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Table 1 Chemical composition of aluminum alloy
Si Mg Ti Fe Mn Zn Cr Al
0.4~0.8 0.8~1.2 0.15 0.7 0.15~0.4 0.15 0.25 0.04~0.35 R

TAER
i/ /A
fﬂﬂat —f ﬁ
) 7 —=======\4

BIFRG

1 BEREGEHIRRERS
Welding environment load discharge acquisition
system

2 RIiLIT

Fig. 1

21 EXRESH
R IR R R AR Z, AR
FE PRI L FR R R | AR R A5 TE AZ
By e A AR B0 U B B — b ity v A4
GTAW T 2455, SERRmems = B | SRzl o | 4
B[] | PR AR | B 1T TR R A R A i [
R, SRR 34K, SACFRE R, #H
B 53 52 PR KR S B T R 4 IR Lo 3T 1R T

27 iR, gk 2 PR, HaAm g R ansk 3 pR, Jf
XF G5 R AT J5 22 53 M, Wl O B R 0 HE O el

R T ARER I A5 ST, WS T U
53 ~5 W, AT 3 RIS R R 2 AT 20%, W
B 2 ¥R, DA U IR s SR A R AR A
22 HENH

THEA R I 25705 F L iR 2577 L 1222
H o AT, SR FAE, 36T .

Hoadfen] Fomh

nor2 72
SSi:i:1E_7 (1)
fi=Ki—1 (2)
K Sg B RBE W IR2ZE T/, T, 2R E K
SEHUE SN, K 245 R OKSE B2 B, TR B
M, n BB B, f SRR H .

T2
S17= ) AT — 3)
fr=n-1 @)
Se=S7-)Ssi (5)
fo=fr=)f (6)

Ko S B R R i 227 J5 i, A7 SR AR I 1
TRARE, fr 2T ARG HBE, S, RiR2EFI5
M, f, RARZE A HE.

%2 EXHBERRKAT

Table 2 Orthogonal factor test and level

K I d/mm BEERRIA B Al B A RO/ Lomin ') i ARE i P V(mms )
1 4 80 10 12 |j7 1.7
2 8 140 20 16 ViE 3.4
3 12 200 30 20 JeyE A 5.1
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Table 3 Orthogonal test results
G NOJKRHEE O3k & PM, s PM, ¥k J¥ 4 NOJKREE O ik PM, i PM, o i
5 Climgm’)  Cfimgm’)  Cymgm’)  Cymgm’) |5 Clmgm’) Cl(mgm’)  Cymgm’)  Cy(mgm’)
1 4.220 2.020 0.066 0.078 15 8.620 2.770 0.216 0.222
2 4.020 1.880 0.054 0.071 16 28.110 7.410 0.705 0.739
3 4.040 1.660 0.049 0. 060 17 27.840 7.930 0.650 0.684
4 10.650 3.730 0.350 0.359 18 27.370 7.530 0.539 0.574
5 10.700 3.610 0.330 0.371 19 15.900 6.060 0.119 0.125
6 9.960 3.400 0.273 0.309 20 16.260 3.770 0.198 0.210
7 24.110 6.620 0.653 0.725 21 15.080 4.650 0.119 0.125
8 25.530 7.370 0.643 0.691 22 38.620 14.390 0.957 1.061
9 25.680 6.170 0.613 0. 688 23 36.750 8. 640 0.651 0.758
10 17.140 5.050 0.162 0.181 24 36.580 10.940 0.679 0.812
11 15.740 4.200 0.119 0.133 25 27.310 9.090 0.811 0.949
12 15.320 3.420 0.121 0.130 26 28.700 7.160 0.781 0.935
13 8.620 2.350 0.216 0.222 27 27.320 7.710 0.725 0. 860
14 8.220 1.830 0.164 0.174
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Table 4 Variance analysis of NO, and O; results
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Fig. 3 Comparison between the three neural networks and the real value(gas). (a) NO,; (b) O5
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Table 6 Error comparison of three kinds of neural

networks
1R BPNN RBFNN RBF-BPNN
52N 1.03 0.17 0.13
A PN 82.93 33.98 21.12
Sl 17.09 10.02 6.63
SN 1.03 0.17 0.1
Uk N 21.69 15.93 9.61
¥E 9.20 8.57 4.67
B/ 1.14 2.42 0.78
ORI PN 82.93 33.98 21.12
¥ifE 24.98 11.82 8.60
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Table 7 Performance evaluation indexes of each model

