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Abstract: Centrifual impeller is a key component in micro aviation gas turbine. It is required to reduce the weight of

the structure as much as possible on the premise of satisfying the aerodynamic performance. Traditional design and

manufacturing technology is basically played to the extreme, but the development of additive manufacturing tech-

nology and topology optimization design method has expanded new space for its further optimization design. Aiming

at the weight reduction design problem of a certain type of aviation micro gas turbine centrifugal impeller, relying

on additive manufacturing and topology optimization design technology, based on the existing design, the static

strength analysis of the centrifugal impeller is carried out first, and then the centrifugal impeller topology optimiza-

tion based on the skeleton model and achievable process design is developed. Finally the optimized model is

checked. The results show that the optimized design model can reduce the weight of the centrifugal impeller by

8.7% , and the power—gain ratio of the micro-gas turbine can be further improved, the maximum deformation is re-

duced by 7.5%. The maximum equivalent stress is reduced by 0.59% , which improves the safety margin of centrif-

ugal impeller when working.

Key words: centrifugal impeller; additive manufacturing; topology optimization; skeleton model; micro aviation

gas turbine
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Fig.1 Axonometric view of centrifugal impeller
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Table 1 Mechanical property parameters table of
titanium alloy
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Fig. 2 Equivalent stress cloud diagram of

centrifugal impeller
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Fig. 3 Schematic diagram of skeleton model
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Fig.4 Schematic diagram of the area to be optimized
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Table 2 Size optimization results

IR

FE  H/mm  Dy/mm g/ PREESm
MPa mm

1 4.303 4 27.289  486.59 0.264 51 0.38507

2 4.273 3 27.224  481.18 0.264 35 0. 384 89

3 4.186 7 27.853  483.54 0. 265 65 0. 384 84

4 4.134 6 27.273  484.40 0.264 54 0.384 24

5 4.3754 27.950  475.74 0.26573 0.385 81
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Fig. 5 Topology optimization results

HRY RIS AN A 6 BT .

)

F6  HEAR
Fig. 6 Refactored model

B SRR A L B R AL, 3 28 e it
e TR A AR L T (R AT SR B PR IR, £
B TR RO MR B S OO I T o A B AR R R
AR B 280 AR B0 MR 11 A Bt A 4
Ky AL AL E AR R 2 mm, HoA EAE 7 TR

K7 kAL E R
Fig. 7 Schematic diagram of the location of the

powder cleaning hole

B0 M AR T RAL T R 2R R L A
PEAT 5 ARAL A 75 By £L BT I, X T R L BT 7R AL B
4 Al AL AT PR AR IR

P53 1T

ARSCARAG BT T 58, 4 A4 ] 3 AR #E AT
T.. Song Longlong &5 "R ALy 1] fE #E A7 #1 FME
b, I BEAT 3 TR O A9 T2 B0, it r %
E 2 A Hy il i O BT o AS SOHE e Bt i R
F /N RST R A B R (RO R R
T 1 mm, £F & e /NRF 2K 5 8 FL I BT, T R

3.3 TZFAT

B2 AT A PR B B R L ST
R FUE SR R IE R AL B R R R A, K
E/NF S mm fF A EEER, WL, izt mE T
FaCIE

4 RUBEEEBPRZ

4.1 MUBEEBRBENSH

AL 78 5 A T 5 TE R 1k 25 SR 0 T R
PE AR AR A SR 75 B O AR A A R i AT R
¥, IR 5 B2 R 5 AL T #7461 .

BB RE A 29 TR A A S A T —
B, AR AR B BORL AT 05 BT AR BN ) =
4 8 fir s o

[ /3/MPa
485.86 Max
431.92
377.99
324.05
270.12
216.18
162.25
108.31
54.374
0.43848 Min

K8 wL RN = ()

Fig.8 Stress cloud diagram of centrifugal impeller

(after optimization)
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Table 3 Comparison of parameters
before and after optimization
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LRl 485. 86 0.38822

DL, 85 W A 14 F R A RO 3 A /) i ek
AN AR 0. 5900 5 1 EE R 3 AR A i
8. 7% o ARICHRALTT S AE I 08 I BOR BRI $2 T,
P T HUAAPLAY D E L .

4.3 RALIZ T XTE O AR N R B #2 0E

PUAL Bt i A v, ol O e i T R AN
A, R SR A BT X O i B A R A R
Wi, AS 5 R % FEHEAT VR AR 0 M o 1 S SR AR R0
ARACHTE SRS ARSI sl n & 9~141 10
BoR

{7 %% /mm
0.27348 Max
0.24347
0.21345
0.18343
0.15342
0.12340
0.093382
0.063366
0.033349
0.0033318 Min

K9 B.om i = B (EET)
Fig.9 Displacement cloud diagram of centrifugal impeller
(before optimization)
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Fig. 10 Displacement cloud diagram of centrifugal impeller
(after optimization)
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Table 4 Displacement data table of centrifugal impeller
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