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Potential use of Recycled Plastic Bags in Rotational Molding Process
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Abstract

Plastic bags are one of the most widely used products because it can provide convenience to users in everyday life. As a result,
the amount of waste from plastic bags after use increases every year. The objective of this research is to study the preparation of used
plastic bags to be in a suitable form for recycling by the rotational molding process. Including the study of various properties of molded
products by using plastic bags that have been used in Pathum-Thani area, most of them are Low Density Polyethylene (LDPE)
compared to Linear Low-Density Polyethylene (LLDPE) used in the rotational molding industry. In this research, the material for
molding must be prepared by reducing the size of plastic bags to the powder particles by a Pulverizer, as well as measuring the particle
size, roundness (Circularity) by morphological techniques. The pourability bulk density and melt flow index of the particles were
tested and molded by an Axial Powder Flow Apparatus with the rotation speed at 7 rpm, temperature 190°C and recorded the behavior
of changes within the mold and test the molded specimen by measuring the thickness distribution of the specimen, puncture resistance,
tensile strength and surface hardness. It was found that the particle size of plastic powder prepared from plastic bags was larger and
less roundness compared to the particle size of LLDPE powder used in the rotational molding industry. As a result, the thickness
distribution of the workpieces produced with powder particles from plastic bags is inferior and the penetration resistance, tensile

strength and surface hardness are reduced compared to using LLDPE.

Keywords: Plastic film, Polyethylene, Recycle, Rotational Molding
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Abstract
The purpose of this research was to improve the performance monitoring process of critical issues in a case study
company. The problem was that the process of tracking the performance of critical issues was ineffective. This research

applied the lean concept. We started with the study and analysis of the work in order to find the root causes of the problem



Ladkrabang Engineering Journal, Vol. 40 No.1 March 2023 11

by means of the fishbone diagram. Subsequently, ECRS techniques were used to improve activities. The researcher used

Microsoft Office 365 platforms, i.e., Microsoft Planner, to track the performance of the important tasks. After work process

improvement, the activities 1 (the coordinator of the five departments collected the department forms) and 4 (the central

coordinator summarized the forms of the five departments into the agency's form) could be reduced. Finally, the wasteful

process time was reduced by more than 50 %. Also, the workload of coordinators was greatly reduced.

Keywords: Lean Concept, ECRS Techniques, Wastes, Performance Monitoring Process, Critical Issue
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Abstract

Composite floors are widely used in building structures due to their economy, but an economical design of composite floors is
rather difficult and complicated. Therefore, this research presents the application of Teaching—Learning-Based Optimization (TLBO)
to design the optimum of composite floor system according Load and Resistance Factor Design method (LRFD) by AISC standard.
This design algorithm is developed using Visual basic language to determine the lowest total cost of structures. The efficiency of the

TLBO for search the optimal solution is tested by three composite floor examples from the literature. The test results show that the
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TLBO answer converges quickly to the optimal solution with fewer function evaluations compared to other algorithms and the TLBO

found the optimal solution better than the compared research in the range of 0.61-14.9%

Keywords: Teaching-learning-based optimization, Design of composite floor system, Optimum design
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Abstract
This paper presents a solution to the production planning and labor assignment problems in an automotive electrical

cable factory in Thailand. Based on the conventional manner of the case study production line, the production supervisors
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made production and workforce plans by their experience. So, efficient plans cannot be guaranteed. Moreover, overtime
production was always needed to catch up with the delivery due date. This situation affected the increase in total production
cost. Therefore, this research developed two integer linear programming models for solving the case study's production
planning and labor assignment problems. The considerations of overtime production based on the company’s policy and
the worker’s multi-skill were included in the proposed models. The results show that, without consideration and with
consideration of overtime production, the total labor cost can be reduced using the presented production planning model
(model M1) which beat the conventional plan by 13.17 and 13.14 percent of the recent total labor cost, respectively.
Moreover, workforce plans obtained from the proposed workforce planning model (model M2) are better than the

conventional plan by 14.51 and 14.74 percent of the current average worker skill.

Keywords: production planning, labor assignment, integer linear programming, automotive electrical cable production
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w1 Ty 2 veunasgu 0.2
w2 Tu 3 veunasgiu 0.3
Foadnuanlunaine 0.4
INnNHEZMUNIATYIU 0.5
NnuzAsud AN IIATgIY 0.6
UNNBZANIININTIIU 0.7
UNnbEANn 0.8
Tvnusidon 0.9
Tvinuzideunn 1.0

