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Topology optimization design of integrated bracket with

embedded pipelines for additive manufacturing
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Abstract Aiming at the lightweight design problem for the spaceborne engine integrated bracket to meet
simultaneously the fluid flow, load bearing and manufacturing requirements, an additive manufacturing o-
riented topology optimization design process of structures with embedded pipelines was proposed. The de-
sign model was established where the functional surface of the pipelines was retained as the non-designa-
ble region. The main load-transmission path was obtained by topology optimization for lightweightness and

high performance. The final structure was obtained by model reconstruction based on the optimized con-
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figuration. The printing angle for additive manufacturing was determined to ensure the inner surface quali-

ty of embedded pipelines. A full-size structure was additively manufactured and the removal of support

structures was analyzed. It is shown that the manufacturing quality of embedded pipelines, the strength

and stiffness of integrated bracket all meet the design requirements. The support structure can be easily

removed and the manufacturing processability is good. A significant mass reduction of 40. 6 % is obtained

compared with original structure.
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Fig.1 Original design of the integrated bracket
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Fig.2 Applied thrust loads on the integrated bracket
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Tab.1 Mechanical properties of TC4 titanium alloy

SRS/ GPa JARALL HE/ (kg - m ™) JE IRSREE/ MPa

105 0.34 4 500 862
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Fig.3 The finite element model of the original

integrated bracket

SR B 8 4 A DY T AR B T R AT A ) 4>
I HEAT AR WSV B AIE , de 20 1 B KRR TT R h
2 mm, A FROCAETIA AT R 290 100 T7 0 (e85 K
SIHUE ST RO B BB Y A, R WP 3 2 0T
SR DV . Oy 1 A T TE A e in s



H49 & 4 1)

ST, 45 < T ) AR T Y P9 — A SRR ML AR B 39

AT, AR A T B S AR BT A R — 2 S T, L
JERE R —/ N (11 0. 01 mm) |, i H: H 67 3204 6 T
&b EIARNTE, (HIEAR WA KR BE ST SR ER
[#] 2 S EE P FLBE T A 4 [ , B S 20
2.2 HEFHRESHT

B4 5T — RS e 7 AR )
SO RN L B RN FI 85 5 o 3 AT &30, 45 4 de
KON 626 wm , e KARTE XS A7 T S AR T 5
KN 1R 146.3 MPa, 3 HE4E ih T 37 400 Y 8 22
XHSRBEEAL . LRG0T, BRAS R I 9 S W
FEACTAR TR 2R B i, D v Tk .

5 -

fiF/um N i F1/MPa
625.8 146.30
556.2 | “l 130.10
486.7 113.80
417.2 97.55
347.7 81.30
278.1 65.05

- 208.6 - 48.80
139.1 32.55
69.5 I 16.30
0.0 0.05

(a) i B8 (b) W H1

4 FRITARSTER

Fig.4 Analysis results of the original integrated bracket
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Fig.5 Iterative curves of topology optimization
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model
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Fig.7 Analysis results of the optimized integrated bracket
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Tab.2 Comparison of mechanical properties of bracket

structures before and after optimization
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Fig.8 Model for additive manufacturing and sample part
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