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A measuring point optimization method for hole shaft
straightness detection based on error source
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(1. School of Mechanical and Electrical Engineering, Guilin University of Electronic Technology, Guilin 541004, China;
2. Guangxi Key Laboratory of Manufacturing System and Manufacturing Technology, Guilin University of
Electronic Technology, Guilin 541004, China)

Abstract : When the measuring distance is selected, it is difficult to balance the accuracy and efficiency. To address this issue, an
optimization method of measuring point based on error source for hole shaft straightness detection is proposed. The error source of real
part is analyzed. Then, the dimensional error of surface shape of part is obtained. According to the engineering semantics of the error
source and straightness tolerance, the simulation function of the surface shape of the part is established. Based on the principle of error
theory, the relationship between the measured distance and the error evaluation value is analyzed, which is based on the simulation
function. And the point set accuracy function is formulated. For the given tolerance and machining method, a series of simulated
surfaces are randomly generated based on the Monte Carlo method simulation principle. By using the precision function of the set of
measured points, the best measuring distance of each simulated surface is analyzed and counted. In further, the best measuring distance
of real parts is analyzed. Finally, two engineering examples are implemented to evaluate the accuracy and effectiveness of the proposed
method. Compared with the theoretical method, results show the number of axial and radial measuring points in the first example is
reduced by 1 994 (226) and 42 (396), respectively. The proposed method improves the measuring efficiency under the condition of
satisfying the accuracy.
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Fig. 1 Geometric analysis of part size error
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Fig.2 Straightness tolerance and dynamic tolerance chart
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Fig. 3 Measuring column distribution curve
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Fig.4 Tolerance marking and simulated measuring point set
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and the straightness evaluation error
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Fig. 6 Measuring point set simulation process
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Table 1 Mean value and measuring error of in EFS

% PAMERRT 2 /mm AR 2%/ mm
50 10.020 0 10. 020 1 0.0120
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54 10.021 3 10. 021 4 0.010 6
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58 10.021 8 10.021 8 0.010 2
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Fig. 10  Uncertainty analysis process of evaluation results
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Table 2 The average value of in EFS and its -
2 X Yi Zi
measuring error
14 284. 484 20. 646 588.824
TR PRSME R RS B34/ mm D ff 2%/ mm
15 291. 407 22. 406 588.825
20 36.652 6 36.652 7 0.047 4
16 305.213 17.135 588.841
22 36.655 8 36.655 7 0.044 2
17 309. 054 11. 601 588.852
24 36.661 5 36. 661 4 0.038 2
18 307. 795 -5.681 588.875
26 36. 664 4 36. 664 3 0.035 6
19 299. 836 -12.544 588.879
28 36. 665 2 36. 665 2 0.034 8
20 289. 529 -13.923 588.877
30 36. 668 9 36. 668 8 0.031 1
21 275.549 -3.060 596. 248
. . e N 22 274.788 -0.916 596. 244
229 0.031 1 mm, BB 0. 64 s, A5 H 06 2 T I 4
52 /N T 205 00 70 2% B T 26 , DU 0 E L ) T > 274.106 >0 396.236
PR DI i i 8 8RR T K 1 = 30, 0 4 18] BE A 24 275 444 11017 596227
0.633 mm, #RJ5,>RH Qi &7 H& 4 7 ik X% A itk 25 282.108 19.281 596.216
i SAECE R, EEA L=19 mm,d=36.6 mm, # 11 26 296. 235 22.017 596. 220
PR, =0.8 LA (15) Mz (16), 153 1=256 A~H1 27 303.296 18.792 596.229
K=512 4, WER R, A SCHE B B4k kA5 2 5 28 309. 663 10. 073 596. 245
Ak
WA 29 310. 414 1.187 596. 258
7 2k VEL R A R B W 7. P e
TR AR B AR LR b, ZEHn TR F— v~ 30 209, 417 1272 596.270

FeIE Gy — Ui AR S AR ER T) 4eke e oy =X, T B ATk
9 YT1S SRR 45 SR R AR T DIEIN T, 760 2
CMM i FHELR ) 2544 T, = 2 BRI & ML~ Hexagon
Metrology ( Qing Dao) 4= 7= GLOBAL CLASSIC SR 07.
10. 07, MHEAE R H 0. 003 mm , 78[5 FE b ) S5
g 116, #TE RS> 518 30 F 48 #EATIHE 4n& 12(b) fr
7o 30 AN AT 8 I KHE T 3 R

®3 FRSHNEHE

Table 3 Measuring data of a spool mm

i x; ¥ z;

1 278. 488 16. 046 584. 069
2 280. 844 18. 341 584. 066
3 288. 65 22.050 584. 065
4 295. 469 22. 166 584. 068
5 303. 811 18.392 584. 078
6 310. 604 2.799 584. 105
7 306.716 =7.201 584. 115
8 297.276 -13. 460 584.119
9 291. 746 -14. 131 584.118
10 283. 607 -11.918 584. 111
11 274. 428 7. 658 588. 841
12 275.769 11. 768 588. 835
13 280. 171 17.765 588. 828

M 25 R AR 4 Fros >R A 48 5 30 Mm%
P LT A5 SRR IR A A%, WS 45 AR 22
0.003 3 mm, {BJ2& % FH 48 >4 1 il 42 b 2% FH 30 Sk
D P 7R 2 T b A A 822 2 088 A, IR s JE A
JEFERAGE BT, B & I o5 A 55000 345 2 5] Bt 34 i 7 )
ST EVFALAS o X 9% S, 6 52 B il & v a] oA ok £l
FHI £ [B] B4 0. 633 mm A A% L ST it i 0 3% 1T ) 5K
PRACES

R4 ERSHNEBLR

Table 4 Measuring results of a spool

AL PEEZEH/mm PEEBHE]/ s
48 36.585 7 0. 006 2
30 36.582 4 0.005 2
5 &5 i

AR SCHIF S TR 22 R YR ) F LA B 2 AGH I 1% ) A5G
e I w Tt T ik o AR T PN iR 25k
AL, AR DR 22 BTG WL 7 Bl AL N0 2 F) A 23 91 R g A )
BERG R R o BT 1 N (B BE 5 P R 25 Z ] ) K &R LA
SRR BRI AR R AT NG5 7 ALl B B AR I A A
ANBUERGE AR SR RTINS BB 1 5 0 vk 14 1
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B R0, S5 e A B, S — (S ) 1l
[ia) AR [f0) B 3000 5 5040 591 s /0 1994 (226) /™Al 42 (396)
Ao FRYET FHOCHR HE SUAEEIN A5 A0 vk T R 4 Hh i
(i) P S s [ 80, EL S T s e AT Ak, S 1 Al B )
N B SR T A I > 5, i g 00 2050 3 AR R AU U i o
AR, XA DU 2B R AR 1) < AN e
JEAN R I TR 5 I DA E A R ) AT B, AR 7
DI RE Ay S BRI 25 F R vl W . DR AT DAF SR A
FEBEXT A 25 I AR S I s  TE S AR S, 2) AR AR
SCHE R B SEBR T AE LA L B LA A 22
REfL I i
5% 3k
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