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Abstract: The problems caused by defects in complex castings are particularly serious in automotive core part
manufacturing and other key areas, which makes it urgent to predict the defects of complex castings and improve their
production quality. In this paper, aiming at the problem of serious imbalance in the production data of complex 6DM
cylinder block castings, such as those of pores and sand holes collected during the actual casting process, the defect
prediction of complex 6DM cylinder block castings based on data synthesis and machine learning was studied, and the
research status of artificial neural networks and complex casting defect prediction was combed. Combined with the on-site
production situation of enterprises, demand analysis was carried out, and the production data of 6DM cylinder block
complex castings were obtained. The synthetic dataset created based on the synthetic minority oversampling technique
(SMOTE) algorithm was adopted as the dataset of the training model, which achieved a prediction accuracy of 99.37%.
The results show that the constructed defect prediction model can accurately predict the defects in complex castings.

Key words: 6DM cylinder block; defect prediction; unbalanced data; data synthesis; SMOTE algorithm

FREIRGAFZ N T MR BB AefLAREEE IS BO B R, R, X B
W LRSS [ R v 2 G, Joh  DIHLIE e PR T B 000 , 4% Hh S B IS (o] 2 Akt D 3k A
SHHLAL AR 5% 0 S5 AR ML B AT 20 B 1 A2 0™ R TR A PR AR SR IO AR, PR 28 AR M
32 A5 T R B OE R AR AL R IR YRR L BRAkaE . AT, S Akl F R X SR

%% B #9:2023-07-03

E£WMAB: {EKE AL ITR(2020YFB1710100) 5 [ 5K I $A B 2% 5 42 (51905188, 52090042, 51775205)

TEHE B TAL M, 1970 4548, IE S 9 TR, 3228 N F B 18 ok BC7 B BRI L R A & T./E. Email: wes_fe@faw.com.cn

S| AR L AL IE AR R AR, AR SR T BUE G  S AL 2 S 1) 6DM AR AR 52 2% B4 1 Bk TN [J]. 45 3 B R, 2024, 45(2): 173-
178.
WANG C S, FENG X C, PAN X Z, et al. Defect prediction of 6DM cylinder block complex castings based on data synthesis and
machine learning[J]. Foundry Technology, 2024, 45(2): 173-178.



<174 FOUNDRY TECHNOLOGY

Vol.45 No.02
Feb. 2024

TR B A A 0 B4 R R A 7 1Y B 2
HEAT A AN | (F R X T B 38 i 1Y) A2 2% B A1 s
W -0 A 38 Ry A FOR SCHE e D) S LA 2 A1
A ke o T HL A R R

N T 25 M 2 (artificial neural networks, ANN)
S — PR F Ol N AR B AL BRI BT R A
B (I T2 S 805, 38 i b b 2 ) 4% i AT L AR
2] CREME D RS A M 5¢ A R s A R T 2K
BRI o SRR SN TR AR B 1 1 B A R
A TPROCRE BRI T R TR EAR M B S
BALR R R ik, B T TS EUR IR
Lo 00y 7 5 11— B fig % DL s ofi o b 75000 G 5 TP
BOIE e 71 077 8 T N T 28 I 4% LA AR i 42
P 265 P b RS AU S0 9 A R 00 S 38 B 77.623% 1
71.693%, Lt 13 A A9 T v 3 5 1 19%2A b
gk WY AE S TP R B TN 2 A LR A A
B, I ABILES 27 2T, >R FHRR o T4k 3807 3 Ak 3 7 i
R A, 2B A T R s B A A, 4 i
T A FEUA 25 I % D ST 1 A LRI 4 A R . R
BT R 2 BRAH 75 2R HYOLOV3 A A Bl i 46 I 114
FERNGA VL PR T — bR S A Y 3 T 2 1 B
I A g L R A B S B XA B 1 A 0
v I I A P IR AL B T 22 I A R I AL
o) 245 A5 It 0T 0 A5 AU R 22 70 1] 45 906 B 5 T R 45 A
T SR ASE Y | 5 FH AR A S 1 4 ) X 0 ASE 7Y S B i
Al 2 B0 AR 5 3 2 7 ok R AT U 1RG0
AR S0 | 3 0, Wang &8 1 &1t
B AT TSR A D 22 R 2% vh 31 S50 A M A 2 T
Jok il A #2225 (PCNN), 32 1 1 3 5 Bk b #l 5 b
25 M 2% (QPCNN),, Kumarh T 85I dE LM 8l )1 &
g, TR AR s R S0 R i8I pi-sig-
ma M2 M 2% Solis-Pérez 25 HY T —Fh 3 1 XUl
YT TG 1) Ay 35 48 250 ok 85 1 7 L A% 38 R 2. Shi
SIS IR T I AT S SR i A T A B R R Y b 22
W 2% 77 1% , A0 45 Hopfield it 28 (9 2% | [ #h 28 ) 25 11
BA SR M2 4 w2y X 3 MG 4

