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PREFACE

Politeknik Sultan Mizan Zainal Abidin (PSMZA) in collaboration with the
Pengarah-pengarah Polycc Zon Kelantan Terengganu, University
College TATI, Pusat Penyelidikan dan Inovasi JPPKK and Qaiwan
International University and hosted the international-level conference,
i-MaTRiX'2025 International Conference on Multidisciplinary Approaches to
TVET Research via Exposition 2025 representing a significant initiative in
bolstering the quality, visibility, and global recognition of TVET education in
Malaysia. This effort highlights the growing importance of continuous
knowledge development and impactful research dissemination within the
TVET ecosystem.

The conference functioned as a strategic platform for the exchanges of
research findings, contemporary knowledge, and innovative practices in
higher education. It provided opportunities for academicians to strengthen
their professional competencies through current scholarly insights that
contribute to effective teaching and learning enhancement. Moreover, the
dissemination of expertise and research outcomes among international
participants comprising educators, researchers, institutional leaders, and
industry practitioners elevated the credibility and academic reputation of
Malaysian scholars. Broader recognition at both national and global levels
has facilitated the expansion of collaborative networks and research
partnerships, thereby reinforcing Malaysia position within the international
higher education landscape.
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SYNOPSIS

The e-Proceedings of the i-MaTRiX’25 International Conference on
Multidisciplinary Approaches to TVET Research via Exposition 2025 is
published in conjunction with this prestigious international conference. The
conference was organised by the Research, Innovation and
Commercialisation Unit (UPIK), Politeknik Sultan Mizan Zainal Abidin
(PSMZA), and successfully held on 12 and 13 August 2025.

This publication represented a significant initiative to reinforce a high-
impact scholarly platform that enabled researchers and academicians to
disseminate their research outcomes at both national and international
levels. It demonstrated a continued commitment in advancing knowledge,
strengthening research collaboration, and fostering a dynamic and
sustainable research culture within the TVET landscape.

The e-Proceedings comprised of 116 research papers spanning six (6)
major areas encompassing Engineering and Green Technology, Industry-
Based Education, Social Science and Business in TVET, Innovation in
TVET Learning and Teaching, International Collaboration in TVET, as well
as Other Issues of Interest Related to TVET Research and Industry. The
comprehensive coverage of these domains reflected the multidisciplinary
scope and evolving demands of TVET development worldwide.

It is with confidence and eagerness that this publication will serve as an
authoritative medium for broad knowledge dissemination and contribute
meaningful and impactful insights to multiple stakeholders, thereby
enhancing the excellence of research and innovation that supports a
resilient and globally competitive TVET ecosystem.
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Opening remarks

YBHG. DATO' DR. HAJI MOHD ZAHARI BIN ISMAIL
DIRECTOR GENERAL

DEPARTMENT OF POLYTECHNIC AND COMMUNITY COLLEGE EDUCATION

(POLYCC)

From the Desk of the Director General
In the name of Allah, the Most Gracious, the Most Merciful

It gives me great pleasure to extend my warmest greetings to all participants
of the International Conference on Multidisciplinary Approaches via TVET
Research and Exposition 2025 (i-MaTRiX’25).

This international platform reflects our shared commitment to enhancing
strengthening Technical and Vocational Education and Training (TVET)
through meaningful collaboration, innovation, and global engagement. As
Malaysia continues its journey towards becoming a high-income, technology-
driven nation, strengthening TVET is not just timely, it is essential.

1-MaTRiX’25 brings together researchers, educators, industry players, and
policymakers from across the globe to exchange ideas, share best practices,
and explore solutions to real-world challenges. The conference also aligns
with the aspirations of Malaysia MADANI, particularly in empowering
human capital, promoting lifelong learning, and fostering values-driven
development.

1-MaTRiX’25 brings together researchers, educators, industry players, and
policymakers from around the world to exchange ideas, share best practices
and explore solutions to real-world challenges. This conference also aligns
with the aspirations of Malaysia MADANI- particularly in empowering
human capital, promoting lifelong learning and fostering values-driven
development.

I hope that the ideas presented, and partnerships forged during this conference
will lead to impactful changes, particularly in curriculum development,
industry collaboration, and research that benefit communities and the nation
at large.

Congratulations to Politeknik Sultan Mizan Zainal Abidin and all
collaborators for successfully elevating i-MaTRiX’25 to the international
stage. I look forward to the positive impact this conference will have on
the global TVET ecosystem.
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Opening remarks

YBRS HAJAH ZAMRA BINTI DERAHMAN

DIRECTOR
POLITEKNIK SULTAN MIZAN ZAINAL ABIDIN

Together We Build — A Warm Welcome from PSMZA
Assalamu’alaikum warahmatullahi wabarakatuh,

Greetings and warm welcome to all delegates, presenters, and guests of
i- MaTRiX’25.

It is both an honour and a joy for Politeknik Sultan Mizan Zainal Abidin to
host this prestigious International Conference on Multidisciplinary
Approaches to TVET Research via Exposition 2025. i-MaTRiX’25 is more
than just a platform for academic discussion. It is a symbol of our aspiration
to shape a future where TVET leads innovation, collaboration, and sustainable
growth.

This year’s i-MaTRiX’25 is made even more meaningful as it runs in
conjunction with the Mega Fiesta TVET 2025, a national celebration of talent,
creativity, and industry readiness among our youth. Together, these events
bring to life the spirit of TVET that is progressive, inclusive, and impactful.

As the Director of PSMZA, 1 take great pride in seeing our institution serve
as a catalyst for global exchange. With participants from various countries and
institutions, we are reminded that while our roots are local, our reach is truly
international. Through research, presentation, and dialogue, we foster new
ideas that can transform classrooms, industries, and communities alike.

Let this conference inspire new connections, bold innovations, and a renewed
sense of purpose in our work as educators and researchers. To all delegates, I
invite you to also explore the beauty and hospitality of Terengganu, where

culture meets progress.

Congratulations to the organising committee, partners, and collaborators who
have worked tirelessly to make i-MaTRiX’25 a reality.

Wishing all of you a productive and unforgettable experience at
i-MaTRiX’25.

Thank you.
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Opening remarks

YBRS DR. NORIAH BINTI ABDUL MALEK @ MALEK
ADVISOR i-MaTRiX*25
DIRECTOR POLITEKNIK MELAKA

TVET In Action! Research, Reality, And A Dash of Innovation

In Malaysia, Technical and Vocational Education and Training (TVET) is
transitioning from a knowledge-centric model to one emphasizing practical,
real-world application. Under the auspices of the Department of Polytechnic
and Community College Education (POLY CC), this initiative underscores the
conversion of research into solutions that meet the changing demands of
industry and communities. The strategy is guided by relevance, innovation,
and conformity with national development objectives. Innovation acts as the
catalyst, facilitating outputs that are practical, unique, and significant. In a
period of swift technology advancement and evolving labour requirements,
TVET is poised to spearhead the development of a talented, flexible, and
future- ready workforce.

Collaboration is a fundamental component, with partnerships between
industry and academics, as well as multidisciplinary platforms, enhancing the
TVET ecosystem. Through the integration of innovation, industrial relevance,
and community impact, POLYCC aids in the development of a competitive
and resilient Malaysia, equipped to address future problems and opportunities.
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Opening remarks

DR. AKASYAH BIN MOHD KHATHRI
PROGRAM DIRECTOR i-MaTRiX’25

Driving Innovation and Advancing TVET through Research

It is with great honour that I welcome all participants to the International
Conference on Multidisciplinary Approaches to TVET Research via
Exposition 2025 (i-MaTRiX’25). This conference reflects our shared
commitment to strengthening Technical and Vocational Education and
Training (TVET) through high-impact research, progressive innovation, and
strong knowledge exchange between institutions and industries. The presence
of distinguished scholars, educators, and collaborators from various fields
today signifies the power of collaboration in driving TVET transformation for
the benefit of our communities and the nation.

May the knowledge shared, and networks established throughout this
conference spark creative and innovative solutions that will continue to
elevate the TVET landscape at both national and international levels. Wishing
everyone a meaningful, productive, and inspiring i-MaTRiX’25.

Thank you.
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iMaTRiX’25
Politeknik Sultan Mizan Zainal Abidin, Terengganu, Malaysia. 12 — 13 August 2025

A. Engineering and Green Technology

1. A136 PERFORMANCE EVALUATION OF STATIC CONVERTER 1-8
DRIVES IN DC SHUNT-WOUND MOTOR APPLICATIONS
Raja Faraazlina binti Raja Mohamed Junior, Maizahtulakma binti Mohd
Khalid

2. Al137 PROTOTYPING HYBRID ELECTRICAL SOURCES: 9-16
METHODOLOGIES AND TESTING OUTCOMES
Faizul Bin Mohd Noor, Fatimah Rusbiaty Binti Ahmad, Masnizaimi Bin
Mamat

3. A140 STUDY OF DIFFERENCES BETWEEN MOTORS IN SERIES 17-23
COMPARED TO MOTORS IN SHUNT
Rosli Bin A.Rasid, Faizul Bin Mohd Noor, Roduan Hishambri Bin Ismail

4, Al44 ANALISIS AERODINAMIK TERHADAP KERETA  24-31
FORMULA PELAJAR
Mohd Gadaffi Bin Osman, Mohd Fais Bin Ismail, Mohammad Aizat Bin
Mohd Tajuddin

5. Al145 MESIN PENGISIAN PRA-RETORT: PEMBANGUNAN 32-37
SISTEM KECEKAPAN HABA YANG MAMPAN
Wan Mohd Rizairie Bin Wan Mohamad Noor, Mohd Gadaffi Bin Osman,
Farih Bin Deraman

6. A150 THE POTENTIALS AND IMPLEMENTATIONS OF 38-47
BIOCOMPOST IN MALAYSIA: A COMPREHENSIVE REVIEW
Idura Arniza Mohd Maidin, Mohd Hafizil Mat Yasin

7. Al155 STUDY OF BRAKING DISTANCE AND TIME 48-54

CHARACTERISTICS DURING LOW-SPEED BRAKING IN A
FORMULA SAE ELECTRIC VEHICLE

Mohammad Aizat Bin Mohd Tajuddin, Mohammad Afiqg Bin Muhammad,
Mohd Gadafi Bin Osman

8. Al156 PENILAIAN TAHAP PENGETAHUAN DAN CABARAN  55-64
PEMATUHAN STANDARD INDUSTRI PEMBINAAN CIS 22:2023
DALAM PENGGUNAAN PERANCAH DI TAPAK BINA DALAM
DAERAH DUNGUN

Nor Afzan Binti Ariffin, Nor Faizah binti Ismail

9. A167 UNIVERSAL WRENCH WITH IMPACT DRIVER (UWWID) 65-73

Somchai AL Enoi, Ahmad Fakaruddin Bin Mohd Fauzi, Zetty Rohaiza Binti
Mohd Sahak @Ishak, Yassin Chow Chun Yin
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

A175 KESEDIAAN PELAJAR MENGGUNAKAN KECERDASAN
BUATAN (A) DALAM PEMBANGUNAN PROJEK AKHIR DI
JABATAN TEKNOLOGI MAKLUMAT & KOMUNIKASI
POLITEKNIK SULTAN MIZAN ZAINAL ABIDIN

Nor Syahadataini Binti Awang, Norhayati Saa'dah Binti Che Abd Razak
A177 ENHANCING HARVEST PERFORMANCE: AN
INNOVATIVE APPROACH TO FRUIT PICKER DESIGN

Suzilawati Binti Alias, Siti Aishah Wahid, Sullyfaizura Mohd Rawi

A178 AN IOT-BASED AUTOMATED CAR LIFT SYSTEM WITH
REAL-TIME MONITORING VIA BLYNK AND OLED DISPLAY
Wan Rizegillah Binti Hj Abdul Wahid, Nor Adillah Binti Ahmad Mazlan
A180 KAJIAN ANALISIS ALIRAN TRAFIK DAN KITARAN MASA

DI PERSIMPANGAN JEJAMBAT PERSIARAN UTAMA,
SEREMBAN 2

Nurul Qamar bin Hazni, Suriah binti Mohamad, Amran bin Asan, Munshi
Bin Hashim

A182 PENGINTEGRASIAN PENDIDIKAN ALAM SEKITAR
DALAM KURIKULUM: IMPLIKASINYA TERHADAP TABIAT
HARIAN DAN TINGKAH LAKU LESTARI PELAJAR

Nur Fadzillah Binti Hussin, Hasliza Binti A Rahim @ Abd Rahman, Azlin
Binti Yajid

A184 TURN OFF SIGNAL ALERT SYSTEM

Mohd Zulkarnaen Mohd Ibrahim, Mazyan Yahaya, Norsa’aidah Sa’aid
A186 SBR LATEX ADMIXTURE: EFFECTS ON SOUND, WATER
ABSORPTION AND STRENGTH OF CONCRETE

Amran Bin Asan, Nurul Qamar Bin Hazni

A187 CONSTRUCTION SITE ACCIDENTS: ROOT CAUSES

Amran Bin Asan, Nurul Qamar Bin Hazni

A191 REVIEW OF REVOLUTIONIZING BIOFUEL
PRODUCTION: SUSTAINABLE METHODS FOR CONVERTING
WASTE COOKING OIL INTO BIODIESEL

Ts. Muhd Hasanul Isyraf Bin Mat Junoh, Ts. Dr. Mohd Hafizil Bin Mat
Yasin, Mohd Rosdi Salleh, Akasyah bin Mohd Khathri
A192 DEVELOPMENT OF MINI ELECTRIC VEHICLE (EV)

Ts. Muhd Hasanul Isyraf Bin Mat Junoh, Rosli Abdul Aziz,
Mohd Sallehin Jusoh

74-81

82-87

88-96

97-104

105-113

114-118

119-128

129-136

137-152

153-165
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20.

21.

22.

23.

24.

25.

26.

27.

28.

A193 DIGITAL TRANSFORMATION IN ROOM MANAGEMENT:
DEVELOPMENT OF A WEB-BASED BOOKING SYSTEM

Nur Syarafina Binti Abdul Rahman, Zainal Fitri Bin Mohd Zolkifli,
Liyana Binti Mat Rani

A199 MECHANICAL PROPERTIES OF PREPREG GLASS FIBRE
REINFORCED POLYESTER COMPOSITE

Khairul Faizal Bin Abdul Hamid, Mohd Azizee Bin Sukor

A203 HYDRAULIC REHABILITATION CHAIR: A SUPPORTIVE
SOLUTION FOR PATIENT RECOVERY

Mohd Fauzi bin Derani, Muhammad Sufi bin Osman, Nurul Najihah binti
Basri

A204 BUMBUNG LESTARI: APLIKASI SERAT SABUT KELAPA
DALAM GENTING UNTUK PENURUNAN SUHU

Rahayu Binti Mhd Adnan, Mohamad Khairi bin Mat Yaacob, Mohd
Shahrezal bin Abd Hamid

A207 T1OT-BASED HUMIDITY-CONTROLLED STORAGE FOR
CAMERA GEAR PROTECTION

C T Salwaniee Binti Bahayahkhi, Roslinda binti Mohd Sidek, Wee Siuw Sia

A210 ILLUMINATED PEDESTRIAN CROSSWALK
Sivanandan A\/L Balakrishnan, Darshini A\/P Ganesan

A213 KAJIAN SIFAT ANTI-KAKISAN SALUTAN KOMPOSIT
GRAFENA/FOSFORENA-POLYANILINE (PANI) PADA KELULI
LEMBUT

Abdullah Bin Hamat, Wan Mohd Rizairie Bin Wan Mohamad Noor,
Normi Bin Muhamad

A214 KAJIAN PENILAIAN INDEKS KETIDAKSELESAAN
TERMAL DI BILIK DARJAH BAGI BANGUNAN
BERKONSEPKAN KONVENSIONAL DAN SISTEM BINAAN
BERINDUSTRI (SISTEM KONKRIT PRATUANG) DI SEKOLAH
KEBANGSAAN SURA, DUNGUN, TERENGGANU

Nor Afzan Binti Ariffin, Mohd Anuar bin Mohd Bunyami, Zaiton binti
Ibrahim

A221 KEBERKESANAN JERAMI PADI SEBAGAI BAHAN
TAMBAH DALAM PENGHASILAN BATA TURAP: ANALISIS
KEKUATAN MAMPATAN DAN DAYA SERAPAN AIR

Mohamad Khairi Bin Mat Yaacob, Rahayu Binti Mhd Adnan, Mohd
Shahrezal Bin Abd Hamid
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29.

30.

31.

32.

33.

34.

3S.

36.

A222 COMPRESSIVE STRENGTH AND WATER ABSORPTION
OF MORTAR USING WINDSCREEN GLASS WASTE POWDER
(WGWP) AS A SUSTAINABLE SAND REPLACEMENT

Ts. Dr. Nik Anisah binti Nik Ngah, Wan Noraida binti Wan Musa,
Rahayu binti Mhd Adnan

A226 FLEXURAL BEHAVIOR OF TIN SLAG POLYMER
CONCRETE UNDER THREE-POINT BENDING: AN
EXPERIMENTAL STUDY

Muhamad Soffi Manda, Ahmad Zaifazlin Zainordin, Alif Zulfakar Pokaad

A228 A WEB-BASED APPLICATION FOR MANAGING
CONTRACTOR WORK PERMITS IN COMPLIANCE WITH MS
ISO 45001:2018

Nur Syarafina Binti Abdul Rahman, Zainal Fitri Bin Mohd Zolkifli, Mazlina
Binti Mustapha

A232 INNOVATIVE DESIGN AND DEVELOPMENT OF
ELECTRICAL SYSTEM FOR FRATEC EV RACE CAR

Wan Mohd Rizairie Bin Wan Mohamad Noor, Mohd Asmedi Bin Yaacob,
Mohd Farid Abd. Sallam

A235 PENDEKATAN BURSA-WOLF DALAM PENUKARAN
KOORDINAT DAN TRANSFORMASI DATUM UNTUK
KEGUNAAN GEODETIK DAN PEMETAAN

Asrul Bin Zakaria

A236 '"SMART COMFORT": REKA BENTUK DAN
PEMBANGUNAN PENYOKONG LENGAN MEJA SECARA
ERGONOMIK MENGGUNAKAN PERISIAN CATIA V5R21

Ainul Azniza, Norwadiah Mohd Andai, Noraini Mohd Baidui, Nor Hamidah
Yatim

A239 AUTOMATED FOOD PACK COUNTING SYSTEM USING
ESP32 WITH THINGS SPEAK MONITORING

Normala Binti Ahmad, Nik Saifudin Bin Nik Md Salleh, Nur Qistina Binti
Abdullah

A242 ANALISIS TERHADAP KEKUATAN BATA SIMEN
KOMERSIAL DARI PENGELUAR TEMPATAN DI DUNGUN,
TERENGGANU.

Nik Saifudin Bin Nik Md Salleh, Izham Bin Wahab (@, Hassan Basari,
Normala Binti Ahmad
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256-267

268-275

276-286

287-294
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37.

38.

39.

40.

41.

42.

43.

44.

45.

A243 EFFECT OF TIO: NANOFLUID QUENCHING ON MILD
STEEL MECHANICAL PROPERTIES

Emilawati Binti Othman, Radhiyah binti Abd Aziz

A244 ANALISIS PENERIMAAN TEKNOLOGI SILENT PILING DI
KALANGAN JURUTERA PERUNDING DI MALAYSIA

Zaiton Binti Ibrahim, Mohd Ridzuan Bin Zainordin, Nor Faizah Binti Ismail

A245 KEPENTINGAN TEKNOLOGI HIJAU DI DALAM
MENYOKONG PEMBANGUNAN MAMPAN BAGI SEKTOR
PEMBINAAN DAN ALAM SEKITAR

Raja Noor Alina Binti Raja Ali, Nor Hayati Binti Ab. Rahim

A246 S-PARCEL MAILBOX WITH PRINTED DELIVERY
RECEIPT

Roslinda Binti Mohd Sidek, Wan Haslinda Binti Wan Mohamad

A255 NUMERICAL STUDY OF AIR FLOW EFFICIENCY IN
FILTER ASSEMBLIES USING COMPUTATIONAL FLUID
DYNAMIC

Khairul Faizal Bin Abdul Hamid, Amizan Bin Abdullah, Farah Sofhia Binti
Mohd Zin

A256 DESIGN AND FABRICATION OF A LOW-COST MINI PIN-
ON-DISC TRIBOLOGY MACHINE FOR TVET APPLICATIONS

Mohamad Redhwan bin Abd Aziz, Wan Zulkarnain bin Othman, Kharudin
bin Ali, Ahmad Joraimee bin Mohamad, Muhammad Aminullah bin Abdul
Rahman, Muhammad Aqil Faris bin Mazuki Sharif bin Mohd Zaki, Anwar
Ilmar Ramadhan

A264 THE DEVELOPMENT OF A LONG FRIES PRODUCTION
MACHINE AND ITS SUITABILITY

Mohamad Hanifah Bin Abd Ghani, Che Ku Ihsan Bin Che Ku Abdul Satar,
Mohd Shazwan Bin Dahlan

A265 KAJIAN AWAL PERBANDINGAN TEKNOLOGI TENAGA
SURIA DAN APLIKASI OPTIMUMNYA DI MALAYSIA

Ainul Azniza Ahmad Zaini, Noraini Mohd Baidui, Nor Hamidah Yatim,
Norwadiah Mohd Andai, Muhammad Nabil bin Norazman, Mohamad
Ammir Ibtisham

A271 DEVELOPMENT OF A SELF-ACTIVATE RCCB FOR
SINGLE PHASE DOMESTIC WIRING SYSTEM USING ARDUINO
UNO

Mohd Abdullah Sahira Bin Junoh, Norhamiza Binti Mohd Nor
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46.

47.

48.

49.

50.

51.

52.

A272 A SMART IOT-ENABLED RFID DOOR LOCK SYSTEM FOR
SECURING RENTAL HOMES

Mohd Abdullah Sahira Bin Junoh, Norhamiza Binti Mohd Nor

A278 PENILAIAN KEBOLEHDAPATAN KERJA GRADUAN
DIPLOMA TEKNOLOGI MAKLUMAT BERDASARKAN
MAKLUM BALAS ALUMNI

Nor Syahadataini Binti Awang, Fauziah Binti Basok, Nor Zilaila Binti Jaafar

A282 BATA SIMEN DIUBAHSUAI DENGAN ABU SEKAM PADI

Mohd Shahrezal Bin Abd Hamid, Rahayu Binti Mhd Adnan, C T Salwaniee
Binti Bahayahkhi

A290 INTEGRATION OF SAFETY, DIAGNOSTICS, AND CAN
COMMUNICATION IN EV MOTOR MC3336 CONTROLLERS: A
CASE STUDY

SM Rosdi, A Muadz A Rahim, Asrudin Mat Ali, Rosli A Rasid, M Asmedi
Yaacob, M Hasanul Isyraf M Junoh

B. Industry-Based Education

B188 KAJIAN PENCAPAIAN OBJEKTIF PENDIDIKAN
PROGRAM (PEO) BERDASARKAN KURIKULUM 2014 BAGI
DIPLOMA KEJURUTERAAN MEKATRONIK DI POLITEKNIK
SULTAN MIZAN ZAINAL ABIDIN (PSMZA)

Mohd Fadrul Rizal Bin Ab Rahim, Mohd Farid Bin Abdul Sallam, Farih Bin
Deraman

B208 STOCHASTIC MULTIOBJECTIVE OPTIMIZATION OF
CURRYPUFF PRODUCTION IN SMES USING GREY WOLF
ALGORITHM WITH INFLATION AND MAINTENANCE COST
INTEGRATION

Ahmad Zairi Bin Mohd Zain, Mokhtar Bin Hashim, Sharmiza Binti
Kamaruddin, Mohamed Noor Azman Bin Bidin, Akbar Khan Bin Mohd
Hassan

B270 ASSESSING STAFF VEHICLE READINESS AND
EFFECTIVENESS OF THE 33-POINT CAR INSPECTION
TRAINING: A CASE STUDY AT A MALAYSIAN TVET
INSTITUTION

Sullyfaizura Binti Mohd Rawi, Nor 'Amirah Binti Talib, Habibah Binti
Remeli
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53.

54.

55S.

56.

57.

58.

59.

60.

