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Abstract: Due to the traditional measuring method of dynamic accuracy of five-axis linkage CNC machine 
tools is  time consuming ,insufficient comprehensive, and unable to put forward effective suggestions, a fast 
dynamic accuracy measuring and optimization method has presented in this work. Based on the measuring result 
of virtual “NAS979” test and RTCP test, the problem axis can be found out. The terminal’s moving tracks of the 
machine tool is measured by executing some special NC programs. After the analysis of frequency domain and 
circularity test, optimization suggestions of mechanical adjustment and parameters of the control system can be 
obtained. Therefore the dynamic accuracy of machine tool is improved. Application of the method on an A/C bi-
rotary five axis machine tool indicates that it is valid and the machining accuracy has increased greatly. 
Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

With the development of modern manufacturing 
technology, five-axis CNC machine tools are used 
more and more widely. Due to the complex 
mechanical structure and control system of the 
machine, it’s becoming an important research 
direction of detecting and optimizing machining 
accuracy of five axis linkage CNC machine [1]. The 
factors affecting machining accuracy of machine 
tools include static accuracy and dynamic 
accuracy [2]. There are many detection and 
compensation standards about static accuracy [3-4], 
while the detection and optimization problem of 
dynamic accuracy still remains unresolved. The 
cutting sample test of “NAS979” (National 
Aerospace Standard Test Part 979) is common used 
in the dynamic accuracy acceptance check of 
machine tool [5]. But it’s time consuming and 
insufficient comprehensive. What’s more, it’s unable 

to put forward effective suggestions to improve the 
machining accuracy of machine tool [6]. 

To solve the above problem, a fast dynamic 
accuracy measuring and optimization method has 
presented in this work. The RTCP (Rotation Tool 
Center Point) [7] accuracy was measured by a test 
rod. After that a ball bar was used to detect the 
dynamic accuracy by virtual truncated cone 
machining. Based on the analysis of measuring 
results, the problem axis can be found out.  By 
executing some special NC programs and frequency 
domain and circularity test, we can get the 
optimization suggestions of mechanical adjustment 
and parameters of the control system. 
 
 
2. Dynamic Accuracy Detecting 
 

The parts machining accuracy is determined 
largely by the accuracy of CNC machine tool. 

http://www.sensorsportal.com/HTML/DIGEST/P_2202.htm
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Machining accuracy detection of machine tool is 
generally used for the new machine acceptance check 
or dealing with the part surface quality problems. 
 
 
2.1. RTCP Accuracy Test 
 

In five-axis machining, the movement of rotation 
coordinates will result in displacement of the tool 
center. The RTCP function enables the system to 
compensate for the motion of the rotating axes 
automatically, and ensures that the tool center point is 
always in programming track in the interpolation 
process [8]. The RTCP accuracy test is aimed to 
measure the motion error of tool point while five axis 
linkage machining. Taking A/C bi-rotary five axis 
machine tool for example, the RTCP accuracy test 
method is shown in Fig. 1. Detection steps are  
as follows: 

1) Activating the RTCP function of machine tool. 
2) Installing proper test rod, setting the range of 

motion and speed of each axis. 
3) Driving the cutter rotate with the centre of tool 

point by programming. 
4) Measuring errors of X, Y, Z direction of the 

centre of tool point during rotation. 
 
 

 
 

Fig. 1. RTCP accuracy detecting diagram of A/C bi-rotary 
five axis machine tool. 

 
 

The accuracy of RTCP detection can reflect the 
dynamic characteristics of machine tool with 3 or 
more than 3 axis linkages. In Fig. 1, when C axis at 
0 degree and A axis moves from -90 degree to 
90 degree, A axis, Y axis and Z axis will move 
synchronously. So the machine tool movement errors 
of each direction reflect the accuracy of A axis, Y 
axis and Z axis. When different motion ranges of A 
axis and C axis are given, the errors of each axis in 
given area can be detected pertinently. Therefore the 
problem axis can be found out and the suggestions of 
mechanical adjustment and parameters optimization 
can be formed. 
 
 
2.2. Virtual Truncated Cone Machining Test 
 

The cutting sample test of “NAS979” is aimed to 
evaluate the dynamic accuracy with items of 

roughness, roundness and dimensional accuracy on 
finished surface of truncated cone sample. It’s 
common used in the machining accuracy test of 
machine tool. It’s constrained by sample material and 
cutter. So a plan of virtual truncated cone machining 
test based on ball bar was proposed in this work. By 
this proposal, the dynamic accuracy can be evaluated 
without processing. The virtual truncated cone 
machining test method is shown in Fig. 2. 
 
