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Abstract ; The distribution characteristics and dimensions of metallurgical defects such as white spots are the key factors af-
fecting the service stability of the wheel. In this study, white spots were preset in GH4169 alloy bars. Then the chemical
composition and tissue morphology of the preset white spots were characterized by ultrasonic flaw detection and cutting sample
observation, respectively. On this basis, the evolution law of metallurgical defects during thermal processing was investigated
by combining with finite element simulation. The final study found no significant difference in the chemical composition of
the white spots compared with the conventional GH4169 alloy bars/ coils, and the main difference is focused on the content of
Nb elements. The Nb element in the white spots is 4. S5wt% , with a deviation of 1wt% from the standard value. In addition

to this, the grain size of the white spots is 50 pm,

W BEHEl . 2025-01-25 {EEBHI: 2025-03-03 significantly 5 times larger than that of the traditional
HELHE. EFAHEE AL (J2019-TV-0007-0075) tissue. White spots are most likely to occur at the core loca-
S EE. T 4, 2000 4R BAEBRTE tion of the bar. The probability of white spots arising at the

AR . ZeW . B, 1980 A BSOLTRE. iLrk S0 outer edge is the smallest, only 7%. In the hot working
: mIGIE, O, ) IR , M i,
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HMEK, F, 1988 A, RIS, BURES,

Email: easeheart@ 126. com vide scientific and experimental support for controlling the
DOI: 10.7502/j. issn. 1674-3962. 202501022 size of internal defects and predicting the location of defect

process of disk forgings, the white spots in the core, 1/2R
and outer edge of the bar are left to the hub, spoke and rim
of the disk, respectively. The results of the study can pro-
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transfer in disk forgings during actual production.

Key words : GH4169 alloy; white spots; ultrasonic flaw detection; evolutionary behavior
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Table 1 Chemical composition of GH4169 high-temperature alloy( w/%)

Element C Cr Nb Ti Mo Ni Mn Si Fe
Content 0.023 18.05 5.42 0.91 0.48 2.90 53.89 0.05 0.10 18.00
2.2 BEBHIRRA SRR 5 5 H JSM-7800F 737 J: 45 41 41 v % ( SEM ) W45 JHL i 4% b Il 441

HSERH LS-1500 BUKE S A I R Se, X i
B AR 0.4 mm BTIRFL, A T50E 1 BE R S S48 1
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St e (OM ) X e 563 A i A 1 A7 b b BE IS, A

41, frilid JXA-8530F K G B AL )
FERMFEAT L 4R AT X G2 IX 53 AT (electron probe X-ray
microanalysis, EPMA) , FH T 4% i 77 X606 i 2 1 B BT
HIEWAZI% Nb, Ni, Cr, Fe 0K S ik,
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Fig. 1 Finite element model of bar upsetting process: (a) 3D model,
(b) 1/4 3D model
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Fig.2  Pre-set white spots in GH4169 alloy bars: (a, b) macrostructure and microstructure of white spot defect, (c¢)matix structure
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Table 2 Comparison of white spots and matrix element content

(W/%)

Location Nb Ni Cr Fe Al
Defect 4.5 53.7 19.2 18.8 0.44
Matrix 5.5 53.7 18.7 18.2 0.40

Defect/matrix 0.81 1.00 1.02 1.03 1.10
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Fig. 3 EPMA results at the border between the white spot and the matrix (a), high magnification images and EDS results of b(b) and c¢(¢)

regions in Fig. 3a
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Fig. 4 Schematic diagram summarizing the distribution of defects in bars (a) ; ultrasound C-scan results at 10~60 mm (b), 50~90 mm (c¢),

80 mm ~ central axis of the bars (d) from the surface
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Fig. 5 Schematic diagram summarizing the distribution of defects in the disk part forgings (a) ; ultrasound C-scan results at the spoke,

hub (b) and rim (¢) of the wheel
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BEOIHA R B A B 15 5, P SRS RAF e T 2
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FET: Z5OHE 75 R A5 ARG 1) 1) BB 1 o7 B 5 AL 25 S
M 2E, DG, FBRE A RS R 6 DX 3R Rz 7R 38 2 5
M L AE AR T A B A 7o SRR R 2
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PR RFHMAL, KRR 50 pm, ZIEFHEM
5 1%,

(2) FIBES) IR AE R M ISR B, AN A I MR
/N, AN 7%, FE SR RO T R e, B A
1/2R | AN ABE B R 2 4 de . eimmie sk,

(3) G 25 S 5B 25 S %t L R B, I BEAE A
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SR, FR T A PN 50 7 8 43 A AN 35 Ll s RS 19 52
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