FEI MSEfH RY
BPBB 0.002 41 0.800 47
RBFNN 0.002 13 0.821 29
RBF-BPNN 0.002 03 0.830 91
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Fig. 5 Effect of welding time on emissions. (a) NO,; (b) Os; (¢c) PM,5; (d) PM,q
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of robot end welding gun was adjusted to improve the surface
performance of PDC bit after repair. The feasibility of the pro-
posed method is verified, which provides a reference for laser
cladding remanufacturing technology to repair complex sur-

faces.

Highlights: (1) The method of data extraction and reverse
modeling of complex curved surface of workpiece is put for-
ward. The PDC bit defect is obtained by Boolean operation,
and the path planning of curved workpiece is completed by us-
ing the intersection of equidistant plane family I" and bit repair
part.

(2) The kinematics model of 6-DOF robot is established, and
the attitude matrix of multi-layer trajectory cladding welding
gun is determined.

(3) By simulating the process of repairing PDC bit by laser
cladding of robot, the posture of welding gun at the end of ro-
bot is adjusted, and the machining trajectory of robot is optim-

ized.

Key words: PDC bit; robot; laser cladding remanufactur-

ing; welding torch pose

Prediction for emission of environmental burden in GTAW

based on combined neural network JIANG Weiqil’z,

HUANG Haihong'’, LIU Yun"?, LI Lei'?, LIU Zhifeng"’
(1. Hefei University of Technology, Key Laboratoryof Green
Design and Manufacturing of Mechanical Industry, Hefei,
230009; 2. Hefei University of Technology, Hefei 230009). pp
77-85

Abstract: The model is established for quantitative predict-
ing the generation of environmental burdens in welding. The
key factors for influencing the emissions in GTAW are determ-
ined using Taguchi method, including welding current, nozzle
height, and welding time. Moreover, the emission model based
on RBF-BP neural network was established. It can be predict-
ing the emissions of environmental burden in GTAW when dif-
ferent welding parameters are adapted. The results show that
the average error is 6. 63% for predicting emissions of environ-
mental burden using RBF-BP combination neural network
model. The welding current, nozzle height and welding time

are positively correlated with the generation of environmental

burdens. That can provide support for reducing the emission of
welding environmental burden and formulating reasonable

welding process route.

Highlights: A neural network model was established to pre-
dict GTAW environmental load emission under key welding

parameters.

Key words: GTAW; welding emissions; orthogonal test;

neural network; prediction model

Damage evolution model and numerical simulation of X70

pipeline steel of in-service welding GU Shiweil, XU Li-

ang', YANG Haifeng', ZHANG Hongjie’, HAN Tao’(1. HWI-
NICHST Welding & Engineering Innovation Center (Qingdao)
Co., LTD, Qingdao, 266111; 2. College of Mechanical and
Electrical Engineering, China University of Petroleum (East
China), Qingdao, 266580). pp 86-92,100

Abstract:  In this paper, X70 pipeline steel was taken as the
research object. High temperature tensile tests were carried out
at different temperatures and strain rates. Damage model para-
meters such as the threshold strain, critical damage strain and
critical damage were obtained, and damage evolution equa-
tions based on BONARO model was established. The damage
evolution process of in-service welding was simulated and
compared with the experimental results of in-service welding.
The influence rules of medium pressure and wall thickness on
the damage evolution behavior of in-service welding were stud-
ied. It was found that: during the in-service welding process,
molten pool below the maximum damage value of the inner
wall is located in the largest fusion deep behind the 1 mm to
2 mm area, damage value in thickness direction decreases from
the fusion line to the inner wall; decreasing inner medium pres-
sure and increasing the wall thickness can reduce the damage at
the bottom of molten pool, thus reduce the risk of burn

through.

Highlights: (1) The damage evolution model of X70 pipeline
steel at high temperature was established.

(2) The BONARO damage model was applied to the numerical
simulation of in-service welding,the burn-through behavior of

in-service welding was studied by damage.

Key words: in-service welding; burn through; damage



