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Abstract: In order to study the feasibility of the application of 3D printing manufacturing technology on sol-
id rocket motor (SRM), a typical milling to manufacture difficult—to—process metal support components for SRM
was studied. The preparation techniques, basic performance, efficiency comparison, structure weight —lighten-
ing, use performance and other aspects were studied. The performance data, numerical analysis results and engi-
neering application research path of a TC4 component manufactured by 3D printing were obtained. Compared
with the traditional milling manufacturing process, 3D printed components can not only meet the requirements of
engineering applications, but also cooperate with structural optimization design, achieving a 50% increase in
manufacturing efficiency, a maximum weight reduction of 13.6% and a maximum tension of 63.9kN for light-
weight structures. It provides a new way for the lightweight and efficient molding of difficult and complex parts to
process, which is worthy of further in—depth systematic research.
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(a) Three—dimension model of part A (b) Front view of product (¢) Back view of product

Fig. 5 Appearance of part A manufactured by 3D printing (unweight-lightened)

Table 2 Chemical component

Chemical component Standard content/% Measured content/%
Al 5.5~6.8 6.12
v 3.5~4.5 4.01
H <0.015 4.1x107°
N <0.05 9.7x107°
Fe <0.30 0.14
C <0.10 8.0x107°
0 <0.20 0.14

Table 3 Mechanical properties of samples manufactured by 3D printing

No. Tensile strength/MPa Yield strength/MPa  Elongation at break/%  Reduction of area/% Elastic modulus/GPa
Direction H-1 957 870 16.5 60 110
Direction H-2 966 881 16.5 59 111

Direction H-average 961.5 875.5 16.5 59.5 110.5
Direction S—1 966 899 16.5 63 114
Direction S-2 969 902 16 58 115

Direction S—average 967.5 900.5 16.25 60.5 114.5
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Fig. 8 Tensile test schematic of part A

(b) Before test

Fig. 6 Comparison pictures of parts manufactured by 3D printing before and after tensile tests

(c) After test
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Fig. 9 Curve of tensile test
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Table 4 Efficiency comparisons of manufacturing part A by 3D printing and cutting

Traditional process Laying—off Rough milling Heat treatment Finish milling Threading Average operation
and volume 1 unit 1 unit 50 units 1 unit 1 unit time per piece
Traditional ati
raditionat operation 0.05 15 6 2 0.3 3.97
time/h
Group printing Post—treating Heat treating Threading Average operation
3D process and volume K K R X - . .
50 units 50 units 50 units 1 unit time per piece
3D operation time/h 40 20 6 0.3 - 1.62
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(b) Thin-walled stiffener
Fig. 11 Three dimension models of the weight-lightened part A

2209065-6

(¢) Hollow lattice




W43 120 [ 44 K 55 K Bh AL TC4 ¥ ERY 3D 4T BN il & iF 5% 2022 4

1000

800

600

Strength/MPa

400

200

0 1 2 3 4 5
Strain/%
Fig. 12 Constitutive relation of materials

= L Displacement

Displacement

0 5 10 15 20 mm

Fig. 13 Load and boundary condition

Equivalent (von-Mises) stress/MPa

825.99
H 769.77
673.55
1577.33
481.1
384.88
288.66
192.4
96.233
0.0020171

(a) Unweight-lightened

Equivalent (von-Mises) stress/MPa

1020.6
947.73
874.83
801.93
]729.03
636.12
58322
437.42
364.52
21671
145 81
72.906
0.003499 -

(¢) Thin-walled stiffener
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(b) Hollow sandwich
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1106.7
968.2
871.38

[ 77456
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484.1
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(d) Hollow lattice

Fig. 14 Equivalent (von-Mises) stress distribution of the weight-lightened part A

Table 5 Maximum stress and strain of part A under load

Structure Load/kN Plastic strain/% Equivalent stress/MPa Simulation result
Unweight-lightened 826
Hollow sandwich 894
50 Structural integrity
Thin-walled stiffener 1021
Hollow lattice 1150

2209065-7
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(a) Hollow sandwich (b) Thin-walled stiffener (¢) Hollow lattice
Fig. 15 Products of the weight-lightened part A manufactured by 3D printing

Table 6 Comparison of weight reduction of the weight-lightened part A

Weight-lightened structure Weight/g Weight reduction ratio/%
Unweight-lightened 61.03 -
Hollow sandwich 56.06 8.14
Thin-walled stiffener 52.73 13.60
Hollow lattice 56.24 7.85

(a) Unweight—lightened (L) and thin-walled stiffener (R) (b) Hollow lattice (L) and hollow sandwich (R)

3#

(¢) Unweight-lightened (L) and forging (R) (d) Forging (L) and hollow sandwich(R)
Fig. 16 Samples of tensile test

Table 7 Measuring results of tensile test

No. Maximum tension load/kN Fracture behavior

1# 66.05 Part A (thin—-walled stiffener) fractured
2# 63.86 Part A (hollow lattice ) fractured

3# 73.51 Bolt fractured

44 71.45 Part A (hollow sandwich)fractured

(a) Thin-walled stiffener (b) Hollow lattice (¢) Unweight-lightened (d) Hollow sandwich

Fig. 17 Structure fracture of part A in tension test

£’
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