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Abstract

Cold chain logistics play a crucial role in transporting temperature-sensitive goods such as
vaccines, pharmaceuticals, and fresh food products. One of the key components in this process is portable
cold storage boxes, which help maintain stable temperatures throughout transportation. This research aims
to investigate the factors influencing temperature retention efficiency in portable cold storage boxes and
develop a predictive model for temperature retention duration using Design of Experiments (DOE). The
experiment was conducted using Factorial Design and Response Surface Methodology (RSM) to identify
significant factors affecting temperature retention time. The results indicate that the type of cold storage
box (B-Box), the quantity and type of Phase Change Materials (PCMs), and the structure of the top wall
insulation are the most critical factors influencing cooling performance. Additionally, findings show that
optimizing PCM placement and quantity can significantly extend temperature retention time. From this
study, a predictive model was developed to forecast the duration of temperature retention in portable cold

storage boxes. This model can be applied to improve cold chain logistics efficiency, minimize product

losses, and reduce operational costs in temperature-controlled transportation.

Keywords: Cold Chain Logistics, Portable Cold Storage Box, Phase Change Materials (PCM), Factors

Affecting Temperature Retention Duration Temperature Retention Prediction
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TN 4 LLH@JW&TI'}?’?LF}W&’H@M%Q&??’;& 2 9NMINARDI

TN 5 Llﬁﬂ\iwﬂﬂ’ﬁ’?tﬂﬁﬁvﬂ? m‘l’i{l&ﬂl 15-25 avruTaifus

Analysis of Variance
Source DF | Seq8S | AdjSS Adj MS F P
Regression 2 266.72 226.72 113.350 0.4471 0.000
Top Of wall | 1 12.56 21.21 27.266 0.1470 | 0.764
(mm.)
Quantity of | 1 214.16 214.16 214.159 | 0.0446 | 0.372
PCM per
Box
Error 14 4056.37 | 4056.37 | 253.361
Total 18 | 4260.60
S=16.9236 | R-Sq=5.26% R-sq(adj)=6.55 %

F9ldsunInamInanas fa Result = 71.1745 +
8.77437 Type of B-Box - 1.12133 Top Of Wall (mm.)
+2.12253 Quantity of PCM per Box WasNAaN1I
Jianzianuudslsiu (ANOVA) 1933 lawsaud
audnnsaiiaad1slnodian (p <0.001)
athelsfiany luesiisnansneuisanuudssim
Yg3aaulsnavanadlaiiNed 5.26% (R-Sq = 5.26%)
w1 R-Sq(adi) Iuay (-6.55%) Feuaaaliinin
dﬂmmﬁagﬂ'uﬂ's"lajmmsm‘ﬁmmmmuﬂsﬂsm
maoﬁayjavlﬁas.i’m"ﬁ”@Lﬁ]uLﬁaamnﬁTaﬁwﬁmaﬁaga
WaRansandninavasudazdasy wuinrn "Top Of
wall (mm.)" (p = 0.764) LLae "Quantity of PCM per
Box" (p = 0.372) liflanswastwiivudaynasia
dasudsnausnasnelddanlanismasasit (o =
0.05) 6 F-statistic fidndwsuramasfast (0.1470
LAz 0.0446 AURIAL) aﬁfuagu%agﬂﬁm Standard
error of the estimate (S = 16.9236) L ELEE
ﬂs:mmﬁmaﬁagaiﬂmmu,a”a w¥iluiaaazd
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Analysis of Variance

Source DF Seq SS | Adj Adj MS F P
S8

Regression | 2 241092 | 36.61 1205.46 | 0.07316 | 0.030
Type of B- 1 1430.82 | 3.02 537.66 0.01000 | 0.00
Box
Quantity of 1 26.60 900.10 | 900.10 0.15947 | 0.001
PCM per
Box
Error 9 416.00 416.00 | 46.22
Total i 2826.92
5=6.79869 R-5q=85.28% R-sq(adj)=-62.01%

