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ABSTRACT

Induction motors, which convert electrical energy into mechanical energy using
electromagnetic principles, are widely used in various applications from households to large
industries. The performance of these motors is important for the smooth running of industrial
production processes. Mechanical damage, such as bearing failure due to overload, can reduce
their efficiency. This study aims to monitor and analyze the decrease in induction motor
efficiency due to defects in the bearing cageball, using a literature review method. The results
show a decrease in efficiency of around 2-3%, which is observed through the efficiency graph
against the overall RMS.
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INTRODUCTION

Induction motor, a type of alternating current motor, converts electrical energy into
mechanical energy using electromagnetic principles, widely used from households to large
industries because of its advantages such as simple construction, affordable price, constant
rotation, and easy maintenance. Motor efficiency can decrease due to damage such as overload
that damages bearings, especially cageball. This study aims to analyze the decrease in power
and efficiency due to such damage, determine the performance curve, and diagnose motor
damage based on the decrease in efficiency.

METHODS

Figure 1. Research Flow Diagram
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RESULTS AND DISCUSSION

Bearing aging using the temperature recommended by IEEE (IEEE std 117: IEEE
Standard Test Procedure for Evaluation of Systems of Insulating Materials for Random-Wound
AC Electric Machinery Degradation and Testing Plan): Heat the bearing in an oven at 140°C
for 72 hours.

Figure 2. Bearing Heating Process

After the Rig is prepared, the next step is to collect data. The first stage of testing is
carried out using standard bearings, the second stage with standard bearings that have
undergone thermal aging treatment, and the third stage with bearings that have defects in the
bearing balls and thermal aging treatment. The process in these three stages of testing is
identical, including: connecting the tool by connecting the motor to the dynamometer,
installing various necessary sensors such as accelerometers, tachometers, thermocouples, and
powermeters, activating the sensors on the test rig circuit, turning on the motor, waiting until
the motor reaches a stable condition, observing and recording the | and V values of the 3
phases on the powermeter to calculate the pin value. Next, observe the load that occurs on the
dynamometer to calculate the pout value, observe the stator and dynamometer temperatures,
and the rpm of the electric motor. Finally, record vibration signal data. Machine efficiency
indicates the ability of the machine to convert incoming electrical energy into output
mechanical energy. This efficiency is closely related to the losses that occur in induction
motors, regardless of the design of the machine.
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Efficiency calculation can be done simply by dividing the measured output power by
the input power. Since this calculation involves dividing two nearly identical measured values,
a small error in measurement can result in a large error in the final efficiency result.

Table 1. Mechanical Frequency of Bearing Failure
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CONCLUSIONS

From the results of the research that has been conducted, it can be concluded that the
decrease in efficiency in three types of induction motor bearings—namely non-thermal normal
bearings, thermal normal bearings, and bearings with cageball defects—is recorded at around
1-2%. This can be seen from the graph comparing the average efficiency with the average
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overall RMS, where bearings with cageball defects show lower efficiency than the other two
types of bearings. Although there is an insignificant difference in efficiency between the three
types of bearings, bearings with cageball defects still show the lowest efficiency.

In terms of other performance such as power, torque, and rotational speed (rpm), these
three types of bearings have insignificant differences. Specifically in vertical channel
measurements, cageball bearings show FTF characteristics at a frequency of 91.3 Hz with an
amplitude of 0.01 g which is two times the harmonic. While non-thermal normal bearings have
the highest peak at a frequency of 36.15 Hz with an amplitude of 0.17 g which indicates
unbalance. Thermal normal bearings show the highest peak at a frequency of 31 Hz with an
amplitude of 0.27 g.

In the horizontal channel measurement, the cageball bearing shows the characteristic of
11x harmonic FTF at a frequency of 311 Hz with an amplitude of 0.7 g. The non-thermal
normal bearing shows the highest peak amplitude of 0.2 g at a frequency of 1011 which is
close to the 4x harmonic BPFI. In the axial channel, the cageball bearing shows the
characteristic of FTF at 6x harmonic at a frequency of 141 Hz with an amplitude of 0.081 g,
while the non-thermal and thermal normal bearings show insignificant differences in their
highest frequencies and amplitudes.

