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Fig. 1 Shapes of the blade before and after flattening
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Fig. 2 Schematic diagram of the ESC blade blank
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Table 1 Chemical composition requirements of the
ASTM A743 CA6NM Wg /%

C Si Mn P S Cr Ni Mo
<0.06 <1.00 <1.00 <0.04 <0.03 11.5~14.0 3.5~45 0.4~1.0

&2 ASTMAT743 CAGNM A MAEES
Table 2 Mechanical property requirements of the
ASTM A743 CA6NM

Re/MPa  R,/MPa A%  ZI% KV, (0°C)/J HBW
=550 =755 =15 =35 =325  230~285
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Fig. 3 ESC blade slab
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Fig. 4 Rough machining picture of the ESC blade slab after flattening
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Fig. 5 Three dimensional diagram of the die for the molded blade
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Table 3 Chemical compositions of the molded blade slab and sand casting blade W5 /%
Rt c Si Mn P S Cr Ni Mo
HL P AR A RE AR 0.027 0.34 0.56 0.027 0.006 12.5 4.17 0.50
[EURUS 0.028 0.32 0.54 0.025 0.006 12.5 4.15 0.49
ANy R s 0.028 0.32 0.55 0.027 0.006 125 4.16 0.49

®4 EEM AR MAHARRE N F RN SR
Table 4 Test results of the mechanical properties of the molded blade and sand casting blade body samples

S Reo,/MPa R./MPa Al% ZI% KV, (0°C) 1) HBW
MRL-1 600 850 22 58 113 105 115 265 262 262
iJE1-2 610 865 23 63 106 110 111 263 263 262
FiEL-3 580 868 21 65 116 120 118 260 265 263

W R 565 841 17 42 75 81 78 254 257 259
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Fig. 6 Inspection areas of the blade body after die pressing and
annealing
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Table 5 Hardness test results of the molded blade body

DU BRI AR HBW  BbFEI o RE(F HBW (231K )

1 280 279 278 263 266 265
2 279 283 280 270 271 269
3 281 279 274 275 276 274
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Fig. 7 Blank image of the blade after die pressing and annealing
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Fig. 8 Low magnification metallographical microstructuresof different areas of the blade after annealing
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Research on Die Pressing Process of Electroslag Casting Slab

ZHANG Jia—dong', WANG An-guo®, SU Chun-wen?, CHEN Rui', GAO Yun-bao', XIONG Yun-long'
(1. State Key laboratory of light Alloy Casting Technology for High—End Equipment, Shenyang Research Institute of Foundry
Co., Ltd., Shenyang 110022, Liaoning, China; 2. Shenyang Aerospace University, Shenyang 110136, Liaoning, China)

Abstract:

A new process of slab topological transformation of X-shaped blade followed by melting and casting,
die design, die pressing and heat treatment to achieve the reverse topological transformation of the slab
into curved hydraulic turbine blade was proposed. Electroslag melting and casting after slab topology
transformation can solve the problem of direct electroslag melting and filling difficultly of the casting. The
problem of casting stress was solved by applying heat-resistant elastic material to the flange of slab mold.
Presetting the positioning column at the pressing die corresponding to the slab pole and multiple pressing
can solve the problem of high positioning accuracy requirements. The heat treatment process accompanying
with the hot forming can achieve the shape and performance requirements at the same time with low energy
consumption. The electroslag melting and casting molded blade produced by this process had the advantages
of homogeneous chemical composition, compact structure, grain refinement, no defects exceeding standard,
fewer inclusions. Compared with the production process of sand casting blade sample, the electroslag melting
and casting molded blade had the advantages of good environmental protection, fast molding, high metal
utilization and high mechanical properties of the sample. Compared with samples of the reference sand casting
blade, the new technology blades have increased their impact toughness by about 30%, and other mechanical
performance indexes improved comprehensively, the mechanical properties of the blades and so on were
much better than that of the sample sand casting one. This method can greatly reduce the costs in comparison
with equal thickness steel plate hot forming method, and improve the productive efficiency.

Key words: electroslag melting and casting; pressing die; die pressing; slab; blade
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