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The Design and Manufacturing of Prototype Cutting Machine for Prepreg

Composite Sheet Preparation
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Abstract

This research aims to solve the problems related to manually cutting of composite laminated
sheets, commercially known as Prepreg. After manually cutting experiment, two main issues were
identified. The first issue is that manual cutting takes a long time because Prepreg sheets cannot be
stacked together while cutting. If stacked, it may not be possible to complete the cut in a single attempt,
which negatively affects the quality of the cutting edge. Cutting Prepreg sheets across the fiber direction
(transverse direction) is more difficult than cutting along the fiber direction (longitudinal direction)
because cutting across requires severing all fibers, making it more time-consuming than longitudinal
cutting. The second issue is the significant dimensional inaccuracy in manual cutting. This inaccuracy
accumulates from the first sheet onward, leading to the greatest errors in the final sheets. In order to
resolve these problems, the research team designed three concepts of cutting machine. Three experts
were invited to evaluate and score the features of the machines in order to select the most suitable
concept. After manufacturing the cutting machine, cutting experiments were conducted. It was found
that the time taken for longitudinal and transverse cuts was very similar, as the cutting tool reduces the
influence of human effort in the cutting process. The machine could reduce the average cutting time
along the fiber direction and across the fiber direction by 26.70% and 42.61%, respectively. The standard
deviation of the cutting time was reduced by approximately 31% compared to manual cutting.
Additionally, it was found that the size of the Prepreg sheets cut by the machine is more precise than

those cut manually.

Keywords: Prepreg Sheet Cutting Machine, Prepreg, Sheet Material Cutting, Cutting Efficiency

Please cite this article as: C. Phontri, S. Hemmanee, A. Auiwatthanakun, S. Sirikool and A. Lerdwongpaisan, “The
Design and Manufacturing of Prototype Cutting Machine for Prepreg Composite Sheet Preparation,” The
Journal of Engineering and Industrial Technology, Kalasin University, vol. 3, no. 3, pp. 1-16, 2025.
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Abstract

This research aims to improve the maintenance management process and planning, including
the development of a web application for building service engineering management. The study found
that the case study agencies lacked effective maintenance management tools, leading to an imbalance
in workload distribution. The researcher analyzed the problem using a cause-and-effect diagram, along
with the application of facilities management and maintenance theory, to develop a web application
system using AppSheet. The operation flowchart and data flow diagram were used to sequence the
work processes and provide an overview of the system. The results of the research showed that after
the system was implemented, the standard deviation of the workload decreased from 143.13 to 28.66,
indicating a more balanced workload distribution. Furthermore, the average time spent on each type of
operation — including electrical systems, air conditioning systems, and fire extinguishing systems — was
significantly reduced. The average working hours during January—February also decreased from 139.46
hours to 86.26 hours, a reduction of 38.15%, indicating that the developed application can significantly

improve the efficiency of maintenance management.

Keywords: Maintenance, Web Application, AppSheet, Workload

Please cite this article as: M. Lee and S. Rathviboon, “Development of Web Application for Building Services
Engineering Management,” The Journal of Engineering and Industrial Technology, Kalasin University, vol. 3,
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Abstract

This research aims to: 1) develop an algorithm and a content-based book recommendation
system, and 2) enhance the content-based book recommendation system. The dataset for the
experiment consists of 727 books from the Web OPAC of the Library Services at Kalasin University. The
tools used in the development process include Python programming language and Google Colab. The
research methodology involves several steps: word segmentation using Natural Language Processing
(NLP) techniques to tokenize text, TF-IDF calculation to determine the significance of words, and text-
to-numeric conversion using Label Encoding. Two similarity measurement methods, Cosine Similarity
and Adjusted Cosine Similarity, were employed. System performance was evaluated using Accuracy and
Mean Absolute Error (MAE), and recommendations were generated for the top 5 and top 10 books.
The findings indicate that for the top 5 book recommendations, the Cosine Similarity method produced
an accuracy of 92.97% with an MAE of 0.0263, while the Adjusted Cosine Similarity method produced
an accuracy of 88.72% with an MAE of 0.0153. For the top 10 book recommendations, Cosine Similarity
produced an accuracy of 92.92% with an MAE of 0.2819, whereas Adjusted Cosine Similarity produced
an accuracy of 92.50% with an MAE of 0.4960. The results reveal that Cosine Similarity consistently
outperforms Adjusted Cosine Similarity in terms of accuracy for both the top 5 and top 10
recommendations. However, Adjusted Cosine Similarity demonstrated a lower MAE for the top 5
recommendations but a higher MAE for the top 10 recommendations. These findings underscore the
effectiveness of these similarity measurement methods in developing efficient content-based

recommendation systems.

Keywords: Content-Based Recommendation, Similarity, TF-IDF
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wilede NnTulladsyvuidangisdiuisaiy

azmndwsudliuimslideadenalunisaudu
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Toya uazlddoyansimudaanis Wufeszuy
wugd1teya [71vdunisuszene ld'an
Uszaunsadvaagld (User) iy Usvaunsalnis
Fodudn mslduinng msbu-Aumisde 1Hudy
nnteyavoslfinardulumeranalndifes
InelfinatanisiFousvediades Usenaunis
dnaulalifudldau woiiaTonalduglda
Ifmisdefinsanuaiudesnis Tnegldlidos

deonalunisduaudeya

o
Y va o IS

Tty f33ededlinnuaulalunsimuissuy

o v A ¥ aqa a ﬂy £
wuzdInlsdan 835 nsuuud wil oun 1aeld
§1U%83 8310 Web Opac 4147 N8UF N3

a [y a 3 [~ = a o
wnIngrdeniwdug Wunsddnw) wediune
ANMUAEAINWAE MUTN1T wazduaSunisiy

niladengluiosayn

2. I99UszaeAn13IY

1) WEWAILNTANDSNUSEUUL UL E a9 e

adq a d’lj
IBATTLLUUBILUDUN

2) LN DWAUITEUULUSUINUIZDA 835 NNT

LUUBDI BN

3. PNEITHATINUILNNYIVD

F2UULULUT (Recommender System : RS)
) dl A dl 1 ¥ Y v d’l
JunIesdendrgligldauniilonuazionyuy
Toyavunlng lngagliauugiiniuguuuy
saflouvos lduararnnisalanuaulaveld
Ua30u ssuviusilaadanunliiudiesine

n13ddnsnasenisdndulavesusazunnasgng
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wn Vulesd oasleidea 1o'u Facebook,
Google, Twitter, LinkedIin ag Netflix a7u
UszaumnudSaee19u1nansEuUL UL [8]
syUUUzLUsUTELANLe 3 Uselam taun seuu
N13NT99UUUTINLoAY (Collaborative Filtering)
izuumiﬂiadmmﬁyawﬁ (Content-Based
Filtering) wazszuulauia (Hybrid Systems) [3]
svuuwaiaiauuusiassannginssaluedin
vl svuuuuziiAonisnsesmiund o
msmmmmﬁam%‘imiwﬁwqﬁmimﬁmum

¥ [

voup T uazuuris1en1397 Ad 18 UANY

W51THBSNANUA [4] S1eaLLdeneail

1) spUUnsnseauuTIuilenu (Collaborative
Filtering : CF) 18uisfiondeng@nssuvesldse
duiifianvaulandreduiil ouuzioya CF
T9doya Usertem ifuduwmiitoatraduusii
Tngagviungleiunmunsuuudiinunvesyliuas
pzuuui 1A TUsInd A eady (9] dofvedisd
fie anunsauuzihensifldlineiuseanng
Wrdanneula (Serendipity) waganunsaldlanu
Toyausziansing 4 lnglidesiimaudnuus
WN1EUe3518n1s agelsfinny daidafearaia
Jgynn Cold Start dmsur lgnsesrenisivg 9
Aliddeyangdnssuninou wagenald 3y
HansenuaIndann Sparsity nind ey aly

RN

2) SEUUNISNTBIANULL 81N (Content-Based

a =

Filtering : CBF) 1 uszuufidtasnzvingAnssud

a v

shummaq;ﬂ%’uazLLuzﬁwswmimﬂmsﬁ’umu

a

NISITHDSNNNMUA [4] T0AVDIITUADAIUITA
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=

wurihdeyalaelisesiianglidu andawn Cold

A
Start dn3ugliAddeyausy iinsldanuegudn
wazaui1saasunelad1vinlussuudauugan
s19n151las18n15ni e egelsAnny sEuuidl
Yo7 A 19U U1 Over-Specialization [10]
Feonahlsiuuziinamenemsindefuasigly
efiuseyansdunvingy diwalieinainy
wa1nuane uenand Hade181AEnN1508NLUY
ﬂqma”ﬂwmmaw”auua (Feature Engineering)

Ql' 44' v o a a a
NLRUTEN LW@IWﬂqiLLugu’]Mﬂigaﬂﬁﬂ’]W

3) szuulausa (Hybrid Systems) vdunng
NAUNEIUTZUI19 Collaborative Filtering wag
Content-Based Filtering iialdUszlawiandod
YIWIADITHUY Ineanunsnanienn Cold Start,
Sparsity Wag Overspecialization Tavinlnng
nuzilenuusluguasannuaneanna ognals
finu dedefedinnududougs desldnineins
Tun15UsEaIaNANINT U wazHBln1580nALUY
Tuwmafimunvauiiolianunsasiudonvesians

FSleag1eiuseansaw [11]

ﬁzuummiaqmmﬁyam (Content-Based
Filtering: CPF) 1 u38n15uugiini adedunis
N389AUANTANA1A Fadunisainnisal
LazLUrLIS18n15T 5 AN vz Ad18AA R AL
aulansengAnssuveslld [12] Inen13nseeniy
LT 9198 aNTAUNAINAG AR I UTENT 19
wmmu?aiwmiﬁ;ﬂ%ﬂu% [13,14] THnadia
WIA1AUE A8 TF-IDF Vectorizer WazfuIa
AuAAIeAATY [15] Wetfudszansninlunis

nesauLilon Unddenansaudsmaagunlyly

NIATIMNTsIkazialulaggnannssy unineden1wdus U9 3 atui 3 nguaieu - fiquieu 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 3 May — June 2025

