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KEYWORDS ABSTRACT

Hydraulic Oil, Hydraulic oils in mobile machinery are subjected to severe mechanical and thermal stresses,
Oil Ageing, leading to accelerated degradation. This study presents a comparative field investigation of the
Viscosity Index, ageing processes of VG46 and VG68 hydraulic oils in sugar cane harvesters operating in the hot
Total Acid Number. and dusty climate of Khuzestan, Iran. A continuous 1,000-hour field test was conducted, with oil

samples collected at 100-hour intervals (according to ISO standards). Key properties, including
rheological characteristics, chemical stability, and particle contamination levels, were analyzed to
evaluate the degradation kinetics under real-world operating conditions (according to ISO and
ASTM standards). The results indicate that kinematic viscosity at 40°C decreased by 23.2% for
VG46 and 12.1% for VG68, demonstrating that mechanical shear degradation dominated over
thermal oxidation. Furthermore, the Viscosity Index (VI) dropped by 16% for VG46 and 10% for
VG68, confirming the mechanical scission of polymer chains in the viscosity index Improvers.
Chemically, VG46 exhibited a higher oxidation rate, with a sharp increase in Total Acid Number
(TAN) observed between 300 and 400 hours, indicating premature depletion of antioxidant
reserves. In terms of contamination, VG46 reached a final cleanliness code of 24/24/23 (NAS
Class >12), whereas VG68 maintained a superior code of 23/22/21 (NAS Class 12). These findings
suggest that VG68 offers superior rheological and tribological stability under severe duty cycles.
Consequently, the use of VG68 hydraulic oil can significantly mitigate the risk of sudden
component failures and extend the service life of hydraulic power transmission systems in harsh
environments.

Extended Abstract

1. Introduction

energy transfer, lubrication of moving parts, and cooling. However, under harsh operating conditions, a

complex process known as oil aging occurs, leading to permanent changes in the physicochemical and
rheological properties of the fluid. This phenomenon results from the synergistic interaction of chemical factors
(such as thermal oxidation and hydrolysis), physical factors (such as mechanical shear of polymer chains), and
external contaminants (such as solid particles and water). Ultimately, this leads to the molecular degradation of
the base oil and additives, reducing the fluid’s ability to maintain a stable lubricating film. In heavy mobile
machinery, this aging process occurs with significantly greater intensity compared to conventional industrial
systems. The acceleration of degradation is attributed to continuous operation in hot and dusty climates under
severe dynamic loads. Under such conditions, VG46 and VG68 hydraulic oils face serious challenges. Severe

I I ydraulic oils, as the vital fluid in power transmission systems of heavy machinery, play a crucial role in
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shear stresses generated as the fluid passes through the clearances of high-pressure pumps and control valves lead
to the physical fracture of polymer chains and a steady decline in viscosity. Simultaneously, high ambient and
operating temperatures accelerate oxidation reactions, promoting the formation of sludge and acidic compounds.
The overlap of mechanical and chemical degradation processes threatens lubricating film stability, increasing the
likelihood of transitioning from hydrodynamic lubrication to mixed or boundary friction regimes. This regime
shift results in severe component wear, increased friction coefficients, and sudden failures in mobile machinery.
Given the high sensitivity of power transmission system components to viscosity fluctuations and particle
contamination, monitoring the dynamics of these degradation processes under real operating conditions is a
technical imperative. This monitoring is also an economic necessity for preventing unauthorized downtime and
optimizing maintenance costs. While international standards such as ISO 4406 and NAS 1638 provide frameworks
for classifying particle contamination, a deep understanding of how these quantities interact with the rheological
properties of different hydraulic oils in hot climates remains a critical research need. Therefore, a comparative
evaluation of VG46 and VG68 oil aging behaviors under real operating conditions of sugar cane harvesters is a
top priority in tribology and machinery engineering. A review of recent studies indicates that researchers have
focused on various operating conditions; however, most previous studies relied on controlled laboratory tests or
failed to examine the combined effects of severe shear, high temperatures, and external contaminants. This limited
perspective provides an incomplete picture of oil behavior in real-world applications. Furthermore, practical
comparisons between similar viscosity grades, such as VG46 and VG68, regarding rheological stability, oxidation
resistance, and particle generation in hot, high-pressure climates, have received little attention. This study
addresses this gap by conducting a field investigation of VG46 and VG68 oils in sugar cane harvesters in the hot
climate of Khuzestan. The main innovation of this research lies in the simultaneous analysis of shear degradation,
thermal oxidation, and particle accumulation, demonstrating which oil offers superior stability under real-world
stresses.

