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Dimensional measurement technology for the tenon tooth profile of
aero-engine blades
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Abstract; The tenon tooth serves as a vital component of aero-engine blades, where its profile dimension precision plays
a pivotal role in establishing the firmness of blade installation and ensuring the safety of engine operations. However,
the conventional manual projection continues to be employed as the prevailing measurement approach in current
industrial production, exhibiting drawbacks including low efficiency and inconsistent accuracy. Drawing upon machine
vision technology, this paper puts forth a novel measurement method and designs a corresponding system aimed at
measuring the dimension of aero-engine blade tenon tooth profiles. Employ an industrial camera to acquire real-time
images of tenon tooth profiles. The obtained images are subsequently processed using machine vision software based on
HALCON, which includes sequential operations such as image pre-processing, edge extraction, geometric feature
extraction, and geometric dimension transformation. Through these operations, precise dimensional information of the
tenon tooth profile is obtained. Additionally, a visual graphical software with interactive information is designed using
Visual Studio 2019 to facilitate the analysis and visualization of the obtained data. The experimental results demonstrate
that the developed system achieves an average accuracy error of 0. 023 6 mm and 0. 270 1° for straight line and angle
measurements, respectively, and the time consumption for a single measurement does not exceed 2 s. Compared to the
conventional manual projection measurement method, the developed system significantly enhances the accuracy and
speed of measurements while reducing manual labor costs. Furthermore, it exhibits the promising potential for user-
[riendly on-site deployment, olfering enhanced convenience in practical applications.
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¥l 3.579 0 3.602 2 0.086 0 3. 464 6 0.114 4 3.329 8 0.249 2
X110 KEAE2INELERHE ()

T A4 P AR TT 5= & % Canny 1% PR WA J7 iR
1 4.775 0 4.433 6 0.341 4 4. 4250 0.350 0 4.418 7 0.356 3
2 4.775 0 4.515 0 0. 260 0 4.418 8 0. 356 2 4,455 6 0.319 4
3 4.775 0 4.439 8 0.335 2 4. 443 6 0.331 4 4.3889 0.386 1
4 4,775 0 4.488 0 0.287 0 4,610 7 0.164 3 4,407 2 0.367 8
5 4,775 0 4. 647 9 0.127 1 4.3879 0.3871 4.483 3 0.2917
¥ {E 4.775 0 4.504 9 0.270 1 4. 457 2 0.317 8 4.430 7 0.344 3
11 EENEHEEI T mm

T 45 r HE(E BN W %= %% Canny 14 TRZE WA Tk R
1 1.145 0 1.112 8 0.032 2 1.102 3 0.042 7 1.107 7 0.037 3
2 1.145 0 1.109 1 0.035 9 1.109 7 0.035 3 1.115 4 0.029 6
3 1.145 0 1.126 8 0.018 2 1.105 6 0.039 4 1.109 2 0.035 8
4 1.1450 1.152 6 0.007 6 1.106 9 0.0381 1.108 8 0.036 2
5 1.145 0 1.1210 0.024 0 1.104 7 0.040 3 1.104 3 0.040 7
¥A 1. 145 0 1.124 5 0.023 6 1.105 8 0.039 2 1.109 1 0.0359
12 EHEVNELERI T ()

THHRS PR fE LS TS BRI BEYW Canny 1% PR WAE T PRI
1 52. 000 0 52.149 8 0.149 8 52.081 9 0.0819 52.446 8 0.446 8
2 52.000 0 52.073 9 0.073 9 52.134 6 0.134 6 52.357 8 0.357 8
3 52. 000 0 52.066 2 0. 066 2 52.330 7 0.330 7 52.362 0 0.3620
4 52. 000 0 52.045 1 0.045 1 52.020 3 0.020 3 52.214 7 0.214 7
5 52.000 0 52.062 5 0.062 5 52.070 6 0.070 6 52.245 9 0.245 9
$A 52.000 0 52.079 5 0.079 5 52.127 6 0.127 6 52.325 4 0.325 4
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A F @ AT RS A A G R E A % 24
R13 HEEWEERILE mm
THAS WM AR BE AR Cown&  BE  WAAE  RE
1 6.364 0 6.365 3 0.001 3 6.380 3 0.016 3 6.377 5 0.013 5
2 6.364 0 6.370 1 0.006 1 6.372 2 0.008 2 6.376 4 0.012 4
3 6.364 0 6. 367 0 0.003 0 6.362 1 0.001 9 6.369 8 0.005 8
4 6.364 0 6. 368 8 0.004 8 6.387 4 0.023 4 6.380 5 0.016 5
5 6.364 0 6.367 1 0.003 1 6.369 9 0.005 9 6.367 9 0.003 9
¥ 6.364 0 6.367 7 0.003 7 6.374 4 0.0111 6.374 8 0.010 8

