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Research Status and Development of Wire Arc Additive Manufacturing Path Planning
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ABSTRACT: The reasonable planning of the path technology is of great significance to the smoocth progress of the forming
process of the arc additive manufacturing, the acquisition of higher precision parts and the improvement of the forming effi-
ciency. In this paper, several common filling paths were summarized from the aspects of forming efficiency, forming accuracy
and structure and performance. After analyzing and summarizing and combining with the actua situation, it was found that the
combination of adaptive path spacing and composite filling path can better meet the requirements of production of arc additive
manufacturing in real life. Finally, combined with the current research status, research difficulties and related national policies of
arc additive manufacturing technology path planning, the future development trend of arc additive manufacturing technology is
to realize the automation, intelligence and green manufacturing of complex components.

KEY WORDS: wire arc additive manufacture; filling path; overview; expectation

(4 [2-3]

2025 “ i

I fS HHEA: 2020-05-06

HEWH: 7 A4 FrE 20 #K3) A&k 2%+ R K4 (2018GDASCX-0113) ; 7~ A 4 A %1% 2016 F &
KARE A %R ( 2016GDASRC-0203 )

EER/T: BV E (1994—) , &, Md4, T2HRF @A BIRGHH &R B,

BiEE: 4% (1971—) , B, SRAIRN, TEMEFTAAREIL, BEAILEES.

3°\
e



12 4 87

e WAAM

[7—8]

Wire arc additive manufac- 1 WAAM ERHIEFEKEFR
1.1 FEBELKERRRE

ture WAAM [0

[11—13]
WAAM
[27—28] 1
[29]
130]
[14—16]
WAAM Donghong
Ding ¥ 2015
2016 (31
Yuan Jin
[19]
Ponche R 2%
[21—22]
/ AN
GE &
WAAM
WAAM =
\ .
[24—25] L =2
WAAM Fig.1 Reciprocating linear filling path
[26] 1.2 HEREEFREREZ

[32] 2



88 2020 7

[33]

[44]

[45]

[34—36]

[37]
[46]
STL “ " [38]
[39]

[40]

3 [47]
Fig.3 Zonal filling path

1.4 HHEKEREEF

[48]

2 [26]
Fig.2 Offset contour filling path

1.3 SXEFXERE

Hilbert
4 Hilbert

[41—42]

3047 90° 90°

[43]



12 4 89
Locooac 000
Tk
[r‘];;HL}:JHL][J‘H‘II 3 C II;TF
im. ] it I { 1
caleslnapnleslnn WAAM -
AT Jrnpseg
Ej@ﬁg%mgﬂgg (52
besdpogesyrgbesy
4 [26]
Fig.4 Hilbert filling path [53]
[49]
Hilbert
Hilbert Hamilton 54
6
90°

1.5 EANEREKRE

HREE

[50]

[55]

¢ RFHEAIX

d fiEH AL S X

[54]

Fig.6 Experiment forming results of surfacing under different scanning paths



90

2020 7

N
¢k
T

WAAM

WAAM

3 RE

WAAM

1 WAAM

lcm

WAAM

WAAM

WAAM

2 WAAM

i 2025 “

WAAM

WAAM WAAM

WAAM
WAAM

Simulate an-

neal arithmetic Genetic algorithm

Beetle antennae search

WAAM

EE RS

(1]

(2]

(3]

(4]

(5]

, . 3D
[J. , 2017, 36(2): 8—12.
YANG De-jian, LIU Ren-hong. 3D Printing Technology
and Research Progress of Large Complex Metal Parts[J].
Automation of Military Industry, 2017, 36(2): 8—12.
: : [J.
( ), 2016, 16(1):
93—98.
ZHANG Hong-bao, HU Da-chao. Application and De-
velopment of Additive Manufacturing Technology[J].
Journal of Shanghai Institute of Applied Technology
(Natural Science Edition), 2016, 16(1): 93—98.
, . 3D
[J. , 2015, 7(6): 58—64.
TAN Li-bin, YU Xin-hong. Application and Prospect of
3D Printing Technology in Metal Forming Field[J]. Pre-
cision Forming Engineering, 2015, 7(6): 58—64.
L 2025” 3D [J. ,
2015(7): 20—27.
YU Hao. 3D Printing under "Made in China 2025"[J].
New Material Industry, 2015(7): 20—27.

