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Simulation of in situ heat treatment processes for large equipment
using a heat treatment test plate
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Abstract: To establish a localized heat treatment technique, a heat treatment test plate capable of withstanding
destructive testing was developed. Through boundary condition analysis, the equivalent boundary conditions for
both the heat treatment test plate and the process equipment were determined. The numerical thermal simulation
method, implemented by ANSYS software and validated through experiments, was employed to analyze the heat

treatment process for the test plate and the corresponding equipment. The results demonstrate that the temperature
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distribution and holding temperature of the test plate align closely with those of the equipment, confirming the
feasibility of deriving the equipment’s heat treatment technique from the test plate results. However, the complex
manufacturing processes of the test plate make single-use applications economically unviable. To enhance its
utility, thermodynamic and heat transfer calculations were used to formulate equations for test plates with varying
materials and thicknesses. These formulas allow for the determination of heat treatment techniques for equipment
of different materials and thicknesses using a single test plate. The results indicate that the temperature gradient
across the plate thickness increases with thickness, and when the thickness exceeds 120 mm, single-sided heating
may cause treatment failure due to excessive temperature differences between the two sides. Moreover, material
properties such as specific heat capacity and thermal conductivity influence the heat treatment process: materials
with higher specific heat capacity have lower thermal conductivity, and higher heat treatment temperatures require
longer processing times and greater energy consumption.

Keywords: heat treatment test plate; in situ heat treatment; process equipment; heat treatment process
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Fig. 1 Schematic diagram of partial heat treatment
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Fig. 2 Places of temperature measuring and Fig. 3 Places of temperature
controlling on surface measuring in middle
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Table 1 Temperature control requirements and estimated time of the experiment

R JE /°C IR K TR It [A] /h
HR~300 AT ) T IR R R AR XL B 2 0.5
T BE (B4 :°C/h) : 45
300~600 7.2
X AT K B 4 600 mm N IR 25 A KT 120 °C
600~640 AR N I v 5 AR 2 22 A K F 80 °C 3.0
600~300 R 3 3 B (B0 . °C/h) 55 5.8

x2 BERALBHBESHBALETEZ

Table 2 Local heat treatment process of circular test plate

X HR/W
i B Ak P[] /h T BE/(W-m™)
& ]
e T B B 1.0 15 000 3750 3750
% 3 T B Bt 7.2 10 500 2625 2625
P T B B 3.0 8100 2025 2025
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BRI ST BRI 70 min J5 19 42 JRy R R R 7 B 5 Ak 1) JRy 0 L B an 1 5 FTE] 6 T .

L

211 258 305 353 400 447 494 545 589 636 403 429 455 481 506 532 558 584 610 636

Bs5 KERETHELBEE/ C 6 XHRIREKE 500 mmx500 mm 3 Bl /FEE E/°C
Fig.5 Temperature distribution of test Fig.6 Temperature distribution of

plate after holding central part after holding
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Table 3 Comparison of experimental temperature and numerical temperature of the test plate °C
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5 T PR A 630.0 640.0 632.0 636.0
b R T 000 3 R 612.0 626.0 614.5 623.0
IR R 610.0 626.0 611.0 623.0
FP I L A FE 572.0 578.0 586.5 580.0
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Fig. 7 Model of test plate and process equipment for local heat treatment
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Fig. 10 Modelling and meshing of rectangular test plate
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Table 4 Thermal conductivity and specific heat capacity

PR FH/(W-(m-°C)™) R /(- (kg-°C) ™)
LB /°C
Q345R ALSIO, Q345R ALSIO,

0 53.40 0.068 0 443.8 0.88
100 50.25 0.073 5 468.9 0.88
200 46.05 0.079 0 494.0 0.88
300 41.81 0.084 5 519.2 0.88
400 41.03 0.090 0 5443 0.88
500 37.68 0.1115 569.4 0.88
600 3433 0.1330 594.5 0.88
700 31.10 0.154 5 619.6 0.88
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Table 5 Local heat treatment process of rectangular heat treatment test plate

