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Abstract: Machining of aero-engine blade-type complex curved-surface parts places stringent requirements for
high accuracy, stability, and efficiency on five-axis CNC machine tools. To assess the suitability of domestic
fiveraxis CNC equipment for this application, we conduct a systematic performance analysis and
comprehensive evaluation of the SMU350 simultaneous five-axis machining center. We assess its structural
configuration and empirically measure key performance indicators; combined with trial cuts on typical blade
parts, these tests verify machining performance in terms of geometric accuracy, dynamic response, and
operational stability. Furthermore, we develop a fuzzy-mathematics-based multi-index comprehensive
evaluation model: S-shaped, Z-shaped, and Gaussian membership functions are designed; a fuzzy relation
matrix and an engineering weight vector are established; and a product-sum fuzzy operator is employed to
synthesize judgments from the measured data. The machine tool achieves an overall comprehensive score of
83.18, providing a quantitative method and methodological reference for assessing the application of
domestically produced specialized five-axis machine tools for blade machining in the aviation manufacturing
domain.
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Fig.1 SMU350 blade-dedicated five-axis machining center
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Table 1 Main performance parameters of the machine

tool
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X/Y/ZENNEEE /pm 5 3.3/1.9/1.7
X/Y/Z 58 % kS B/ pm 3 2.2/0.8/0.9
[ 2 Al G B /() 6 3.15/2.69
[5 %6 Al 5 VR /() 3 2.37/2.01
HAH O #E/(memin 1) 60 60
HERIME /g 1 1
ELZ AN B/ (mes ) 200 200
A iR K%/ (memin 1) 200 200
Bl K%/ (memin ') 50 50
A/BRIERE /()5 00000 90000/
o 500 000 500 000
A/BRIIEE /(s 2000000 50000/
S35 6 MR T AR R] /h =2 000 2124.6
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Fig.2 Schematic of the machine tool structure
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Table 2 Process plan for blade airfoil surface machining

0T rES Btk R T S e o e N e
HL T 0 o1 45 4 6] 47 ) @20R2.5  TiAIN 4 1035 880 0.5 14
TROFHL BRI A A HEEEER T R3-3° TiAIN 4 3500 1000 1 1
RHE g BRG] R1.53° TiAIN 3 9 000 3000 0.4 0.5
Kt g RERAEHERERR)] R15-3 TiAIN 3 12 500 5000 0.1 0.25
2.2 MAKVIMIBESHERIELERSH 0.041° AR F BT BRI £ 0.167"; Fe KB JE 5 5% K A 2=
N T 5E MG 2R 4% ] PRISMO ULTRA =4 3T 0.0255 0.011 mm; 22 EHLEEEE 4 0.6 pm.
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] 14 5 O i 25, T IE (B s AW 24 SCTE R A AERES TR A SR RS K. TR 8 A i
(i), ER RN MR (Y] . #1138 3(+=Tol R KA 22 0.026 mm 0] 56 31 AL PR 7F B i 745 181 Ak 4 o T
TE G2 28 BRI 25 S mT a0, ik AE 4 MR i = B RBE . BV T R 7R LA B R i — 3K
LA RS BE B 40 T3 H A 2238 BN : STACK X 5 MR RS i RA B S ReE 5SEE %,
STACK Y [y J i) 5 i f 22 B f il 78 +0.012 mm B8 3F T LR 28 45 A8 4 2% BE iy 18 i T v 29 4 3 4%
DAL 5 ot /T T s R 1 340 9 A TR RE 2 22787 (CV/CC R 5 MIE ¥ 0 B8 1, AR Ja SLRE 25 A P BE DT A
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Table 3 Blade inspection data table
Rl BIlE] +Tol/mm —Tol/mm A-A(L)/mm B-B/mm C-C/mm  D-D(D)/mm
B XA FR STACK X 0.05 —0.05 —0.012 —0.012 —0.004 0.007
B2 YHFRSTACK Y 0.05 —0.05 —0.002 0.004 0.005 0.012
™ T8 % B B /ME CV CONT MIN 0.05 —0.07 0 0.004 0.005 —0.006
Iy i 48 B fe KA CV CONT MAX 0.05 —0.07 0.012 0.012 0.015 0.014
1 77 %6 J3% B /M CC CONT MIN 0.05 —0.07 0 0.002 —0.001 —0.001
4] TG %8 )26 e KAH CC CONT MAX 0.05 —0.07 0.015 0.026 0.019 0.015
T 2% %6 B i /M LE CONT 'R MIN 0.05 —0.01 —0.003 0.001 0.005 —0.003
AT 2% 58 e KA LE CONT’R MAX 0.05 —0.01 0.023 0.012 0.013 0.013
S5 G5 i /M TE CONT R MIN 0.05 —0.01 —0.005 0 0.005 0
J& G5 i KM TE CONT’R MAX 0.05 —0.01 0.018 0.014 0.016 0.02
A TWIST ANG 0.167 —0.167 —0.056 —0.007 0.012 0.041
B KRJEEF MAX THICK 0.14 —0.02 0.008 0.025 0.021 0.005
#Z K CHORD WID 0.14 —0.02 —0.011 0.009 0.011 0
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Fig.4 Plot of the Z-shaped membership function
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