapHoe BO3AENCTBME W HEYpaBHOBELIEHHOCTb
wandoBanbHbIX KPYros, B CBOK ovepeb, MPUBOAMUT K
YXYAWEHNIO  KayecTBa  WAMGOBAHHbIX  MOBEPXHOCTEMN,
NOBbILLEHHOMY  M3HOCY  Kpyra, npexaeBpemeHHoMY
BbIXOZY M3 CTPOA LWNUHAENBHOIO U APYIUX Y3108 CTAHKA.

[1. MOCTAHOBKA 3ALA4YM

AHanusmpysa paboTy KpyroB C NpepbIBUCTOM
paboyeli NOBEPXHOCTbIO HeTpygHo ybeauTca B TOM, 4TO
paboTa pesaHuA MpUM 3TOM NPOU3BOAUTCA B OCHOBHOM
3epHaMM,  PacCrofioKeHHbIMWUHA  GPOHTANbHOM  YacTu
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paboyero BbICTyna C BbICOTOW BEAMYMHbI MPOAOSBHOM
nojauyn Aetann Ha obopoT Kpyra. ITOMy CBUAETENbCTBYET

WHTEHCMBHOE BbIKPalMBaHMEe 3epeH 3TOM 30Hbl U3
ceaskn[1]. Mo mepe M3HOCA MNPOMCXOAUT  Camo
obopmaeHMe BHewHero npoduas BbiCTyna, ob6pasyn

HEeKOTOPbIM YroN aTaku K MJIOCKOCTM pe3aHus.YKasaHHoe
ABNEeHME OCOBEHHO XapaKTepHOo nNpu FAyBUHHOM U
YepHOBOM MHOTOMPOXOAHOM WANDOBAHMM.

MpY 3TOM OCHOBHbIM OYarom Tenj0BblAENEHUA B

KOHTaKTHOM 30He sABnseTca ¢pPOHTasbHAA -pexyuw,an
nonoca,a, B nocneaywlwmx, axkTMyeckn paboTtatowme
3epHa nonazas B YXe MpopesaHHble  LapanuHbl
npoussoaAT paboty BbIXa*KMBaHUA. Mpuuem
BbIXa*KMBatoLme cnocobHocTH YCNOBHbIX nonoc
BO3pacTaloT No mepe yaaneHma oT GPOHTaNbHOM 30HbI NO
ybbiBaloLWE  reOMEeTpUYEecKoW  nporpeccun.  Takum

obpasom, pabounit Topel, BbICTyrna YCNOBHO pa3buBaetcs
Ha [Be 4acTM —nepBas pexywas ¢poHTanbHas nonoca,

BTOpas  -nocnegyloliMe  BbiXaXkuBawowme  NOAOCHI.
CneposatenbHo, CHUKEHMne WNHTEHCUBHOCTM
TENNOBbIAENEHNA B peXywen QGPOoHTaNbHOW  YacTu

pabouyero Topua Kpyra, rae OHa MMeeT AOMUHMpYyloLee
3Ha4YeHMe, NyTeM CO34aHUA MPEPbIBUCTOCTA B 3TOW 30HE U

[11. KOHCTPYKTMBHOE PELLEHMUE

OnA  ycTpaHeHUs nNepuoaMYecKUx yaapos B
NpepbIBUCTON 30HE M TeM CaMbiM MCTOYMHWUKOB BMOpaLuit,
TpebyeTca npoduanposaHua peXKYLLMX BbICTYMNOB
NpepbIBUCTOM 4YacTu paboyero Topua wWandoBasbHOrO
Kpyra  Takum  obpasom, u4tobbl  cnocobcTBOBaNo
YBE/IMYEHUIO KOJIMYECTBA pPEXYWMX 3epeH pabouero
BbICTYNA M CO34aHWIO YCNOBWMWA ANA  OTHOCUTENbHO
pPaBHOMEPHOro pacnpeaeneHusa Mexagy HUMW NPUMyCKa,
NPUXOAAWEro Ha OAWH BbICTYN NPEPbLIBUCTON YacTu
dpoHTanbHOM nosockl. [daHHaa npobnema pelwaetca
oyepTaHMem npoouns pexyuwero BbICTyNa no
apxMmefoBOW cnupanu, T.e. nepexong OT BAagWHbl K

BbICTYNY B pexyuwein GpPOHTaNbHON Mosoce BbIMNOAHAETCA
Mo apXMmesoBON cCnMpanu, NOCPeACTBOM CYMMMUPOBAHMUA
OBYX PaBHOMEPHbIX ABWKEHWA —NOCTynaTenbHoro B
pesynbTaTe NPOAO/IbHOM NOAQYM AeTann U BPaLLaTe/IbHOrO
nocpescTBOM BPaLLATENbHOIO ABUMKEHUA WANGOBASIbHOMO
Kpyra. [na peannsauumBbILIEU3NIOKEHHbIX — CYXAEHWUN
paspaboTaHa HoBas KOHCTPYKLMA TOpLLEBOrO
wandoBasbHOro Kpyra, Kotopasa O6blia  3awuuieHa B
lfocypapcTBeHHOM — KomuTeTe MO CTaHAapTu3auuu
METPONOrMn 1 naTeHTaMm U NOoNyyYyeH OAHOMMEHHbLIN
nateHT nog Ne 0183 (Puc.1).

Puc. 1: TopuoBOM WANPOBa/bHbIN KPYT CBbICTYNamMM, O4epPUYEHHbIMKW N0 apXMMea0BOMN Cnnpaamn

yCTpaHeHun oyaros BO3HWKHOBEHMA BUbBpauui
BbIMO/IHEHUEM  BbIXa)KMBAKOLWYD  4acTb  CROLWHbIM,
ABNAIOTCA  Haubosee  ONTUMA/bHLIMW  peLleHUAMM
nosbiweHns  3pPeKTMBHOCTM  npouecca  TOPLOBOro
wnmdoBaHuA.
IV. METOAMKA
Onsa  onpegeneHns  3ddEeKTMBHOCTM  HOBOW

KOHCTPYKLUMKN TOPLEBOrO WANPOBANbHOTO U PaLMOHANbHbIX
ycnosui ee npUMeHeHun 6b111 npoBeseHbl
3KCMepUMEHTaibHble UCCNeA0BaHUA NO OPTOrOHA/IbHOMY
NNaHWPOBAHUIO BTOPOro nopsaaka. BxoaHble nepemeHHble
3KCNepMMeHTOB 6blin BbiOpaHbl MCXO4A M3 CTENneHu ux
BO34ENCTBMA Ha Uccaeayemblin npouecc. Paccmatpmsannch
BCE CyWecTBeHHble ¢aKTOpbl Mpouecca TOPLOBOrO
wnndoBaHusa.  OTceB  MepBOHAYasbHO  BbIOPAHHbIX
¢dakTopos b6bln Npon3BeaeH Ha OCHOBE aHa/IN3a anpPUOPHON
MHbOPMaLMN N TEOPETUYECKUX UcCnenoBaHui asTopals].
Mpn oTceBe O6bINO 06paLLEHO TaKXKe BHUMaHWE Ha
BO3MOHOCTM  KOJINYECTBEHHOW  OLEHKM  BblOpPaHHbIX

© 2020 Global Journals

$aKToOpoB, MX YNpPaBASEMOCTM, MUCXOAA M3 TEXHUYECKUX
BO3MOYKHOCTEIN CTaHKa, TOYHOCTU U3MepPeHUs, Ha3HaYeHun
Heo6XoAMMOro YpOBHA B COOTBETCTBMM CO CTPOKamMu
MaTpuLbl MAAHUPOBAHUA U €ero MNOALEP!KKU BO Bpemsa
onbita. C yyeTom Bcex 3TUX TpeboBaHMI B KayecTse
BXOZHbIX MapamMeTpoB npouecca WAndoBaHMA OGbian
BblbpaHbl: CKOPOCTb Kpyra , CKOPOCTb AeTanAn U nojayu
Ha rnybuny ,  KOMOWHAuMM KoTopbix Haubonble
BO34ENCTBYIOT Ha LLEepOX0oBaTOCTb WwnnpoBaHHOM
NMOBEPXHOCTW.

Bce BXOAHble MNepemeHHble  3KCMEPUMEHTA
ABNAIOTCA HE3ABUCMMbIMU U ynpaBaseMbiMU.COBOKYNHOCTb
3TUX aKTOPOB COBMECTMMA W MPEACTABASET PEeXUM
WAndoBaHMA, a MX KOMOMHAUWMKW, B COOTBETCTBUM CO



CTPOKAMM  MaTpuLbl  NAAHUPOBAHWA,  UCXoda U3
TEXHUYECKUX N TEXHOIOTMYECKMX BOSMOXKHOCTEN onepaumm
TOPLOBOrO WANGOBaAHUSA, OCYLLECTBUMbI.

B Kayectse BbIXOZHbIX nepemeHHbIX
3KCMEePUMEHTANbHBIX UCCNeL0BaHUI BblIBpaHbl NapameTpbl

KOHCTPYKUMU  WAndoBanbHOro Kpyra, B TOM 4ucie
XapaKTEPUCTUKY apXuMmenoBOlM CnNupasn U ONTUManbHOe
KO/IMYECTBO BLICTYMOB  NPEPbLIBUCTON  30HbI.  Mcxoaa
nscteneHn BAUAHMA (GAKTOPOB HAa BEAWYMHY BbIXOAHbIX
napameTpoB npouecca WaAndoBaHUA U BeIUYMHY OLIMOKK

LLIEepOX0OBaTOCTH WwandoBaHHOM NOBEPXHOCTU.  UX n3MepeHuns 6blK onpeaeneHsbl MHTEpBabl
TeopeTuyeckne uccnenoBaHuA, nNposBeAeHHble B paboTax  BapbupoBaHuA daktopos U (Tabn.l).
[1-3], nosBonunu onpeaenuTb nNapameTpbl  HOBOW
Tabs 1: YpoBHU GAaKTOPOB U MHTEPBAJIbl BAPbUPOBAHUA
Vi, (n 8 06/MmuH) Vg t,
YpoBHU paKTOpOB 0603HaueHune
m/cek m/MunH MM
OCHOBHOW ypoBeHb 0 15,7(3000) 3 0,03
MHTepBan BapbupoBaHuA in 1,05 1,5 0,015
BepxHui +1 16,75(3200) 4,5 0,045
HWKHMI -1 14,65(2800) 1,5 0,015
3Bé3aHble BepxHuit +1,215 16,97575(3536) 4,8225 0,048225
HWKHMI -1,215 14,42425(2464) 1,1775 0,011775
3KcnepuMeHTasibHble nccnenosaHuA 6ol 2 BOAHMCTOCTb —BbLICOTA BOJH WB -No0 BOJIHOrPaMMam,
nposeaeHbobl HayHMBepCa/ibHO-3aTOYHOM CTaHKe CHATbIM Ha npoq)wnorpad) _npod)mnome'rpe 130 c
moA.3A64/, obopysnosaHHOM TMAPABANYECKON NPUMEHeHnemM npucnocobieHna Ana  UsmepeHua
NPoAOAbHOM  nogayen.Jna  CPaBHUTENbHON  OLEHKM BONHUCTOCTU;
BbIXOAHbIX napameTpos nposefeHHbIX OMbITOB, 3. MorpelwHocTu reomeTpuyecKom dopmbl -
3KCNepumeHTbl  6biin  NpoBefeHbl € NPUMEHEHUeM HEenpPAMOIMHENHOCTb- Ha Npubope «Camonwucel, -260»

CTaHZ4apTHOro YaweyHoro Kpyra Tuna YK 100x25x20 ¢
xapaktepuctukoir 14A40CM1K co cnnowHoh paboueit
NMOBEPXHOCTbIDO U HOBOWM  KOHCTPYKLUMW  TOPLLOBOTO
WwnmMdoBanbHOro Kpyra € NpPepbIBUCTON PeXyLLeld 4acTbio

paboyeli NOBEPXHOCTU. Mpu 3Tom obecneynBas
WMOEHTUYHOCTb BCEX YC/NOBUM 3KCMEPUMEHTA, MeHACA
TONbKO  WANdOBaNbHbIM  Kpyr.  OnbiTHble  06pasubl

3aroToBOK 6blM NPUHATLI U3 cTanm 40X c TBepaocTbio 40
HRC c paamepamun nonepedHoro ceveHma 30x20.

