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STUDY ON RHEOLOGICAL EVOLUTION LAW AND
FILM-FORMING BEHAVIOR OF GREASE IN FULL
SERVICE CYCLE

ABSTRACT

As a widely used semi-fluid lubricant, grease plays an indispensable
key role in industrial machinery. Its performance is directly related to the
operation stability, service life and work efficiency of mechanical
equipment. In modern industrial production, the efficient and stable
operation of mechanical equipment is the basis for ensuring production
continuity and product quality. As an important lubricating medium, grease
plays an important role throughout the whole life cycle of mechanical
equipment. As a colloidal system, grease is subjected to shear action,
temperature effect and aging behavior during service, which directly
affects its service effect and poses a challenge to its reliable service.
Rheological behavior and film-forming behavior are the key indicators to
evaluate the performance and service effect of grease. The internal
relationship mechanism between the two is the basis for constructing the

service evaluation method of grease.
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In this paper, the rheological properties and film-forming properties
of the composite lithium-based grease commonly used in the industry are
tested and analyzed, and the lubricating properties of the grease at different
service temperatures are investigated by combining the rotary rheometer
and the lubricating oil film measuring instrument. On this basis, the
rheological evolution law of grease in its full service cycle and the research
mechanism of film forming behavior were further analyzed. In order to
systematically study the effect of temperature on the lubrication
performance of grease, this paper explores the change of film thickness
under different thermal effect temperature and time from the perspective
of grease film formation, and reveals the change mechanism in
combination with rheological behavior. The main research contents are as
follows.

(1) The static thermal aging method was used to simulate the high
temperature thermal effect of grease during service. Samples with different
aging degrees were mapped to different service stages of grease for
subsequent research on rheological behavior and film-forming properties.
Three temperature conditions of 80 °C, 120 °C and 150 °C were selected,
and static heat treatment for 4 hours, 8 hours and 24 hours was carried out
respectively to study the influence of different temperature and time

combinations on the performance of grease.
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(2) The rheological behavior of grease was systematically studied, and
the rheological changes of samples at different aging stages were obtained.
After the soap fiber structural system of the grease is subjected to heat, the
structural recovery performance of the structural system after shear and
shear removal will change, which will have a potential impact on service.

(3) The variation law of grease thickness under different experimental
conditions was studied by using photoelastic flow lubricating oil film
measuring instrument. The minimum oil film thickness was selected as the
research index to evaluate the film-forming performance. The minimum
oil film thickness directly reflects the ability of grease to form an effective
lubricating film on the surface of the friction pair, which directly affects its
anti-friction and anti-wear effect in practical application. The structural
system is affected by high temperature heat, which directly affects the film
forming performance of grease. There is an inherent correlation between
the two.

(4) The film forming law of grease at different aging stages was
studied, and the change mechanism of grease performance was analyzed in
combination with rheological behavior. Rheological behavior is the core
characteristic of grease performance, and its change reflects the evolution
of grease microstructure. The correlation between the rheological
parameters (yield stress, plastic viscosity and rheological index) and the

minimum film thickness was analyzed to reveal the correlation between
Vv
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the rheological evolution law of the whole service cycle and the film
forming behavior of the grease.

In this paper, the intrinsic relationship between microstructure
changes and film-forming behavior was revealed by systematically
analyzing the film-forming behavior and rheological evolution of grease
during the whole service cycle. The research results provide a theoretical
basis for the performance optimization and life prediction of grease, which
1s of great significance to improve the lubrication reliability and operation

efficiency of mechanical equipment.
Wang Jin(School of Mechanical and Automotive Engineering)
Supervised by Professor Pan Jiabao

KEY WORDS: Grease, Full service life, Rheological properties, Film-

forming properties, Structural system
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