C (3.



12

91

(6]

(7]

(8l

(9

(10]

(11]

(12]

(13]

(14]

[19]

, 2016(5): 1.
LIANG. The State Council Issued the "13th Five-Year"
National Science and Technology Innovation Plan[J].
Robot Technology and Application, 2016(5): 1.
: : [J. ,
2016(4): 27—32.
PAN Long-wei, DONG Hong-gang. New Progress in
Welding Additive Manufacturing[J]. Welding, 2016(4):
27—32.
[J. , 2018(2): 52—56.
WANG Qiang, JANG Ming-wei, GUO Shu-gui. Analy-
sis of the Development Status and Trend of China's Ad-
ditive Manufacturing Industry[J]. China Science and
Technology Industry, 2018(2): 52—56.

(2017—2020 )
[J. , 2018, 29(23): 2895—2897.
OUYANG An. Analysis of Additive Manufacturing In-
dustry Development Action Plan (2017-2020) from In-
dustrial Cultivation to a New Stage of Promotion and
Application[J]. China Mechanical Engineering, 2018,
29(23): 2895—2897.
DONOGHUE J, ANTONYSAMY A A, MARTINA F, et
al. The Effectiveness of Combining Rolling Deforma-
tion with Wire-Arc Additive Manufacture on g-grain
Refinement and Texture Modification in Ti-6Al-4V[J].
Materials Characterization, 2016, 114: 103—114.
WILLIAMS S W, MARTINA F, ADDISON A C, et a.
Wiretarc Additive Manufacturing[J]. Materials Science
and Technology, 2016, 32(7): 641—647.
DING D, PAN Z, CUIURI D, et a. Bead Modelling and
Implementation of Adaptive MAT Path in Wire and Arc
Additive Manufacturing[J]. Robotics and Computer-
Integrated Manufacturing, 2016, 39: 32—42.
WU B, PAN Z, DING D, et al. Effects of Heat Accumu-
lation on Microstructure and Mechanical Properties of
Ti6Al4V Alloy Deposited by Wire Arc Additive Manu-
facturing[J]. Additive Manufacturing, 2018, 23: 151—
160.
[D].
: , 2019.
LIU Ji. Research on Automatic Additive Manufacturing
Path Planning and Algorithm[D]. Harbin: Harbin Engi-
neering University, 2019.
[Cc 17
, 2017.
QI Li-jun, LIU Ji-chang, LIU Xu-dong, et al. Overview
of Research on Path Planning in Additive Manufactur-
ing[C]// Intelligent and Precision of Special Processing
Technology-Proceedings of the 17th National Special
Processing Academic Conference, 2017.

[D]. , 2018.

(16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

SUN Yun-fei. Research on the Path Planning for the
Repair of Large Defect Arc Additive of Castings[D].
Harbin: Harbin University of Technology, 2018.
[J]. , 2017, 46(4):
151—154.
ZHAI Wei, ZHANG Ke, SHEN Yi-hao, et a. The In-
fluence of Scanning Path on Forming Quality in Laser
Rapid Prototyping[J]. Thermal Processing Technology,
2017, 46(4): 151—154.
DING D, PAN Z, CUIURI D, et a. A Practical Path
Planning Methodology for Wire and Arc Additive Man-
ufacturing of Thin-walled Structures[J]. Robotics and
Computer-Integrated Manufacturing, 2015, 34: 8—19.
DING D, PAN Z, CUIURI D, et a. Adaptive Path Plan-
ning for Wire-feed Additive Manufacturing Using
Medial Axis Transformation[J]. Journal of Cleaner Pro-
duction, 2016, 133: 942—952.
JNY, DU J, MA Z, et a. An Optimization Approach for
Path Planning of High-quality and Uniform Additive
Manufacturing[J]. The International Journal of Ad-
vanced Manufacturing Technology, 2017, 92(1/2/3/4):
651—662.
PONCHE R, KERBRAT O, MOGNOL B, et a. A Novel
Methodology of Design for Additive Manufacturing
Applied to Additive Laser Manufacturing Process[J].
Robotics and Computer-Integrated Manufacturing, 2014,
30(4): 389—398.
' ) . 3D