M3190 9 NNHLVINTNNUNAANGY A

mju AA01A02A03A04A05A...A10A11A12A13A14

OP01|0.8 0.8 0.7 0.6 0.4 ... 0.8 0.7 0.9 0.8 0.5
0P02/0.7 0.8 0.8 0.7 0.8 ... 0.9 0.5 0.5 0.7 0.8
OP03(0.9 09 0.6 0.6 0.7 ... 0.8 0.9 0.8 0.8 0.5
OP04({0.9 09 0.7 0.7 0.5 ... 0.8 0.9 0.8 0.9 0.5
OP05(0.7 0.6 0.5 0.7 0.7 ... 0.8 0.7 0.9 0.7 0.8
OP06/0.8 0.9 0.7 0.5 0.8 ... 0.9 0.8 0.8 0.7 0.7
OP...
OP14(0.8 0.8 0.6 0.6 0.4 ... 0.5 1.0 0.5 0.8 0.5
OP15(0.7 0.5 0.8 0.7 0.8 ... 0.8 0.9 0.8 0.9 1.0
OP16(0.6 0.6 0.8 0.9 0.5 ... 0.5 0.7 0.9 0.7 0.8
OP17/0.8 0.7 0.8 0.9 0.9 ... 0.5 0.8 0.8 0.5 0.9
OP18|0.8 0.8 0.8 0.5 0.7 ... 0.8 0.9 0.8 0.7 0.8
OP19(0.7 0.5 0.4 0.5 0.8 ... 0.5 0.5 0.8 1.0 1.0
OP20(0.8 0.7 0.8 0.9 0.4 ... 0.9 0.8 0.9 09 1.0
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4.1.MWUUNNAUANTAITIHIUNIT NN UNITINAA

(M1)

aw dy Y o o a Y o
ﬂmai]ﬂumlﬂ aamuy Tdsunsusudusiuiu

< o W

1AW (Integer Linear Programming, ILP) @11 3UN1331N

a Ao s A Y ¥ '
HAUNTTINAR Iﬂﬂil’mQﬂizﬁ\iﬂ!,WE]GI,‘HNG]‘NV!H?]HLNTJM

'
o A

' a { =2 A a s A v
NNFIIATINITHNAAA Vlfjﬂ SFIAWNITINLADININYIVDN

dunlsdadula (Decision variables) Warduingilszasd

Y
v A

(Objective function) uaziaou luafany (Constrains) AU
fvuald ¢ = Twhawlad 12, .., D
h=3umnuluiunga 12, ., H
@ 7
w=dUawn 1,2, ..., w

A =
m=190UN 1,2, ... M

9 =

a Y 1 d‘
g =aumngun 1,2,.., G
k= aumxian 1,2,

2D

a da A Y
4.1.1. NN NNEIVDS
Cp = AUTIFIIANUNA-TUTTTUAT (W IN/BTIN)
C, = AMUTIFWAWIA-IUTITUA (U IN/F2 TH9)
C,; = AMIIFRNIAUNA-TUnga (UIM/H2 119)
C, = MUITAFNANIA-TUHYA (VN2 T14)
= s A Y @ a Y
L, = YTNMIADAUMAIAADITUA THIAD
' @ Ia A A '
knQu g dUa N w vounouUN m nuae)
P, = 8031M3Nandua luaa & (M1e/42 139)
Qi = U3 WIANUADINMTAUR TR kNQU g
o I A =~ '
FUAMN w vBUADUN m (MU1Y)
Ligaune = 10T nOWGUR 910 £ nQY g 1301
UnA-Tus35ua d e w voufoun m (Au)
Ligmor=3182uMn0O1ud U150 £ nqu g

' o o s ~
AWNIA-IUTTTNA d ﬁl]ﬂﬁf‘i‘ﬂ w "UleﬁfJ‘L!‘Vl m (AU)
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Lignme = 182U MIN U0 G U YA £ NQU g
a o o 7a A a
a1 nA-Turga 1 d1la1Mn w veudouN m (AU)
Lignmor = S14 MWD OMv0 @ UM a0 k ngu g
' o o sa A A
A2 IUnga 2 AN w veuAeUN m (AY)
OT .., = TMIUT THAUTANUANIA-TUTTTUA
d nqu g danii w voudoui m (¥ Tu9)
OT, g = 3T THANTANIUAIIA-TUYEYA £
' o I A =~ &
NN g AUAHN w vouRoUN m (2 119)
OT g = IHIUFI THAT AU GIGAGINIAN-TU
535UAN d NN g AUAN w veuAeuUR m (F21u9)
OT, gt = DIMINFI THANT 11U GIGAAIIIAN-
o ' o 7a A ~ o
TUKga 7 nQu g dain w voudoun m (1 119)

OTP =$1UAUF TUIUT 49U A 29178191
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o ' @ 7
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POUN m (F1T19)
OTP;,,, = 31HIUFI TUAUT 1IN A0 Y
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Ry = 31192 T1 a5 90714 nA-TUSITHAT d
' @ 7a A A d
QU g Fla1in w veuaoUN m (Glsﬂm)

