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Hydrogen Embrittlement of Ni-base Superalloys Used for

H-1I Rocket Engine
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Table 1.

Principal characteristics of H- [ rocket.

Overall length (m)
Diameter (m)
Total mass (Mg)

260 (exclusive of payload)

Stages
First stage bos:sltlgrr(o §l[({eé ) Second stage
Overall length (m) 28 23 1
Diameter (m) 4.0 1.8 4.0
Stage mass (Mg) 98 141(2 units) 20
Propellant mass (Mg) 86 118(2 units) 17
Thrust (kN) 843 3138(2 units) 118
(sea level) (sea level) (in vacuum)
1078
(in vacuum)
Burning time (s) 348 94 608
Polybutadiene
Propellant LH2/LOX | composite solid LH,/LOX
propellant
Syrso{z(‘e‘!lant feed Turbopump Turbopump
Specific impulse 4364 2677 4433
{(m/s)(in vacuum)
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Name H~1 H-I LongMarch3 ArianelV ArianeV Space Shuttle Energia
Country Japan Japan China ESA ESA USA USSR
First launch 1986 1993 1984 1983 1996 1981 1987

(Planning) (Planning)
Low earth orbit 2.9 10.0 5.0 8.0 18.0 29.5 100.0
capability (Mg)
Geostationaly 0.55 2.2 0.65 2.3 4.5 2.3 —_—
orbit capability
(Mg)
Lift off mass 140 260 202 480 572 2041 2400
(Mg)

Fig. 1. LH,/LOX rockets in the world.

Photo. 1. LE-7 engine.

Table 2. Characteristics of LE-7 engine.

Combustion pressure (MPa) 13.2
Mixture ratio (Oxygen/Hydrogen : mass ratio) 6.0
Expansion ratio 54
Fuel turbopump : Shaft speed (rpm) 42 000
: Discharge pressure (MPa) 26.8
Oxidizer turbopump : Shaft speed (rpm) 18 300
: Discharge pressure (MPa), Main 18.1
Split 25.7
Maximum nozzle diameter (m) X Overall length {m) 1.8X 3.4
Dry mass (kg) 1720
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MOV : Main Oxidizer Valve
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Schematic Diagram of LE-7

Fig. 2. LE-7 engine system.
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Fig. 3. Effect of strain rate on tensile properties
of MarM 247 LCDS (//) in 1.1 MPa argon and
19. 7 MPa hydrogen at room temperature.
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Photo. 2. Tensile fracture surfaces of MarM 247
LCDS (//) in 1.1 MPa argon and 19.7 MPa hyd-
rogen at room temperature (Arrow shows a
carbide). '
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Fig. 4. Effect of strain rate on tensile properties
of Inconel 718 in 1. 1 MPa argon and 19. 7 MPa hyd-
rogen at room temperature.
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Photo. 3. Tensile fracture surfaces of Inconel 718
in 1.1 MPa argon (a) and 19.7 MPa hydrogen (b)
at room temperature (Arrow shows a carbide).
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Fig. 5. Effect of temperature on tensile properties
of MarM 247 LCDS (//) in 19.7 MPa argon and
19. 7 MPa hydrogen.
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Fig. 6. Effect of temperature on tensile properties
of Inconel 718 in 19.7 MPa argon and 19.7 MPa
hydrogen.

WAL ASHET U 2 AR T A48, SFUIRFICHER
LA HMICES. Photo. 3 IERD 1.1MPa D7
Vv (a) BLU19.7MPa dkFES (b) THEHTL
7-RE K O SEM @ 2 RETFBIC X HBH ZRT. TV
ToHRTIRTA Y TVEHTH D0 LT, KEHRT
RO RALY (KED) %R LRI 2 5 T
w5,

Photo. 4. Tensile fracture surfaces of Inconel 718
in 19. 7 MPa argon (a) and 19.7 MPa hydrogen (b)
at 573 K.

3-2 BRICH 3KFMBRL

(1) MarM 247 LCDS

MarM 247 LCDS (//) ® 19.7TMPa O 7 VT v H B
L 1°19.7 MPa OAKEFIZ BT A5 IREE I RITTIRE
DB Fig. 5 2R, 7TAITrficBwTid, RE
oRMmE £, WHIRIZF—ETHHHS, mKFIRES
BhEPIETTAD0Ix LT, UKD IZENT 5.
—F, KERICBWTIE, REOWME K, W 3H
s s, 3WBKULTT VT rhofEEERIEL S
5. BABIEMS B XU 525, &h iz
AEEbbiWw, 0o, KERETLIT L HO5[R
HEOMHME &5 L, REOKME I, WH-H&K
BIEMM S BIXOMOICRIZTAKEORBRI NS L5
25, BDICIRKELS RS, ZOMBHIIBY T, RED
773K £ W) BLWREIIBWTH, KK E LTk KR



866 %o W

% 78 4 (1992) % 6 &

Ev, 2B, WThOBKT— NI2bKE RREKREY
RO SN h o7,

(2 ) Inconel 718
Inconel 718 @ 19.7MPa » 7 VI B X ¥ 19.7
MPa O AKEH BT A5 REEICRITREOLES
Fig. 6 iZ/R3. 7L ITohizBnWTid, BEORME
S, W -BARFIRE S KT T 525, MU0 1213
EAEEDLR. —F, KEPIIBWTIE, BEOH
&z, W R IRM S KT 3548, HU-#D
BHEMT 5. Con, WHCRIEITAFEORE IV
A, imEOR & IS, RAFIRME, MO-RDIcRk
TTAKREOHBEI/NEL 2D, COMBIZBWTYH, B
AR TIBK L) EWREIIBWTH, KKRE LTK
ROZENROOND ., GUREEICRIETTRKEOTEM,
Inconel 718 12#¢~XT MarM 247 LCDS O A5k & vs.,

TVIT OB E— FRIBEICEST T4 v 7B
Wi Cdb o 7245, KEPOBMIRE KA LT, 373K
DT cixhiatm & B~ X BBk 4%, 573K Tz X7 »
TARBE & B X BIRE A, 773 K Tidig X BIROAI A
FigBH 57z, Photo. 4 12 Inconel 718 @ 573K 128
175 19.7MPa ® 7 VT v (a) BL19.7MPa
AKFEH (b) OBIE %Y. Photo. 3 I~ &, 7
TrHRDT 4 > T NVERIIGRERTFEZ/D S W, kFESD
TN 2 27 v TIREABRE S 1 5.

—HICF R E IR T RFEORBIIR D SR b A A
CBNBDT, CnEOMEOKYICRITTKED
BHEFHMCHW<D 22010, KEFOKY (dy,) 27
VI RO (Ba) THRLTHMED (dn/da,) &
LT, Fig. 7R L7 RO KEVEKRKFEDOE
Bh/AS v, BIE, D21 TCRAkEET LTS
DFERI L, KEOREN LW L 2RT. HICHY

= 1.0 T T T T T T
< "
N HEE of Ni-Base Superalloys
L o8 | 197 MPa Hydrogen /Argon -
e
& o)
% 0.6 - lnconeV _
§ o)
° —_— —
Soal 8—=8 ) i
E Mmo
2 o2 B
5
[
1 4 0 1 | Il 1 | 1
200 300 400 500 600 700 800 900
Temperature / K
Fig. 7. Effect of temperature on hydrogen en-

vironment embrittlement of Ni-base superalloys in
19.7 MPa argon and 19. 7 MPa hydrogen.
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