HI 6~13 Bedi mf MME G 5 RP S Bl AR R T B R KIRZE /MR ZEM PR WK 14 PR,

® 14 REGI

KA 58 ARSIy ¥ B F Y Canny 1% RATi
BRARE ®/MRE CFHRZE RARE B/ARE CFHRE RARE RMRE FHRZE
%K R/ mm 0.0089  0.0065 0.0078 0.0151 0.0110 0.0128 0.0188 0.0153 0.017 3
W TR/ mm 0.0212 0.0190 0.0197 0.0261 0.0217 0.0234 0.0377 0.0273 0.0322
% it /mm 0.0056  0.0012 0.0032 0.0092 0.0048 0.0068 0.0172  0.0068 0.0117
JEEEFE 1/ 0.2454  0.0077  0.0860 0.1954  0.0603  0.1144  0.3043  0.1935  0.249 2
JEHEAEE 2/ 0.3414  0.1271  0.2701  0.3871 0.1643 0.3178 0.3861 0.2917 0.3443
%% /mm 0.0359  0.0076 0.0236 0.0427 0.0353 0.0392 0.0407 0.0296  0.0359
s/ 0.1498 0.0451 0.0795 0.3307  0.0203 0.1276  0.4468  0.2147  0.3254
HE %8 /mm 0.006 1  0.0013 0.0037 0.0234 0.0019 0.0111 0.0165 0.0039 0.0108

B % 14 AT, AR S0 U7 35 Bl B AL TR £ 4% Canny i1
LA R 1 T AL R i ARSI P
R HELIRZE RN 0.023 6 mm, f/DA 0.003 2 mm; FH 5
KAFRER 0.270 17, Fe/NJy 0. 079 57 AR HE U 48 B R
SN = AR AR BERS W R LB Tk A& = MRS R . HIE
BAETTLUE B, AN R R e, 45 RF S 800 & 1E
M2 W sh /N, 78 Inter (R) Core (TM)i5-7300HQ CPU it
BHUIE R BREE R 58 % 100 YK & A 55 AU FE BT 197 s, 2K T
ENEIZE 2 s N, B4R THRE (458 07 AT 3 — 25 45 4 ) B e
AR TGN TR M E KRR & 7T 2303, BT
A LA e L bR FI7E T 3% .

5 # it

AR SCHE I T — B BE XA 2 & Sh HL R ME B e R
ME P ARBEARFRITTFETER E T —RH
WE RS, RG0SR A T AHYLS P17 68 % 5 0 145 48 B 1
5. {5 B HALCON L35 400 52 4K 4 Xof M 1 46 8 AR AT T
A TR U U I 4 ) R0 T 25 2 b 3 11 IRMG T4k 3 5 3
i {8 FA AR % Canny 1 246 00 5. T 42 BURE o5 31 2 %8 56, i
PR Ramer B3 X HEDR 1 50 BEAEAT 40 81, o B G 45 5%
Gl /N LA T G 2 )5 A5 A% G 50 BR LA B R AE
Zead JUAT RO F 78 ¥ 75 3 ME 15 50 B R T i (B, R B &
Visual Studio 2019 & T Al #ifk A A A1, FH T2 5
MeEFE. AN TEAXNE T ESEEBER

Canny I RBUE 2 IUE Tl AANLINE K4 =4 59 &
PRRE . 25RO AT R g W B0 T H AR TR
Ao, AR ELAE EIR 2035 0. 023 6 mm, -3/ B
RS RE R 220135 0. 270 1°, LR M B () /M T 2 s, MIEL TFA%
GATMETFE AXHHTELERZZERERA T ER
B, E TR B R T R R, AT
WG AL AT B 8 Sy, AP SR B R AR
PHERAFTEA AL o H R SR 4R I 6 U5 3 13 R/ ) 5 4 R R Ak
HARTMERERKE R, KA EEL BTN E
MELG TR M2 20, HARSE M miill 4 R, T RS A
R ZIEHILE 0. 01 mm PIYE J7 . AE 3G He ity 1 3@ 2k e I
ERIR R B4R B A T S v .
&% 3k
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