N O R/ [y | RS A T PR A TN BT 2 W
K Bt Kb 3RS ] /h .
W-m?) PA A A1 PA A A1
e T B B 1.00 12 500 1875 1875 64 800 67 000
12 3 T B B 5.20 8500 1275 1275 44 100 45 600
LA TR B B 2.44 6 100 915 915 31 600 32 700
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Fig. 11 Comparison of temperature in thickness direction at different positions after holding
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Fig. 12 Temperature of test plate and process equipment during heat treatment processes
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Fig. 14 Simulating heat treatment process of test plates with different thickness
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Fig. 15 Simulating heat treatment process of test plates with different materials

ST T il R A A B AR A A0 5 A R A A R BT SR Y S M B AR iR e T AT AT L T

AR A T 2 1 B R A% BT B 90 i SR FH — ol L AR JEE B2 b b 3835 Al ] A AL 22 Ao ek R JRE 2 AR A E Bk
HMTZ. HRILUT ERE5E

Yyl

1) 3 3 3 J7 1) B 30 50 2% 1 25 280 S A i B AR 5 o R s TR A RN 2T IR A L RS S
A BE JRE T3 1o ik B — B, o AR ] Py A v il PR — i, PR A PO A L P R — IR B R] ORI T B Ak

PR AR PA P T B 0 e 5 R (A DA i R B PV B R T

2) TR A R AL A SR B A 45 R L5 0 EORE DL AN SR AT A S B D) ARONBE JRE T ) 3 22 T 5

25 AT DU ALLAN ] B4 A8 RITAS [ J52 52 R Ak A 4 B A T2

& % ik

(1]

¥ 75 R, Bk 4, R e, A R B A (AR E UL BIT]. AL T A ROR, 2009, 30(4): 41-43.

Yang X F, Duan Z J, Yang L N, et al. Heat treatment after weding for large scale equipment[J]. Chemical Equipment
Technology, 2009, 30(4): 41-43. (in Chinese)

PR 1L, TS, R, A5 R R O 2 g 1 I3 LR BOR B R[], h EAL L3 4, 2011, 13(4): 34-38.

Chen Z S, Feng Z P, Chang C, et al. Discuss on the technique of field manufacture about ultra large-scale pressure vessel[J].
China Chemical Industry Equipment, 2011, 13(4): 34-38. (in Chinese)

bR, T, AEAE . ORUK AR K UL I R L BN T 2 [0). AR AL HLIB R, 2023, 46(3): 14-17.

LiJ L, Wang F, Li H. On-site processing technology of stay ring power station of large hydro-generator unit[J]. Mechanical &
Electrical Technique of Hydropower Station, 2023, 46(3): 14-17. (in Chinese)

BUARGR, ZEATIAN, BSF My, SF . ARHER AR N ) 7 A ISR A3 A BT BR O 1 (], HLHLAE B, 2018(18): 115-116.

Huang H Q, Li B S, Wei S P, et al. Cause analysis and elimination method of welding residual stress[J]. Mechanical and
Electrical Information, 2018(18): 115-116. (in Chinese)

Yaghoubi S, Shishesaz M. A novel approach to investigate transient stress distribution caused by fiber breakage in simple and
hybrid composite materials[J]. Journal of Failure Analysis and Prevention, 2023, 23(1): 325-338.

B TE AR B R AR BF ST [D]. s B TR %, 2006.

She C L. Research on residual stress of welded structure[D]. Wuhan: Wuhan University of Technology, 2006. (in Chinese)
RS, T ok AT AR R AN g B AR R D). IR Tk R, 2016, (6): 9.

Zhao J, Bian B. Analysis on the generation and influence of welding residual stress[J]. Shandong Industrial Technology, 2016,

(6): 9. (in Chinese)



66 TR XK FFIR % 48 £
[ 8 ] Zhang M, Gao C Q, Wang C H, et al. Fracture failure analysis of a lightning rod on a substation frame considering residual

[10]

[11]
[12]

[13]

[14]

[15]

[21]

[23]

[24]