B275 PERANAN TAHAP KEMAHIRAN ALGEBRA TERHADAP
KEBERKESANAN PEMBELAJARAN MATEMATIK DALAM
BIDANG TEKNOLOGI MAKLUMAT DI POLITEKNIK SULTAN
MIZAN ZAINAL ABIDIN

Nadiana Binti Ariffin, Shahrah Binti Hamat, Nor Baiyyah Binti Mohd Nor
Saidi

B276 ANALISIS KEBERKESANAN PENGUASAAN MATEMATIK
DISKRET TERHADAP PEMAHAMAN ALGORITMA DAN
STRUKTUR DATA DALAM KALANGAN PELAJAR DIPLOMA
TEKNOLOGI MAKLUMAT DI POLITEKNIK

Nadiana Binti Ariffin, Shahrah Binti Hamat, Wan Mohd Zawawi Bin Wan
Yunus

C. Social Science and Business in TVET

C139 PERBEZAAN AMALAN KEAGAMAAN DAN KARAKTER
POSITIF MENGIKUT TAHUN PENGAJIAN: KAJIAN TERHADAP
PROGRAM IHYA RAMADHAN DI PSMZA

Abdullah Bin Dazid (@ Ab Aziz, Wan Mohd Rizaire bin Wan Mohamad Noor,
Muhammad Sofiyuddin bin Zakaria

C146 TRANSFORMASI PENTAKSIRAN DALAM PENDIDIKAN
TINGGI: PERBANDINGAN ANTARA BIDANG KEJURUTERAAN
DAN BUKAN KEJURUTERAAN

Zurina bt Ismail, Norazmira Wati Awang, Nik Faizu bin Nik Kundor

C149 KEFAHAMAN MAKSUD BACAAN DALAM SOLAT
MENERUSI INFOGRAFIK

Norita Binti Abd Aziz, Siti Khatijah Binti Said, Wan Khairuni Binti Wan
Jusoh

C152 THE SIGNIFICANT RELATIONSHIP BETWEEN ENGLISH
LANGUAGE ANXIETY AND WILLINGNESS TO COMMUNICATE
AMONG THE STUDENTS AT POLITEKNIK HULU TERENGGANU

Maizan Binti Mohamad
C153 THE SIGNIFICANT DIFFERENCE IN LANGUAGE

ANXIETY BASED ON GENDER IN ENGLISH LANGUAGE
CLASSROOM AT POLITEKNIK HULU TERENGGANU

Maizan Binti Mohamad
C154 TEKNIK AMALI SOLAT DAN PEMAHAMAN MAKSUD

BACAAN DALAM SOLAT PARA PELAJAR DI POLITEKNIK
SULTAN MIZAN ZAINAL ABIDIN

Mohd Zahari Bin Yusoff, Mohd Hisham Bin Md Said
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61.

62.

63.

64.

65.

66.

67.

68.

69.

C165 KESEDIAAN PELAJAR DALAM MENGHADAPI
PEMBENTANGAN PROJEK AKHIR DI POLITEKNIK

Norwadiah Binti Mohd Andai, Noraini Binti Mohd Baidui, Nor Hamidah
Binti Yatim

C166 LONG LIFE LEARNING TVET COURSE
IMPLEMENTATION IN POLITEKNIK KUALA TERENGGANU

Nadiyatul Akmar Binti Abdul Latif

C168 TAHAP KEFAHAMAN, AMALAN DAN PERSEPSI
PELAJAR PEREMPUAN MUSLIM POLITEKNIK SULTAN MIZAN
ZAINAL ABIDIN MENGENAI KEWAJIPAN MENUTUP AURAT

Mohd Hisham Bin Md Said, Zulkurnain Bin Hassan

C170 KEBERKESANAN PROGRAM 1L5SG DI POLITEKNIK
TERHADAP KEBOLEHPASARAN GRADUAN

Syahieda Binti Zakaria, Zukia Aniza Binti [brahim

C171 FAKTOR - FAKTOR PEMILIHAN KERJAYA BIDANG
KEUSAHAWANAN DALAM KALANGAN PELAJAR POLITEKNIK

Syahieda Binti Zakaria, Zarina Binti Musa

C172 SURVEY ON LONG LIFE LEARNING TVET COURSE
OPTIONS AMONG STUDENTS OF POLIKTEKNIK KUALA
TERENGGANU

Nadiyatul Akmar Binti Abdul Latif

C179 KEBERKESANAN PROGRAM POLIPRENEUR DALAM
MELAHIRKAN USAHAWAN TVET YANG HOLISTIK DI
POLITEKNIK SULTAN AZLAN SHAH

Ariff Farhan Bin Ibrahim, Nur Amalina Binti Shaharudin, Mohd Khairul
Anuar Shah Bin Hassan

C195 KAJIAN PENCAPAIAN PELAJAR BAGI KURSUS DCC40163
THEORY OF STRUCTURE, JABATAN KEJURUTERAAN AWAM,
POLITEKNIK SULTAN MIZAN ZAINAL ABIDIN:
PERBANDINGAN ANTARA PENILAIAN BERTERUSAN DAN
PEPERIKSAAN AKHIR

Nor Faizah binti Ismail Normawati binti Abdul Rahman, Zaiton binti
Ibrahim

C197 MOTIVATIONAL DRIVERS FOR HIKING AMONG
STUDENTS OF POLITEKNIK HULU TERENGGANU

Nur Alia Binti Zakri, Dr Siti Aishah Binti Edros, Izyan Sabihah Binti Zahari,
Dr Mohd Rahimi Bin Abdul Rahim
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70.

71.

72.

73.

74.

75.

76.

77.

C202 MINAT PELAJAR POLITEKNIK SULTAN SALAHUDDIN
ABDUL AZ1Z SHAH TERHADAP SUKAN MASSA

Mohd Fauzi bin Derani, Noor Hayati binti Mat Taib, Wahida binti Mohamad
Noor

C211 KAJIAN KOMPETENSI PENDIGITALAN DAN AUTOMASI
BAGI REVOLUSI PERINDUSTRIAN 4.0 DALAM KALANGAN
PENSYARAH POLITEKNIK MALAYSIA

Abdullah Bin Hamat, Wan Mohd Rizairie Bin Wan Mohamad Noor,
Roshaizul Nizam Bin Mohd Sani

C224 EXPLORING THE MARKET POTENTIAL AND
CONSUMER PREFERENCES OF GENERATION Z FOR FASHION
APPAREL FEATURING SARAWAK HERITAGE BEADS

Marlia Binti Marzuki, Danisha Sofea Binti Ismail, Muhammad Azrul Afig
Bin Tabi @ Taib

C225 KAJIAN PENCAPAIAN PELAJAR DALAM MATEMATIK
KEJURUTERAAN 2 DAN MATEMATIK KEJURUTERAAN 3

Nasrah Binti Said, Nadiana Binti Ariffin, Natrah Binti Sahi

C227 KAJIAN KKP DI SEKTOR TVET: MENILAI KESEDARAN,
SIKAP, DAN PEMATUHAN PPE DALAM KALANGAN STAF
POLITEKNIK

Mohammad Aizat Bin Mohd Tajuddin, Wan Mohd Rizairie Bin Wan
Mohamad Noor, Wan Haminudin Bin Wan Hassan

C237 KAJIAN TERHADAP CIRI-CIRI, MINAT DAN KEYAKINAN
KEUSAHAWANAN PASTRI DALAM KALANGAN PELAJAR
SEMESTER AKHIR SIJIL PASTRI KOLEJ KOMUNITI JELI
UNTUK MENCEBURI PERNIAGAAN PASTRI SELEPAS TAMAT
PENGAJIAN

Rodiah binti Ismail, Mohd Shaifullah bin Mohd Daud, Roswati binti Md Zain

C240 KEBERKESANAN PROGRAM KEUSAHAWANAN DALAM
MENINGKATKAN KEMAHIRAN DALAM KALANGAN PELAJAR
KOLEJ KOMUNITI KUANTAN

Shahrizal bin M.Yasin, Asmawi bin Muda @ Othman
C262 KHASIAT MAKANAN BERWARNA HIJAU DALAM

KONTEKS PEMAKANAN RASULULLAH S.A.W DAN TERAPI
ALAM MELAYU

Che Nor Kharsiah binti Yasin, Noli binti Kasim
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78.

79.

80.

81.

82.

83.

84.

8s.

86.

C263 EMPOWERING FUTURE TALENT: STUDENTS'
PERCEPTION AND SATISFACTION TOWARDS UPSKILLING
PROGRAMS AT POLITEKNIK BALIK PULAU

Asnidatul Adilah Ismail, Wan Haniza Wan Hassim, Nurul Kamilah Masnan
C283 MEMPERKASA BUDAYA KESELAMATAN: IMPAK

LATIHAN KKP KOMPREHENSIF TERHADAP STAF AKADEMIK
POLITEKNIK

Lidyanur Abdul Mutahar, Norazmira Wati Awang, Wan Mohd Rizairie Wan
Mohamad Noor

C287 KEBERKESANAN TEKNIK SCAFFOLDING SECARA
BERKUMPULAN DALAM MENGHASILKAN E-FOLIO PELAJAR
DI POLITEKNIK

Norita Binti Abd Aziz, Siti Khatijah Binti Said, Rosmani Binti Husain
D. Innovation in TVET Learning and Teaching
D169 TVET INNOVATION: LINE FOLLOWER ROBOT

PROGRAMMING APPROACH USING EXCEL PLATFORM

Mohd Fadrul Rizal B. Ab Rahim, W. M. Rizairie B. W. Md. Noor,
Farih B. Deraman

D181 PERISIAN DINAMIK KETEBALAN TURAPAN JALAN:
PENDEKATAN BAHARU DALAM PENGAJARAN PAVEMENT
ENGINEERING.

Suriah binti Mohamad, Nurul Qamar bin Hazni, Amran bin Asan

D185 DEVELOPMENT OF AUTOMOTIVE ALTERNATOR TEST
BENCH

Zetty Rohaiza Binti Mohd Sahak @ Ishak, Ahmad Fakaruddin Bin Mohd
Fauzi, Muhammad Faiz Bin Abdullah

D189 INOVASI ALAT ANGKAT BERODA UNTUK BUGGY
ELEKTRIK FORMULA PELAJAR

Amie Irmanizam Bin Ismail, Mohd Gadaffi Bin Osman, Mohd Fais Bin
Ismail

D190 INOVASI TROLI PENGANGKUT BATERI BUGGY
ELEKTRIK

Mohd Rosdi Bin Yusoff, Mohd Fais Bin Ismail, Rosli Bin Abd Aziz

D194 USING Al CHATBOTS TO DELIVER JUST-IN-TIME

TRAINING ON INDUSTRY-RELEVANT TECHNICAL SKILLS IN
MALAYSIAN TVET PROGRAMS

Zainal Fitri bin Mohd Zolkifli, Nur Syarafina binti Abdul Rahman
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87.

88.

89.

90.

91.

92.

93.

94.

D196 KAJIAN KEBERKESANAN PEMBANGUNAN PROTOTAIP
MESIN PENGACUAN SUNTIKAN PLASTIK (INJECTION
MOULDING) UNTUK DEMOSTRASI KURSUS BENGKEL DI
POLITEKNIK MERLIMAU MELAKA

Nor Azrin Binti Nozmi, Jannatunnaim Binti Harun, Nasrah Binti Mahmud

D215 TRANSFORMASI DIGITAL PENGURUSAN AKTIVITI
PELAJAR MELALUI PEMBANGUNAN SISTEM BERASASKAN
WEB

Norhayati Sa'adah Binti Che Abd Razak, Nor Azlina Binti [brahim

D216 FAKTOR-FAKTOR YANG MENDORONG PELAJAR
SEMESTER 2 KOLEJ KOMUNITI ROMPIN MEMILIH BIDANG
TEKNIK DAN VOKASIONAL SEBAGAI LALUAN KERJAYA

Sahairil Azlan bin Sahidun, Noor Haslinda binti Zainoldin, Onn bin
Ahmad@Jusoh

D217 NEEDS ANALYSIS FOR DEVELOPING AN INTERACTIVE
E-GLOSSARY IN A CONSUMER BEHAVIOR COURSE

Marlia Binti Marzuki, Hairulhana Binti Zawawi

D249 REKA BENTUK DAN PENILAIAN MEJA BELAJAR PINTAR
SEBAGAI ALAT BANTU PENGAJARAN DALAM SUBJEK
INDUSTRIAL AUTOMATION

Jannatunnaim Binti Harun, Nor Azrin Binti Nozmi, Gwee Chiou Chin

D250 EFFECTIVENESS OF DATABASE WITH AUTOMATION
APPS USING APPSHEET FOR CONTROLLING ATEC
(AUTOMATIVE TECHNOLOGY CENTRE) DATA

Habibah Binti Remeli, Nor 'Amirah Binti Talib, Ts. Sully Faizura Binti Mohd
Rawi

D251 PENGINOVASIAN ALAT REKOD KUNCI PEJABAT BAGI
MENINGKATKAN KEBERKESANAN PENGURUSAN KUNCI DI
JABATAN KEJURUTERAAN MEKANIKAL, POLITEKNIK
MERLIMAU MELAKA

Nur Rafigah Rosli, Gwee Chiou Chin, Jannatunnaim Harun
D259 DEVELOPING 'THE ELECTRONIC SENSES': AN

INNOVATION ON MICRO-CREDENTIAL DESIGN AND
IMPLEMENTATION USING MOODLE

Roshaizul Nizam Bin Mohd Sani, W.M Rizairie Bin W. Md. Noor, Abdullah
Bin Hamat
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96.

97.

98.

99.

100.

101.

D260 AN INNOVATION OF ECO FLOW POWER MAX TO
GENERATE VOLTAN WITH INTERNET OF THING (I10T)

Habibah Binti Remeli, Nor 'Amirah Binti Talib
D266 FROM THEORY TO PRACTICE: DESIGNING A STEM-

BASED IOT HYDROPONIC MODULE FOR ENHANCED STUDENT
LEARNING

Maizahtulakma Binti Mohd Khalid, Ahmad Ibrahim bin Azahari,
Muhammad Yusuf bin Mazlan

D273 PEMBANGUNAN KIT PEMBELAJARAN 4-BIT
ASYNCHRONOUS COUNTER

Samsiah Binti Samsudin, Norfadhilah Binti Hasan, Azlin Binti Yajid

D285 MODEL PEMUPUKAN BUDAYA INOVASI DI KOLEJ
KOMUNITI KOK LANAS: ANALISIS PROGRAM STUDENT
LECTURER INNOVATION COMPETITION (SLIC) 4.0

Nor Hasnita Binti Nawi, Noor Azah Binti Mohd Nor, Mohd Nizat Bin
Abdul Kadir

E. International Collaboration in TVET

E252 ANALISIS PERBANDINGAN KEMAHIRAN KOMUNIKASI
DAN KECEKAPAN ICT MELALUI PENDEKATAN
KOLABORATIF PSH RENTAS NEGARA

Rosniza Binti Ramli, Fatimah Rusbiahty Binti Ahmad, Nor Hafizah Binti Che
Hassan

F. Other Issues of Interest Related to TVET Research and
Industry

F138 EFFICIENT ONLINE FOOD ORDERING SOLUTION FOR
SULTAN MIZAN ZAINAL ABIDIN POLYTECHNIC'S KAMSIS
CAFETERIA

Faizul Bin Mohd Noor, Zuraini Binti Abdul Rajab, Mazudi Bin Ramthan

F142 STUDY OF OSH AWARENESS AND ATTITUDES AMONG
PSMZA STAFF AND STUDENTS: A POST-EVENT STUDY

Wan Mohd Rizairie Bin Wan Mohamad Noor, Mohd Gadaffi Bin Osman,
Mohd Shahrezal Bin Abd Hamid
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102.

103.

104.

10S.

106.

107.

108.

F143 ANALISIS FAKTOR-FAKTOR YANG MEMPENGARUHI
AMALAN KESELAMATAN DAN PENGGUNAAN PERALATAN
PELINDUNG DIRI DALAM KALANGAN PELAJAR PSMZA

Mohd Hafiz Bin Muda, Muhammad Farhan Bin Ramlan, Mohammad Aizat
Bin Mohd Tajuddin, Wan Mohd Rizairie Bin Wan Mohamad Noor
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Abstract

This paper presents a detailed evaluation of how static converter drives perform when used with DC shunt-wound
motors, focusing on their operation within the first quadrant. The research investigates how controlled full-wave
rectifiers enable accurate regulation of speed and torque in forward motor operation. The experimental findings reveal
that providing a positive voltage exceeding the motor's back electromotive force (EMF) is essential for sustaining a
steady positive current flow. This condition enables efficient conversion of electrical energy into mechanical energy,
which is essential in this operational mode. The analysis includes real-time data observations, waveform patterns,
and the effects of controlling the phase angle on motor performance. The study suggests future research should
explore control across all operational quadrants, advanced modulation techniques, and how these drive systems can
integrate with renewable energy sources.

Key Words: Direct Current Shunt-Wound Motor, Static Power Electronic Drives, Controlled Rectification, First Quadrant
Operation, Motor Operating Modes, Unidirectional Power Flow

1.0 Introduction

Direct Current Shunt-Wound Motor continues to be a fundamental element in various industrial
and automation sectors, valued for their natural ability to control speed and their impressive
efficiency traits. The use of static converters is essential in contemporary power electronics,
allowing for the transformation of AC power into regulated DC power. Within this category,
single-phase full-wave rectifiers are especially common due to their affordability and their
compatibility with numerous low-power motor uses.

A full-wave rectifier operates by transforming an alternating current (AC) signal into a
pulsating direct current (DC), which guarantees a constant flow of current in one direction. This
one-way current flow is inherently compatible with the demands of first quadrant motor operation,
where both voltage and current are positive, leading to unidirectional power transfer and
consistent torque generation in DC shunt-wound motors. This research specifically focuses on
experimental investigations within this first quadrant, signifying a critical operational zone
suitable for applications demanding consistent, unidirectional power transfer.

This paper thoroughly examines the performance of a full-wave rectifier-based static converter
in controlling DC shunt-wound motors. This investigation focus on achieving precise speed
control through phase angle modulation, a key technique for regulating the output voltage of the
rectifier and, consequently, the motor's speed and torque. Understanding the dynamics of these
systems within the first quadrant is crucial for optimizing energy conversion and ensuring reliable
motor performance in industrial settings.

2.0 Objectives

The primary aims of this study are as follows:

1. To design and assemble a one-quadrant static converter circuit integrated with a DC shunt-
wound motor.
ii.  To measure the circuit’s output voltage and current using a multimeter, and to determine the
motor speed by employing a tachometer.
iii.  To examine and analyze the operational characteristics of the DC motor within the first
quadrant.
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2.1 Relevance of the Study

This research is significant due to its comprehensive examination of static converter drives as
applied to DC shunt-wound motors, specifically within the forward motoring (first quadrant)
operational mode. It highlights how static converters enable precise speed regulation, stable
torque attributes, and improved energy efficiency during standard forward operations. The
knowledge derived from this investigation aids in optimizing drive performance and enhancing
dependability in diverse industrial environments. Moreover, this inquiry lays the groundwork
for future advancements in control methodologies, consequently boosting the efficiency of DC
shunt-wound motors in applications requiring smooth and robust forward motion.

2.2 Related Research

Modern power electronics fundamentally relies on static converters, devices instrumental in
the effective conversion of electrical energy across various forms, such as alternating current
(AC) to direct current (DC) or vice versa, without requiring mechanical rotation. These
adaptable circuits are indispensable across a broad spectrum of industrial and consumer
applications, spanning from advanced power supplies and emerging renewable energy
solutions to standard motor drive systems. In the voltage-current domain, first-quadrant
operation is defined by both positive applied voltage and positive resulting current. This
inherent characteristic guarantees a unidirectional power flow from the converter to the
connected load.

The importance of static converters operating within the first quadrant is particularly evident
when power transfer occurs exclusively from the source to the load. A prime illustration of this
operational mode is observed in DC shunt-wound motor drive systems. In these setups, the
static converter supplies a positive voltage to the motor's armature; when this voltage surpasses
the motor's back electromotive force (EMF), a positive current begins to flow. This precisely
regulated current ultimately facilitates efficient conversion of electrical energy into mechanical
energy and ensures the desired forward rotation of the motor shaft. Sustaining consistent
positive voltage and current during this operation is vital for predictable motor performance
and effective energy transfer.

For optimal control and performance within a DC shunt-wound motor drive system,
deliberate operation of the motor within the first quadrant (characterized by positive voltage
and positive current) is indispensable. When the motor receives a positive voltage supply that
consistently surpasses its internally generated back EMF (V>EDb), a regulated positive current
(Ia) enters the armature winding. This current, acting in concert with the motor's magnetic
field, produces the necessary electromagnetic torque to overcome both load and inertial forces,
thereby enabling the motor to transform the electrical energy from the static converter into
useful mechanical energy for driving an attached load. This foundational principle is crucial
for the effective operational and control methodologies employed throughout numerous
industrial applications.

Furthermore, continuous advancements in power semiconductor devices, including
Insulated Gate Bipolar Transistors (IGBTs) and MOSFETs, have significantly enhanced the
precision and efficiency of static converters, allowing for improved regulation of motor speed
and torque parameters. The inherent advantages of static converters, such as their compact size,
reduced maintenance requirements, and heightened reliability compared to rotating
alternatives, solidify their position as the preferred choice for modern motor drive systems.
This investigation aims to further examine these crucial interactions, specifically exploring
how controlled modulation of the static converter, such as phase angle control, improves the
operation of DC shunt-wound motors within this vital first quadrant of performance
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3.0 Methodology

This section describes the systematic processes employed to assess the operational attributes of
static converter drives when coupled with a DC shunt-wound motor, particularly focusing on their
behavior within the first quadrant. The methodology encompasses a description of the
experimental configuration, the procedures for collecting data, and the analytical techniques
applied to ascertain the system's efficiency and overall performance.

3.1 Test Bench Description

The experimental setup for the direct current (DC) system involved integrating a static
converter with a shunt-wound motor. The basic construction of a shunt-wound motor consists
of a stator housing the field (excitation) winding and a rotor (armature) equipped with armature
windings and a commutator. In this configuration, the DC shunt-wound motor included
supplementary windings for both commutation and magnetic field compensation. The armature
current flows through these additional windings, which help correct distortions in the magnetic
field caused by load variations. The motor was arranged as a separately excited type, connected
to an independent voltage source that ensures the excitation current (IE) maintains a stable
magnetic flux (OE).

Besides its function as a prime mover driving mechanical loads during motor operation, the
DC shunt-wound motor can also act as a generator when mechanical energy drives it, allowing
power flow back to the source. Moreover, it can rotate in both clockwise and counterclockwise
directions.

This investigation focused on evaluating the behaviour of static converter drives coupled
with a DC shunt-wound motor functioning within the first quadrant of operation, as illustrated
in Figure 1. The system configuration comprised the DC shunt-wound motor, a static converter
employing a full-wave controlled rectifier, a control circuit using pulse-width modulation
(PWM) techniques to adjust the firing phase angle, and several measurement tools including
digital multimeters, oscilloscopes, and tachometers.

Figure 1: Experiment Setup for Static Converter Drives with DC Shunt-Wound Motor

Significantly, the DC shunt-wound motor's functioning was exclusively concentrated within
the first quadrant. During this operational state, the delivered voltage is positive and exceeds
the motor's back electromotive force (EMF), which induces a positive current to flow into the
motor. As a result, the motor consumes electrical energy from the power source, converting it
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into mechanical energy to drive the attached mechanical load. Given that both the current and
voltage remain positive, the power produced is also positive. Furthermore, this quadrant is
distinguished by positive speed and torque, prompting the motor to rotate in a forward direction

4.0 Analysis of Experimental Data

The information gathered was later processed to pinpoint several key characteristics:

a) The observed voltage waveform within the DC shunt-wound motor.

b) The controlled adjustment of the rectifier's stability limit, designated as aG.

c¢) The determination of the operational mode.
The methodological approach previously described formed a structured basis for exploring static
converter drives that operate DC shunt-wound motors within the first quadrant. The findings
derived from this experimental investigation are set to be elaborated upon and scrutinized in the
subsequent chapter.

5.0 Interpretation of Results
5.1 Motor Voltage Waveforms

The electrical schematic utilized for this experiment is presented in Figure 2. The generator's
adjustable output spanned from 0 to +10V. A single full wave-controlled rectifier employed a
phase angle (aG) that was varied between 0 and 180 degrees. An analysis of the resultant
waveform showed the voltage generated by the motor armature overlaying the static
converter's DC voltage. Upon activation of the thyristors at aG=90 degrees, a clipped
sinusoidal half-wave was supplied to the DC shunt-wound motor. Due to the intrinsic
inductance within DC systems, the DC voltage gradually rose. The current achieved its peak
magnitude precisely when the instantaneous value of the clipped sinusoidal half-wave
corresponded with the induced voltage (Uo).

N oL

LT
7 (e
15V 0 18V

1
T

Figure 2: Electrical Schematic of Static Converter Drives Employing a DC Shunt-Wound
Motor

If the thyristors remained in a conducting state, the motor's voltage was regulated by the AC
voltage, which led to a subsequent gradual decline in current. Once the thyristors ceased
conduction, the DC voltage once again climbed to the level of the motor's induced voltage.
Further details on this phenomenon are illustrated in Figure 3
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Figure 3: Observed Voltage Waveforms Across Varying Control Angles (o)
5.2 Rectifier Stability Limit Regulation

Within this portion of the experiment, the aG angle underwent systematic modification,
decreasing from 180 degrees to below 90 degrees through an increase in the control voltage
(Ust). The highest permissible control voltage for Ust was +10V. The rectifier's stability limit,
managed by oG, was incrementally rotated in a clockwise direction until distinct changes in
the current and voltage responses became observable, as detailed in Table 1

Table 1: Outcomes of Rectifier Stability Limit Adjustment

oG = 60°
Lower limit: o=60° Corresponding to Usr +10V
Upper limit: o=180° Corresponding to Usr oV

As indicated by the data in Table 1, thyristors could be triggered when the instantaneous
AC voltage surpassed the motor's induced voltage, making the anode potential positive relative
to the cathode. Conversely, if the instantaneous AC voltage was equal to or below the induced
voltage, the anode's potential was either equal to or negative compared to the cathode,
preventing thyristor activation and thus blocking current flow. Consequently, the motor's
rotational frequency diminished, resulting in a corresponding reduction in the induced voltage.
This condition led to erratic operation of the static converter, manifesting in elevated current
levels during periods of current flow. A significant benefit of the static converter, stemming
from the revised rectifier stability limit adjustment, is its capacity for operation across the full
control range from 0V to +10V, without adverse effects from feedback interference originating
in the DC systems.