N3mepeHune reomeTpuyYecKmx napameTpos
NPO13BOAMNIOCH C UCMOb30BAHNEM HUXKENEePEeUYMUC/eHHbIX
METOL0B M CPeACTB USMEPEHMUIA:

1. LUepoxoBaToCTb —cpegHeapudpmeTnyeckoe

R,

OTKNOHEHue npoduna- npoduiomeTpom-
npodunorpapam moa. 130 3aBoga «Kanmbp» r
MockBa;

KOHCTpYKUMM 3aBoaa «Kanubp» r. Mocksa.

V. DKCNEPUMEHTbI

OnbITbl  6bIAM  NOCTaB/EHbl MO  COCTaB/IEHHOM
maTtpuue naaHMpOBaHMUA (Tabn.2) obnagatouei
OonNTMManbHbIMM CBOWCTBaMWU. Ha OCHOBe anpUOpPHbIX
OaHHbIX O XapaKTepe MCKOMOW 3aBMCMMOCTU YCTaHOBAEHO,
yto[1-3] ana onpegeneHusa 3aBUCMMOCTM LLIEPOXOBATOCTMU
NMOBEPXHOCTU OT CKOPOCTU Kpyra, CKOPOCTb AeTann wu
nogaunm Ha raAybuHy, oOnNMcaHUsA MNOBEPXHOCTU OTKAMKA
No/JIMHOMOM MepPBOro NopsAAKa HegoCTaTOYHO, NO3TOMY ANA
No/lydeHns aaeKkBaTHOW annpoKCMmMauum Unccieayemoro
npouecca BOCNOAb30BaIMCb NOJIMHOMOM BTOPOro NopsaKa.
MaTtemaTunyecKkas mozenb BTOpPOro nopaakKa
npeacrtasasetcs B Buae [4]

M{Y}:U:ﬁ0+iﬁixi +iﬂijxixj+iﬁiixiz (1)

ﬂg -cB06OAHbIN YneH

ﬂi - KO3PPULMEHTbI NPU IMHENHBIX YNeHax

i>]
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/Bij - KoadPULMEHTbI NpU B3anmoaencTsmm GpaKkTopos.
KoaunpoBaHue 3HauyeHne $paKToOpOB NPOU3BEAEHO C NOMOLbI0 popmy bl NpeobpasoBaHus [4]

X = X - Xi0
AX
Taba. 2: OpTOroHanbHbIM N1aH BTOPOro nopagKa ana k=3
v X1 X2 X3 X1 X2 X3 Ras Ran
X . . ] 14,65 1,5 0,015 049 | 04
2 + - - 16,75 1,5 0,015 0.29 0.2
3 - + - 14,65 4,5 0,015 0.55 0.4
4 + + - 16.75 4,5 0.015 0.41 0.3
5 - - + 14.65 1,5 0.045 0,64 0.52
6 + - + 16.75 1,5 0.045 0,44 0,35
7 - + + 14.65 4,5 0.045 0.7 0,6
8 + + + 16,75 4,5 0,045 0,56 0,46
9 -1,215 0 0 14,424 3 0,03 0,6 0,51
10 +1,215 0 0 16,976 3 0,03 0,4 0,38
11 0 -1,215 0 15,7 1,1775 0,03 0,35 0,24
12 0 +1.215 0 15,7 4,8225 0,03 0,65 0,55
13 0 0 -1,215 15,7 3 0,012 0,43 0,31
14 0 0 +1.215 15.7 3 0,048 0,57 0,45
15 0 0 0 15,7 3 0,03 0,5 0,4

(2)

OueHKa KoadpdpuLMEHTOB perpeccum nponssoaaTca no ¢popmynam [4] ¢ y4eTom YMCNEHHbIX 3HAYEHWUIA MOMEHTOB U

BCMOMOraTe/ibHbIX KoadpPUuMeHToB

bo — v:lN :
erxleu
bii - N = '
DL (XE = X2X?)
o g g
erxiv Yu
bh =X X i=0
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OueHKa KoadpdpumumneHTa bO' BXOAALLEro B UCXOAHYIO MoAeNb npoussoauTca no ¢opmyne [4]

k
b, =b: — A1b,
i=1
roe /12 _ MOMEHT BTOPOTO NOPAAKA.
A, =——; 1=12.k
N

roe N - o6u.|,ee YUCNO ONbITOB; rv — YUCNO NOBTOPHbLIX OMNbITOB B V-l’ll TOYKe NnaHa,;

n -4YMNCNO Pa3HbIX TOYEK B I'II'IaHe;V-I'lOpFlﬂ,KOBbIVI HOMEP TOYKU N1aHa;

YV- CDEAHMVI OTKNIUK NO r OonbITOM B TOYKE C HOMEPOM r ; k -4uUcno ¢aKTOp08;

7 M{Y]=7.

Y -OUueHKa maTemMmaTU4eCKoro oXXmgaHuna OoTKInKa

Xi - NepemMeHHoM ¢aKTopbl;Yu - NapameTp ONTUMM3ALMK, NOANENKALLUI U3YYEHUIO;

| -Homep nosTOpeHua ucnbitaHus; J -Homep ypoBHa dakTopa.
MocTpouHble aucnepcum noacumTbiBatoTcs no popmynel4]

>, -Y,

SZZ j=1
! r-1

obbeaMHeHHan gucnepcua napameTpa onTummusaumm no popmynel4]
r
z 2
:]_ l
S {Y} =
r-1

(4)

(5)

(6)

2
Ovcnepcnsa KoadpduumeHTa perpeccum S {b|} npu paBHOMEPHOM Ay6AMPOBAHMM OMbLITOB MO TOYKAM C YUC/IOM

NOBTOPHbIX OMbITOB [ onpeaensetca no ¢opmyne[4]

spy- >

nr

2
Jducnepcua agekBaTHOCTH Sag onpeaensaetca no ¢opmyne [4]

SZSS Z =
m

% fo n—

rae [N —uucno koadbduumeHTos B mogenu; SSag -CYMMa KBaApaToB OTK/JOHEHUN

(7)

(8)
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- yucno cteneHen ceoboabl ANA ANCNEPCUM HeageKBaTHOCTH.
Pacuet KoadduMUMEHTOB ypaBHeEHMA Npon3seaem no dopmynam(3)
[na ctaHpapTHOro Kpyra

fa

g

P3RS
b =z =05053
15
1 15 _
b =——> XY,
| 10,954% YV b =-0084b,=0066 b,=007

v=1 v . b12:0'015.b13:0. b23:0

1 & -
— Y X2V
b, =3,45x 45% VY b?=00748 b} =0062 b;=0062

[nsa Kpyra HOBOW KOHCTPYKUUM

(A) Volume XX Issue II Version I E Year 2020

[
by= 15
1 15 _
bh=——F>» X.Y
| 10,954;:1: YV b =-007b,=006 b,=0073
1 & .
bh === X _X.Y.
! Z; VeV , b, = 0,016; b, = —0,00125; b,; = 0,01125
1 15 _
_Z Xiin 2 2 2

E/J bii = 3,45)( 4'5 v=1 . bl = _0,062 . b2 = 0,058 . b3 = 05065
£ Ta6n. 2
o
3 Y X1 X2 X3 X1 X2 X3 Ry R.n
- 1 - - - 14,65 1,5 0,015 0,49 0,4
E 2 + - - 16,75 1,5 0,015 0.29 0.2
2 3 - + - 14,65 4,5 0,015 0.55 0.4
= 4 + + - 16.75 45 0.015 0.41 0.3
_; 5 - - + 14.65 1,5 0.045 0,64 0.52
g 6 + - + 16.75 1,5 0.045 0,44 0,35
=, 7 - + + 14.65 4,5 0.045 0.7 0,6
2 8 + + + 16,75 45 0,045 0,56 0,46
@) 9 -1,215 0 0 14,424 3 0,03 0,6 0,51

10 +1,215 0 0 16,976 3 0,03 0,4 0,38

11 0 -1,215 0 15,7 1,1775 0,03 0,35 0,24

12 0 +1.215 0 15,7 4,8225 0,03 0,65 0,55
. 13 0 0 -1,215 15,7 3 0,012 0,43 0,31

14 0 0 +1.215 15.7 3 0,048 0,57 0,45

15 0 0 0 15,7 3 0,03 0,5 0,4

© 2020 Global Journals




OueHKy KoadpduumenTa D, Bxogawero 8 ucxoaHyo MoAenb, HaX0AUM MO
$opmyne(4) [4]

b, = b, —0,7303(b’ + b +b?)

[ns cTaHZapTHOro Kpyra

b, = 0,456
AN1A Kpyra HOBOM KOHCTPYKLMMK
b, = 0,355.

YpaBHeHMe perpeccum B KOAMPOBaHHbIX NepeMeHHbIX byaeT:
[ON19 CTaHAAPTHOrOo Kpyra

X2 X2 X2

X X X X1X2-0,O748 140,062 7*2 +0,06 73, 9)

Y=O,456-0,085 140,066 “*2+0,071 * "2+0,015

ON1A Kpyra HOBOW KOHCTPYKLUUM

X X

Y=0,355-0,07 “*1+0,06 “ 2 +0,073 X3+0,016 Xl X X

2 2
2.0,00125 1 ><3+0,01125 30,062 X 140,058 X 240,065
2
X7, (10)

X, X

Ona npoBepKU AOCTOBEPHOCTU MNOSAYYEHHbIX Mop,eneﬁ 6bia nposegeHa npoBepka pAag rmnortes: 06 OAHOPOAHOCTU
ﬂ,VICI'IEpCVIl:i, 3HAaYNMOCTU KO:—)C])C])MLI,MEHTOB perpeccun n 06 a4eKBaTHOCTU moaenun.