[25]

thermal stress[J]. Engineering Failure Analysis, 2023, 154: 107679.
Padasale B, Rakshan Kumar J K, Sondar P R, et al. Failure analysis of cooling tower fan-arm[J]. Journal of Failure Analysis
and Prevention, 2020, 20(4): 1417-1425.
Thomas D J. Analyzing the failure of welded steel components in construction systems[J]. Journal of Failure Analysis and
Prevention, 2018, 18(2): 304-314.
Kasl J. Failure analysis of a cracked tram axle[J]. Journal of Physics: Conference Series, 2023, 2572(1): 012002.
Chen S G, Zhang Y D, Wu Q, et al. Residual stress relief for 2219 aluminum alloy weldments: a comparative study on three
stress relief methods[J]. Metals, 2019, 9(4): 419.
Lv T, Zhang Y D. A combined method of thermal and vibratory stress relief[J]. Journal of Vibroengineering, 2015, 17: 2837-
2845.
Li F, Chen G, Dong T L, et al. Microplastic deformation activating residual stress relief for Al alloy[J]. International Journal of
Mechanical Sciences, 2023, 254: 108446.
A, TR, T, & IRSIBTRCE R 05T K & SR [1]. MLUR 5K, 2007, 35(7): 225-228, 244,
Han D, Tan M H, Wang W M, et al. Research and development of vibratory stress relief[J]. Machine Tool & Hydraulics, 2007,
35(7): 225-228, 244. (in Chinese)
Xiu L, Liu Z H, Lv G, et al. Remove welding residual stress for CFETR vacuum vessel by trailing ultrasonic impact treatment
[J]. Journal of Fusion Energy, 2018, 37(4): 193-199.
FRRK . RASINRLEIR AN A S FE[D]. AR E T E AR (B R), 2020.
Wang H T, Calculation and control of residual stress in hoop weld joint of super large pressure vessel[D]. Dongying: China
University of Petroleum (East China), 2020. (in Chinese)
Krishnan K N. The effect of post weld heat treatment on the properties of 6061 friction stir welded joints[J]. Journal of
Materials Science, 2002, 37(3): 473-480.
SR . R A A B A B 4L 0 B[], 2 s AE B HOR, 2020, (1): 195,
NiJ D. On-site assembly welding analysis of large container equipment[J]. Equipment Technology, 2020, (1): 195. (in Chinese)
TP UL, BUAF M | A e R A A0 T B R ). v R S AR, 2023, (7): 128-130
Yu B J, Huang M Y. Welding quality analysis and control suggestions of pressure vessel[J]. China Plant Engineering, 2023, (7):
128-130. (in Chinese)
Sk, 5K 22, XU, 2% R ) A0 an I a AR BRAGR3T []. fhse TR S 4, 2017, (2): 51-54.
Ma Y S, Zhang X L, Liu Bo, et al. Heat balance calculation for post weld heat treatment of pressure vessels[J]. Chemical
Engineering & Equipment, 2017, (2): 51-54. (in Chinese)
FIEE, Bk . 56 T 3 15 I B0 A P B S 20 BT (D], A TR 4R, 2013, 34(4): 40-41.
Wang Y J, Chen Y Z. Analysis on heat-treatment accident of underground waste oil tank[J]. Chemical Equipment Technology,
2013, 34(4): 40-41. (in Chinese)
Neidel A, Giller M, Riesenbeck S. How inadequate heat treatment or complete lack thereof can cause component failures[J].
Practical Metallography, 2023, 60(7): 461-475.
Liu X Y, Zhang D, Su H, et al. Numerical simulation and experimental study on heat treatment process of U20Mn bainite rail
[J]. Metallography, Microstructure, and Analysis, 2022, 11(1): 119-131.
BT . BR E AR EA BRA B R A T 55 A3 AT B AR (D], b TR IR TR, 2003, 25(6): 23-24.
Wang X L. Comparison of the different heating methods in the heat-treated spherical tank welded plates[J]. Chemical
Engineering Construction, 2003, 25(6): 23-24. (in Chinese)
SREAR, B0, R, 45 A335P92 U JR AR Puab B 1 3 AT BROTAEADAT 22 (7). $0In T. T2, 2018, 47(16): 208-211.
Zhang J L, Lu L, Zhu P, et al. Finite element simulation of temperature field of A335P92 steel pipe during local heat treatment
[J]. Hot Working Technology, 2018, 47(16): 208-211. (in Chinese)

(%% BER)