Ry = 91UIUF THaU5 900U NA-TU YR £ AU g
o s A d
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R = 91HINFI THAUTIOUTIgAY AA-TU

' @ 7a A A 3
FITUAANQU g FUa N w veuaaUN m (Gme)

Ry = 31U THaUT 00U e ganA-TUYA
h g g daii w voudou m (¥ Tu9)

4.1.2.6mils aaaule (Decision variables)

X, = Usmramsndadudi Tuaa knqu g Tu
535091 d 71a1¥ 0 waeudeun m lugiaiainig
MU nA-IuFITUAT (H198)

X,y = USnamswaaduiluma knqu g voq
o o oA A '

Tuviga h dda1if wavoudoun m luraraaains
MAuna-Tunga (1117e)
Y = US1N0IMIHAATUA THIAA k NGY g VOITU
o 7A A A '
555001 d dda i wusudoun m luraaainis

MWD TUTTTUAT (HUIY)

Yignm = Us1uman@nduai Tuiaa knqu g vos
o o 7 A = '
Tunga h dila1dn waoudeoun m lugrurains
MAUaNa-Iuvga (M)
Jdou o d . . .
4.1.3.Wﬁﬂ1fu3ﬂqﬂ§$ﬁﬂﬂ (Objective function) 1ag
130U v1T3AY (Contraints)

WanduingilszasduazGou lvifsduinedosues
(2 a o [ 9 12
dauunTdsunsuFudusurwdaudiniunisg
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Sy B ey Bl 25, (Fratem O hadum o) "
+ 2115:1 2221 yM_ s Z'J=1 (nghmeH+ykghmeotH)
Py
meldteulvaumsn 2)-(10)
D ik
Z ngdwm + z ng[zwm
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D Jil > .
+dg1yké’d win +1Z:1Ykghwm _ngwm ’ Vk’ g @

KX K

%% < %Lkgdme x8hrs ; Vg, d,w,m 3)
k

K'Y, K

%% s %LkgdmeT x2hrs ;Y g.dw,m 4)
&

K'Y,

%%20Tpdgwm ;Vg,d,w,m Q)
k

K Xion K

§% < XLighum <8hrs Y g.hw,m (6)
(5

KY, K

%% < %LkghmeT x2hrs Vg, h,w,m @)
&

K'Y,

> % > OTP, g Y g hw,m )
k

D H
) ngdwm +X ngbwm
d=1 h=1

D H
Ikgwm :]kg(w—l)m + +dz_:1ykgdwm +]E1Ykghwm _ng""m )

;Vk, gw,m
Xkgdwm s Xkghwm s Ykgdwm» Ykghwm = 0 and Integer (10)

;Vk,g,d,h,w,m
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A o o S A
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3190 9 M35 uNo DY INMIINURUMTNAALUIANURIUS Enuaz Ay taue

PoU (m), ngu

1 ludlunnazsranar lunsnan (52 1ue-u33911)

Usuumsnanalnals I

AW IUMIHARTIN (VM)

