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Research and optimization on thermal forming process for a steam turbine blade

Luo Yingna
(School of Mechanical Engineering and Automation, Chongqing Industry Polytechnic College, Chongging 401120, China)

Abstract: To improve the thermal stamping quality of a certain steam turbine blade and reduce trial-and-error costs, the stress-strain
curves of X2Crl1 steel at different temperatures and strain rates were obtained by isothermal thermal compression tests, and a high-preci-
sion Hansel-Spittel constitutive model was constructed. Isothermal compression results indicate that the temperature and strain rate have
significant effects on stress in material. Then, based on the established constitutive equation, a numerical simulation model of thermal
forming for a specific steam turbine blade was constructed. The problem existing in the original process was preliminarily analyzed inclu-
ding uneven sheet thickness and considerable springback effect. Finally, an optimization strategy based on Latin hypercube, finite element
simulation, Kriging model and genetic algorithm was proposed. The maximum springback amount is successfully controlled within
1.5 mm, and the maximum thinning rate is controlled within 3. 3%. Production trial production shows that this strategy significantly im-
proves the forming quality of steam turbine blades and reduces the trial-and-error costs. Thus, the research results provide an effective
guarantee for the high-quality production of steam turbine blades.
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Fig. I True stress-true strain curves of X2Crl1 ferrite stainless steel at different temperatures and strain rates
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Fig.2  Comparison between test and fitting true stress-true strain curves for X2Crl1 ferritic stainless steel at different temperatures and strain rates
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Table 3 Finite element simulation parameters
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Fig. 4 Stamping simulation results of original process

(a) Forming limit distribution
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(¢) Springback distribution
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Fig. 5 Distributions of sampling points in sampling space
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(a) Heating temperature and friction coefficient

(d) Friction coefficient and blank holder force
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(b) Heating temperature and blank holder force

(e) Friction coefficient and holding time

(¢) Heating temperature and holding time

(f) Blank holder force and holding time
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Table 4 Schemes and results of Latin hypercube test

PR R BRI EC R B BRJR R PR AR
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1 869.28  0.33 686.89  339.39  0.0318
2 856.40  0.28 554.72  506.10  0.0289
3 920.22  0.30 648.46  417.00  0.0322
4 851.32  0.27 569.32  382.66  0.0292
5 902.08 0.3l 879.27  498.96  0.0339
6 881.12  0.35 547.75  362.07  0.0310
7 870.69  0.30 604.97  512.17  0.0297
8 912.22  0.29 531.27  314.68  0.0314
9 874.36  0.33 635.15  307.47  0.0316
10 862.65  0.25 523.01  399.29  0.0289
11 893.47  0.34 822.13  323.74  0.0346
12 864.29  0.25 792.39  559.75  0.0306
13 942.78  0.29 668.28  539.38  0.0327
14 915.19  0.32 629.76  438.70  0.0320
15 934.56  0.30 591.29  355.49  0.0330
16 926.90  0.28 731.59  473.28  0.0327
17 931.57  0.27 509.12  461.44  0.0309
18 907.91  0.31 793.88  525.02  0.0329
19 924.40  0.34 760.02  459.51  0.0344
20 916.92  0.32 703.49  596.86  0.0321
21 879.49  0.35 846.50  573.58  0.0333
2 891.98  0.26 865.26  582.14  0.0320
23 938.96  0.29 678.98  427.11  0.0333
24 857.69  0.26 769.23  405.02  0.0308
25 887.03  0.30 744.60  541.82  0.0314
26 885.03  0.32 714.96  374.05  0.0322
27 943.98  0.27 847.97  344.64  0.0361
28 905.58  0.32 897.97  486.69  0.0346
29 948.17  0.27 817.43  565.88  0.0341
30 898.70  0.34 609.45 442,06  0.0315
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(a) Heating temperature and friction coefficient ~ (b) Heating temperature and blank holder force
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0.033 T ————
%}%:}%l%g /NI
) 0.032 f — = = PIEE
saew | [ &R 0031 h
i e il |
! i B 0030-\\
BIEIS | owm = oex o mR | S |
: = 0029f
on e ! F/ME: 0.0268637
s 0.028T1 ! S 0.0269131
= 0.027 | -
3R
LB 0 10 20 30 40 50 60 70 80 90
HEALAREL
(a) (b)

7 BEFEeR R (a) Ffifbdistthiz (b)
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