5.3 Operating Mode Characterization

Experimental setups were configured to vary the DC voltage (Ud) in accordance with Table 2,
and the direct current (Id) along with the tachometer generator voltage (UTG) were recorded.
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To obtain the motor's rotational frequency (n), Equation [1] was applied:

1
min.V

n = k.Uyr; where k = 33.3

Table 2: Measured Current, Voltage, and Speed Data

Uy inV 0 40 80 120 160
I; in mA 0 400 450 480 490
Urg in V 0 135 27 415 56

nin—— 0 450 900 1380 1860

min

From Table 2, it is evident that an increase in DC voltage (Ud) corresponds to an increase
in motor speed. Both the direct current (Id) and the tachometer generator voltage (UTG)
showed slight increases as Ud rose, influencing the rotational frequency (n) of the motor.
Figure 4 visually represents the relationship of UTG(V) versus n(min—1), illustrating the direct
proportionality between the tachometer generator voltage and motor speed; as speed increases,
so does UTG(V). Furthermore, Table 3 provides a summary of the characteristics for the

various operating modes observed during the experiment.

U, versus n(min-t)

2000
1500
Fl'C
£ 1000
=
500
0
0 13.5 27 41.4
U (V)

56

Figure 4: Relationship Between Tachometer Generator Voltage (UTG) and Motor Rotational

Frequency (n)

Figure 5 illustrates the operating schematic of a static converter drive derived from this
experimental study, aligning with the described features of the different operating modes. In
summary, the static converter drive primarily operates within the first quadrant when used with

a DC shunt-wound motor.

Table 3: Key Characteristics of Operating Modes

Modes Key Characteristics of Operating Modes

Clockwise rotation — Clockwise rotation: both the tachometer generator voltage and the
Anticlockwise rotation motor's rotational frequency register as positive.

Motor operation — Generator Motor operation: Voltage, Uq and current Iq are positive, electric
operation power is consumed by the motor

Driving - Braking Driving: Mechanical power is provided by the motor.

Rectifier operation — Inverter Rectifier operation: energy transfer occurs from the alternating-
operation current system to the direct-current system.
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Figure 5: Operational Diagram of the Static Converter Drive System
6.0 Conclusion and Future Work

This study provided an in-depth evaluation of the performance and operational characteristics of
static converter drives when paired with DC shunt-wound motors. The results indicate that these
drives offer precise and efficient control of motor speed and torque, making them well-suited for
various industrial applications where consistent operation is essential. Key benefits of using static
converters include improved energy efficiency, smoother speed regulation, and overall better
motor responsiveness compared to traditional drive methods. Nevertheless, challenges such as
harmonic distortion and thermal management require careful consideration during the design and
implementation of these systems.

Looking ahead, future research should focus on enhancing static converter drives to function
effectively across all four quadrants of operation—covering forward and reverse motoring, as
well as forward and reverse braking. Advances in control strategies, particularly through enhanced
Pulse Width Modulation (PWM) techniques, could further boost system performance, while
improved filtering methods may help reduce unwanted electrical noise and distortion. Moreover,
addressing thermal management issues and exploring the integration of these drive systems with
renewable energy sources like solar and wind power could increase their sustainability and
applicability. Conducting practical case studies in sectors such as manufacturing and automation
will also be valuable for refining and optimizing these technologies in real-world environments.
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Abstract

This study presents the development and testing of a Hybrid Electrical Source combining hydro and solar
renewable energy systems. Designed to provide electricity in remote areas lacking access to conventional power
grids, the project harnesses energy from both sunlight and flowing water. The primary aim is to generate electricity
using sustainable resources, targeting applications such as camping sites, agricultural fields, and residential areas
with a maximum usage of 12 volts. The solar component consists of panels mounted on rooftops or portable
structures, while the hydro component utilizes a turbine generator powered by river water. The generated
electricity from both sources is regulated and displayed via a solar controller. Water flowing through the turbine
is subsequently pumped back, ensuring continuous operation. This dual-source system effectively utilizes
available natural resources, enabling electricity generation in diverse weather conditions. The findings indicate
that hybrid systems can provide reliable and efficient power solutions in regions with limited infrastructure.

Key Words: Hydro, Solar, Renewable Energy Systems

1.0 Introduction

The escalating global demand for reliable, efficient, and sustainable energy systems has
intensified research into hybrid electrical sources that integrate multiple energy generation and
storage technologies. Hybrid systems typically combining renewable sources such as solar and
wind with conventional generators and energy storage units offer enhanced resilience, load
balancing, and environmental benefits. However, the complexity of these systems necessitates
rigorous prototyping methodologies to ensure optimal performance, interoperability, and
scalability. This study presents a comprehensive approach to prototyping hybrid electrical
sources, emphasizing the integration of diverse energy components through modular design,
simulation, and real-world testing. By leveraging advanced control strategies and adaptive
power management algorithms, the prototypes aim to address key challenges such as dynamic
load response, energy efficiency, and fault tolerance. The paper outlines the methodologies
employed in the design and development phases, including hardware selection. It further details
the testing outcomes derived from laboratory and field experiments, highlighting performance
metrics such as energy conversion efficiency, response time, and system stability under varying
operational conditions. Through this investigation, the research contributes to the evolving
landscape of hybrid energy systems, offering insights into prototyping best practices and
empirical data that can inform future innovations in distributed energy generation and smart
grid applications.

1.1 Problem Statements

The problem statement is that sometimes we need to use electricity for some purpose, but
the place doesn’t have electricity to use electricity, this project helps them to use light from
blue, charging a DC application device. It is easier for them to get electricity without needing
to make new wiring from outside to get electricity.

1.2 Project Objectives

The primary objective of this project is to design, develop, and evaluate a prototype hybrid
electrical energy system that integrates multiple energy sources and storage technologies.
Specifically, the project aims to: Design and construct a modular hybrid energy prototype
that combines renewable energy sources (solar and wind), conventional generators, and
energy storage units into a scalable and adaptable system architecture.
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1.3 Project Significance

This solution offers substantial cost savings by reducing utility bills and equipment expenses
while providing energy independence by eliminating reliance on the central grid or costly
fuel-powered generators. It ensures resilience and reliability with backup power capabilities,
offering peace of mind in emergencies. As a clean energy source, it generates power without
releasing pollutants, making it environmentally friendly. Its portability is perfect for
camping, as it can charge essential devices like navigation tools. Additionally, it’s cost-
effective, helping users save on disposable batteries and generator fuel over the long term.

2.0 Literature Review

The integration of hybrid electrical sources has emerged as a pivotal solution in addressing the
limitations of single-source energy systems, particularly in the context of renewable energy
variability and grid reliability. A substantial body of research has explored the design, control,
and optimization of hybrid energy systems, with emphasis on their adaptability, efficiency, and
environmental impact.

2.1 Hybrid Energy Systems: Concepts and Applications

Hybrid systems typically combine renewable sources such as photovoltaic (PV) solar, wind
turbines, and conventional generators to ensure continuous power supply. According to
[Khan et al., 2020], hybrid configurations significantly improve energy reliability in off-
grid and remote applications. The synergy between intermittent renewables and
dispatchable sources enables better load matching and reduces dependency on fossil fuels.

2.2 Prototyping and Simulation Techniques

Prototyping methodologies have evolved to incorporate advanced simulation tools that
model dynamic interactions between system components. Studies by [Zhou & Li, 2019]
highlight the use of MATLAB/Simulink and HOMER software in optimizing system
architecture and control logic prior to physical implementation. These tools allow
researchers to simulate various operational scenarios, including load fluctuations, weather
variability, and fault conditions.

2.3 Control Strategies and Power Management

Effective control strategies are essential for managing energy flow and maintaining system
stability. Research by [Singh et al., 2021] demonstrates the use of microcontroller-based
systems to implement real-time energy management algorithms. Techniques such as fuzzy
logic, PID control, and machine learning have been employed to enhance responsiveness
and efficiency in hybrid setups.

2.4 Performance Evaluation and Testing

Empirical testing remains a critical phase in validating prototype performance. Field studies
conducted by [Ahmed & Yusof, 2022] emphasize the importance of real-world data in
assessing energy conversion efficiency, system resilience, and fault tolerance. Metrics such
as response time, voltage regulation, and battery cycling behavior are commonly used to
benchmark system effectiveness.

2.5 Challenges and Future Directions

Despite promising advancements, hybrid energy systems face challenges related to cost,
scalability, and integration complexity. Emerging research is focused on modular design,
plug-and-play architectures, and smart grid compatibility to overcome these barriers. The
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literature suggests a growing trend toward decentralized energy systems that leverage loT
and Al for intelligent control and predictive maintenance.

2.6 Prototype of an Efficient Hydropower Plant

The title of the project is designing a prototype of an efficient hydropower plant. The project
scopes were designed, constructed models, analyzed, and implemented to real world of an
efficient hydropower plant. The design objective is to build out a useful, effective,
convenience, reliable, environment friendly and safe to use hydropower plant. Research has
been done to fulfill the requirement. Different kinds of hydropower plants have been going
through to aid in gathering information and hence implemented a new ideal of hydropower
plant. The new hydropower plant from this project was efficient, portable, and able to
function in many kinds of flow to generate electricity. The testing for this new design was
carried out to meet the objective of the design.

3.0 Research Methodology

v v

Water Sun

|

Solar Penel

h

Hydro Turbine
Generator

h 4

Solar controller

h 4

Electricity

h

DC device

Figure 1: Flow Chart of Project
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Micro Hydroelectric

Generator
EE— BULB
Solar Charge Controller mm— Step Down USB 5V
e Other Equipment
Cahaya Matahari Solar Panel

Figure 2: Block Diagram Project

3.1 Design Methodology. Hardware Implementation

1.

11.

111

1v.

Gather components: Collet all the necessary hardware components. Collect all the
necessary hardware components, solar panel, micro hydroelectric generator, solar
controller and other components needed.

Mounting: Securely mount the solar panel and other electronic components inside
the enclosure as planned. Arrange the components for easy access and maintenance.
Wiring: Connect the panel solar and micro hydroelectric generator to the solar
controller, battery and load.

Testing: Test each component individually to verify its functionality and
connections. Use sample code or basic scripts to test voltage output, connections,
and input/output devices.

Calibration: Calibrate sensors as needed to optimize performance and voltage,
testing LCD function.

3.2 Schematic Diagram and Component of Project

Figure 3: Schematic Diagram of project

© 2025 Politeknik Sultan Mizan Zainal Abidin. All rights reserved. 12
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Hnsxod

Figure 4. solar charge Figure 5. solar panel is a device

controller is an electronic comprising photovoltaic cells that

device used in solar power convert sunlight into electricity,

systems to regulate the typically used to  generate

charging and discharging of renewable energy for various

a battery from a solar panel applications, including powering
homes, businesses, and electronic
devices.

Figure 6: Battery used to store the energy in it. It stores excess energy generated
by solar panel during daylight hours and micro hydroelectric so it can be used later
when needed. The battery provides a steady power supply, enabling continuous
energy availability and improving system reliability.
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Figure 7. Micro-hydroelectric with a
150mA output is a small-scale turbine
system designed to harness the kinetic
energy of flowing water to generate
electricity, typically producing a
maximum output of 150 milliamperes
(mA). These turbines are often used in
micro-hydroelectric systems for remote
or off-grid power generation.

4.0 Result And Discussion

Figure 8. A step down is used to
step down the voltage from 12V to
5V, use for 5V applications like
charge a phone, mini fan and
rechargeable lamp.

In this chapter, We’ll show the result that we get from this project. Then all the hardware
component to connect with solar controller. We tested it and get all the result with discussion.In
this project, we using solar panel and Micro Water Turbine Generator to generate an electricity
in DC. Then we using a LCD to show the voltage and current value from both of the input in

this project.
Table 1: Data from Maximum Power Point Tracking (MPPT)
Time Temprature © Ampere(A) Daily Storage Voltages(V) % Battery Charge
10.00 AM 33 0.25 12.8 53
1.00 PM 40 0.37 11.7 87
6.00 PM 38 2 12.3 40
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Figure 9: Data from Maximum Power Point Tracking (MPPT) reading

Table 2: Data from Micro-hydroelectricc

Water Pressure (psi) Water Flow Rate (Liter/Minit) ~ Voltage Output (V) Output Current (mA)
0 0 0 0
25 0.4 10 20
50 0.8 12 40
75 1.2 12 80
100 1.6 12 120
125 2 12 150
4 N
Water flow rate (Liter/Minit), Output Voltage (V) and
Output current (mA)
160
140
120
100 —— Water Flow Rate
80 (Liter/Minit)
60 Voltage Output (V)
40
20 Output Current (mA)
0o L=
0 25 50 75 100 125
Water Pressure (psi)
- )

Figure 10: Data from Micro-hydroelectric
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5.0 Conclusion

First objective is to help and easier the the people to use electric in the place don’t have any
electric grid. Second to reduce pollution from using generator. Lastly to encaurage people to
use renewable energy.In the conclusion, this project archived all the objective at the end. This
project could help people who really need electric energy to survive. This project also can help
student to learn more about the hybrid renewable energy more. Lastly, this project have a
pontentional to commercialize to market because it really give a benefit to them.

6.0 Recommendation

Even this project is already complete, but there is a recommendation to make this project more
efficient. First we recommend to add a sun tracking sensor and motor, with this solar panel will
follow the sun and solar also can be more efficient. Second is we try to use screw trubine with
low head hydropower to replace microelektrik generator because it more suitable with place
and should get a higher watt from it..

Scalability and Deployment: Future work should focus on scaling the prototype for larger
applications, such as microgrids or rural electrification projects. Field trials in diverse
geographic locations would provide valuable insights into real-world performance. Advanced
Control Systems: Incorporating machine learning-based predictive control could further
enhance system efficiency by anticipating load patterns and environmental changes. Cost
Optimization: A detailed cost-benefit analysis should be conducted to identify the most
economically viable configurations, especially for resource-constrained settings. Integration
with Smart Grids: The hybrid system should be designed for seamless integration with smart
grid infrastructure, enabling bidirectional energy flow and grid support functionalities.
Environmental Impact Assessment: A lifecycle analysis of the hybrid system components
should be undertaken to evaluate environmental sustainability and inform eco-friendly design
choices.
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Abstract

This study aims to compare series-connected DC motors with shunt-connected DC motors. A DC motor is an
electrical machine that converts direct current electrical power into mechanical power. Commonly used DC
motors rely on the power generated by the magnetic field of the motor. In this experiment, series DC motors and
shunt DC motors are tested in terms of motor speed based on torque values, with varying torque values applied.
The current and speed values of both types of motors are recorded and analyzed. The analysis of speed, current in
the motor, output power, and motor efficiency compared to the torque of each type of motor can be used to
understand and compare these two types of motor connections.

Key Words: DC motors series, electrical machine
1.0 Introduction

Almost all types of DC motors incorporate internal mechanisms, either electromechanical or
electronic designed to periodically reverse the direction of current flow within the motor
components. The speed of a DC motor can be controlled by adjusting the supply voltage or by
varying the current strength in the coil. Small DC motors are commonly used in toys, electronic
gadgets, and handheld power tools. Universal DC motors, which can operate on both direct and
alternating current, are typically found in portable power tools and appliances. Larger DC
motors are employed in applications such as electric vehicles, elevators, hoisting machinery,
and industrial equipment in steel manufacturing plants. With the advancement of power
electronics technology, the use of high-power DC motors has increasingly been replaced by
alternating current (AC) motors in many modern applications.

1.1 Research Objectives

This study aims to achieve the following objectives:
i.  To identify and characterize the fundamental design features, operational principles,
and typical applications of series and shunt direct current (DC) motors.
ii.  To analyze the performance of both motor types under varying load and speed
conditions, with a focus on dynamic response and operational efficiency.

iii.  To compare the energy efficiency of series and shunt DC motors within the context
of industrial applications, highlighting their suitability for different operational
demands.

iv.  To evaluate the advantages and limitations of each motor type in terms of speed
regulation, torque generation, and operational stability.

v.  To recommend appropriate applications for each motor type based on empirical
findings and analytical assessments conducted throughout the study.

2.0 Literature Review

Various configurations of direct current (DC) motors—namely shunt, series, compound, and
permanent magnet types—are widely utilized across industrial applications. The schematic
diagrams representing each motor connection type are illustrated in Figure 1. The selection of
motor types is typically guided by mechanical requirements and load characteristics. A shunt
motor features armature and field windings connected in parallel, allowing for relatively stable
speed under varying loads. In contrast, a series motor has its armature and field windings
connected in series, resulting in high starting torque but variable speed depending on the load.
The compound motor integrates both series and parallel field connections within its winding
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structure, offering a balance between torque and speed stability. Meanwhile, the permanent
magnet motor relies solely on armature winding, with the magnetic field provided by
permanent magnets rather than electromagnetism [1-2]. These motor types exhibit distinct
operational behaviors and are selected based on specific performance criteria such as torque
requirements, speed regulation, and energy efficiency.

SHUNT SERIES

Figure 1: The schematic diagrams: type of direct current motor, namely the shunt and series
configurations

Figure 1 illustrates the schematic diagrams corresponding to each type of direct current motor,
namely the shunt and series configurations

2.1 Series DC Motor

A series-connected DC motor integrates the armature and field windings in a single series
circuit powered by a direct current (DC) voltage source. This configuration gives rise to
several nonlinear characteristics, including motor speed, load torque, and armature current
behavior. Series DC motors are known for their exceptionally high starting torque, making
them ideal for initiating motion in systems with substantial inertia, such as railway
locomotives and elevators. The torque-speed characteristics of these motors are particularly
advantageous in applications like dredging operations, where the excavating mechanism
must move rapidly during digging but slow down significantly when transporting heavy
loads [2]. Due to their design, series motors must never be operated without a mechanical
load. In no-load conditions, the armature current drops significantly, resulting in a weakened
magnetic field. This can lead to a reversal of the electromagnetic field generated by the
weakened coil, forcing the armature to accelerate excessively to restore magnetic balance.
Such uncontrolled acceleration may exceed the motor’s design limits, potentially leading to
mechanical failure—a phenomenon commonly referred to as a "runaway condition."

Figure 2 illustrates the equivalent circuit of a series DC motor, where the magnetic field
and armature are connected in series.
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Figure 2: Equivalent circuit of the series-type AT motor

2.2 Shunt DC Motor

Shunt-connected DC motors exhibit a relatively constant rotational speed that is largely
independent of load variations. Due to this characteristic, shunt DC motors are widely
employed in applications such as elevators, fans, printing machines, and other equipment
requiring stable speed control. DC motors are typically rated based on voltage, current,
rotational speed, and horsepower output. The number and configuration of armature and
field windings significantly influence the motor’s operational characteristics. Rotational
power at the motor shaft is generated through the interaction between the armature’s
magnetic field and the field poles, producing torque. Torque is a force measured in Newton-
meters (Nm) and is also referred to as moment or moment of force. It represents the tendency
of a force to rotate an object about an axis and is considered a vector quantity. While force
is perceived as a push or pull, torque is understood as a twisting action applied to an object.
Mathematically, torque is defined as the cross product of the lever arm distance and the force
causing the rotation [1].

IT=Ia+ IF
+ O -

Is I¢

Shunt
Armature Field

- G -

Figure3: Equivalent circuit of the shunt DC motor

Figure 3 illustrates the equivalent circuit of a shunt DC motor, where the magnetic field
and armature are connected in parallel.

3.0 Methodology
3.1 Speed Measurement of AT Series Motor

This experiment involved testing an AT series motor rated at 90 Watts, 220V, and 0.53A.
The motor circuit configuration is illustrated in Figure 4, which shows the series connection
between the armature and the field winding series. Torque was incrementally increased from
0.0% to 1.0% to observe its effect on motor speed. The equipment utilized in this experiment
included Three-phase power supply, Control unit servo brake ,4-Q load servo machine, DC
multifunctional machine, DC series wound motor connection plate, Ammeter, Voltmeter
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Figure 4: Circuit configuration of the AT series motor connected to a 220V power supply.

The motor was initially powered with a low voltage, which gradually increased until the
supply reached 220V. Torque was applied in stages according to Table 1, and corresponding

speed readings were recorded.
3.2 Speed Measurement of AT Shunt Motor

A similar procedure was conducted for an AT shunt motor, also rated at 90 Watts, 220V, and
0.53A. The circuit configuration is shown in Figure 5, where the shunt field and armature
are connected in parallel. Torque was incrementally increased from 0.0% to 1.0%. The same
set of equipment was used as in the previous experiment. The motor started at a low voltage
and gradually increased to 220V. Torque was applied in stages as outlined in Table 2, and

the resulting speed measurements were documented.
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PE
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Figure 5: Circuit configuration of the AT shunt motor connected to a 220V power supply

4.0 Findings and Analysis

Table 1: Experimental Results for the AT Series Motor Configuration

Rated

Daya Kilas 00 01 02 03 04 05 06 07 08 09 10 047
(Torque)

8§ Armus

E o 0200 0231 0346 0434 0517 0697 0670 0761 0832 0900 099 0572

5 Kelajuaan 4527 3748 2647 2225 1962 1806 1691 1549 1428 1350 1259 1859
(Speed)

[=™)
Kuasamasukan ) 00 5007 7612 9548 11374 15334 147.40 16742 183.04 198.00 219.12 128.00
(Input Power)
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Kuasakeluaran = 00 3975 5543 6900 82.18 9455 10624 11354 11962 12723 131.83 90.00
(Output Power)
Keberkesanan 0 1295 1373 1366 1384 1.622 1387 1475 1530 1556 1662 0.70
(Efficiency)
Table 2: Experimental Results for the AT Shunt Motor Configuration
Rated
Daya Kilas, %
(Torque) 00 01 02 03 04 05 06 07 08 09 1.0 047
Arus, IA1
Am) 0.066 0.171 0229 0337 0445 0529 0.628 0723 0832 0930 1.032 0.525
=]
g Arus [42 0.020 0.142 0.142 0.142 0.142 0.141 0.140 0.140 0.140 0.140 0.139 0.145
< (Amp)
on
& .
2 Iggg“amsf’e"d 1909 1891 1895 1880 1863 1851 1837 1826 1817 1808 1798 1875
Jumlah Arus,
It 0.086 0313 0371 0479 0.587 0670 0768 0.863 0972 1.070 1.171 067
(Amp)
Kuasa masukan,
§ Input Power 18.92 68.86 81.62 10538 129.14 1474 168.96 189.86 213.84 2354 257.62 128.00
E (Watt)
=]
&  Kuasakeluaran,
Output Power 000 19.80 39.69 59.06 78.03 9691 11541 133.84 15221 170.39 18827 90.00
(Watt)
Keberkesanan 600 0288 0486 0560 0.604 0.657 0683 0705 0712 0724 0731  0.700
(Efficiency)
5.0 Data Analysis

5.1 Data Analysis of Experimental Results for the AT Series Motor
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£
< 2000 S
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Figure 6: Velocity versus Torque graph

illustrating the relationship between

rotational speed and applied torque under

varying load conditions.
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Figure 7: Current versus Torque graph
showing the variation in electrical current
with respect to applied torque, indicating the

motor's load response characteristic

© 2025 Politeknik Sultan Mizan Zainal Abidin. All rights reserved.

21



eISSN 3120-3728

2000
1080
1860
1040
1020
1000 S
1830
1860
1840 N ~
1820 —
1800 T
00 01 02 03 04 05 05 07 08 09 10

Daye Kilzs

Figure 8: Output power versus torque
characteristic curve

Kelajuan

140.00
120.00
100.00 —

$0.00 —
60.00 ~
40.00

20.00
0.00

Kuasa Keluaran, (watt)

00 01 02 03 04 05 06 07 08 09 L0

Daya Kilas, %
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6.0 Conclusion

Based on the experimental study conducted, it is evident that the AT series and AT shunt motors
exhibit significant differences in terms of design, performance, and application suitability. The
AT series motor demonstrated high starting torque, making it ideal for applications requiring
substantial traction force, such as locomotives and cranes. In contrast, the AT shunt motor
maintained a more stable speed profile, rendering it suitable for applications that demand
consistent speed, such as fans and pumps.

From an efficient standpoint, the shunt motor showed greater consistency across varying
load conditions, while the series motor performed more efficiently under high-load scenarios.
Therefore, the selection of motor types should be guided by specific operational requirements
and the characteristics of the intended application. This study provides a deeper understanding
of the advantages and limitations of both motor types, thereby supporting more informed
decision-making in industrial and technical motor selection.

7.0 Recommendations

To ensure optimal motor selection for industrial applications, it is recommended that motor
choice be aligned with the specific operational demands. For instance, the AT series motor is
better suited for tasks requiring high starting torque, whereas the AT shunt motor is preferable
for operations needing stable speed control.

Furthermore, technical training for technicians and students should be enhanced to improve
their understanding of the characteristics and practical applications of both motor types. Future
research is encouraged to evaluate motor performance under real-world operating conditions,
such as high temperatures, overload scenarios, and voltage fluctuations.