REFERENCES

Artiani, G. P., Rodji, A. P., Sihombing, S. M., Arga, Y. P., & Pribadi, G. (2023).
PERENCANAAN SUMUR RESAPAN UNTUK PENGENDALIAN BANJIR DI
WILAYAH KECAMATAN PASAR REBO, JAKARTA TIMUR. Abdimas
Galuh, 5(2), 1008-1018.

Arga Rumbyarso, Y. P. (2021). Pengukuran Kinerja Perusahaan PT. Ritra Cargo Indonesia
Menggunakan Balanced Scorecard.

Ashshiddiq, F. R., Rumbyarso, Y. P. A., & Siagian, B. M. (2024). ANALYSIS OF
FLEXURAL STRENGTH OF BEAM USING BAMBOO
REINFORCEMENT. INTERNATIONAL JOURNAL OF MULTI SCIENCE, 4(02), 97-
103.

Artiani, G. P., Rodji, A. P., Sihombing, S. M., Arga, Y. P., & Pribadi, G. (2023).
PERENCANAAN SUMUR RESAPAN UNTUK PENGENDALIAN BANJIR DI
WILAYAH KECAMATAN PASAR REBO, JAKARTA TIMUR. Abdimas
Galuh, 5(2), 1008-1018.

Arga Rumbyarso, Y. P. (2024). Kinerja Struktur Gedung Office 36 Lantai: Analisis History
dan Pushover.

Arga Rumbyarso, Y. P. (2024). Buku Ajar Struktur Beton Prestress.

Abidin, Z., & Rumbyarso, Y. P. A. (2024). PCI-Analyzed Administrative Way Damage. Larisa
Teknik Sipil, 1(1), 8-14.

Abdillah, S. R., Zulfikar, S., & Prima, Y. (2023). PENGARUH LIMBAH CANGKANG
KERANG SEBAGAI SUBSTITUSI AGREGAT HALUS TERHADAP KUAT
TEKAN BETON. Jurnal Sipil Krisna, 9(1), 39-48.

Achmad, F. A., & Rumbyarso, Y. P. A. (2024). Analisis Penjadwalan Proyek Klinik Spesialis
Mata & Tht Ayani Dengan Pert & Cpm. International Journal Of Multi Science, 4(01),
1-8.

Achmad, F. A., & Rumbyarso, Y. P. A. (2023). Analisis Struktur Slab On Pile terhadap
Kontrol Lendutan pada Proyek Jalan Tol Kataraja. Jurnal Pendidikan Tambusai, 7(2),
13457-13467.

Darmiyanti, L., Prima, Y., & Aldianto, M. A. (2023). Analisis Borepile Menggunakan Metode
Meyyerhoff dan Reese Wright. Jurnal Sipil Krisna, 9(1), 27-38.

169



MULTISCIENCE

MEI - AGUSTUS 2024 E-ISSN 22722 - 2985

Fransiscus, R., Sihombing, S. M., & Prima, Y. (2022). ANALISIS TEBAL PERKERASAN
LENTUR PADA JALAN TOL AKSES MENUJU BANDARA INTERNATIONAL
KERTAJATI. Jurnal Sipil Krisna, 8(1), 50-61.

Gamaliel, B., & Rumbyarso, Y. P. A. (2022). PELATIHAN DESIGN GAMBAR DENGAN
APLIKASI AUTOCAD 2D UNTUK SISWA/I SMK YAPPA DEPOK. KRIDA
CENDEKIA, 1(09).

GIOVANNI, D., RUMBYARSO, Y. P. A., & SIAGIAN, B. (2024). ANALYSIS OF
CONCRETE COMPRESSIVE STRENGTH WITH PARTIAL SUBSTITUTION OF
IRON POWDER WASTE AS FINE AGGREGATE. INTERNATIONAL JOURNAL OF
MULTI SCIENCE, 4(02), 122-129.