o ¢ a o 2 R, oT, R, OT. alran
dUav (w)  WannwN
! T b ! T b ! T 1 ! T b ! T 1 ! T 1
A 935 593 593 40 0 0 0 0 0 0 0 0 10 0 0 39.800 23.713 23,720
m=1,w=1 B 7,000 6,368 6,368 150 0 0 0 0 0 0 0 0 100 0 0 289,000 254,720 254,720
C 825 793 793 110 0 0 0 0 0 0 0 0 350 0 0 39,600 31,720 31,723
A 935 593 593 40 0 0 0 0 0 0 0 0 10 0 0 39.800 23,713 23.720
m=1,w=2 B 7,000 6368 6368 150 0 0 0 0 0 0 0 0 100 0 0 289,000 254,720 254,720
C 825 793 793 110 0 0 0 0 0 0 0 0 350 0 0 39.600 31720 31.723
A 935 593 593 40 0 0 0 0 0 0 0 0 10 0 0 39.800 23.713 23,720
m=1,w=3 B 7.000 6368 6.368 150 0 0 0 0 0 0 0 0 100 0 0 289.000 254.720 254.720
C 825 793 793 110 0 0 0 0 0 0 0 0 350 0 0 39.600 31,720 31.723
A 935 593 593 40 0 0 0 0 0 0 0 0 10 0 0 39.800 23,713 23.720
m=1,w=4 B 7,000 6368 6368 150 0 0 0 0 0 0 0 0 100 0 0 289,000 254,720 254,720
C 825 793 793 110 0 0 0 0 0 0 0 0 350 0 0 39.600 31720  31.723
FIUFIIAT m =1 35040 31.015 31.016 _1.200 0 0 00 0 0 0 0 1.840 0 0 1.473.6001.240.6111.240.652
A 760 760 760 200 46 47 0 0 0 0 0 0 50 48 50 42.400 33.160 33.220
m=2,w=1 B 7,200 7,200 7,200 800 559 562 0 0 0 0 0 0 1,125 1,042 2,115 336,000 321,540 321,720
C 800 800 800 450 174 174 0 0 0 0 0 0 1,450 1,400 353 59,000 42448 42,446
A 760 760 760 200 46 47 0 0 0 0 0 0 50 48 50 42400 33.160  33.220
m=2,w=2 B 7200 7200 7200 800 559 562 0 0 0 0 0 0 1,125 1,042 2,115 336,000 321,540 321,720
C 800 800 800 450 174 174 0 0 0 0 0 0 1.450  1.400 353 59.000 42.448  42.446
A 760 760 760 200 46 47 0 0 0 0 0 0 50 48 50 42.400 33.160 33.220
m=2,w=3 B 7,200 7,200 7,200 800 559 562 0 0 0 0 0 0 1,125 1,042 2,115 336,000 321,540 321,720
C 800 800 800 450 174 174 0 0 0 0 0 0 1,450 1,400 353 59,000 42448 42,446
A 760 760 760 200 46 47 0 0 0 0 0 0 50 48 50 42400 33.160  33.220
m=2,w=4 B 7200 7200 7200 800 559 562 0 0 0 0 0 0 1,125 1,042 2,115 336,000 321,540 321,720
C 800 800 800 450 174 174 0 0 0 0 0 0 1.450  1.400 353 59.000 42.448  42.446
FINFWIA T m =2 35,040 35,040 35,040 5,800 3,117 3,133 0 0 0 0 0 0 10,500 9,960 10,064 1,749,6001,588,5901,589,547
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3199 9 M35 oufionvoImINURUMIHNAALLIUALANUDIS Hnuaz A uiiauo (99)

@ou (m), ngu $1ud TusTuusassanar lumssda (2 Tua-1s301) USINUMIHAAINOINTIM 9y ocnm oo )
i () wansuad R, OL. B oL fanal
! Tt 1 ! Tt 1 ! T 9 ! T 1 ! Tt bl ! Tt bl
A 760 754 755 340 0 0 0 0 0 0 0 0 10 0 0 50,800 30,160 30,200
m=3,w= B 7,200 7,200 7,200 1,800 1,236 1,238 100 O 0 0 0 0 2,925 2,400 3,676 404,000 362,150 362,280
C 800 800 800 300 106 106 0 0 0 0 0 0 700 225 218 50,000 38,338 38,360
A 760 754 755 340 0 0 0 0 0 0 0 0 10 0 0 50,800 30,160 30,200
m=3,w=2 B 7,200 7,200 7,200 1,800 1,236 1,238 100 O 0 0 0 0 2,925 2,400 3,676 404,000 362,150 362,280
C 800 800 800 300 106 106 0 0 0 0 0 0 700 225 218 50,000 38,338 38,360
A 760 754 755 340 0 0 0 0 0 0 0 0 10 0 0 50,800 30,160 30,200
m=3,w=3 B 7,200 7,200 7,200 1,800 1,236 1,238 100 O 0 0 0 0 2,925 2,400 3,676 404,000 362,150 362,280
C 800 800 800 300 106 106 0 0 0 0 0 0 700 225 218 50,000 38,338 38,360
A 760 754 755 340 0 0 0 0 0 0 0 0 10 0 0 50,800 30,160 30,200
m=3,w=4 B 7,200 7,200 7,200 1,800 1,236 1,238 100 O 0 0 0 0 2,925 2,400 3,676 404,000 362,150 362,280
C 800 800 800 300 106 106 0 0 0 0 0 0 700 225 218 50,000 38,338 38,360
SINFNA m =3 35,040 35,015 35,020 9,760 5,367 5376 400 0 0 0 0 0 14,540 10,500 15,576  2,019,2001,722,5901,723,360
33U 105,120 101,070 101,076 16,760 8,483 8,509 400 0 0 0 0 0 26,880 20,460 25,628 5,242,4004,551,7914,553,559

Mnual# | = MInarumMIHaavedlsany, T = Msnaurumsrandlsduuufinaue lag hidfmuamsmhaudiaial, 1= mynuwumssaamedmuunitaue lassmuamsnaualwaniuuleuiy

M3199 10 NM5TIUNBVANNBLUBINTNNU (%) FIHTUMTIATTTHTINU

) ngu A NN B ngu C maauaazfon masd LAY
iAo (m)
! T 1 ! T 1 ! T T ! T 1 ! T T
m=1 70.00 87.65 87.09 65.00 76.40 76.40 70.00 90.11 89.50 68.33 84.72 84.30
m=2 68.00 83.59 85.42 68.00 77.02 82.20 70.00 87.16 90.16 68.67 82.59 85.93 69.00 83.51 83.74
m=3 70.00 84.14 84.03 70.00 77.03 69.70 70.00 88.49 89.17 70.00 83.22 80.97

