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Abstract

Sampling strategy is a key factor affecting the efficiency of complex surface of aero-engine blade’s
on-machine measuring. In this paper, taking aero-engine turbine blade as the research object, an
optimal adaptive sampling with equal r intervals based on simulated annealing algorithm was
proposed for the surface shape characteristics of the five-axis on-machine measurement platform.
The distribution of detection points was determined adaptively according to the geometric charac-
teristics of the surface. The results of curvature sampling method and uniform sampling method
are simulated and analyzed. The comparison shows that the adaptive sampling method in this pa-
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per has small measurement error and high surface reconstruction accuracy under the condition of
the same number of sampling points, which meets the requirements of accuracy and efficiency of
on-machine measurement. The effectiveness and feasibility of the proposed method for sampling
the profile of the blade surface were verified by measuring the blade in machine.
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Figure 1. Discrete point cloud isometric sampling diagram

E 1. BHRFERETEER

PRS- YOETRE B, 0 EO M R SV 0T R 0 @ BEARAE , 1T LA B, J 0 K,
STAESLVE I BB RS, M2 b SRR I AR TR S0 KA, 4RH M, RBESE IS
SRR G, 12 b SRR 0 5 R T I SRR 43
2.2. ETEIGRKORCEE

5y KRR ST DI VA 0K 15T S0 A 0 ST SRR L 2SR 2 Y, 3 T
STREREIE, I VR 26 B 0L A TR A, et B A R 26 2 R B 2 2R BER
DL LA R AR 1) ZEP A IE M RA R S (x) = 5, (x) BR SIKE TR, 2) FHA BB HTE
ST L. 3) EHS(x), A (x), AR SRS (x) 76 [ab] K ) L iESE. ML RN
A LS B S” (x) =0, tH Bk F 4R o LA R AR T R A 2 o TR 1525 45 B B U5 AL 25 (RMSE)
(rarec

TE2 5 TR SO —SE O R, T R, JORRE SR i 2 R, 54 T LLE

DOI: 10.12677/m0s.2023.121056 603 e RSE TR


https://doi.org/10.12677/mos.2023.121056

AT, HROEHE

I AT IR, SRV R AR 2 R iR i A . DRI T BRI Ar, X T4 s IR KL VS
BEHBMRFE ARGV, 4583, TUSRRISET r FRUERFE R H AR BR 2L

Vy =RMSE(r)=argmin F (r) = lZ(y,- - )2

n iz

“)

WFLL r BRI — A IRARRE, HA IO S 97 560 . BT RIS . DGR A %
g5, e g5 A RO, 6 TR R AR A7 WL F 0 PR T T S0 1 e 2
DR AR R KL AP LR AR, ML R iSRS R, I8 AR T
B, AT BARAREL AR R AL L, X T LA i 25 2 R R A W R . H LB TN

1) BCEVIMRIE T, FUREES MR T = o' T, 305, Ho o JRFERERAN, ¢ R AR
e 8
2) LUNE A7 M5 25 (RMSE) o bR A F AR B 5, B8 MRl BB HIAAR 1y -
=1+ (ry —r, )xrand (1) . Erit rand (1) 9 0~1 FEIBEHLEC, 7, o r, AARZS DG F S0 L 5t

3) LTSRS EARLE MRS LR — MR, IR ELiZbtah 5 MR A T %

r'=r+rand (1)xT, r,<r'<r, ©)

SRJE R R N BRSPS BARREUE F (') BT F(r') < F(r) , WHESZHE R 201

AR 4 Metropolis #E MK ¥ € & B2 0, T EAER p:
p=c M (6)

¥t 2 p SENEL rand (1) BATECER, #5 rand (1)< p, WHESZEEN TR, R AEL. [FRR
T R EARAEC N 1y, TSGR FN PR FE RSV, o

4) fEH—NMRE T F, WRI\EL/RBIRENKE L ERDEG), HRFREZRREG T T idt47
HH, EHEZRIARNZ IR

IRBEALL IR K BT LAS IS fh A i LR A, AR RS AR AL I AE 45 7 RAE AR T r ISR AR AT R
FEREEG VIR A . HTZE LR R s g, &AIRRN )RR

3. REME

5 P A T o I B 5 SR AT VEAN, DA B AR TN R, SR SRS SR A SIE K
i FRFEEBEAT RAE, JEXHEX =R B RAE S = R Sk i &R AT I A6 E . BL 5 ASRFERUN
1, SRAE ATAE 2 L AR AT ] 2 B, 2k D9 R S5 AT A R B )

KRR OTES LB A 3 s, MR AU r, AR RIS R ZE T 2. Hoh ] UE B3 5K
PRI T MR 2 RMSE 72 X [H] /R (L, 0% i 2 i 3 AN R AR T E I, BERS I » O BB
LRI SRR, BRI AT B AR — 5 SRAAR P AT L TT05S » OERRESNE T, 55
VIS b 2R B S SR R e, FHE DY 0 I T ELEE R il 2R A, BRI LR KT 5 KR, (2
rIZWTHE R, H IO AR RGN, FUEAE 3 24 ARSI T B4, MUER T IREOE i [ I8 1 P
%, WO TH5RFE. 55 r ORI HORZ &GN T B SR IR 2, XUEW] 11%07
208 B R B B R B T AT o 2 S5 A P ASEADIR K S R I A {8, 5 P8 BV IDLR K SR ARG L
WEa=092, T=100, L =50, #ATHR, FRER%Er=28369, RMSE=0.0034, Z#RERY
D7 B A B AMEI AT &, XUER] T RRGR K BRI A R, R 1 N =FREETNERI FaRZE XS H
%, ATLLE AR KSR RARI S r U RARER S DT AR Z R AIC,  HRIE 5 K