MsfanuAdeadty Tnenddudsilesy
AnutanAensIdwUnsnANAd18Aa B lA Yl
(Cosine Similarity) waziondalalas (Adjusted
Cosine) [16] sraiiiinAdefilauaulansiaun
SEUULUTUITU e laun n1sAne1uD
Kommineni wazame [17] lavinn1swalulseuy
wugivdsdodi 1901915 ousve s’ asuas
ganeIfunisnseswuuTindedunugly lne
WIBULEUUTZANENINURIIDHN 9 LU Pearson
Coefficient Correlation (PCC), Constrained
Pearson Coefficient (CPCC), Cosine Similarity

'
aadaa

way Jaccard Similarity wua1 CPCC WOuisadl
UszAnsamaaelunisuuziideya Top-10 Tu
NUANYITEY Sarma wazAmy [18] lenausEuY
wuzthvilsdediuyanasenisifoudvosnes
lagldn153ana u K-means kagn157AA31Y
AaeAasvadlAlEl HARNEAINAITNIAABILEARSLA
Wiudnszuudaulinazainudnnizied oi

49.76% WAy 56.74% ANUa19U haziiAzhuy F1

£
A

§i 52.849% nn1sANYIMET a1u1saazulan
nsnsesnuLienduisfusyans amlunis
wurihs1ensiiA srdestuauvouve e ld
IWEJLQWWﬂUﬂiﬂjﬁlﬁ’mﬁﬂH{%@yjaL‘Z?Qgﬂ Ky
A185U1Y MIRANANTRVBIIIBNITAG 9 oLy
AUl UAITWUEIN

[
v v a

Al 9NN EfwasuITeneIdes Az
Tansiaenltszuusuzdmisdelnglgnisnsas
AIULT MY LT ULUINIT MU AUFINSTUTEUU

LULUIMUIAD LU 9991RATUITRILASIEY
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Ay wdunusimifedeiadefuigldiaggu
Taglifosfiamtoyaanglidu vilaunsoain
ALuziIRUURNIzyARalaag1aliussansan
CBF g'9v1uanyd qyne 14 tuy (Cold Start
Problem) maelddeyannidemmilsdelasnse
Lidndusieadiusein1sldaureld Jamnedu
nsuuzihmisdelamenguiiddeyanginssy
91170 SnYALAuvee CBF Aw ANEINITALUNS
odunuuzth 1wy wildeiuignuusiinge
filomadeiuiiganassin’ eaeifiuaay
Undedovesszuu dadu CBF Fudududoni
wanzay duiuszuuiuztmlide Taslanziile
foanisiuuziiutugy 1iladie uazlides

91fengAnsTvelvau
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4. 35 ndun15I8
o v A b2 ad a dy ¥
SEUULULLNMIladan 183 nswuudaiianila
[~ d' = dll 1 a = v
naneluinIesloNdrgduasunisiseusiagnis
AUAINBENY
TUszAniam nwddeiyeinunszuuiuei
plsdelngl i nAlANISUTEUIANANTWIFITUL
AL DLALAITIATIZIAIAINUARIUARS LD
gl ldaununidsdenassivanuaulaladne
WaEIIALET NouUTLLIUUTEANS AINEUNIS
NARBIN ATAUARNLATTALAY FailinTzuIuNIg

[

ALUNITIVY Aal

o
5

WebOpe;c

Data Preparation

Stop Word

DataFrame T%-IDF

Process

'

Feature Extraction

Output

AP

»  Recommendation

Y

(Label Encoding)

o2 (TopN)
1=
= Hnlim
_— N
Similarity Evaluation
(Acc, MAE)

(Cosine, Adjust)

UM 1 nseusuideuitideszuvnusimilidie

4.1 msLﬁaﬂ"fJ'aga (Data Collection)

sruunugiviisdes ududen135UTIL
dJoyaviisdorionun 727 Fosngiuteya Web
Opac 4m1ineNdon1udus dauvseonidu 3
Uszian laun Uszinnaauiiames 97wy 389

Y

d’ o dl = o
L1383 NHWHIY ITUIU 270 1989 WagUYTy 31UIY

68 1399 YeyausaziauUsenaume Features LU
Fo1304 (Title) Fowre (Author) 1ilaa (City) U
WUN (Year) Ls9WuW (Published) a1 @ ay

(Keywords) wazUszLanutisde (Type) Hanwusz

JoUARISUN 2
Y Y
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code title author city pulished year Keyword Type
3781 ¢in ! ...AaudinAas oiignd  FwanTni NFINWUNIUAT Tdsidu 2543 aawiinnas AauiAas
4741 avamumauidiaas Wilson,Cronville NFIVAUVIUAT na'le 2526 aauiiimas AaufIAas
4767 Tilsunsumauiiiaas filu fgssaL AFINWUWIUAT Hdamaiy 2535 aauiinaas Aaufeas
4898 1001 famaauiiiaas Komando , Kim ATIMHUMIUAT ddagiatiy 2540 1fanin pauiiiaas CEHVPIGEH
5829 pawiiaasifiassiu unta WNAIHAY ASIUMWUMILUAT dhdugiaziu 2548 Aauiieas Aaueas
5987 1Asathenaufineas 9550 NAsTSU yauLAU Inouazauunu 2548 1p3atheraufinieas Aaufeas
6537 AauihiAasAvoulind At Tamansd AFIVHUVIUAT WSYABULARIWTFUATL 2547 aauiieas el Aauiieas
6569 aauiiAafiineuadiels 3i5a1 dmed AFINWUNIUAT fidagiat 2538 Aauiimas vinou AauRas
6573 aflaznenaniieas 2006 afigal SuanT NFIVAUVIUAT Tdsidu 2548 diia pauiiaas Aaufiimas
6584 naasial¥arauiiieas falay AnYinsna AFIVHLVIUAT Hdamady 2545 hsamauiiaasd Aauiieas

5UN 2 dnwuzvestoya

aunsauanINguAl (Word Cloud) 1851990
YoiTeaniiade (Title) vouyadoya fegui 3 (1)

LATLAAINAUAITATI9INAEARY (Keywords)

Ae3UTN 3 (2) Feyateyawmarllasunisiaig

1 d’ < 6
dro1nnaunazgniuasdunnines

0E JHASWI YU ase U MTUG

fJLmas ﬂauw‘né%mm ‘
Lﬂ‘i 29 a E]U Qﬂw‘;ggr?:ﬂauﬂ’]iu gU

ADUNALADT

~1m§sqm T GU ’Jgjaau M I
gJ a « ﬂﬁu AAERNT o8
Bl vssi0 gy JA U

weil 9N ®aulma inalulad disauing “‘ﬂa“ﬁ 'JLmai
NHVUTY NOHNUTY ‘10 ne ’J N3N U f‘] U”Jw W N73A

IUﬁLLﬂiNﬂaNW UNDIS AsaunNA ABITN -

UV

NATW AIUTT

ngwmaim LTI

L

UL NTH

"Sdwms v

“au man e i “f Bz
ouf N UL Bl B Ad B F G e iy
o1 ﬂ’ﬁ‘W GNU']U‘VIL'B”

aﬂ@;ml 'JW]E]‘J ﬂwiﬂiamsw "

(1)

(2)

5UT 3 uansnguenvesyntaya

4.2 msm%au%’aga (Data Preparation)

Tunszvrumamisuteya Wutunouddny
Tunsimunssuuiusimddeuuudaien Tay
Jeyafuangudeyavzgninnieuliininzay
AoN1TUTZUIANAAUNATARIG 9 LU N1TYN
AUATDIATBYA N1TWENTDAIN LATNITI
A wdves tieliiszuuainsaiinsiziuas

asamuuzinleagnaiug dTunaunatl

4.2.1 myheuazenteya (Data Cleaning)

n3TUIUNIATIIERU WALy uazaudeyadil
gndes nielianysailuyadeya 1 eUsuss
AuANYRItRYAlTMINgaNd T UNITIRT I
waznnsadsluina 9ndoyaiifnewain Web
Opac tfudnwey Text ld Usznausiedoya
Bib, Leader, ISBN, Dewey Call, Title, Edition,
Published/Created,

Note, Bibliography,
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[

Sebject, Added Author, Keyword & 7 3'8/'Ldl v
wlasdoyaidudnuazaisis Iid csvuay
Features @~ 94"  Title, Author, City, Year,

Published, Keywords, Type

4.2.2 n1553uTeYaLazuenYeonl1y (Word

Segmentation)

Tudumeut Tayadonnuivazgnulaiu
wiegesiisandn "M ngldnszuaunis Word
Segmentation @adunisuenaluniwiild e
LUITIA WU A1wlng eenandusg1agnaes
i elifanunsaunluuszanananelusmudiu n1s
Uszu1ananN1¥15574¥% (Natural Language

Processing: NLP) [19] @1 s un1sm am1ly

a

aelng PyThaiNLP iundlslund eaflefildsu
auden T9l435n158aA1 Newrnm 7 1de
nghensaluazdeyaaifviglinisdnddaiy
wiuguazBavguuiniu Mgty aeduiide
wilsde (Title) wWu Todoamisde “n1sideu
TUsunsy Python dmsutindnen” ieviinisen
A1vgle naue Ao [“n15ifeulusunsy”,
“Python”, “@usu”, “dn@nui”]

4.2.3 mM3auAmen (Stop-word Removal)

o

Aonszurunslunisman AfdauLnY
alU wie Al lidamdimiateya lunis
US208Ran1w15550R (NLP) 1w dilduesly
v waldgaelunisianudilad eniude
USUNYBIT BAILNINTA LI oanAId Lal §]
ANAIATY LU LAy, "WIe", "Uas" Gﬁqgﬂﬁw%’m

29N3NYATOUA LYW IINNFUAY [“N1TiT U
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v =2

TUsUASN”, “Python”, “d@msu”, “dn@nwn”] ag
auA1In “dmsu” glanquenlvife [“n1sideu
TUsunsu”, “Python”, “dnAnuwi”]

4.2.4 ANSAUIUAIAINAAD

Term Frequency (TF) [8] T#3aanAnlausing

Vagludeaumilsdousaziau Ineilansaunisae

Snnuadeiien t dnngluenans d
TF(t, d) = ! (1)