NANITILATIERANULLTUTIU (ANOVA) 31N
a171971 5 WEAINANTILATIZRgMRDH 15-25 B4en
iratdus wudnlutaanisnanas lausiudl
AIuFIAYNIIEDa@ (F=0.07316, p=0.030) la®
FunInatunsalNLlIdsInvesdudsannle
85.28% (R-Sq) 8¢ b3y 1fladSuundinsy
FmInAUYTUAZIWIAA18819 @1 Adjusted R-
squared aaadLnda 62.01%.iaRa1snTasu3067
WU3T9UszLANYeg B-Box (F=0.01000, p=0.000)
uazd3INnm PCM dandad (F=0.15947, p=0.001) &
nadaduliauadwivsdmenneaia lasdszian
2849 B-Box ﬁﬁzé’uﬁfﬂﬁﬂﬂ”zyﬁgaﬂdwmmm
ﬂm(ﬂmﬁaummgmmmnwﬂi:mmm (S) wWinnu
6.79869 L4BAsvUIARNNARALAAaad sl
ﬁﬂuﬂﬂi@mﬁ;ﬂ ¥auszinnues B-Box uazuSunm
pCM dansaadutaiofifanswaatadiuidyde
mutsany winluasazafunsanuudsdsuldaly
seaunila uddn F-statistic idaudadneanariadaa
PINaENEWAT IUNN LazFUMINAMINARES fa
Result = 25.4 + 19.4 Type of B-Box + 19.8 Quantity
of PCM per Box (PCS)

IINANTIIUEAINAT 5 WEAINANITILATIZN
gOanDil 15-25 sl FoaHaaWEuaa AR
ﬁaﬁmﬁﬁwmﬁamsmuquqm%qﬁ fia Uszinnaas
NagIPCM 8z Quantity of PCM per Box 3NKNAN1T
FiaT1zhn1uulsU5I% (ANOVA) uaadldiindn
Tuiaa Regression lagsaudaaudiagynisaia
(p=0.030) lapFedudszdninisanaula (R-Sq)
Ny 85.28% 19331eautsBaszannsnatung
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mmuﬂiﬂnwﬂamﬁLLﬂsmaJ"l,@”Lm:ﬁugaLﬁa
Rarsmudazifasy wuinnalszinnaas B-Box
(p=0.000) uaz13u1th PCM dianaad (p=0.001) JWa
dadndsanagriinedmagnesia lagdssinn
289 B-Box fArudiagat1ifiniadiniiu
ﬂmmﬂﬁaummgmmaamsﬂi:mmﬂ'ﬂ (S) winnu
6.79869 Wazfin Adjusted R-squared L¥iINAU 62.01%
Fagzauiisarnusrunsalunisesuisniy
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Analysis of Variance

Source DF | SeqSS Adj 88 Adj MS F P
Regression | 3 36.61 36.61 12.204 0.07316 | 0.000
Type of B- 1 297 3.02 3.016 0.01000 | 0.895
Box
Top Of wall | 1 7.04 3.04 3.037 0.01700 | 0.895
(mm.)
Quantity of | 1 26.60 26.40 24603 0.15947 | 0.495
PCM per
Box
Error 16 | 2469.14 | 2669.14 | 163.821
Total 2705.75
5=12.9159 | R-Sq=1.35% R-sq(adj)=17.14%

FUNITNANIINANDY Result = 74.1248 +
0.614639 Type of B-Box + 0.521343 Top Of Wall
(mm.) +0.804906 Quantity of PCM per Box (PCS)
HAMTIATzRANNLLTUTIN (ANOVA) wuinluiaa
minanaslasTuianuiagnesia (F=0.4471,
p<0.001) aghalsfiona dduiszaninmsaagula (R-
Sq) ffndLRes 5.26% uazdn Adjusted R-squared
agjﬁ 6.55% 14331 lutaafiaunsnaturuaiiu
wsdsinvasdaudsawldionann eRansanis
FmanaaudiuszrwiaaisgnadaRanTonudas
A58 WUIIAMURINTBINTTIT L (Top Of wall
(mm.)) (F=0.1470, p=0.764) uazUSu14 PCM dio