FR B A% A () T, R T AR T B AL A
T A T A D 2 R 4 AR
Shen ZEUIE I T A AR D #2245 tanh AU &
88 B 0% PRI EX tanhLU

L5 B RTIR N TN I 445 A S i A AR 1Y
RS o AR SCE N T 22 W 28 07 046 X8 9 1R A7
SREA TN , i T 2086 1 H BB 1 SC BB I o E o
SRR ORTT I R A i R AR T AR B
FRAR R B AR 4R AR AR M 22 TR AR

1 HHREE AT KRS

1.1 6DM SEKHEH N 45

6DM AT A A2 B8 54 3 > B 0 FE A B R
274 kg, FEREE Smm, EHLEHL BB CA6DM
ROV NVUGTAR BRI, BNl E Rtz )
B 11-13L K5 J1 53l , ELA 6 Gl KR M =i &
Shil, NG 10 TELEL, R ENRTE, B
CA6DM & ShHLHE 0 AE — IR . 5 S i 55 ) &
Wi, ENRE R4 b 6DM SUETIR S = 4R K
1 i,

Bl 1 6DM “Tii fA 95  — 4t [4]
Fig.1 3D diagram of 6DM cylinder block casting
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Fig.2 Defects in castings at the production site: (a) qualified castings, (b) porosity defect in castings, (c) blister defects in castings
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Tab.1 Raw data of the 6DM cylinder block

ek Bl BEE w(© w(Si) w(Mn) M&1m§w@omoan@M&)wwuamWMDM%)@E Pt %ﬁ i

Jem HR AL H 1 Y% % % % % % % 1% % % % 1% 1% LRI BT A

/T /MPa kg /%

s Ees  5-C1 2021/4/8  3.15 1.94 0.64 0.08 0.01 0.18 0.65 0.01 0.07 006 006 0 0 1428 127 270 1.30

57/ WIS 6-C1 2021/3/19 3.15 1.94 0.64 0.08 0.01 0.18 0.65 0.01 0.07 0.06 0.06 0 0 1426 133 270 1.30

2021/3/19 3.15 1.89 0.60 0.11 0.01 0.18 0.66 001 0.07 0.06 005 0 0.0l 1436 122 270 130

2021/3/19 3.15 1.87 0.72 0.09 0.01 0.18 0.66 0.01 0.08 0.06 0.07 0 001 1429 134 270 1.30

57/ WP 6-C1 2021/3/19 3.12 191 0.69 0.09 0.01 0.18 0.65 0.01 0.07 0.06 0.06 0 0.01 1426 125 270 1.30

58/ Wb 6-C1 2021/3/19 3.12 191 0.69 0.09 0.01 0.18 0.65 0.01 0.07 0.06 0.06 0 0.01 1426 125 270 1.30

59/ WP 6-C1 2021/3/19 3.12 191 0.69 0.09 0.01 0.18 0.65 0.01 0.07 0.06 0.06 0 0.01 1426 125 270 1.30

60/ PN APIR  6-C1 2021/3/19 3.12 191 0.69 0.09 0.01 0.18 0.65 0.01 0.07 0.06 0.06 0 0.01 1426 1.25 270 1.30

61/ Wbk 6-C1 2021/3/19 3.12 191 0.69 0.09 0.01 0.18 0.65 0.01 0.07 0.06 0.06 0 0.01 1426 125 270 1.30
T :C JC R & i Bk ik 370 BT 75 21

* 2 6DM SHE G ERFHHES

Tab.2 Chemical composition of the complex castings of the 6DM cylinder block
(mass fraction/%)

Mo Sn \% Zn Al Pb
0.01 0.07 0.06 0.05 0.004 0.01

# C Si
1.89

Mn S P Cr Cu
0.60 0.11 0.01 0.18 0.66

R IODMSHGERFHHETRES RELIE
Tab.3 Production and quality data of complex castings of the 6DM cylinder block

A7 R e JB i B0 (O R i )

GETEIRIE  AbOSBRE HETROK gy RIEPE SR RIPRT IR RUAMK Sy B - RRE 55BN RURSR bR AR KB UL R
/'C /MPA 1% 1% /MPa 1% /MPa /MPa (HC)

1436 1.22 0.13 36 2.8 2.7 9.4 9.4 61 100 010 001
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Tab.4 Comparison of data volume before and after data

synthesis
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Tab.5 Detailed values of the loss value and accuracy with
respect to the number of iterations

IAUEL INGRARHER A INGRAEIR N MR ERf A MBI

1000 99.28% 3.42% 99.35% 3.71%
1100 99.45% 2.97% 98.90% 4.28%
1200 99.32% 3.18% 99.61% 2.97%
1300 99.42% 3.12% 99.16% 3.07%
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Fig.5 Visualization results of the model accuracy and loss value: (a) 1 000 times, (b) 1 100 times, (c) 1 200 times, (d) 1 300 times

