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Since 2019, Korea Aerospace Research Institute (KARI) has been developing a
main oxidizer shutoff valve (MOV) for space launcher’s 7 ton thrust liquid
engine. In this study, various attempts were made to reduce the weight of the
MOV by applying additive manufacturing (AM) technology rather than
conventional manufacturing methods that used machining and welding, and
finally achieved a weight reduction of 15%. For AM application, research on
improvement in the flow efficiency inside the MOV, removal of unnecessary
structures for integrated manufacturing, application of improved materials, heat
treatment, and post-process technology were conducted. This study confirmed
that best weight reduction effect could be expected when AM was applied to
space launch vehicle parts operating in extreme vibration and cryogenic
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(b)
Fig. 1 KSLV-II 7-ton engine and MOV

(a)

Conventional Manuf. Method
Manufacturing & Machining : 4 Months
Assemblying & Welding three parts

(b)

Additive Manuf. Method

Manufacturing & Machining : 2 Months

- Weight Reduction : 8.5% by AM

Weight Reduction : 15% by AM & Topology Optimization
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Table 1 Comparison of material properties™ at room temp.
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method Fry Fru E (Ib/in®)
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Fig. 3 Parts consolidation
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(a)
Fig. 4 Ports’ base geometry change

Original
82mm

76mm
Modified

Fig. 5 Shortened entrance length

jinsh

T ZWA| PAL Fig. 39 Part 308, e 2 AR o] 845

PF/goltt. wpetA E:MA|9] &S FloiME Ut K2 R
] Zojopt o2 e} 7H glo] &4 4= qlth= ©3o]
TG AZA RN E g PAEHE Bl Y Aolg B
2 Sl 7129 e £ FAE2RE 82 mmo] Zolgle
U, o5 76 mm7tA] £Y 4 UUTHFig. 5).

Ul HAlle iR FH2(F8S 348 M. 7189 A
Ao 2 & Fig. 6(a)ollA] Hol: A3} Zo] /2 Fido] 14 7
79 &4 9 7IA7EE Sisto] W gEe Aoz AR

gt} SRRt A3A2] Aeols 84 9 7IAVR 7ol
Q5] gomg gAgoly JrjHor AL Pgog WA
HhFig. 6(b)). T3t YFollr L2 o]ojz]
Aol 71E AlE oH] §5 2&S ZMAske
UA sk

2 Aol f32AEE el 249
< =20, A PAol| diste] L2 S 3
NS AZToEN 2FAQ HEE HASIY oju, 943
A AL G T2 2ZEY0 Ansys

-0
ive?t Ansys Workbench Mechanical & 27} o]&

rir

ol

[¢]
-

=
Ao

L

fu
p
R

HHO
T=E

HE 71

g

o

oy

929

(a) Original model (b) Modified model

Fig. 6 Main flow path modification

X Cavity: 24.15 MPa

Z Cavity: 12.31 MPa

Fig. 7 MEOP load condition
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<Front View>

<Side View>

Fig. 9 Optimal configuration for AM
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E: MEOP Test(Cryogenic) 10000 (mm)

Equivalent Stress

Type: Equivalent (von-Mises) Stress

Unit: MPa

Time: 1
1110
886.72
863.44
740.16
616.80
493.61
299.61 Max

123.77
0.49265 Min

(a) Outer surface

(b) Inner half surface

Fig. 10 Structural analysis result (MEOP cond.)
(Min 0.4 MPa / Max 299.51 MPa)

J9o

24, MEO P,] 2719 AL A2(90 K)ollA9 BAS
S3¥st9lon, 1 Axt= Fig. 103} 2t
n-Mises 28 299.6 MPa& o ZE|Qlo
oF 3602, 7k 271 &gtk

O
oM E 3

]_

A
Heo| 271

1o

X cavity: 0.1 MPa, 20°C

Z cavity: 8.7 MPa, -183°C

Fig. 11 Valve closing load condition

X cavity: 0.1 MPa, 20°C

Y cavity: 0.46 MPa, -183°C

Z cavity: 8.7 MPa, -183°C

Fig. 12 Valve opening load condition
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(b) Inner half surface

100.00 ()
L: Thermal - Close Condition
Equivalent Stress

Type: Equivalent (von-Mises) Stress

&

Unit: MPa
Time: 1
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417.79
31335
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(a) Outer surface

Fig. 13 Stress analysis result (valve closing load cond.)
(Min. 0.0 MPa / Max. 555.8 MPa)

0: Thermal - Open Condition 000 s0.00
—

Equivalent Stress gy
Type: Equivelent (von-Mises) Stress g

Time: 1
(b) Inner half surface

100.00 (mem)

75.00

H 940

835.57

73113
601.27Max

417.83

3134

208.97
104.53
0.098499 Min

(a) Outer surface

Fig. 14 Stress analysis result (valve opening load cond.)
(Min. 0.1 MPa / Max. 601.3 MPa)
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Table 2 Random vibration condition

Freduency | Power specsl €15 | puion & Diretion
20 0.089 g*/Hz
20 ~ 60 +3 dBJoct
60 ~ 1000 0.273 g*/Hz 4 min., along 3 axis
1000 ~ 2000 -6 dB/oct
Overall 20 g RMS

H: Random Vibration - Y 0.00 100.00 {rrn)
Equivalent Stress

Type: Equivalent Stress
Scale Factor Value: 3 Sigma
Probability: 99.73 %

Unit: MPa

Time: 0

50.00

z
190.12 Max
169 h/k )
147.88
12676
105.63
84511
63.389
42.267
21.144
0.022143 Min

Fig. 15 Random vibration result (excitation in y-dir cond.)
(Min. 0.0 MPa / Max. 190.1 MPa)

Table 3 Structural and vibration analysis results
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MEOP | R e | Modal | e

MPal | \ipa) | ey | H [MPa]
Criteria | 1110.0 | 1110.0 | 11100 | 200.0 940.0
Result | 299.6 | 5558 6013 | 1790.8 190.1
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(a)
Fig. 16 AM part : printed (a), and then final machined (b)

(b)
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