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Evaluation of axis straightness error of hole parts
by rotating projection method
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(1. School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. Key Laboratory of Fundamental Science for Advanced Machining, Beijing Institute of Technology, Beijing 100081, China)

Abstract; To calculate the straightness error of the axis of hole accurately, an error evaluation method based on
rotating projection was proposed. According to the homogeneous coordinate transformation and rotating projection,
the measuring points are rotated to the same plane around the least square line. The spatial problem was transformed
into a plane problem. Three control points were pre-selected in the plane point set. Considering the distance from
control points and measurement points to the control line, the control points were continuously updated by using the
distance ratio coefficient until the absolute value of the distance between the three control points and the control line
was the largest. The three control points met the criteria of "high and low and high" or "low and high and low" in
the minimum area. This method does not need complex nonlinear optimization process, and has small calculation
amount and high accuracy of evaluation result. Rotating projection preserves the distance relationship between the
measuring points, which avoids the problem of missing the control points combination in direct projection. The
results show that the method has higher accuracy than other evaluation methods and takes less than 0.1s.
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Fig.] Model of axis straightness error
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Fig.2 Homogeneous coordinate transformation
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Fig.3 Measuring point distribution after coordinate transformation
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Fig.4 Error analysis of direct projection method
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Fig.5 Rotating projection
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Fig.6  Coordinates distribution after rotating projection
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Fig.7 Flow chart of evaluation
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Fig.8 Control point and control line
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Fig.9 Control point addition and removal

BRI RS (9) ~ (10) KI5

¢, tey, tey; +1=0,

(9)
Xy +e Xy +e Xy + X, =0,
Bey = 1S IR IR 0, 0y
cy ¢y C3
e p— = — = —. 10
q, A PP )‘2, qs A (10)

# sign(d) - d,, > 0, WFFEE LB R BRI
ROBERRR MR, BRI ) R AR R L. KR
ZaRmJa e 3 RS A e bR, A RR D
BCHZEI 4, | = d|. BB RN R



57

R, 25 e B e FLE A E I 1R - 151 -

JH, AR VR AR B 4 ) oA T A /N DX < i v
B R AEN RIS L 4 =1 d, | B, AT RIGA
SR A I e S 1 DX sl B Ay 25 DI 14 e/ N X
W, SRR BT IR 2ZE =21 d,, |, W& 10 7.

A

* -

* *
s *
*
* x

E10 BELEREWELR

Fig.10  Evaluation result of straightness error
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Tab. 1 Projection coordinates of measuring points after
transformation of space coordinates mm

I A

5 B e '
1 -245.124 -0.001 28 8 18.856 0.001 47
2 -207.412 -0.002 02 9 56.565 0.003 76
3 -169.697  0.005 92 10 94.276 0.003 20
4 -131.991 -0.001 92 11 131.987 0.003 42
5 -94.279 -0.001 29 12 169.704 0.004 86
6 -56.569 -0.002 35 13 207.415 0.004 65
7 -18.852  0.005 92 14 245.121 0.004 06
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Tab.3  Distance between measuring points and control line um

ARG 7 e N s e
1 3.848 8 -0.391
2 4.377 9 4.625
3 -3.781 10 3.859
4 3.851 11 3.860
5 3.005 12 -4.625
6 3.853 13 -4.625
7 -4.625 14 3.865
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Tab.2  Control point number for each cycle

Tab.4  Evaluation results of straightness error by different
methods wm
WERTE TEE
LSM 18.10
P i 34.00
S IERPS 26.00
LSABC 11.80
3DLSA 13.50
3PHFAMY 9.97
T /M 9.96
AT 9.25

TEF AR N )
1 1,2,3
2 14,2,3
3 14,2,7
4 9,2,7
5 9,13,7
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Tab.5 Evaluation results from different data sources

g xR ATk i P

S EEE/mm PEEE/mm B [al /s =2

1 0.007 24521 0.006 446 0.018 1,5,7
0.016 0513

2 0.015 10 0.014 1,4,8
0.015 1414
0.028 513

3 ) 0.027 0 0.014 4,6,14
0.038 71

4 0.068 2L1°] 0.055 1 0.010 1,2,14
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