 

 
 

Fig. 2. The virtual truncated cone machining test method. 
 
 

The virtual truncated cone has a semi apex angle 
of 15 degrees. Its tilt angle with sloped rotary 
worktable is 10 degrees. One end of ball bar is 
installed in the machine spindle and the other was 
installed on the worktable. The spindle moves along a 
predetermined track by programming. The test result 
is shown in Fig. 3. 
 
 

 
 

Fig. 3. Ball bar test result. 
 
 
3. Dynamic Accuracy Optimization 
 
3.1. Dynamic Accuracy Optimization Process 
 

The dynamic accuracy optimization is 
accomplished with dynamic accuracy detection, 
whose process is shown in Fig. 4.  
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Fig. 4. Dynamic accuracy optimization process. 
 
 

The dynamic accuracy optimization contains 
RTCP accuracy test, coordinate axis motion 
characteristics analysis, circularity test, mechanical 
structure adjustment, parameter optimization of servo 
control system, virtual truncated cone machining test 
etc. When a new machine is checked for acceptable, 
or the finish part has problems of surface quality, we 
should detect the machine accuracy. According to the 
dynamic accuracy optimization process, RTCP test is 
the first step. If it’s unqualified, mechanical 
adjustment is essential. Otherwise we can do virtual 
truncated cone machining test. If the test result shows 
that there are problems of surface quality, it’s 
necessary to do RTCP test again. Only when the test 
result is qualified, the machine can be put into use. 
 
 
3.2. Dynamic Accuracy Optimization Steps 
 

In the dynamic accuracy optimization process, the 
first step is RTCP accuracy test. It’s comprehensive 
detection. The follow-up RTCP accuracy test is 
aimed to further analysis of results of virtual 
truncated cone machining test, mechanical 
adjustment and parameter optimization, or find out 
the axis and area with problems.  

The RTCP accuracy test needs to set the 
following parameters: cutter point position, angular 
range of motion and the axial velocity. Therefore, we 
can evaluate the dynamic accuracy of machine axis at 
a particular speed in particular area by adjusting the 
above parameters. The result of RTCP accuracy test 
is an important guidance for analysis of reasons of 
dynamic errors and advices of mechanical 
adjustment.  

Coordinate axis motion characteristics include 
amplitude and phase response curve. It’s a 
supplement of RTCP accuracy test for further search 
of axis with problem. What’s more, it can advise 

users on parameter optimization of servo control 
system. Using monitoring and analysis module of 
numerical control system, we can monitor and record 
the motion characteristic curve of axis with problem, 
and draw the amplitude and phase frequency curve.  

Circularity test is used to measure the actual size, 
shape and peak to peak deviations of a given test 
circle. It needs to set the following parameters: 
linkage axis, velocity, test circle radius. Using 
circularity test module of numerical control system, 
the circularity test curve can be drawn. Based on the 
analysis of circularity test curve, parameters of servo 
control system can be optimized. The optimized 
parameters should be test and adjusted repeatedly 
until they meet the requirements. 

The optimization process is an iterative process of 
debugging. After the dynamic accuracy optimization 
is finished, the virtual truncated cone machining test 
should be carried out. If the test result has been 
proved qualified, the dynamic accuracy optimization 
is completed, and the machine can come into use. 
 
 
4. Application 
 

Taking an A/C bi-rotary five axis machine tool as 
experimental subject, the measuring and optimization 
method of dynamic accuracy was applied to check 
before acceptance. The result of virtual truncated 
cone machining test is shown in Fig. 5 below.  
 
 

 
 

Fig. 5. Result of virtual truncated cone machining test. 
 
 

Based on circularity error analysis of Fig. 5, the 
result of circularity error separation is shown in 
Table 1 below. 
 
 

Table 1. Circularity error separation result. 
 

Error Backlash
Reversal 

spikes 
Cyclic 
error 

Squareness

Value 4.3 µm 16.3 µm 4.2 µm 3.3 µm/m 

 



Sensors & Transducers, Vol. 174, Issue 7, July 2014, pp. 217-221 

 220

In order to optimize the dynamic precision of 
machine tool, RTCP accuracy test was carried out. 
Based on the test result, axis motion characteristics 
were analyzed. From the amplitude and phase 
response curves, we found that X axis had a problem 
of abnormal waveform, and the response curves are 
shown in Fig. 6. So it was essential to adjust the 
parameters of mechanical system and control loop.  
 
 

 
 

Fig. 6. Amplitude and phase response curves of X axis. 
 
 

After several adjustments, the dynamic precision 
of machine tool had greatly improved. The amplitude 
and phase response curves of X axis are shown in 
Fig. 7.  
 