MocTpouHble ancnepcuun nog4mTbisaem no popmyne (5)

> (Y, - Y’
S=2 r—1 ’

2
Oucnepcuio napameTpa ontummusaumm S°{Y}nogcumtaem Ha ocHoBe AaHHbIX Tabauubl no dopmyne (6):
[ONA CTaHAAPTHOro Kpyra

2
Sqvp=2t— 0385 _ 00434
n _ 15 ,
[ONA Kpyra HOBOW KOHCTPYKLMM
n
2
n _ 15

roe sz—,u,mcnepcml OTK/IMKa MO pe3y/ibTaTaM B V—i1 TOUKe NiaHa, rae nponsBo4MTCA rv NOBTOPHbIX OMbITOB

MpPOBEPKY 3HAUYMMOCTM Kaxgoro KospduumeHTa nposogum no t —Kputepuio CrblogeHTa. Mpu paBHOMEPHOM
Ay61MpOBaHMM OMBLITOB MO TOYKAM C YUCIOM MOBTOPHBIX OMBITOB I AuCMepcusa KoadduumeHta perpeccun Sfb;}
onpegaensercs no dopmyne
[AN1A CTaHAAPTHOro Kpyra

soqp 02434 _ 02343
' nr 15-3

(b} =0023

= 0,0005

ON1A Kpyra HOBOW KOHCTPYKLUM
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[
e}

S
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. 0,2534 0,2434
nr

S%{b} = 0,0237

S*{b}

= 0,00056

Onpeaennm 3HayeHuet- Kputepusa no popmyne

sl

" §b}
ONA CTaHOAPTHOrO Kpyra
t, =0,456/0,023=19,8, t, =0,085/0,023=369, t,=0,066/0,023= 287
t,=007/0023=304 t,=0,015/0,023=0,652; t, =0,0748/0,023= 3,25,

t,, = 0,062/0,023= 2,69; t,, = 0,0620/0,023 = 2,69
[ONA Kpyra HOBOW KOHCTPYKLUK
t,=0,355/0,0237=15 t,=0,07/0,0237=3; t,.0,06/0,0237=2,5;
t;=0,073/0,0237=3
t;,=0,016/0,0237=0,675; t;5=0,00125/0,0237=0,05; t,;=0,01125/0,47
t1,=0,062/0,0237=2,6; t,,=0,058/0,0237=2,44; t3,=0,065/0,0237=2,74
Kputnueckoe 3HayeHuet,, HaxoauTca no Tabnuue pabotbl [4] npu n(r-1)=30 cteneHax cBobogbl U 3ajaHHOM

ypoBHe 3Haunumoctn a=5% t,,=1,697.Ecan t>t,, rnnotesa oteepraerca, U KO3POUUMNEHT b;NPM3HAETCA 3HAUNMbIM.

MocTponm foBepuUTeNbHbIA MHTEPBaN AJANHOM Abl :
[ON19 CTaHAAPTHOro Kpyra

Ab =t, (b} =1697-51=88
ONA Kpyra HOBOM KOHCTPYKL MM

AD, = t, S} =1697-0,0237 = 004

KoadpumumeHT 3Haumm ecam ero abcontoTHaa BenmymMHa 60sblle NoIOBMHbI AJ/IMHbI A0BEPUTENIbHOTO MHTEpBana.B
MOJeNn CTaHAAPTHOrO Kpyra KoadpduumeHTbl, b,s,bs; B Mogenn Kpyra HOBOM KOHCTPYKUMU KOIPPULMEHTbI byyb,3bs;
ABNAOTCA HE3HAYUMbIMM.

Takum obpasom, matemaTMyecKkas MoLeNb 3aBUCUMOCTU LLIEPOXOBATOCTU WAUGDOBAHHOW NOBEPXHOCTU OT 31EMEHTOB
pexuma wandoBaHUA B BUAE YPaBHEHWA CBA3M BbIXOAHOTO MapameTpa YW nepemeHHbIX X;, BKAOYAIOWEr0 TOJSIbKO
3HauYMMble KO3PPULMEHTbI NoayYyaeTca:

AR CTaHAAPTHOTO Kpyra

~ 2 2 2
Y =0,456-0,085 X1+O,066 X, +0,071 X3+o,015 X1 X, -0,0748 Xy +0,062 X3 +0,06 X3 , 9)
ONA Kpyra HOBOM KOHCTPYKLUUK
2 2 2
Y=0,355-0,07 X1+O,06 X, +0,073 X3-0,062 X 140,058 X “2+0,065 X 3. (10)

[Nna nonyyeHns ypaBHEHMA B B HaTYpPasibHbIX 3HAYEHUAX IIEMEHTOB PEXUM WAMGPOBAHUA BMECTO X;MOCTaBUM UX
3HauyeHuAa ns popmyn npeobpasosaHua [4]

V,-157.

w _Va-3  _t-003
105 ' ?

T 115 7T 0015

Xs
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Takum o6pa30M, nony4YynMm mMatemMaTUyecCckyro moge/ib 3aBUCUMMOCTU LEPOXOBATOCTU OT MAPaMETPOB peXMMa

WaAMdOBaHUA: CKOPOCTU prraV , CKOpOCTHK geTanu Vd W TNyBUHbI pe3aHus ts HaTypa/ibHbIX 3HAYEHUAX:
AR CTaHAAPTHOTO Kpyra

7 2
Y =-14,337+2,025V,-0,281V,-11,799 t+0,01V,V,-0,068 V, +0,028Vd2+275,556t2 (11)

[ON19 Kpyra HOBOM KOHCTPYKLUMK

2 2 t 2
Y=-11,69+1,6634V,-0,288V;-12,721 t-0,056Vk +0,026Vd +288,889 (12)

CTaTucTMUYecKMe paHHble 06paboTKM pe3ynbTaToB A/1A CTaHOAPTHOrO KPyra M Kpyra HOBOW KOHCTPYKLMWM 6bian
npuBeAeHbl COOTBETCTBEHHO B Tabamuax 3 u. 4.

Tabn. 3
Touku V2 ~ V2 v
naaHa v \{1 Y2 Y3 YV S/Z YV (YV2 _YV2)
1 0,43 0,65 0,39 0,49 0,0196 0,481 0,000081
2 0,43 0,19 0,25 0.29 0,0156 0,28 0,0001
3 0,45 0,45 0,75 0.55 0,03 0,581 0,00096
4 0,6 0,27 0,36 0.41 0,0341 0,4645 0,0029
5 0,54 0,8 0,58 0,64 0,0196 0,6233 0,00028
6 0,37 0,35 0,6 0,44 0,019 0,42255 0,0003
7 0,85 0,6 0,65 0,7 0,0175 0,72355 0,0005
8 0,46 0,74 0,48 0,56 0,0244 0,5865 0,0007
9 0,8 0,5 0,5 0,6 0,03 0,45976 0,0196
10 0,34 0,28 0,58 0,4 0,0252 0,255 0,021
11 0,5 0,23 0,32 0,35 0,0189 0,481 0,017
12 0,53 0,84 0,58 0,65 0,0277 0,641 0,017
13 0,61 0,29 0,39 0,43 0,0267 0,4735 0,00189
14 0,52 0,43 0,76 0,57 0,0291 0,646 0,005776
15 0,69 0,38 0,43 0,5 0,0277 0,46823 0,00095
7,58 0,3651 7,587 0,089037
Tabn. 4
ToqkuvnnaHa Y1 Y2 Y3 Yv S\f YV (Yv2 _ YVZ)
1 0,25 0,6 0,35 0,4 0,033 0,37 0,0009
2 0,35 0,1 0,15 0.2 0,018 0,21 0,0001
3 0,6 0,3 0,3 0.4 0,03 0,52 0,0144
4 0,2 0,25 0,45 0.3 0,018 0,33 0,0009
5 0,42 0,72 0.42 0.52 0,03 0,52 0
6 0,55 0,2 0,3 0,35 0,033 0,33 0,0004
7 0,55 0,78 0,47 0,6 0,0259 0,61 0,0001
8 0,36 0,4 0,62 0,46 0,0196 0,5 0,0016
9 0,7 0,41 0,42 0,51 0,0271 0,351 0,0253
10 0,28 0,53 0,33 0,38 0,018 0,16 0,0484
11 0,18 0,14 0,4 0,24 0,0196 0,366 0,0159
12 0,4 0,75 0,50 0,55 0,032 0,51 0,0016
13 0,46 0,21 0,26 0,31 0,018 0,2 0,0121
14 0,4 0,33 0,62 0,45 0,0279 0,383 0,0045
15 0,6 0,3 0,3 0,4 0,03 0,2 0,04
6,07 0,3801 5,56 0,1662
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MpoBepMm NONyYEHHYI0 MOZEe/b Ha aAeKBaTHOCTb Mo dopmyne(8):

ANnAa CTaHOapPTHOro Kpyra

YN, =758 YV =7587
n
Z 2
sy =+t 039 _ 043
n _ 15
2= ' > [ -vF=-00s
(n m) v=1
2
o Sh _ 008 o
S?{Y} 002434
[NA Kpyra HOBOM KOHCTPYKLMK
YY=607 >Y=556
Sa= m)[Y -v,f = 0038
2
_ Sk _ 008 0
S%Y} 002534

rae M -uncno uneHoB annpoKcMMMPYIOLLErO
noaAnHoma(BKAo4Yan cBOB6OAHbIN YneH).
TabnnuHoe 3HayeHne Kputepua duwepa ga9 4ucna

cTeneHelt ceobogbl f =15-10=5, obwemy uucny
cTeneHelit csoboapl p,nﬂ obbeanHEHHOW Aucnepcum SZ{Y}

fe =45-15=30 M YPOBHA 3HAYMMOCTHU a =10%

paBHO ka =l6 MOCKO/IbKY A/18 PacCMOTPEHHbIX 060MxX

BapnaHTO F < ka, nonyvyeHHble moAennuwepoxoBaTtoCTm
npu LUI'IVI¢OBaHVIM CTaHOQPTHbIM  YalleYHbIM Kpyrom wu
Kpyrom HoBOM KOHCTPYKUUU ABNAKOTCA aOdeKBAaTHbIMU
peanbHbIM NMpoueccam.

