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Remaining life assessment through thermal-fatigue analysis of copper alloy for
combustion chamber of reusable rocket engine

Sato, Eiichi

35,800,000

Creep-fatigue of the copper alloy of liquid rocket engine combustion chamber
determines the engine life. Stress-holding type creep-fatigue tests were executed to simulate the engine
combustion cycle. Microstructural observation implied the following damage mechanisms in creep-fatigue
process; (1) some creep voids rapidly nucleate and grow at grain boundaries, and (2) fatigue cracks
connect with creep voids resulting in the rapid fracture compared to the simple creep or simple fatigue.

This understanding on the interaction between creep and fatigue enables us to design and estimate a new
rocket engine with higher reliability.
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Fig. 1 Schematic of stress waveforms of
mechanical tests ; (a) CF, (b) SC and (c) SF.
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Fig. 2 The results of CF ; (a) stress histories
and (b) strain histories.
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Fig. 3 Theresultsof CF; (a) the amount of strain
induced only during creep deformation at every cycle
and (b) creep strain historiesin the 1<, 6th, 15th, 16th,
17th and 18th cycle.
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Fig. 4 Theresultsof SC and SF; (a) strain histories
during SC and (b) stress histories during SF.
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Fig. 6 Maximum stressesin compressive and tensile
deformation at every cyclein CF and SF.
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Fig. 7 SEM images of the fractured specimenin CF;

(a) crack initiation, (b) dimple pattern and (c) ductile

fracture surface.
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Fig. 8 SEM images of the fractured specimensin (i)
SC and (ii) SF; the center of them are magnified in
(i-b) and (ii-b), respectively.
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Fig.9 SEM images of a cross-section of the fractured
specimen; (a) CF in low magnification, (b) SC, (c) SF
and (d) CF in high magnification.

SEM

(4)

SEM

1) A. Kurosu, H. Sunakawa, M. Kojima, N.
Yamanishi, K. Noda : Proc. of the 4th



European Conference for Aerospace
Sciences (EUCASS), (2011), 1-8
2)
: 78A (2012)
40-52.
3)
51(2012)  66-70.
5
1)
54(2015),67-72.
2)
8(2015),1-18.
3)
19(2014)29-32.
4)
51(2012),66—70.
5)
(
) A ) 78A

(2012) 1534-1546

18
1) M. Deguchi, Y. Hori, H. Tobe and E.
Sato, Microstructural Investigation in
Low Cycle Fatigue Deformation of
Cu-Cr-Zr Alloy, 13th International
Conference on Creep and Fracture of
Engineering Materials and Structures

(CREEP2015)  (2015/6,  Toulouse,
France)
2)
ECT
2015/3
3)
2015 2015/3
O
4)
26 2
2014/11
5)
Cu-Cr- Zr

2014/11
6) 1
2 58

2014/10

7) M. Shiwa, D. He, M. Hayakawa, S.
Moriya, T. Kobayashi, Damage
Evaluation of Cu-Alloy Combustion
Chamber of Liquid Rocket Using ECT,
11th International Conference on Flow
Dynamics (2014/10, Sendai
International Center)

8) M. Nishimoto, H. Negishi, S.
Yoshimura and H. Akita, Quantitative
rocket chamber life prediction based on
multi-physics simulation, 1st
International Conference on
Computational Engineering and
Science for Safety and Environmental
Problems (COMPSAFE2014) (2014/4,
Sendai International Center)

9) _ CuCriZr
53 2013/11
10) -
(
) M&M2013
2013/10
11) Cu-Cr-Zr
2013/8
12) -
Cu-Cr-Zr
62
(2013/5 )
13) -
o Cu-Cr-Zr
2013/3
14) -
Cu-Cr-Zr
52 2012/11
15)
Cu-Cr- Zr
2012
(2012/9 )
16)
2012
2012/3

17)



51
2011/11
18) ) )

23
2011/10,

€Y
SATO Eiichi

40178710
@

NISHIMOTO Miki

40450704

SHIWA Mitsunharu

70242120

TAKEGOSHI Masao

60371126

SUNAKAWA Hideo

70598846 26

®)
NOBUAKI Kawai

60431988

MATSUNAGA Tetsuya

30595905

*



