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Tab. 1 Thermal physical properties of materials used in numerical simulation
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Fig. 1 Thermal conductivities of materials used in numerical simulation
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Tab. 2 Heat transfer coefficients at different interfaces
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Fig. 2 Specific heat capacities of materials used in numerical
simulation
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Fig. 3 Thermal expansion coefficient of materials used for numerical
simulation
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Fig. 4 Variation of DD426 alloy yield strength with temperature
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Tab. 3 Processing parameters

ARG C _EAFARGEE/C FRHYZJEEE/mm

SN R EC

HUSE L /mm S/ (mm-min?)

1520 1500 40

255 6 6

1.3 EEUGIE S RI%EY
BEHERUSEFRUERENILL, WIET
DFRERERME, R R, BB
RYERMHRERSERIETRONDDM, FRE
BAEN R RIESRBULEIN KN NS/, FiE

PEEREETELEEEDE]

(a) it R Sy e

El5 #HERISEIRIM Fr RN EF A E R I LbRTZ &
Fig. 5 Stress concentration location of blade obtained through numerical simulation and actual fracture position of blade
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simulation results
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Fig. 7 Cast stress distribution cloud maps under the conditions of different liquid Sn temperatures
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Fig. 8 Cast stress distribution cloud maps under the conditions of different lower heating zone temperatures
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Fig. 9 Cast stress distribution cloud maps under the conditions of different thicknesses of insulation baffles
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Fig. 10 Cast stress distribution cloud maps of blades under the conditions of different shell thicknesses
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Fig. 11 Variations of stresses and temperature gradients at characteristic points under different process parameters
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Effect of LMC Process Parameters on the Casting Stress of Single Crystal
Blades

YUAN Ren', ZHANG Jin?, HUANG Ya-qi®, SHEN Jian®, LU Yu-zhang®, ZHAI Zi-rong"

(1. College of Creative Arts, Shanghai Tech University, Shanghai 201210, China; 2. State Key Laboratory of Advanced Casting
Technologies, Shenyang Research Institute of Foundry Co., Ltd., CAM, Shenyang 110022, Liaoning, China; 3. Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110232, Liaoning, China)

Abstract:

Taking DD426 superalloy turbine hollow blade as research object, the stress field distribution variations of
the blades during liquid metal cooling (LMC) directionally solidifiying processes were simulated, and the
effects of process paremeters on the cast stresses of single crystal turbine hollow blades were investigated.
The results show that as the temperature of the holding furnace increases, the thickness of the insulation baffle
decreases, and the molten Sn temperature decreases, the cast stresses of the single crystal blades increase
gradually. As the thickness of the mold shell increases, the cast stress shows a trend of increasing at first and
then decreasing. The most significant process parameter that affects the stress distribution of single crystal
turbine blade is the thickness of the insulation baffle. When the thickness of the insulation baffle is 50 mm,
the cast stress value of the blade characteristic point can be reduced to 793 MPa. Based on the numerical
simulation results, optimized process parameters were proposed. The casting stress at the characteristic point
after process optimization was further reduced to 781 MPa and the phenomenon of blade fracture caused by
excessive cast stress was eliminated in actual casting.

Key words:
liquid metal cooling; single-crystal turbine blade; process parameter; cast stress
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