Sudvisunluienars d

Wio tAeAmaula way d AeYeAl1Uveq
v A 1 d!
OSGRIGEIN
4.2.5 MSATUIUAIAIUENARYVDIFN

L4

Inverse Document Frequency (IDF) 14 eEAl
Fnenduduendnuvalifieddaluyadeyaaun
lnginsanduuenasidusnged lnedlgns

aunsAe [8]

N
IDF(t) = log 1+D—F(t) (2)

LY

e N Aednuiruniddeniaualugiudeys

Y

wag DF(t) fip I1wiunilsdenien t Using
4.2.6 MITIWANPUDAMAZAIANEIATY (TF-IDF)

Usznouse TF uwaz IDF f9Afanunudsn
LALANUDVBILDNANSHARUAIUAWU TF hanand

Aa o a )
ANURAAUTINgluenans wwiAavanues IDF

Ae mnAUTIngluenasdunanenss AUl
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ANEIAYURIAIAIAZLUL TF-IDFAUIAINKE

AMYeY TF uay IDF Hgnsaunisesll [8]

TF — IDF(t, d) = TF(t,d) x IDF(t)  (3)

dmsunszuIUNISeSENdeyaylevinliye
Toyavewnisdera 727 3asgninnislioy Ty
sUuvulngaudmsunssnalud usoly
lnsuwiunsuszananadennuiaznisuataya
Jurrdaniioanaududounasifiuaing

bl U U TUULULUNMISED

code author city pulished year Keyword

0 3781 5290 0.0 230.0 17.0 270.0

1 4741 17.0 0.0 32.0 2.0 270.0
2 4767 3270 0.0 50.0 8.0 270.0
3 4898 16.0 0.0 50.0 13.0 414.0
4 5829 1¢0.0 0.0 510 220 270.0
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4.3 n1sudasdayaiduidediay (Feature

Extraction)

Tunszvaunisil doyaanmilsdegnuuasls
oglusuuuuBadaarimnzdmiunsdnam
Tneldinafiafisonsn TF-IDF (Term Frequency-
Inverse Document Frequency) [8] 2 1 A
Features Title (0) uonaini ¢'vl9 Label
Encoding vl audasteninumandlifidusuas
1N Features ﬁﬂﬁ’Author, City, Year, Published,

Keywords, Type ﬁ'ﬂg‘ﬂﬁl a4

Type 0
0 [[0.7071067811865475, 0.7071067811865475]]

0 [[0.5773502691896258, 0.5773502691896258, 0.57...

0 [[0.7071067811865475, 0.7071067811865475]]
0 [[0.5, 0.5, 0.5, 0.5]]
0 [[0.5, 0.5, 0.5, 0.5]]

UM 4 dnwagnisulasteya

4.4 n1sAruauA1A2ulnatAYe (Similarity

Calculation)

nsvvIumsiatmnefie Tanuadead
fusswianilsdeasaay Tngldnmesiiaseain
ATAZILUL TF-IDF 999ALag Label Encoding 11
nsmwuainulndlssilanieid Cosine
Similarity [17, 20] AanaAMINVBIRATOYAADIYN
Sosailelandsewingdag winuusewineingiiaaes

WA 0 83m1 AduAdteadsazdy 1 winyy

WiNAY 90 93N ATWUUAIINAG18AG Iz TY 0

U I a 4
YULUULUNINGY

7 douldduuinlunisnianiuadeads
Heenuszdulgine Tnslanizet9d sdmsu
LINLABS WUULUIUNY Lagds Adjusted Cosine
Similarity [1, 20] FeanunsaUsuanieseiuainy
wilounIennuuanasvosmnysdoluid e o

Tngs18azdunnadl
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[

4.4.1 Cosine Similarity fansaunis [17] siail

AB
LAl 1B

Scosine (A; B) = (4)

o A uay B ALINmes TF-IDF Ua9uilede
doaay, AB ﬁawa@mmammma% Alaz B, ||A]l
=) = 6 A
AD AITUYIINRIDVUIAVBILINLNDS A, ||B]| AD
AIUYNINTOVUIAVDUINADS B, Seosine ADDY

Tu39 [0,1] tne 1 visnefamileuiuuiniian

4.4.2 Adjusted Cosine Similarity [20] ﬁ’s’ju ]

AUNNS Aall

Yiz1(4i—A)(B;—B)
Sadjusted(A'B) = =L f - = (5)
a2 s mi-ay2

e A, B ApA1vaem7iswiug i Tuinmes A

way B, A, B Aa ARALUBIINADST A LAy B

N1s5AUINANNLNALABIA1875n1S Cosine
Similarity hag Adjusted Cosine Similarity % 2¢
Usziiumuadnendwemidadeludaien Tne
Cosine Similarity 19 @ nsun157an 21U was
Adjusted Cosine Similarity 18lunsdlf desusu

ANPNUSEAUANUTEUUDIA L UNIIFD
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4.5 N5uuzneda (Book Recommendation)

nsnaaeidelafinisulsyadeyaiduyailn
(Training Set) wagyanaaau (Test Set) Aa 95:5,
90:10 waz 80:20 dmsunisnaaeslaslivaya
nagouludndiunig 9 18U 5%, 10%, way 20%
n1snaaesdlifl ofnwinansznuTasrLIndaya
nagouLanieiulunsUssiulsEansnimues
luea lneelvisanunsadilaladn vwndeya
nagouTiand undsanuvainuatsvedaya
VndeUITdananLLIugIvasluwaluan Yy
In wagdrelisaunsausulgslumalaogned

YsLaNTANUINTY

nsgurunsuuziuledelinininulndiaes
(Similarity) 7 Fruradldludunaunaumii wile
a9 19519n19uusudsde 1aeasn1s Top-N
Recomnmendation azfnLdsnudsdefidaining
TnéiAvsfumisdedifldaulonndian N 518113
nszuunsdeeligldldTumuugindinsedy
AUABINITNIDANAULY e?quﬁf{'falé’tﬁaﬂﬂﬁ
wuzthwilsdosuau N = 51509 [21] was N = 10
1504 [1, 17] gATANNITEINTUNITTIATUA
(Ranking) 91nn153AA1ANINA LAY Somianty
(AB8) vosniiaderdmune A wazwilsdedy o 81,
B2, .., Bm aggninsesludiauainuinluies
dodennisde N i@uiindretundsdeidnuie
unfige dmdunszurunisiugimdadelden
aulngiAsafiodnsusunazidenniedo N
semsifidemadefumisdertvmnguiniig
38n158 ¥0ad1 9 wuzn T aenadaafuaI

aulaveldageiiusednsam
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5. n1sUseLiiuna (Evaluation)

NTInUITIUNATEUULUE U MIsE oL UUD
Wan 4350137 nA 875 TAR1AIUg NA B
(Accuracy) [22] uaginAiAuAaInAaeu (Mean

v

Absolute Error (MAE) [1] a9u
5.1 AMAUgNABY

Funufuuzihiigndes
Accuracy = ———— (7)

FrnuAwusiiain

4 I o

W aTruduAIuugdIN gne e AedIulY
ALULUIA MSINUVUTLLANT LS1H 89N1T K3 D
Useianiigneies uazduiudiuziifiien Ae

TUIUABUL IR AUl aEDNUN

8nAIREe auyAdnslainisuusimviade
5518015 (Top 5) W AUIAIAIIUYNA B
(Accuracy) Felufiinsuusihfigndesazsiondu
nilidUszinnAsuiiwoinisA1ands lagain 5
A [ ° o

518N15UINTNLABNNT WU NAFwUzly 5
g ‘:4' Y] a s
F1UNTULUILLANN ATINUUTELANADUNILADS
U 4 598MT FITU IIUAURIITINADS
W eldgmseuinAiaiiugni e agla

Accuracy=4/5=0.8 %38 80%
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5.2 AnpanalARauRALaNYTal

MAE = Zi=1|3;/li—37i| (8)

19y, ADAIA21NA59 (Actual Value) 993
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1. M3idendeyauaznsiaieudaya
1.1 Sunm yndeya D FeUszneusnevidsdo D = {B1, B2, ..., Bn} wieiilons
F - (Joi30q, AL, 10s, VTRLA, 5, AaAgy, Ussnnilsde)
1.2 wunvaainy Tokens(d;) < Tokenize(Features(d,)),vd; € D
1.3 yhanuazonteya auﬁwﬂuLﬁaw%ﬁwﬁlﬂﬁmmﬁﬁ@ $8 Stop words
2. mwdastoyadudwiuas

2.1 Aund TF-IDF dwsuniladenniay

Freq(t,d;) Total Documents
Total Termind; °9 Documents Containing t’

2.2 wasendoyausiag Features

Encoded Label(d;) < LabelEncoder(Category(d;))
3. AurA1ANlnaLAD

TF — IDF(t,d;) «

Vt € tokens(d;y

3.1 @31nnwes TF-IDF dmsuntdsderduny q
Vector(q) « TF — IDF(q)

3.2 AWl Cosine Similarity 581314 g UWagyn d
S 000 =

3.3 AUl Adjusted Cosine Similarity
Yr(@r-g)(dir—dy)

\/Zk(QR—ﬁ)z J(di,k_ai)z

Sadjusted (q' di) =

4. N5A9NLULUINUIED

4.1 SeeansuAmnulnawAes

R « Sort({S(q,d,5(q,d3), ...,5(q,d,)}, Descending)
4.2 \§on Top-N

R ={r,, 1y, .., "y}, wherer; is Top — N By Similarity

6.2 HANISWRAIUITTUUBUEUINLIH A8 NISHUU a%’wﬁnmzﬁwﬁﬁmmgﬂ@fmLLazmmzamﬁU

Sailon AMUADIN15Y0 LT uldeg el usedngnan
vau yvo o Y . et o aunsaasunansinanulnatfeanieds nsie las
H3Felandunswanseuuwugdmilede ! ) )

eTsmsuuudaiemtheiiusyansamlunny  (Cosine) AwI1en 1 uawgdn 5 uazaqunans

Y Y A b ada Y (3
a oo d y o TaanulndiAesmedtniswendalales (Adjusted
Wonmilsdeinseiuauaulavedly Ineldvoya

v . o = o =
nudnuazvodsdoiduiiugiu svvannsn  COsIne) AIRNIN 2 uazgin 6
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AN5199 1 nansSeuisuinanulnalfganeisnisialed (Cosine) wazisn1suondalalys
(Adjusted Cosine)