DOI: 10.12677/m0s.2023.121056 604 e RSE TR


https://doi.org/10.12677/mos.2023.121056

AT, HROGHE

30 :
5 i
O RFtsi
20t
gw
>~
0 L
10 : : : :
-30 -20 -10 0 10 20

X/mm

Figure 2. The distribution of sampling points on the curve
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Figure 3. Comparison diagram of sampling method simulation error
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Table 1. Sampling method simulation error comparison
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Figure 4. Simulation diagram of sampling method under different sampling
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Figure 5. Experimental environment of blade contact in machine measurement
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Figure 6. Surface measurement point spatial distribution diagram and contour error diagram

6. EHHENE R =85 HEFMERIRERE

o

DOI: 10.12677/m0s.2023.121056 607 R ()


https://doi.org/10.12677/mos.2023.121056

AT, HROEHE

5. B&

S T — T BALR K SERI S » OB & BRI L . RS 26 S5 AR 7 VL HE T B BT

X A 2R B TR 2 55 URAECRAE T3 425, I HLAz FHROUR K BIERT 55 r KRR AT 1 2 R K A,
S v E I AR

XTEERSIRAFE . HFCRAE . JE TR KISE » IREERAE, PiHEREEN], SCP TR I RRFETT i

FERNE il B H A R BT, 38 MR 7V AT DA I AR il 2 o 2 10 SR AR A LA K it e 3R T -1 A2
e, AERAE R AT N A B, O HLEAT e KR A, REW ORI I TR, S s
E VAT REER, Bk 7 IRER AT A Rk, BB AR M I E .

SE

(1]

[10]

(1]

SE/NGR, RFEE, kg, MU REIHLH R N LR E A R K R BUIR S A I]. M HIEROR, 2015(12):
80-84.

RKeHE, HiEs. i RENLREE T AL L T 2], TRABIR, 2020, 54(12): 82-86.

B, ERI, HEH, @A, o AN ERAR S TN e s ]. Al HliEER, 2022, 65(5): 14-35.
https://doi.org/10.16080/j.issn1671-833x.2022.05.014

SRR, DR, B8 MU = A AR I R AR TT IR ). MiasEh 1244k, 2019, 34(1): 168-176.
Zhang, Y., Chen, Z., Zhu, Z., et al. (2020) A Sampling Method for Blade Measurement Based on Statistical Analysis
of Profile Deviations. Measurement, 163, 107949. https://doi.org/10.1016/j.measurement.2020.107949

e W T 1SR E P, 25 K AR I, BRI P i Py AE LI B ) SR AE T VI SE[I/OL]. THELER B i R Gt
1-14, http://kns.cnki.net/kcms/detail/11.5946.tp.20220305.1538.006.html, 2022-12-17.

WV, M, Podtde, HOCE. JET NURBS 1 BEURR A AR R U AU A[D]. R 22 2 (L2,
2015, 49(7): 1201-1207.

ik, 25—, B AT RN RN AUV BIERCRFETIED]. HLEEA, 41(2): 232-241.

Guo, F., Zhang, X., Zou, F., et al. (2019) An Adaptive Sampling Methodology for Measuring Blades with CMM Based
on Dominant Feature Points. Measurement Science and Technology, 30, 045007.
https://doi.org/10.1088/1361-6501/ab019d

Obeidat, S.M. and Raman, S. (2009) An Intelligent Sampling Method for Inspecting Free-Form Surfaces. The Interna-
tional Journal of Advanced Manufacturing Technology, 40, 1125-1136. https://doi.org/10.1007/s00170-008-1427-3

Zahmati, J., Amirabadi, H. and Mehrad, V. (2018) A Hybrid Measurement Sampling Method for Accurate Inspection
of Geometric Errors on Freeform Surfaces. Measurement, 122, 155-167.
https://doi.org/10.1016/j.measurement.2018.03.013

DOI: 10.12677/m0s.2023.121056 608 jé

m

5 H


https://doi.org/10.12677/mos.2023.121056
https://doi.org/10.16080/j.issn1671-833x.2022.05.014
https://doi.org/10.1016/j.measurement.2020.107949
http://kns.cnki.net/kcms/detail/11.5946.tp.20220305.1538.006.html
https://doi.org/10.1088/1361-6501/ab019d
https://doi.org/10.1007/s00170-008-1427-3
https://doi.org/10.1016/j.measurement.2018.03.013

	基于自适应采样的叶型曲面在机测量方法
	摘  要
	关键词
	On-Machine Measurement Method of Profile Surface Based on Adaptive Sampling
	Abstract
	Keywords
	1. 引言
	2. 基于弯矩理论的自适应采样
	2.1. 基于r次等矩法的曲线采样
	2.2. 基于模拟退火的优化算法

	3. 采样仿真
	4. 在机测量实验
	5. 总结
	参考文献