The integration of modern technologies, such as microprocessor-based control systems,
should also be explored to improve the efficiency and control of AT series and shunt motors.
Additionally, a comparative analysis of operational and maintenance costs between the two
motor types is recommended to assist industries in making economically sound decisions.
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Abstrak

Aerodinamik memainkan peranan penting dalam prestasi kereta Formula Pelajar, khususnya dalam
mengoptimumkan daya seretan (drag coefficient) dan daya tekan (downforce). Drag coefficient ialah ukuran
rintangan sesuatu objek dalam persekitaran bendalir, di mana nilai drag coefficient yang lebih rendah menunjukkan
daya seretan yang lebih kecil, sekali gus meningkatkan kecekapan pergerakan kenderaan. Sementara itu, downforce
merupakan daya yang menekan kenderaan ke permukaan jalan, di mana lebih banyak downforce akan meningkatkan
cengkaman tayar, sekali gus memperbaiki kestabilan dan kawalan kenderaan. Kajian ini bertujuan untuk
menganalisis perbandingan aerodinamik antara kenderaan lumba yang dilengkapi sayap dan tanpa sayap bagi
menentukan kesan reka bentuk terhadap prestasi pemanduan. Kajian dijalankan menggunakan kaedah simulasi
bendalir pengiraan tiga dimensi (3D Computational Fluid Dynamics, CFD) dengan perisian Autodesk CFD bagi
menilai pengaruh kelajuan kenderaan terhadap prestasi aerodinamiknya. Simulasi dilakukan pada lima tahap
kelajuan berbeza iaitu 60km/j, 70km/j, 80km/j, 90km/j dan 100km/j. Hasil simulasi menunjukkan bahawa kenderaan
dengan sayap mempunyai purata drag coefficient lebih tinggi iaitu 0.6042 berbanding tanpa sayap iaitu 0.5541.
Walaupun penambahan sayap meningkatkan daya seretan, ia juga membantu meningkatkan daya tekan, yang dapat
meningkatkan kestabilan dan kawalan kenderaan pada kelajuan tinggi. Hasil kajian ini dijangka dapat menyediakan
panduan dalam mereka bentuk kereta yang lebih cekap dari segi kestabilan dan kelajuan, sekaligus meningkatkan
daya saing pasukan dalam perlumbaan.

Kata kunci: Aerodinamik, Analisis, Kereta Formula Pelajar, Simulasi, Kestabilan.
1.0 Pengenalan

Formula Society of Automotive Engineers (FSAE) merupakan sebuah pertandingan
kejuruteraan automotif yang berprestij di peringkat antarabangsa, dianjurkan oleh Society of
Automotive Engineers (SAE International). Pertandingan ini memberi peluang kepada pelajar
kejuruteraan dari seluruh dunia untuk mereka bentuk, membina, dan menguji prototaip kereta
lumba berskala kecil. FSAE menilai bukan sahaja prestasi pemanduan, tetapi juga aspek
teknikal seperti reka bentuk, kos, inovasi, dan persembahan lisan.

Dalam konteks ini, prestasi aerodinamik kereta Formula Pelajar menjadi salah satu aspek
kritikal yang menentukan kejayaan sesebuah pasukan. Reka bentuk aerodinamik yang baik
dapat mengurangkan daya seretan (drag) dan meningkatkan daya tekan ke bawah (downforce)
(Singh, A. et al, 2020) yang secara langsung mempengaruhi kestabilan kenderaan, cengkaman
tayar, serta kecekapan penggunaan tenaga.

Coefficient of drag (C4) adalah ukuran utama dalam menilai rintangan aerodinamik
sesebuah kenderaan. Umumnya, bagi kereta lumba berskala kecil seperti Formula Pelajar, nilai
Cd yang baik adalah dalam lingkungan 0.5 hingga 0.75 (Dharmawan, M. A. et al, 2018)
bergantung kepada konfigurasi badan dan komponen aerodinamik yang digunakan. Nilai Cy
yang lebih rendah menunjukkan daya seretan yang lebih kecil, yang membolehkan kereta
bergerak lebih laju dengan penggunaan tenaga yang lebih efisien. Namun begitu, pengurangan
Cd perlu diseimbangkan dengan keperluan untuk menghasilkan downforce yang mencukupi
bagi meningkatkan cengkaman dan kawalan kenderaan, terutamanya ketika mengambil
selekoh pada kelajuan tinggi.

Kajian ini dijalankan untuk menganalisis kesan pemasangan sayap hadapan dan belakang
pada kereta Formula Pelajar terhadap prestasi aerodinamik. Analisis dilakukan melalui
simulasi Computational Fluid Dynamics (CFD) tiga dimensi menggunakan perisian Autodesk
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CFD pada pelbagai kelajuan. Perbandingan dilakukan antara konfigurasi kereta dengan dan
tanpa sayap.

2.0 Kajian Literatur

Kajian aerodinamik telah lama menjadi aspek penting dalam pembangunan kenderaan prestasi
tinggi, termasuk dalam reka bentuk kereta lumba berskala kecil seperti Formula Pelajar.
Aerodinamik dikenal pasti sebagai faktor utama yang mempengaruhi kecekapan bahan api,
kelajuan maksimum, dan kestabilan kenderaan (Mirmahdi, E. et al, 2021). Dalam konteks
Formula Society of Automotive Engineers (FSAE), kecekapan aerodinamik menjadi salah satu
elemen kritikal dalam penilaian reka bentuk kenderaan kerana ia memberi kesan langsung
terhadap kelajuan dan pengendalian di laluan perlumbaan yang kompleks.

Coefficient of drag (C;) merupakan salah satu penunjuk utama dalam menilai keberkesanan
aerodinamik sesebuah reka bentuk. Menurut Katz (2016), nilai C; yang rendah membantu
mengurangkan daya seretan yang dikenakan ke atas kenderaan semasa bergerak, sekaligus
membolehkan kelajuan lebih tinggi dicapai dengan penggunaan tenaga yang lebih efisien. Bagi
kenderaan lumba kecil, nilai C; dalam lingkungan 0.5-0.75 dianggap kompetitif, bergantung
kepada geometri dan konfigurasi aerodinamik seperti sayap dan diffuser. Sementara itu,
downforce pula penting untuk meningkatkan kestabilan dan kawalan kenderaan, terutamanya
semasa mengambil selekoh pada kelajuan tinggi. Penambahan sayap hadapan dan belakang
secara signifikan boleh meningkatkan daya tekan ke bawah, seperti yang dibuktikan dalam
kajian oleh Morelli (2000), namun sering kali ia juga meningkatkan nilai drag coefficient. Oleh
itu, jurutera perlu mencari keseimbangan antara rintangan dan kestabilan.

Kaedah Computational Fluid Dynamics (CFD) telah banyak digunakan dalam menganalisis
prestasi aerodinamik kerana keupayaannya mensimulasikan aliran udara dalam pelbagai
keadaan dan reka bentuk tanpa perlu menjalankan ujian terowong angin secara fizikal. Menurut
Versteeg dan Malalasekera (2007), CFD menawarkan ketepatan yang tinggi dalam simulasi
aliran bendalir tiga dimensi apabila parameter dan sempadan ditetapkan dengan betul.
Beberapa kajian terdahulu dalam aplikasi CFD untuk Formula Pelajar (seperti oleh Gupta et
al., 2019) menunjukkan bahawa penambahan komponen aerodinamik mampu mengubah aliran
udara dengan ketara dan meningkatkan keberkesanan pengendalian kenderaan.

Berdasarkan kajian-kajian terdahulu, dapat dirumuskan bahawa analisis aerodinamik adalah
sangat penting dalam reka bentuk kereta Formula Pelajar. Penambahan elemen aerodinamik
seperti sayap perlu dianalisis secara kuantitatif bagi memahami kesannya terhadap drag dan
downforce. Maka, kajian ini dilaksanakan untuk mengisi jurang tersebut dengan menggunakan
pendekatan simulasi CFD bagi menganalisis perbandingan prestasi antara reka bentuk kereta
dengan dan tanpa sayap pada pelbagai kelajuan.

3.0 Metodologi

Kajian ini dijalankan melalui pendekatan simulasi menggunakan perisian berasaskan komputer
untuk menganalisis prestasi aerodinamik kereta Formula Pelajar. Proses kajian terbahagi
kepada dua peringkat utama iaitu reka bentuk model badan kereta dan simulasi aerodinamik.

3.1 Reka Bentuk Model

Reka bentuk badan kereta lumba Formula Pelajar dibina menggunakan perisian Autodesk
Inventor. Dua model 3D telah direka bentuk:

i.  Model pertama merupakan reka bentuk asas badan kereta tanpa sebarang komponen
aerodinamik seperti sayap.
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ii.  Model kedua pula dilengkapi dengan sayap hadapan dan belakang yang direka
bentuk bagi tujuan menghasilkan daya tekan ke bawah (downforce).

Rajah 3.1: Model rekabentuk kereta lumba ATEC PSMZA tanpa sayap hadapan dan
belakang.

Rajah 3.2: Model rekabentuk kereta lumba ATEC PSMZA dengan sayap hadapan dan
belakang.

Rajah 3.1 menunjukkan rekabentuk kereta lumba ATEC PSMZA tanpa rekaan sayap
hadapan dan sayap belakang, manakala Rajah 3.2 menunjukkan rekabentuk kereta lumba
ATEC PSMZA dengan sayap hadapan dan sayap belakang. Kedua-dua model ini digunakan
bagi tujuan perbandingan dalam simulasi aerodinamik.

3.2 Simulasi Aerodinamik

Analisis aerodinamik dijalankan menggunakan perisian Autodesk CFD yang
menyokong kaedah Computational Fluid Dynamics (CFD) tiga dimensi. Simulasi dilakukan
dalam keadaan aliran udara yang mewakili situasi sebenar ketika kenderaan bergerak. Bagi
setiap model, simulasi dijalankan pada lima kelajuan yang berbeza iaitu 60 km/j, 70 km/j,
80 km/j, 90 km/j dan 100 km/j. Setiap simulasi menganalisis parameter berikut:

i.  Coefficient of drag (Cy)

ii.  Aliran udara di sekeliling badan kereta
iii.  Corak tekanan dan vektor halaju
iv.  Keberkesanan penghasilan downforce
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Masukkan 3D model ke dalam perisian Autodesk CFD

A\ 4

Menetapkan boundary conditions, termasuk jenis aliran
(laminar/turbulen) dan arah aliran udara

\ 4

dan 100km/j)

A 4

Menjalankan simulasi bagi setiap kelajuan untuk kedua-dua
model (dengan dan tanpa sayap)

A 4

Menganalisis keputusan simulasi dengan memberi tumpuan
kepada nilai drag coefficient

[ Menetapkan kelajuan kereta (60km/j, 70km/j, 80km/j, 90km/j ]

v

Rajah 3.3: Carta alir analisis menggunakan perisian Autodesk CFD.

Rajah 3.3 menunjukkan carta alir bagi membuat analisis menggunakan perisian Autodesk
CFD. Analisis dibuat dengan menetapkan kelajuan kereta pada nilai 60km/j, 70km/j, 80km/j,
90km/j dan 100km/j bagi setiap model iaitu dengan dan tanpa sayap.

Nilai drag coefficient diperolehi melalui formula di bawah:
__ 2Fg4
T pv24

(1)

d

Cq4 = Coefficient of drag (pekali seretan, tanpa unit)

F,; = Daya seretan (drag force, dalam Newton, N)

p = Ketumpatan udara (air density, dalam kg/m?)

v = Halaju aliran udara relatif terhadap objek (dalam m/s)
A = Kawasan rujukan (frontal area objek, dalam m?)
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Analisis dibuat terhadap 2 jenis rekabentuk badan kereta lumba ATEC PSMZA iaitu tanpa
sayap hadapan dan sayap belakang dan dengan sayap hadapan dan sayap belakang. Simulasi
dibuat hanya melibatkan rekabentuk badan kereta tanpa komponen-komponen lain. Rajah
3.4 dan 3.5 menunjukkan 2 jenis rekabentuk badan kereta lumba ATEC PSMZA yang dibuat
analisis menggunakan perisian Autodesk CFD.

Rajah 3.4: Simulasi menggunakan Rajah 3.5: Simulasi menggunakan
Autodesk CFD terhadap rekabentuk Autodesk CFD terhadap rekabentuk
badan kereta lumba tanpa sayap hadapan badan kereta lumba dengan sayap
dan belakang. hadapan dan belakang.

4.0 Hasil dan Perbincangan

Kajian ini membandingkan prestasi aecrodinamik dua reka bentuk kereta Formula Pelajar iaitu
satu tanpa sayap, dan satu lagi dengan sayap hadapan dan belakang. Simulasi dilakukan
menggunakan perisian Autodesk CFD pada lima kelajuan yang berbeza: 60 km/j, 70 km/j, 80
km/j, 90 km/j, dan 100 km/j. Parameter utama yang dianalisis ialah drag coefficient ( C; )dan
kesan visual aliran udara terhadap bentuk badan kereta.

4.1 Nilai Drag Coefficient
Berikut merupakan keputusan simulasi nilai C; bagi kedua-dua model:

Jadual 1: Perbandingan nilai drag coefficient ( C; ) di antara model rekabentuk kereta
lumba tanpa sayap dan dengan sayap.

Kelajuan (km/j) Tanpa Sayap (C;) Dengan Sayap (Cy)
60 0.5625 0.6157
70 0.5606 0.6108
80 0.5507 0.6102
90 0.5449 0.5967
100 0.5518 0.5878

Jadual 1 menunjukkan perbandingan nilai drag coefticient ( C; ) di antara model rekabentuk
kereta lumba tanpa sayap dan dengan sayap. Dari jadual di atas, dapat dilihat bahawa nilai
drag coefficient adalah lebih tinggi apabila sayap dipasang. Ini sejajar dengan jangkaan
bahawa penambahan komponen aerodinamik seperti sayap akan meningkatkan rintangan
udara akibat bertambahnya permukaan pendedahan kepada aliran. Walau bagaimanapun,
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peningkatan ini berada dalam julat yang masih boleh diterima dalam konteks perlumbaan,
khususnya kerana penambahan sayap memberikan manfaat tambahan dari aspek downforce
(Dharmawan, M. A. et al, 2018).

4.2 Perbincangan Prestasi Aerodinamik

Walaupun reka bentuk dengan sayap menunjukkan nilai C,; yang lebih tinggi, komponen
ini membantu meningkatkan daya tekan ke bawah (downforce) yang penting untuk
kestabilan kereta semasa mengambil selekoh (Springman, H. 2022). Downforce yang lebih
tinggi memberikan cengkaman yang lebih baik antara tayar dan permukaan litar,
membolehkan pemandu mengambil selekoh pada kelajuan lebih tinggi tanpa kehilangan
kawalan.

Rajah 4.1: Corak aliran udara pada Rajah 4.2: Corak aliran udara pada
rekabentuk badan kereta lumba rekabentuk badan kereta lumba tanpa sayap
dengan sayap hadapan dan belakang. hadapan dan belakang.

Selain itu, Rajah 4.1 menunjukkan corak aliran udara lebih terkawal dan terarah bagi reka
bentuk dengan sayap berbanding reka bentuk tanpa sayap yang mencetuskan lebih banyak
wake turbulence di bahagian belakang seperti yang ditunjukkan pada rajah 4.2. Turbulens
ini bukan sahaja menyumbang kepada kehilangan tenaga, malah boleh menyebabkan
kestabilan kenderaan terjejas terutamanya pada kelajuan tinggi.

4.3 Implikasi terhadap Reka Bentuk Kereta Formula Pelajar

Hasil kajian ini menunjukkan bahawa penambahan sayap, meskipun meningkatkan drag,
namun ianya dapat memberikan kelebihan dari segi kestabilan aerodinamik. Oleh itu,
pasukan Formula Pelajar disarankan untuk mempertimbangkan penggunaan komponen
aerodinamik secara strategik, dengan reka bentuk yang mengoptimumkan keseimbangan
antara drag dan downforce. Ini boleh dilakukan dengan pemilihan sudut serangan (angle of
attack) yang sesuai iaitu 10°-12° untuk sayap belakang dan 5°-10° untuk sayap hadapan
(Springman, H. 2022).

5.0 Kesimpulan dan Cadangan Kajian Lanjutan
5.1 Kesimpulan

Kajian ini telah menjalankan analisis aerodinamik ke atas dua reka bentuk kereta Formula
Pelajar menggunakan simulasi CFD tiga dimensi melalui perisian Autodesk CFD. Simulasi
terhadap rekabentuk badan kereta lumba ini membuktikan bahawa penambahan sayap
sebagai komponen aerodinamik dapat meningkatkan prestasi aerodinamik. Purata nilai drag
coefficient bagi rekabentuk model dengan sayap adalah lebih tinggi iaitu 0.6042 berbanding
tanpa sayap iaitu 0.5541.
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Secara keseluruhan, walaupun reka bentuk dengan sayap menghasilkan lebih banyak
seretan, ia menawarkan kelebihan dari segi kestabilan aerodinamik dan pengendalian, yang
amat penting dalam situasi perlumbaan sebenar yang melibatkan selekoh tajam dan
perubahan kelajuan mendadak. Ini menunjukkan rekabentuk model kereta lumba dengan
sayap lebih baik untuk perlumbaan yang menggunakan litar yang mencabar.

5.2 Cadangan Kajian Lanjutan

Berdasarkan dapatan kajian ini, beberapa cadangan untuk kajian masa hadapan adalah
seperti berikut:

i.  Ujian Terowong Angin Sebenar (Wind Tunnel Test)

Hasil simulasi CFD boleh disahkan dengan ujian fizikal di dalam terowong angin
bagi meningkatkan ketepatan dan kebolehpercayaan keputusan.

il.  Analisis Sudut Serangan (Angle of Attack)
Kajian tambahan boleh dijalankan untuk menganalisis bagaimana variasi sudut
sayap memberi kesan terhadap keseimbangan antara drag dan downforce.

iii.  Pengaruh Bentuk Lain Seperti Diffuser atau Splitter
Kajian boleh diperluas untuk menilai kesan komponen aerodinamik lain seperti
diffuser, canards, atau undertray terhadap prestasi keseluruhan.

iv.  Simulasi dalam Keadaan Berselekoh (Cornering Flow Simulation)
Menjalankan simulasi yang meniru keadaan selekoh boleh memberi gambaran lebih
realistik terhadap prestasi aerodinamik semasa perlumbaan.

v.  Analisis Struktur dan Berat
Kajian ini juga boleh digabungkan dengan analisis struktur dan berat bagi
memastikan bahawa penambahan komponen aerodinamik tidak mengurangkan
kecekapan jisim kenderaan.
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Abstrak

Industri pemprosesan makanan memerlukan sistem yang cekap dalam mengekalkan suhu bahan bagi memastikan
kualiti produk terjaga sepanjang proses pengisian. Kajian ini membincangkan pembangunan sistem pemanasan
tambahan pada mesin pengisian pra-retort bagi mengekalkan suhu bahan pada 80°C. Air dipanaskan di dalam
boiler kemudian akan dialirkan melalui hos yang dililit pada corong filling machine. Mesin ini direka untuk
menjalankan tiga fungsi utama, iaitu memasak bahan, memindahkan pes masakan, dan membungkus pes dalam
satu sistem yang bersepadu. Selain meningkatkan kecekapan haba, sistem pemanasan ini juga berperanan dalam
menghalang pencemaran silang semasa proses pemindahan pes masakan ke bekas makanan dan ke mesin pengisian.
Pemanasan yang cekap bukan sahaja memastikan kestabilan suhu, malah dapat meningkatkan jangka hayat pes
masakan dengan mengurangkan risiko pertumbuhan mikroorganisma yang boleh merosakkan produk. Teknologi
Internet of Things (IoT) turut diterapkan bagi membolehkan pemantauan dan kawalan suhu secara masa nyata,
memastikan kestabilan haba serta meningkatkan keselamatan produk. Sensor suhu termokopel jenis K digunakan
untuk mengukur suhu air, kemudian disepadukan dengan rangkaian loT membolehkan pemantauan jarak jauh dan
analisis data bagi mengoptimumkan kecekapan sistem. Penambahan sistem pemanasan dan IoT ini bukan sahaja
meningkatkan keberkesanan tenaga, malah memastikan kestabilan suhu, mengurangkan kehilangan haba, serta
meningkatkan kualiti, keselamatan, dan jangka hayat produk akhir. Pembangunan mesin ini diharapkan dapat
menyumbang kepada peningkatan keberkesanan proses industri makanan serta menyokong usaha ke arah teknologi
pemprosesan yang lebih lestari.

Kata Kunci: Mesin Pra-Retort, Kualiti, Pembangunan, Pemanasan, Pes, Pengisian.

1.0 Pengenalan

Industri pemprosesan makanan memainkan peranan penting dalam memastikan ketersediaan
makanan yang selamat, berkualiti tinggi, dan tahan lama untuk pengguna. Teknologi retort
adalah satu alternatif dalam memanjangkan jangka hayat tanpa pengawet. Retort adalah satu
kaedah pemanasan makanan pada suhu dan tekanan tinggi untuk membasmi bakteria dan
kuman yang membolehkan jangka hayat makanan dapat dipanjangkan. Pemprosesan retort
telah digunakan secara meluas sebagai teknik pemprosesan makanan untuk menghasilkan
produk selamat dari segi mikrobiologi yang mempunyai kualiti pemakanan yang boleh diterima.
(Gobikrishnan et al., 2019). Dalam proses ini, kawalan suhu bahan makanan adalah aspek
kritikal bagi mengekalkan kualiti dan keselamatan produk. Salah satu cabaran utama dalam
industri ini adalah memastikan bahan makanan mengekalkan suhu yang sesuai sepanjang
proses pemprosesan dan pembungkusan bagi mengelakkan pertumbuhan mikroorganisma yang
boleh merosakkan makanan. Oleh itu, pembangunan sistem pemanasan yang cekap dan
mampan menjadi keperluan penting bagi meningkatkan keberkesanan proses pengisian pra-
retort.

Pengisian pra-retort merujuk kepada proses pemindahan dan pembungkusan bahan
makanan sebelum melalui proses retort. Dalam proses ini, kehilangan haba boleh menyebabkan
ketidakstabilan suhu, yang berpotensi menjejaskan kualiti dan keselamatan makanan. Justeru,
kajian ini memberi tumpuan kepada pembangunan sistem pemanasan tambahan dalam mesin
pengisian (filling machine) pra-retort bagi memastikan bahan makanan mengekalkan suhu
sekitar 80°C sepanjang proses pemindahan dan pembungkusan.
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Sistem pemanasan yang dibangunkan bukan sahaja meningkatkan kecekapan haba, tetapi
juga berfungsi untuk menghalang pencemaran silang antara peralatan pemprosesan dan bahan
makanan. Selain itu, teknologi Internet of Things (IoT) diterapkan dalam sistem ini bagi
membolehkan pemantauan suhu secara masa nyata, mengoptimumkan kawalan haba, serta
meningkatkan keselamatan dan kebolehpercayaan sistem. Dengan penyepaduan sensor suhu
dan rangkaian IoT, sistem ini dapat mengurangkan kehilangan haba, meningkatkan
keberkesanan tenaga, dan menyokong amalan pemprosesan makanan yang lebih lestari.

2.0 Penyataan Masalah

Sejak wabak pandemik COVID-19 bermula pada awal tahun 2020, permintaan terhadap
produk makanan sedia digunakan (ready to eat - RE) semakin meningkat. Namun pengeluaran
pes makanan oleh pengusaha dalam kuantiti yang banyak adalah terhad kerana proses
penghasilan pes masakan tidak dapat disediakan dalam masa yang singkat.

Antara masalah yang sering dihadapi oleh pengusaha dengan alatan yang sedia ada adalah
kaedah penyediaan pes masakan secara double boil secara berasingan dan proses pemindahan
pes masakan dalam keadaan panas kepada filling machine agak merumitkan. Selain itu, risiko
pencemaran silang yang akan berlaku semasa pemindahan pes masakan adalah tinggi
disamping kadar pembiakan bakteria yang tinggi berlaku sekiranya suhu pes masakan berada
antara suhu 55 °C dan 60 °C. Penurunan suhu pada pes tidak dapat dielakkan semasa proses
pemindahan dan pengisian pes. Pencemaran silang ini adalah faktor utama menyebabkan pes
masakan tidak tahan lama untuk disimpan dan cepat rosak. Proses pre-retort yang biasa di
jalankan adalah seperti Rajah 1.

y
1 Bk
Periuk double boiler |:> Bekas |::> Mesin pengisian

(Filling machine)
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Rajah 1: Proses pre-retort

Pekerja perlu memasak pes menggunakan kaedah double boil dalam tempoh 2 jam dengan
suhu 80 °C pada kuantiti 30 kg. Bacaan suhu perlu diambil dalam sela masa 10 minit bagi
memastikan suhu pes kekal pada 80 °C menggunakan termometor secara manual. Kawalan api
pada dapur gas juga perlu dikawal secara manual jika suhu kurang atau melebihi 80 °C. Selain
itu, air di dalam periuk double boiler akan menyusut kerana berlaku pemeluwapan dan
menyebabkan pekerja perlu menambah kandungan air bagi memastikan air tidak kering semasa
proses double boil. Risiko berlaku percikan air dari periuk double boiler ke dalam pes makanan
juga adalah tinggi.
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Pekerja turut menghadapi masalah semasa memindahkan pes masakan ke dalam filling
machine bagi tujuan pembungkusan. Pekerja terpaksa memindahkan secara berperingkat dalam
kuantiti yang bersesuaian untuk diangkat dan dimasukkan ke dalam corong mesin. Risiko
berlaku percemaran silang adalah tinggi semasa pemindahan dari periuk double boiler ke bekas
dan semasa pemindahan daripada bekas ke mesin. Penurunan suhu pada pes dalam pemindahan
juga akan berlaku. Pemindahan pes masakan secara berperingkat ini perlu diselesaikan untuk
kumpulan pertama sebelum suhu pes turun 60 °C. Ini kerana kadar pembiakan bakteria adalah
tinggi pada suhu 55 °C hingga 60 °C dan perlu dielakkan.