[JOoL]. : 1—9[2020-04-28]. http://kns.
cnki.net/kcms/detail/50.1075.TRP.20200414.1457.026.ht
ml.
YANG De-cheng, LI Feng-qi, WANG Yi, et al. Intelli-
gent 3D Printing Path Planning Algorithm[J/OL]. Com-
puter Science: 1—9 [2020-04-28]. http://kns.cnki.net/
kems/detail/50.1075.tp.20200414.1457.026.html.

3D

i,

[D].
: , 2019.
YANG De-cheng. Design and Implementation of Intel-
ligent 3D Printing Path Planning System[D]. Dalian:
Dalian University of Technology, 2019.
. GE
[J. , 2018(3): 26.
YAO Wen-jing. Ge Combines New Metal Additive
Manufacturing Technology with Artificial Intelligence
to Improve Production[J]. China Titanium Industry,
2018(3): 26.
: A
[J]. , 2008(4):
10—13.
XU Jian-ning, ZHANG Hua, HU Rong-hua, et a. Rela-
tionship between Welding Process Parameters and Weld
Geometry in Rapid Prototyping of Fusion Welding[J].
Welding Technology, 2008(4): 10—13.
WANG H, JANG W, OUYANG J, et a. Rapid Proto-



92

2020 7

[26]

[27]

(28]

[29]

[30]

(31]

(32]

(33]

(34]

typing of 4043 Al-alloy Parts by VP-GTAWI[J]. Journal
of Materials Processing Technology, 2004, 148(1):
93—102.

[J1. ,
2019(1): 15.
FANG Li, HOU Zhi-wen, HUANG Jun-run, et al. Path
Planning Algorithm for Composite Filling of Arc Fuse
Additive Manufacturing[J]. Journal of Nanjing Univer-
sity of Aeronautics and Astronautics, 2019(1): 15.
[J1.

, 2018(6): 34—35.
WANG Meng. Research on Direct Layering and Path
Planning Technology of Additive Manufacturing[J].
Mechanical Engineering and Automation, 2018(6):
34—35.

[D]. , 2018.
LI Ran. Research on Layered Algorithm and Path Plan-
ning Method of Arc Additive Manufacturing[D]. Harbin:
Harbin University of Technology, 2018.

[D]. , 2015.
OU Li-song. Research on Post-processing Technology
of Geometric Model for 3D Printing[D]. Nanjing:
Nanjing University of Aeronautics and Astronautics,
2015.

, , . FDM

[J]. , 2017, 39(6): 1149—
1154.
FENG Guang-lei, LIU Bin, CHEN Hui-hui. Generation
and Optimization of FDM Compound Path Filling[J].
Computer Engineering and Science, 2017, 39(6):
1149—1154.

[J. , 2006(10): 170—175.

BIAN Hong-you, LIU Wei-jun, WANG Tian-ran, et al.
Scanning Mode of Laser Metal Deposition Forming[J].
Journal of Mechanical Engineering, 2006(10): 170—
175.

, B . FDM

[J. ,
2011, 40(11): 39—41.
FAN Li-rong, REN Yi, CAO Yi-ging. Optimization of
Filling Path of Uniform Wall Thickness Section in FDM
Process Rapid Prototyping Technology[J]. China Man-
ufacturing Informatization, 2011, 40(11): 39—41.

