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[ABSTRACT] In adaptive machining of near-net-shape formed parts, traditional registration algorithms cannot
effectively constrain the form and position tolerances. To solve this problem, a registration algorithm with multiple
tolerance constraints is proposed based on the satisfaction function and gray correlation, in which the balance relationship
among different tolerances is converted to a multi-objective co-optimization problem. Firstly, evaluation method and
representation form of each tolerance of the part are determined. The deviation of the measured data from the theoretical
model is regarded as a margin in solving of profile tolerance. Then deviation of each tolerance is evaluated by the
satisfaction function, and correlation degrees among different tolerances are calculated based on the gray correlation theory.
At last, a solution function with non-linear least squares form under constraints is constructed with the Lagrange method.
Parameters of rigid transformation are solved with the BFGS algorithm (Broyden, Fletcher, Goldfarb, Shanno algorithm).
Finally, the proposed algorithm is verified on a precision forged blade. The result shows that the qualification rate of profile
tolerance increases from 96.86% to 99.40%.
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Table 1 Pan & rotation initial parameters

BOPRBH| SRR SH PSR RFBH

mm (°) mm (°)
AR (x,,2) | (oL Byy) | (nyz) | (e By) | (g,6)
N (-0.32,0.51, | (-3.12,1.58, (0.03,
il 253) 0.03) (0,0,0) | (0,0,0) 0.03)

®2 MABECEEE

Table 2 Position value of blade section

B AU | BNBACERE /| SEPMERE /| A/

=2 mm mm mm mm
1 9.4 +0.060 -0.025 0
2 18.4 +0.075 0.109 0.034
3 27.4 +0.091 0.080 0
4 36.4 +0.107 0.111 0.004
5 45.4 +0.121 0.129 0.008
6 54.4 +0.060 0.088 0.028
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Table 3 Precise registration translation rotation parameters
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Table 4 Values for position of cross-section of

precision-aligned blades

;ﬁj@ BRI S S AIE B /| SRR E T / S mm
Y= mm mm mm

1 9.4 +0.060 —0.034 0

2 18.4 +0.075 —0.071 0

3 27.4 +0.091 —0.089 0

4 36.4 +0.107 —0.032 0

5 454 +0.121 0.014 0

6 54.4 +0.060 0.027 0
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Fig.13 Position of each section in relation to standard range
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Fig.14 Precision alignment of pressure and suction

surface error
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Fig.15 Cross-sectional alignment figure
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Fig.16 Geometry model in unconstraint status and clamping status
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Fig.17 Cutting path for leading and trailing edge and tenon tooth

CV CONT MIN -0.042 0.000 -0.042 0.050  -0.050
CVCONTMAX 0.042 0.000 0.042 0.050  -0.050
CC CONT MIN -0.042 0.000 -0.042 0.050  -0.050
CCCONTMAX 0.015 0.000 0.015 0.050  -0.050

LE CONT’R MIN -0.025 0.000 -0.025 0.050  -0.030
LE CONT'R MAX 0.038 0.000 0.038 0.050  -0.030
TE CONT’R MIN -0.020 0.000 -0.020 0.050  -0.030
TE CONT'R MAX 0.046 0.000 0.046 0.050  -0.030

LEPOS’N -15.781 -15.780 -0.001 0.080 -0.080
STACK X -0.031 0.000 -0.031 0.091  -0.091
STACKY ~0.063 0.000 ~0.063  0.091  -0.091
CHORD WID 33.885 33.822 0.063 0.200  -0.200
TWIST ANG ~0.064 0.000 ~0.064 0.200  -0.200
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Fig.18 Blade examining report
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Fig.19 BLADE software report
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