VI. [PAGUYECKAA WHTEPNPETALMA

Ha ocHoBe matematuuyeckux moaeneit (11) u (12)
6b1n NOCTPOEHbI rpapuyeckune 3aBUCUMOCTHU
LIEePOXOBATOCTU MOBEPXHOCTU OT 3NEMEHTOB pPeXxuma
pesaHua npu wWaAMGOBaHUM CO CTAHAAPTHLIM KPYyrom W
KPYrom HOBOM KOHCTpYyKuuK (puc.2, a,b,c).
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3aBMCUMOCTb LLIEPOXOBATOCTU OT CKOPOCTU
pe3aHus

e— HOBaA KOHCTPYKLMA o— CTaHAAPTHbI

3aBMCUMOCTb LLEPOXOBATOCTU OT
rnybuHbl pesaHun

0.623
0:489
0:165 0:173

0.03 0.045 0.06 0.075

HoBas KOHCTpyKLMA CTaHA4APTHbIV

3aBMCMMOCTb LUEPOXOBATOCTU UT CKOPOCTH
aetanm

o— HoBas KOHCTPYKLUA o— CTaHOAPTHbIN

(A) Volume XX Issue II Version I E Year 2020

gineering
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&S

Global Journal of Researches in En

Puc. 2: TpaduKM 3aBUCMMOCTEIA LLIEPOXOBATOCTM OT ckopocTu pesaHuaV, (a), rny6uHbl pesanua t (6) u ckopoctu ctona
k
Vd (c) npu wnandpoBaHUMU co CTaHAAPTHLIM KPYramMu U KPYrom HOBOM KOHCTPYKLNMN.
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VIL 3AK/THOYEHUE

MNonyyeHHble mogenn(1l) wu (12) nossonstoT
onpeaenntb  3bdEeKTUBHOCTb HOBOW KOHCTPYKLUMMU
TopueBoro waMboBaNbHOrO Kpyra € NPepbIBUCTOCTbIO BO
dpoHTaNbHON 30He paboyero Topua M nepexogom OT
BNaAMHbl K BbICTYMy NO apXMmeaoBOM chMpann no
CPaBHEHWI0O CO CTaHAAPTHbIM YaleyHbim Kpyrom. Ha
OCHOBe aHanm3a mogenn (12) MOXHO onpenenuTb
paLMoHanbHOE COYeTaHWE 3/1EMEHTOB pPeXMMa pes3aHuA
ONA TopLeBoro WandoBaNbHOro Kpyra HOBOM KOHCTPYKLUW.
AHanus rpaduyeckmx 3aBMCUMOCTEN (pnc.2a,b,c)
nokasblIBaerT, yTo LIepoXoBaTOCTb noBepxHocTel,
WwnmMdoBaHHbIX TOPLUEBbIM W/AMPOBANbHBbIM KPYrom HOBOM
KOHCTPYKUMM  3HAUUTENbHO HUXKE, Yem LWANPOBAHHbIX
CTAHAAPTHbIM  KPyrom. ITO OObBACHAETCA Tem, 4TO
CO3JaHNeM NOPLIBUCTOCTU HA GPOHTANbHOM 30He paboyero
Topua ¢ NpoduAMpoOBaHMEM BbICTYNOB MO apPXMMeLOBOM

cnupanu YCTpaHAITCA  nepuoauyeckue  yaapbl,
YBE/IMUMBAIOTCA UYUC/IO  PEXYLWMX 3epeH, COo34aloTcs
ycnosus ons OTHOCUTE/IbHO paBHOMEpPHOro

pacnpeaeneHna mexgy HUMKU Npunycka M noBbllaeTcAa
BbIXakMBatoLWaa crnocobHOCTb CMOWHOM YacTu paboyero
Topua.

VIII.  BbiBOAbI

1. PaspaboTtaHa HoBas KOHCTPYKUMA  TOPLLOBOro
WwnmMdoBanbHOro Kpyra C MNPepbIBUCTON pexyuen u
CN/IOWHOM  BbIXarKMBalowen  dactamu  pabouen
NMOBEPXHOCTU, C MEPEXOLOM OT BNAAMH K BbICTyNam no
apxMmen0BoM cnupanu. XapaKTepucTuKa
apxMmMeZ0BOM CnMpanu npeacraBaseTt U3 ceba cymmy
OBYX PaBHOMEPHbIX ABUMKEHMUI - MOCTYynaTenbHOro B
pesynbTaTe  NPoAO/AbHOW  MoZaun  getanam  w
BpaLLaTesibHOro, nocpeacTBom BpaLLaTesibHOro
OBUXKeHMA WaAndOoBaNbHOIO Kpyra M MPaKTUYECKu
obecneunBaeT MOCTOAHCTBO Yr/ia aTakM  3epeH,
pacrnonoXKeHHbIX NO Bcel ee aavHe. lNpeanoxeHHas
KOHCTPYKUMA  TopLoBoro waMdoBanbHOro Kpyra bbiia
3awmuieHa B locypgapcTBEHHOM — KOmMUTeTe Mo
CTaHAAPTU3ALMN METPOJIOTMM U MaTeHTaM U MNOJy4YeH
OLHOMMEHHbIN naTeHT nog Ne 0183.

2. YcTaHOBNEHO,4YTOCOo34aHMeM NpPepbIBUCTOCTH B
pexyuwen- QPOHTaNIbHON 30HE C Mepexoaom oT
BbICTYNa K BMNagWHE MO apXMMeAoBOM Cnupanu u

BbINMO/IHEHMEM  BbIXaKMBatoWehn Yactm  pabouel
NOBEPXHOCTU  TOPLOBOrO  WAMGPOBANLHOMO  Kpyra
CMNNOLWHbIM, MOXHO 3HAYUTENbHO NOBbICUTb

3pPEeKTUBHOCTM Npouecca WANGOBAHUA, NYTEM:

-CHU)XKEHWA  TemnepaTypHOro  BO34EWCTBMA  Ha
obpabaTbiBaemyo NOBEPXHOCTb;

-CHUKEeHuA LIEPOX0BATOCTH wanpoBaHHOM
NOBEPXHOCTY;

© 2020 Global Journals

-OTHOCUTENbHO paBHOMEPHOTO pacnpegeneHun
MPMNYCKA Ha BbICTYN MEXAY PeXxywmnmm abpasmeHbiMu
3epHamu.

-CHUXXeHuA y4apHoro BO3AelcTBue Ha
obpabaTbiBaemMyto  MOBEPXHOCTb W TeM  CaMbIM
YMeHbLUeHMA BUOpaLMii TEXHONOFMYECKON CUCTEMDI
cnua.

MyTem peanusaumMm OPTOrOHANbHOrO MJAaHa BTOPOro
nopagKka OblAM MOMyYEHbl MATEMATUYECKME MOLENN
3aBUCMMOCTHU nokasaTtesei LIepoXoBaTOCTH
WwaAMbOoBaHHOW MOBEPXHOCTU OT NAPAMETPOB PEXMMA
wanboBaHUA:  CKOPOCTU  WAMGDOBAHUA, CKOPOCTU
AeTann n rnybuHbl pesanua, npu wWaMboBaHUM KakK
CTAaHAAPTHbIM  KpPyrom, TaK W  KpPYyrom HOBOW
KOHCTPYKLUMM.

CpaBHWUTENbHbIW aHann3 rpaduyeckmx 3aBUCUMOCTEN
MOJIYYEHHbIX HA OCHOBE 3MMUPUYECKUX MoAeNe
MoKasblBaeT, 4YTO  NpU  NPUMEHEHUM  HOBOM
KOHCTPYKUMM  TOPLOBOFO  Kpyra HabnpaeTca
3HaumTenbHoe(go 30%) ymeHblueHMe LIepoXoBaToCTU
wnndoBaHHOM MOBEPXHOCTU. [lpMmeHAeMbIi MeToz,
3KCNEpPUMEHTaNbHbIX UCCAef0BaHMMA MO3BOASET Ha
OCHOBE TMOJIYYEHHbIX MOAENEN W3YYNTb MEXaHU3M
dbopmMpoBaHMA NOBEPXHOCTEM, WANPOBAHHBIX KPyrom
HOBOM KOHCTPYKLMM U ONTUMU3NPOBATD ErO.
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A Research Study to Determine if Solar Dryer
Technology for Preservation of Agro-produce is
needed in Botswana

Ebangu Orari Benedict® & Dintwa Edward®

Abstract- High postharvest loss is a significant challenge to
actors in the agro-produce value chain. The application of
solar dryers for preservation of agro-produce has become an
increasingly popular mitigation method for the high
postharvest losses in sunny-belt countries. However, the
adaptation of this technology is quite nascent in some of these
countries. This study investigates if solar dryer technology is
needed in Botswana. The methodology covered the
assessment of the challenges faced by agro-dealers in
Botswana and conducted a survey to determine the need for
solar dryer technology for preservation of their agro-produce.
Secondary and primary data were collected by means of
literature and questionnaire administered using the
opportunistic sampling method. The data was analysed using
Statistics package for social scientists, SPSS computer
program. The results established that there was need for solar
dryer technology in Botswana for drying of produce to reduce
postharvest losses.

l. [NTRODUCTION

he discussions on the various options for methods
Tto alleviate the high global postharvest losses that

negatively impact on agro-produce value-chain are
on-going (Gbaha et al., 2007; Mujumdar, 2007).Recent
research work has focussed on using renewable energy
technologies for drying of agro-produce as possible
preservation methods to reduce postharvest losses
(Gustafsson et al., 2013). Solar dryers have increasingly
become popular especially on account of their
favourable relative costs of investment and operation.
However solar dryers have not yet being adopted in
Botswana despite the country’s endowment with
abundant sunshine (Weiss and Buchinger, 2015). As
part of an effort to intimately understand the challenges
of the agro-producers and to establish the need for solar
drying technology in the country, a survey was
conducted. The study area for this survey was
Gaborone and its environs. The survey targeted a cross
section of stakeholders that included farmers,
distributors, and retailers.

Author o o Department of Mechanical Engineering, University of
Botswana Gaborone, Botswana. e-mail: benebangu@yahoo.com
Author a. Department of Biosystems Engineering Gulu University, Gulu,
Uganda.

a) Research Questions

The main objective of this study was to assess
the challenges being faced by stakeholders of agro-
produce and to establish if there is need for solar dryer
technology for preservation by drying. Hence, the survey
was conducted to answer the following research
questions:

1. Which are the agro-materials in need of preservation
by drying in Botswana?

2. What are the challenges of preservation of agro-
produce that are faced by agricultural communities
of Botswana®?

3. Is there a need for solar drying technology for agro-
produce in Botswana?

b) Objectives
The specific objectives of this study were:

1. To establish the profile of agro-produce that are in
need of preservation by drying in Botswana

2. To establish the challenges of preservation of agro-
produce that are faced by agricultural communities
of Botswana

3. To determine if there is need for solar dryer
technology for agro-produce in Botswana.

[I. METHODOLOGY

The research methodology used in the
realisation of these objectives comprised of secondary
data collection, primary data collection and data
processing. The responses to social-demographic
questions in the questionnaire that included name, sex,
age, and education were of relevance for qualitative
analysis; but providing name of respondent was
optional and was not included in this analysis. Analyses
using SPSS descriptive statistics and binary regression
were performed.

a) Secondary data collection

Secondary data was obtained from journals,
annual reports and general literature particularly from
Botswana Ministry of Agriculture and Food Security. The
data was used to profile the agro-produce in the country
and additionally gave indication on the commercial
trend of the agricultural enterprises.
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b) Primary data collection

Primary data was obtained through a survey
conducted in Botswana in June 2016 amongst targeted
stakeholders. A questionnaire was administered, as the
major tool for primary data collection distributed to
various respondents who were contacted on voluntary
basis. A variety of questions in the questionnaire were
designed to collect data that would be analysed for the
assessment of the need for solar dryer technology in
Botswana as the intended purpose of the research
study. The survey was conducted in Gaborone city and
its environs including Mochudi and Mogoditshane.

c) Sampling methods

Four possible sampling methods for conducting
the needs assessment survey were identified as:
Random, Stratified, Systematic and Opportunity(Gamli,
2014; Sadeghi et al., 2013). The choice of a sampling
method is based on the survey objectives and good
representation of the target population. The execution
time and accessibility of participants are the other
important considerations. The Random, Stratified and
Systematic Sampling methods apply probability-based
sampling techniques whereas the Opportunity sampling
method applies a non-probability-based sampling
technique. The choice of the most appropriate sampling
method for the study was made after analysing the
opportunity cost of each of the four methods.

