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Abstract— The lathe bed characteristics are directly effect 

on the machining accuracy and are also affected by the 

thermal, static and dynamic behavior of lathe spindles. This 

paper presents a review of the static and dynamic behavior 

of machine tool spindle systems. A comprehensive review 

has been presented in this work explaining the effects of 

various operating parameters on the lathe spindle. Also 

Specific application is illustrated through the study of an 

actual lathe spindle. In analyzing the spindle behavior, the 

influences of bearing stiffness, bearing position, damping 

and the presence of the work piece are discussed through the 

various research published in reputed journals. 
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I. INTRODUCTION 

The spindle is a basic element in machine tools. The 

machining characteristics of a given tool may be governed 

in many respects by the static and especially the dynamic 

behavior of its spindle. In lathe tools for example, it is 

always desirable, in the design stage, to minimize the static 

deflection of the spindle end. It is, therefore, of particular 

interest to the machine tool designer to develop an effective 

and economical method of evaluating a given spindle design 

and improving a given design by varying various parameters 

such as cross-sectional moment, mass, bearing stiffness and 

damping. 

For economic reasons, it is generally not desirable, 

if not impossible, to investigate the effect of the many 

variables on the static deflection and vibration 

characteristics by measurements on scaled models or on 

actual machines. The designer is therefore dependent on 

computational methods to formulate an optimum design. 

The mechanics for the computation of the static deflection 

curve of non-uniform shafting is well known, but for 

complicated shaft configurations, involves considerable 

work. This type of computational problem is often well 

suited for solution using the digital computer. 

The mathematics for the computation of beam 

vibrations has been developed for many years. The methods 

of Lord Rayleigh, Ritz, Stodola and various combinations, 

such as the Holzer-Stodola method are widely used. The 

energy methods which are available for computation are 

generally for the undamped free vibration of a mass elastic 

element and yield the first resonant frequency and 

corresponding vibration mode shape. The more recent 

solution of matrices using the digital computer has provided 

another means of analyzing vibration problems.  

II. METHODS REPORTED IN OPEN LITERATURE 

The work of Zurmiihl [1], Pestel, Schumpich [2] and others 

are examples of this. Honrath [3] has developed a matrix 

method employing a digital computer for computing the 

natural frequencies and free vibration mode shapes for 

spindles on many elastic supports. Such results give some 

insight into the dynamic problem. The problem that must 

eventually be solved is that of forced vibration of a spindle 

structure with damping and elastic supports. Teng Liu et al. 

[4] modelled the Thermal variations of relative ring 

displacements of spindle bearings and also present an 

analytical modeling method for spindle thermal errors. 

Vibration monitoring of motorized spindles using spectral 

analysis technique has been reported by ChingFeng Chang 

[5]. The article reports the spectral analysis techniques can 

record the condition of spindle rotation even under the 

condition of mis-operation. Chi Ma et al. [6] proposed a 

systematic modeling method of spindle thermal 

characteristics and reported that TCR and bearing stiff ness 

have a notable impact on spindle's thermal 

characteristic.Hongping Yang et al. [7] discussed the static 

and dynamic characteristics modeling for CK61125 CNC 

lathe bed based on FEM. The article reports that the first-

order resonance frequency is 271.63Hz, the second-order 

resonance frequency is290.41 Hz, the third- resonance 

frequency is 305.88Hz.V. Gagnol et al. [8] reported the 

model-based chatter stability prediction of high-speed 

spindles. In article, an integrated spindle finite-element 

model(FEM) is developed and validated experimentally 

tocharacterize the dynamic behavior of a motorizedmachine 

tool spindle. Results obtained demonstrate adependence of 

dynamic stiffness on spindle speed.Thermo-mechanical 

modeling of high speed spindles has been presented by A. 

Zahedi et al. [9], they suggested that reduction innatural 

frequencies (Figure 20) suggests a softening of thespindle 

by speed. Mechanical models are usually timeindependent, 

but, when the thermal characteristics of thesystem are 

considered, more complicated situations wouldarise, due to 

heat generation and heat transfer, and theireffects on thermal 

and mechanical properties. This can explainthe unpredicted 

failure problems encountered in high speedspindle 

applications.Juan Xu1 et al. [10] reported the vibration 

characteristics of unbalance response for motorizedspindle 

system. The results of the theoretical solution and numerical 

simulation bothshowed that, when the speed and damping is 

constant, the steady-state unbalance response of the 

motorized spindle systemundergoes harmonic vibration with 

the same frequency as the rotating speed, and the amplitude 

of the vibrations is proportionalto the mass of the unbalance. 