naod (Quantity of PCM per Box) (F=0.0448,
p=0.372) laifinadaniulsauasrslnadagnig
afid 1ilasand p-value ﬁmgan'jﬁ:é‘uﬁfﬂﬁ’m@ﬁ
mau§uimnﬁa1ﬂﬁwmmammﬂﬁaummgmmao
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ﬁaa‘ﬁa;&mﬂuqm%gﬁﬁmawu WAz WLIPCM 1du
B40,BC5,B80 Waz¢&NNNTNANIINAREY A B40
Result = 73.7601 + 0.780405 Top Of Wall (mm.) +
1.15878 Quantity of PCM per Box (PCS)

BC5 Result = 77.8183 - 2.57869 Top of Wall
(mm.) + 3.11937 Quantity of PCM per Box (PCS)

B80 Result = 57 + 5 Quantity of PCM per Box
(PCS)annHaResult ugasiiwinTaseiduadants
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Box (PCS) utas
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8 asenmados delinufssAdivddynsiadn
dawa@iamsmuaqm%qﬁl,fiav‘imsmwmmﬂa
1szinnauas PCMs aaniuautag (B40, BC5, B8O)
HAMIIATERLIT I T nnUasniTILS I L
P89na8InIUgNamnAd uazlsuin PCM danday
(Quantity of PCM per Box (PCS)) tutlasefidnasia
mﬁmuquaqmmn“ﬁLﬁﬂ“lm“’l,ﬁwamﬁmﬁ:ﬁﬁ'ﬁmm
wiuguazwdafanindedn srufeniswann

Ao a va
Tuimandanusansnlunisasunadsingmsollad

'
a

flaiu °11aLauauuzlﬁﬁmnﬁmamam]”agaLﬁmﬁu
wazdtfiumInaassiianzyian laganaiasamnds
Tadudug ﬁawﬁﬁw%wa@iamsmuquqmﬁgﬁ
walwlaTuiaafifian R-squared ga%mm:mmm
illdlunsaemanluasysudyadssingniwaes

minuguamnnd laatnsuingea’ly

a

SV 7171 11 21U 2 nangnAx - SunAY 2568



21581521 El\‘i’]%%ﬂ')ﬂiﬁ&li}]@lﬂ’]ﬁﬂ’]i‘lﬂﬂ (Thai Industrial Engineering Network Journal)

5. SaLanaunztiaha
TalanauzinTuMINawdallfaalsrinnis
w@aaaLﬁ'uLﬁmﬁialﬂﬁiagaﬁﬁmma:LSU@mnﬂfu
Forztrniuanuwinilumidiersiiasoiiging
nwispiuslomlagnanndenswamszuula’
ganglganuduludsandalng laoawzlugend
mﬂﬁﬂmaamsmudaﬁuﬁwﬁﬁmmuauqmugﬁ
Vi 0% 81 LazNARAIEIMITES NI lanas
ﬂi:qmﬂ“ﬁaumiwmﬂitﬁmﬂwamﬁifﬂﬁarﬁmlﬁ
gﬁfﬂizﬂaumsmmmLﬁaﬂwﬂﬁiamam‘hmu PCM 7
AR Gﬁaa:ﬁmaﬂmigtytﬁmﬁuﬁﬂ LVA\IINQZLLJT]W
MIBUEI uazaadununITduinawldadid

yefnsaw

6. a31ua
awu?iyﬁgaﬁﬂwwﬁaﬁmﬁﬁﬁﬂ’ﬁwa@iami%‘ﬂm
guwpfivainsaafivanuiuiuuwnwiluszuulad
ganslaaudn lagldnsasnuuunInessaiie
Samziaaulsiiady namsdsonuidszinnues
naad B-Box (B40, BC5, B80) a"ﬁmumaﬁaqmﬁﬂu
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