Lydia, D., Sahat, S., & Yonas, P. (2023). PENGARUH ELEKTROOSMOSIS TERHADAP
KUAT GESER TANAH LEMPUNG. Konferensi  Nasional  Teknik  Sipil
(KoNTekS), 1(6).

Prima, Y. (2022). ANALISIS DAYA DUKUNG KAWASAN PENDIDIKAN STT WASTU
KENCANA (STUDI KASUS GEDUNG STT WASTUKENCANA). Jurnal Ilmiah
Plano Krisna, 18(1).

Prima, Y., & Darmiyanti, L. (2023). Analisis Kinerja Struktur Gedung Rusun TNI AU Halim
Perdanakusuma Dengan Menggunakan Metode Pushover Analysis. Jurnal Sipil
Krisna, 9(2), 26-35.

Prima, Y., & Pribadi, G. (2023). Penggunaan Program Plaxis Dalam Studi Penelitian Perkuatan
Geotextile Pada Kestabilan Lereng Buatan. Jurnal Sipil Krisna, 9(1), 22-26.

Pribadi, G., Rumbyarso, Y. P. A., & Sakti, E. M. S. (2023). Pelatihan Merancang Gambar
Dengan Aplikasi Autocad untuk Pembekalan Siswa SMK dalam Memasuki Dunia
Kerja. Media Abdimas, 2(2), 52-56.

Pribadi, G., & Rumbyarso, Y. P. A. (2023). Analisis Perbandingan Daya Dukung dan
Penurunan Pondasi Tiang Bor Dengan Perhitungan Manual dan Software
ALLPILE. Jurnal TESLINK: Teknik Sipil Dan Lingkungan, 5(2), 16-20.

Pribadi, G., & Rumbyarso, Y. P. A. (2023). Analisis Profil Atap Baja WF dengan Metode
LRFD Menggunakan SAP 2000 dan Idea StatiCa. Jurnal Teknik Industri Terintegrasi
(JUTIN), 6(4), 1543-1559.

RUMBYARSO, Y. P. A., & Pribadi, G. (2024). ANALYSIS OF CONCRETE
COMPRESSIVE STRENGTH WITH COCONUT FIBER WASTE AS A PARTIAL
REPLACEMENT OF FINE AGGREGATE. INTERNATIONAL JOURNAL OF MULTI
SCIENCE, 4(02), 130-135.

Rumbyarso, Y. P. A., & Fariqi, A. (2024). Learning Obstacle On Integral (Antiderivative)
Material In Didactic Situation Theory. Larisa Teknik Sipil, 1(1), 1-7.

Rinjoko, N. F., Rumbyarso, Y. P. A., & Darmiyanti, L. (2024). THE EFFECT OF GRANITE
WASTE AS A FINE AGGREGATE SUBSTITUTION IN ASPHALT CONCRETE
BINDER COURSE. INTERNATIONAL JOURNAL OF MULTI SCIENCE, 4(02), 56-
62.

Rumbyarso, Y. P. A., Pribadi, G., & Achmad, F. A. (2023). PENGENALAN DASAR-
DASAR PENGOLAHAN DATA PADA SMK PGRI 4 JAKARTA MENGGUNAKAN
APLIKASI SPSS. KRIDA CENDEKIA, 2(02).

Rumbyarso, Y. P. A. (2024). Analisis Perbandingan Kinerja Struktur Tahan Gempa Pada
Wilayah Berbeda Dengan Metode Respon Spektrum (Studi Kasus: Apartemen 19
Lantai). Pasak: Jurnal Teknik Sipil dan Bangunan, 1(2), 69-72.

Rumbyarso, Y. P. A., & Pribadi, G. (2024). Analysis of Landslide Handling With Mini Pile
Reinforcement Using Plaxis Software on The “X” Toll Road Project. Jurnal Teknik
Industri Terintegrasi (JUTIN), 7(2), 801-810.

