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Abstract. Temperature measuring method is one of the key issues in the research of high speed
motorized spindle of thermal characteristics.In this paper, a new hybrid temperature measurement
method is proposed, which is based on the contacted temperature measurement and infrared
temperature measurement experiments, and using least square curve fitting and error compensation
as a method. A temperature model of 170SD30-SY high speed and high precision motorized spindle
is established,to measure a wider range and obtain a preciser temperature field of motorized
spindle.The modified hybrid temperature measured as a minimum of 0.01 ℃ and a maximum of
1.19℃

Introduction
High speed motorized spindle is one of the core functions of CNC machine tools,and its performance
directly determines the technical level of CNC machine tools[1]. The high temperature rise and
thermal deformation of the motorized spindle will affect the rotation accuracy of the spindle, even the
service life[2]. Therefore, the thermal characteristics of the motorized spindle is an important part of
the research work of motorized spindle.

The selection of temperature measurement method is one of the key technologies of thermal
characteristic research.Temperature measurement is the premise to describe the change of
temperature, so the method of temperature measurement has aroused the enthusiasm of domestic and
foreign experts.Otakar Horejs[3]measured the temperature of the horizontal milling center by thermal
resistance as a input of transfer function (TTF)compensation algorithm,to predict the direction Z of
displacement of the machine.Chuang Chen[4]installed thermal resistance on a vertical machining
center for temperature monitoring.Through the temperature monitoring,they found spindle speed and
the maximum temperature difference when the spindle reach to thermal equilibrium.Hong
Yang[5]installed 11 thermocouples in the motor bearing and ball bearing and so on,to simulate actual
machining condition of machine tool and measure the temperature rise of each part.Cheng-Hsien
Wu[6]used thermocouples to monitor the temperature field of a CNC milling machine.Mayr.J[7]
obtained the infrared image of the spindle of the three axis milling machine by infrared photography
instrument.E.Uhlmann[8]collected the temperature field of the spindle under 15000 rpm field after
150 min by infrared thermal imager

The method of temperature monitoring for machine tools is summarized, which mainly has
contact temperature measurement and non-contact temperature measurement.In this paper, a new
hybrid temperature measurement method is proposed, which is based on the contact temperature
measurement as basis and infrared temperature measurement experiments as a compensation.

Technology analysis temperature monitoring for high speed motorized spindle
The contacted temperature measurement can measure the superficial temperature of motorized

spindle,and the internal temperature of spindle should be required to punch,and the rotating parts of
the spindle would not be measured.In particular,the rotation shaft temperature of spindle could not be
measured because of high speed and the sensor can not be installed.When we use the non-contact
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infrared thermal imaging system to measure the temperature rise of the motorized spindle, the
measuring range is wide, and the temperature of the shaft can be measured.However the error is
bigger than contact temperature measurement method.So,in this paper,we hope to explore an infrared
temperature measurement,and compare with contact temperature measurement method,to
compensate for the error of infrared temperature measurement,as figure 1 shows.In order to establish
a simple, convenient, stable and reliable measurement method, which can monitor temperature in
real-time and adapt to the working environment of machine tools temperature.

Figure.1 Temperature compensation model

Hybrid Temperature Measurement Method for High Speed Motorized Spindle
In this experiment,the hybrid temperature measurement is proposed by infrared measurement,

combined with contacted measurement.Figure.2 is the experimental device of hybrid
measurement.Under the same experimental conditions,the same test points which test with contacted
temperature measurement and infrared temperature measurement methods respectively are selected
for temperature measurement analysis.The motorized spindle type NO. is 170SD30-SY.The
experimental process of temperature measurement is as follows:①10 contact type temperature
sensors are installed in the surface of spindle where the front bearing,the rear bearing and middle of
front and rear bearing span;Then,two infrared thermal imager start to measure the real-time
temperature;②At the beginning,the water cooling control system and oil-gas lubrication control
system power should be opened and adjust the pressure of the air compressor to 0.72P MPa for the
purpose to ensure the pressure of the compressed air into the bearing is 0.4aP MPa ,the inlet air
temperature is a C   ;The inlet water temperature is w C   ,the flow is 30.32 /q m h ;③Set a
speed of 10000 / minn r and no-load operation.

In Figure2 with contacted temperature measurement,these points are collected once per 5min
and automatically recorded.In infrared temperature measurement scheme,temperature of motorized
spindle is real-time monitoring by two infrared thermal imager,with the type of SC6X5 A615 from
US company FLIR,as shown in Figure 2.The thermal imager can not only visual display the
temperature field of the surface of the spindle, but also can record the temperature changes at different
time and the data storage and processing.It shows the measured temperature distribution of the
motorized spindle running 60mins in Figure 2, and the image is obtained by the thermal imager
analysis software BM_IR.
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Figure.2 Hybrid temperature measurement device
Comparison of measurement results.According to the experimental data, the comparison results

of the two methods are obtained.There are 10 monitoring points in the circumferential direction in the
contact temperature measurement , and the monitoring point of the infrared type can be randomly
selected.In this paper,in order to facilitate the monitoring and processing of data, each position takes 4
monitoring points, and then take the average value of the analysis.Then, the average temperature of
each position of 4 points is plotted.Figure 3 is the temperature curve of motorized spindle in different
position.The left one is the temperature contrast curve between the contacted type and infrared type of
front bearing.The middle is the position in which the middle of front and rear bearing span.The last
one is the temperature contrast diagram between the contacted type and infrared type of rear
bearing.Moreover,the red ones above,which is higher,is recorded by the thermal imager.The other is
recorded by contacted measurement.As can be seen from the figures,it is clearly that temperature
variation trend is consistent.The temperature error of different position is different, with the
maximum of 1.94, the minimum of 0.42.