 

 
 

Fig. 7. Amplitude and phase response curves of X axis 
after optimization. 

 
 

Fig. 7 shows that the abnormal waveform was 
eliminated basically. After adjustments, RTCP 
accuracy was detected again. The dynamic accuracy 
comparison after optimization is shown in Table 2. 
 
 

Table 2. RTCP test result before and after optimization. 
 

Dynamic 
accuracy 

Direction 
Error Reverse run 

tbefore after before after 

RTCP test 
X 0.15 0.05 0.05 0.02 
Y 0.16 0.03 0.04 0.02 
Z 0.11 0.04 0.03 0.01 

After optimization, virtual truncated cone 
machining test was carried out again. And the test 
result is shown in Fig. 8. 
 
 

 
 

Fig. 8. Result of virtual truncated cone machining test  
after optimization. 

 
 

Based on circularity error analysis of Fig. 8, the 
result of circularity error separation is shown in 
Table 3. 
 
 

Table 3. Circularity error separation after optimization. 
 

Error Backlash
Reversal 

spikes 
Cyclic 
error 

Squareness

Value 3.6 µm 12.0 µm 1.4 µm 2.9 µm/m 
 
 

The result of virtual truncated cone machining 
test indicated that the dynamic accuracy had 
improved greatly, and the machine tool was qualified 
to be put into production. 
 
 

5. Conclusion 
 

Based on the actual situation of NC machining, a 
fast dynamic accuracy measuring and optimization 
method has presented in this work. The detecting and 
optimization process was put forward. The measuring 
and optimization method was applied in an A/C bi-
rotary five axis machine tool. According to the 
optimization process, the dynamic precision of 
machine tool had greatly improved after several 
adjustments. Application of the method indicates that 
it’s valid and can be used in the new machine 
acceptance check or dealing with the part surface 
quality problems. 
 
 

Acknowledgements 
 

This research was supported by Major  
National Science and Technology Projects of China 
Funded by Ministry of Science and Technology 
(2013ZX04005-012). 



Sensors & Transducers, Vol. 174, Issue 7, July 2014, pp. 217-221 

 221

References 
 
[1]. L. N. Lopez de Lacalle, A. Lamikiz, Machine tools 

for high performance machining, Springer Press, 
2009, pp. 215-259. 

[2]. S. Y. Li, Y. F. Dan, Precision and ultra precision 
machine tools modeling technology, National 
University of Defense Technology Press, 2007,  
pp. 19-24.  

[3]. Y. W. Lin, Q. Zhang, X. S. Zhao, Multi-body system-
based technique for compensation thermal errors in 
machining centers, Chinese Journal of Mechanical 
Engineering, Vol. 38, No. 1, 2002, pp. 127-130.  

[4]. J. Ni, A perspective review of CNC machine 
accuracy enhancement through real-time error 
compensation, China Mechanical Engineering, 
Vol. 8, No. 1, 1997, pp. 29-33. 

[5]. J. Tlusty, F. Koenisberger, Specifications and tests of 
metal cutting machine tools, in Proceedings of the 
Conference, University of Manchester Institute of 
Science and Technology, Vol. 1, 1970, pp. 45-49. 

[6]. Z. J. Peng, D. W. Liu, Z. Y. Song, A measuring and 
optimizing method of five-axis movement accuracy 
of CNC machine tools, Manufacturing Technology 
and Machine Tool, Issue 8, 2013, pp. 35-39.  

[7]. Q. Lang, Y. Z. Wang, Study on the RTCP and RPCP 
Function of the 5-Axis CNC, Modular Machine Tool 
& Automatic Manufacturing Technique, Issue 2, 
2008, pp. 62-65.  

[8]. J. W. Fan, X. F. Wang, Study of double rocker five-
axis machine tool’s RTCP errors based on the multi-
body theory, Journal of Beijing University of 
Technology, Vol. 38, No. 5, 2012, pp. 658-662. 

 

___________________ 
 

2014 Copyright ©, International Frequency Sensor Association (IFSA) Publishing, S. L. All rights reserved. 
(http://www.sensorsportal.com) 
 
 
 
 
 
 
 
 
 

 

http://www.sensorsportal.com/HTML/DIGEST/april_2012/USTI_EXT.htm
http://www.sensorsportal.com/HTML/DIGEST/april_2012/USTI_EXT.htm
http://www.sensorsportal.com/HTML/DIGEST/april_2012/USTI_EXT.htm
http://www.sensorsportal.com/HTML/DIGEST/april_2012/USTI_EXT.htm

