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Analysis for Squareness Measurement Error of Machine Tool
Introduced by Steering Prism
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Abstract The biaxial straightness of a numerical control machine tool is measured by a self-developed 6-degree-of-
freedom (6DOF) motion error simultaneous measurement system based on single fiber-coupled dual-frequency
laser. Through the linear fitting of the two-axis straightness error, the angle between the two fitting axes is
obtained, and the vertical measurement of the two axes is indirectly realized. The corresponding error model is
established by using ray vector tracing method, and the influence of installation and processing error of the
pentagonal prism on the measurement error are analyzed. The experimental results show that our system has high
accuracy. Compared with commercial measuring instruments, the difference between the measured results is within 1”.
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Fig. 1 Squareness calculate schematic
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Fig. 2 Two-axis straightness error measurement schematic
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Fig. 3 Pentagonal prism optical path diagram
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Fig. 4 Pentagonal prism rotation
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Fig. 5 Angle changes between out and incident light when pentagonal prism rotates
around the (a) X .(b) Y and (c¢) Z axis
eI 37 5 e 2 5 A ST L Y Je M AR A i O R
Ay =4.84803 X 107° X 7*, (12)

BHARBELE Z W 570 B 5L 5 AL I A i AL AL B 043", BT LR I 3E 24 19 J7 1 8 4 0 ff e
B8 ) L B A BE AR 5° LN I i a7 A B0 i R AR I ) DL 22
32 EAEEMIRE

T AR BRI i R G P AR AR B 90K ) (EUR , th T IR BN TR ZERIAEAE el ¢ PR N

¢ =90+ Aé, (13)
TP A Ay T A A B T TR o) o R 5 2%, HL X G R 0 2 N i 114 52 i Sy
(i Tyi o Ddsy;) st =1,2,.m, (14)

/N ARG SRR A HERRR

Zlui—E)wi—§) )
k=" ==, (15)

Z;un—EV

X

021203-4



54, 021203(2017) BHSNBEIZHE www.opticsjournal.net

L= 33 =) (=) e = D (=) (16)
T T BB T U T TR A R Y
k/—(k+A¢Z‘Z]/(1+2A¢k+A¢2§j), an
S
L, =Zn; i—»)" (18)

) a0 45 il 1 £ AR A A

_ k=R _ Ly oo a o lw Ly Jl |
Ag —arctan( Ty Jarctan{ (Z“ 2k Ad l“kj /{1 + [2 +Z”j Ak + A¢ . + & } } o
a9
Bt Matlab i 5 AR P ERE .
B LA b 43 B a] 0, PR R R .
S0 =0 —90° — Ag. 21
4 MEE5R
FIH A W EACS 2 6 R A e B TR 22 HEAT I L A Bl 6 TR
<\'/%
L
1 reflector L‘\l " 2 light-split wedge
[T
3 autocollimator
[l 6 A b B 0 4 L ]
Fig. 6 Pentagonal prism measurement schematic
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Fig. 7 Practical application
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Fig. 8 Measurement result
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Fig. 9 Measurement results comparison
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