The Random Sampling method eliminates
sampling bias, represents a target population but
requires a great amount of time, effort and money. The
chance of using the Random method in Gaborone was
analysed. The target population in this survey was the
consumer of the proposed solar drying technology in
Botswana. The sample size corresponding to the
population of Gaborone of 232,000 indigenous people
by the 2013 national population census can be
estimated. For a confidence level of =1.96 from the
nominal tables corresponding to 95% confidence
interval, error margin  of 5% and proportion ratio , of
0.5, assumed half of target population. The sample size

determined would require using at least 385
respondents by the formula (Cochran, 2007):
Z?p(1—-
n:M (1)

(S

This would have required distribution of at least
1,153 questionnaires to potential respondents if the
proportion of actual filled questionnaires was to be at
least 30% of the total number of questionnaires
distributed to the sample population. This is because of
the high attrition rate (70%) that is associated with this
type of survey (Barlett et al., 2001). To accomplish this
exercise would have needed more research time and
financial resources for implementation. Hence, the
Random Sampling method was considered unsuitable
for this research.

© 2020 Global Journals

In  Stratified  Sampling, the  weighted
participation of the target population makes it highly
representative, but costly in time, effort and money. The
number of strata in respect of the objective of the
questionnaire would be very large and difficult to
organise so as to get a representative sample
population of Gaborone and its environs. In view of the
time required to perform stratification of the sampling
frame, the Stratified Sampling method was not
considered for use in this research.

The Systematic Sampling method uses defined
participants with similar experiences and at same
conditions and is representative of the target population.
The method pre-supposes well-defined and identifiable
participants of the sampling population, which is not
practically possible. In view of the difficult task of
establishing the sampling framework and the high
expenses incurred in implementation of the task, the
Systematic Sampling method could not be applied in
this survey.

The Opportunity Sampling method, uses people
from a target population, available at the time and willing
to participate. It is based on convenience; it is quick and
easy, but may be biased as the target population may
not be very representative. This is the sampling method
that was chosen for this study. To secure a
representative population, the target population was
identified and it was composed of all categories of agro-
produce value-chain stakeholders, namely, agro-
farmers, major distributors of agricultural products,
wholesalers, and retail supermarkets and vendors.
These were essentially independent participants who
accepted to participate in the survey on voluntary basis.

d) Survey questionnaire

A questionnaire constituting 16 named/defined
variables formulated as 16 questions was developed as
given in Table 1. These variables comprised of the
participant's name, gender, age, education level,
location, actor, produce handled, challenges faced,
oversupply, preservation methods, drying problems,
methods for improving preservation, need for solar
drying technology, and suggestions by respondent for
preservation of agro-produce. The questions that
included name, sex, age, and education were of
relevance for demographic analysis. Providing the name
of the respondent was optional. The purpose for which
each question in the questionnaire was meant to
achieve has been provided.



Table1: The named variables and their applications

Variable Code Name Purpose
Name Not applied Identification
Gender Gender Categorisation of participants by sex; males or females
Age Age |dentification of participants by age group categories
Education Education Categorlsatlon.of part!0|pants according lto classical education levels;
University, Tertiary, Secondary, Primary and Non-formal
. ) Categorisation of participants according to their arears of operation;
Location Location X
Gaborone or Outside Gaborone
Categorisation of participants according to specific roles performed in
Actor Actor o .
agro-produce value chain; Farmer, Wholesaler, Retailor, Vendor
Produce Produce Establish agricultural produce handled by participant
Challenges Challenges |dentification of challenges experienced by participant in handling agro-
produce after harvest
Determination of amount of produce handled in excess of demand by
Oversupply Oversupply actor
Preservation . Determination of methods currently used for preservation of agro-
PreservationM
Methods produce after harvest
Drying Methods DryingM Determination of methods currently used for drying of products
Drying Problems DryingP Identification of problems encountered in application of a drying method
Establish if respondent wants improvement in methods of postharvest
Improvement Improvement .
preservation of agro-produce
Solar Determine if subject thinks solar technology is needed for preservation
SolarT X
Technology by drying
. ) Get opinions on other methods of postharvest handling of agro-
Suggestions Suggestions produce

e) Data Processing

First, the secondary data was analysed to give
the profile of agro-produce in Botswana categorised as
horticultural products and grains and pulses. The
challenges faced by the stakeholders were analysed
with respect to the postharvest losses experienced in
each agricultural enterprise. Secondly, analysis of the
primary data that was collected from the responses to
the questionnaire was accomplished with the aid of
Excel and Statistics Package for Social Scientists, IBM
SPSS® Version 20.

The data filled in the questionnaires were
coded. Each question or variable was categorised as
nominal, ordinal or scaled. The nominal category takes
the binary coding form of 0, 1. The ordinal variables
were coded as 1, 2, 3, etc. The scaled variables were
coded according to the levels of the judgment of their
impact, by the scale of 1-5 (with 1 being the lowest and
5 highest). The demographic and explanatory variables
used in the questionnaire are shown in Table 2.

Table 2: Variable categories

Demographic variables
Variables Category
Gender Nominal

Age Ordinal
Education Ordinal
Actor Ordinal
Location Nominal

Explanatory variables
Variables Category
Produce Ordinal
Challenges Scale
Oversupply Nominal
PreservationM Ordinal
DryingM Ordinal
DryingP Scale
Improvement Scale
SolarT Nominal
Suggestions Ordinal
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SPSS models were applied in the analysis:
Descriptive statistics was applied for evaluation of
frequency/percentages of variable occurrences. This
was to give the statistics of the variable responses.
Descriptive statistics and cross-tabulation were applied
for teasing out demographic participants. Some
variables were considered as predictor variables
because of their relevance to precise prediction of solar
drying as a method of preservation to be used in
Botswana. The predictor variables were:

1. Preservation methods, PreservationM, that asked if
the respondent wants to improve upon the
preservation methods being used,

2. The drying methods, DryingM, that asked if the
respondent wants to improve the drying method
they are already using

3. The drying problems, DryingP, that asked if there
were challenges or disadvantages associated with
the respondent’s method of drying the products

4. The solar technology SolarT, that asked if the
respondent thought that solar drying technology is
needed for preservation of agricultural products in
Botswana.

Descriptive statistics and cross-tabulations of
these variables was done with the socio-demographic
variables that comprised of

1. Gender that asked if the participant was female or
male

2. Age asked for the number of years the participant
has lived

3. Education asked for level of education attained by
the participant,

4. Actor, asks for the agri-business role played by
each respondent in the sample population in the
agro-produce value-chain.

Binary logistic regression was applied in the
prediction of likelihood of adaptation of solar drying
technology in Botswana. Logic codes 0, 1, are used in
the coding of nominal variables, Y; expressed in binary
format given as 1=agree and O=disagree. The linear
regression model for the odds probability expressed as,
P(Yi=y)=m=x£ is not sustainable because of

overflow of values on the right hand side of the equation
comprising of covariant and regression coefficient g

that exceed the boundary conditions of the probability
domain (of 0-1). Hence the creation and transformation
of the odds ratio 7i to a linear model by taking its

natural logarithm, thus resulting into Logit model which
opens the boundary restrictions to limits of —co to= 4+ .

The odds ratio 7T is expressed as

TTi _—pi

= 2
Tp @)
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Where i is the instantaneous probability of the

covariant.
The Logit model is expressed as

. i
logit=mni =1 i)=log| —— 3
ogit =i =log (i) 09(1_ pij 3)

Thus the generic multivariate logistic binomial
distribution model is given as

m=pyt Xt BX, (4)

Where I is the number of occurrences, X are the

independent variables, and ,3, are the binomial
coefficients.
The probability is evaluated by

1+ exp(ri)

Logit model is the binary model used to predict
likelihoods of occurrences by applying a stochastic
approach. The SPSS Regression and Binary Logistic
model was applied in this analysis to predict the
likelihood of adaptation of solar drying technology, Solar
T, for preservation of agricultural products in Botswana
using five variables that were considered to have great
influence over such outcome. The identified variables
were Gender, Actor, Oversupply, Drying M, and
Produce. These variables were identified as categorical;
nominal, ordinal dependent variables and were coded
accordingly. The dependent variable encoding is as
given in Table 3.

()

Table 3: Dependent Variable Encoding

Original Value Internal Value
Disagree 0
Agree 1
Table 4 is the classification table of the

observed and predicted likelihoods of adapting solar
dryer technology, SolarT, in Botswana. Table 5 presents
the notations used to describe the classification cases.

Table 4. Classification Analysis of Cases

Predicted
Dependent
Observed | gichotomous variable, | Percentage
Solar T correct
Disagree Agree

Disagree TN FP ON

Agree FN P OP

PN PP Tupp




Table 5: Case Notations

Case Notation

N True negative

FN False negative

FP False positive

P True positive

PN Predicted-Negative=TN+FN
PP Predicted-Positive=FP+TP
ON Observed-Negative=TN+FP
OoP Observed-Positive=FN+TP
Tot Total cases= TP+FP+FN+TN
Tupp Total true cases=TN+TP

The overall accuracy of the logistic regression
model is measured from the fit of the model. The
accuracy of the model prediction is its likelihood of
occurrence calculated using the relationship

Tupp (TN+TP)
Tot (TN+TP+FN+FP)

Likelihood = 6)

e
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[1I.  RESULTS AND DISCUSSIONS

a) Horticultural agro-products

This study clearly shows that a large variety of
horticultural produce is grown in Botswana. The produce
includes cabbage, broccoli, green peas, garden peas,
mustard, tomato, chillies, rape, Swiss-chard,
choumoliver, onion, egg-plant, butter nut, courgettes,
green mealies, water melons, beetroot, carrots, herbs,
green pepper, potatoes, and mango (MoA, 2012).
However, some horticultural produce is imported from
neighbouring countries, particularly South Africa, to
bridge the local supply gaps. The cumulative production
and cumulative sales for the produce commoaodities in
the month of March 2015 is presented in Figure 1 which
shows the cumulative production in metric tonnes
versus cumulative sales in Pula. The trend of commodity
transactions on horticultural produce in Botswana for
March 2015 indicated that products of highest
commercial significance were tomatoes, potatoes,
cabbage, beetroot and onions.

Sales 25
Productio

Cumuhtive Sales (Pul) pmillions

Figure 1: The trend of Horticultural Production in Botswana, March 2015 (MoA, 2012)

The production growth rate is depicted in
Figure 2. It shows that the growth rate of production of

horticulture increased from 20% in 2014 to 60% in 2018.
This is a positive trend for the country.

B Production growth rate %
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Figure 2: The production growth rate of horticultural products (MoA, 2012)
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b) Grains and pulses

Figure 3 depicts the result of performance of
grains and pulses analysed from the data obtained
during the period 2007-2012. Botswana’s crops of
commercial and economic significance in the category
of grains and pulses were sorghum, maize, pulses and
sunflower. These are staple food crops for most

households in Africa. Botswana is a net food importing
developing country (NFIDC). Sorghum and maize are
the main cereals, the basic foodstuffs with their national
demand standing at 200,000 metric tons per year, of
which only 17% is supplied through local production
(BITC, 2019). The demand gap of 83% was met by
importation from other countries.