A1AUQNABY (Accuracy) (%)
Joyanadeu Tennslalas (Cosine) Tnsueadalaled (Adjusted Cosine)
wuzih 10 389 wuzih 5 1309 Wiz 10 130 wuzih 5 1389
5% 92.92 9297 92.50 88.71
10% 89.04 90.68 61.28 64.28
20% 88.68 91.91 76.19 78.17
AALGNFADS ANAINYNADY
wuzhwilede $auau 10 130 wugmisde $1uau 5 39
100 92.922 92.5 89.041 88.687 100 9297208 717 90.684 91.917

78.17
I 64.285

90:10 80:20

80
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40

20

0
95:5

3UN 5 Wiguiguaaugndeiuzdmtsde 11U 10 1599 uaz 5 1309

76.198
80
61.285

60
40
20

0

95:5

90:10 80:20

W Cosine W Adjusted Cosine W Cosine W Adjusted Cosine

9115797 1 wazguil 5 wuin msinay 1509 andeyanadey 5% 599a913BNUUY
InalAgameIsnisialeduagisnisuendalalyd Ialesl dA1A1ugn#A B9 (Accuracy) iW 1y
svuuwuzthmldereiinsuuudailon de 92.92% @ nsuluzimilsds (TopN) 971U 10
nswendeyaiduyanadou 91U 5%, 10%, 1509 MNdoyaNAGOU 5% UazAIANYNFE
20% uaghuzimiisde $1udu 10 139 uay 5 (Accuracy) Tiewiign Aeisn1suuuuendalales
F09 muddiu wausingn 3nsuuulaled i fA1AIUY NH B9 (Accuracy) LU 61.28%
A1 NF B9 (Accuracy) H1nTH g ALYAY dmsunusimiisde (TopN) $1u9u 10 1509
92.97% d@miunuzimviiade (TopN) 91U 5 NTeyanaaey 10%
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M13199 2 nan1sSeuiisuAAaAIARBwRRaNYsal (MAE) medsnslales (Cosine) kagdsnis

wandalalys (Adjusted Cosine)

APanaLATeURAeaNYTal (MAE)
Toyannaoy Bnslalea (Cosine) Tnnsuendalaled (Adjusted Cosine)
WUET 10 1589 WuEt 5 1584 LUEHI 10 1589 WuEt 5 1584
5% 0.2819 0.0153 0.4960 0.0260
10% 0.1440 0.0110 0.3936 0.0060
20% 0.0741 0.1960 0.2073 0.0085
MAE MAE
wuzthwilsde S1uau 10 1509 wuthmifede S 5 Fes
0.6 0496 0.25 0106
0.393 0.2
0.4
0.281 0.15
0.207
02 0.144 01
. 0.0735 I 0.05 0.0153 0.026 0011 4,008 TO0E
0 - 0 | - _— —
95:5 90:10 80:20 95:5 90:10 80:20
W Cosine W Adjusted Cosine W Cosine W Adjusted Cosine

JUN 6 WisuilsuAanuaaamdeuRisanysel kugtimvilsde 9w 10 1589 Uay 5 1389

NPT 2 waggUil 6 Nud AranaLARew
W wauysal (MAE) sae3fnnslaludiuazisnns
wondalales szuuwugviladenelsnsuUds
o frensuendayailugenaasy S1uu
5%, 10%, 20% wazuuztimide $1uam 10 1Feq
Lag 5 1309 Auadu HausIngd1 ITnsuuy
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Wagfigavinfiu 0.0060 dmsunuzdinidsde

(TopN) §1u2u 5 1509 9 ndayanaasy 10%
sesaaAsnsuvuuendalaled fid1naiandou
\aAvauysal (MAE) Winfu 0.0085 dwiuuuzii
wifade (TopN) §1u9u 5 1384 andeyanaasy
20% LLawi'mamﬂ?{auLa?{sJawiai (MAE) 310

d' ¢ a1 .
Wq@ ABIBTATILUULLDAN Iﬂib’(jm dAAaInNLAa DU

wagauysal (MAE) widu windu 0.4960 dwmsu
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wugmilade (TopN) 91u3u 10 1309 3NUeya

NedvyY 5%

7. aAUsnena

o

PNNANINAIUITANBSTUANSUTE U UL UL LN
wilsdouuudud emnaznaassuandlfiiuds
Uszdnsnmassdanesiiudldinadna Cosine
Similarity dUsg@nsn1nganin Adjusted Cosine
Similarity TuldvasA1AIIULLNE (Accuracy) W
Tunsduuzdmisdosiuiu 5 509 way 10 509
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Abstract

This research aims to design and develop a staircase system capable of harvesting electrical
energy from everyday walking activities. The system utilizes a slider-crank mechanism combined with
bevel gears and electromagnetic induction. It is designed to compress by 1.8 centimeters to avoid
disturbing the user’s balance while efficiently transmitting force to rotate the generator. The testing was
divided into two parts laboratory experiments and real-world installation using four stair steps. The
results from field testing, conducted between 10:00 a.m. and 2:00 p.m. over a period of 7 days, revealed
that the system could generate an average of 628.89 joules of electrical energy per day from an average
of 141.43 footsteps. The system produced an average voltage of 3.70 volts and an average current of
0.30 amperes. Further analysis indicated that the user’s body weight significantly affected the amount
of harvested energy. When considering the actual impact forces from walking, the system achieved an
average energy harvesting efficiency of 31.3%, which is higher than other technologies such as
piezoelectric plates (approximately 10-15% efficiency) and reverse electrowetting (less than 25%
efficiency). Moreover, the system can generate electrical energy during both the footstep impact and
the spring’s return stroke, thereby increasing the opportunity for energy harvesting. The findings
demonstrate the potential of this system to be installed in educational buildings, transportation hubs,
or areas with frequent stair usage for powering lighting systems or loT devices. Additionally, it can be

developed as a modular system to support sustainable applications in diverse environments.

Keywords: Energy Harvesting, Stair Power Generation, Slider-Crank Mechanism, Electromagnetic

Induction, Motion Energy

Please cite this article as: C. Mekmuangthong, S. Saengnual and P. Sittiritkawin, “Design and Build of Energy-

Harvesting Stairs from Walking Using Slider-Crank Mechanism,” The Journal of Engineering and Industrial

Technology, Kalasin University, vol. 3, no. 3, pp. 54-68, 2025.




. &

d Joumal of Engineering

and Industrial Technology

UNAUIIY (Research Article)

1. UNUI

i udadeddylunisduind ey
\wsugiakazAun nIInvesywdluyalagiu
ANUTIEITUYDINUILITUNANUTENI U TSN A
(International Energy Agency, IEA) ANUADINTS
Tndsauialanmnitesiiaduds 25% anelu
A0anenTsuineii [1] Msflanndsnunoada
dananseMusied WwIndonog 193U dawali

WAty lsunaedunadeniifieud Ay

'
a

garuluaruaugsBulaznisannislassiig
= a o a

Feunszan [2] TuvasAndeunyulsuain
WARNSTINTIR LTU WAL IULAIDTIAE au uazl
HU0AN1UAIIUTITU LANAULNT Y TINTARIUY
AUYU NTANUTUAUES kae Auliutueun

1Y

anmndennia [3] Tuvaeingsuainfanssy
& 1 a i 3 = Ly ) a
YOIUYWE LU NTANNTUYSoasule 1Judn
WAaINaIUNTiE@desnIn ansanIanITallay
AUANAIIENTIING UL W B UUTTLANDY
Y] ¢ a = N
wasuaadngadolulunisiad suluives
snmeannsaduisuguidundanuliiale
Krumalulad n1siAull eand ey (Energy
Harvesting) @ailnsiiniunagwsaiiles lnglddan
1 =) a a PN o
wagnalnanie Wy Welediannsn nswieai

aa

1 < a s a § a
wianlnin ezasandanalawes wagsiesad

< 2 &
RV

Wang et al. (2023) @nwnsldTanineled

WAnysn PVDF Tumaifiuaisisale lasanuisonan

[

PALURAY 1-2 W/m?2 Aelaaud 1.5 Hz

U o v v t4

WA TaTINARTUAIIUNUNIULATA UNUES [4]

Yuzdl Zhang & Li (2022) 578913 Wk LTy

NIATIMNTsIkazialulaggnannssy unineden1wdus U9 3 atui 3 nguaieu - fiquieu 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 3 May — June 2025

wuu PZT lindanugsds 3.5 W/m? agndlsfnny
walulagaananideddusinagwiuaiiadu
MINTTIUYIAAINNITAY Faliimunzaudiunisly

uluanunisaiasa [5]

Kim & Park (2022) Walu bR Ug199zATanN

%
a (Y

danalpuasdmsuindslusaayin nannaaaula

a Y

0.5-1.5 W/m?2 udiddanaiuninudang unag
drmifniu wiuseAnsamnisudaamdsaush
Wie 15-20% uazddunuiangs [6] Tuvazd
inaluladguu tva nennnaaidans
(Magnetohydrodynamics: MHD) 484 Gupta et
al. (2021) wiagndnndsnuligeds 10 W dagas
n1skuva 1 m/s uassuuiianududounasinugu

[
a o

AnAsgeds 800 maaanTansgsoniie [7]

Chen et al. (2020) Wntausnisigimalulag
Fnosadidnlnadnia Seanunsondamdsnugean
3.5 W figasinisiva 10 mU/s windanudildse
WUR Ao 0.1 Wm? wazdo9n1558uu

° o oA
UITNINYIRBLUDY [8]

NS suLRgunuln waluladnisiiy
Agamdsnusienalnalamesuassdsauiunis
wieniusdmén i dfnoamgegaluudves
UszAnSanuazdunuilmunzay Tag Li X et al
(2022) laldwmaluladnsmisadwsimanldi
(Electromagnetic Induction) Tdusindndlela
WHeusAUAega luNISLUaINE 1IN @1TaHER
ndsaulduszam 4.85 Wi Aumidng 14
60 ke wazAud 1 Hz Uszdnsnimnisulas
W&aueg T 28-32% [9] Tang et al. (2021) 1¢

