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Table 1 Chemical compositions of raw and final molten ductile cast iron W /%
TiH c Si Mn P S Mg RE
IR 3.7~3.9 1.6~1.8 <0.3 <0.04 <0.02
LB 3.6~3.8 2.6~2.8 <0.3 <0.04 <0.01 0.035~0.055 0.007~0.012
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Table 2 Chemical compositions of spheroidizing agent

and inoculant for test Wg /%
TiH Si Ca Ba Mg RE
BRIEF 46 25 1.0 7.0 1.5 (La65Y35)

PER 73 1.0 1.5 (La65Y35)
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Fig. 1 Thermal analysis round cup and thermal analysis square cup
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Fig. 2 Multi-channel thermal analysis detector
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Fig. 3 Measuring of shrinkage rate by using of drainage method
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Fig. 4 Cooling curve of hypoeutectic ductile iron

RIE X E B FRD A — Lo XY [
MEZRHIHE, RROGEENREBFREE W 4EE
BRI RAZIMANE, ARIE I AR B FFF
KRB RAIBRY . ISR EENS
MANER3FRR o

2.2 FRMBRACRRIEIFIRE

EAS T EHFZRITFRARBER T LS EE
ZAEEHERBFFANERGEN, SPSSH4E
NESHR ENAHTZHFRIT TR, e ED
AMIFTEREFES, BXMEST. kbt B3
DTS . ANXHFBSPSSHAERNEIEMIET B, #1T
HEEXDHAMEGT, BERTSNEZTSZ BN
MXER, REHTEIADH, BEIEFEE,

FEREADS, BXMEREETEZAXEKREE
AIIEIR . B SR A& EEIFILERB XD
ERWNEAFTR

FRATPHFHRRSHZEIBEXNE (R,) « RIE
s, BXMEE, FHFRREEEX, AHFERR
EiEX. RFRATH, BREERSIFIMETEU. A THIEX
RIS, H38052281-0.957, HEESESRE,

R3 ASIMHEFIEREESX
Table 3 Characteristic values and meanings of thermal analysis curves
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Table 4 Calculation results of correlation coefficients for

the spheroidization rate
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Fig. 5 Relationship between nodularity and characteristic values
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Table 5 Estimation results of the curves between
characteristic values and spheroidization rate
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Table 6 Comparison and analysis of the predicted based on the mathematical model and real spherodization rate values

TL TEU TER AT SHMERTEA % TOMER L% AN IR 221%
1144.75 1139.24 1143.82 4.58 74.50 76.99 3.34
1145.99 1141.37 1145.94 4.57 76.10 75.88 0.29
1143.55 1139.98 1144.42 4.44 75.10 77.12 2.69
1141.08 1140.95 1148.67 7.72 63.80 64.91 1.74
1138.37 1137.09 1147.46 10.37 60.40 60.48 0.14
1149.09 1142.32 114591 3.59 76.70 79.06 3.08
1145.96 1139.28 1145.36 6.08 71.00 71.39 0.55
1143.62 1141.56 1146.78 5.22 73.70 73.35 0.48
1144.37 1142.74 1147.24 4.50 75.30 75.40 0.13
1152.87 1137.93 1140.58 2.65 85.30 84.83 0.55
1153.69 1137.78 1141.77 3.98 82.10 80.02 2.54
1148.30 1148.30 1150.60 2.30 82.01 80.51 1.83
1147.90 1147.90 1149.50 1.60 83.36 83.08 0.34
1146.70 1146.70 1149.50 2.80 82.26 79.60 3.24
1159.79 1137.39 1146.97 9.54 60.70 61.92 2.01
1159.05 1136.36 1146.78 10.42 60.00 60.79 1.31
1143.90 1141.78 1144.22 2.45 81.20 83.49 2.82
1139.68 1139.68 1143.36 3.69 79.80 80.11 0.39
1142.13 1142.00 1145.70 3.70 77.10 78.81 2.21
1144.90 1144.90 1145.80 0.90 88.05 86.86 1.35
1142.42 1137.56 1143.39 5.83 75.00 73.22 2.38
1146.20 1146.20 1147.10 0.90 87.22 86.16 1.22
1145.30 1145.30 1146.60 1.30 85.84 85.43 0.48
1148.99 1136.95 1140.85 3.91 79.40 80.75 1.69
1143.20 1143.20 1144.20 1.00 86.29 87.47 1.36
1140.68 1140.68 1144.52 3.84 78.90 79.00 0.12
1141.41 1141.42 1143.83 2.41 83.14 83.80 0.78
1140.13 1140.13 1142.55 2.42 83.27 84.47 1.42
1143.12 1143.12 1144.89 1.77 84.60 85.08 0.57
1139.75 1139.75 1141.67 1.92 84.55 86.37 211
1141.01 1141.01 1142.71 1.70 86.29 86.44 0.17
1142.04 1142.04 114551 3.47 79.77 79.66 0.15
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Fig. 6 Relationship between shrinkage rate and characteristic values
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Table 7 Calculation results of correlation coefficients of the
shrinkage rate
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Table 8 Estimation results of the curves between
characteristic values and shrinkage rate
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Table 9 Comparison and analysis of the predicted
based on the mathematical model and
real shrinkage rate values
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GlGI%  GlGI%  GJGI%

R Y% ARV %
16.9 26.8 84.2 2.629 2.650 0.782
20.2 34.2 89.7 2.756 2.790 1.246
18.4 36.2 92.2 2.721 2.720 0.055
15.75 311 85.3 2.721 2.668 1.905
21.0 27.6 78.0 2.712 2.688 0.872
26.2 35.9 86.4 2.771 2.784 0.473
12.6 24.4 88.4 2.476 2.473 0.103
12.4 39.2 88.0 2.677 2.679 0.078
14.8 33.4 92.5 2.669 2.687 0.656
25.8 33.8 77.2 3.292 3.301 0.268
27.2 39.4 87.0 3.351 3.334 0.504
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Spheroidization Rate and Shrinkage Characteristics Prediction of Ductile
Cast Iron Based on Thermal Analysis Technology

BAI Yu-xuan', YE Han', GU Jia', YANG Ming-hao*, LI Shi-lin?, ZHU Fu-sheng®
(1. College of Advanced Manufacturing, Nanchang University, Nanchang 330009, Jiangxi, China; 2. Longnan Longyi Heavy Rare Earth
Science and Technology Co., Ltd., Ganzhou 341001, Jiangxi, China)

Abstract:

In order to solve the problem of high rejection rate caused by casting defects such as shrinkage cavity, porosity
and poor spheroidization and so on in the production of ductile cast iron, a study on the spheroidization
rate and shrinkage characteristics prediction of ductile cast iron based on thermal analysis technology was
carried out. Using a specific thermal analysis sample cup for molten iron sampling analysis, after pouring
the target component molten iron, a multi-channel temperature acquisition system was applied to record the
solidification temperature curve of the sample, and the characteristic temperatures of liquidus temperature 7L,
eutectic minimum temperature TEU and eutectic maximum temperature TER were calculated. Using these
characteristic values as variables, the mathematical models for predicting shrinkage rate and spheroidization
rate have been established through multiple linear regression method. After on-site experimental testing, the
average prediction errors of the models for the shrinkage rate and spheroidization rate do not exceed 1% and
2%, respectively.
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thermal analysis; ductile cast iron; shrinkage tendency; spheroidization effect; regression analysis
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