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Accuracy Allocation 

Break down the accuracy requirements of the entire machine 

into individual error sources. 
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Key challenge: Finding the optimal balance between meeting strict accuracy 

requirements and controlling high manufacturing costs. JZ
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(a) Linear axes Y-axes position-dependent geometric errors (PDGEs). 

(b) Linear axes Y-axes position-independent geometric errors  (PIGEs) 

(c) Rotary axes C-axes PDGEs 

(d) Rotary axes C-axes PIGEs 
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Error Modeling and Cost Sensitivity Analysis 

Geometric error 

modeling of a BC-type 

five-axis machine tool 

Geometric error cost sensitivity 

Error sensitivity Sobol index: 

Geometric error accuracy cost： 

Cost impact factor： 

Volumetric sampling points from a 

combination of the linear and rotary axes 
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Prioritize Tool Direction Allocation Strategy 
     In precision machining operations such as side milling and 

drilling, even slight deviations in the tool direction can significantly 

affect the geometric accuracy of the machined surface, including 

contour accuracy and perpendicularity. 

Tool 

direction 
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A two-step accuracy allocation method： 

First adjusting error components that affect tool direction 

deviation, and then adjusting the remaining error components 
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Comparison Of Results 
The processed allocation scheme described in this paper is 

almost identical to that achieved by uniform allocation scheme. 

Positional deviation Direction deviation 

Under the same processing accuracy conditions, the proposed allocation scheme  

can significantly reduce the total estimated geometric error cost  by 27.8%. 

Simulation on machining  

an inclined conical workpiece JZ
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Conclusions 

 This paper proposes a novel accuracy allocation method 

for five-axis machine tool that prioritizes tool direction 

deviation and combines it with cost sensitivity. 

 

 This method has been verified to significantly reduce 

manufacturing costs (27.8% in this case) while 

maintaining the same high level of precision. 

 

 It provides a strong theoretical basis and practical tools 

for the economical and reasonable allocation of 

accuracy in the design stage of multi-axis machine tools. JZ
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