INFORMATION OF RESEARCH RESULTS

Dissertation title: 
RESEARCH ON THE EFFECTS OF UNBALANCE PARAMETERS ON THE FATIGUE STRENGTH OF THE ROTOR
[bookmark: _GoBack]Major			: Mechanical Engineering			Major code: 9520103
PhD candidate	: Tran Thanh Lam
Supervisors		: Assoc. Prof. Dr Le Chi Cuong
			  Assoc. Prof. Dr Dang Thien Ngon
Training facilities	: HCMC University of Technology and Education
1. Thesis abstract
The fatigue strength of mechanical components, especially in rotating systems such as rotors, is a critical issue directly influencing the reliability and service life of transmission systems in modern industry. Under cyclic loading conditions, components may fail due to fatigue even when the applied stresses are significantly lower than the static strength of the material. Among the causes of fatigue failure, dynamic unbalance is identified as a primary factor, inducing cyclic vibrations that initiate and propagate fatigue cracks.
In rotating systems such as motors, gearboxes, and turbines; particularly drive shafts; unbalance can arise from manufacturing errors, asymmetric design, misaligned assembly, uneven wear, or improper mass distribution before and during operation. These factors induce repetitive vibrations that generate fluctuating stresses, significantly reducing fatigue life, particularly in rotating shafts that are directly exposed.
Although numerous studies have addressed fatigue under static and dynamic loading, the specific influence of unbalance parameters on fatigue strength has not yet been fully clarified. Especially with the increasing operational speeds of rotating machinery, evaluating the impact of factors such as rotational speed, unbalanced mass, location, phase angle, and external excitation force on rotor fatigue strength becomes essential for ensuring system reliability, operational safety, and optimizing maintenance strategies.
Key contributions of the dissertation include:
· Material used: C45 steel.
· Rotational speed: ≤ 3000 RPM.
· Scope of research: Investigation of key parameters influencing rotor unbalance commonly encountered in industrial balancing practices both domestically and internationally, including rotational speed, phase angle, unbalanced mass location, and excitation force, under realistic operational conditions.
· Experimental apparatus: Two specialized machines were designed and fabricated, the vibration analysis machine and the fatigue testing machine, to collect empirical data and validate theoretical models.
2. New contributions of the thesis
The dissertation focuses on evaluating the effects of unbalance factors on rotor fatigue strength, particularly in drive shafts. The studied parameters include rotational speed, test mass (causing unbalance), initial phase angle, and external forces. A dynamic mathematical model of the rotor system was developed and solved using the Newmark–β numerical method. Two devices - a vibration measurement machine and a fatigue testing machine - were designed and fabricated to support data collection and validate the theoretical model. Based on these, the stress-cycle (S–N) relationship was established to illustrate the influence of unbalance on fatigue life.
Key findings of the study are as follows:
1. Identified key parameters directly influencing rotor dynamic unbalance: rotational speed, eccentric mass, and its position.
2. Demonstrated that vibrations become unstable as rotational speed approaches critical speed, with displacement amplitudes significantly increasing. For instance, with G41.3, amplitudes reached X = ±0.109 mm and Y = ±0.135 mm—higher than the amplitudes at the first critical speed (X = ±0.101 mm; Y = ±0.119 mm). These amplitudes should be avoided to ensure long-term stable rotor operation.
3. Changes in the initial phase angle of the test mass during operation lead to different vibration phase variants, which may increase or decrease bending stresses, potentially causing shaft failure.
4. Validated that the Newmark–β method reliably analyzes rotor system behavior, offering unconditional stability, fast convergence, high accuracy, and an experimental error margin below 6%.
5. A novel fatigue testing machine for studying unbalanced drive shaft fatigue was developed, along with a new control alignment program tool to evaluate unbalance effects.
6. Fatigue test results showed reduced endurance and fatigue strength under unbalance conditions (e.g., test mass, operational speed, load radius) compared to pure bending shafts. A stress–life curve was successfully constructed for C45 steel rotating shafts under unbalanced loads.
7. Demonstrated that vibration amplitude increases with load cycles, attributed to microcrack initiation and propagation, amplifying the effects of unbalanced forces on the rotating shaft.