Mnual# | = MInarumMIHaavedlsany, T = Msnaurumsrandlsduuuiinaue lag idfmuamsmhaudiaial, 1= mynuwumssaamedmuunitaue lassmuamsnaualwanuuleuiy
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Abstract

The objective of this research was to determine the removal performance of phosphate and natural organic matter (NOM)
using nanofiltration membrane. The commercial membrane sheets used were obtained from GE Water & Process Technologies
(model HL4040HM). The filtration experiments were tested under a dead-end filtration test cell. Phosphates applied in this research
were disodium hydrogen phosphate and monopotassium phosphate. Water samples were prepared with NOM concentration of 10
mg/L, ionic strength of 0.01 M, and pH solution of 7.04, while the membrane pressure was operated at 60 psig. Experimental results
found that the different phosphates in 10-mg/L solution provided similar flux declines. Combined phosphate and NOM solutions

showed greater flux decline than those of phosphate solutions alone. The permeability (Lm) of nanofiltration membrane prior to use
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was 0.378 LMH.psig . The membrane permeabilities (L,) after used with acetic acid and NaOH cleaning were 0.312 LMH.psig"

and 0.357 LMH.psig . This corresponded the ratio of membrane permeability (L/L,,) about 82.5% and 94.4%, respectively.

Keywords: Nanofiltration Membrane, Phosphate, Natural Organic Matter, Flux decline
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Abstract

Mitragyna speciosa (Korth.) Havil., commonly known as “Kratom” has a wide range of therapeutic benefits. In this research
study the solvents that can be used to extract Mitragynine from kratom leaves. To predict solubility parameters, Hansen solubility
parameters were employed. Then analyzing the solubility parameters using the ProCAPE application However, Mitragynine
cannot directly determine the solubility. Instead, a method for evaluating the solubility from derivatives of Mitragynine was used
in this study. A ternary graph shows the solubility of the derivatives and solvents. The solvents selected were considered for safety
from the GSK’s Solvent Selection Guide. From the results, it was found that several types of solvents which that were dissolved
derivatives of Mitragynine better than conventional solvents. Additionally, while using ProCAPE, the solubility parameters were
predicted from extraction-related research was applied, and the results were shown as ternary graphs. The graphs were confirmed

to be in accordance with the experimental data from the research that was collected.
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Abstract

Frozen white shrimp export plays a significant role in agricultural commodities in Thailand. However, agriculturists
still encounter high production costs, which affect export competitiveness of Thailand. More than 90% of total production
cost is variable cost, which corresponds to volume of white shrimp cultivation. The appropriate forecast of future export
quantity of white shrimp can be useful information to support critical decision making on production planning. In this
research, a hybrid model of Holt and support vector regression is developed emphasizing on systematic error reduction to
improve accuracy of forecast. Moreover, the hybrid model is compared to conventional models (i.e., ARIMA and Holt-
Winters) based on five accuracy measures. The empirical results indicated that the hybrid model outperforms other

forecasting models. Furthermore, the forecasting performance of hybrid model approximates to the forecasting performance
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in test data used in cross-validation, although some new hidden observations are used. Consequently, the hybrid model can

be a useful tool to support decision making on production of white shrimp in Thailand.

Keywords: Export, White shrimp, Hybrid model, Error reduction, Support Vector Regression
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Best model: ARIMA(1,0,0)(0,1,0)[12]
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Model Information:
Holt's method

Call:
holt (y = data)

Smoothing parameters:
alpha = 0.899%
beta = 0.0307

Initial states:
1l = 6238668.4845
b = 430772.6143

sigma: 1479492
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Model Information:
Holt's method

Call:
holt (y = data)

Smoothing parameters:
alpha = 0.8%9%9
beta = 0.033

Initial =states:
1 = 6238668.9053
b = 430772.7009

=igma: 1466559
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Model Information:
Holt-Winters' additive method

Call:
hw(y = data, seasonal = "additive")