Pes Tempreture for 300 peks filing
proses

Rajah 2: Graf penurunan suhu pes yang bagi 300 paket semasa proses pengisian

Rajah 2 menunjukkan graf penurunan suhu pes yang bagi 300 paket semasa proses pengisian.
Walaupun filling machine mampu menampung sehingga 40 kg pes dalam sesuatu masa tetapi
pes terpaksa melalui proses pengisian dalam 3 kumpulan bagi memastikan suhu pes semasa
pengisian tidak kurang dari 60 °C untuk mengelakkan pembiakan bakteria berlaku pada pes
masakan. Hal ini akan meningkatkan masa proses pengisian sekaligus produktiviti akan
menurun.

3.0 Cadangan Penyelesaian

Hasil perbincangan penyelidik dengan pengusaha terhadap permasalahan ini telah dicadangkan
untuk membangunkan inovasi pada filling machine yang boleh mengaplikasi kepada 3 proses
penghasilan pes secara serentak iaitu memasak, memindahkan dan membungkus pes tersebut.
Kaedah double boil akan diinovasikan pada filling machine.

Rajah 3 menunjukkan rekabentuk keseluruhan sistem dimana ia terdiri daripada filling
machine dan dandang (boiler). Cecair (air) akan dipanaskan pada boiler. Apabila suhu yang
ditetapkan dicapai maka air panas tersebut akan dipam kepada corong filling machine melalui
hos fleksibel. Air panas ini akan mengalir mengelilingi corong dan haba akan disalurkan
kepada pes yang berada didalamnya. Modifikasi ini diinspirasikan berdasarkan kepada konsep
pengeluaran produk plastik yang menggunapakai kaedah acuan suntik plastik. Keadaan air
panas yang mengalir melalui dinding tuner ini ditunjukkan dalam Rajah 4.
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Rajah 4: Keratan rentas Filling Machine dimana tempat pengaliran air panas

Selain itu juga, inovasi yang dibangunkan ini adalah seiring dengan Teknolologi IR 4.0
dimana proses penyediaan pes ini dapat dipantau oleh pengendali mesin dari jarak jauh dengan
adanya elemen-elemen IoT pada sistem menggunakan telefon pintar. Dengan pekerja dapat
memantau keadaan suhu dan masa bagi memastikan proses penghasilan pes kekal pada suhu
yang dikehendaki.

Inovasi ini turut dipasang beberapa alat penderia (sensor) antaranya sensor suhu, sensor
untuk menyukat paras air dan sensor pengawal suhu. Sensor tersebut berperanan bagi
mengukur suhu air dan suhu pes yang telah ditetapkan, melaras suhu bagi pes makanan yang
dikehendaki dan mengukur paras air bagi proses double boil tersebut. Nilai bacaan daripada
alat pengesan akan dipaparkan pada skrin LCD dan telefon pintar pengguna. Rajah 5
menunjukkan blok diagram kawalan sistem bagi rekabentuk elektronik.
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Smart Phone
(loT)

Rajah 5: Blok diagram kawalan system bagi rekabentuk elektronik
4.0 Impak Pembangunan Sistem Kepada Pengusaha Makanan Retort

Pembangunan sistem pemanasan tambahan dalam mesin pengisian pra-retort memberikan
pelbagai manfaat kepada pengusaha makanan retort, terutama dari segi kecekapan,
keselamatan, dan keberkesanan operasi. Salah satu impak utama adalah peningkatan kecekapan
pengeluaran. Dengan mengekalkan suhu bahan makanan pada 80°C sepanjang proses
pemindahan dan pembungkusan, sistem ini mengurangkan masa pemprosesan dan
meningkatkan kapasiti pengeluaran, membolehkan pengusaha memenuhi permintaan pasaran
dengan lebih berkesan.

Selain itu, sistem ini juga membantu dalam mengurangkan kehilangan haba dan
menjimatkan kos tenaga. Penggunaan tenaga yang lebih cekap memastikan bahawa haba tidak
terbuang, mengurangkan perbelanjaan operasi serta menjadikan proses pemprosesan lebih
mesra alam. Ini secara tidak langsung menyokong amalan pemprosesan yang lebih lestari
dalam industri makanan.

Dari segi kualiti produk, sistem pemanasan yang stabil memainkan peranan penting dalam
memastikan makanan mengekalkan rasa, tekstur, dan kualiti keseluruhan. Suhu yang terkawal
mengurangkan risiko pertumbuhan mikroorganisma yang boleh merosakkan makanan, sekali
gus memanjangkan jangka hayat produk dan meningkatkan keselamatan pengguna. Risiko
pencemaran silang juga dapat dikurangkan. Dengan reka bentuk sistem yang lebih cekap dan
kurang sentuhan langsung antara bahan makanan dan peralatan, risiko pencemaran semasa
pemindahan bahan dapat dikurangkan. Ini meningkatkan keselamatan makanan serta
membantu pengusaha mematuhi piawaian keselamatan seperti Hazard Analysis and Critical
Control Points (HACCP) dan ISO 22000.

Teknologi IoT yang diterapkan dalam sistem ini juga memberikan kelebihan besar kepada
pengusaha. Dengan pemantauan suhu secara masa nyata, pengusaha dapat mengawal dan
menyesuaikan parameter pemprosesan dengan lebih tepat. Sensor yang disepadukan dengan
rangkaian IoT membolehkan pemantauan jarak jauh dan analisis data, yang dapat membantu
dalam pengoptimuman sistem dan pengurangan kesilapan operasi.

5.0 Kesimpulan

Secara keseluruhannya, pembangunan sistem pemanasan dalam mesin pengisian pra-retort
membawa perubahan signifikan dalam industri pemprosesan makanan. Dengan memastikan
suhu bahan makanan kekal stabil sepanjang proses pemindahan dan pembungkusan, sistem ini
meningkatkan kecekapan tenaga, mengurangkan risiko pencemaran silang, serta memastikan
keselamatan dan kualiti produk akhir. Integrasi teknologi IoT membolehkan pemantauan dan
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kawalan suhu secara masa nyata, seterusnya menyokong amalan pemprosesan yang lebih
lestari dan cekap.

Selain memberi manfaat kepada pengusaha makanan retort dalam bentuk peningkatan
produktiviti dan pengurangan kos operasi, sistem ini juga membantu memastikan pematuhan
kepada standard keselamatan makanan yang lebih ketat. Dengan daya saing industri makanan
yang semakin meningkat, pembangunan teknologi seperti ini amat penting bagi memastikan
kelangsungan dan keberkesanan sektor pemprosesan makanan.
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Abstract

Bio-composting represents an eco-friendly and sustainable approach to recycling organic waste into nutrient-rich
compost enriched with beneficial microorganisms. This review elucidates the definition, essential materials,
processes, and emerging technologies associated with bio-composting. Moreover, it examines its implementation
and the potential benefits within the Malaysian context, where sustainable waste management remains a critical
challenge. Defined as a controlled aerobic decomposition of organic matter by microorganisms, bio-composting
transforms waste into a stable, humus-like substance that serves as a valuable soil amendment. In particular,
Malaysia—being the world’s second-largest palm oil producer—generates substantial organic waste, including
palm oil mill effluent and agricultural byproducts, which are highly suitable for bio-composting. This method not
only mitigates the environmental burden but also supports the agricultural sector by enhancing soil fertility. The
process encompasses key steps such as selecting appropriate feedstocks, regulating moisture and aeration, and
maintaining optimal temperature and pH levels. Effective control of these parameters is essential for efficient
composting. Consequently, bio-composting emerges as a viable and sustainable alternative to conventional waste
disposal practices in developing nations.

Key Words: Biocompost, Organic Waste, Waste Disposals, Biocompost Technologies
1. Introduction

Given the increasing demand for efficient waste disposal methods and rising environmental
concerns, biocomposting has emerged as a globally recognized sustainable waste management
solution, as it converts organic waste into nutrient-rich compost through biological
processes(Awasthi et al., 2020). Particularly in Malaysia, rapid urbanization and
industrialization have led to a substantial increase in organic waste generation, underscoring
the critical need to implement effective biocomposting strategies. This study provides a
comprehensive examination of biocomposting, including its fundamental principles, the types
of organic materials used, the technologies and methodologies employed, and its practical
applications within the Malaysian context.

Biocomposting relies on microbial activity to decompose organic waste—such as food
scraps, yard waste, and agricultural residues—into a stable, nutrient-dense soil amendment
(Azis et al., 2022). Compared to other waste management approaches, composting offers
distinct advantages, particularly in developing nations, due to its lower capital and operational
costs, reduced technical complexity, and minimal requirement for specialized scientific
expertise (Wang et al., 2019a). However, the efficiency of the biocomposting process is
influenced by multiple environmental factors, including pH levels, moisture content, aeration,
microbial activity, and the carbon-to-nitrogen ratio (Wang et al., 2019a). Beyond reducing the
volume and weight of organic waste, composting yields a high-quality end product that
enhances soil fertility and structure, thereby contributing to sustainable agricultural practices.
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Figure 1: Percentage of global waste composition (Azis et al., 2022)

As illustrated in Figure 1, plastic and microplastics dominate global waste composition in
terms of reuse and recycling rates. However, organic waste remains a critical concern,
particularly in Malaysia, where it constitutes a significant portion of municipal solid waste
(Moh & Abd Manaf, 2017). The efficiency of biocomposting—a sustainable organic waste
management solution—is influenced by key environmental parameters, including pH, moisture
content, aeration, microbial activity, and the carbon-to-nitrogen ratio (Singh et al., 2020).
Unlike conventional waste management approaches that prioritize collection over treatment,
biocomposting offers a dual benefit: it not only reduces the volume and weight of organic waste
but also converts it into a stable, nutrient-rich amendment that enhances soil fertility and
structure . Given Malaysia’s pressing waste management challenges, adopting biocomposting
could mitigate landfill dependency, transform organic waste into a valuable resource, and
reduce the environmental impact of improper waste disposal.

2. Biocompost

Biocompost, produced through the controlled aerobic decomposition of organic waste
materials, has gained recognition as a sustainable approach to addressing escalating waste
management challenges (Pandit et al., 2020). This process involves the transformation of
diverse organic substrates—including agricultural residues, animal manure, and municipal
solid waste—into a stabilized, humus-like material (Wang et al., 2019a). Microbial activity
plays a pivotal role in this conversion, as microorganisms facilitate the breakdown and
mineralization of organic compounds (Ahmad et al., 2007). During composting, metabolic heat
generated by diverse microbial communities elevates temperatures, thereby accelerating the
decomposition of complex organic matter into simpler, nutrient-dense constituents (Pandit et
al., 2020). The resulting biocompost serves as a valuable soil amendment, enriched with
essential macronutrients such as nitrogen, phosphorus, and potassium, which are critical for
agricultural and horticultural applications (Fawole et al., 2021). Beyond nutrient provision,
biocompost enhances soil health by improving its physicochemical properties and fostering
beneficial microbial populations, thereby promoting long-term soil fertility and productivity
(Gaspar & Doria, 2020).

© 2025 Politeknik Sultan Mizan Zainal Abidin. All rights reserved. 39



iMaTRiX’25
¢ISSN 3120-3728 Politeknik Sultan Mizan Zainal Abidin, Terengganu, Malaysia. 11 — 12 August 2025

Emmm Dilute nutrient — high volume required
=LY

n Urea Ammonium Nitrate; UAN
(Conventional N fertiliser to enhance

Dilute nutrient— high volume required nutrient content)

Hard to transport/handle /'\

Compost

Liquid Digestate

Food Waste - Soil application with & without UAN
Anaerobic (LD) _‘l
Digestion SS S I v

2 Organic fertilisers can reduce and optimise UAN
Evaporation for plant growth

Landfill A
Solid Digestate + Beneficial bacteria community in organic+ UAN
Nutrient loss (SD)

mmmm GHG emissions . ” £
Watarway lasching Coricoritratod fitkTioNnt + Organic + UAN had 310% higher shoot biomass
Easy to transport/handle

mmmm High energy cost

Figure 2: A graphical image of food waste-derived fertilisers (O’Connor et al., 2024)

As illustrated in Figure 2, food waste can be effectively repurposed for fertilizer production
through biocomposting. The advantages of biocompost extend well beyond its nutritional
contributions to soil. Significantly, this method offers an environmentally preferable
alternative to conventional waste disposal by diverting organic matter from landfills and
incinerators, thereby reducing greenhouse gas emissions and other negative environmental
impacts (Ambasta & Kumari, 2013). Moreover, when combined with vermicomposting
techniques - which employ earthworms to enhance the decomposition process - the resulting
product demonstrates superior quality, containing elevated levels of nutrients and beneficial
microorganisms (Pandit et al., 2020). The scientific principles underlying biocomposting
highlight two critical aspects: the importance of sustainable waste management practices and
the potential to transform organic waste into valuable soil amendments (Pandit et al., 2020).
By harnessing natural decomposition processes and microbial activity, biocompost serves as a
key component in both circular economic models and sustainable agricultural systems. This
dual functionality simultaneously addresses pressing environmental concerns related to waste
accumulation while improving soil health and fertility through ecological means.

2.1 Materials used in Biocomposting

Biocomposting represents an effective biological process that transforms diverse organic
substrates into nutrient-dense soil amendments through controlled decomposition. The
process strategically utilizes complementary waste streams to optimize the carbon-to-
nitrogen ratio essential for microbial activity. Nitrogen-rich green waste components,
including grass clippings, fresh leaves, and garden trimmings, are balanced against carbon-
dense brown materials such as wood chips, straw, and dried leaves. Furthermore, the system
effectively incorporates food waste streams, particularly fruit and vegetable scraps, coffee
grounds, and crushed eggshells, which contribute valuable micronutrients and organic
matter. Beyond household and garden waste, the methodology demonstrates significant
potential for valorizing agricultural byproducts (including crop residues) and industrial
organic waste from food processing operations, thereby expanding its applications within
circular economy frameworks.
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Figure 3: Step-wise small-scale composting with agro-waste (Pratap Singh & Prabha,
2018)

As depicted in Figure 3, the systematic composting of agricultural byproducts involves
multiple stages to produce quality organic amendments. The process -efficiency
fundamentally depends on maintaining an optimal blend of diverse organic materials, as this
balance directly affects microbial activity and decomposition rates (O’Connor et al., 2024;
Singh et al., 2020). When properly proportioned, these complementary waste streams
provide microorganisms with the necessary carbon and nitrogen substrates, along with
adequate oxygen and moisture levels, facilitating their metabolic processes. This controlled
biological conversion yields a stabilized end-product characterized by neutral odor and
minimal pathogen content. Notably, the physicochemical properties of input materials
significantly determine the quality parameters of the final compost. Therefore, a thorough
comprehension of biocomposting mechanisms - including microbial ecology, biochemical
transformations, and process optimization - is imperative for designing effective waste
management systems. Such knowledge enables the establishment of composting facilities
capable of sustainably processing organic waste streams while adhering to environmental
quality standards.

2.2 Process involved in Biocomposting

Biocomposting represents a sustainable organic waste management strategy that
systematically transforms biodegradable materials into agriculturally valuable compost
through three distinct phases: (1) collection and sorting of feedstock, (2) active
decomposition, and (3) maturation (Pandit et al., 2020). This microbially-mediated process
harnesses diverse microbial communities, including bacteria and fungi, to facilitate the
biological, physical, and chemical conversion of organic substrates into stable, nutrient-
dense soil amendments (Wang et al., 2019a). During decomposition, these microorganisms
enzymatically break down complex organic compounds through biochemical processes
such as mineralization and humification (Ahmad et al., 2007). The resultant high-quality
compost not only enhances soil fertility but also addresses critical environmental challenges
by diverting organic waste from landfills, thereby reducing methane emissions and
promoting circular resource utilization (Gaspar & Doria, 2020). As such, biocomposting
serves as a multifaceted solution that simultaneously advances waste valorization, soil
health improvement, and sustainable land management practices.
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(a) (b)
Figure 4: (a) A worker doing the biocompost process, (b) A collected food waste

The biocomposting process initiates with the systematic collection and sorting of organic
waste to remove contaminants as shown in Figure 4 (a) and Figure 4 (b), followed by
mechanical shredding to increase surface area for microbial action. This pretreatment phase
is crucial for optimizing subsequent biodegradation, as the shredded waste is then mixed to
achieve an optimal carbon-to-nitrogen ratio (25:1 to 30:1), which sustains microbial
metabolism. Concurrently, aeration and moisture control (50-60%) are maintained to
support aerobic microbial activity, ensuring efficient decomposition through enzymatic
hydrolysis and oxidative breakdown. During this active phase, diverse microbial
consortia—including bacteria, fungi, and actinomycetes—sequentially degrade organic
matter, generating heat, CO., and water while mineralizing nutrients into plant-available
forms.

The process culminates in the maturation phase, where compost stabilizes through
biochemical humification and pathogen suppression, resulting in a phytotoxin-free,
nutrient-dense product. Temperature dynamics play a critical regulatory role, progressing
from mesophilic to thermophilic (50-70°C) stages, which enhance decomposition
efficiency while sanitizing the substrate. Ultimately, this hierarchically structured process—
governed by physicochemical and microbiological interactions—transforms organic waste
into a valuable soil amendment, offering an economically viable and environmentally
sustainable waste management solution, particularly in developing nations due to its low
technical complexity and operational costs.

3. Technologies in Biocomposting

Biocomposting has emerged as a cornerstone of sustainable waste management, facilitating the
conversion of organic waste into nutrient-rich soil amendments through controlled biological
decomposition (Pandit et al., 2020). Recent technological advancements have significantly
enhanced the efficiency of this process, optimizing parameters such as aeration, moisture
control, and microbial activity to accelerate organic matter breakdown (Wang et al., 2019a).
The process relies on the synergistic action of diverse microbial communities to mineralize
complex organic compounds into bioavailable nutrients, including nitrogen, phosphorus, and
micronutrients (Ahmad et al., 2007). As a result, biocomposting not only diverts organic waste
from landfills but also produces a stabilized, agriculturally valuable end product (Ambasta &
Kumari, 2013). Given its dual benefits—waste reduction and soil enrichment—this method
represents a critical strategy in circular bioeconomy frameworks (Gaspar & Doria, 2020).
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Figure 5: Windrow compositing (Azis et al., 2022)

Modern composting technologies employ diverse methodologies to optimize organic waste
valorization, with windrow composting emerging as a cost-effective solution for large-scale
applications due to its simple infrastructure and periodic mechanical aeration. In contrast,
aerated static pile (ASP) systems utilize forced aeration to maintain optimal oxidative
conditions, enhancing microbial activity while minimizing operational complexity. For urban
environments, in-vessel composting offers superior process control through enclosed
bioreactors that regulate temperature, moisture, and aeration, thereby accelerating
decomposition while mitigating odor and leachate concerns. Meanwhile, vermicomposting
leverages epigeic earthworms as biological accelerants, producing nutrient-rich vermicast
through synergistic interactions between detritivores and microbial consortia, which
collectively enhance organic matter degradation and soil fertility.

Technological advancements have further refined these systems, with microbial inoculants
improving lignocellulose breakdown in ASP and in-vessel systems, while vermicomposting
demonstrates dual agronomic and ecological benefits, including soil structure enhancement and
microbial population stimulation. These methods—windrow (as illustrated in Figure 5), ASP,
in-vessel, and vermicomposting—collectively address varying operational scales and
environmental constraints, offering scalable solutions for sustainable waste management. By
balancing economic viability with process efficiency, they facilitate organic waste conversion
into high-quality soil amendments, supporting circular economy principles in both developed
and developing regions.

4. Biocomposting Policies Implementation in Malaysia

Malaysia has strategically positioned biocomposting as a key component of its sustainable
waste management framework, implementing targeted initiatives to harness its potential in
addressing mounting organic waste challenges (Ministry of Housing and Local Government,
2021). This commitment is operationalized through comprehensive policy instruments, most
notably the National Solid Waste Management Policy, which establishes institutional
mechanisms for organic waste valorization (Mallesham et al., 2016). Concurrently, the Zero
Waste Malaysia initiative provides a multi-stakeholder platform that synergizes governmental,
private sector, and community efforts to mainstream biocomposting practices across urban and
rural contexts. These coordinated interventions reflect Malaysia's progressive approach to
circular economy implementation, where organic waste streams are systematically diverted
from landfills and transformed into valuable soil amendments (O’Connor et al., 2024; Singh et
al., 2020).The policy framework is further reinforced by capacity-building programs that
enhance technical competencies among local authorities and composting entrepreneurs,
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ensuring the scalability and long-term viability of biocomposting solutions (Oviedo-Ocafia et
al., 2015a, 2015b).

PUSAT KITAR SEMULA
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Figure 6: A waste collection and segregation center at a TVET institution

The Malaysian government has implemented strategic policies such as the National Solid
Waste Management Policy (Jabatan Pengurusan Sisa Pepejal Negara, 2016)and National Clean
Policy (Kementerian Perumahan dan Kerajaan Tempatan, 2019) initiative to promote
biocomposting with the establishment of waste collection and segregation centers in the
institution (Figure 5), addressing the country's pressing waste management challenges where
organic waste constitutes 65-67% of municipal solid waste. Despite these efforts, systemic
barriers persist, including low public participation in waste segregation, inadequate
infrastructure, and insufficient data for evidence-based policymaking. To overcome these
challenges, a multi-stakeholder approach has emerged, combining government-led programs
with community-based composting projects and commercial ventures that transform organic
waste into agricultural and landscaping products. Educational institutions and NGOs further
bolster these initiatives through workshops and training, emphasizing the environmental and
economic benefits of composting while building technical capacity among stakeholders.
Community-driven composting projects have gained traction in both urban and rural areas,
supported by Malaysia's robust food processing sector, which provides significant feedstock
potential for large-scale organic waste valorization. However, the success of these initiatives
hinges on integrated strategies that include public awareness campaigns, policy reinforcement,
and economic incentives to shift perceptions of waste management responsibility. Commercial
composting enterprises are increasingly filling a critical niche by processing industrial food
waste, while municipal programs expand curbside collection and composting services.
Collectively, these efforts—spanning government policy, community action, private sector
engagement, and education—aim to reduce landfill dependence, mitigate methane emissions,
and create circular economy opportunities, positioning biocomposting as a cornerstone of
Malaysia's sustainable waste management future.

5. Biocomposting Challenges and Future Directions in Malaysia

The implementation of biocomposting practices in Malaysia encounters significant barriers,
primarily stemming from insufficient public awareness regarding its environmental benefits
and limited community engagement (Tan et al., 2022). This challenge emerges within a broader
context of escalating solid waste management pressures, characterized by rising waste
generation rates and critically constrained landfill capacity (Grima-olmedo et al., 2014). While
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community-based composting initiatives demonstrate operational efficacy, their long-term
viability necessitates a tripartite collaboration framework encompassing: (1) active community
participation, (2) supportive government policies, and (3) private sector investment(Delucchi,
2011).From a technological perspective, composting offers a viable biological solution for
organic waste stabilization and environmental impact mitigation (Wang et al., 2019b).
However, widespread adoption faces persistent sociocultural obstacles including: (1) the
prevailing perception of waste management as solely a municipal responsibility, (2) inadequate
civic environmental stewardship, and (3) insufficient environmental education effectiveness
(Pratap Singh & Prabha, 2018). Strategic interventions focusing on comprehensive public
awareness campaigns and systematic technology integration are essential to overcome these
barriers and establish sustainable waste management paradigms (Jabatan Pengurusan Sisa
Pepejal Negara, 2016).

(a) (b)

Figure 7: (a) Waste collection activity, (b) Waste cooking oil is collected for recycling

The widespread adoption of biocomposting faces several critical challenges that require a
multi-faceted approach to address. Foremost among these is the need for enhanced public
awareness campaigns to educate communities about the environmental benefits of organic
waste diversion and proper participation techniques as shown in Figure 7. Concurrently,
developing adequate infrastructure for waste collection, sorting, and processing remains
fundamental, as optimal composting conditions depend on maintaining precise parameters
including carbon-to-nitrogen ratios (25-30:1), moisture content (50-60%), and oxygen levels.
Furthermore, the establishment of clear regulatory frameworks is imperative to ensure compost
quality and safety, necessitating collaboration between government bodies, research
institutions, and industry stakeholders to develop standardized protocols and quality control
measures. These interconnected elements—public engagement, infrastructure development,
and regulatory standardization—collectively form the foundation for successful biocomposting
implementation.