Saszvimalulad N5 AULA BINFIUIINNY

WALYIH WaAlemad warANe, N1T0ENLUULAYA S NTUTU M UAg AN N mmsidusenalnalamasunses

56



. &

d Joumal of Engineering

and Industrial Technology

UNAUIIY (Research Article)

Faa3u2 nunswitedudwaninihifnenn
geaalunITHAANG9UAS 7.1 W/m?2 ws oy
UsgdnSamnisuuasnasanuganasdauyunis

fnmapdlaisunumaluladau [10]

1 I3 Ly} o =] d‘

ag13l3fnu Jaqiudalusisvuulaianunse
WNuigandsuainnisied sulmvesuyudle

| ~ a a v ° 1% o = &
ag1aliusedninmuazauyusnsoniu Jadu
AUVDINUITER I UNTODNBLUULATWAIUITEUU
Tutulandandauluii danavlandau
USLANT AN ANULED ISVDINA MU BWATAINY
AuAtuNITAY eatiuayunstindanuegng

et uluiudios a1AsSeu wavaanduuaa

A1919 1 dyanuwaluazA1osuny

Foyanwal AnSune
W/m2 TARDAITINUNT
Hz SR
N TInu
T NGGR
U L2
Tne
I a =1
m/s LURTRNBIUIN
ml/s JadansnalIu
m?2 ANIIUAT
kg Alansu
cm LYURLURNS
J 24
Y
m/s? WIATADIUNNYNNAIZDY
m LIRS
v Tad

NIATIMNTsIkazialulaggnannssy unineden1wdus U9 3 atui 3 nguaieu - fiquieu 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 3 May — June 2025

A998 1 dgydnuwaluazaA1osuiy (M)

Foyanial A5 U"E
RPM SOURDUNYI
N.mm | fduiiadiuns
mm Taduny
A waNwUs
Ah wonwUs-tlu
VDC TanNIELanT

ad a v ad o a a v
2. NOPHMNYIVDILASITNTIATUUNTTIY

oA A ¥ aa o a a v
Nu N eavaswasifn1saniun1side
Y WU UANINGNNITRUAING1IUIAUIINNIS
wAd oulviveuywdidund sy Wiunalnnig

a a a a
AAINITUUUSEEANTN N

ad o %
2.1 VIi]H{]VILﬂEJ'J‘U’eN

2.2.1 NFBULWIAANUFIY

" @ _ gunsailuidh
—

LA

E wu g
TUUUALAY

ﬁ
WEINAa1L //

A—F

wumma:

/ ALAUNAINU

SUN 1 nIoUULIARNUZIY

lunwddeillafinsoukuiAniiugiufe N3

v

P=1 ) N v v v
Funarasvule aziivulenaneanuwuuliaiuise

Y

I3 a" [ % ) (v} 1 gj E%
UL EINAIUle wazdinasaumatdululy

WALYIH WaAlemad warANe, N1T0ENLUULAYA S NTUTU M UAg AN N mmsidusenalnalamasunses



. @
d.Err NIATIMNTsIkazialulaggnannssy unineden1wdus U9 3 atui 3 nguaieu - fiquieu 2568
Joumnal of Engineeri

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 3 May — June 2025

&nd industrial Tech:

UNAUIIY (Research Article)

Uselowiegunsaivumdndauandusuil 1 uay s
1NSANUATBULIANITOBNLUY tABLaDNIUIALA l e
a1unsaUszneud fut udulenduld il ol lu ——
annsndrlddseneuld dud utulad T oy B Ti
Tnaidenldvulalssenmisveineraoideesey le P i
fia1undneveadule (Tread) 28 cm A11ES 11“ *T
5;}’ wdule (Riser) 18 cm wag 817 (Width) 75 cm [ — t

yandnlviih 2esmuay _ aiafuuussuutiulasiuou 4 du

aaandlusun 2 Tngldlvidldaunndu-as au
iy Muruaszesguivestutulaliiiu 2 cm L
¥ v » oA o X 3UN 3 Ton1sanLilienu
iedesiunisagdsnismssduilelduiy vie a
Y] & N o & o & Yo a
Jule Fedvianun 4 94 nasandulaadunis
SSuRunun wiLanslusuT 3 2.1.2 maannaanudululalunsndandsnu
Y
Tun1siSuduladnisaruramanuduldlea
Fuulowfuiten TUNISNAANS N IURAZNANIUTAIAI1IL AT
WaWM 4 T o “ , , \
\q NALA A NS UTUTULAAULNEINE TUSUAINAIT
duiflada AFIATIZINAIIUIINNTANIVUNG oAU D
uywd nMsiiuduindnsvesnisenin (wdsanu
281) LATNISAWIN (WAIUANY) Tagndsanuna
(Mechanical Energy) A9 NaTINUDINGNIUNIEDY
TUuruLaN LI NANUILNIAUY 1.3 LVNUDY

Ymundnazineniluaziinseng 2 Asananisad

WINnieAse (Fuwinnazdaneni) Tunsainmeu

& o o o a A v
AUUNULTYU [11] LLG\ﬁ']WTUﬂ']iLﬂEJEJ‘Ua\‘ILWQELV

o . 9 o e o~ Julagudiasinsanalunisiudsuidu 1 ass
JUN 2 sUdnaesdulalssomsinedudesse |

Y

W AWAIUITIUAVANNITNAINUANE A2 @1UI5D

° o av v a
ﬂ’]U’JmWEﬂN’mvﬂﬂﬁ]’maumi% (1)

Ehorvestzl'-amghf (1)

WALYIH WaAlemad warANe, N1T0ENLUULAYA S NTUTU M UAg AN N mmsidusenalnalamasunses

58



. &

d Joumal of Engineering

&nd industrial Tech:

UNAUIIY (Research Article)

B0 Fee AD WAIWAINMSATIAY ()

m Ao U ntine (kg)

g Ao musailesnussliud
vodlan (m/s?)

h fio szzeguvastutila (m)

f fio AudveusInaiivin (Hz)

Taglunisidu 1 A2 dmsundgalneivdniade
57.4 kg agdinaseu 14.64 W e lnegtininiaie
68.83 kg AN 17.55 W

2.1.3 NM5La8NLULBLSHHBS (Generator)

Tunisadrstutulafuifgindsanu Tamnun
auudgrud1A glunisad aniauiueLsnes
(Generator) b 8RB UAUDIFH BAIUABDINITNI
wiadawaznslgauass Inedenlduueisnes
Parunsonyulaslonssdnmn aiusasessy
Aldeunivminlidinn deanaelade eniy
azanlunisvngesnwwagnismeslug dodld

va < ° = 1 [y
Nnulgnauiiseulunisen elimunzaudu

= 44' Y ¢ v
AULSATUNITLAG BUTT WASLAULUBLILADS A O3
ansalimaslniidesanlanindn 3 vDC
Wosnimunanisaintulaisnun 4 U nasu
YDIUTIAUN 1TIUAAAT 7 BIN1T Ag 12V
Famugandmsunmsdeuseaiugunsalluilngu
gy n30 I2UULUALADIA190Y talwaiunsaly

o a a Y 1 a a a = A v
WU RAn LAl Uszansain Jadenld
uesneAuandlusun 4 Feaunsaasig

Andluiihgaan 24 v Adsluiigean 20 W

NIATIMNTsIkazialulaggnannssy unineden1wdus U9 3 atui 3 nguaieu - fiquieu 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 3 May — June 2025

UM 4 uelswesidentdeu
Wed1laulLeLINeS U MARB UL ILANNYIN

wuweLsnesryulameusidnlosandaiunsn

AulAnaun1sn (2)

T=FL (2)

g T Ao useda (N.mm)
F Ao W33 (N)
L D SEEEAINKIIRNANYY (Mmm)

el Lo @ o w3 At eud Avl a1u1TaN Y
WuaLswesiaae 89.325 N.mm l¥n1snaaey
miussdalasnisii udmind wosduuaues
uLuelslned dsuanslusudl 5 uaznaaey
ANLIITEUYBIN T LTI TaRER Ad sl
Leunnnan 3 V Ingnyuauueisinesluaiiusgy
58UMNY 9 WUIResldAuLsasouNINnIn

150 RPM sauanslumngadi 2

WALYIH WaAlemad warANe, N1T0ENLUULAYA S NTUTU M UAg AN N mmsidusenalnalamasunses



JUN 5 Mmmussdailiaueisme vy

A15719 2 ANILSITaULATLSIsuluin

AMEIseu (RPM) | wsssuludn (v)
150 3.07
160 3.28
170 3.45
180 3.67
190 3.90
200 4.09
210 4.28

2.1.4 nsesnluunaln

luniseenuuunalniAulA sandas1uain
Fuvula nalnalawesunsed (Slider-Crank
Mechanism) gnidenldsiuiuilesunses (Bevel
Gean) 1l ouUasn siad oui aduainnisyus
yosdutulalifunsmyuresauuoinmesudn
il nnsdeAulad fimmuaainnisUssiduded

Yy a a I a
GUEJLafJGUEJQﬂabLﬂ‘V]'NLa@ﬂ@u i IWEJLQW']SQEJ'N‘EN

NIATIMNTsIkazialulaggnannssy unineden1wdus U9 3 atui 3 nguaieu - fiquieu 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 3 May — June 2025

Todinsuszazyuaaf 20 mm duidoula
dAguit el ldauaunsainuiuadlalaglyl

dULAENIINTIN

nalnusSALoua WLl oy (Rack and Pinion)

gnAneanINAILaaNLTBIRINTEYZNSIAR BUT

[

103u5ALYNTINALYN 20 mm iuriu vivlily

&

< a

a1u130as19Aus 150U L Banen N3 TU
wutuelsinesld Tuvaziinalndaang (Lead-
Screw) uganunsaulasmsiadeudidadudy
e uld wiidesanszesindouiidu nisdy
ArILIsoUABLaNIIEBus L AsRTTUTigeTu
9819310 Feazaaneulszandnmlngsiuves

YUY

mstiilesuneassauivalamesuaseAa sy
mMadonfimunzay eswnaunsalduselod
318N MM (Gear Ratio) Vo34l 9317 oLty
ANUSITaUTatIuULsaesiilnglududes
Winszezguiivestutula nsiiilesuneas
awnsadamdslunuannudiviauiule Saild
N159AIENULVBAIULUBLIABS AN EAEY
iy Faduseldiudsulunisesnuuulissuy