Smoothing parameters:
alpha = 0.6164
beta = le-04
gamma = le-04

Initial states:
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s = 526782.7 1548427 1146922 1265765 793272.2 660441.4
1706590 805179.2 -1656874 -1720020 -2779906 -2296597

sigma: 877929.8

AIC aICe BIC
1352.659 1377.139 1382.599

A _ o 7a s a &
sUN 7 auuu Taan I ume s LuUFI LI IMIZ A

a4

9
ﬁmm%’auﬁaagﬂmnmmm 1.9.59 5\1 f.f. 62

VA o Y Y o o Y a £
ueioFulgateyalniueis amduilssansves

FwvuTaadiumesuuuFaunnaunlasuuilaslia



94

v i
S v A =

AMIATAANTZLN TN 40 VN 1 Huraw 2566

1383.508 1407.137 1413.830

A o oa ¢ a ~
E‘lh’l 8 AU 18aA N T UL LIFIV NN INE N

v
o Y @ 1

fnTudoyaounIUIMIAILA W.A. 59 D .0, 62

U q

2 o Ia 4 a a { o
G’I?Wl 'JLL“]JIII?IEW]'J‘Ll!fl/li‘)iLL‘].I“]JL"]NII’JT‘IL@WJ“I?ILWIH% auny

v
%’ayaﬂuﬂﬁmammuﬁ u.A. 5994 n.A. 62 higmnsnesue

9
FoyaoYNTUNMAWA 1A, 59 D .0, 62 TRed Mz ey

o I s a a o w
Tﬂamxm‘uia’amwmamumwﬁ UNANETNAINTY

) 3 = o a
VOYADUNTNLIAAULA 1.9, 59 DN N.A. 62 ﬂ\?éﬂ‘n 9

Model Information:
Holt-Winters' multiplicative method

Call:
hw(y = data, seasonal = "multiplicative")

Smoothing parameters:
alpha = 0.47%6
beta = 0.0022
gamma = 42-04

Initial states:
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b = -27152.2158
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Model Information:
Holt-Winters' multiplicative method

Call:
hw(y = data, seasonal = "multiplicative")

Smoothing parameters:
alpha = 0.6843
beta = 32-04
gamma = 3e-04

Initial states:
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Abstract

Vehicle Routing Problem with Time Windows (VRPTW) is one of the combinatorial optimization problems that objective is
to find the optimal set of routes for a fleet of vehicles to service a set of customers, a given set of demands within time window. This
paper presents the hybrid the Coronavirus Herd immunity Optimizer with Whale Optimization Algorithm (HCHIO-WOA) for
solving VRPTW. The Coronavirus Herd Immunity Optimizer (CHIO) mimics the mechanism the social distancing in the herd
immunity strategy. The parameters of CHIO are controlled by basic reproduction rate (BR,.) and maximum age of infected cases
(Max,ge)- The Largest Rank Value (LRV) is used for generating the initial solution. In other case, the random number is larger than
BR, that WOA is used for selecting the new solution to avoid trapped in local optimal. The local search comprised 2-Operator,
Lambda-Interchange method and Alternating Edges Crossover (AEX) for solution improvement. The proposed method has been
tested in Solomon instance in different size problems and compared with other existing algorithms. The experiment result shows that
the average gap of HCHIO-WOA is larger than Best Known Solution for small and medium problems which are 0.32% and 2.06%,

respectively. The large problem found 9 out of 11 instances in Best Known Solution that is large value at 0.08%.

Keywords: Coronavirus Herd Immunity Optimizer, Whale Optimization Algorithm, Vehicle Routing Problem, Time
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C105 191.3 191.81 191.81 191.81 191.81 0.27% 0.00%
C106 191.3 191.81 191.81 191.81 191.81 0.27% 0.00%
C107 191.3 191.81 191.81 191.81 191.81 0.27% 0.00%
C108 191.3 191.81 191.81 191.81 191.81 0.27% 0.00%
C109 191.3 191.81 191.81 191.81 191.81 0.27% 0.00%
C201 214.7 215.54 215.54 215.54 215.54 0.39% 0.00%
C202 214.7 223.31 215.54 215.54 215.54 0.39% -3.48%
C203 214.7 223.31 215.54 215.54 215.54 0.39% -3.48%
C204 213.1 221.28 213.93 213.93 213.93 0.39% -3.32%
C205 214.7 297.45 215.54 215.54 215.54 0.39% -27.54%
C206 214.7 285.39 215.54 215.54 215.54 0.39% -24.48%
C207 214.5 274.78 215.34 215.34 215.34 0.39% -21.63%
C208 214.5 229.84 215.37 215.37 215.37 0.41% -6.30%

