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ABSTRAK

Dehydrating breather pada transformator menggunakan silica gel sebagai media
penyerap kelembapan udara untuk menjaga kualitas sistem isolasi. Seiring
penggunaannya, silica gel dapat mengalami kejenuhan sehingga diperlukan proses
regenerasi untuk mengembalikan kemampuan menyerap kelembapan. Proses
regenerasi yang dilakukan secara manual memerlukan pemeriksaan kondisi warna
dan pengawasan proses pemanasan secara langsung. Penelitian ini bertujuan
merancang dan membangun sistem regenerasi otomatis silica gel berbasis ESP32
yang mampu mendeteksi kondisi silica gel, mengendalikan proses pemanasan, serta
melakukan monitoring secara jarak jauh. Sistem menggunakan sensor warna
TCS3200 untuk mendeteksi kondisi silica gel berdasarkan nilai R (Red), G (Green),
dan B (Blue), Thermocouple Type-K dengan modul MAX6675 untuk mengukur
suhu, serta heater yang dikendalikan menggunakan relay dan SCR Dimmer.
Sistem monitoring menggunakan aplikasi Blynk dan Google Spreadsheet untuk
menampilkan serta menyimpan data secara real-time. Hasil pengujian sensor
TCS3200 menunjukkan bahwa kondisi silica gel biru (kering) memiliki rata-rata
nilai RGB sebesar 131,6; 141,2; dan 113,2, sedangkan kondisi ungu (basah) sebesar
81,6; 102,0; dan 82,0. Nilai coefficient of variation (CV) berada pada rentang
0,329%—-1,20%, yang menunjukkan kestabilan pembacaan sensor. Pengujian
Thermocouple Type-K menghasilkan rata-rata error sebesar 2,02% terhadap
termometer acuan. Pengujian SCR Dimmer pada 25%, 50%, dan 75%
menghasilkan laju kenaikan suhu masing-masing sekitar 2,2°C/menit, 7,4°C/mentit,
dan 20°C/menit. Pada pengujian proses regenerasi, silica gel berhasil berubah dari
kondisi ungu (basah) menjadi biru (kering) dalam waktu 80 menit, dengan suhu
akhir 126°C, sehingga heater dapat dimatikan secara otomatis berdasarkan deteksi
kondisi warna. Hasil pengujian menunjukkan bahwa sistem mampu
mengintegrasikan pendeteksian warna, pengukuran suhu, pengendalian heater , dan
monitoring berbasis IoT dalam satu sistem regenerasi otomatis.

Kata kunci: silica gel, regenerasi otomatis, ESP32, TCS3200, Thermocouple
Type-K, MAX6675, Blynk, IoT.
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ABSTRACT

Transformer dehydrating breather uses silica gel as a moisture-absorbing medium
to maintain the quality of the insulation system. During operation, silica gel can
become saturated, requiring a regeneration process to restore its moisture
absorption capability. Manual regeneration requires direct inspection of the silica
gel color condition and supervision of the heating process. This study aims to design
and develop an automatic silica gel regeneration system based on an ESP32 that is
capable of detecting the condition of silica gel, controlling the heating process, and
providing remote monitoring. The system uses a TCS3200 color sensor to detect the
condition of silica gel based on R (Red), G (Green), and B (Blue) values, a Type-K
Thermocouple with a MAX6675 module to measure temperature, and a heater
controlled using a relay and SCR Dimmer. The monitoring system uses the Blynk
application and Google Spreadsheet to display and store data in real time. The
TCS3200 sensor test results showed that the blue (dry) silica gel condition had
average RGB values of 131.6, 141.2, and 113.2, respectively, while the purple (wet)
condition had average values of 81.6, 102.0, and 82.0. The coefficient of variation
(CV) ranged from 0.32% to 1.20%, indicating stable sensor readings. The Type-K
Thermocouple test produced an average error of 2.02% compared with the
reference thermometer. Testing of the SCR Dimmer at 25%, 50%, and 75% resulted
in temperature rise rates of approximately 2.2°C/minute, 7.4°C/minute, and
20°C/minute, respectively. In the regeneration process test, the silica gel
successfully changed from purple (wet) to blue (dry) within 80 minutes at a final
temperature of 126°C, allowing the heater to be automatically turned off based on
the detected color condition. The test results indicate that the system is capable of
integrating color detection, temperature measurement, heater control, and loT-
based monitoring into a single automatic silica gel regeneration system.

Keywords: silica gel, automatic regeneration, ESP32, TCS3200, Type-K
Thermocouple, MAX6675, Blynk, IoT.
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