40

35

30 A
£
S 25 A H Sorghum
'§ 20 - Hmaize
E 15 - W millet
c
£ 10 | u Pulses
é u Sun-flower
E ]

0 m

2007/08  2008/09 2009/10 2010/11 2011/12
Calender period in years

Figure 3: Five-year production trend, 2007-2012, for grains and pulses in Botswana ((MoA, 2012)

c) Challenges faced by agro-produce value-chain
actors
The challenges faced by the agricultural
communities of Botswana are categorized as: i)
postharvest losses on agro-produce and ii) preservation
of the agro materials after harvest.

i. Postharvest losses of agro-produce
The ranking of average losses of agro-produce
in Botswana in 2015 is depicted in the pie chart of
Figure 4. Tomatoes posted the highest loss of 28%,
followed by spinach at 18%, sorghum at 16% and maize

Bean leaves

Onions 6%

Carrots _

4%
Green
peppers _
7%

Sorghum _
16%

Maize /
14%

at 14%. It is clear from the pie chart that the main grains
(sorghum and maize) constitute 30% and the
horticultural produce constituted 70% of the postharvest
losses of agro-produce in Botswana. The spoilage
percentages obtained from the respondents indicated
varying losses for the different commodities with some
agro-produce incurring more losses than others. The
horticultural products were found to be generally the
more perishable commodities. Tomato and spinach
were overall the highest ranked in postharvest losses of
agro-produce in Botswana.

_ Cabbage
3%

— Tomatoes
28%

“_Spinach
18%

Figure 4: The postharvest loss ranking of the common Botswana agro-produce in 2015
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i. The challenges of preservation of agro-produce
after harvest

Table 6 gives the summary of challenges faced

by the farming community of Botswana with regard to
agro-produce handled and preservation methods used.
The level of each challenge was rated as either low or
both high. One of the major challenges encountered
was that of quality deterioration issues and oversupply
during the harvest season and low supply otherwise,
resulting in loss of the produce, and by extension,
income. Preservation challenges included inaccessibility

of conventional technologies in rural locations and the
high cost of the technologies. The open sun method,
while cheap, has a major challenge of difficulties in
assuring the quality of the products, due to a variety of
factors such as long drying times, contamination due to
exposure to the environment, encroachment by pests
and vermin, as well as uncontrolled drying rates. These
challenges indicated the need for alternative methods
using affordable technologies such as solar based
technologies, to improve on the existing methods.

Table 6: The challenges faced by the agricultural communities in Botswana

Rating of
ltem Challenges challenge Remarks
Low High
Oversupply v v Loss of value
Quality . .
v v
Agro-produce deterioration Non/Perishability
Storage facilities v Lacking in rural settings
Transport v Inappropriate
, Quality of product v Limited shelf-life
Conventional —
. I Inaccessible in rural
preservation Availability v )
methods settings
Cost v High investment
Quality of product v v Not quality assured
The open sun Availability v Intermittent
drying method
Cost v v Free but affected by
weather
Low awareness v Not disseminated
Solar dryer Non availability v Nascent technology
Cost of technology v v Unknown

d) Need for solar dryer technology in Botswana

The analysis of the data to establish the need
for solar drying technology in Botswana was performed
with the help of the SPSS Statistics package (Version 20,
developed by IBM Corporation, Corporate headquarters,
1 New Orchard Road, Armonk, New York 10504-1722
USA). The results were categorized as Demographic
statistics, Cross Tabulation statistics and Likelihood
estimates.

Female
47%

i. Demographic statistics
Figure 5 shows the responses according to
gender. The total number of responses was 32 and
comprised of 17 males and 15 females. Demographic
statistics showed that there was fairly good gender
balance with 46.9% female and 53.1% male.

_Male
53%

Figure 5: The pie chart of gender classification
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Figure 6 shows the responses according to age
group. All the respondents were of adult age above 20
years old and comprised of 37.5% of age group 20-25
years; 25% of 26-30 years; 18.8% being of the 31-35

Above 35
years
19%

31-35years_
19% }

year's group; and, 18.8% being of the group above 35
years. The youthful age group of 20-25 years was
highest.

_20-25years
37%

_ 26-30...

Figure 6: The pie chart according to age groups

Figure 7 shows the education level of the
respondents. All of the respondents were literate and
understood the English language that was used in the
questionnaire. By education, 40.6% of the respondents

Primary
School

12%‘
Secondary
College quel‘

School level
22%

22%

were of university level, 21.9% college level, 21.9%
Secondary school level, 12.5% primary school level and
3.1% non-formal education. The highest number of
respondents was of University level education.

Mon-formal

education
3%
University
level
41%

Figure 7: The responses according to education levels

Figure 8 shows the location of respondents. All
the respondents were located in Botswana with 68.8% of

Gaborone
environs
31%

the respondents coming from Gaborone City and 31.2%
from Gaborone environs.

Gaborone
69%

Figure 8: The responses according to location
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Figure 9 gives the responses to the questions  agricultural products, 28.1% cooking, 28.1% freezing,
about the preservation methods presently used for 3.1% botting and 15.6% used other preservation
preservation of agricultural products in Botswana. methods. The method of refrigeration/chilling was
Various methods of preservation of agricultural products  highest and was followed by drying and cooking.
are used by respondents of whom 25% were drying

Other
methods

16% Drying

Bottling ok
3%
Freezing/Chilli
Ng...
Cooking
28%

Figure 9: Responses on preservation methods

An overwhelming majority (84.4%) of the produce while 15.6% did not agree as depicted in
respondents agreed that the use of solar technology, Figure 10.
SolarT, could be the better method for preserving their

Disagree _
16%

~._Agree
84%

Figure 10: Responses on solar drying technology

The result indicates the responses of Actor Consumer. The farmer had the highest respondents,
variable are: 37.4% for Farmer, 6.3%, for Distributor, signifying the most agreeing stakeholder in the survey
18.8% for Retailer, 25% for Vendor, and 12.5% for as depicted in Figure 11.

Consumer _
13%
__Farmer
; 37%
Vendor _
25%
Retailer — Distributor
19% 6%

Figure 11: Responses by the agro-business value-chain actors
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ii. Cross-tabulation statistics

The results of the cross-tabulation model
analysis show that out of the total 32 respondents, 8
responded to the question on typical methods of
preservation; 11 responded to the question on the
drying methods used; 12 responded to the question
regarding problems encountered with the drying method
used; and 27 responded to the question on the need for
solar drying technology.

The results of the cross-tabulations of Gender
are presented in Table 7. The results indicate that of the
8 respondents for the variable PreservationM, 5 were
females and 3 were males. For the variable DryingM, 7
out of the 11 respondents were males; and for DryingP,
5 of the 12 respondents were females and 7 were
males. Further, the cross-tabulation of the SolarT
variable with  Gender indicted that of the 27
respondents, 12 were females and 15 were males.

Table 7: Cross-tabulation of drying variables with

Gender
Variables Gender
Female Male
PreservationM
—8/32 5 8
DryingM=11/32
DryingP=12/32
SolarT =27/32 12 15

Table8 shows the cross-tabulation model
results of drying variables with Age. It was observed that
the age group 20-25 years was the highest represented
in all the four variables: 5 out of 8 for PreservationM; 4
out of the 11 respondents for DryingM; 4 out of the 12
respondents for Drying P; and 9 out of the 27
respondents for SolarT.

Table 8: Cross-tabulation of drying variables with Age

Variables Age
20-25- 31-
25yrs 21-30 35 35+
PreservationM 5 1 1 1
—Q/29
DryingM=11/32 4 3 2 2
DryingP=12/32 4 4 1 3
SolarT =27/32 9 6 6 6
The cross-tabulation model results  for

Education with the drying variables are given in Table 9.
The table shows that for all the four variables, the level of
education with the highest number respondents was
University Level. The highest number, 4 out of 8 of
respondents for Preservation M were of university level,
while for Drying M it was 5 out of 11. Of the 12
respondents of Drying P, University level was again
highest with 6 respondents. Finally, of the 27

© 2020 Global Journals

respondents of Solar T variable, University level was
highest with 12.

Table 9: Cross-tabulation of drying variables with

Education
Education
Variables Unive | Coll | Secon | Prima | No™
rsity ege dary ry fo;lm
Pres%r/vsazt/onM 4 > ’ 0 ’
Drying/\z// =11/3 5 3 5 0 ’
Dryingl;: 12/3 6 4 ’ 0 ]
SolarT =27/32 12 5 6 3 1

The cross tabulation results for Actor are given
in Table 10. As shown, of the 14 respondents of
Preservation M, 6 of the respondents were retailers,
followed by farmers at 5 respondents; and the
distributer, vendor and consumer at 1 respondent each.
Of the 12 respondents of Drying M, 4 were Farmer,
Distributer, Retailer and Consumer were each at 2
respondents and Vendor received 1 respondent. Of the
12 respondents of the Drying P, Farmer was the highest
with 6 out of the 12 respondents; followed by Distributer
and Consumer with 2 respondents each. Finally, of the
27 respondents of Solar T, 11 were farmers, 6 were
vendors, 4 were retailers/consumers while 2
respondents were distributers.

Table 10: Cross-tabulation of drying variables with
Actor variable

Variables Actor
Far Distrib Reta Ven Consu
mer uter iler dor mer
PreservationM
—14/32 5 1 6 1 1
Dry/ng/\z// =11/3 4 5 5 1 5
DryingP=12/32 6 2 1 1 2
SolarT =27/32 11 2 4 6 4

ii. Likelihood estimates
The results of the binomial regression using
logic model are given in the Classification Table 11
whereby the overall percentage of likelihood is predicted
as 87.5%.



Table 11: The Classification Table

Predicted
Observed SolarT Percentage
Disagree | Agree correct
Disagree 2 3 40
SolarT Agree 1 26 96
Overall percentage 87.5

a=the cut off value of overall percentage is 50%

Table 12 shows the results of the predictor
variables evaluated wusing Equation 4, depicting
respective binomial regression terms. These predictor

variables include the constant term. The variables are
characterised by the binomial regression coefficient B,
standard error (S.E), estimate of the regression
coefficient divided by its standard error defined as Wald.
The one degree of freedom, d f, for the standard normal
distribution, the significance, p-values that are
statistically significant except for the constant term
which is below 0.05. The odds ratio probability (n)is
expressed as Exp B, for each variable. The confidence
intervals (95% C.l), depicting lower and upper values for
each variable are expressed in terms of the odds ratio
values Exp B.

