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Tab.1 Creep test conditions and minimum creep rate of the CGI

WHEPC RJIMPa /MRS !

& = log, (10° & in)

300 2.407 0107 14.554 9
275 7.855 0x107 9.617 5
450 250 6.344 0x10™* 5.9873
225 2.135 0x10™ 44162
200 3.472 9x107° 1.796 1
275 2.664 3 18.023 4
250 3.432 0x107! 15.066 8
500 225 2.097 0x107 11.034 1
200 6.180 0107 92715
150 9.097 8x107° 3.1855
225 3.569 0107 15.123 2
200 7.110 2x1072 12.795 7
550 175 7.323 4x107 9.516 4
150 3.720 0107 8.539 2
100 1.896 8x107* 42455

1.2 IEEHBH%IETIRIEEIES

FHR 1 RTAT, fe/ MR AR SR SRR BT DG RO IE
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B 25 1 T T AS W R/ MG A ORI E A R 22 5 il
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T, U BE LRSS AR A4 5| e 0T 3 1 MCR
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Tab. 2 Effect of stress on minimum creep rate at the same

temperature
4
WRBET/PC W J] o/MPa Hai’{; H:%/}}:ll% * :Eﬁmkii"
200 3.4729x107° — —
225 2.1350x10™ 12.5 514.8
450 250 6.344 0x10™ 11.1 197.1
275 7.855 0x107 10.0 1138.2
300 2.407 0x10™" 9.1 2964.3
150 9.097 8x107° — —
200 6.180 0107 333 6692.9
500 225 2.097 0x1072 12.5 239.3
250 3.432 0x107! 1.1 1536.6
275 2.664 3 10.0 676.3
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100 1.896 8x107* — —
150 3.720 0x107° 50.0 1861.2
550 175 7.323 4x107 16.7 96.9
200 7.110 2x107 143 870.9
225 3.569 0x107' 125 402.0

#3 HEEATREN&/NMEETERRNZIN
Tab.3 Effect of temperature on minimum creep rate

at the same stress

By RE RN HIRHR /%
o/MPa T/°C &,/ T i
500 9.097 8x107° — —
150
550 3.720 0107 10.0 3988.9
450 3.472 9x107° — —
200 500 6.180 0107 11.1 17 694.9
550 7.110 2x1072 10.0 1050.5
450 2.135 0x107 — —
225 500 2.097 01072 11.1 9722.0
550 3.569 0x10™! 10.0 1 602.0
450 6.344 0x10™ — —
250
500 3.432 0x107! 11.1 53998.4
450 7.855 0107 — —
275
500 2.664 3 11.1 33818.5
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Fig. 1 Flow chart of the simulated annealing algorithm
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Fig.2 Schematic diagram of the BPNN structure
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Fig.3 Schematic diagram of the PHNN creep constitutive model
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Tab. 4 Parameter identification results of the summation form creep
constitutive model

R R U S8

TR R Q' =430810.84
R K, =1864x 107

RREEA "N, = 13.658
o S T K, = 1.700 x 10*'
7 7 PR RACREOE A B= 5483 x 107
K, = 6.739 x 10%
XU E 5% sRBOE D =5725x%107°

N, = 14.998
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Fig.4 Comparison of the predicted minimum creep rate of the CGI
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Study on creep rate prediction model of compacted graphite cast iron under
wide range of temperature and stress based on PHNN

MA Tian"?> JING Guoxi"?> XU Hongjing' TAO Shuai"> DONG Changlong’ HUANG Lirong’ MA Teng">
(1. School of Mechanical Engineering, Hebei University of Technology, Tianjin 300401, China)
(2. Tianjin Key Laboratory of Power Transmission and Safety Technology for New Energy Vehicles, Tianjin 300401, China)

(3. Hebei Huabei Diesel Engine Co., Ltd., Shijiazhuang 050081, China)

Abstract: [Objective] Aiming at the problem that existing models for predicting the minimum creep rate of compacted
graphite cast iron under wide temperature and stress ranges still have large errors, optimization research on the prediction
method was carried out to improve prediction accuracy and expand the application scenarios of the physical hierarchical neural
network. [Methods] Firstly, based on uniaxial tensile creep test data of compacted graphite cast iron cylinder head material
under 450-550 °C and 100-300 MPa, the influence law of temperature and stress on the minimum creep rate was analyzed, and
the core influencing factors were clarified; secondly, a physical hierarchical neural network prediction model adapted to creep
test characteristics was established, with a hierarchical structure of composite layer and stress layer constructed; thirdly, the
summation form creep constitutive model was adopted as the control, and model parameter identification was completed by
simulated annealing algorithm; finally, the prediction effect comparison and quantitative accuracy evaluation of the two models
were completed. [Results] The results show that the creep properties of compacted graphite cast iron under wide working
conditions show significant dispersion, and the influence of temperature on its creep damage is higher than that of stress. The
established model can constrain all predicted values of the minimum creep rate within the 2-fold error band of the test values,
and the prediction accuracy is greatly improved compared with the 3-fold error band of the control model. This model can
effectively adapt to creep rate prediction under wide working conditions, expand its application scope, and provide reference
for the analysis of high-temperature creep properties of compacted graphite cast iron.

Key words: Compacted graphite cast iron; Wide range of temperature; Physical hierarchical neural network; Creep
constitutive model; Minimum creep rate
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