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STUDY ON MANUFACTURING THE LARGE COMPOSITE
'WHEEL, OF WHICH RIM IS MADE OF THE SUPER-
HIGH GRADE HEAT-RESISTING STEEL LCN-155

Yoshio Ishihara, Shoichi Tamaki, Kiyoji Deguchz’

Synopsxs

(1) To establish the product1on techmque of the large forgings of the super-high grade heat~
resisting steel LCN-155 and its weldings, the authors studied experxmentally on manufacturing
the large composite wheel, of which rim is made of LCN- 155, outer dia. 600 X inner dia. 300%
thickness 60mm, and of which the boss is made of Car-Mo steel. (2) After several tests with
small capacity furnace, they melted LCN-155 by a 2-ton high frequency induction furnace,
especially investigating raw materials and melting conditions, and casted the octagonal 350-
kg ingots. (3) After enough diffusion annealing of these ingots, they forged and swaged
them cautiously, checking the temperature and the methods of forging, but the cracks were
found at the end surface while swaging #8'" X length 540mm — ¢270 X length 330mm by
2,000 ton hydraulic press. According to the results of macro-and micro-structure exami-
nations, these cracks were considered to be caused by “‘inner wrinkles” due to the enomous
segregations of the impurities, carbides and others. (4) Referring to the previous test, they
melted LCN-155 again by 2 ton induction furnace, swaged, core-punched, ring-forged and at
last succeeded to make up the rim without any cracks. (5) Before welding, they solution-
_treated the rim at 1,200°C' and'annealed the boss. After welding they heated the wheel at

. ..800°C x 24h followed by furnace cool, which represented both of stress-relief and aging of

the rim. (6)Because they could not obtain the welding rods of AISI 309 Cb in both of domestic
and abroad markets at that time (1953-4), they made trial manufacture of the coiled g1*6mm
_wires for sigma welding from melting to wire-drawing. (7) For the grooves which were
designed by many préliminary welding results, they performed the sigma welding.semi-auto-
matically; but, for the reason that the size and the quality of rod were not sufficiently
uniform, welding was often stopped. In the result the deposits were unsatisfactory and
~ununiform. Therefore, they used AISI 310 rods of Lindé Co. fer welding the opposite side.
(8) It was very difficult to cut this welded wheel. The weldjng of the deposits was obser-
ved 'to be not good by the macro-structure test for the longitudinai section of the wheel.
(9) For these super-high grade heat-resisting steels, it was better to be welded by the simi-
lar metal rods, so they prepared the rim and boss of same dimension and LCN-i55 ¢5mm
welding rods, and welded by the argon-arc tungsten method, checking the welding proce-
dure in detail. (10) By macro-and micro-structure tests for the longitudinal section, it was
observed that the deposits were well welded. Consulting with the high temperature mecha-
nical test results, they confirmed that the mechanical strength of the rim, which was expo-
sed at high temperature, corresponded well to that of boss which was rather kept at lower
temperature. However, without checking by the spin test, they cannot mention at present
about the influences of the low elongation, contraction and impact values when the test
- pieces break at the deposits. (11) By these studies the authors could complete the large
composite wheel as aimed at the first time, of which rim became superior in the mate-
rial quality through core-punched and ring-forged, and could resist up to about 750~800°C.
Also they could save 1/3~1/4 quantity of the expensive heat-resisting steel in the composite
wheelas compared with the solid wheel.
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Table 1. High-temperature mechanical properties of the test pieces
cut from the composite wheel.

g {
. ~'§ Test temp. | Yield Ultimate| Elonga- | Contrac-| Charpy |Point of | Brinell
Position 8 point tens.str.| tion tion : '
é‘: °C kg/ mm? | kg/mm? % A kgm/cm? ' failure hardness
£_ | Room temp.| 344 640 26°8 54°8 .| 7°9, 8°1 /2 i 179
b0 & 450 24°0 59°3 20'0 52°0 |14°0, 13°0 4 i
g« 550 27°3 54°5 24.0 56°8 [|10°9, 107 4 :
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Lr-Mo , = : H
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= 500 22*1 62°3 21°0 480 [11'9, 9°5 v !
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5] 600 16°9 . 47°6 260 64°8 89, 7°3 ”
~ 650 17+2 40°5 3174 72'8  10°7, 10°7. 7
700 153 | 296 43"4 910 |10*9, 11°1 v
) | ) i S
| Room temp. | 41°1 ' 650 57 5°7 | 1°2, 4°7 Deposit | 24l
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A 650 | 310 ! 416 3'3 6°5 4°7. 4°8 ”
| 700 L3277 T 40°7 | 186 790 43, 4'8 Boss !
' Room temp. 44°2 827 30°5 36°0 5'8, 53 /2 217
o 450 362 67°2 276 29°1 7*3, 6°8 ”
= i . 550 30°0 66°3 27°4 36°0 |66, 7°1 ”
Rim g 600 31'8 65°5 262 291 65, 7°3 7
_ 20 650 268 62°3 258 30°5 8"1, 7'3 ” i
LEN-155 g 700 33°2 580 2571 37°2 | 8*l, 89 7
ST 750 292 42°9 27°2 360 8's, 7°7 y
e 800 27°0 389 279 | 360 4
* Including the deposits at the middle part of the test pieces.
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Fig. 6. Hardness distribution on the’
(B) T (©) sections of composite wheel.
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Photo. 5. Micro-structures of welded parts A @@m%ﬁgwc@j:ﬂf@ﬁgﬁ@ﬁ MEWE
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HCI sol. of FeCl; for Cr-Mo .
~ X 100(1/2) T 5 INDHEAMIHHBRBREICRBEINDH
%3 CERY il Tuvs — Al LCN-155 E#I3ER375 SOTWHEDBEIIBLUTOIHS L LMEEINE M

-(Etched by glycerin sol.of aqua regia for LCN—ISS}

3) H. C. Cross, J. W. Freeman, NACA, TN. RS TR L LA O, &, EEEMIZSE
No. 1230 - .~ ... . ‘ VMR BT 5, CNRESERBIC
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5bmﬁfm£ﬁ?5réwjmibttbtﬁﬁcn
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4) AEOER%ZEICL T LCN-155 % 2t &/
FRESIFC CTEERBL I, SERRBALBEPETS
C &7 CHBA, A, ring forge LCHED Y &%
HEF3C EMNTEI. ‘

5) #AuEEIE, U a3 1200°C sol. treat. %, Fx
BBSIRHEL T s, MBEGEREL ) 40 ageing &
EHAT 800°C X24h fIRGTEL 7. _
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