Table 12: The Results of Binominal Regression

Exp B with 95%

Variable B SE  Wad df Vafu . DoB Cl.
Lower  Upper
Gender 0229  1.306  0.031 0861 1257 0097 16.269
Actor 0564 0613 0847 0357 1757 0529 5837
Produce  -0.805 0488 272 0099 0447 0172  1.164
Oversupply -3.512  1.881  3.485 0062 003 0001  1.192
DryingM 106  1.403 057 045 2885 0184 45138

Constant 5199 2544 4175 0041  181.059

From the Table 12, the odds ratio is >1 for
Drying M, Actor and Gender but <1 for Produce and
Oversupply variables. Therefore, Drying M, Actor and
Gender are key parameters in motivating the likelihood
of acceptance of solar drying technology. Using

1-p

Equation 4, the Logit model for this study that fits the
regression data for giving an estimated evaluation of the
probability of accepting solar dryer technology in
Botswana is given as

logit = log (l]: 5,199+ 1.06* DryingM +0.564* Actor +0.229* Gender

-0.805* Produce-0.512* Oversupply

IV. CONCLUSION

The determination of the need for solar dryer
technology in Botswana was satisfactorily
accomplished. The assessment provided answers to the
questions of agro-produce profile that need to be
preserved by solar drying, the challenges encountered
by the agricultural communities and the determination of
whether there was need for a solar dryer technology in
Botswana as follows:

The profile of agro-produce grown in Botswana
covers a limited range of grains and pulses and a large
variety of horticultural produce despite being a semi-arid
country. There was a positive trend of production of
horticultural produce in Botswana for March 2015 with
tomatoes, potatoes, cabbage, beetroot and onions as

(7)

the top commercial commodities. However, Botswana is
a net food importing developing country. Sorghum and
maize are the main cereal foodstuffs with their national
annual demand of 200,000 metric tons, of which only
17% was supplied through local production while the
supply demand of 83% was met by importation from
other countries in 2019. The overall postharvest loss
distributions were: i) the main grains (sorghum and
maize) constituted 30%, and ii) horticultural produce
constituted 70%. Tomato posted the highest loss
ranking of 28%, followed by spinach at 18%, sorghum at
16% and maize at 14%. The loss ranking clearly showed
that tomato was the most in need of preservation by
drying.

The greatest challenge faced by actors in agro-
produce value-chain is the postharvest loss. Moreover,
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conventional preservation methods are generally
unaffordable by the poorer rural communities. These
communities often use the inappropriate methods of
preservation such as the open sun drying method which
is not quality assured. And yet solar dryer technology is
scarce in Botswana.

The study answered the question of whether
there was need for solar dryer technology in Botswana.
Demographic statistics indicated 84.4% acceptance of
solar dryer technology in Botswana. Additionally, there
was fair gender balance with the youthful age bracket
(20-25 years), university level education, and the farmer
among the actors; these were identified as the highest
respondents in favour of solar drying technology;
indicating the sustainability of the technology when
adapted. The study has established that there is need
for solar drying technology in Botswana and, by the
Logit model, predicted that the likelihood of acceptance
of the technology was 87.5%.
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Machine Reliability Optimization by Genetic
Algorithm Approach

Ngnassi Djami Aslain Brisco®, Nzie Wolfgang° & Doka Yamigno Serge®

Absiract- To define the reliability network of a system
(machine), we start with a set of components arranged in an
appropriate topology (series, parallel, or parallel-series),
choose the best terms of the ratio performance / cost, and
gather by links with the aim to combine them. This process
requires a long time and effort, given the very large number of
possible combinations, which becomes tedious for the
analyst. For this reason, it is essential to use an appropriate
optimization approach when designing any product. However,
before trying to optimize, it is necessary to have a reliability
assessment method. The objective of this paper is to display a
meta-heuristic method, which is sustained on the genetic
algorithm (GA) to improve the machines reliability. To achieve
this objective, a methodology that consists of presenting the
functionalities of genetic algorithms is developed. The result
achieved is the proposal of a reliability network for the optimal
solution.

Keywords: reliability, cost, reliability network, topology.

I. [NTRODUCTION

he fundamental function of a system is to provide
Tits customers with a fairly economical cost,

acceptable reliability required. These constraints
require an optimal design. In the engineering context,
the fundamental interest of manufacturers is to find a
balance between the reliability of a system and its cost.
These two factors constitute the most important
decision variable for optimizing a system. This is
generally manifested in minimizing the cost under the
constraint of reliability on the one hand, and in
improving performance to meet the needs of customers
under the constraint of cost on the other.

In this area, researchers have developed and
improved many methods and algorithms. The set of
methods can be divided into two main categories: exact
methods, which guarantee to obtain an optimal solution
for problems of reasonable size, and approximate
methods (heuristics and meta-heuristics), which give
good solutions. Quality, without guarantee of optimality,
but for the benefit of shorter calculation time.

Author a. Department of Fundamental Sciences and Techniques of
Engineer, EGCIM, University of Ngaoundere, Cameroon.

e-mail: ngnassbris@yahoo.fr

Author o: Department of Mechanical Engineering, ENSAI, University of
Ngaoundere, Cameroon.

Author p: Department of Physics, Faculty of Sciences, University of
Ngaoundere, Cameroon.

If the exact methods are based on the
enumeration, often implicitly, for the search for the set of
solutions of the search space, then the approached
methods rather require random processes in the
exploration of potential solutions, and this to deal with
the combinatorial explosion generated when using the
exact methods. In this perspective, we are essentially
seeking in this work to integrate an efficient and adapted
optimization method to solve the problem of optimizing
reliability by taking into account the most relevant
constraints.

Given the large number of configurations that
can result from a set of components, the procedure of
enumerating all the possible architectures is no longer
pleasant. Consequently, it is necessary to opt for an
approximate method, which will make it possible to find
the solution closest to the optimal solution because it is
not obvious to examine all the possibilities.

In this perspective, we opted for the method of
genetic algorithms as an optimization technique. It is
considered an effective meta-heuristic method in the
field of dependability. It is inspired by genetic biology
and is based on the principle of the search for evolution.
It does not guarantee an exact solution, but it generates
a solution close to the optimum (Painton and Campbell
[1], Levitin and Lisnianski [2]).

[I.  THE FUNCTIONING OF THE GENETIC

ALGORITHM
a) Origin and principle
Genetic  algorithms  (GA) are  heuristic

optimization algorithms based on the principles of
natural selection and genetics. The researcher
Rechenberg [3], is the first scientist who introduced
evolutionary algorithms by publishing his work "Evolution
strategies.” These algorithms are broadly inspired by
Darwin's theory of evolution published in 1859. Next,
Holland [4] proposed the first genetic algorithms to
solve combinatorial optimization problems, and they
were also developed by the work of David Goldberg
published in 1989 (Goldberg [5] and Goldberg [6]).

The aim of the genetic algorithm is to bring up,
from one generation to another, the candidates
(potential solutions) most suited to solving the problem.
Each generation is made up of a defined number of
individuals, these form a population, and each of them
represents a point in the search space. Each individual
(chromosome) has information coded in the form of a
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chain of characters that analogically constitutes genes.
Then the passage from one generation to another is
carried out based on the process of evolution by the use
of evolutionary operators like selection, crossing, and
mutation.

Their operating principle is quite simple. From
an initial population created at random, composed of a
set of individuals (chromosomes), we proceed to the
evaluation of their parent qualifications to highlight the
best suited, as long as the least effective are rejected.
Then, the most qualified individuals are chosen by
privileged selection by giving them a chance to
reproduce by crossing and mutating via the two
operators of crossing and mutation. Then by
relaunching this process several times, the optimal
solution can be refined by passing from one generation
to another (Douiri et al. [7]).

b) Description of the formalism used

Clustering is a process that partitions a set of
data into meaningful subclasses (clusters or clusters).

The convergence of genetic algorithms has
been demonstrated for many problems, although
optimality cannot be guaranteed. The ability of a genetic
approach to find the right solution often depends on the
adequacy of the coding, the evolution operators, and
the measures of adaptation to the problem being
addressed. The method proposed here is based on
genetic algorithms (Goldberg [6]) and evolutionary
strategies (Schewefel [8]). It combines the principle of
survival of the ablest individuals and genetic
combinations for an elitist research mechanism. The
genetic method produces new solutions (children) by
combining existing solutions (parents) selected from the
population, or by mutation. The central idea is that
parent solutions will tend to produce superior child
solutions in terms of adaptation so that ultimately a
solution obtained is optimal.

In this study, we used a genetic method
previously defined by Bicking et al. [10] with a definition
of the chromosome and the operators of selection,
combination, and mutation concerned. Unlike genetic
algorithms, the genetic method used is designed to
minimize and not maximize. This method, like genetic
algorithms, is not limited by assumptions about the
objective function and research space, such as
continuity or differentiability. It uses a population of
points simultaneously by contrast with usual methods
using only one point. Genetic operators are elitistically
improving the search process to find the global
optimum. There are more complicated genetic
operators, but the basic operators and their various
modifications can generally be applied. The choice of
these operators depends on the nature of the problem
and the performance requirements. The genetic
algorithm that we are going to implement is as follows,
where the process is applied to iteration k:

© 2020 Global Journals

1. Data coding;

2. Generation of the
individuals;

3. Assessment of the adaptation of all individuals in
the population;

4. Selection of a proportion of the best individuals
(parents for the production of new individuals);

5. The Crossing of all individuals in the population P,
two by two with a probability P,, we will have N
children noted Cy;

6. Mutation of all individuals in the population, we will
have N elements noted M,;

7. Choice of the most suitable individuals, i.e., those
who optimize the objective function;

8. If the stop test is verified, stop, otherwise return to
step a.

We will choose, as a stop test
implementation, a finite number of iterations.

It is important to note that the stopping criterion
can be several cycles of the algorithm (number of
generations), the average of the adaptations of
individuals, a convergence factor, etc.

An individual represents a vector of decision
variable (parameters), and its adaptation is measured
by the objective function. The formalism and the genetic
operators are detailed below.

i. Data coding

The first step is to properly define and code the
problem. That step associates with each point of the
search space a specific data structure called a
chromosome, which will characterize each individual in
the population. This step is considered to be the most
important step in GA because the success of these
algorithms depends heavily on how individuals are
coded.

There are different choices for coding a
chromosome, this choice being a very important factor
in the progress of the algorithm so it must be well suited
to the problem being addressed:

e Binary coding: It is the most used coding. The
chromosome is coded by a string of bits (which can
take the value 0 or 1) containing all the information
necessary to describe a point in space;

e Multi-character coding: this is often more natural.
We are talking about multiple characters as
opposed to bits. A chromosome is then represented
by a series of numbers or characters, each
representing a gene;

* Coding in the form of a tree: this coding in tree
structure starts from a root (comprising several
parts equal to the number of initial individuals), from
which one or more children can be derived. The tree
then builds up gradually, adding branches to each
new generation.

initial population P, of N

in our



ii. Generation of the initial population
Each chromosome is the potential result of the
optimization problem. We define a chromosome as a
chain composed of genes, which are the parameters
(decision variables) to find. The value of a gene is called
an allele. The possible value of an allele is an integer or
a real value. Each gene is created randomly, using

equation 1.
aj:(aj).+((aj)u_(ai)u)x7i (1)
Where:

~ 7,€{0,1} is chosen randomly

- (aj ), 1(aj )u are the minimum and maximum limits of
the allele a,. They are chosen according to the problem
to be treated.