The conclusion provided a necessary theoretical guidance to 

active balancing and vibration controlresearch in motorized 

spindle systems.  AleksandarZivkovic et al. [11] have been 

discussed Mathematical modeling and experimental testing 

of high-speedspindle behavior. The results of the experiment 

have shown that the increase ofspindle speed causes the 

increase of bearing temperature, thus leading to the 

expansion of bearing elements. Additionally,these changes 

cause increased stiffness of the bearing, whichin turn 

increases the stiffness of the spindle nose. Shuyun Jianget al. 



A Comprehensive Report on the Thermal, Static & Dynamic Behavior of Lathe Spindles 

 (IJSRD/Vol. 5/Issue 05/2017/430) 

 

 All rights reserved by www.ijsrd.com 1793 

[12] have reported the dynamic design of a high-speed 

motorized spindle-bearing system. This technical brief 

establishes a dynamic model of the highspeed motorized 

spindle-bearing system by using the traditionalTMM and the 

Jones–Harris bearing analysis theory. 

III. RESULTS & DISCUSSION 

A. Modeling for Thermal Errors ofMotorized Spindle Unit 

 
Fig. 1: Structure of motorized spindle unit [4] 

As shown in Fig. 1, inside the physical structure of 

the applied motorized spindle unit, 4 angularcontact ball 

bearings construct its spindle front bearing group, which has 

a double-DBB assembling method and the axial positioning 

preload. Meanwhile, the back bearing is a short cylindrical 

roller bearing, which allows the axial relative shift of its 

inner and outer ring. The spindle motor is placed between 

the front bearing group and the back bearing, and its rotor 

and the shaft are assembled witha press-fit method. The 

front bearing group, back bearing and the built-in motor 

(including stator and rotor) are main heat generating parts. 

When the motorized spindle unit is in operation, the 

generated heat from these heat generating parts will 

continuously raise their temperatures. Because the spindle 

shaft is directly connected with them, the shaft has a relative 

higher temperature rise owing to its heat transfer from the 

heat generating parts above. According to the thermo-elastic 

principle, the temperature rises of spindle front bearings, 

built-in motor, back bearing and shaft can cause their 

thermal deformations. Generally, these thermal 

deformations can contribute to spindle thermal errors 

(thermal displacement of spindle nose). They are spindle 

linear thermal error on axial/ radial directions and angular 

thermal errors. The former means the linear thermal 

displacement of spindle nose along X\Y\Z axis, and the 

latter means the angular thermal Displacement of spindle 

nose around X\Y axis. According to the thermal analyses 

about motorized spindle unit, the reasons for spindle thermal 

errors (thermal displacements of spindle nose) can be 

approximately speculated as follows: 

1) Spindle Z linear thermal error is ascribed to the shaft 

thermal elongation owing to its heat transfer from bearings.  

Because the spindle shaft has the Z-axis symmetric 

structure, it has similar thermal deformations on its radial 

directions. Thus it can be speculated that only axial thermal 

elongation of spindle shaft can cause spindle axial thermal 

errors. Fortunately, the axial relative shift of inner and outer 

ring of spindle back bearing (short cylindrical roller bearing) 

can make the majority of spindle shaft has an axial 

backward movement when it is expended by structural heat 

transfer. This design can reduce the thermal contribution 

from spindle internal generated heat to spindle Z linear 

thermal error to some extent.  

2) Spindle X\Y linear and angular thermal errors are 

attributed to the thermal variations of bearing relative ring 

displacements.  

Because the parts of spindle bearings (such as the outer ring, 

inner ring and rollers) also have the Z-axis symmetric 

structures, their thermal deformations can hardly contribute 

directly to radial linear and angular thermal displacements 

of spindle nose. Thus it can be speculated that spindle Y/Z 

radial linear and angular thermal displacements can only be 

attributed to the thermal variations of bearing relative ring 

displacements, which are caused by the comprehensive 

effect of both the bearing external loads and temperature 

variations. 

 
Fig. 2: Thermal error modeling method of motorized spindle 

unit[4] 

With the modeling intention for spindle heat 

transfer - structural temperature rise - thermal errors,a 

comprehensive method based on the analytical modeling 

and FE simulation technology is described in Fig. 2. On one 

hand, in the numerical simulation process, the powers of 

spindle heatgenerating parts and the coefficient of 

convection heat transfer of ambient air/ flowing coolants 

arefirstly modeled based on necessary spindle design and 

working condition parameters. Then basedon these heat 

load/ boundary conditions, the heat - fluid - solid coupling 

FE simulations ofmotorized spindle unit are finished to 

provide the analytical calculation process with the 

bearingtemperature, spindle Z thermal elongation and the 

time delay modification. 

B. Vibration monitoring of motorized spindles using 

spectral analysis 

 
Fig. 3: Comparison of the results from laser test and 

transducer output.[5] 
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Fig. 3 shows a nearly equal outputof the vibration 

from the laser unit and the transducer simulation, the 

maximum difference shows 5–7 lm which is much 

smallerthan 2 mm/s can be summarized as an accurate 

system. 