2. Method

This study was designed and executed as a field investigation to comparatively analyze the aging process of
VG46 and VG68 hydraulic oils in sugar cane harvesters operating in Khuzestan Province, Iran. To control
influencing variables and ensure result comparability, two harvesters of the same model and generation were
selected from a single farm with similar terrain and crop conditions. These machines were equipped with power
transmission systems operating under harsh conditions, including working pressures up to 300 bar and oil
temperatures ranging from 60 to 100°C. The VG46 and VG68 base oils used were multi-grade, mineral-
hydrocarbon-based fluids containing standard additive packages, including viscosity index improvers,
antioxidants, and anti-wear agents, classified according to ISO 11158 specifications. To ensure sample
representativeness and eliminate initial discrepancies, the oil tanks of both machines were completely drained and
refilled with new oil matching the manufacturer’s technical specifications prior to the test. Initial parameters,
including kinematic viscosity, viscosity index (VI), Total Acid Number (TAN), and particle cleanliness codes,
were measured according to international standards to establish a homogeneous baseline. Operating conditions,
including task types and daily working hours, were strictly monitored and standardized throughout the test period
to ensure that observed changes in oil properties directly reflected the aging process under the mechanical, thermal,
and environmental stresses of the Khuzestan climate.

Oil sampling was conducted at 100-hour intervals (from 0 to 1000 hours). To prevent external contamination,
sampling protocols adhered to ISO 3170-1 and ISO 15377 standards. Samples were collected from the main system
drain valve when the oil temperature reached the operational range (approximately 60°C), a condition that
optimizes sample representativeness by reducing viscosity and homogenizing suspended particles. Samples were
stored in amber glass containers (500 mL capacity), pre-cleaned with organic solvents, to prevent photo-
degradation and oxidative degradation of additives. Post-sampling, samples were kept at 4°C away from direct
sunlight to inhibit chemical changes prior to analysis. The sampling methodology was grounded in three
fundamental principles: natural hydrodynamic mixing due to continuous pump operation, sampling from the return
line before final filtration to capture all wear debris, and ensuring reproducibility by analyzing three independent
samples per interval and reporting their arithmetic mean.

The primary parameters evaluated included rheological properties (kinematic viscosity and VI), chemical
properties (TAN), and particulate contamination (particle count and mass). All analyses were performed in an
accredited tribology laboratory using calibrated equipment in accordance with ASTM and ISO standards.
Kinematic viscosity was measured at 40°C and 100°C using an SVM 3001 viscometer per ASTM D445. The
Viscosity Index (VI) was calculated based on kinematic viscosity values at 40°C and 100°C, following ASTM
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D2270. TAN was determined via potentiometric alkaline titration according to ASTM D664. Particulate
contamination was assessed using three complementary methods: particle cleanliness coding based on ISO 4406
using a PAMAS GT-700 laser particle counter; contamination number calculation per NAS 1638; and suspended
particle mass determination via filtration and gravimetric analysis according to ISO 4407. To guarantee data
integrity, a multi-layered analytical framework was implemented, including precise equipment calibration, use of
standard reference materials, and statistical analysis of random errors, yielding a coefficient of variation (CV) of
less than 2% for all datasets.