Each chromosome, called an individual in a
haploid representation, can be written:

X =8y |

With:

— mis the number of genes

1,.., N and N is the size of the population
(number of individuals).

All the constraints are taken into account in the
initial phase of population creation. When an individual
is created, if the constraints are respected, this
individual is integrated into the initial population;
otherwise, it is not. At the start of the algorithm, the initial
population contains individuals.

The length of the chromosome m and the size
of the population N is two of the four adjustment
parameters of the genetic method.

- =

ii. Objective function and adaptation

We evaluate the different solutions proposed to
treat them according to their relevance and to see which
the best are. For this, we use the objective function.

This function measures the performance of
each individual. To be able to judge the quality of an
individual and thus compare him to others. The
objective function of our case is to minimize the cost
while maximizing reliability.

The evaluation of each individual in the
population then makes it possible to make the selection.
For a system made up of n components in parallel, the
reliability to be maximized is given by equation 2.

R=1-T](1-¥) 2
i=1

Where:
— nis the number of components
— r;is the reliability of the component i
For a parallel-series system, the reliability to be
maximized is given by equation 3.

Where:

— pisthe number of stages of the system

—  r;the reliability of the j™ element of the /i " stage
— n;is the number of components of the / ™ stage

The cost function to be minimized deducted
from the work of (Gutha and Vadlamani [9]) for a parallel
-series system (machine) with p stages is gave by
equation 4.

P
C= Ci[xi +exi"‘] )
i=1
Where:
— C; is the cost vector of the components of the X;
chromosome

— pisthe number of stages of the machine.

iv. Selection of the most suitable individuals

When the entire population is assessed at
generation t, individuals are ranked in ascending order
of objective function. Then the selection is made.
Selection helps to statistically identify the best
individuals in a population and eliminate the bad ones
from one generation to the next. This operator also gives
a chance to the bad elements because these elements
can, by crossing or mutation, generate relevant
descendants compared to the optimization criterion.

The first N x G individuals (the best N x G ) are
selected to be parents. G is the third setting parameter
of the genetic method. G is called the generation gap. G
makes it possible to select a part of the population to
provide sufficient genetic material without decreasing
the speed of convergence (Goldberg [6]).

There are different selection techniques:

* Selection by rank: This selection method always
chooses the individuals with the best adaptation
scores, without allowing chance to intervene;

* Selection by wheel: For each parent, the probability
of being selected is proportional to their adaptation
to the problem (their score by the fitness function).
This selection be imaged by a casino roulette wheel,
on which all the chromosomes of the population are
placed, the place is given to each of the
chromosomes being proportional to its adaptation
value. Also, the higher an individual's score, the
more likely he is to be selected. We spin the wheel
as many times as we want individual sons. The best
will be able to be drawn several times, and the worst
never;

* Selection by tournament: Two individuals are
chosen at random, their adaptation functions are
compared, and the best suited is selected.;

* Uniform selection: We are not interested in the
adaptation value of the objective function ,and the
selection is made in a random and uniform manner
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such that each individual has the same probability
P@) =1/ N as all other individuals, where N is the
total number of individuals in the population;

* Elitism: The passage from one generation to
another through the crossing and mutation
operators creates a great risk of losing the best
chromosomes. Therefore, elitism aims to copy the
best (or first - best) chromosome (s) from the
current population to the new population before
proceeding to the mechanisms of crossing and
mutation. This technique quickly improves the
solution because it prevents the loss of the most
qualified chromosome when passing from one
generation to another.

v. Crossing
The selected population is divided into N / 2
couples formed randomly. Two parents, and are chosen
randomly from the potential parents P, and P, their
genes are combined according to equation 5.

a,(k)=a,(R)+(a;(R)-a;(R))x7,
Where:
—  yis auniform random number,
— k=NxG+1,..., N, the k th individual, mode can
- j=1,...,m.

The newly created individual is then evaluated.
If its adaptation is better than that of the worst parent, it
is integrated into the population to training the next
generation. If it is not the case, we repeat the
combination.

vi. Mutation of all individuals in the population

The mutation operator is a process where a
minor change in the genetic code is applied to an
individual to introduce diversity and thus avoid falling
into local optima. This operator is applied with a
probability P,. P, generally lower than that of the
crossing P,. This probability must be low. Otherwise the
GA will turn into a random search.

vii. Choosing the best solutions

This choice consists in retaining the solutions
which have a lower value of the objective function, and
putting them in the population P,,;.

viii.  Stopping criterion

The stopping criterion is evaluated in the current
population. If it is filled, the whole population has
converged on the solution. Otherwise the reproduction
pattern will be repeated. The stopping criterion used in
this method expresses that all individuals have
converged on the same solution and assumes that
evolution is no longer possible, that is to say, that no
better solution can be found.

The whole strategy is elitist because only the
best individuals are selected for survival from one
generation to the next and can be the parents of new
and better individuals. To ensure convergence of the

© 2020 Global Journals

algorithm, the parameters N and G must be adjusted
with care. The size of the population N affects both the
performance and efficiency of the algorithm (Bicking et
al. [10]). The algorithm is less efficient with very small
population sizes. Large population size may contain
more interesting solutions and discourage premature
convergence towards sub-optimal solutions, but
requires more assessments per generation, which can
lead to a low convergence rate. The generation gap G
determines the proportion of the population that remains
unchanged between two generations.

It is chosen to select individuals as severely as
possible, without destroying the diversity of the
population too much. The global strategy used assumes
that all the individuals who make up the population, from
generation to generation, satisfy all the constraints.

The best solution for the latest generation
represents the solution to the problem by the defined
criteria.

III.  APPLICATION

Consider a machine made up of five
components mounted in parallel (see Figure 1). Our
goal is to define an optimal reliability network, to ensure
operation with  minimum reliability r,;,, =0.80 while
minimizing the cost of the structure.

[31313

o
IS

\

Cs

Figure 1: Structure (machine) to optimize

Table 1 groups the parameters of the five
components C,, C,, C;, C, and Cs:

Table 1: Parameters of the structure components

Components Reliability Cost
C1 0.95 15
C: 0.97 17
Cs3 0.9 14
Ca 0.89 12
Cs 0.96 16

Step 1: Data coding

We choose binary coding using a 5-bit
character string. Bits 1 through 5 represent the
components of C, through C;, respectively. If a
component exists in the generated solution, then its



corresponding bit takes the value "1"; otherwise, it takes
the value "0".

Step 2: Choice of GA parameters
This choice is random while waiting to improve
it afterward. The parameters of the GA are as follows:
— The size of the population: N =4 ;
The number of generations: K=10;
The probability of crossing: P, =0.6 ;
The probability of mutation: P,, = 0.01.

Step 3: Generation of the initial population
We randomly generate a population of 4 noted
chromosomes X;, X,, X; and X, :

X, =[01001], X, =[10110],
X, = [11001].

Figure 2 represents the reliability network of the
configuration corresponding to the chromosome X;.

X, = [10011] and

Figure 2: The reliability network corresponding to the
chromosome X;.

Step 4: Definition of objective function
The objective function f to optimize is defined by
equation 6.

minimize f(X,)=C(X,)
s.t r(X,)=r

= "min

6)

With:
I'min - the minimum reliability of the structure to be
optimized;

— C (X): the cost of the solution.

Step 5: Evaluation of the
chromosome in the population

For each X; chromosome generated, the
reliability and the cost are evaluated respectively by
relations 2 and 4.

reliability of each X

So:

- I’(Xl) =0.9988 and f (Xl) =41.25;
_ r(Xz):O.99945 and f (Xz) =66.25 ;
- I’(X3)=0.99978and f(X3):66.5 ;

- r(X,)=0.99994 and f (X,)=75.

Step 6: Selection of the most suitable chromosomes
The best chromosomes in terms of cost in
descending order are: X;, X,, X5 and X,.
We select the chromosomes X;, X, and X, for
reproduction and we eliminate the chromosome X,
because it is the worst as far as cost is considered.

Step 7: Crossing

We cross a couple among the selected
chromosomes with a crossover rate of 0.6 to form new
children. Consider the couple (X;, X,):

X, =[01001] X, =[01010]
=
=[10110] X, =[10101]

Step 8: Mutation

We do a random draw of a single chromosome
gene X', X, and X;; then the selected bit will be mutated
with a mutation probability of 0.01. Consider the second
bit of the chromosome X':

X, =[10101] = X, =[11101]
Step 9: Substitution

We are replacing the new population with the
new chromosomes. Chromosomes X; and X, will is
eliminated because they are the least suitable, and the
chromosome X; and X, will be kept .After all, they are the
best qualified among the individuals of the population.
So the new population will be made up of chromosomes
X5, Xo, Xy and X'

X, = [01001], X,
X', = [11101].

Step 10: Repeat steps 4 t0 9

The algorithm stops either after the reproduction
of 16 generations or when we notice that the solution
does not improve after a defined number of generations.

=[10110], X; = [01010] and

Step 11 Optimal solutions
— The corresponding chromosome
objective function is:

—[10001], X, =[11000], X, =[10100],
X, =[01001], X, =[00101], X, =[01010]

— The optimum reliability and costs for each solution
are:

that optimize

r(X,)=0.998and f(X,)=39,

r(X,)=0.9985and f(X,)=40.01,
r(X,)=0.995and f(X,)=40.5,
r(X,)=0.9986and f(X,)=40.25,
r(X,)=0.99and f(X,)=375,
r(X,)=0.9967and f(X,)=36.25,

r(X,)=0.989and f(X,)=325.

By considering the components selected by the
genetic algorithm in the previous optimal solutions, we
generate all the possible paths (connections) between
the component of the machine. In solution 1 (X,
chromosome) , we retain the components in parallel C,
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and C; ; in solution 2, we retain the components C,
and C, (thus defining a path); in solution 3, we retain
the components C, and C; (defining a path) and from
end to end until the last solution ( X, chromosome), the
last path connecting the components C; and C, is
shown. From where the network of optimal reliability of
the machine is given by Figure 3.

Figure 3: Optimal network reliability of our machine

By evaluating the overall reliability of the
reliability network, we obtain a reliability of 0.88, higher
than the minimum reliability set. Similarly, by evaluating
the overall cost of the machine by applying relation 4, for
the reliability network we obtain a cost of 88.75, which is
much lower than the overall cost generated by the initial
system, which is 103.75. Obijectively, the reliability
network has favored cost reduction on the one hand
reliability increase on the other.

IV. CONCLUSION

Having completed the writing of this paper,
which concerns the optimization of the reliability of a
system by the genetic algorithm, it appears that the
general objective has been achieved. Indeed, through
the functionality of genetic algorithms, implemented on
a structure with five components, we were able to
reduce the cost and increase the reliability of the parallel
structure. However, although the genetic algorithm is
easy to implement, it might require an infinite number of
iterations to the best approach of optimal solution. This
would make the algorithm less robust. In perspective for
this work, it would be wise to develop or implement
another meta-heuristic that would not require a large
number of iterations.
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8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.
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e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

o O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation of an exacting study.
Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

O O OO

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

A-B

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and
mistake

spelling

Well organized, meaningful

specification, sound
conclusion, logical and
concise explanation, highly
structured paragraph
reference cited

Complete and correct

format, well organized

C-D

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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