Figure 3.The temperature curve of the motorized spindle in different position

Temperature model of high speed motorized spindle based on hybrid measurement method
The trend of temperature variation of motorized spindle surface can be seen from figure.3.The

temperature variation is generally approximated to a power function curve bT at ,with t means time
and T means temperature.By least squares,fitting the curve of ib

i iT a t (i=1,2,3respectively represents
front bearing,middle of front and rear bearing span and rear bearing).At the same tine, in order to give
full play to the advantages of infrared measurement,it requires that using the data obtained by contact
measurement method modify the data by infrared thermal imagers,to get a i .So,the temperature
model of motorized spindle,after hybrid measuring,is that ib

i i iT a t  .Here in order to facilitate
analysis,the temperature model in the middle of front and rear bearing span is analyzed only.

Curve fitting part,curve fitting for infrared temperature measurement in middle of front and rear
bearing span,is transformed into fitting a power function of *( ) b

j jS t at with the average
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temperature experimental data for 4 points{( ,j jt T ), 1,2,3...20j  represent 20 time nodes,same as

below}.For error *( )i j jS t T   ,get
20 20

2 2

1 1
min [ *( ) ]j j j

j j
S t T

 

   .Least squares fitting is the square

of the error and the minimum.Curve approximation is known as a power function of b
j jT at ,taking

logarithm of the equation both sides.Let be lnj jT T , lnA a ,then get j jT A bt  .Let linear
independence function family be {1, }jt  .In order to determine A and b,( ,j jt T )is transformed into

( ,j jt T ).According to the least squares method,let be 0 ( ) 1t  , 1( ) jt t  .Respectively determined
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 ,to get a normal

equation.Then A and b is obtained from the equation,so return to the front equation to get a=28.49 and
b=0.06176.Hence,the initial model of infrared temperature measurement in the middle of front and
rear bearing span is 0.0617628.49tT  .

Error compensation part,infrared temperature measurement will get a error compensation from
contacted temperature measurement.For position of the middle of front and rear bearing

span,
20

1
( ) / 20in cn
j j

j
T T



   is obtained,with in
jT means infrared temperature and cn

jT contacted

temperature.After calculating, 1.11  is obtained.So the final model of infrared temperature
measurement in the middle of front and rear bearing span is 0.0617628.49t 1.10T   .In the same
way,the other two equations can be worked out.

Therefore,after modifying, temperature measuring equations of the front bearing,middle of front
and rear bearing span and rear bearing respectively are obtained as below.

0.04099
1 25.34t 1.10T   (1)

0.06176
2 28.49t 1.11T   (2)

0.08876
3 25.11t 0.83T   (3)

By the obtained equation,the modified temperature of infrared measurement is calculated.Table
1 is that the comparing between the former data before with the modified.

Table.1 The temperature and relative error of infrared measurement before and after the
modification

Code
Time

（min）

Infrared

measurement

temperature

Contacted

measurement

temperature

Error
Relative

error

Modified

Infrared

measurement

temperature

Modified

error

Modified

relative error

1 5 30.95 29.17 1.78 6.10% 30.36 1.19 4.08%

2 10 32.37 31.32 1.05 3.35% 31.73 0.41 1.31%

3 15 33.61 32.69 0.92 2.81% 32.57 0.12 0.37%

… … … … … … …

18 90 37.3 35.97 1.33 3.70% 36.51 0.54 1.50%

19 95 37.28 36.00 1.28 3.56% 36.63 0.63 1.75%

20 100 37.29 35.97 1.32 3.67% 36.75 0.78 2.17%
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The above table shows that,for infrared temperature measurement in middle of front and rear
bearing span ,the average error is 1.11℃,and the average relative error is 3.20%;after modified,the
average error is 0.47℃,and the average relative error is 1.37%.

In the same way to calculate,for the front bearing,the average error is 1.10℃,and the average
relative error is 3.91%;after modified,the average error is 0.22℃,and the average relative error is
0.81%.For the rear bearing,the average error is 0.83℃,and the average relative error is 2.48%;after
modified,the average error is 0.47℃,and the average relative error is 1.40%.\

Conclusion
(1)In this paper, taking the advantages of infrared temperature measurement and contact temperature
measurement,a new hybrid temperature measurement method is proposed.It can measure a wide
range,and get a real-time and preciser temperature field,improving the measurement accuracy of the
temperature of motorized spindle.
(2)The modified hybrid temperature measured as a minimum of 0.01℃ and a maximum of 1.19℃
(3)The thought and method and the modified model provide the basis for intelligent control of
temperature rise of motorized spindle.
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