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Synopsis :

Effects of chemical composition and heat treatment on the mechanical properties 18%Ni
maraging steel produced by the Kawasaki Steel Corp. and applied for the rocket motor
cases developed by the Tokyo University since 1963 are summerized. Average Vickers
hardness of the solution-treated and age-hardened steels, (Hv)sol and (FHv)age,
respectively, increase with Moeq(%) in accordance with the following linear
relationships, (Hv)s0l=8.0xMoeq(%) + 145 (Hv)age=21.3xMoeq(%) + 62 where,
Moeq(%)=%Mo+ 0.6x%Ni+ 0.4x%Co+ 6x%Ti+ 10x%Al. Application of vacuum melting
and decreasing impurities, especially sulpher and oxygen, improve the fracture
toughness of steels having tensile strengths above about 150kg/mm2. KIC values of the
vacuum-melted commercial steels of 5mm thick are 368, 346 and 318kg/mm2-mm?2 at
the tensile strength levels of 150, 180 and 200kg/mm?2, respectively, and these values are

much superior to those of the other types of steels having the same strength levels.
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Synopsis:

Effects of chemical composition and heat treatment on the mechanical properties 18%Ni maraging
steel produced by the Kewasaki Steel Corp. and applied for the rocket motor cases developed by the
Tokyo Universily since 1963 are summerized.

Average Vickers hardness of the solution-treated and age-hardened steels, (Fv)sol and (Hrlage, Te-
spectively, increase with Mow(%) in accordance with the following linear relationships,

(Hv )501=8.0 x Mow( %)+ 145

(Hy dupe=21.3% Mowg( %) +62
where, Mow{%)=%Mo+0.6x %Ni+0.4x %Cot+6x % Ti+10x AL

Application of vacuum melting and decreasing impurities, especially sulpher and oxygen, improve
the fracture toughness of stecls having tensile strengths above about 150 kg/mm®. Kj¢ values of the
vacuum-melted commercial steels of 5mm thick are 368, 346 and 318 kg/mm’/mm at the temsile
strength levels of 150, 180 and 200 kg/mm? respectively, and these values are much superior to those

of the other types of steels having the same strength levels.
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Photo. 1

Launching of I.45-5 rocket developed
by Tokyo Univ. for seading-up the lst.
Satellite “Qosumi” in Japan (Feb. 11th,
1970). HT200V steel was used for the

third engine case. (This picture was
presented by the Institute of Space and
Aeronautical University  of
Tokyo.)
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Photo. 2 Launching of M-45-2 rocket developed
by Tokyo Univ. for sending-up the Znd.
satellite “Tansei” in Japan (Feb. 16th,
1971, HT200V steel was used for the
first, second and third engine cases.
(This picture was presented by the
Institute of Space and Aeronautical
Science, University of Tokyo.)
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Table 1 Specifications of ithe mechanical properties of HT200V steel (aged at 460°C for 3 hrs)

produced by Kawasaki Steel Corp. and the tensile requirements in the ASTM designation

ASTM ##+
N.TS.

(kg/mm®)

Mechcnical properties
Designation Y.P. T.S. EL vEy (kg m/cm?®)y**
(kg/mm?) | (kg/mm?) (%) mean | min.
.l + [11~15mmt |
. 1 =8.0 . :
HT200V 160180 170205 1.8~6.0mmt ' 2.0 1.7
:=24.0
- *7”77| Ei T BT dokkk| T ki -
(Orade A | ue-165 | muar E I N R
ASTM Grade B 161~-182 > 168 26 - -
(A538-65). | .. o .- . — I
Grade C 193~214 =216 =6 — —
* JIS, No.5 specitnen (G, L. 50 mm)
o { For plate of >12mmt : JIS, No.4 specimen
For plate of <12mmt: JIS, No.4 half size specimen (both parallel to the rolling direction)
h { For plate of >7 mmt : Specimen thickness is 5 mm,
For plate of Z5mmt : Full size thickmess

koK

ASTM Standard
{For plate of >3{in t:

