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ABSTRACT

ANALYSIS OF HAUL TRUCK WORKING CONDITIONS USING GPS AND VEHICLE
DYNAMIC DATA FOR PROCESS IMPROVEMENT RECOMMENDATIONS (DMAIC
FRAMEWORK APPROACH)

B
Heru Novef Ruzianto Panjaya
Dr.Eng. Aditya Tirta Pratama, S.Si., M.T., Advisor
Dr. Maulahikmah Galinium, S.Kom, M.Sc., Co-Advisor
SWISS GERMAN UNIVERSITY

Inefisiensi konsumsi bahan bakar pada operasional haul truck di pertambangan terbuka sangat
dipengaruhi oleh kondisi jalan angkut sebagai media kerja utama alat. Pada studi ini, konsumsi
aktual tercatat sebesar 38—39 L/jam, melebihi target 37 L/jam. Indikasi awal menunjukkan
bahwa tingginya Total Resistance akibat kombinasi Grade Resistance dan Rolling Resistance
menjadi faktor dominan penyebab inefisiensi. Penelitian ini bertujuan memetakan profil
hambatan jalan secara kuantitatif dengan memisahkan komponen Grade Resistance dan
Rolling Resistance, serta merumuskan rekomendasi perbaikan menggunakan kerangka
DMAIC. Pengukuran dilakukan sepanjang +28 km jalur hauling menggunakan integrasi data
elevasi barometrik dari Garmin Oregon 750 dan data respons dinamik kendaraan (Vertical G-
Force) dari Garmin VIRB Ultra 30. Hasil menunjukkan nilai Grade Resistance rata-rata 3—6%
dengan beberapa segmen melebihi 7%, sedangkan Rolling Resistance berada pada rentang 3,5—
5%, lebih tinggi dari standar ideal 2—3% untuk jalan terawat. Pada segmen kritis, Total
Resistance mencapai 8—12%. Temuan ini menegaskan bahwa kombinasi kemiringan tinggi dan
kualitas permukaan jalan yang kurang optimal meningkatkan beban traksi dan konsumsi bahan
bakar. Segmen dengan Grade Resistance >5% dan Rolling Resistance >3,5% ditetapkan
sebagai prioritas perbaikan melalui reshaping, grading, dan compaction berbasis data.

Kata kunci : Haul road; Total Resistance; Grade Resistance; Rolling Resistance;, GPS

telemetry; DMAIC

Heru Novef Rupianto Panjaya



ANALYSIS OF HAUL TRUCK WORKING CONDITIONS USING GPS DATA FOR PROCESS
IMPROVEMENT RECOMMENDATIONS (DMAIC FRAMEWORK APPROACH) Page 4 of 72

ABSTRACT

ANALYSIS OF HAUL TRUCK WORKING CONDITIONS USING GPS AND VEHICLE
DYNAMIC DATA FOR PROCESS IMPROVEMENT RECOMMENDATIONS (DMAIC
FRAMEWORK APPROACH)

By
Heru Novef Rupianto Panjaya
Dr.Eng. Aditya Tirta Pratama, S.Si., M.T., Advisor

Dr. Maulahikmah Galinium, S.Kom, M.Sc., Co-Advisor
SWISS GERMAN UNIVERSITY

Fuel consumption inefficiency in open-pit haul truck operations is strongly influenced by haul
road conditions as the primary operating medium of the equipment. In this study, actual fuel
consumption was recorded at 38-39 L/h, exceeding the efficiency target of 37 L/h, indicating
a correlation with high road resistance. Previous evaluations relied mainly on visual
observation, making it difficult to quantify the respective contributions of Grade Resistance
(GR) and Rolling Resistance (RR). This research aims to quantitatively map haul road
resistance by separating GR and RR components and to formulate improvement strategies
using the DMAIC framework. Measurements were conducted along an approximately 28 km
main hauling route using integrated barometric GPS data for gradient analysis and vehicle
dynamic response data (Vertical G-Force) obtained from a Garmin VIRB device. Results show
that average GR ranges from 3—6%, with several segments exceeding 7%, while RR ranges
from 3.5-5%, higher than the recommended 2—3% for well-maintained mine roads. On critical
segments, Total Resistance (TR) reaches 8—12%, for example at KM 5+700-5+900 (TR 9.5%)
and KM 11+700-11+800 (TR 10.9%). The findings confirm that steep gradients combined
with poor surface conditions are dominant factors increasing tractive effort and fuel use.
Segments with GR >5% and RR >3.5% are prioritized for reshaping, grading, and compaction,
supported by data-based monitoring to maintain resistance within efficient operational limits.

Keywords: Haul truck Haul road; Total Resistance; Grade Resistance,; Rolling Resistance;

GPS telemetry; DMAIC
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