I v v dy YA a IS
Jauranzyiase wena1ntd nsldiiesuteas gl

v A a = a v a
LLu’JIu@J‘V] TAALLIIFYANIULL LN YUNUARNTNG

&

wazdeaunsavinlvnisesnwuuaiunsald

3 (% ﬂ?ll L ﬂ.all N 14
utuealsines 2 drlududuladud gale
Waiarsansudukslndougaiaiunsanyu

LULUDLSLADS LA

A ¥ & A ' =i
nmsidenldunsedidionvuinlngigaiaiuise
Juldlddedunugudnans 20 mm wiriuszes

guvastiule daandly JUT 6

WALYIH WaAlemad warANe, N1T0ENLUULAYA S NTUTU M UAg AN N mmsidusenalnalamasunses

60



. &

d Joumal of Engineering

&nd industrial Tech:

UNAUIIY (Research Article)

druveansidensnsmaveailesusd 19n1s
d1519neilesnladnelaeidenldilosves
wiendusile dldiileddvgifuilosdunasiles
dniduilesnu edivurailondniidniian
fi 16 lu Aruiiledngjvun 59 flu s
1 : 369 muneA1udn duiteslugmyuaiesou
\Woudnazmyy 1.85 39U 9n93TE [12] Wudn
Igiinnsiasnsnmsiui utulainauialdibiuty
TulagesnsadsUszana 90-110 Aseund
fafuaud veen1sindsud utulaazidu
0.54 Funiteie 1 411 Feduluainudaseuaes
Wuualswesasiia 221.4 RPM Jadlawfisuniy

A1519 2 azanunsnasednglvinlgaulauinnia

4.28 VDC

3UN 6 nalnvestudulaiuifeangs

n1sveIni1seanwuulassas1denlynaln
n33lns (Scissor Mechanism) dadusiavasnaln
A4 uegrsunsnarsluniseonuuui foenIs
nsvenevidoguirluLnfsdouuny danalnd
ddonaslusndudesadnslnddau snseds

Jasdunisieutdeevaslaseasnaiilvaiiugan

NIATIMNTsIkazialulaggnannssy unineden1wdus U9 3 atui 3 nguaieu - fiquieu 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 3 May — June 2025

LT upadvsunisg udtnazAualululfg
AU150AUAILAAIENITANA 1AUT U8R 87

wanslanalugun 7

U 7 nalnlasadudulafufemdsnu

2.1.5 n15taenlduunaes Larn1TP0NUUUINAT

Uszgnszualnii

a v ~

donlduumnes 7 dv1e9alulaeidenld
LUALAB3 AL suneaas1emaHaT il Ty
Fudonfimunzay Ussnaulusag Anumuniy
wazANUADAYES FrganauAsweInIsiin
Tllus! nssuidefionafiniuannmseisavidons
Touiifanann (13] wonanidadongnsldo
fleuu Tngausasessunisysanaslaoy
nszualnilnlavatewuseulnelugqide
UssAngaan [14] wumnes 817 sunadaive
Faosn1snsvgenwien esaniinisuasee
W& Uil a1 s usne g sy
1lguu fnrsuadivesusesufislusuzlaos
nszua relfinuizauiunsldauidenis
UszAnSnngauasiatios [15] uONINBUUALAEDT
Alsuroamngaduiingdud windouuinnia

A a 1% Yo A 1 & a
BUALMBITVUNDU mamﬂma@wlmwuwwuaz g

WALYIH WaAlemad warANe, N1T0ENLUULAYA S NTUTU M UAg AN N mmsidusenalnalamasunses



. &

d Joumal of Engineering

and Industrial Technology

UNAUIIY (Research Article)

slwfadis1enin [16] MNNSREEUUILBLSIADS
Flinsuanudisounasdnglihdile A
sougagaaNnIsmisud utulade 221.4 RPM
9neN5197 2 aanseassuseulnialgunnndn
4.28 V 9rnmnHadfi na 191 ui adenld
wusmesaTisunean Adlada 3.2 V @wisa
mmdsliihanmsdsuutasdngliihfeng
yoslavudionnuduniululauiuesnesasi

Keaunsi (3)
—=— (3)
2

fia fddlwdihfanaed 1 (w)
v,  #e dndliihitaned 1)
P, fo mdsluihiianmed 2 (W)

v,  #e dndliihitaned 2 v)

lngdeBanndeyavetauuaisinasdnglui
gean 24 V Maaliliaagn 20 W uaz dndlaiih
LUAAes 3.2V agldmdslain 036 W seily
TumswmBeututiule 1 39dnstu-as wueiswes
2 fhazanunsalisgalninlg 1.4 W deduiule
1 9y LLazﬁ’m’ﬁﬂM’]ﬂTm?\yUENLLUG]LG\EJ%‘II(’%}RHﬂ

AUNISN (4) A9

P=IV (4)

NIATIMNTsIkazialulaggnannssy unineden1wdus U9 3 atui 3 nguaieu - fiquieu 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 3 May — June 2025

Ao Aagbudn (W)
Vv Ao @ndluid (v)
/ Ao nszwabilid (A)

Anuadeyailosuindigldnuiuiuasdule
ludnsrdalusas 50 au lunian 4 Talussiodu
A1U150NIANVDUALADTLA 90 Ah Fudenld

wusmasamsuTuTulausaztu W9 3.2 V 100 Ah

TudIUU9IN15090NKUVINATUTEINTZRADIIN
AR AN LAULUBDLTLADS 2 H2 TIADBLUUVUIUY
IAULOLSRDS 2 i1 nyunsetiuiu mnlad
2199518 9 Wwrslunisdaissanssuaazvinle

& o v A s s a
LAULUBLSABS YN T UL DS LABS AL LA AT
Aun1svgy vilidulaldaiunsagudiannuss
wigaule annalunisindsuatnaziiagnindu
nalnagvnlyiilauiueLsnes naun 1N MY

‘ﬂ' a % % 1 Y r-:l'd
o910 gnauTedundu denalvivuladi 4
LUILBLILIDINTZLANTY LansNgRnIsunIsUase

nszualniadedutdulauuaLsmesnTewaadu

=4

Wialinisuasenseualninluludaniadennu
Fe3dudpadiniseanuuuieasdmsunisdnises
ﬂszLLaLLamwiUizqﬂszu,aauwmm? Feluns
PONLUUIRTAINE1D dulsaynlinisimdey
Futule 1 ads liAnusaduresauusLsIneS
RANTLUANH G oUNEU LardIdaIu1Isanan
d y

NaIUlANIvUETsUaIkaT Y ENLYINT ULl D

aussRnUulanaUAUARILUNS LAY LanIRIsUN 8

Y Y

WALYIH WaAlemad warANe, N1T0ENLUULAYA S NTUTU M UAg AN N mmsidusenalnalamasunses



. &

d Joumal of Engineering

&nd industrial Tech:

UNAUIIY (Research Article)

[_ T . E—
180 mm
—

L&

— E—

1.AURUIUNG

uSINAIN
l swina
™ m
wasamignifiug

1 .
2. UMby dmiaeh

1

160 mm

wasugnifiug
g v
3. ungUaaunn

wuaaas

4.auAdeUni

UM 8 Msviuvastulafiundsnu

2.2 N15USLNaUANAILINDYINNISNAFU

dieesnuuuasstusulafuiemdnuada
Seudouan mihnisuseneusiudulannie iy
wevua 4 4 §evinliszuusauduszuulni
12.8 V A3113 400 Ah i wiinsutuay 18 kg
IAAUNIveItule (Tread) 28 cm AINES
Fudule (Riser) 18 cm wag 817 (Width) 75 cm
anansluguit 9 uazilszorguifios 1.8 cm
Hesnnalnaladinesuassdaassulaifiuiion
NI @111500UATIATUIALUNIUAUINATS
g9dn 2 cm LleanimunszezguliiiAy 2 cm

| Ve =

Aldauazlisdngayidenisnsedl wininvinlv

Y Y

a Y s v Y
ﬁzaﬂuLmemu 2cm AILATIAISADINHUNIY

NIATIMNTsIkazialulaggnannssy unineden1wdus U9 3 atui 3 nguaieu - fiquieu 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 3 May — June 2025

yu 180 241 vinlvinalniin Dead Centers Tu
UFIUAAGIAALATIARIAATBIUATIA YiNToH
Lianunsned sulmldlunisadiends Sefinng
AMUAlHN1SNY UYBILATIA MUY 170 BIAN
Wioriutiavesyusuas 5 eer Litedoetunns

\in Dead Centers vaenaln dawandlugun 10

Riser 18 cm

UM 10 urunnduridinalnalamesuased

WALYIH WaAlemad warANe, N1T0ENLUULAYA S NTUTU M UAg AN N mmsidusenalnalamasunses

63



. &

d Joumal of Engineering

&nd industrial Tech:

UNAUIIY (Research Article)

2.3 n1nadau

Tuns@nelamnuaisnisneasaiieodseiiiy
Uszansninvestudulaungindsnulndiann
A5 Feofenalnalaineskasinsiuiuiles

a = ° \ < aa
UN8AS warN15e11 el uantnii 35015
naaestyuiunisiiuteyaiiieatesiung s
NAUITANAA LA MUEN1IENT TN UIS I neday

(%
v A

UszhAundn fail

2.3.1 ANENLNTAIUNINAANE Y

Immﬂ?a‘uLﬁwﬁuﬁmﬁﬂmaq@‘lﬁz’fmu NS
wmaauimaiﬁ'siyisﬁ’muﬁ'ﬂugmﬁﬂmem'wﬁ’u
5asjwmaauﬁuzwwﬂ’ﬂ 54, 62 hag 73 Alansy
Amdguruuut utulagiuay 1 9y auas
100 saU TUNNA1A31UA19Aang (V) way
nseualii () MReTunuLeLsAed Fuans
Tugﬂﬁ 11 Sﬁayjamﬁ%gﬂﬁmwmﬁﬂé’ﬂw% way