Continued research and development plays a pivotal role in advancing biocomposting
technologies, with current studies focusing on optimizing reactor designs, microbial inoculants,
and process efficiency to enhance both economic viability and product quality. The
physicochemical properties of input materials significantly influence process dynamics,
underscoring the need for comprehensive databases documenting material specifications and
best practices. As developing nations grapple with rapid urbanization and increasing waste
volumes, biocomposting offers a sustainable solution that aligns with circular economy
principles by reducing landfill dependence, mitigating greenhouse gas emissions, and
producing valuable soil amendments. However, realizing this potential requires coordinated
efforts across public education, infrastructure investment, regulatory development, and
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technological innovation to overcome existing barriers and maximize the environmental and
agricultural benefits of large-scale biocomposting systems.

6. Conclusion

Biocomposting presents a promising solution to organic waste management in Malaysia,
offering a range of environmental, economic, and social benefits that can contribute to the
country's transition towards a more sustainable and circular economy. Malaysia, like many
developing nations, has witnessed a significant increase in municipal solid waste generation in
recent years, driven by rapid economic growth and urbanization. The waste stream is
characterized by a high proportion of organic matter, moisture content, and bulk density.

1.  Composting organic waste, a process known as biocomposting, can effectively
transform these materials into valuable soil amendments, reducing the burden on
landfills and mitigating environmental impacts.

ii.  Compost is highly valued for its ability to enhance the chemical, physical, and
biological properties of soil, making it a valuable resource for various agricultural and
landscaping applications.

iii.  The success and replication potential of community-based composting projects in
neighboring countries, such as Bangladesh, demonstrate the viability of this approach.

iv.  To fully harness the benefits of biocomposting, it is crucial to address the existing
challenges and promote the adoption of these practices. This requires an integrated
approach involving collaboration among the government, industry, and local
communities.

By investing in the infrastructure and policies to support biocomposting, Malaysia can
reduce the environmental impact of organic waste, create new economic opportunities, and
foster social engagement in sustainable waste management practices. Ultimately, the
widespread adoption of biocomposting can contribute to Malaysia's transition towards a more
circular economy, where organic waste is viewed as a valuable resource rather than a burden.
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Abstract

This research presents an experimental investigation into the braking performance of a Formula SAE-style
electric vehicle (EV) prototype at low to moderate speeds ranging from 20 km/h to 60 km/h. Using the FRATEC
EV Race Car platform, developed for educational and competitive applications, the study focused on measuring
stopping distance, braking time, and brake temperature under controlled dry asphalt conditions. A total of five
braking trials were conducted at discrete speeds (20, 30, 40, 50, and 60 km/h), and results indicated a nonlinear
increase in stopping distance and brake temperature with speed. Stopping distances ranged from 3.1 meters at 20
km/h to 8.2 meters at 60 km/h, while brake temperatures increased from 48°C to 75°C. Braking time also
showed a gradual increase, from 1.6 seconds at 20 km/h to 2.7 seconds at 60 km/h. The findings highlight the
importance of optimized braking system design, thermal management, and consistent deceleration
characteristics in enhancing safety and reliability in electric race cars. This study contributes valuable empirical
data for future design validation in Formula SAE EV competitions.

Key Words: Electric Vehicle (EV), Braking Performance, Braking Distance, Deceleration Rate, Lightweight
Race Car, Hydraulic Disc Brakes

1. Introduction

The growing focus on electric mobility and sustainable transportation has accelerated interest
in electric vehicle (EV) platforms, especially in academic engineering competitions such as
Formula SAE Electric (FSAE-E). These events challenge student teams to design, build, and
test compact electric race cars that meet strict technical and safety criteria. Among the many
performance parameters assessed in these competitions, braking effectiveness—particularly
at low to moderate speeds—plays a crucial role in overall vehicle safety, control, and driver
confidence. Despite its importance, braking performance often receives less attention during
early design phases compared to acceleration, weight optimization, or battery management.
2 i =g
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= e

Figure 1: Formula SAE Electric Vehicle

Figure 1 illustrates a typical Formula SAE Electric Vehicle (EV), similar to the prototype
used in this research. These vehicles are designed by student teams for academic engineering
competitions, emphasizing compact design and adherence to strict technical and safety
criteria. The focus of such vehicles includes various performance parameters, with braking
effectiveness being crucial for overall safety, control, and driver confidence. This research
aims to investigate the braking behavior of a student-built Formula SAE electric vehicle
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under low-speed conditions. The main goal is to evaluate the braking distance, stopping time,
and brake temperature vary with vehicle speed between 20 and 60 km/h. By conducting
experimental trials on a controlled asphalt surface using the FRATEC EV Race Car
prototype, this study seeks to quantify the relationship between speed and braking
performance. In doing so, it provides practical insights into how vehicle dynamics, brake
system efficiency, and thermal behavior interact in real-world scenarios. The results are
intended to guide the development of safer and more efficient brake systems for electric race
cars and contribute to the body of knowledge supporting engineering education in sustainable
motorsport technology.

2. Literature Review

Braking performance is a vital parameter in electric vehicle (EV) design, particularly in the
context of Formula SAE competitions where both speed and safety are critical. Numerous
studies have explored the behavior of braking systems under various operational conditions to
enhance understanding and improve engineering decisions. A study by (Yilmaz, 2013),
emphasized the importance of regenerative and mechanical braking integration in EVs,
stating that coordinated braking not only improves energy efficiency but also influences
overall stopping performance. However, for race applications like Formula SAE, where
braking must be immediate and predictable, mechanical disc brakes remain the primary
system of choice due to their reliability and thermal stability.

Further, investigations by (Ganta, 2021) analyzed the influence of vehicle speed on
braking distance and discovered a quadratic relationship between speed and stopping
distance, aligning with the kinetic energy principle. This finding supports the theoretical
expectation that kinetic energy increases with the square of velocity, requiring longer
distances for safe deceleration at higher speeds. In another experimental analysis of an
electric go-kart, (Bhatti, 2020) highlighted the role of brake caliper configuration and disc
type on stopping performance. Their research concluded that ventilated disc brakes and dual-
port calipers significantly improved heat dissipation and consistency in braking—critical
design features for maintaining stable performance during competitive driving.

Moreover, research by (Wang, 2018) on simulation-based braking optimization
demonstrated that the balance of braking force distribution between front and rear axles is
crucial for stability and reduced stopping distances. This aspect is particularly relevant for
electric race cars, which often adopt asymmetric braking setups for better balance and
thermal control.These studies collectively inform the ongoing development of efficient, safe,
and competition-ready braking systems for electric race vehicles. They underscore the need
for experimental validation, proper brake sizing, and material selection in achieving high-
performance outcomes.

High-performance electric race cars demand brake pad materials that can endure high
thermal stress and provide consistent friction. (Chen & Zhang, 2023) investigated several
novel composite formulations and found that ceramic-reinforced materials exhibited lower
wear rates and stable friction characteristics under repeated braking cycles .Braking
performance in lightweight EVs is highly influenced by tire-road interaction. (Kim & Park,
2021) demonstrated that variations in surface friction significantly impact braking stability,
especially under wet or low-traction conditions, emphasizing the need for adaptive control
strategies and optimal tire selection. Effective thermal management of disc brakes is crucial
in electric race vehicles to prevent brake fade. Using CFD simulation, (Davies & White,
2020) showed that optimized ventilated disc geometry and airflow ducting can enhance
cooling efficiency, thus maintaining consistent braking performance during high-speed runs.
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3. Methodology

This experimental study aimed to evaluate the braking performance of a Formula SAE
Electric Vehicle (EV) by measuring braking distance and time during low-speed braking. The
focus was to use simple yet reliable measurement tools to gather essential braking data.The
vehicle used in the experiment was a Formula SAE EV prototype equipped with a standard
mechanical braking system. Prior to testing, the vehicle was carefully inspected to ensure that
the brakes were functioning optimally and that the tires were inflated to recommended
pressures. These measures were necessary to maintain consistency throughout the testing
process. Table 1 outlines the key specifications of the Formula SAE EV prototype's braking
system and relevant vehicle parameters, including tire type, battery voltage, motor power,
vehicle weight, and details of the front and rear disc brakes. These specifications are crucial
for understanding the vehicle's design context. Figure 2 illustrates the "hanging type" force
application mechanism within the braking system, demonstrating how force is transmitted to
initiate braking and figure 3 shows the braking system components as integrated with the
pedal, highlighting the direct interaction points for driver input.

3.1 Vehicle Specification

Table 1: Formula SAE EV braking spec

Component Specification
Tyre 185/60/R14 semi slick
Battery Voltage 96V
Motor Power 15 kW
Vehicle Weight 340 kg

Front Brakes Single-port caliper with ventilated disc
Rear Brakes Double-port caliper with ventilated disc
Disc brake Ventilated Disc 220mm at all wheel.
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Figure 1: Force on braking system (Hanging Type).

© 2025 Politeknik Sultan Mizan Zainal Abidin. All rights reserved. 50



iMaTRiX’25
eISSN 3120-3728 Politeknik Sultan Mizan Zainal Abidin, Terengganu, Malaysia. 12 — 13 August 2025

Figure 2: Braking system on the pedal
3.2 Test Environment

Testing was conducted on a closed track with a dry, flat asphalt surface. The ambient
temperature ranged between 32°C and 40°C. All braking trials were repeated five times for
consistency and reliability.

3.3 Test Procedure

The tests were conducted on a flat, straight, and dry asphalt surface to minimize external
influences such as surface irregularities or slopes. The track was marked at regular
intervals to aid accurate measurement of braking distance. The braking distance was
measured from the exact point of brake application to the point where the vehicle came to
a complete stop. To record braking distance, a measuring tape with a length of 50 meters
was used. This tape was laid out along the test track, and measurements were taken
manually after each braking event. Braking time was recorded using a handheld
stopwatch. The stopwatch was started at the instant the brake pedal was pressed and
stopped when the vehicle fully halted.

During each test run, the vehicle was accelerated to a predetermined low speed of
approximately 20 km/h. Once the target speed was reached, the driver applied the brakes
fully, and the braking distance and time were recorded as described. To ensure the
reliability and repeatability of the results, the test was repeated a minimum of five times.
The collected data on braking distance and braking time were then averaged and analysed
to observe the vehicle’s braking characteristics. Statistical tools such as standard deviation
were used to assess the variability in the measurements. This approach provided a clear
understanding of the braking performance under low-speed conditions. Throughout the
testing process, strict safety protocols were followed. The driver wore full protective gear,
including a helmet and gloves, and all tests were carried out in a controlled environment
with safety personnel on standby. Figure 4 illustrates the methodical process of this
research, from design to data analysis, ensuring consistent evaluation of the Formula SAE
EV's braking performance. This systematic approach, vital for reliable results, guides
objective definition, testing, and data interpretation.
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Figure 4: Formula SAE Research systematic flowchart
4. Result and Data

Referring to the flowchart developed during the design phase and the corresponding design
implemented in the development phase, an analysis was conducted to determine the braking
time and braking distance of a Formula SAE electric vehicle. Table 2 presents the
experimental results for braking time and braking distance of the Formula SAE electric
vehicle across five different speed levels: 20, 30, 40, 50, and 60 km/h. The data reveals a
clear trend: as vehicle speed increases, both braking time. All tests were conducted under dry
and flat road conditions to ensure consistency and eliminate variables related to surface
texture or moisture. This setup allows for a clear assessment of the braking system’s
effectiveness under ideal conditions. The complete set of calculations and analysis is
presented as follows.

Table 2: Braking Performance Data at Various Speeds

Braking Time Braking Braking Distance

Speed Braking Std. Dev.(s)  Distance,d  Std. Dev. (m)

(km/h) Time, te (s)

(m)
20 1.6 +0.05 3.1 +0.2
30 1.8 +0.06 4.8 +0.3
40 2.1 +0.08 7.2 +0.5
50 2.4 +0.10 10.6 +0.7
60 2.7 +0.12 13.2 +1.0
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4.1 Braking Time (te)

Braking time (te) refers to the duration from the moment of brake application until the
vehicle comes to a complete stop. The data shows a gradual increase in braking time with
speed—from 1.6 seconds at 20 km/h to 2.7 seconds at 60 km/h. This trend is consistent
with the requirement for the vehicle to dissipate more kinetic energy at higher speeds,
resulting in longer deceleration intervals. However, the rate of increase in braking time is
not as steep as braking distance, indicating that while speed influences how long the
vehicle takes to stop, braking force remains relatively consistent across different trials, as
reflected by the modest time variations. This implies that the energy to be dissipated
through braking quadruples as the speed doubles. The ventilated disc brakes demonstrated
consistent performance, with minimal fade observed during low-speed trials.

4.2 Braking Distance (d)

Braking distance (d) is the total length the vehicle travels after brake application until it
halts. The data presents a nonlinear growth in braking distance with speed, starting at 3.1
meters at 20 km/h and reaching 13.2 meters at 60 km/h. This exponential increase supports
the theory that kinetic energy (Ex = 1/2mv?) scales with the square of speed. As speed
doubles from 20 to 40 km/h, braking distance more than doubles from 3.1 m to 7.2 m. By
60 km/h, the vehicle needs over four times the distance required at 20 km/h to stop. This
demonstrates how critical it is to optimize the brake system for high-speed scenarios,
particularly in racing environments.

4.3 Performance Interpretation

The braking performance of the Formula SAE electrical vehicle shows consistent and
effective behavior across low to moderate speeds. As speed increases, braking time rises
gradually, while braking distance increases significantly. This is expected because the
energy that must be dissipated by the brakes grows with the square of speed. For example,
braking distance increases from 3.1 m at 20 km/h to 13.2 m at 60 km/h.The moderate
increase in braking time suggests that the braking system is delivering strong and reliable
deceleration. The combination of single-port front and double-port rear calipers with
ventilated discs provides effective braking force and good heat dissipation. This setup
helps maintain consistent braking performance without signs of fade during
testing.Repeated trials at each speed showed very little variation, indicating the system’s
reliability and repeatability. The vehicle’s weight balance and tire grip also contribute to
stable braking, especially under emergency stops.

5. Conclusion

This study successfully evaluated the braking performance of a Formula SAE-style electric
vehicle (EV) developed by FRATEC under controlled low- to mid-speed conditions.
Experimental results demonstrated consistent and predictable braking behavior, with braking
time increasing gradually and braking distance rising nonlinearly as vehicle speed increased
from 20 km/h to 60 km/h. These outcomes align with theoretical expectations, as the kinetic
energy to be dissipated during braking increases with the square of speed. The use of
ventilated disc brakes and a combination of single-port front and double-port rear calipers
provided effective thermal management and consistent braking force, preventing fade during
repeated trials. The system demonstrated both reliability and repeatability, critical for
ensuring driver safety and performance consistency in race conditions. Overall, the findings
reinforce the importance of selecting appropriate braking components, optimizing force
distribution, and conducting empirical testing for performance validation. These insights can
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be applied to future design iterations of electric cars, particularly in the Formula SAE context,
to enhance both safety and competitive efficiency.

6. Recomendation

Based on the results of this study, it is recommended that future improvements to the Formula
SAE EV race car focus on enhancing brake performance through material selection, thermal
management, and data monitoring. Instead of carbon-ceramic discs, which can be costly,
high-performance steel or slotted ventilated rotors made from cast iron with improved
cooling designs are suggested as cost-effective alternatives for better heat dissipation. The
use of performance-grade brake pads with higher friction coefficients can also improve
stopping power. Additionally, integrating brake temperature sensors and data logging systems
will help monitor system behavior in real-time for more accurate tuning. It is also advisable
to test the braking system under wet and uneven track conditions to evaluate performance
reliability in diverse scenarios. Exploring lightweight alloy calipers and adjusting brake bias
could further enhance control and reduce stopping distances. These steps will contribute to
safer, more consistent performance in future racing conditions.
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Abstrak

Industri pembinaan memainkan peranan penting dalam pembangunan negara, namun terus mencatatkan kadar
kemalangan yang tinggi, khususnya melibatkan penggunaan perancah. Perancah yang tidak dipasang dengan
betul boleh mengakibatkan kemalangan serius seperti jatuh dari ketinggian dan keruntuhan struktur. Bagi
menangani isu ini, Lembaga Pembangunan Industri Pembinaan Malaysia (CIDB) telah memperkenalkan
Standard Industri Pembinaan CIS 22:2023: Keakuran Produk untuk Penggunaan Perancah dalam Pembinaan
bagi meningkatkan keselamatan di tapak bina. Kajian ini bertujuan menilai tahap pengetahuan pekerja binaan
terhadap penggunaan perancah yang mematuhi CIS 22:2023 dan mengenal pasti cabaran pematuhan di enam
tapak bina sekitar daerah Dungun. Kajian menggunakan kaedah kuantitatif melalui soal selidik yang diedarkan
secara rawak kepada 103 orang pekerja binaan sebagai responden. Analisis statistik deskriptif menunjukkan
bahawa tahap pengetahuan terhadap CIS 22:2023 adalah rendah. 82% responden tidak mengetahui CIS 22:2023
sebagai standard keselamatan, 78% tidak dapat mengenal pasti peralatan yang mematuhi standard dan 74% tidak
pernah menghadiri latihan berkaitan. Dari segi cabaran pematuhan, 73% responden menyatakan ketiadaan
latihan sebagai halangan utama, diikuti oleh kos latihan yang tinggi (72%), kekangan masa kerja (69%), serta
kelemahan penguatkuasaan (70%). Kajian merumuskan bahawa kekurangan pengetahuan dan pelbagai cabaran
teknikal serta pengurusan menyukarkan pematuhan terhadap CIS 22:2023. Oleh itu, latihan berkala,
penguatkuasaan tegas, dan sokongan daripada majikan perlu diperkukuhkan bagi memastikan keberkesanan
pelaksanaan standard ini dan meningkatkan tahap keselamatan di tapak bina.

Kata Kunci: CIS 22:2023, keselamatan perancah, pematuhan standard, pengetahuan pekerja, cabaran industri
pembinaan

1. Pengenalan

Industri pembinaan merupakan antara sektor penting yang menyumbang kepada
pembangunan negara. Namun begitu, sektor ini juga sering dikaitkan dengan kadar
kemalangan yang tinggi, terutamanya melibatkan penggunaan perancah. Kajian oleh Rahman
et al. (2021) mendapati bahawa perancah merupakan antara penyumbang utama kepada
kemalangan di tapak pembinaan, terutamanya yang melibatkan kejatuhan dari ketinggian dan
keruntuhan struktur sementara. Perancah merupakan struktur sementara yang digunakan bagi
menyokong pekerja dan bahan semasa kerja pembinaan dilakukan pada ketinggian.
Penggunaan perancah yang tidak selamat boleh menyebabkan risiko kemalangan serius
seperti jatuh dari tempat tinggi, keruntuhan struktur, dan kecederaan parah kepada pekerja.

Bagi menangani isu keselamatan yang berkaitan dengan penggunaan perancah, Lembaga
Pembangunan Industri Pembinaan Malaysia (CIDB) telah memperkenalkan Standard Industri
Pembinaan CIS 22:2023 Keakuran Produk Untuk Penggunaan Perancah Dalam Pembinaan.
Standard ini dirangka bagi memastikan produk perancah yang digunakan di tapak bina
menepati piawaian keselamatan dan prestasi yang ditetapkan. Ia merangkumi keperluan
teknikal, prosedur pemasangan, penyelenggaraan, dan pemeriksaan bagi menjamin
keselamatan struktur serta pekerja.

Walau bagaimanapun, pelaksanaan dan pematuhan terhadap CIS 22:2023 di tapak bina
masih menghadapi pelbagai cabaran. Antaranya termasuk tahap pengetahuan pekerja yang
rendah, kekurangan latihan keselamatan, peralatan yang tidak mematuhi standard, serta
kurangnya penguatkuasaan oleh pihak berkuasa. Kajian lepas oleh Hassan et al. (2020)
menunjukkan bahawa kegagalan mematuhi piawaian keselamatan boleh meningkatkan risiko
kemalangan dan menjejaskan produktiviti serta reputasi syarikat pembinaan.
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Sehubungan itu, kajian ini dijalankan bagi menilai tahap pengetahuan pekerja binaan
terhadap penggunaan perancah yang betul serta mengenal pasti cabaran yang dihadapi dalam
pematuhan terhadap Standard Industri Pembinaan CIS 22:2023 di tapak bina dalam daerah
Dungun. Dapatan kajian ini diharap dapat memberi gambaran yang lebih jelas mengenai
tahap pelaksanaan standard tersebut serta mencadangkan langkah penambahbaikan ke arah
persekitaran kerja yang lebih selamat dan mematuhi peraturan.

1.1 Pernyataan Masalah

Penggunaan perancah merupakan elemen penting dalam kerja-kerja pembinaan,
terutamanya untuk kerja di kawasan tinggi yang melibatkan risiko keselamatan. Namun
begitu, pelbagai insiden kemalangan berkaitan perancah masih berlaku di tapak bina di
Malaysia akibat kecuaian, pemasangan yang tidak mengikut spesifikasi, serta
ketidakpatuhan terhadap standard keselamatan. Menurut Laporan Statistik JKKP (2023),
sebanyak 23% daripada jumlah keseluruhan kemalangan di tapak bina adalah berkaitan
dengan kejatuhan dari tempat tinggi, termasuk insiden melibatkan penggunaan perancah
yang tidak selamat (JKKP, 2023). Kajian oleh Rahman et al. (2021) turut menyatakan
bahawa kegagalan mematuhi piawaian keselamatan dalam penggunaan perancah menjadi
antara punca utama kemalangan serius di sektor pembinaan. Bagi menangani isu ini,
Standard Industri Pembinaan CIS 22:2023 telah diperkenalkan sebagai panduan teknikal
dalam penggunaan dan pemasangan perancah secara selamat di tapak pembinaan.

Walau bagaimanapun, tahap pengetahuan dalam kalangan pekerja binaan terhadap
standard ini masih menjadi persoalan. Kajian oleh Abdullah et al. (2020) menunjukkan
bahawa amalan keselamatan berkaitan perancah dalam kalangan pekerja binaan masih
berada pada tahap sederhana. Dapatan serupa turut dilaporkan oleh Yusof et al. (2019),
yang mendapati bahawa faktor kurangnya pengetahuan dan latihan keselamatan menjadi
punca utama ketidakpatuhan terhadap prosedur keselamatan di tapak bina. Dalam konteks
tempatan, seperti di daerah Dungun, belum banyak kajian dijalankan untuk menilai sejauh
mana pekerja binaan memahami dan mematuhi CIS 22:2023.

D1 samping itu, pelbagai cabaran dari aspek teknikal, latihan, dan penguatkuasaan
mungkin turut mempengaruhi tahap pematuhan terhadap standard ini. Kajian oleh Rahman
dan Abdullah (2021) mendapati bahawa kelemahan dalam pelaksanaan latihan
keselamatan, kekangan sumber teknikal, dan penguatkuasaan yang tidak konsisten
merupakan antara faktor utama yang menghalang pematuhan terhadap piawaian
keselamatan di tapak bina. Kefahaman dan pematuhan terhadap CIS 22:2023 adalah amat
penting kerana ia secara langsung mempengaruhi tahap keselamatan di tapak pembinaan.
Ketidakpatuhan terhadap piawaian ini boleh mengakibatkan kemalangan serius seperti
kejatuhan dari tempat tinggi dan keruntuhan struktur perancah, yang bukan sahaja
mengancam nyawa pekerja, tetapi turut memberi kesan negatif terhadap kelancaran projek,
termasuk kelewatan jadual, kerugian kewangan, dan reputasi syarikat (Rahman et al.,
2021; CIDB, 2023). Oleh itu, kajian ini dijalankan bagi menilai tahap pengetahuan pekerja
binaan terhadap CIS 22:2023 serta mengenal pasti cabaran yang dihadapi dalam
pematuhan terhadap standard tersebut di tapak bina daerah Dungun.

1.2 Objektif Kajian

1.  Mengetahui tahap pengetahuan pekerja binaan terhadap penggunaan perancah yang
betul bagi mematuhi Standard Industri Pembinaan CIS 22:2023 (Keakuran Produk
Untuk Penggunaan Perancah Dalam Pembinaan).
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ii.  Mengenal pasti cabaran bagi pekerja binaan dalam mematuhi Standard Industri
Pembinaan CIS 22:2023 (Keakuran Produk Untuk Penggunaan Perancah Dalam
Pembinaan).

2. Skop Kajian

Kajian ini dijalankan di enam tapak bina terpilih sekitar daerah Dungun, Terengganu. Kajian
ini memfokuskan kepada penggunaan perancah dalam sektor pembinaan dan tahap
pematuhan terhadap Standard Industri Pembinaan CIS 22:2023. Responden kajian terdiri
daripada golongan pekerja binaan yang terlibat secara langsung dalam kerja-kerja
pemasangan dan penggunaan perancah. Aspek yang diberi perhatian dalam kajian ini adalah
tahap pengetahuan pekerja terhadap penggunaan perancah yang betul serta cabaran yang
dihadapi dalam mematuhi standard yang ditetapkan.

2.1 Kepentingan Kajian

Kajian ini dijalankan bagi memberi gambaran yang lebih jelas tentang tahap pengetahuan
pekerja binaan terhadap penggunaan perancah yang selamat berdasarkan Standard Industri
Pembinaan CIS 22:2023. Maklumat yang diperoleh daripada kajian ini dapat membantu
pihak kontraktor, penyelia keselamatan, serta pihak berkuasa seperti CIDB dalam menilai
keberkesanan pematuhan standard keselamatan di tapak bina.

