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Infrared Thermography Quantitative Diagnosis in Vibration Mode of
Rotational Mechanics

Jin Ju Seo*, Nam Ryoung Choi*, Won Tae Kim**T and Dong Pyo Hong*

Abstract In the industrial field, real-time monitoring system like a fault early detection is very important. For
this, the infrared thermography technique as a new diagnosis method is proposed. This study is focused on the
damage detection and temperature characteristic analysis of ball bearing using the non-destructive infrared
thermography method. In this paper, thermal image and temperature data were measured by a Cedip Silver 450 M
infrared camera. Based on the results, the temperature characteristics under the conditions of normal, loss
lubrication, damage, dynamic loading, and damage under loading were analyzed. It was confirmed that the infrared

technique is very useful for the detection of the bearing damage.
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1. Introduction

Ball bearing is a power transmission element
widely wused in various types of industrial
rotating machinery such as motors, gas turbines,
and pumps. It has many advantages like ease of
lubrication and low wear during operation [1].
But in case of rotating machinery, resonance
and the damage of bearing by fatigue can cause
the largest industrial disasters or economic loss.
Therefore, the borne damage and state of the
machine have to be known through regular fault
diagnosis in advance and an alternative has to
be established. In general, the diagnostic system
is a way to predict abnormalities of bearing
components by analyzing the magnitude and
frequency of vibration according to local defects
in ball bearings [2]. However, inspection system
that requires direct contact of devices or
instruments with the subject significantly reduces

operation time [3].

Non-contact, non-destructive inspection tech-
niques that utilize the infrared technology are
useful for rapid inspection and real-time
monitoring and are cost-effective and harmless
to humans [4]. Such a method uses an infrared
camera that takes photograph of the infrared ray
object. The

temperatures shows the specific pattern between

emitted to an difference in
normal and damaged parts.

In this paper, study for damage detection
and temperature characteristics of ball bearing
under various conditions using infrared thermo-

graphy method was carried out.

2. Experimental Configuration

An experimental work was performed by
using B6304 as the test piece. B6 series are
widely used in the insulation deep groove ball
bearing. Fig. 1 shows the schematic dimensions

of bearing used in this experiment. The bearing
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Fig. 1 Schematic dimensions of bearing

Circular weight IR camera

Fig. 2 Experimental infrared

camera

configuration  using

B6804 and housing were installed between a
power and a measuring bearing (B6304) for
simple support. Fig. 2 shows the experimental
configuration using infrared camera. A circular
weight of 5kg was mounted to the axis in order
to carry out a dynamic loading condition test.
The outer ring of bearing was instrumented with
a surface damage (scratch) of 0.99 um in order
to simulate a damaged test piece. The roughness
of normal bearing is smaller than 0.2 pm.

In this paper, the temperature characteristics
according to the five conditions of normal, loss
lubrication, damaged, dynamic loading, damaged
under loading were analyzed. By using the
APM-SCOSADK servo
800 W, the experiment was performed in 1,000,

motor of 1HP on

Table 1 The main specifications of infrared camera

Sensor material InSb

Pixel resolution @ Pitch 320%240 pixel @ 30 um

Spectrum response 2.5-5 um
Full-frame speed Max 380 Hz
NETD < 20 mK

Filter wheel 1" filter 1 mm thickness 4 slot

Digital output GigE / CAMLINK

2,000,
respectively. The model of the infrared camera

3,000 rpm  (revolutions per minute),
used this experiment is the Silver 450 M of
Cedip Corp. (France) and Table 1 is the main
specifications of the camera.

3. Result and Consideration

By using the infrared camera, an experiment
measured 20 frames per second for 40 minutes.
The device was set up such that 1,000, 2,000,
3,000 rpm can be reached within 3 seconds after
starting. The change of the temperature charac-
teristics of the bearing was observed on a real
time basis. The data was calculated from the
connection of intrados and outer ring and the
ball of the bearing in which the generation of
heat is most serious [5]. The time stage curve of
temperature was made by using data from room
temperature until maximum temperature of
bearing. Fig. 3, 5, 7, 9, 11 are time stage curve
until maximum temperature according to the five
conditions of normal, loss lubrication, damaged,
dynamic loading, damaged under loading. Fig. 4,
6, 8, 10, 12 show the respective thermal image
under the five conditions in 3,000 rpm.

In the graph, first, the maximum temperature
values by the remaining four-condition are
higher than that of the normal lubrication
condition. Particularly, in case of damaged,
dynamic loading and damaged under loading
conditions, graphs show very sharp temperature
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Fig. 3 Normal condition of B6304 Fig. 6 Thermal image of loss lubrication condition
in 3,000 rpm
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Fig. 4 Thermal image of normal condition in 3,000 Fig. 7 Damaged condition of B6304
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Fig. 5 Loss lubrication condition of B6304 Fig. 8 Thermal image of damaged condition in
3,000 rpm
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Fig. 9 Dynamic loading condition of B6304

Fig. 10 Thermal image of dynamic loading condition
in 3,000 rpm

gradients within about 3 minutes against normal
and loss lubrication conditions.

Comparing the value of the maximum
temperature in each state, the temperature of
damaged bearing based on the normal condition
value increased by about 7%, 29%, 12% in
1,000, 2,000, 3,000 rpm. The temperature of
damaged bearing condition
remarkably increased at about 39%, 95% 76%
in 1,000, 2,000, 3,000 rpm.

Comparing the value of the

under loading

maximum
temperature based on the 1,000 rpm according to
rpm, the of normal

about 19%, 60%

temperature bearing

increased by in 2,000,
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Fig. 11 Damaged under loading condition of B6304
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Fig. 12 Thermal image of damaged under loading
condition in 3,000 rpm

3,000 rpm. But when rpm became 2000, in case
of damaged condition, the temperature increased
by about 43%. In case of damaged condition
under loading, the temperature increased at
about 66%. This value rose to about 47%
against normal condition. When rpm became
3,000, the temperature of damaged condition
under loading extremely increased at about
102%. It rose to about 42% against normal
condition.

One function of bearings as a power
transmission element is to support load. Thus,
mostly, the dynamic load is applied to the
bearing. From this experimental consideration, it



Journal of the KSNT, Vol. 32, No. 3 295

was confirmed that the infrared technique is
very useful for the detection of the bearing
damage by analyzing the temperature distribution

through real-time monitoring.

4. Conclusions

In this paper, temperature characteristics
according to the five-condition of bearing were
analyzed through infrared thermography method.
Damaged bearings by checking the following
were easily detected: 1) The early temperature
gradient, 2) The maximum temperature value
according to each condition, 3) The rate of
temperature increase according to rpm. Based on
these results, the non-contact, non-destructive
abnormality  diagnosis using the infrared
useful for

rotating  machine

thermography method will be
condition monitoring of

elements in the future.
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