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Sandblasting strengthening of GH4169 superalloy rod bolts

CHENG Zheng, YI Taixun, FENG Wei, ZHANG Dengcai, NIE Jiachao, LI Runfeng
(Dongfang Tubine Co., Ltd., Dongfang Electric Corporation, Deyang 618000, China)

Abstract: Five parameters, including the specifications of the shot type, the movement speed of the spray
gun, the distance between the spray gun and the workpiece, the supply pressure, and the shot flow, were
selected as initial research variables. A five-factor three-level orthogonal experiment was designed to
conduct sandblasting tests on superalloy material test plates. The comprehensive balance method was used
to evaluate the three indicators of surface roughness, hardness, and residual stress. The optimal combination
of the five parameters was determined through range analysis. The sandblasting test of the same
specification gas turbine rod bolt specimens were carried out. Based on the optimal parameter combination,
the experimental group and a blank control group were set up. The changes in thread size and tooth surface
morphology before and after sandblasting were analyzed, and the qualified product rod sandblasting process
parameters were obtained.

Key words: superalloy; bolt; orthogonal experiment; sandblasting; surface strengthening; gas turbine
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Table 1 Gas turbine rod bolt sandblasting inspection index
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Fig.1 Specimens and partial testing equipments for sandblasting experiments
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Table 2 Factor level of sandblasting

Ik A B/(mm/s)  C/mm D/MPa  E/(kg/min)
1 HKNIEWA#120 6 70 0.50 4
2 M EWA#150 8 100 0.55 6
3 F1 M| £ WA#180 10 150 0.60 8
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Table 3 Orthogonal experiment grouping and results of sandblasting process
4 A B c D E FHPHLEE E/um T EE (HV) BRARN )1 /MPa
1 1 1 1 1 1 233 455 650
2 1 2 2 2 2 13.6 458 872
3 1 3 3 3 3 21.5 460 597
4 2 1 2 3 1 16.2 462 782
5 2 2 3 1 2 12.5 482 746
6 2 3 1 2 3 13.3 485 881
7 3 1 3 3 1 16.5 451 902
8 3 2 2 1 2 10.7 444 882
9 3 3 1 2 3 11.6 448 871
10 1 2 1 1 1 21.3 486 663
11 1 3 2 2 2 12.4 487 877
12 1 1 3 3 3 17.3 440 836
13 2 2 2 3 1 16.4 459 809
14 2 3 3 1 2 12.1 458 792
15 2 1 1 2 3 13.5 435 845
16 3 2 3 3 1 14.1 447 825
17 3 3 2 1 2 12.4 471 913
18 3 1 1 2 3 10.5 449 862
K 109.4 97.3 93.5 92.3 107.8
K, 84.0 88.6 81.7 74.9 73.7
K3 75.8 83.3 94.0 102.0 87.7
FHIEE k 36.47 3243 31.17 30.77 35.93
ky 28.00 29.53 27.23 24.97 24.57
ks 25.27 27.77 31.33 34.00 29.23
R 11.20 4.67 4.10 9.03 11.37
K 2 786 2 692 2 758 2 796 2 760
K, 2 781 2776 2 781 2762 2 800
K3 2710 2 809 2 738 2719 2717
figi f ky 928.67 897.33 919.33 932.00 920.00
ke 927.00 925.33 927.00 920.67 933.33
ks 903.33 936.33 912.67 906.33 905.67
R 25.33 39.00 14.33 25.67 27.67
K 4 495 4 877 4772 4 646 4 631
K 4 855 4797 5135 5208 5082
K; 5255 4 931 4 698 4751 4 892
BRI ) ki 1498.33 1625.67 1590.67 1 548.67 1 543.67
k> 161833 1599.00 1711.67 1 736.00 1 694.00
ks 1751.67 1643.67 1566.00 1 583.67 1 630.67
R 253.33 44.67 145.67 187.33 150.33
T4 PATIRRR PR GS 2 4L
Table 4 Parameters of sandblasting test for the threaded rod specimens
215 A B/(mm/s) C/mm T3/ (r/min)  WERPYUEL D/MPa E/(kg/min)
H1 0.50 6
H2 0.55 4
F1 M| T WA#180 10 100 20 4
H3 0.55 6
H4 0.55 8

H5
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Fig.2 Detection results of the threaded rod specimens
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Fig.3 Comparison of thread surface morphology before and after sandblasting
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Fig.4 Comparison of thread profile before and after sandblasting
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Table 5 Thread size comparison before and after sandblasting

HM%/mm H42/mm

R HER/% ——— — R —
8 UV wR wOE WA WS
H2 >100 88.718 88.692 86.680  86.650
H3 >100 88.704  88.676 86.675 86.640

B - R EWA#1805 AL, AR FE 2 M B 10 mm/s,
A 5 TAFHE 25100 mm, HUEMIEZS K 770.55 MPa,
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