4 L5k

5T SMOTE 53k B d 176 st 4 fig e 1
B AR S 1) 0, Ay A2 2% 6 AP e o T 00 A 7R 4R 3L 31
SRR o BN Al 6 B % s e B TR 1 K
PR T 5 2% % P 0 o 0000 A AR SF- 357 3 00 94 1 >R 8
1 99.37% , vt W1 1 52 5 55 11 Bk i Tl A5 7Y i 4%
WEBA EAT B2 24 5 AR e B TN

SE WK

[1] B TR, P ne T, 45 25T X5 2R 800 B 1R i R RE AR
W51 50 T W o i R (D). #53,2022, 71(6): 709-718.
WU B, JI XY, SUN X L, et al. Research progress on intelligent
detection and recognition methods for casting defects based on
X-Ray images[J]. Foundry, 2022, 71(6): 709-718.

[2] skoofe, LR E. H R AR A R B 23 AT AT Y PR A
BEBLAE B A5 AR A DR D], #53 ,2021, 70(1): 133.
ZHANG Y H, WANG L L. Study on defect analysis of ultrasonic

flaw detection of castings-comment on ultrasonic flaw detection of
large cast and forged parts and structural parts[J]. Foundry, 2019,
70(1): 133.

[3] SWARWI, A2 2298 45 HLAS L BE B A 70 6 1 5t I A6 0 v 1 1
JH[I]. WRHLS 3l )3 %65 2022, 39(3): 91-95.
GUO ZM, LIJ, LIS, et al. Application of machine vision technol-
ogy in casting defect detection[J]. Internal Combustion Engine &
Powerplants, 2022, 39(3): 91-95.

[4] SRIFAE, 5 A % R A 4 B T2 Metropolis I ) 94 7% 30 15 1
AB[I]. LA T 55 1 7, 2021(8): 240-245.
ZHANG J Z, WENG Y H. Aluminum alloy casting technology op-
timization based on bee colony algorithm fused metropolis criteri-
on[J]. Machinery Design & Manufacture, 2021, 366(8): 240-245.

[5] LUF, LIANG Y C, WANG X Y, et al. Prediction of amorphous
forming ability based on artificial neural network and convolu-
tional neural network[J]. Computational Materials Science, 2022,
210: 111464.

[6] kAW, BT P BT A i A B 48 I 4 1Y B 2 A A A
FL R B PR T (7). RE D A B 4, 2020, 40(8): 841-
845.
ZHANG J M, LIAO D M, SUN F. Fast prediction method of
casting shrinkage defects based on fully convolutional networks[J].
Special Casting & Nonferrous Alloys, 2020, 40(8): 841-845.

[7]1  WeAH . 3k 1 IR B 2% 2 19 19 T 4 55 1 6l B & I 53 3% AT 5% (D).
K KT K4 ,2020.
CHEN X J. Research on the defect detection for turbocharger cast-



<178

FOUNDRY TECHNOLOGY

Vol.45 No.02
Feb. 2024

[8]

9]

[10]

[11

—

ing based on deep learning[D]. Dalian: Dalian University of Tech-
nology, 2020.

S5 B TR I 2 1 465 1RSI T AR B AT 5 [D]. 48 5L L A
IR %:,2021.

LI Z H. Research on model temperature prediction based on recur-
rent neural network[D]. Qinhuangdao: Yanshan University, 2021.
WANG Z B, XUM Z, ZHANG Y N. Quantum pulse coupled neu-
ral network[J]. Neural Networks, 2022, 152: 105-117.

KUMAR R. A lyapunov-stability-based context-layered recurrent
pi-sigma neural network for the identification of nonlinear systems
[J]. Applied Soft Computing, 2022, 122: 108836.

SOLIS-PEREZ J E, HERNANDEZ J A, PARRALES A, et al. Arti-

ficial neural networks with conformable transfer function for im-

proving the performance in thermal and environmental processes
[J]. Neural Networks, 2022, 152: 44-56.

[12] SHI'Y,ZHANG Y Y. The neural network methods for solving trav-

[13]

[14]

eling salesman problem[J]. Procedia Computer Science, 2022, 199:
681-686.

W2, . BT IO 4% 1 A AR 2R WA R A s R AR O AL BT
FE[]. BT T 20,2021, 50(7): 81-84.

YU H, XIAO L. Study on casting performance optimization of alu-
minum bronze for building decoration based on neural network[J].
Hot Working Technology, 2021, 50(7): 81-84.

SHEN S L, ZHANG N, ZHOU A N, et al. Enhancement of neural
networks with an alternative activation function tanhLU[J]. Ex-

pert Systems with Applications, 2022, 199: 117181.