3. Result

Rheological analyses demonstrated that both VG46 and VG68 oils experienced a decline in viscosity over the
1,000-hour operational period; however, this reduction was significantly more pronounced in VG46 (23.2%)
compared to VG68 (12.1%). This disparity indicates that in VG46, shear degradation and the physical fracture of
polymer chains in viscosity index improvers dominated over chemical oxidation. The 16% decrease in the
Viscosity Index for VG46, versus 10% for VG68, confirms that the molecular structure of the heavier base oil
offers superior mechanical stability against the shear stresses exerted by high-pressure pumps. From the
perspective of chemical degradation kinetics, although oxidation rates were significant in both oils, VG68
exhibited greater chemical stability. The sudden spike in Total Acid Number (TAN) for VG46 between 300 and
400 hours signified the premature depletion of antioxidant reserves and a rapid transition into accelerated
oxidation. In contrast, the higher viscosity of VG68 acted as a physical barrier, retarding the diffusion of free
radicals and thereby extending the oil’s useful life.

Regarding particulate contamination monitoring, the performance divergence between the two oils became
evident. VG46 rapidly reached a critical cleanliness code of 24/24/23 and an NAS number exceeding 12, whereas
VG68 maintained a superior code of 23/22/21 with an NAS number of 12. The exponential increase in fine particles
(>4 um) in VG46 resulted from the thinning of the lubricating film and microscopic metal-to-metal contact.
Furthermore, the generation of coarse particles (>14 um) in VG46 indicated the system’s entry into an acute wear
regime and surface fatigue. Data revealed that the rheological stability of VG68, by preserving lubricating film
thickness, prevented metal-to-metal contact and drastically reduced the rate of contaminant generation. These
findings align with previous studies emphasizing the critical role of viscosity in managing lubrication regimes in
heavy mobile machinery.

This study demonstrates that hydraulic oil selection must extend beyond initial specifications to encompass
dynamic stability under harsh operating conditions. VG68, owing to its superior resistance to shear degradation,
higher oxidative stability, and lower contaminant production, emerges as the optimal choice for power
transmission systems under severe conditions. Implementing VG68 reduces the probability of sudden hydraulic
component failures. Additionally, by delaying the attainment of critical cleanliness codes, it optimizes maintenance
costs and minimizes unplanned operational downtimes. It is recommended that in the design of hydraulic power
transmission systems for mobile machinery in hot climates, priority be given to oils with higher viscosity and
appropriate shear stability indices. Future research should focus on developing predictive models for oil service
life by integrating tribological data with machine learning algorithms, enabling more accurate prediction of optimal
oil change intervals. These results confirm that in harsh working conditions, the rheological and chemical stability
of higher-viscosity oils plays a vital role in maintaining the health of hydraulic systems and extending the lifespan
of machinery.

4. Conclusion

This study comparatively investigated the aging and degradation processes of VG46 and VG68 hydraulic oils
in sugar cane harvesters operating in the hot, dusty climate of Khuzestan. Findings from 1,000 hours of continuous
operation provide robust evidence of VG68’s superior performance under mechanical, thermal, and environmental
stresses. Rheological analyses revealed that viscosity loss in VG46 (23.2%) and the reduction in its Viscosity Index
(16%) were significantly greater than in VG68 (12.1% and 10%, respectively). This indicates that shear
degradation and the physical fracture of polymer chains in viscosity index improvers dominated the aging process
in VG46. Chemically, the sudden spike in Total Acid Number (TAN) for VG46 between 300 and 400 hours
signified premature antioxidant depletion and rapid entry into accelerated oxidation. In contrast, the higher
viscosity of VG68 acted as a physical barrier, retarding free radical diffusion and extending service life. Particulate
monitoring showed VG46 rapidly reaching critical cleanliness codes (24/24/23, NAS >12), while VG68
maintained stability (23/22/21, NAS 12). The exponential increase in fine (>4 pm) and coarse (>14 pm) particles
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in VG46 resulted from lubricating film thinning and surface fatigue, indicating a transition to severe wear regimes.
VG68’s rheological stability preserved film thickness, preventing metal-to-metal contact and reducing
contaminant generation. The study emphasizes that hydraulic oil selection must prioritize dynamic stability under
harsh conditions over initial specifications. VG68, with its superior resistance to shear degradation, higher
oxidative stability, and lower contaminant production, is the optimal choice for power transmission systems in
severe conditions. Its implementation reduces sudden failure risks and optimizes maintenance costs by delaying
critical cleanliness thresholds. It is recommended that designs for mobile machinery in hot climates prioritize oils
with higher viscosity and appropriate shear stability indices.
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