Wiguigundsnuiudmnvesldan
2.3.2 MIVAABUNGINUY

[ A 2 a Y a 1 Iy
AsNAARUNSINURNULNeIlAasslulmas Tu
Taglgiananun 7 Ju Lﬁusﬁauuasdmam 10.00 -

'
a a

14.00 . \f 990 dut9a1ndn lvauag1g

W

Y
o
U

(%
v

folfios nseassSuduannsingsdudulaiu
LA NS HIUNTTUIUNITOBNRUULAZ AR
Soufossiuiu 4 9u Tnefinnsindaedasiiotn
dmsutaarnnusnsinduasnssualnifindale
srUUi Ut oy adsduiinA1nIua19dng uay
nszualiifindaldluudazedsifdldiiuduay

asvule Fauanalugun 12 Feaggniuniiagien

NIATIMNTsIkazialulaggnannssy unineden1wdus U9 3 atui 3 nguaieu - fiquieu 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 3 May — June 2025

MANSINUNATREALS wazvinnisiSeuiieu

ANENUNTLADZIAUNTAUITING 1)
2.3.3 NMTWATIERUTEENTO N

A153As1ERUsEANS A NUesT Ul Uland 9y
wazUseansnmleesinvesssuudulang 4 u
Tngrihdayanliainnisneaes 2.3.1 uag 2.3.2 1

Iesvuseansnmlaeltaunisn ()

E output

x100

E input

= a a
A9 UszansSnnlagsiy

e n

- @ o a vy
Eoutpur 710 MR RGR L ()

sl o

E A9 NAIUANINAIUINDNN

input
UmTinveiAuwag

sazguresiule ()

JUN 11 nsnaaeutule 1 9y

WALYIH WaAlemad warANe, N1T0ENLUULAYA S NTUTU M UAg AN N mmsidusenalnalamasunses

64



. @
NIATIMNTsIkazialulaggnannssy unineden1wdus U9 3 atui 3 nguaieu - fiquieu 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 3 May — June 2025

Joumal of Engineering
and Industrial Technology

UNAUIIY (Research Article)

JUN 12 gunsaifuiinAuazdudulaiidnsa

9

3. NAaN15IYRATNUTITNA

1%
[ Y {

<& v XY aa Y]
nsinuteyalaglignaaeundumineaiaiuy
Juastule 1 T 97U 100 ASY Lﬁu%’aaﬂamm
#19@ng nszualnin Adslidaalagaduaaaey
q’.;’ 3 P2 gé Ly ¥ = 1
avun Aziuladn Wmidnvesd ldnuilnase
ANAI Ul NI ndnla g 199U TaeLile
Uminvesinageuiiudu Milvusainafinaln
1y =] ‘;! 1 v & Y @ :g
Tulafiunnau daalvlauuaisnasnyulaiiivy
danaliusanuluifwaznszwalwil 1w udu
ANUAU LANILAFINNGTIN 3

[

@ﬁ'ﬁﬁémﬁ’ﬂ 54 kg @uNTONAANAI9ULA
Uszanm 1.0 W lusaedi AT ndn 73 ke
ausananndanulaoe 1.78 W Astdualny
LANANIUSYUN 23.6% uandliiiuindnmdnd
WnnaEsaraanasulnvitlauinnIteeld

HodAny

A1519 3 NAYBILIMINADNITLAUAYING 1Y

Co | dtn | evwdnedng | nswua | dadlwih
a19iu
(Kg) W) (A) w)
1 54 4.12 0.35 1.44
2 62 4.28 0.38 1.63
3 73 4.45 0.4 1.78

A5 NI UVRILsIT Ul waznsehalwi s
wwrllsYuegesiailios ldlyuuunmsedusa
Fawanaintassasenalnvestuduladeanunsasu

wseannuvtinigeiulasn

WAIUALAULAL 16339
5.00
450
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50 ~ .-

0.00
-~

- vt Ay o v
[ I I R B T N S B )
HHN®NT TOHO 0NN

— e ndndluih (V) = aszuslviih (A)

5UN 14 nan1snaaeuvesduld 1 9ulu 1 Ju

nsnaaosluy 19381 10.00 - 14.00 u.
yo9Uule 140 Ty 15U WU szuvEInsanan
wsanulndn aszualuin wagnaaelninlaegng
soiflodusgninensldanads 93Ul 14 uang
Megetaya null Apusnsdnglninfilaann
spuuiivaeneit Tageglurag 3.5 - 4.5 V naen
Y3981Aae handbiAudwseansnanves
nalndsfndafianansonsuiauiueisneslaegg

autaus 11n9giinsanauInseties

WALYIH WaAlemad warANe, N1T0ENLUULAYA S NTUTU M UAg AN N mmsidusenalnalamasunses

65



. &

d Joumal of Engineering

and Industrial Technology

UNAUIIY (Research Article)

dmsunseualuin danusuniuninni Inedl
AlugasUszaa 0.25 - 0.35 A euansdeniy
uanAnsvaasanaluusiazassvesdldauiiiusu
Futula Tnotamzlutisitiminunnudems oy

MBWIIN LAANTEAgINIIUNR

Wenasaniastndii deldannisamsening

wsarulnihuaznssualudn wudi denaived

Tug9uszanal 1.2 - 1.6 W #oASIU0InIsumdeu

TaoidnwuzidunIidulseN T uaInIuTamy
P 9 o =

LSINA TIAAAE DINUNITHUA 8 ULUAIVD Y

nszualiiluddazdiaian

A1514 4 HansnageutulaufgIndau

KtTels ‘ .
o 4 - AUATY nszudlndn | ndsenu
Ui VREN v o o
P Anglaag (V) Laay (A) 33 (W)
(A3)
1 143 3.70 0.30 639.08
2 152 3.72 0.29 661.24
3 135 3.70 0.30 596.48
4 163 3.69 0.30 720.92
5 172 3.70 0.30 766.44
6 121 3.74 0.30 544.92
7 104 3.66 0.31 473.16
\ndy 141.43 3.70 0.30 628.89

91NA15N7 4 nsneasuiuteyanisldany

[
Y Y

Futuladutdgrndsuluidrluaaiunisaiasa
o a 1 dl 2 QI

g un oLl eutduszeziian 7 Tu lawisy
JUIUNT-TUITAE 21981 10.00 — 14.00 u.
g inNaanaIIUM s suTuTula UL as U
nEounaTuUNnAIAIUAFNg WA nszualndn

wazAuInasulniAndnlasiulunmasiu

NIATIMNTsIkazialulaggnannssy unineden1wdus U9 3 atui 3 nguaieu - fiquieu 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 3 May — June 2025

nuamsneassuandiifiuin S1uauadaly
mawBeuiutulaluusas fusgluds 104 - 172
afsriotu lnefanadoey i 141.03 adediaty
Faavitoudmnfnssunisldauesiauluiiui

WavungNdanuaidueseauniy 999vlayad

v A

Tugradunen tans-e1vingd Ao Tuil 6 waziud

= a o 4 4 I v a
sZN"i]SMQWUUNQ&L“{NWUUQEWUTJUUﬂW

TUATUAITHEANSTI9IU WUTT ATAITUA N
Fndlwiinaded aldeglutag 3.66 - 3.74 v
I@]Hﬁﬁ%ﬂ?ﬁ@@jﬁ 3.70 V du Anseualniiiade
0¢1uv21 0.29 - 0.31 A Tnedidnaded 0.30 A

1Y

WA ALIAUINTZUVAILUITOSNEITEAULTIAULAY
a o

nszualaeguafios wiasdduldnulasis

NANWANANN UL LLAAL U

[y

Slemurn ndeusui nanlalundas iy
WU dAdaus 473.16 W (Tuil 7) Tuauds
766.44 W (uil 5) Imﬁﬁﬁ’na?{sagjﬁ 628.89 W
Aoty Jawansdedneninlunislaauadslusyuu
YuaLlan WU tdesadng LED sruuwisa

LURABIUWIALAN 150 gUNTel IoT 14

4. ayUnanazdaLauauuL

21NN RNLUULATAST 1 TrUUT uTulaLAY
WeanasnuluiimenalnalainasuAsiAwaznig

c{' ) 1 <@ a o Y & 1
witearantiidn nan153dsnanaliiuiiuda
SEUURNAUITUANNITO TN ULALUENNLINA DY
aFalaelinsenusangAnssuvesy ldauuas
anunsananndsnulnidlasgraiiadosnin Ty

INNNTNAABIHALLBY 7 TU Tuy9L3a1 10.00 —

WALYIH WaAlemad warANe, N1T0ENLUULAYA S NTUTU M UAg AN N mmsidusenalnalamasunses



. &

d Joumal of Engineering

and Industrial Technology

UNAUIIY (Research Article)

164.00 u. sruvansorannaaulsiady 628.89
STy ansuunswBeuade 141.43 ads
sty Wnelwaimuaisdngluinade 3.70 v
waznszualii1ed y 0.30 A nan15NAADY
Suandiduiminveslfnudnarondan
findnldetelited ey Tnetminfiannduaszyi
T¥ A& slH 7 wE n LA LA 18 uod 19s o1il 04
LEAAIDIAIUAUNUS LATATITENI1MTINALAY

waaulniianannalnuawdntiilisangn

dlowssuiisuiuauiseduluaiainisiiv
ALINFIIUINNTAY 1L 91UTB9 Wang way
Az (2023) Aldunwieledidnn3nd saunsa
Haanagatula Useuie 1-2 W/m? ue il
UsednSamiiigesaeay 10-15 uaziaunuse
MII8g9 ¥38NAUVBY Chen UazAne (2020)
Aldinalulad Reverse Electrowetting T audl

A lindanuaAnenITiuiarN1Tawasn¥Ige

¥
v a

szvutulalunuideaduidanulals gy
ELuﬁﬂuﬁuaqgl'UVJUﬂWimamﬁs‘?Wﬂdﬂ nsguainudng
Lazanansonaandeauld 1.44-1.78 fadranss
Fmdou nan1svnassdiemuinUszansnmees
szuulaBUNaIINLsINAR STt nduas
WSINTEUNNDINAITAY NUINTEUVANITALUAS
wasunafiingsruulmdundanulwildiode
Uszu 31.3% MaonTzesliaInnasd 7 U
Imﬁwé’amuﬂaLaﬁaﬁlﬁ’hgﬁzw INNITAUIEY
faeaunI1si 1 Uszana 2,012.86 Jadeiu uay
W&l indnlaasuady 628.89 Jadoiu
Fsdtenegluszsuiimiflowsouiisuiumalilad

