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Abstract ; In order to explore the lightening method of liquid rocket engine and make full use of the
advantages of additive manufacturing technology, periodic rhombohedral dodecahedral lattice materials
with different micro-truss diameters based on laser selective melting forming technology were pre-
pared. The micro-truss structures were observed and measured by scanning electron microscopy. The mi-
cro-truss structure was characterized by relative density and compression characteristics. The relative den-
sity prediction model was established. The function relationship between the relative elastic modulus, rela-
tive compressive strength and relative density were obtained. Combined with stress-strain curve, compres-

sion process image and fractograph observation, the failure behavior and mechanism of the lattice material
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during compression were analyzed. The research results were applied to the lightweight design of the main

assembly plate of a power plant and the new heat exchanger of a certain type of engine. It was subjected to

the liquid/air pressure test under tensile and compressive loads, and finally its further application in lig-

uid rocket engines was prospected.

Keywords : selective laser melting; lattice material ; compressive behavior; failure behavior

0 5|5

JAIAE = 4 s B LR T F 2 LA R —
P, FH B AR 22 0 I T 4R 45 #4 Mg e 4L R, B~ FLBR
ST R 2R 2 R G, T AR 4 R 1% 75 L AE AT
WINGE Rz, R = WA SR SRR

U SR AR AL L T AR SR AT AR A e
ZE MBS T2 TR 5E, AT U A SR A i 22
IR T = 4E S A R AT B a4 By o
PR 5 M B R DR R L B A A A AR R
AT Rl LR MR L L T REAR S S T S &
Dife i, BheE B LB K G5 N H T LT
TR KT R NHLHLLE H B 2 % SR A5 T 22 38
B — S5 A 4, P SE K R R Bh LI B Ak, B2
EAETRSIIMETE 10 1 R = A Sk e 5 7
B A A, AT AR A R L T AR L LR
JE ISR I L AL Bt

MM B AL Sl £ T 2B G B R
B BT S i mAVE S AR LY 2
o AR TR T RE PR ME DL ORUE S5 [ R, i 2 1 i 454
HIAET W o TR A DAOGIE X IE A AR (LT
faj PR SLM ) B384 & AR (3D ATERD) "R A Je , 1
SR SZ 1 T2 2R A, R ] A8 3k el
Z AL S5 O AT AE . Heinl™ | Lit fdi FHg 73R
TEDXIEAL (EBM A ) il 85 Ti-6 A4V g3 (AR}, &
SIS NN I S O G i RS I N = e [V
Heinl"""" Murr"" A} 55 2 B EBM il % 10 5 B4 41 440
XTRIEE (E/E,) 5 A% B (p/py ) ALK R Gib-
son-Ashby HAEFFFLILIAM BRI & B 4T, v 38 i
BT TEE Y, V8 & L Bt 28K DT IE e 5 19 J7 2= PR g
Martin Leary %}\“”ﬁﬁ%T SLM H AR il AR T
(BCC) (L3775 (FCC) (& Z KR40 57 77 (BC-
CZ) & Z ¥y Car i (FCCZ) (B Z ARy AL/ T
oL H7 (FBCCZ) 5 Ry R A48 6 4 sl BE M BE, 1
Tl CT(WCT) FAG T a5 B AT RIAT R X o 28

FEBEAT T 3RAL, [R50 96 5 FROC O AR S &
T T T AN TR R A R e 4 2o 2R 0 7
Cheng" " Xt H¢ T EBM Jy 1 il 4 10 B HL 22 4L A4 L A1
JRSZEIE A AR SRR, 45 2R WA A A L B
ARAATHE T & BA e i R dg vh g TN
oD, 3 72 FER AR BFSEBT Richards 28 A T4
FMICAL B RARHE TIN5 1) 7 ¥ X o B AT T
At bR 3D ITEIH] & ok, FE >
34% s ORANE B s JRy ESA RS AR FEAA KL
FHF/ M) K e WU SMRE el 1 TR

E1 BEESEMRERTASRINENE
Fig. 1 Periodic lattice material applied to rocket

engine thrust chamber
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Tab.1 TC4 titanium alloy powder composition

JCE Al \ Ti Fe Si C N H 0
e 5.5~6.8 3.5~4.5 BTN 0.3 0.15 0.1 0. 05 0.015 0.2
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Tab.2 Titanium alloy process parameters H3 AN SR
BokTh=R G AfEE 2R () Fig.3 Preparation of lattice material
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Fig. 2 Lattice material and cell structure CAD model
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Fig. 4 Lattice material and cell structure SEM
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Tab.3 Truss diameter design value and measured value

Bt EA/ e AR P EAR
mm mm mm
0.3 0. 448 0.453
0.3 0. 468 0.453
0.3 0.419 0.453
0.3 0.451 0.453
0.3 0.478 0.453
0.4 0. 620 0. 566
0.4 0.527 0. 566
0.4 0. 554 0. 566
0.4 0.532 0. 566
0.4 0. 599 0. 566
0.5 0. 667 0. 641
0.5 0.611 0. 641
0.5 0.673 0. 641
0.5 0.577 0. 641
0.5 0. 678 0. 641
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Fig. 5 Causes of surface quality
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Tab.4 Weight and density of different lattice materials

Bt R PRSI RN R
/mm /g (geem”) EEE  fLEK
0.3 i ;93242‘ 0.2795 0. 060 0.930
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Fig. 6 Relationship between truss diameter

and relative density
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Tab.5 Mechanical properties of different lattice materials

HroR EAE U R CL ey Lo EE/ O TP A 1/ .. - N
/mm /MPa /MPa MPa - (g - cmf‘z) “! MPa - (g- cmig) S ARSI XSS PER L
0.3 3.515 83.55 12. 576 298.90 0.003 6 0. 002 20
0.4 6. 653 146. 10 15.780 346. 58 0. 006 9 0. 003 45
0.5 15. 560 445.59 27.420 785. 18 0.016 0 0.007 85
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Fig. 9 Compression process of lattice material
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Fig. 10 Failure fracture of lattice material
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Fig. 11 Lightweight design of an engine assembly plate
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Fig. 12 Design of an engine lattice structure heat exchanger
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