170



MULTISCIENCE

MEI - AGUSTUS 2024 E-ISSN 22722 - 2985

Rumbyarso, Y. P. A. (2023). PERHITUNGAN PRODUKTIVITAS PERALATAN BERAT
PADA PROYEK JALAN TOL SEMARANG-DEMAK SEKSI 1C KM 35+ 400
SAMPAI DENGAN 36+ 400. Mechonversio: Mechanical Engineering Journal, 6(2),
34-39.

Rumbyarso, Y. P. A. (2019). Perencanaan Struktur Bangunan Atas (Upper Structure) Gedung
Stie Bank Bpd Jateng Kota Semarang. Teknokris, 22(1).

Rumbyarso, Y. P. A., & Ulum, R. B. (2021). Analisis Pengaruh Penggunaan Cangkang Telur
Bebek Ras Petelur Sebagai Filler Pada Campuran Aspal Beton. Jurnal
Teknologika, 11(2), 115-124.

Rumbyarso, Y., Chusna, N., & Khumaidi, A. (2022). Dissolved Oxygen Prediction of the
Ciliwung River using Artificial Neural Networks, Support Vector Machine, and
Streeter-Phelps. Jurnal Ilmiah Merpati (Menara Penelitian Akademika Teknologi
Informasi), 10(3), 180-190.

Rumbyarso, Y. P. A. (2022). Analysis Of Compressive Strength Of Concrete By Using Slag
Circum As A Concrete Aggregate Mix. International Journal Of Multi Science, 2(12),
35-46.

Rumbyarso, Y. P. A., & Pribadi, G. (2022). Penyuluhan Tentang Pentingnya Sebuah Kontruksi
Bagunan Rumah Yang Baik Serta Tahan Gempa. Krida Cendekia, 1(08).

Rumbyarso, Y. P. A. (2022). Analisis Perkuatan Rangka Atap Baja pada Bangunan Gedung
Heritage 1921 Menggunakan Software SAP 2000. Jurnal Teknik Indonesia, 1(1), 1-8.

Rumbyarso, Y. P. A. (2023). Penyuluhan Komposisi Campuran Beton untuk Jalan Tol. Journal
of Social Work and Empowerment, 2(3), 137-144.

Rumbyarso, Y. P. A., & Pribadi, G. (2023). Analisis Stabilitas Lereng dengan Metode Bishop
pada Proyek Geotechnical Investigation Jalur Transportasi Pelabuhan Batubara
Marangkayu Kabupaten Kutai Kartanegara. JURNAL KRIDATAMA SAINS DAN
TEKNOLOGI, 5(02), 562-577.

Rumbyarso, Y. P. A. (2023). Re-planning of Concrete Structures in the Ngoro Dormitory
Project in Surabaya. Journal of Applied Science, Engineering, Technology, and
Education, 5(1), 15-24.

Saifulloh, R., Rumbyarso, Y. P. A., & Sukadi, S. (2024). Analisis Pengaruh Penggunaan
Limbah Cangkang Siput Pada Campuran Asphalt Concrete-Wearing Course (AC-
WC). Madani: Jurnal limiah Multidisiplin, 2(8), 202-216.

Sihombing, S. M., Darmiyanti, L., & Prima, Y. PENGARUH ELEKTROOSMOSIS
TERHADAP KUAT GESER TANAH LEMPUNG. PROSIDING Konferensi Nasional
Teknik Sipil 17.

Tagwa, |., Rumbyarso, Y. P. A., & Darmiyanti, L. (2024). ANALYSIS OF LIGHTWEIGHT
BRICK WASTE FOR PARTIAL SUBSTITUTION OF FINE AGGREGATE ON
CONCRETE COMPRESSIVE STRENGTH. INTERNATIONAL JOURNAL OF
MULTI SCIENCE, 4(02), 34-41.

Ulum, R. B., Rumbyarso, Y. P. A., Akbar, M. A., & Utami, D. PERANCANGAN MODEL
ANALISIS SISTEM PENDUKUNG KEPUTUSAN UNTUK EVALUASI
PENCAPAIAN HASIL PRODUKSI DI PERUSAHAAN OTOMOTIF DI JAWA
BARAT.

