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1. Introduction 

To ensure the motion accuracy of entire three-

dimensional workspace such as machine tool or 

coordinate-measuring machine, all the volumetric 

errors including three linear displacement errors, six 

straightness errors and three perpendicular errors are 

needed to evaluate. However, measuring all of these 

errors with direct use of laser interferometer and 

other equipments is very complicated and time 

consuming.  

Recently, a vector method developed by Wang 

can overcome the disadvantage of conventional 

diagonal method and provide linear accuracy, 

straightness and perpendicular of X, Y, Z from only 4 

step-diagonals data [1]. However, this method still 

has many limitations as identified by Chapman that 

errors in the alignment of flat mirror and laser beam 

will introduce additional errors that cannot be 

separated from linear displacement errors in the axes 

of the machine [2].  

Therefore, in this paper, a new equation for step-

diagonal measurement method is introduced in three-

dimensional case to overcome the limitations [3]. In 

this method, the Optodyne equipments are used to get 

the four step-diagonal data and three linear errors, 

thanks to the new equation all straightness errors of 

each axis and perpendicular errors can be 

distinguished without the limitations of the 

conventional method. To evaluate the new equation 

for step-diagonal measurement method, all 

straightness errors are directly measured to compare 

with assuming errors. 

 

 

 

 

2. The conventional equation and limitations. 

 

 

To measure the errors, four step-diagonals shown 

in Fig.1 are used to collect all the errors such as the 

linear, straightness and angular errors every step of 

face diagonal movement [1]. Hence, this method 

seems to be a fast check for 3D positioning error. 

However, Chapman shows that estimated errors can 

be influenced by setup error of flat mirror and laser 

direction [3]. To solve these issues, new equation will 

be addressed in the next part.  

 

3. A new equation for step-diagonal 

measurement method. 
When four linear errors are known, by solving 

Eq.1 [3] we can have six straightness errors as Fig. 2, 
Fig. 3, and Fig. 4: 
Where ax, ay ,az length of measurement steps 
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Three linear errors 
Step-diagonal data at the kth step measurement  

 
 

 

Six straightness errors 
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Fig. 1 The principle of step-diagonal 
method and limitation 
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Fig. 2 Four step-diagonal data 

Fig. 3 Horizontal straightness comparison  

Fig. 4 Vertical straightness comparison  
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