C. Simulation and experimental study on the thermally 

induceddeformations 

 
Fig. 4: Comparison of the temperature histories, simulated, 

experimental: (a). Stator; (b); Water jacket; (c). Rear 

bearing; (d). Front bearing.[6] 

Fig. 4(a)-(d) show the comparisons between the 

measured and predicted temperature histories of the stator, 

water jacket, and front and rear bearings. The temperatures 

of the front and rear bearings increase slowly from the very 

start and rise sharply at the early stage, and then gradually 

saturate to the final temperature when the amount of heat 

generation is in balance with the heat dissipation into the 

atmosphere. It takes about 2000s for the stator and water 

jacket, and front and rear bearings to reach a thermal 

equilibrium state. In fact, the rotational speed of the spindle 

has great effect on the thermal equilibrium time because of 

the dependence of the heat generation of the bearings and 

motor on the rotational speed. And the higher the rotational 

speed of the spindle, the shorter the equilibrium time will 

be. Besides, the slopes of the stator and water jacket's 

temperature curves are larger than that of the rear and front 

bearings because the heat generated by the stator is more 

than that of thebearings. Namely, the thermal equilibrium 

time of the stator andwater jacket is shorter than that of the 

bearings. 

 
Fig. 5: Comparison of temperature experimental data with 

the simulation results: (a). Front bearing. (b). Rear bearing. 

[6] 

Fig 5. Illustrates Fig. 24 illustrates a comparison 

among temperature histories measured, the calculated results 

considering TCR and without considering TCR. The 

temperature without considering the TCR is about 12 ℃and 

11 ℃lower than the measured values for the frontand rear 

bearings, respectively. The reason is as follows: The 

resistance role of the TCRs of bearing's solid joints restricts 

the heat flowing from the bearings to the bearing housing 

and shaft, resulting in a higher local temperature of the 

bearings. Therefore, itis difficult for the heat to flow from 

the high-speed bearings into the shaft and bearing housing, 

and hence the heat generated by the bearing is accumulated 

on itself. Therefore, the temperature ignoring the effect of 

TCRs is lower than the measured values. Moreover, the 

greater the TCR, the greater the temperature difference 

between the two sides of the joint surface will be. 

D. Static and dynamic characteristics modeling 

 

 

 

 
Fig. 6: The lathe bed four order modal contour. (a) the 1st 

order; (b) the 2nd order; (c) the 3rd order; (d) the 4th 

order[7] 

The lathe bed modal analysis Modal is inherent 

vibration characteristics of the object structure. It is one of 

the main parameters for object in the design of dynamic 

loading structure. Each order modal has its different natural 

frequency and modal vibration mode. Each order modal 

analysis of the results is an important basis for structure 

design, and it can avoid harm under the action of dynamic 

load resonance. At the same time, vibration modal can judge 

the mechanical parts weak in the working, and it can 

optimize the mechanical parts design. So the modal analysis 

is an important content in the design of machine tool. 



A Comprehensive Report on the Thermal, Static & Dynamic Behavior of Lathe Spindles 

 (IJSRD/Vol. 5/Issue 05/2017/430) 

 

 All rights reserved by www.ijsrd.com 1795 

IV. CONCLUSIONS 

Methods of analyzing machine tool spindles have been 

reviewed and results of some of them presented with the 

help of some graphs. The application of the method has been 

illustrated through the example of the lathe spindle.  

Study prospects: Based on thermal characteristics 

analyses of motorized spindle unit investigations about an 

appropriate and reasonable regulating strategy onto bearing 

coolant supply temperatures during the spindle operation 

will be emphasized in future studies. Its aim is to realize the 

stabilization of spindle temperatures and the decrease of 

spindle thermal errors. 

The ability of this system is to monitor and record 

vibration values and their patterns to convey more accurate 

informationfor determining true cause of spindle failures. At 

last, in present discussion a difference between normal 

failures, design problems or end usermistakes which 

improve of the production quality and save a lot ofthe 

service cost 

The distribution oftemperature field and variation 

of thermal deformation of thespindle system were 

characterized according to the simulationresults. And 

thermal equilibrium experiments were conductedto validate 

the effectiveness of the model. The results showedthat the 

FEA model was much more accurate than the traditional 

models without taking TCR and bearing stiffness 

intoaccount. Although the model was developed for the 

analysis of ahigh-speed spindle system, it can also be used 

for thermal analysis of various machining systems, and the 

TCR model was suitable for fixed joints 

For the CK61125 CNC lathe bed parts, the stress, 

strain, deformation and modal are analyzed basing FEM, the 

stress and strain has been shown on the lathe bed structure 

parameters and the modal frequency. It will provide strong 

theoretical parameters for the machine tool, and modeling 

analysis methods. 
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