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ABSTRACT

Spinning process to inner wall has been applied for reducing the weight of regenerative cooling
chamber of liquid propellent rocket engine. The fractures of the blanks of cylinder part and nozzle
throat part have been observed during spinning processes. In order to overcome the problem, the
mandrel and the blank shape have been modified, and the inner wall was successfully manufactured
through the modifications. The manufactured spinning prototype of nozzle throat part was successfully
bulged without cracking and necking, and it was confirmed to secure sufficient formability necessary

for fabricating thrust chamber.
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Fig. 1 Configuration of thrust chamber.
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Fig. 2 Bulging method for nozzle throat part, before
bulging (left) and after bulging (right)[3].
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Fig. 3 Appearance of orange peel (left) or tearing
(right) during bulging test of nozzle throat part.
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Fig. 4 Optical micrograph of tearing area of copper
alloy[5].
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Fig. 5 Manufacturing method of bush insert type
nozzle throat part[5].

A gt Ee AW S JHEtEA FEY UR
7} HlolglE FF(hollow) FENY AEFLS A8t
7] YalFE ZEE" (flow forming)S AHE-3}7
U 23 (spinning) T B2 FAHS AlE3toof
A2 7hs skt

ABEZ AW Wae Ady dRrE vell
= e Fxo7] WEe Uiy xAE BT
A Ao gt o] FAFeA FEFF] AiA
H]-g-o] - 37te] 7] wiiell, &o] AJE A
e AFS AT Alole &4 AZ H&o]
v GssiA "ok E ARAFE A9 A
Aol wlg BolxA Hed, 23 A HF)
AZ7E wig- Z Fo7 AAFstA "ok &
Hg A7 Yl JAXAGIME LE-X dZ 7

-‘1‘



Hi18H H6E 2014, 12. HH 2 AZ

H2I| Wo 20l mz

3 g 91

Yy ZEXYO R ZrCr-Cu &5 A&
< A#stden, A4

E_
WelAE 29Ye Abe

skl AFS AFstATh Ed ARE AE 2V
(full-size)2] AZ&7]o] sl AAAIF(hot firing
test) Al &S FEsIATH6]. A, 2AAI A
A7) AEZ Y AYEFe =E2559 A
Zholl dadk TS 299 TS AHES)
of AFsh= 5= Fopr 7] oo

2 dAFddAM e e AHEHe 258 A3
o AHgHE A Ale]ze] HYUGRS} =2H
s 29d 38 ARSsk] Akl
= W BAEAD EASH Ayt A 7]
=3

w
n>
m
in}
4I
2
o
oK
o
=

T

AAZA A Any] AAPRE FA)E
Fael FHE ABS VAL Axse] o
3,000 K o4 me 7h2r} wAste gejol
Q27 AUEY WIE e v} 2ol 1
AFYY FP o] Qo] AuYor ARS
e W A Gt oled Axd A
WU ARSI kel FRFESFATY
o WAA BAY A Agets 2wy gl
2 Agsgon, 2 2UEe A 3

Tailstock Part

Fig. 6 Initial blank shape for spinning process of
cylinder part.
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Fig. 7 Example of failure observed in spinning process
of cylinder part.
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Fig. 8 Measurement of temperature distribution during Fig. 10 Fixing blank by bolts to spinning mandrel.
spinning  pProcess.

Fig. 9 Attachment of keys for slip prevention. Fig. 11 Final spinning product of cylinder part.
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Fig. 12 Examples of necking (left) and fracture (right)
observed during spinning process of nozzle
throat part.

Fig. 13 Attachment of keys on mandrel (lef) and
failure during spinning process of nozzle
throat part (right).
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Fig. 14 Initial (upper) and modified (lower) spinning
mandrel and blank of nozzle throat part.
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Fig. 15 Final spinning product of nozzle throat part.
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Fig. 16 Optical  micrograph  of  copper  alloy
manufactured by spinning process.
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Fig. 17 Color grain map by EBSD of the copper
alloy manufactured by spinning process.

Fig. 18 Bulging test of spined nozzle throat inner wall.
before bulging (left) and after bulging (right).
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