A3af 2 ﬂ'ﬁzﬂzmw:hqmmmsmaaﬂuiwEfﬂtuuwwmmma

Problem BKS PSO [10] WOA CHIO HCHIO-WOA | Gapgs(%) | Gappg,(%)
C101 362.4 363.25 363.25 363.25 363.25 0.23% 0.00%
C102 361.4 362.17 362.17 362.17 362.17 0.21% 0.00%
C103 361.4 362.17 363.34 363.34 363.34 0.54% 0.32%
C104 358.0 358.88 365.38 365.38 365.38 2.06% 1.81%
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Problem BKS PSO[10 WOA CHIO | HCHIO-WOA | GapBKS(%) | GapPSO(%)
C105 362.4 363.25 363.25 363.25 363.25 0.23% 0.00%
C106 3624 363.25 363.25 363.25 363.25 0.23% 0.00%
C107 3624 363.25 363.25 363.25 363.25 0.23% 0.00%
C108 362.4 363.25 363.92 363.92 363.92 0.42% 0.18%
C109 362.4 363.25 363.25 363.25 363.25 0.23% 0.00%
C201 360.2 441.96 382.12 382.12 382.12 6.09% -13.54%
C202 360.2 403.81 37745 37745 377.45 4.79% -6.53%
C203 359.8 402.52 379.14 379.14 379.14 5.38% -5.81%
C204 350.1 356.77 365.54 365.54 365.54 4.41% 2.46%
C205 359.8 429.12 380.83 380.83 380.83 5.84% -11.25%
C206 359.8 412.50 361.41 361.41 361.41 0.45% -12.39%
C207 3594 426.13 37051 37051 370.51 3.09% -13.05%
C208 350.5 352.29 352.29 352.29 352.29 0.51% 0.00%

H 1 ; o y 1 o 1
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BKS PSO[10] | ACO[9] |ACS-BSO[13]] WOA CHIO |HCHIO-WOA|Gapg, (%)

Problem
N.V.| T.D. [N.V.| TD. ([N.V,| T.D. [N.V| T.D. [N.V| T.D.|N.V| T.D. IN.V,| TD. T.D.

C101 10 | 828.94| 10 |828.94 10 |828.93| 10 | 828.94 | 10 |828.94| 10 [828.94| 10 | 828.94 | 0.00%

C105 10 | 828.94| 10 |828.94 10 |828.90| 10 | 824.94 | 10 |828.94| 10 [828.94| 10 | 828.94 | 0.00%

C106 | 10 [828.94| 10 |828.94 10 |828.94/ 10 | 828.94 | 10 [828.94 10 |851.01| 10 | 828.94 | 0.00%

C107 | 10 [828.94| 10 |828.94 10 |828.94/ 10 | 828.94 | 10 [828.94 10 |828.94| 10 | 828.94 | 0.00%

C108 | 10 [828.94| 10 |828.94 10 |830.94/ 10 | 828.94 | 10 [828.94 10 |847.86| 10 | 834.67 | 0.69%

C109 10 | 828.94| 10 |828.94 10 |829.22| 10 | 828.94 | 10 |828.94| 10 [830.87| 10 | 828.94 | 0.00%

C201 3 |591.56] 3 |591.5 3 |591.58 3 | 591.56 | 3 |591.56] 3 [591.56] 3 | 591.56 | 0.00%

C205 3 |588.88| 3 |588.88 3 |588.88 3 | 588.88 | 3 |588.88] 3 [591.56| 3 | 588.88 | 0.00%

C206 3 |588.49| 3 |588.88 3 |588.49| 3 | 58849 | 3 |588.49 3 [636.07 3 | 588.88 | 0.07%

C207 3 |58829| 3 |591.35 3 |588.88 3 | 588.29 | 3 |588.29 3 [692.16] 3 | 588.29 | 0.00%

C208 3 |588.32] 3 |(588.49 3 [588.03] 3 | 58832 | 3 |588.32] 3 |606.28] 3 | 58832 | 0.00%
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Abstract

The research studies on thermal performance enhancement and friction loss behavior in a constant heat - fluxed
rectangular duct heat exchanger installed with staggered baffle. The experiments were carried out by varying the airflow
rate for Reynolds number from 5300 to 24,000. Several staggered baftle characteristics were introduced such as baffle pitch
to duct height ratio (P/H = PR = 1), baffle to duct height ratio (¢/H = BR = 0.1, 0.2, 0.3 and 0.4) and baffle attack angle (a
= 45°). The effect of BR on heat transfer friction loss behaviors and thermal enhancement factor was experimentally
investigated. The heat transfer and friction loss were presented in terms of Nusselt number and friction factor respectively.
The experimental results reveal that the rectangular duct installed staggered baffle with BR = 0.4 provides higher heat
transfer and friction loss than the other cases, while the duct with BR = 0.2 yields the highest thermal enhancement factor

is about 1.59.
Keywords: staggered baffle, heat exchanger, friction loss, thermal performance enhancement
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Abstract

The purpose of this study is to increase the coefficient of performance (COP) of the tube ice maker by using commercial water
chillers and plate heat exchanger. The research was done by developing a mathematical model for predicting the thermal behavior of
a pre-cooling system. By comparing predicted temperatures with measured temperatures, it is seen that both are agreed well and
mathematical models can be used to predict thermal performance. The circulating water flow model provides a higher effectiveness
(¢) at the same number of transfer units (NTU). with a certain heat capacity rate ratio of the feed water to the chilled water (w,). The

pre-cooling system was tested with the tube ice machine. It was found that when the system reduces the feed water temperature to
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12°C with the temperature of return water to chiller not more than that required by commercial water chillers at 12.78 °C , the batch

time can be reduced by 9.1 minutes, increase overall power consumption can be reduced by 7.47 kw'h and COP can be increased

from 1.89 to 2.48. This resulted could be applied to pre-cooling or pre-heating of any batch production process.