Wahyudi, T., Rumbyarso, Y. P. A., & Siagian, B. M. (2024). THE EFFECT OF FISH BONE
POWDER WASTE AS A FINE AGGREGATE SUBSTITUTION IN ASPHALT
CONCRETE WEARING COURSE PAVEMENT. INTERNATIONAL JOURNAL OF
MULTI SCIENCE, 4(02), 63-69.

Yonas Prima, A. R. Kinerja Struktur Gedung 36 Lantai Analisis Time History Dan Pushover.

Yonas, P. Infrastruktur Pembaharu Silica Fume in Asphalt Concrete-Wearing Course.

171



MULTISCIENCE

MEI - AGUSTUS 2024 E-ISSN 22722 - 2985

Darmiyanti, L., & Wiharja, U. (2024). Effect of Salt Solution in Electrochemical Stabilization
with Variation of Potential Difference on Clay's Shear Strength. Reka Buana: Jurnal
IImiah Teknik Sipil dan Teknik Kimia, 9(1), 28-40.

Darmiyanti, L., Munawir, A. A., Rachmansyah, A., Zaika, Y., & Suryo, E. A. (2023).
IDENTIFICATION OF THE |INFLUENCE OF ELECTROKINETIC SOIL
IMPROVEMENT ON THE MICROSTRUCTURE, PHYSICAL AND
MECHANICAL PROPERTIES OF EXPANSIVE SOIL. Eastern-European Journal of
Enterprise Technologies, 126(6).

Cahyani, G., Darmiyanti, L., & Pribadi, G. (2024). ANALYSIS OF BUILDING BEAMS
CALCULATION FOR EMPLOYEE MESS IN KONAWE SOUTHEAST
SULAWESI. INTERNATIONAL JOURNAL OF MULTI SCIENCE, 4(02), 76-83.

Darmiyanti, L. (2024). Perbaikan Potensi Pengembangan Tanah Ekspansif dengan Metode
Elektrokinetik menggunakan Larutan Kalsium Dioksida. Jurnal Teknik Sipil, 5(1), 10-
14.

Rahayu, T., & Darmiyanti, L. (2019). Sosialisasi Penanganan Air Limbah Rumah Tangga Di
Karawang. Jurnal Solma, 8(2), 287-294.

Kusumo, B. Simulasi Rancang Bangun Alat Pemberi Pakan Ayam Dan Monitoring Suhu
Kandang. Journal of System and Computer Engineering (JSCE) ISSN (online), 2723,
1240.

Kusumo, B., & Haromen, S. (2022). Rancang Bangun Sistem Kunci Pintu Otomatis dengan
Fingerprint Berbasis Mikrokontroler ATMega328P. JURNAL ELEKTRO, 10(2), 138-
147.

Kusumo, B. (2024). Rancang Bangun Jemuran Otomatis Berbasis Sensor Water Drop
dilengkapi  Panel Surya 10 WP.JURNAL KRIDATAMA SAINS DAN
TEKNOLOGI, 6(01), 127-145.

Fitriyana, L., & Satrio, E. M. (2023). ANALISA KONFIGURASI TIANG GRUP
TERHADAP DAYA DUKUNG DAN PENURUNAN PONDASI TIANG PANCANG
PADA TANAH LUNAK. Jurnal Teknik SILITEK, 3(02), 91-98.

Fitriyana, L., & Satrio, E. M. Pengaruh penambahan Fly Ash sebagai bahan stabilisasi Tanah
Lempung terhadap daya dukung pondasi dangkal. Pondasi, 27(2), 288-296.

Rusbintardjo, G., Fitriyana, L., Yusoff, N. I. M., & Yero, A. S. Increase the Strenght of Base
and Subbase of Flexible Pavement by adding Fledspar as additive material. JACEE
(Journal of Advanced Civil and Environmental Engineering), 2(2), 59-64.

Agustina, S., & Fitriyana, L. (2019). Pengaruh feldspar dan ampas tebu terhadap propertis
tanah ekspansif. Reviews in Civil Engineering, 3(1).

172