'
a v A

MaAUNEINEULUUdY q NndiusyanSaw

NIATIMNTsIkazialulaggnannssy unineden1wdus U9 3 atui 3 nguaieu - fiquieu 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 3 May — June 2025

ABRINTT 30% Wwadngduandiuianaln
foonuuufianumunzanlunsSunsInaLazLss
\deuinnmaAuveslinusis uazanansaih
nagaruaana 1l Usslesdlannela

o w

ANTNWINABUNITITINUIIIUTINUTL I

WaN1SWAIUIRREaRlUBUIAR SEUUTUTULA
< a (%] dy o a 5 dgll g v
WuLigmasutaunsanlufnsslunua
a59aunsai AN nTuTUlaALle WU 81AS
Seu 1SINEIUIE 38 @aNNVUAINLNITLT Iy
) | | a a & o v
Julnag1ewetiias dnnedearusasanwuulimiu
luga1d (Modular System) Litoadugane wly
A15AART USUBAIINUILI UL A ULARENUT
YININNY TIFNUITONUINAUTTUULUALHA DI 13D
gunsal loT atfundanulildiuszuuuasaing
SruUInduE Y vsewueslsanese o ld
= Q’.II o U =l & U
DAVINEIUITONAIUIDATINAVDUNDY UIBUTUUT
Tan L oui UUTEA NS NNVNINauATanLIHE BAN Y
sudamsfnyufduiussenineldauiussuy
delviduladnssuulddmadonnuidnvusiiu

=) Y 14
‘Vﬁ@ﬂ')"lllﬂa@@ﬂﬂ%@ﬂﬁﬁﬂjﬂﬂuiuigﬂzﬂq']

5. 1@N#A1581984
[1] International Energy Agency, Global
Energy & COZ2 Status Report 2019. Paris,
France: [EA, 2019.

Ministry of Energy, Thailand, Thailand
Integrated Energy Blueprint 2015-2036.
Bangkok, Thailand: Ministry of Energy,

2015.

WALYIH WaAlemad warANe, N1T0ENLUULAYA S NTUTU M UAg AN N mmsidusenalnalamasunses

67



d Joumal of Engineering

and Industrial Technology

.

UNAUIIY (Research Article)

(3]

X. Li, R. Zhang, and H. Yu, "Renewable
energy from the sun, wind, and water:
Prospects and challenges," Renewable
and Sustainable Energy Reviews, vol. 69,
pp. 1376-1389, 2017.

Y. Wang, Q. Liu, and H. Zhang,
"Piezoelectric energy harvesting from
pedestrian walkways," Renewable
Energy, vol. 205, pp. 45-56, 2023.

L. Zhang and X. Li, "High-efficiency PZT-
based energy harvesting tiles," Smart
Materials and Structures, vol. 31, no. 4,
p. 045015, 2022.

S. Kim and J. Park, "Dielectric elastomer
generators for footwear energy
harvesting," Energy Conversion and
Management, vol. 254, p. 115214, 2022.
R. Gupta, A. Sharma, and M. Kumar,
"Miniaturized MHD generator for marine
applications," Journal of Power Sources,
vol. 501, p. 229999, 2021.

T. Chen, F. Wang, and Y. Zhou, "Reverse
electrowetting energy harvesting using
droplet-based systems," Nano Energy,
vol. 78, p. 105287, 2020.

X. Li et al., "Design and experimental

study of an electromagnetic energy

harvesting floor tile," Energy Reports, vol.

8, pp. 1902-1913, 2022.

NIATIMNTsIkazialulaggnannssy unineden1wdus U9 3 atui 3 nguaieu - fiquieu 2568

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 3 May — June 2025

[10] Q. Tang, Y. Yang, and Z. Zhang,
"Comparative analysis of energy
harvesting technologies for smart
flooring applications," Renewable
Energy, vol. 179, pp. 1958-1971, 2021.

[11] A. D. Kuo, "Energetics of walking and
running: insights from simulated reduced
gravity," Journal of Biomechanics, vol.
34, no. 2, pp. 209-216, 2001.

[12] F. F. Eves and O. J. Webb, "The energy
expenditure of stair climbing one step
and two steps at a time: estimations
from measures of heart rate," PLoS One,
vol. 3, no. 12, p. e3954, 2008.

[13] J. M. Tarascon and M. Armand, "Issues
and challenges facing rechargeable
lithium batteries," Nature, vol. 414, no.
6861, pp. 359-367, 2001.

[14] J. B. Goodenough and Y. Kim,
"Challenges for rechargeable Li
batteries," Chemistry of Materials, vol.
22, no. 3, pp. 587-603, 2010.

[15] M. S. Whittingham, "Lithium batteries
and cathode materials," Chemical
Reviews, vol. 104, no. 10, pp. 4271-
4301, 2004.

[16] B. Scrosati and J. Garche, "Lithium
batteries: Status, prospects and future,"
Journal of Power Sources, vol. 195, no.

9, pp. 2419-2430, 2010.

WALYIH WaAlemad warANe, N1T0ENLUULAYA S NTUTU M UAg AN N mmsidusenalnalamasunses



. . a = a 1Y) a ¢ aa o a
d.EI'I' NIeTIenssukazmalulaganavnssy uningtdeniwaus U9 3 atun 3 wouniau - Tguieu 2568
Joumnal of Engir

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 3 May — June 2025

and Industrial Technology

UNAUIY (Research Article)

N1309NLUULATHAILIIEUUAIANNIEDIRITLENAIUNIGLGBN
UUFIUBUMBSIIAVDIATINES

andlua guum’, way Ua3 dowmd’

L g3 IFnnssumauNmImes Audrmnssuaans dnineduwaluladsivuinarsive

* fuszaunuunanusuatu: sittichok.a@rmutsv.ac.th nsdnsi: 094-5982453
(Fuunaanu: 5 wwiey 2568; uilvunaau: 30 waunAx 2568; AeUTUUVAIY: 4 dquisu 2568)

UnAnga
luilagdunszuaunissuannunensenaniidanudidydensiianinisnsiaaeuilgauaadumdn

<
v

FaoraneliiAnanuatmiensnarndeyadidyld vuidedifnguszasdiiessnuuunasiannduluy
Fanmnedaasesfianunsaudaioulassalufi Ingldndsnumadensuiumaluladdumesidavesasnds
violelefl Wlolfinmnuazain mnuvasnis wazanuwiugilunsnTIITuInmneg sTUufuLUUUsENa UMY
ymignundn 4 da liun (1) mihedendsnuiliuunneivssgfondsnuuaendng (2) mgarugunan
ltlulasreulnsatnesdloadi-32 (3) mhenseduiianmsansiadunsiladhduaznisindeuln uas (@) mie
winfeuiidsnimnioudoaruudaioununeundinduladlaedalugd szuuldgniad waznaaoy
Tuanmwndonassmeldieuleiivernnane f7feddaililunsussdunausznoude anuudugiluns
M3933U szezlalun1IneUaLaaINITHINFeY warUseaniainlunisldndenumaion nan1snaaeanuin
sruvannsavianuldieggniestaziinuindedie Tnsanusaudaiouldegnausiugiiesas 100 uazinw
seRundanuveaunmesiifisanesonisldauluudiaz Fulnglidesiionunassrglnnieuen 9nnsinw
wandliiiuinganmnedaaiesiitiaueidnenngdlunniluvssgndldauate drsanmszlunisnadey
IannefIeAUles umazaInuazasnssunlteu waraiunsaysaunisidifuszvuaunialey
lugatagtulaegieiiusydnsam

A181AgY: Gaavuedniey Bumeiidavesassnds narnumaden stuuidufiousnlulf wadasey

N1591989UNANY: @VElya guuna wag U3 deend, "MTeeNkUULasNRILTTUUAIAYINEIRTEENAT UM LEeN
vuguBumesilaveasswds,” 1sa1simnssuuasnluladonamnssu umineraenmiaug, U 3, atuil 3, i 69-
83, 2568.




. . a = a 1Y) a ¢ aa o a
d.EI'I' NIeTIenssukazmalulaganavnssy uningtdeniwaus U9 3 atun 3 wouniau - Tguieu 2568
Joumnal of Engir

Journal of Engineering and Industrial Technology, Kalasin University, Vol. 3 No. 3 May — June 2025

and Industrial Technology

UNAUIY (Research Article)

Design and Development of a Smart Mailbox System Powered

by Alternative Energy Based on the Internet of Things

Sittichok Aunkaew'*, Natsaree !\/\ongpra1

! Department of Computer Engineering, Faculty of Engineering, Rajamangala University of Technology Srivijaya

* Corresponding Author: sittichok.a@rmutsv.ac.th, Tel: 094-5982453
(Received: April 5, 2025; Revised: May 30, 2025; Accepted: June 6, 2025)

Abstract

In the present day, the process of receiving important mail or parcels still relies heavily on
manual checking, which can lead to delays or missed information. This research aims to design and
develop a prototype of a smart mailbox that provides automatic notifications powered by alternative
energy, utilizing Internet of Things (IoT) technology to enhance convenience, security, and accuracy in
mail detection. The prototype system comprises four main modules: (1) a power supply unit utilizing
solar-charged batteries, (2) a central control unit based on the ESP32 microcontroller, (3) a sensing unit
capable of detecting mailbox openings and motion, and (4) a notification unit that automatically sends
images and alert messages via the LINE application. The system was deployed and tested in a real-world
environment under various conditions. Key performance indicators included detection accuracy,
notification response time, and energy efficiency of the alternative power source. Experimental results
demonstrated that the system operated accurately and reliably, achieving 100% notification accuracy
and maintaining sufficient battery charge for daily operation without external power sources. The findings
indicate that the proposed smart mailbox has strong potential for practical implementation. It effectively
reduces the burden of manual mail checking, enhances user convenience and security, and can be

integrated efficiently into modern smart home ecosystems.

Keywords: Smart Mailbox, Internet of Things (IoT), Alternative Energy, Automatic Notification System,
Solar Cell
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