For plate of <34 in t: subsize

0.5in¢ round bar tention specimen (G.L.2 in)

Steel making
{Electric arc furnace)

|
[ Ingot casting _]
¥
I Peeling l
|
Remelting

(Consumahle-electrode
vacuum melting furnace)

Sheet

Making of saadwitch for

] rerolling to sheet

[_ Peeling J
l n

[ Farging to slab l I Berolling to sheet ]
] -

[ Surface repairing J I Sh‘?i”lf“u-l"g ]
[ Hot rollmg to plate l ] Solution heiat treating ]
i e
[ Cutting I | Pickling J

Plate s —

[ Solution heat treating ! I_ Rough l;“lls g I
i n

[ l.evelling ] | Levelling ]

r Pic{ling ] I Final polishing J

I

[ Tolishing 1 [ Final |CUtting ]
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Final inspection and
mechanical testing

Final inspection and
mechanical testing

Fig. 1 Flow chart of the production for plates and sheets of HT200V steel
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Fig. 2 Histgrams of the mechanical properties of HT200V steel products
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Table 2 Chemical qumrements of maraging steels {wt %)

‘-',tandard‘ Grade CC Si Mn ! P S

' Co ‘“Mo. ‘ Ti AL B : 7r ‘Ca‘ Nb

‘mmum14003éojzgo12/0014001Ni90?89053?51525Qﬁ5m 0.003 &04015
Dt i = ~19.0) ~9.0) ~3. 5~ B
| L8Ni250 £0.03.20.12 £0.12) 20,01 20.01 5 o Da a1 20,50 1| 0008 0.02 0,05 —
INCO | 18Ni300 £0.03 £0.12 £0.12 £0.01 co.ot8g B0 56 00 gP0n | 0.os 0.02 0.05
— . N S it of I : . i - .t
| | . ‘ . .
20Ni250 £0.03 £0.12,£0.12) £0.01' £0.01 15,8 ! B30 ) o.003 0,02 00503,
N0 0 08 0 19 0 1ol oot o |25 1 U3 005 oo o o o 003
o mNE020.08£0.12 20.12 200020058 o — 13 (BB, 0.003 0.0z 0.057F
A |z003z0.10 2030 20.00 20,0170 70 5|,”4 500008 o, o0a 0,02/ 0.1 05 —
ASTM |7 7 ol L JES 00 |7.0 4.6 ]0.30 0.05 Y
Cassggm| P |£0-0340.00120.1020.0020.00 Tg o S0 0000 g oo, 003, 0.02 0. 0. 0
| c |¢om ool 102001/ 20.01'8,0 89, S8 223580‘{8510 0.003 0.02 0. ow
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Fig. 3 Effects of alloying elements on the hardness of 18%Ni maraging steel
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Table 3 Chemical composition of specimens (wt %)
Specimen No. \ C \ 51 | Mn L p ‘ S ‘ Ni ‘ Co \ Mo l Ti l Al |‘ Zr ‘l B
e Y e e e L U S
- : |

1 ‘ 0.002 ‘ 0.01 <U.UI! 0.003 ‘ 0.006  18.85 ‘ 8.20 ‘ 4.33 | 0.43 ‘ 0.10 ‘ 0.011 [ 0.003

. ) | i '
2 ‘ 0.002 | 0.01 <0.01‘ 0.003 ‘ 0.011 ‘ 18.68 ‘ 8.33 | 4.74  0.44 l 0,11 ’ 0.013 | 0.003
3 ‘ 0.026 ‘ 0.02 ‘<0.01‘ 0.003 ° 0.016 | 19.09 8.20 ‘ 4.48% | 0.46 | 0.12 ; 0,021 ; 0.004
4 L 0,002 1 0,01 ‘<U.01, 0.003 ‘ 0.023 | 18.62 ‘ 8.34 i 4.57 | 0.44  0.07 | 0.014 | 0.002
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