Keywords: Batch process, Tubular ice maker, Commercial water chiller, Precooling system
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Abstract

This research proposes the optimal design of reinforced concrete stairs using the Hill Climbing Algorithm. The stairs were
designed by the working stress design method of the Engineering Institute of Thailand (EIT Standard 011007-19). The design
calculated the size of the riser, the tread, the thickness of the waist slap, the optimum steel reinforcement, and the total price of
reinforced concrete stairs from the construction material and labor cost. The experiment compared the Hill Climbing Algorithm and
the conventional calculation method. The results showed that the use of the Hill Climbing Algorithm for the proper design of
reinforced concrete stairs was better than conventional calculation methods. The Hill Climbing Algorithm resulted in a smaller
thickness of waist slap with less steel reinforcement. As a result, the total price was lower than conventional calculation methods,
representing an average of 4.81%. In addition, the Hill Climbing Algorithm can quickly design reinforced concrete stairs with suitable

cross-sectional dimensions and reinforcing steel automatically and does not require the experience or expertise of the designer.

Keyword: Optimum Design, Hill Climbing Algorithm, Reinforced Concrete Stair, Working Stress Design
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Abstract
This research aimed to study the suitable condition of a face milling and plastic types on surface roughness of

commercial wood-plastic composites (WPCs). The experiment consisted of 4 factors; spindle speed, feeding rate, depth of
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cut and types of WPCs. Three levels of cutting condition were the spindle speeds at 250, 500, and 710 rpm, feeding rates

at 125, 315, and 630 mm/min, and depths of cut at 0.50, 0.75, and 1.00 mm whereas 3 types of WPCs were combination of

PE, PP or PVC with wood-flour. The results show that the lowest surface roughness of WPCs was 1.70, 2.64, and 1.78

um., obtained from the composites PP, PVC, and PE at the cutting conditions of spindle speed 500, 710, and 500 rpm, the

feeding rates 315, 125, and 125 mm per minute, and the depths of cut 0.75, 1.00, and 0.50 mm, respectively. Furthermore,

the surface roughness value of the composites was affected by the different type of WPCs whereas the lowest to the highest

surface roughness values were given by the PP, PVC, and PE composites, respectively.

Keywords: Wood-plastic composites, Surface roughness, Vertical milling machine
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DESIGN-EXPERT Plot Interaction Graph

C: Depth

Ra 363

m 105 312 ]

Actual Factors
B: Feed = Average
O Type of wood = Average 261 4

@
o

1.58 -

T
260 00 0
A Speed
~ v ! <
31]7] 7 Nﬁﬂigﬂﬂmﬂﬂﬂiﬁ]ﬂi?iﬁg‘ﬂ’ﬂﬂﬂ’J"IllLi'Ji’t‘l“]JLLﬁg

AAWAN luMINAABAINNUVFUTZUBIRNIVDL WPCs

y a 7 ! A
M0 3 f’ﬂi'.llﬂ31$1’fﬂ’?ﬂll!Lﬂiﬂi?u"l]ﬂﬂﬂ1ﬂ'ﬂu"l]§ﬂli$wl

Analysis of variance table for R,

Source Sum of DF Mean F-Value P-Value
Model squares square
Model 22.12 32 0.69 5.86 0.0001
Speed S 0.86 2 0.43 3.66 0.0332%*
Feed F 2.81 2 1.40 11.90 0.0001*
Depth of Cut D 5.380E-003 2 2.690E-003 | 0.023 0.9774
Type of WPCs w 13.82 2 6.91 58.64 0.0001*
Speed* Feed SF 0.86 4 0.22 1.83 0.1390
Speed *Depth SD 0.44 4 0.11 0.94 0.4491
Speed*Type of WPCs SFW | 1.70 4 0.42 3.61 0.0120%*
Feed *Depth FD 0.44 4 0.11 0.94 0.4517
Feed* Type of WPCs FW | 0.61 4 0.152 1.29 0.2881
Depth* Type of WPCs DW | 0.62 4 0.16 1.32 0.2769
Residual 5.66 48 0.12
Lack of Fit 4.08 46 0.089 0.11 0.9995
Pure Error 1.58 2 0.79
Cor Total 27.78 242

Std. Dev. =0.34 R-Squared = 0.7963 (79.63%) Adj R-Squared = 0.6605 (66.05%)
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