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ABSTRACT – Operation state monitoring of high-

speed rolling bearing is of great importance, especially 

the friction-thermal feature of bearing rotation 

components, such as cage temperature and slip ratio 

monitoring. Based on the temperature-sensitive and 

photosensitivity properties of quantum dots, a non-

contact monitoring technology for high speed bearing 

rotating components was proposed. Temperature of 

bearing cage and inner ring was captured 

simultaneously by QDs with different wavelength, 

temperature and rotation information of bearing cage 

was got based on spectral and reflected light pulse 

frequency analysis. The work provides necessary means 

for the analysis of thermal-friction mechanism of high 

speed bearing. 

 

1. INTRODUCTION 

Rolling bearing is the core supporting component 

in rotating machinery and the operation state of bearing 

rotating components (such as cage and inner ring) are 

the key factor affecting the service performance of 

whole supporting unit. It is challenging to monitor the 

operation state of bearing rotating components due to 

the limited space inside bearing cavity and the high-

speed rotation of bearing. Conventional contact 

monitoring technologies are hard to use in monitoring 

cage operating state. Infrared temperature measurement 

and other conventional non-contact temperature 

measurement methods also face the influence of the 

bearing sealing structure and various working 

circumstance. At the same time, the high-speed rotation 

condition leads to a significant decrease in the accuracy 

of infrared temperature measurement. Many researchers 

conducted the operation monitoring of high speed 

bearing by micro sensor technology. However, the use 

of micro-sensing changes the structure and rotation 

feature of bearing cage/inner ring due to the presence of 

attachment structures such as coils, which seriously 

affects the bearing rotation speed and makes it difficult 

to perform high speed monitoring [1-4].  

Based on the quantum dots sensor, we propose a 

method for simultaneously monitoring bearing rotating 

components’ temperature and rotational speed during 

operation state. Based on the temperature-sensitive and 

photosensitivity properties of quantum dots, a non-

contact monitoring technology for high speed bearing 

rotating components was proposed. Temperature of 

bearing cage and inner ring was captured 

simultaneously by QDs with different wavelength, 

temperature and rotation information of bearing cage 

was got based on spectral and reflected light pulse 

frequency analysis. The work provides necessary means 

for the analysis of thermal-friction mechanism of high 

speed bearing. 

 

2. QUANTUM DOTS SENSOR FABRICATION 

AND CALIBRATION 

Colloidal solutions of CdTe QDs and CdSe/ZnS 

QDs were prepared according to method given by many 

references. By controlling refluxing time, QDs with 

desired size and color can be obtained. QDs sensors 

were fabricated by the Layer-by-Layer Electrostatic 

Self-Assembly technique. 

Temperature calibration experiment was conducted 

to study the thermal properties of QDs sensor with 

different wavelength. During the heating process, the 

spectrum curves of 553.2 nm (CdSe/ZnS) and 625.4nm 

(CdTe) QDs at different temperature were analyzed. The 

result showed that the response of emission spectrum 

peak wavelength is linear with the temperature changes. 

The following equations give the expression of the 

fitting relation:  

W = 545.74862 + 0.21337 T                                        (1) 

W = 618.45939 + 0.10469 T                                        (2) 

Where T is the temperature, W is the emission spectrum 

peak wavelength. The temperature sensitivity is 0.213 

nm/  and 0.105 nm/ .  

Based on the above work, the sensitivity of QDs 

sensor is accurate enough for bearing thermal 

monitoring in real work condition. Besides, since the 

wavelength of the two types of QDs sensor is much 

different, it can be used to monitor bearing cage and 

inner ring temperature simultaneously, only by one 

spectrometer. For cage rotation speed monitoring, the 

reflected light pulse frequency of quantum dots was 

utilized, so there is no need to calibration the 

photosensitivity properties of CdTe QDs and CdSe/ZnS 

QDs sensor. 

 

3. EXPERIMENTAL PRINCIPLE 

For bearing cage rotation speed and temperature 

monitoring, as shown in Figure 1, the QDs sensor was 

mounted to the end face of the cage with a thermal 

conductive silicone and the laser was irradiated on the 

end face of the cage through an optical fiber. The 

reflected light has two optical paths, the first optical 

path was connected to the photoelectric converter and 

the second optical path was connected to the 
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spectrometer. Once the QDs sensor passes through the 

laser irradiation area when the cage rotates at certain 

speed, the reflected light can be captured by an optical 

encoder, which converts the optical pulse signal into a 

voltage signal. Via an oscilloscope, the frequency of the 

voltage signal can be displayed, thus the cage rotational 

speed information is obtained. By a spectrometer, the 

spectral signal of reflected light was analyzed and the 

temperature of the cage according to the characteristic 

parameters of the spectral curve is achieved. Thereby 

the simultaneous monitoring of cage temperature-

rotational speed of high speed rolling bearing was 

realized. 
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1-CdTe QDs, 2- CdSe/ZnS QDs, 3-Laser light, 4-Reflected light, 

5-Laser, 6-Photoelectric Converter, 7-Oscilloscope, 

8-Spectrometer, 9-Computer 

Figure 1 Simultaneous monitoring principle. 

 

For bearing cage and inner ring temperature 

monitoring, by using the same excitation light source 

and different quantum dots, multi-points detection 

can be conducted. The 553.2 nm CdTe QDs sensor and 

625.4 nm CdSe/ZnS QDs sensor were prepared 

respectively. The fluorescence superposition of the two 

quantum dot sensors does not exceed the peak values of 

the two spectrums, whose peaks appear simultaneously 

on the display interface of the single channel 

spectrometer. 

 

4. EXPERIMENTAL MONITORING OF 

BEARING OPERATION STATE 

As shown in Figure 2, a simultaneous monitoring 

system was set up to measure bearing rotating 

components temperature and rotational speed. The 

monitoring system test bench was built on a rigid 

platform and the spindle was driven by an electric 

spindle with a maximum rotational speed of 

18000r/min. A 7008C angular contact ball bearing was 

installed with air-oil lubrication. CdSe/ZnS QDs sensor 

with 625.4 nm wavelength was mounted to the cage by 

an epoxy adhesive. CdTe QDs sensor with 553.2 nm 

was mounted on the end face of inner ring. For cage 

rotation speed and temperature simultaneous monitoring, 

one end of the fiber was connected to a laser to provide 

the light source; the other end was connected to the 

spectrometer for temperature measurement and an 

optical encoder for speed measurement. For cage and 

inner ring temperature simultaneous monitoring, two 

optic fibers with fluorescent probes were used to 

conduct the excitation light and collect the fluorescence 

in a spectrometer. 

 

 
Figure 2 Monitoring system during the experiment. 

 

5. SUMMARY 

By temperature-sensitive and photosensitivity 

properties of quantum dots, the operation state of 

bearing rotating components were experimentally 

studied, and the main conclusions are as follow: 

(a) A non-contact monitoring technology for high 

speed bearing rotating components was proposed,  

(b) The rotation speed and temperature of bearing 

cage can be monitored simultaneously, 

(c) The temperature of bearing cage and inner ring can 

be monitored simultaneously. 
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