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ABSTRACT

Spinning process is generally used for manufacturing axisymmetrical, thin-walled thickness and
hollow circular cross-section parts. Traditional spinning technology is classified to conventional
spinning and power spinning(shear spinning and flow forming). Literature surveys of spinning
application for regenerative cooling chamber and divergent nozzle of liquid propellent rocket thrust
chamber have been conducted. Most spinning technology has been used mandel for manufacturing
chamber and nozzle. Recently, hot spinning has been used much compared to traditional cold

spinning.
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Fig. 1 Classification of traditional spinning processes
based on deformation characteristics of the
blank materiall3].
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Fig. 2 Spinning configurations[2]: (a)Conventional
spinning,  (b)Shear  spinning,  (c)Tube
spinning.
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1-Supporting plate  2-Outer spinning mandrel 3-Locking pin  4-Roller 5-Pushing plate

6-Combination spinning mandrel 7-Chuck 8-Jackcatch  9-Roller head

Fig. 3 Schematic of inner spinning[3].
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Fig. 4 Schematic of mandrel-free spinningl3l.
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Fig. 8 Spinning product of nozzle throat part of
large—scale thrust chamber by KARI.

Fig. 9 GRCop-84 half cylinders after forming[10].

Fig. 10 GRCop-84 nozzle throat before and after
spinningl 10].
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Fig. 11 Flow forming of chamber for LE-X engine [12].



HM19A H6E 2015, 12. EFALA] HAD| MEA ATl Y Y S 69

do= AFEA e
el =uy l £ g Al#e

o %%;&_o‘g 1o 1 y TR
| % HE AREE by By Se 299e
H&5t7] ol Feje AlFelr] el

Fig. 12 Hot spin-formed divergent nozzle by KARI. }2F 2L FATAKARNS FAE2LY 3
3 =

Spinning Operation Initiated
L

Spinning Complete

%ﬂ‘ﬁq Flg 2% 4& AZE FeERE

EI—OI]‘I‘—I— M‘:}‘-
JAXAl A= LE-X] &9 dF73to]
g1 & F A= Lower-MCCE FdAA4

(Upper-MCQ)ell AH8H A 220 OMCE At
&3ty A ATHIZ. AFS A&7 Hske
300 mm 27 OMC % X(ingot)S 45 mm F
AR JAE (upsetting)sted A Zstdom, A2
Fig. 13 Spinning operation(left) and nozzle liner after A T A99e JPsact. 20y A=A

spinning(right)[12]. ~3g Fo] AFL Fig 139 YEr} Qomw,
#E 1200 mme AHAE R AFS
Lower-MCC A && A&stHt).

NASAY A= USAF/TRF Space Surveillance,
Tracking and  Autonomous Repositioning
(SSTAR)S AL&317] Sls) Adat= o) =
A (Fig. 14)E 3l 30 em A4S 71X

A ol FY71e AW o] 23dE A

3} A TH15].

oo lr Ji

4.4

rh

AR AF A AHEEIL Y AFHA 27
9 AF HER ANEA AEEHL Jde 299
32 =25 vy A WHEES ZABIYE LY, AAZA A&7

g ie 285 davtie £EE ¢ AL et AMgHe 299 FHY ATE
STHIAA Y FEHE de 5 UAEF dhe ol thalA ZAbSEAT. ALA e A Fpo] ALE-