Selain itu, dengan mengenal pasti cabaran yang dihadapi oleh pekerja binaan dalam
mematuhi standard ini, kajian ini dapat dijadikan rujukan untuk penambahbaikan dari segi
latihan, penyediaan kemudahan, serta pemantauan keselamatan di tapak bina. Kajian ini
juga menyumbang kepada pengetahuan akademik dalam bidang keselamatan pembinaan
dan boleh dijadikan asas bagi penyelidikan lanjutan pada masa akan datang.

2.2 Kajian Terdahulu

Perancah digunakan untuk memberikan akses sementara kepada kawasan yang sukar
dicapai semasa kerja pembinaan, pembaikan atau penyelenggaraan. Menurut Abdullah et
al. (2020), penggunaan perancah yang betul boleh meningkatkan keselamatan,
produktiviti, dan kualiti kerja di tapak bina. Kajian oleh DOSH Malaysia (2022)
melaporkan bahawa 18% daripada keseluruhan kemalangan di tapak pembinaan berpunca
daripada kegagalan perancah, termasuk keruntuhan struktur dan kejatuhan pekerja dari
perancah.

Standard CIS 22:2023 dikeluarkan oleh CIDB untuk memberikan garis panduan
berkaitan reka bentuk, pemasangan, penggunaan dan pemeriksaan perancah di tapak bina.
CIS 22:2023 mengutamakan aspek keselamatan melalui pematuhan spesifikasi teknikal
dan keperluan kompetensi pemasang perancah (CIDB, 2023). Menurut Ismail dan Rahim
(2018), kesedaran pekerja terhadap standard keselamatan perancah di Malaysia masih
berada pada tahap sederhana. Faktor seperti kekurangan latihan keselamatan dan kurang
pendedahan kepada dokumen standard menjadi penyebab utama.

Kajian oleh Yusof et al. (2019) mengenal pasti faktor-faktor seperti tekanan masa, kos
tambahan, kurangnya pengetahuan teknikal, dan budaya kerja sambil lewa sebagai
penghalang kepada pematuhan standard keselamatan dalam penggunaan perancah.
Program latihan keselamatan terbukti berkesan dalam meningkatkan tahap pematuhan
pekerja terhadap prosedur keselamatan perancah. Menurut Nasir et al. (2021), pekerja
yang mengikuti kursus keselamatan menunjukkan pematuhan yang lebih tinggi berbanding
pekerja tanpa latihan.
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CIDB (2023) menegaskan bahawa perancah mesti diperiksa secara berkala oleh
individu bertauliah untuk memastikan integriti struktur sebelum, semasa, dan selepas
penggunaannya. Kegagalan melakukan pemeriksaan berkala menyumbang kepada
peningkatan risiko kemalangan. Kajian oleh Abdullah & Hamid (2021) menunjukkan
bahawa kontraktor memainkan peranan penting dalam memastikan semua peralatan
perancah memenuhi spesifikasi CIS 22:2023, termasuk memastikan semua pekerja
menerima latihan dan menggunakan peralatan perlindungan diri (PPE).

Menurut Zainal et al. (2020), cabaran utama dalam penguatkuasaan pematuhan di tapak
bina termasuk kekurangan pegawai penguat kuasa, bilangan projek pembinaan yang
tinggi, serta prosedur audit keselamatan yang tidak konsisten. Sikap pekerja terhadap
keselamatan memainkan peranan besar dalam pematuhan standard. Kajian oleh Mohd
Salleh (2017) mendapati bahawa pekerja yang mempunyai persepsi positif terhadap
kepentingan keselamatan lebih cenderung untuk mematuhi prosedur penggunaan
perancah.

Ketidakpatuhan terhadap standard keselamatan boleh mengakibatkan kecederaan
serius, kematian, serta kerugian kewangan yang besar kepada syarikat pembinaan.
Menurut Chua et al. (2018), insiden berkaitan perancah memberi impak negatif kepada
reputasi dan kelangsungan projek.

Beberapa cadangan telah dikemukakan bagi meningkatkan tahap pematuhan terhadap
CIS 22:2023, termasuk pelaksanaan latithan mandatori, penyediaan insentif keselamatan,
penggunaan teknologi pemeriksaan automatik, dan pengukuhan mekanisme
penguatkuasaan di tapak bina (CIDB, 2023).

3. Metodologi Kajian

Kajian ini menggunakan pendekatan kuantitatif berbentuk kajian tinjauan (survey) bagi
menilai tahap pengetahuan pekerja binaan terhadap penggunaan perancah yang mematuhi
Standard Industri Pembinaan CIS 22:2023, serta mengenal pasti cabaran yang dihadapi oleh
pekerja binaan dalam mematuhi standard tersebut.

Kaedah utama pengumpulan data dalam kajian ini adalah menggunakan borang soal
selidik yang diedarkan kepada pekerja binaan di enam tapak bina terpilih sekitar daerah
Dungun, Terengganu. Instrumen soal selidik ini dibangunkan secara berstruktur oleh
penyelidik sendiri berdasarkan rujukan utama daripada dokumen Standard Industri
Pembinaan CIS 22:2023 terbitan CIDB Malaysia, serta disokong oleh beberapa kajian lepas
yang relevan seperti Rahman et al. (2020). Beberapa item telah diubah suai dan disesuaikan
dengan konteks tempatan bagi memastikan kesesuaian dengan objektif kajian serta latar
belakang populasi sasaran.

Soal selidik ini dibangunkan untuk mengumpulkan data mengenai tahap pengetahuan
pekerja terhadap penggunaan perancah serta mengenal pasti cabaran dalam pematuhan
kepada piawaian CIS 22:2023. Instrumen ini terbahagi kepada tiga bahagian utama. Bahagian
A meliputi maklumat demografi seperti jantina, umur, jawatan, kewarganegaraan, tahap
pendidikan dan pengalaman kerja. Bahagian B menilai pengetahuan terhadap kandungan dan
keperluan CIS 22:2023, manakala Bahagian C meneliti cabaran pematuhan di tapak bina.
Bahagian B dan C mengandungi 10 soalan yang disusun selaras dengan objektif penilaian
masing-masing. Item soal selidik menggunakan skala Likert empat mata, iaitu Sangat Tidak
Setuju, Tidak Setuju, Setuju, dan Sangat Setuju, bagi memperoleh data kuantitatif yang
terperinci. Reka bentuk instrumen ini membolehkan kajian mendapatkan gambaran holistik
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tentang tahap kefahaman, kesedaran dan kepatuhan pekerja terhadap keselamatan
penggunaan perancah selaras dengan CIS 22:2023.

Kajian ini melibatkan populasi pekerja binaan dari enam tapak pembinaan terpilih di
sekitar daerah Dungun, Terengganu. Pemilihan sampel dilakukan secara rawak bagi
memastikan keterwakilan yang seimbang dari setiap tapak bina. Jumlah keseluruhan
responden yang disasarkan ialah 103 orang, dengan agihan seperti berikut: 15 orang dari
tapak pembinaan 1, 17 orang dari tapak pembinaan 2, 18 orang masing-masing dari tapak
pembinaan 3 dan 6, 19 orang dari tapak pembinaan 4, dan 16 orang dari tapak pembinaan 5.
Agihan ini bertujuan untuk memperoleh data yang mewakili pelbagai latar persekitaran kerja
dalam sektor pembinaan di kawasan kajian.

Seramai 30 orang responden telah dipilih untuk kajian rintis melalui pengedaran borang
soal selidik. Data yang diperoleh daripada responden tersebut telah dianalisis menggunakan
perisian Statistical Package for the Social Sciences (SPSS). Menurut Ibrahim (2017), saiz
sampel yang sesuai untuk kajian rintis adalah antara 30 hingga 50 responden, kerana julat ini
dianggap mencukupi untuk menilai kesesuaian instrumen kajian. Selain itu, hasil analisis
kajian rintis mestilah menunjukkan nilai kebolehpercayaan (Alpha Cronbach) sekurang-
kurangnya 0.7 atau lebih, sebagaimana disarankan oleh Yazid Saled et al. (2020).

Data yang diperoleh daripada soal selidik akan dianalisis menggunakan statistik deskriptif
berdasarkan frekuensi (n) dan peratusan (%). Data yang diperoleh juga akan dianalisis untuk
mengenal pasti tren pengetahuan pekerja dan cabaran utama yang dihadapi dalam pematuhan
terhadap CIS 22:2023. Setelah semua soal selidik dikumpul, data dimasukkan ke dalam
perisian statistik bagi tujuan analisis secara kuantitatif dan deskriptif.

4. Dapatan Kajian
4.1 Analisis Kajian Rintis

Keputusan analisis Alpha Cronbach menunjukkan nilai kebolehpercayaan sebanyak 0.85
untuk item soalan Bahagian B dan 0.90 untuk item soalan Bahagian C, yang
menggambarkan bahawa instrumen soal selidik yang digunakan dalam kajian ini
mempunyai tahap konsistensi dalaman yang sangat baik. Kajian rintis ini telah dijalankan
melibatkan seramai 30 orang responden, iaitu saiz sampel yang sesuai bagi menilai
kebolehpercayaan instrumen. Hasil ini membuktikan bahawa item-item dalam soal selidik
adalah seragam, relevan serta mampu mengukur pemboleh ubah kajian dengan tepat. Nilai
ini juga menunjukkan bahawa instrumen yang dibangunkan adalah boleh dipercayai,
sesuai dan diterima pakai dalam konteks kajian yang dijalankan. Tambahan pula, tahap
kebolehpercayaan ini memenuhi piawaian yang ditetapkan dalam penyelidikan kuantitatif,
sekali gus mengukuhkan kesahan data yang diperoleh.

4.2 Analisis Tahap Pengetahuan Pekerja Terhadap Penggunaan Perancah Dalam
Pematuhan Standard Industri Pembinaan CIS 22:2023

Jadual 1 memaparkan data daripada 10 item soal selidik (B-1 hingga B-10) yang bertujuan
menilai tahap pengetahuan pekerja terhadap penggunaan perancah dalam pematuhan
Standard Industri Pembinaan CIS 22:2023. Hasil analisis bahagian ini mendapati tahap
pengetahuan pekerja binaan terhadap Standard Industri Pembinaan CIS 22:2023 adalah
rendah secara menyeluruh. Sebahagian besar responden tidak mengetahui bahawa CIS
22:2023 merupakan satu standard keselamatan berkaitan penggunaan perancah di tapak
bina, seperti yang ditunjukkan oleh 82% responden yang menjawab "Tidak Setuju" dan
7% "Sangat Tidak Setuju" (B-1). Pengetahuan terhadap tujuan utama standard ini juga
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amat rendah, dengan 72% menyatakan tidak bersetuju bahawa CIS 22:2023 bertujuan
memastikan penggunaan perancah yang selamat dan mengikut spesifikasi (B-2).

Sebanyak 73% responden tidak mengetahui bahawa dokumen ini dikeluarkan oleh
Lembaga Pembangunan Industri Pembinaan Malaysia (CIDB) (B-3), manakala 85% tidak
menyedari bahawa pematuhan terhadap CIS 22:2023 adalah wajib untuk semua projek
pembinaan yang menggunakan perancah (B-4). Pengetahuan terhadap prosedur
pemasangan perancah seperti digariskan dalam standard juga rendah dengan 70% tidak
bersetuju (B-5).

Dari aspek keselamatan, seramai 74% responden tidak memahami bahawa pematuhan
terhadap CIS 22:2023 boleh mengurangkan risiko kemalangan (B-6). Tambahan pula,
69% responden tidak pernah menerima sebarang maklumat berkaitan penggunaan
perancah mengikut CIS 22:2023 (B-7), dan 74% menyatakan tidak pernah menghadiri
sebarang latihan berkaitan (B-8). Pengetahuan tentang kesan ketidakpatuhan terhadap
peralatan perancah juga terbatas, dengan 59% tidak bersetuju bahawa mereka mengetahui
akibatnya (B-9). Akhir sekali, seramai 78% responden tidak dapat mengenal pasti ciri-ciri
peralatan perancah yang mematuhi standard CIS 22:2023 (B-10).

Secara keseluruhannya, dapatan ini menunjukkan wujudnya jurang pengetahuan yang
ketara dalam kalangan pekerja binaan terhadap CIS 22:2023. Kekurangan latihan,
pendedahan maklumat, dan pemahaman terhadap spesifikasi teknikal menyumbang
kepada tahap pengetahuan yang rendah, sekali gus menjadi faktor utama kepada
ketidakpatuhan terhadap piawaian keselamatan di tapak bina.

Jadual 1: Tahap Pengetahuan Pekerja Terhadap Penggunaan Perancah Dalam Pematuhan
Standard Industri Pembinaan CIS 22:2023

Sangat .
. Tidak Tlda.k Setuju Sang-at
Bil. Soalan Setuju Setuju Setuju
n % n % n % n %

Saya mengetahui bahawa CIS 22:2023 adalah
B-1  satu standard keselamatan berkaitan 7 7 84 82 12 12 0 0
penggunaan perancah di tapak bina.

Saya mengetahui tujuan utama CIS 22:2023
B-2  adalah untuk memastikan perancah digunakan 17 7 74 72 12 12 0 0
secara selamat dan mengikut spesifikasi.

Saya mengetahui bahawa CIS 22:2023

B-3  dikeluarkan oleh Lembaga Pembangunan 14 14 73 71 16 16 0 0
Industri Pembinaan Malaysia (CIDB).
Saya mengetahui bahawa pematuhan terhadap

B-4  CIS 22:2023 adalah wajib bagi semua projek 8 8 85 83 10 10 O 0
pembinaan yang menggunakan perancah.
Saya mengetahui prosedur pemasangan

B-5 perancah yang betul seperti yang digariskan 17 17 72 70 14 14 0 0
dalam CIS 22:2023.
Saya faham bahawa pematuhan terhadap CIS

B-6  22:2023 dapat mengurangkan risiko 13 13 74 72 16 16 0 0
kemalangan di tapak bina.

Saya pernah mendapat maklumat tentang

B-7 penggunaan perancah mengikut CIS 22:2023.
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Sangat

Tidak 198K gy Sansat
Bil. Soalan Setuju Setuju Setuju
n % n % n % n %
Saya pernah menghadiri latihan tentang
B-8 penggunaan perancah mengikut CIS 22:2023. L 4 4 0 0
Saya mengetahui apakah akibat dan kesan jika
B9 esuatu projek tidak mematuhi CIS 22:2023. 28 27 61 59 14 1400
B-10 Saya boleh mengenal pasti ciri-ciri peralatan 13 3 8 78 10 10 0 0

perancah yang menepati standard CIS 22:2023.

4.3 Analisis Cabaran Pematuhan terhadap CIS 22:2023

Jadual 2 memaparkan data daripada 10 item soal selidik (C-1 hingga C-10) yang bertujuan
menilai cabaran utama yang dihadapi oleh pekerja binaan dalam memahami dan mematuhi

Standard CIS 22:2023.
Jadual 2: Cabaran Pematuhan terhadap CIS 22:2023
Sangat Tidak Sangat
Tidak . Setuju &
Bil. Soalan Setuju Setuju Setuju
n % n % n % n %
Ketiadaan latihan khusus menjadi cabaran
1 utama untuk saya memahami CIS 22:2023. 0 0 ! ! 272675
Saya menghadapi kesukaran memahami
€2 Kandungan teknikal dalam CIS 22:2023. o 0 3 3 330 6 67
Langkah pemasangan perancah mengikut CIS
3 22:2023 adalah rumit dan sukar untuk dipatuhi. 0 0 4 4 40 395957
Peralatan perancah yang mematuhi piawaian
C-4 CIS 22:2023 sukar diperoleh di tapak bina. 0 0 3 3 302970 63
Kos tinggi untuk menghadiri latihan
C-5  keselamatan menyukarkan saya mematuhi CIS 0 0 2 2 27 26 74 72
22:2023.
Kekangan masa kerja menyebabkan saya tidak
C-6  berpeluang menghadiri latihan berkaitan CIS 0 0 9 9 23 22 71 69
22:2023.
Kurangnya penguatkuasaan oleh pihak atasan
C-7 menyukarkan pematuhan terhadap CIS 0 0 7 7 2423 72 70
22:2023.
Tiada pemantauan berkala menyebabkan
C-8 pekerja cenderung mengabaikan pematuhan 0 0 2 2 31 30 70 68
CIS 22:2023.
Dokumen CIS 22:2023 tidak mudah difahami
C-9 oleh pekerja binaan yang kurang mahir 0 0 3 3 28 27 72 70
membaca teknikal.
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Sangat .
, Tidak sT;?ua'l; Setuju ZZ?EZ::
Bil. Soalan Setuju ) )
n Y% n Y% n % n %

Ketiadaan sokongan daripada pihak majikan
C-10 menjadi halangan untuk mematuhi CIS 0 0 5 5 27 26 71 69
22:2023.

Berdasarkan data yang diperolehi, peratusan responden yang memilih kategori "Sangat
Setuju" bagi setiap item cabaran pematuhan terhadap CIS 22:2023. Secara keseluruhan,
majoriti item menunjukkan peratusan melebihi 65%, menggambarkan kesepakatan tinggi
dalam kalangan responden terhadap kewujudan pelbagai halangan. Antara cabaran utama
yang paling ketara ialah ketiadaan latihan khusus (C-1) dengan 73% responden bersetuju
kuat, diikuti kos tinggi latihan (C-5) sebanyak 72%. Kekangan masa kerja (C-6),
kekurangan penguatkuasaan (C-7), dan kekurangan pemantauan (C-8) turut mencatat nilai
tinggi sekitar 69-70%, menunjukkan halangan sistemik dari segi struktur organisasi dan
peluang latihan.

Kesimpulannya, halangan terhadap pematuhan CIS 22:2023 melibatkan gabungan
faktor teknikal, kekangan sumber, dan kelemahan dari aspek pengurusan keselamatan di
tapak bina. Justeru, strategi penambahbaikan yang menyeluruh meliputi latihan, sokongan
majikan, dan penguatkuasaan yang lebih efektif amat diperlukan.

5. Perbincangan

Hasil kajian menunjukkan bahawa tahap pengetahuan pekerja binaan terhadap Standard
Industri Pembinaan CIS 22:2023 masih berada pada tahap yang rendah. Data analisis
mendapati 82% responden mempunyai pengetahuan yang terhad terhadap kandungan
standard ini, termasuk dari aspek prosedur pemasangan, tujuan penguatkuasaan, serta ciri
teknikal peralatan perancah yang mematuhi standard. Selain itu, 74% responden menyatakan
bahawa mereka tidak pernah menerima latithan khusus berkaitan penggunaan perancah
mengikut CIS 22:2023. Dapatan ini mencerminkan kurangnya inisiatif sistematik oleh
majikan dalam memberikan pendedahan keselamatan dan pendidikan teknikal kepada pekerja
binaan.

Kekurangan latihan secara langsung menyumbang kepada ketidakpatuhan terhadap
standard, yang secara tidak langsung meningkatkan risiko kemalangan di tapak bina. Hal ini
sejajar dengan dapatan oleh Zulkifli et al. (2020) yang menyatakan bahawa latihan
keselamatan merupakan faktor kritikal dalam mengubah tingkah laku pekerja terhadap
amalan kerja selamat. Kajian oleh Hassan et al. (2019) turut menegaskan bahawa pekerja
yang menerima latihan keselamatan secara berkala menunjukkan pematuhan lebih tinggi
terhadap prosedur keselamatan berbanding pekerja yang tidak dilatih. Dalam konteks CIS
22:2023, pemahaman mendalam terhadap kehendak standard hanya dapat dicapai melalui
program latihan yang komprehensif dan berterusan.

Tambahan pula, faktor kos latihan yang tinggi (72%) serta kekangan masa kerja (69%)
turut dikenalpasti sebagai antara halangan utama kepada pelaksanaan latihan yang efektif.
Penemuan ini turut disokong oleh kajian Rahman dan Abdullah (2021) yang mendapati
bahawa kos dan masa merupakan antara penghalang utama kepada pelaksanaan latihan
keselamatan dalam industri pembinaan. Oleh itu, pihak kontraktor dan pemaju perlu
memainkan peranan yang lebih proaktif dengan menyediakan latihan berstruktur secara
berkala, sama ada secara dalaman atau melalui kerjasama dengan pihak CIDB. Pelaksanaan
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latihan juga boleh dijadikan sebagai keperluan mandatori sebelum pekerja dibenarkan
menjalankan tugasan berkaitan pemasangan perancah.

Secara keseluruhannya, perbincangan ini menunjukkan bahawa usaha untuk meningkatkan
tahap pematuhan terhadap CIS 22:2023 tidak dapat dipisahkan daripada strategi pelaksanaan
latihan yang sistematik, mudah diakses, dan selari dengan keperluan sebenar di tapak bina.
Sokongan kepada pelaksanaan latihan yang berkesan perlu didorong oleh dasar organisasi
serta penekanan daripada pihak berkuasa bagi memastikan kelestarian keselamatan dalam
sektor pembinaan.

6. Kesimpulan & Cadangan

Hasil kajian ini menunjukkan bahawa tahap pengetahuan dalam kalangan pekerja binaan
terhadap Standard Industri Pembinaan CIS 22:2023 masih berada pada tahap yang rendah.
Majoriti responden tidak menguasai aspek penting standard ini, termasuk prosedur
pemasangan perancah yang selamat, objektif penguatkuasaan, serta spesifikasi teknikal
peralatan yang mematuhi piawaian. Ketidakfahaman ini berpunca daripada ketiadaan latihan
formal dan kurangnya pendedahan berkaitan kandungan CIS 22:2023. Di samping itu,
cabaran lain seperti kos latihan yang tinggi, kekangan masa kerja, kekurangan peralatan yang
mematuhi standard serta kelemahan dari segi penguatkuasaan turut dikenal pasti sebagai
penghalang utama dalam memastikan pematuhan menyeluruh terhadap standard keselamatan
ini. Dapatan ini jelas menunjukkan bahawa terdapat keperluan mendesak untuk
memperkukuh aspek pendidikan keselamatan dan pelaksanaan dasar yang lebih efektif di
tapak bina.

Sehubungan itu, kajian ini mengemukakan beberapa cadangan penambahbaikan. Pertama,
pelaksanaan latithan keselamatan berkaitan CIS 22:2023 perlu dijadikan rutin dan wajib
kepada semua pekerja binaan. Kedua, satu modul latihan formal yang disokong oleh CIDB
perlu dibangunkan bersama kontraktor bagi memastikan kandungan yang konsisten dan
berkesan. Ketiga, penguatkuasaan pematuhan hendaklah diperkukuh melalui audit
keselamatan secara berkala di tapak bina. Keempat, pihak majikan disaran menyediakan
sokongan dari segi peruntukan kewangan untuk latithan dan perolehan peralatan standard.
Akhir sekali, kempen kesedaran dan pendidikan berterusan perlu dijalankan bagi memupuk
budaya keselamatan kerja yang mampan. Pelaksanaan cadangan-cadangan ini diharapkan
dapat meningkatkan pematuhan terhadap CIS 22:2023 sekaligus mengurangkan risiko
kemalangan melibatkan perancah dalam industri pembinaan.
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Abstract

The Universal Wrench with Impact Driver (UWWID) was developed to address limitations in conventional
adjustable wrenches, including slippage, excessive human effort, and lack of maintainability. This study presents
the ergonomic design and validation of a multi-surface gripping wrench integrated with a manual impact transfer
mechanism. The design process incorporated advanced CAD modeling, DF2 tool steel selection, and iterative
prototyping. Comparative torque and usability tests demonstrated a gripping efficiency increase of 42% over
standard adjustable wrenches, and a 65% reduction in manual effort due to the impact driver. Experimental
analysis confirmed average torque resistance of 57 Nm before slip, and significant time savings during bolt
removal. The UWWID thus presents a viable tool for maintenance-intensive environments requiring strength,
adaptability, and user-centered design.

Key Words: Universal Wrench, Impact Drive; Tool Design;, Mechanical Component Design; Material Selection
(Tool Steel DF2); Adjustable Wrench Innovation

1. Introduction

Despite the wide variety of wrench designs available, most existing models are either difficult
to carry, limited in size range, or ineffective in maintaining precision under heavy loads. The
Universal Wrench with Impact Driver (UWWID) was conceptualized to address these
limitations.

The significance of this innovation lies in its potential impact on the maintenance and
mechanical repair industries, where tool versatility, reliability, and ergonomics are crucial
(Singh & Kumar, 2023; Lee & Park, 2022). The UWWID aims to reduce tool redundancy,
lower physical strain, and offer a maintainable solution to existing problems in conventional
wrenches. Its application extends to sectors such as automotive repair, industrial machinery
servicing, and field maintenance, where compact, multi-functional tools are increasingly in
demand (Zhang & Wu, 2021).

This section continues with a detailed problem statement, project objectives, and scope to
establish the foundation for the research and guide the methodology that follows.

1.1 Problem Statement

Despite the availability of various wrench types, current designs often lack in terms of
functionality and user convenience. Many wrenches lack adequate gripping precision,
making them not effective for securely holding or turning fasteners, especially under high
torque. Loosening tightly fastened components typically needs human effort, which can lead
to inefficiencies and physical strain. Most adjustable wrenches are designed in a way that
renders them non-maintainable when damaged, resulting in higher replacement costs and
increased tool waste.

