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Topological Optimization Design of Blade-Type Grinding Head
Structure for Integral Blade Disk Polishing Machine
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Abstract; Aiming at the lightweight design target of the head structure of grinding and polishing
machine for the blade surface grinding of aeroengine’ s overall blade disk, the variable density
method for topological optimization design was applied to the grinding head support plate. Based
on the static and dynamic analysis of the grinding head structure, the theory of topological
optimization of variable density method was studied. Based on the topologically optimized material
distribution results, the lightweight structure and size optimization of the grinding head structure
were carried out, and the final design parameters of the grinding head structure were obtained.
The results showed that the mass of the optimized grinding head structure is reduced by 8. 74% ,
and the dynamic and static mechanical properties of the structure are advanced, that is, the
lightweight design of the grinding head structure is well achieved.
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Fig. 1 Schematic of design of integral blade disk
polishing machine
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Fig. 2 Schematic diagram of the blade disc type
surface grinding head
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Table 1  Static deformation values of the three
components of the grinding head
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Fig. 3 The low order mode of the grinding head

(a) ——BrdRA; (b) —— Bk ; (o) — =Kkl

2.2 HIMREILEER

1£ ABAQUS # sz sl iz s 3k i ik, I 4
K HARTE ABAQUS Wit TR FMIEIL A2 R, 2
PEMR ARG 2T 56 ZR B A 8 5 A Ak 2s ], K
Sk 5 R 0 T B [ A A B % 1 P s Sk — 2 1
8 DI 82 A Ay 24 oS5 A2k, o S Sk FIM P Ak A 7R
(E5) B A G BAR s T AR E M A T AR
DASZ BB Sk 2548 1) 15 5 H AR B AR 25 18] IX 3 A
SEF AR L B e IE I

M%@?ﬁ
i I A
E U = SRR
ﬁﬂﬁﬁ RAFL
& XA
Eﬁ@%
ML
i BRILTS 5
EE GG
B AR

E 4 ABAQUS/CAE &##RIMENS TR
Fig. 4 Steps for topology optimization of structures in
ABAQUS / CAE

5 MR
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Fig. 6 Constraints of the grinding head and the
optimization convergence
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Fig. 7 Topology optimization model with material
density higher than 0. 3
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Fig. 8 Structure diagram of the support plate with the
structure optimized
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Table 2 Optimized parameters of the thickness
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Fig. 9 Static deformation cloud map with the structure
optimized
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Fig. 10 First-order natural frequency with the structure
optimized
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Fig. 11 Experimental data of frequency response
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Table 3 Comparison of dynamic characteristics before
and after optimizing grinding head
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