70 OIZ2 - REY - MM - HNMN - EY - 2B FIRUZA|
He 294de did d8Hd He=de] e Element Analysis on Neck-spinning Process
23y WS Aty o, 4y A of Tube at Elevated Temperature,
o] 3 FHFES AREStar . o= International Journal of Advanced Manufacture
ZH A~y Az BF 2 AL W9 w2} Technology, Vol. 56, Issue 9, pp. 1029-1048,
717 8 LAlEe] ARRHI Ut AFAHA W 2011.
7F 239 HlE] HZoe E7F 2TYdE ol 7. Klocke, F. and  Wehrmeister, T,
AFEE T Qo "Laser-assisted Metal Spinning of Advanced
Materials,," 4th Lane Conference, Erlangen,
Germany, pp. 1183-1192, Sep. 2004.
= 7| 8. Mori, K. Ishiguro, M. and Isomura, Y.,
"Hot Shear Spinning of Cast Aluminium
2 dAFe “SEFEAANEAGLE 9 Alloy Parts," Journal of Materials Processing
HAE5Ych Technology, Vol. 209, No. 7, pp. 3621-3627,
2008.
9. Lee, KO., Ryu, CS.,, Heo, S.C, Choi, HS.
References and Choi, Y.H., "Development of Spinning
Process for Manufacturing Liquid Rocket
1. Wong, C.C, Dean, T.A. and Lin, J, "A Engine Thrust Chamber," Journal of the
Review of Spinning, Shear Forming, and Korean Society of Propulsion Engineers, Vol.
Flow Forming Processes," International 18, No. 6, pp. 88-95, 2014.
Journal of Machine Tools & Manufacture, Vol. 10. Loewenthal, W.S. and Ellis, D.L,
43, Issue 14, pp. 1419-1435, 2003. "Fabrication of GRCop-84 Rocket Thrust
2. Music, O., Allwood, JM. and Kawai, K., Chambers," NASA 20060005156, 2005
"A Review of the Mechanics of Metal 11. Calvignac, J., Dang, L., Tramel, T.L. and
Spinning," Journal of Materials Processing Paseur, L., '"Design and Testing of
Technology, Vol. 210, No. 1, pp. 3-23, 2010. Non-Toxic RCS Thrusters for Second
3. Xia, Q., Xiao, G., Long, H., Cheng, X. and Generation Reusable Launch Vehicle," 39th
Sheng, X, "A Review of Process AIAA/ASME/SAE/ASEE Joint Propulsion
Advancement of Novel Metal Spinning," Conference and Exhibit, Huntsville, AL,
International  Journal of Machine Tools & US.A., ATAA 2003-4922, Jul. 2003.
Manufacture, Vol. 85, pp. 100-121, 2014. 12. Sack, W., Kurosu, A., Sunakawa, H., Noda,
4. Lee, T.H., "The Trend of New Technology K., Ogawara, A., Onga, T. and Negoro, N,
in Metal Spinning," Journal of the Korean "LE-X  Prototype = Main = Combustion
Society of Propulsion Engineers, Vol. 16, No. Chamber Development Progress," The 28th
1, pp. 79-85, 2012. International Symposium on Sapce Technology
5. Gur, M. and Tirosh, ]J., '"Plastic Flow and Science, Okinawa, Japan, Jun. 2011.
Instability under Compressive Loading 13. Kurosu, A., Sunakawa, H., Kojima, M.,
during Shear Spinning Process," Journal of Yamanishi, N., Noda, K. Ogawara, A.,

Engineering for Industry, Vol. 104, No. 1,
pp. 17-22, 1982.

6. Huang, C.C. and Hung, ]J.C, "Finite

Tamura, T., Mizuno, T. and Kobayashi, S.,
"Progress on the LE-X Cryogenic Booster

Engine," 4th  European  Conference  for



H192 H6& 2015, 12.

LA H22] MM 201d 3F MY S& 71

14.

Aerospace Sciences(EUCASS), St. Petersburg,
Russia, July 2011.

Lee, KO, Ryu, CS. and Choi, HS., "A
Technical Trend of Manufacturing and
Materials of Nozzle Extension for Thrust
Chamber of Liquid Rocket," Journal of the

Korean Society of Propulsion Engineers, Vol.

15.

16, No. 3, pp. 97-103, 2012.

Patterson, M.J.,, Haag, T.W. and Hovan,
S.A., "Performance of the NASA 30 cm Ion
23rd Electric
Propulsion Conference, Seattle, WA, US.A,
IEPC-93-108, Sep. 1993.

Thruster," International