1.2 Objectives

1. To design a universal wrench with three gripping surfaces for improved strength and
precision.

ii.  To integrate an impact driver mechanism to reduce user effort.

iii. To develop a maintainable and cost-effective tool.
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1.3 Scope

1.

il.
iii.
1v.

Jaw opening size ranges from 6 mm to 30 mm.
Suitable for square-shaped components.
Operated manually using an impact force.

Can be used by anyone.

1.4 Literature Review

Wrenches are indispensable hand tools used predominantly in mechanical maintenance and
automotive industries. According to Khurmi and Gupta (2005), proper tool design demands
a balance between strength, precision, and user ergonomics.

1.4.1 Existing Designs

The ratchet and socket wrenches feature a single head capable of fitting various socket
sizes, allowing users to loosen or tighten nuts of different dimensions with one tool. This
design offers the advantage of being easy to attach and use during work, making it
suitable for fast-paced or repetitive tasks. However, the inclusion of small, detachable
components such as sockets and internal mechanisms presents a significant drawback,
these parts are easily misplaced, potentially interrupting workflow and requiring
replacements.

The double-end wrenches are designed with two open ends of different sizes. These
tools are manufactured in a wide range of size combinations to cater to various nut and
bolt dimensions. Their primary advantage lies in their affordability and ability to handle
multiple fastener sizes. Nonetheless, they are relatively heavy and must be owned in
multiple sizes to suit different tasks. Additionally, their open-ended structure limits their
application primarily to square-shaped workpieces.

The ring wrenches, characterized by their two closed, toothed ends, are also available
in a variety of fixed sizes. These wrenches are similarly affordable and provide a good
grip around bolts and nuts, allowing for effective tightening and loosening. However, the
limitations as double open-end wrenches are heavy and require multiple sizes to
accommodate different fasteners. Furthermore, they can only be used with standard bolt
or nut shapes, limiting their versatility.

The adjustable wrenches feature a movable jaw that allows users to change the size of
the wrench opening. Manufactured in typically two main sizes small and large, they
provide the convenience of handling various bolt sizes with a single tool. The
adjustability reduces the number of tools needed for a job, making them a space-saving
option. However, the mechanism can be unreliable; the jaws may slip off during use, and
the adjuster is often difficult to control, especially when attempting to loosen a tightly
fastened component. Additionally, the tool's usability is restricted by its maximum jaw
opening.

In the context of mechanical tool design, key principles such as reliability, durability,
and ease of maintenance are essential (Juvinall & Marshek, 2011). Many conventional
wrench types lack these qualities in full. Issues such as small, easily lost parts, limited
application range, excessive weight, and reduced mechanical precision point to the need
for an improved solution—one that integrates adjustability, ease of use, and minimal
maintenance (Shigley & Mischke, 2008; Budynas & Nisbett, 2014).

Recent advances emphasize reducing user fatigue, precision in design, and
modularity. Grewal and Pandey (2020) and Singh and Kumar (2023) emphasized the
importance of ergonomics and force pathways in reducing muscle strain during tool
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usage. Adaptive gripping mechanisms with optimized jaw geometry were also found to
be crucial in enhancing torque transfer and slippage resistance (Rousseau, Levesque, &
Piché, 2018).

Material studies reveal that DF2 tool steel demonstrates high resistance to wear and
impact, outperforming traditional carbon steels (Chen & Li, 2023). Manufacturing
accuracy using CNC and EDM wire cutting ensures dimensional precision, as evidenced
in tool fabrication literature (Bai, Zhang, & Liu, 2019; Roy & Kalita, 2021).

In contrast to earlier static designs, newer hand tools integrate dynamic features such
as torque assist or impact mechanisms (DIN ISO 6789:2017), which support enhanced
mechanical advantage and safety (Zhang & Wu, 2021; Patel & Chauhan, 2020).

2. Methodology
2.1 Design Concept Selection

The design process began with the generation and selection of multiple design concepts.
This step is essential to explore various possible solutions and features for the wrench.
Several concept sketches were created, each offering different strengths, limitations, and
levels of complexity. These concepts were evaluated based on predefined criteria, such as
ease of use, strength, precision, cost, and weight. Using data analysis techniques, the design
that scored the highest across all aspects will be selected.

Figure 1 shows the initial concept (Design 1), which focuses on maintainability and high
torque handling. In contrast, Figure 2 and Figure 3 depict alternatives with multiple gripping
points and increased complexity, which were found to be less suitable upon evaluation (refer
to Table 1).

1

e 2 | —

Figure 1: Design 1 — high torque, adjustable, maintainability

o QUSRI o |

Figure 2: Design 2 - has four gripping parts
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Figure 3: Design 3 — high torque

Table 1: Design Comparison

Evaluation Criteria Design 1 Design 2 Design 3
Cost Low High High
Weight Low High High
Ease of Use High Medium Medium
Gripping Strength High High Medium
Precision High Medium Medium
Maintainability High Low Medium
Complexity Low High High

Three design concepts were proposed and evaluated based on ease of use, strength,
precision, cost, and weight. Analysis utilized criteria from mechanical component design
theory (Shigley & Mischke, 2008). Design 1 was selected for its superior balance of benefits
and minimal drawbacks.

2.2 Detailed Design

Once the final concept was chosen, the team proceeded to the detailed design stage using
Autodesk Inventor, a professional 3D CAD software. The software was employed
extensively for parametric modeling, enabling flexible modifications of jaw dimensions,
handle lengths, and slot geometries based on user feedback and functional requirements.
This approach facilitated iterative refinements to the design while maintaining dimensional
consistency across parts.

Assembly constraints were applied to simulate real-world part interaction and verify
correct mating between movable and fixed components. Key tolerances were applied to
sliding and rotational joints to ensure smooth operation without excessive play, particularly
for the jaw adjustment mechanism and impact transfer linkage.

To enhance structural reliability, finite element analysis (FEA) was conducted within
Autodesk Inventor’s simulation environment. The stress analysis focused on the jaw section
under applied torque loads of up to 60 Nm, simulating the worst-case user scenario. Results
indicated a maximum stress of 410 MPa—well below the yield strength of DF2 tool steel
(estimated > 800 MPa)—confirming adequate safety margins. Von Mises stress distribution
also revealed minimal concentrations around bolt holes and sliding slots, validating the
robustness of the design.

Furthermore, motion studies were performed to analyze the kinematic response of the
impact driver mechanism. The motion simulation confirmed efficient transfer of axial
hammer force into rotational torque with minimal energy loss, guiding improvements in
impact surface design and alignment.
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From a user-centric perspective, the handle length and grip diameter were optimized
based on ergonomic data and literature (Grewal & Pandey, 2020), aiming for reduced wrist
flexion and comfortable repeated use. A qualitative survey involving 12 maintenance
personnel also informed us of changes in handle texture and jaw dial resistance.

On the economic side, a bill of materials (BOM) was generated directly from the Inventor
model to estimate unit cost at scale. Simulation outputs helped avoid over-engineering by
identifying low-stress areas where material reduction was feasible, contributing to a 12%
weight saving and approximately RM 6.40 reduction in unit production cost without
sacrificing performance.

This comprehensive digital design and validation phase significantly reduced the need
for physical prototyping iterations, lowering development time and ensuring
manufacturability and performance before fabrication.

E"‘; 'i - BES
Y
>

Figure 4: Component Design
2.3 Material Selection

UWWID uses a material known as Tool Steel DF2. Factors considered during material
selection include mechanical properties, physical properties, chemical properties, and cost
of the material, with reference to the specifications and expected performance of the final
product. For Tool Steel DF2, the material is hardened and undergoes a heat treatment
process to reach 62 HRD, providing the characteristics shown in table 2.

Table 2: Temperature-Dependent Mechanical Properties of Tool Steel DF2 for Structural

Analysis
Property 20°C 200°C 400°C
Density (kg/m?) 7850 7750 7700
Modulus of Elasticity (MPa) 190,000 185,000 170,000
Coefficient of Thermal Expansion (per °C) - 12.6 x 10°° 13.1 x10°
Thermal Conductivity (W/m°C) 32 33 34

2.4 Fabrication Process

The final phase involved the actual fabrication of UWWID. The manufacturing process
included CNC milling, EDM wire cutting, traditional milling, drilling, threading, finishing,
and assembly. Special care was taken to maintain precision and durability throughout each
step. The impact driver section and wrench jaws were assembled and tested for mechanical
fit and performance. The completed tool underwent functionality tests to validate its design,
strength, and ease of use, ensuring it met all original project objectives.
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3. Result

Final design of Universal Wrench With Impact Driver as shown in figure 5. The product
specification is as follows:

Table 3: Final Product Specification

Physical Parameter
Weight 24 kg
Length 213 mm

Jaw Opening Size 6 mm — 30 mm

Figure 5: Final UWWID Assembly

3.1 Operation of UWWID Loosen or Tighten

1.

il.

iii.

Adjust the wrench jaw to the desired size, ranging from 6 mm to 30 mm. The
adjustment is made by turning the adjustment dial.

Insert the wrench jaw onto the hexagonal bolt or nut. Ensure that the wrench jaw fits
snugly with the bolt or nut (all four surfaces of the wrench jaw should tightly contact
the four flat surfaces of the hexagonal bolt).

Once the fit is secure, turn the wrench handle in the desired direction to loosen or
tighten the bolt.

3.2 Operation of the Impact Transfer Mechanism

1.

ii.

1il.

1v.

If a bolt cannot be loosened due to excessive torque (over-tightened) or if higher
torque is required to tighten it, the user can use the built-in impact transfer
mechanism on the wrench.

Insert the wrench jaw onto the hexagonal bolt or nut. Ensure that the wrench jaw fits
snugly with the bolt or nut (all four surfaces of the wrench jaw should tightly contact
the four flat surfaces of the hexagonal bolt).

Make sure the direction of the impact transfer mechanism matches the desired
turning direction. The impact mechanism only works in one direction of rotation.
Once it is securely in place and the rotation direction is confirmed, further tighten
the wrench jaw by applying more pressure onto the flat surfaces of the bolt. This is
to prevent the bolt edges from slipping or coming out of the jaws, which could
damage the workpiece.

Strike or tap moderately on the end of the handle.
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vi.  If the tap is not strong enough to transfer the impact, apply a stronger hit. You may
also use a helper tool such as a hammer.

vii.  After a few strikes, if the bolt starts to rotate freely, slightly loosen the wrench jaw
and then proceed to remove the bolt or nut using the standard method.

3.3 Experimental Validation
3.3.1 Torque Test Procedure

Using a digital torque sensor (=1 Nm accuracy), the wrench was tested on M10 bolts
tightened to preset torques of 30, 40, 50, and 60 Nm. UWWID held up to 57 Nm before
noticeable slip, while conventional adjustable wrenches slipped beyond 40 Nm.

3.3.2 Human Effort Measurement

Through a controlled user study (n = 12 participants), we measured the average time and
perceived effort (Borg CR10 scale) to loosen an over-torqued bolt. With standard
wrenches: 88 seconds, CR10 = 7.8; With UWWID: 16 seconds, CR10=2.9.

3.3.3 Cost Analysis

The unit cost of fabricating UWWID was RM 89.40 (material: RM 35.00, machining:
RM 48.00, assembly: RM 6.40), compared to RM 72.00 for commercial wrenches
without impact capability. While marginally higher, UWWID’s multi-functionality
reduces overall tool investment by 30%.

3.4 Discussion
3.4.1 Gripping Strength from Design Geometry

The 4-point symmetrical jaw design ensures uniform surface contact on square or
hexagonal bolts. By distributing torque over more contact area, it reduces slippage risk.
Empirical data supports a 42% increase in holding torque over traditional 2-surface
adjustable wrenches. The symmetrical jaw geometry improves torque distribution,
enhancing holding power (Zhang & Wu, 2021).

3.4.2 Ergonomics through Impact Integration

The integration of a mechanical impact path—through axial alignment and a reinforced
impact interface—allows manual tapping to translate directly into rotational torque. This
mechanism achieves ergonomic efficiency by reducing required arm force and wrist
strain, as validated by user trials. Integration of the impact mechanism aligns with
ergonomic advancements cited in Singh and Kumar (2023), improving usability and
reducing physical strain.

3.4.3 Cost-Benefit Insight

Despite a 24% higher unit cost than traditional tools, the UWWID replaces three tool
categories (adjustable wrench, socket wrench, and manual impact driver), resulting in a
practical cost reduction for maintenance units by approximately RM 50 per toolkit.
Despite a modest increase in production cost, the multifunctional nature of UWWID

reduces overall tool investment, aligning with cost-benefit assessments found in Patel
and Chauhan (2020).

4. Conclusion

The Universal Wrench with Impact Driver addresses key shortcomings of existing adjustable
wrenches by offering high precision, reduced user effort, maintainability, and cost-
effectiveness. Developed through a comprehensive mechanical design process and validated
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via real-world testing, the UWWID demonstrates significant potential for broader industrial
application and commercialization.

4.1 Recommendation
Several suggestions for improving the project emerged following group discussions.
4.1.1 Reducing Weight

The weight can be reduced by slimming down the handle. The current project has a
weight of 2.4 kg. The weight should be reduced in the future to make it more comfortable
for users during operation.

4.1.2 Changing the Screw Design

The screw currently used in the UWWID is an M4 screw with a 2 mm Allen key and a
length of 15 mm. It was suggested that a different type of screw, would be more suitable.
This is because it would be easier for users to remove the screw using a standard Allen
key.
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Abstrak

Kajian ini adalah bertujuan bagi mengenal pasti kesediaan pelajar semester empat di Jabatan Teknologi Maklumat
dan Komunikasi (JTMK), Politeknik Sultan Mizan Zainal Abidin (PSMZA) menggunakan Kecerdasan Buatan
(AI) dalam pembangunan projek akhir. Seramai 119 orang pelajar semester empat yang akan mengambil projek
akhir di JTMK PSMZA merupakan responden kajian ini. Instrumen kajian adalah berbentuk soal selidik yang
dibangunkan berdasarkan sorotan kajian yang telah dibuat. Ujian kesahan dan kebolehpercaayaan terhadap
instrumen telah dilaksanakan dan kesahan item menunjukkan nilai Cronbach alpha = 0.932 iaitu sangat baik dan
nilai pearson 0.6 iaitu mempunyai hubungan kuat antara kesedaran Al dan kesediaan menggunakan Al bagi setiap
item. Dapatan daripada kajian telah menjawab persoalan kajian iaitu mengenal pasti kesediaan pelajar semester
empat di Jabatan Teknologi Maklumat dan Komunikasi (JTMK), Politeknik Sultan Mizan Zainal Abidin
(PSMZA) menggunakan Kecerdasan Buatan (AI) dalam pembangunan projek akhir. Daripada analisis
menunjukkan pelajar bersedia untuk menggunakan Kecerdasan Buatan (Al) dalam pembangunan projek akhir
pelajar berdasarkan skor min = 4.27 iaitu menunjukkan pelajar mempunyai minat untuk belajar mengenai
Kecerdasan Buatan (Al) bagi membantu meningkatkan kualiti pembangunan projek akhir pelajar.

Kata Kunci: Kecerdasan Buatan (Al), Kesediaan, Projek Akhir
Pengenalan

Kecerdasan Buatan (AI) sedang menjadi tren bagi sebilangan besar syarikat yang
mengaplikasikannya dalam perkembangan proses perniagaan mereka. Oleh itu, terdapat
banyak peluang pekerjaan dalam masa terdekat yang berkaitan teknologi Kecerdasan Buatan
(AI). Dengan membangunkan projek berasaskan Kecerdasan Buatan (Al), ia perlu memperoleh
kemahiran praktikal dan juga mempelajari konsepnya bagi meningkatkan kemahiran
penyelesaian masalah dan bukan hanya mempunyai pengetahuan sahaja.

Seiring dengan pelancaran Reformasi POLYCC 2025 -2035 pada ucapan Aspirasi Ketua
Pengarah Jabatan Politeknik & Kolej Komuniti Dato' Dr. Haji Mohd Zahari Ismail, skop
pelaksanaan dan pembangunan projek akhir pelajar di JTMK PSMZA telah diperkembangkan
dengan menggalakkan pelajar memasukkan elemen penggunaan Kecerdasan Buatan (Al)
dalam menyiapkan projek akhir.

Walaubagaimanapun, terdapat pelajar yang menyuarakan berkaitan ketiadaan pengalaman
dalam mempelajari Kecerdasan Buatan (Al) ini terutama dari segi keperluan perisian dan
perkakasan serta bahasa pengaturcaraan yang akan digunakan dalam pembangunan projek
berasaskan Kecerdasan Buatan (Al).

Penyataan masalah

Bermula Sesi II 2023/2024, Diploma Teknologi Maklumat yang telah diperakui oleh
Malaysian Qualification Agency (MQA) sejak daripada tahun 2013 telah sentiasa membuat
penambahbaikan berterusan bagi menjamin kualiti penyampaian perkhidmatan pendidikan
kepada pelajar memenuhi keperluan dan kehendak industri berdasarkan kepada kemajuan
teknologi terkini. Seiring dengan perakuan ini, skop pelaksanaan dan pembangunan projek
akhir pelajar semester lima di JTMK PSMZA telah diperkembangkan dengan menggalakkan
pelajar memasukkan elemen penggunaan Kecerdasan Buatan (Al) dalam menyiapkan projek
akhir.
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Meskipun potensi penggunaan Kecerdasan Buatan (Al) dalam pembangunan projek akhir
pelajar amat besar, khususnya dalam penguasaan teknologi terkini seperti pembelajaran mesin,
tutor maya, dan analisis ramalan namun masih terdapat kekangan dari segi tahap kesediaan dan
kebolehan pelajar untuk mengaplikasikan teknologi ini secara efektif terutama dari segi
keperluan perisian dan perkakasan dalam pembangunan projek berasaskan Kecerdasan Buatan
(AI). Selain itu juga, bahasa pengaturcaraan yang agak berbeza daripada yang pernah dipelajari
dalam sukatan kurikulum semasa juga mempengaruhi kebimbangan pelajar. Pelajar juga
berdepan dengan kecelaruan pemilihan elemen-elemen Kecerdasan Buatan (Al) yang perlu
diterapkan didalam pembangunan projek akhir ini.

Oleh yang demikian, penyelaras projek memerlukan data pelajar yang mempunyai
kesediaan dan minat dalam pembanguanan projek berasaskan Kecerdasan Buatan (Al) bagi
membantu pihak jabatan untuk menyediakan kursus dan keperluan berkaitan kepada pelajar
yang akan membangunkan projek akhir.

Objektif Kajian

Mengenal pasti kesediaan pelajar semester empat di Jabatan Teknologi Maklumat dan
Komunikasi (JTMK), Politeknik Sultan Mizan Zainal Abidin (PSMZA) mengaplikasi
Kecerdasan Buatan (Al) dalam pembangunan projek akhir pelajar.

Persoalan kajian

Sejauh manakah kesediaan pelajar semester empat di Jabatan Teknologi Maklumat dan
Komunikasi (JTMK), Politeknik Sultan Mizan Zainal Abidin (PSMZA) menggunakan
Kecerdasan Buatan (Al) dalam pembangunan projek akhir pelajar?

Sorotan Kajian

Berdasarkan kepada kajian terdahulu terdapat peningkatan penerimaan dan kesediaan terhadap
penggunaan Kecerdasan Buatan (AI) dalam kalangan pelajar dan institusi pendidikan. Namun,
tahap kesediaan ini masih bergantung kepada pelbagai faktor seperti sikap pelajar, kemudahan
teknologi, dan sokongan institusi. Kajian yang dilaksanakan oleh Ali et al. (2025) mendapati
bahawa kesediaan institusi seperti perpustakaan akademik di Pakistan untuk menggunakan
Kecerdasan Buatan (Al) dan teknologi baharu banyak dipengaruhi oleh kemudahan
infrastruktur dan kemahiran pengguna. Chan dan Hu (2023) pula meneliti persepsi pelajar
universiti terhadap Kecerdasan Buatan (Al) generatif dan mendapati bahawa ramai pelajar
mengiktiraf manfaat Kecerdasan Buatan (Al) dalam membantu pembelajaran dan penulisan.
Namun, mereka juga menyuarakan kebimbangan terhadap ketepatan maklumat, isu privasi,
serta kesannya terhadap pembangunan diri dan kerjaya.

Dalam konteks tempatan, Daud et al. (2024) mengkaji pandangan mahasiswa universiti
teknikal di Malaysia dan mendapati bahawa kebanyakan pelajar melihat Kecerdasan Buatan
(AI) sebagai alat yang dapat memudahkan penyediaan tugasan dalam Bahasa Melayu. Ini
menunjukkan Kecerdasan Buatan (AI) mempunyai potensi sebagai sokongan akademik yang
berguna. Pang et al. (2023) pula menilai tahap kesediaan pelajar perubatan terhadap
penggunaan Kecerdasan Buatan (AI) dan mendapati bahawa ia masih berada di tahap
sederhana, bergantung kepada pendedahan awal dan kandungan kurikulum. Ruzaimi dan
Ismail (2024) menekankan kepentingan kesedaran terhadap Pelan Hala Tuju Kecerdasan
Buatan Malaysia, terutamanya dalam kalangan pelajar universiti. Mereka mencadangkan
bahawa tahap kesedaran ini penting untuk memastikan penggunaan Kecerdasan Buatan (Al)
secara strategik dan beretika. Manakala Tumiran et al. (2025) pula meneliti kandungan
berkaitan Kecerdasan Buatan (AI) dalam sistem pendidikan Malaysia dan mencadangkan agar
pelaksanaan Kecerdasan Buatan (Al) disesuaikan dengan keperluan dan konteks pendidikan
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tempatan. Akhir sekali, kajian oleh Waseem et al. (2024) menunjukkan bahawa penggunaan
Kecerdasan Buatan (AI) seperti ChatGPT dalam pembangunan perisian secara berasaskan
projek mampu meningkatkan pemahaman pelajar, kemahiran teknikal dan kerjasama antara
mereka.

Secara keseluruhannya, kajian-kajian ini menunjukkan bahawa penerimaan terhadap
Kecerdasan Buatan (AI) dalam kalangan pelajar semakin positif. Namun begitu, tahap
kesediaan masih perlu ditingkatkan melalui sokongan infrastruktur, latihan, dan dasar yang
sesuai agar teknologi ini dapat dimanfaatkan secara menyeluruh dan berkesan dalam
pendidikan tinggi.

Metodologi Kajian

Kajian tinjauan berbentuk deskriptif akan dijalankan ini adalah bertujuan mengenal pasti
kesediaan pelajar semester empat di Jabatan Teknologi Maklumat dan Komunikasi (JTMK),
Politeknik Sultan Mizan Zainal Abidin (PSMZA) menggunakan Kecerdasan Buatan (Al)
dalam pembangunan projek akhir. Kaedah pemilihan responden adalah menggunakan kaedah
persampelan bertujuan terhadap 119 orang responden. Mereka merupakan pelajar semester
empat yang akan melaksanakan Projek Akhir pada sesi Sesi I 2025/2026 nanti. Ujian kesahan
dan kebolehpercaayaan terhadap instrumen telah dilaksanakan dan kesahan item menunjukkan
nilai Cronbach alpha = 0.932 iaitu sangat baik.

Dapatan dan Perbincangan

Seramai 119 orang pelajar semester empat yang akan melaksanakan pembangunan projek akhir
telah dipilih sebagai responden. Soal selidik telah diedarkan kepada pelajar-pelajar tersebut
untuk mendapatkan maklum balas berkaitan penggunaan Kecerdasan Buatan (AI) Dalam
Pembangunan Projek Akhir di Jabatan Teknologi Maklumat & Komunikasi Politeknik Sultan
Mizan Zainal Abidin. Soal Selidik ini mengandungi 4 bahagian seperti di Jadual 1 di bawah.

Jadual 1: Item pada Soal Selidik

Bahagian Item
A Maklumat Demografi Responden
B Kesedaran Mengenai Kecerdasan Buatan (AI)
C Pemahaman Mengenai Kecerdasan Buatan (AI).
D Kesediaan Pelajar Menggunakan Kecerdasan Buatan (Al)

Dalam Pembangunan Projek Akhir

Jadual 2 di bawah merupakan dapatan analisis kajian bagi soal selidik Item B yang
menunjukkan bahawa tahap kesedaran pelajar terhadap Kecerdasan Buatan (Al) adalah tinggi
secara keseluruhannya, dengan semua item mencatatkan nilai min melebihi 4.00. Item pertama,
iaitu "Saya pernah mendengar tentang Kecerdasan Buatan (AI)" mencatatkan nilai min
tertinggi iaitu 4.62, menunjukkan bahawa majoriti pelajar telah terdedah kepada konsep Al.
Penemuan ini sejajar dengan kajian oleh Rahman et al. (2023) yang mendapati bahawa
pendedahan pelajar institusi pengajian tinggi terhadap teknologi Al semakin meningkat melalui
pelbagai saluran seperti media sosial, aplikasi harian dan program pendidikan digital. Walau
bagaimanapun, item kelima mencatatkan nilai min terendah iaitu 4.05 iaitu “Saya sering
membaca atau mengikuti perkembangan terkini mengenai teknologi Kecerdasan Buatan (Al).”,
menandakan bahawa meskipun kesedaran am adalah tinggi, pelajar mungkin kurang aktif
dalam mengikuti perkembangan terkini berkaitan Al. Kajian oleh Teo & Liew (2022) turut
menyatakan bahawa meskipun pelajar menunjukkan pengetah