, , . 3D

[J. , 2018, 49(3): 393—

401.
HAN Xing-guo, SONG Xiao-hui, YIN Ming, et a. Re-
search on Optimization Algorithm of 3D Printing Path
Based on Melting Deposition[J]. Journal of Agricultural
Machinery, 2018, 49(3): 393—401.

[39]

(36]

(37]

(38]

[39]

[40]

[41]

[42]

[43]

[D]. , 2018.
BU Xing. Path Planning and Process of Die Arc Addi-
tive Remanufacturing Based on Robot[D]. Nanjing:
Nanjing University of Aeronautics and Astronautics,
2018.
YANG Y, LOH H T, FUH JY H, et a. Equidistant Path
Generation for Improving Scanning Efficiency in
Layered Manufacturing[J]. Rapid Prototyping Journal,
2002, 8(1): 30—37.
o, : . Z FDM

[J. , 2011, 40(5):
79—280.
REN Yi, FAN Li-rong, CAO Yi-qging. Application of
Z-direction Hybrid Filling in FDM Rapid Prototyping
Technology[J]. Mechatronics Engineering Technology,
2011, 40(5): 79—80.
FDM [J].
46(8): 46—51.
YE Zong-yi, XUE Di-giang, XUE Di-liang, et a. Influ-
ence of Process Path Planning Algorithm on Printing
Quality and Efficiency of FDM[J]. Engineering Plastics
Application, 2018, 46(8): 46—51.

, 2018,

[D]. , 2013.
ZHANG Lian-zhong. Research on Hierarchical Path
Planning of Rapid Remanufacturing Based on Robot
Surfacing[D]. Urumai: Xinjiang University, 2013.
[J. , 2004(9):
1072—1075.
CHENG Yan-jie, SHI Yu-sheng, CAl Dao-sheng, et al.
Planning and Implementation of the Composite Scan-
ning Path of Selective Laser Sintering[J]. Mechanical
Science and Technology, 2004(9): 1072—1075.
[J
, 2011, 23(11): 1908—1914.

LUO Heng, LI Di-chen, JE Rui-dong, et al. Contour
Offset Algorithm Based on Straight Skeleton Principle
in Rapid Prototyping[J]. Journal of Computer Aided
Design and Graphics, 2011, 23(11): 1908—1914.
[J. , 2011, 29(3): 52—55.
HE Huai-ging, YANG Peng. A Global Subdivision Al-
gorithm for Convex Decomposition of Concave Poly-
gons[J]. Journal of Civil Aviation University of China,
2011, 29(3): 52—55.
, , . SLS

[J. , 2013(S1): 47—51.
LI Ri-hua, ZHOU Hui-qun, LIU Huan. Optimization of
Scanning Path of SLS Rapid Prototyping System[J].
Electromachining & Mould, 2013(S1): 47—51.

SLI\}I . [J]. ,



12

93

[44]

[49]

[46]

[47]

(48]

[49]

2016, 43(12): 67—75.
DENG Shi-shi, YANG Yong-giang, LI Yang, et a. Zon-
ing Scanning Path Planning and Its Influence on Resi-
dual Stress Distribution of SLM Forming Parts[J]. China
Laser, 2016, 43(12): 67—75.
[J. , 2007(1): 80—
82.
HUANG Xue-mei, NIU Zong-wei, DONG Xiao-juan.
Generation Algorithm of Scanning Path in Rapid Proto-
typing[J]. Mechanical Design and Research, 2007(1):
80—82.
[J. , 2017,
23(9): 1853—1859.
HOU Wen-bin, XIA Ming-dong, XU Jin-ting. Region
Segmentation and Scanning Algorithm in Additive
Manufacturing[J]. Computer Integrated Manufacturing
System, 2017, 23(9): 1853—1859.

) : . 3D

[J. , 2016, 44(5): 179—182.

HOU Zhang-hao, WURIKAIXI-AITI. Overview of 3D
Printing Path Planning Research[J]. Machine Tools and
Hydraulics, 2016, 44(5): 179—182.

, . FDM

[J. , 2009,

17(1): 24—26.
HE Xin-ying, PAN Xi-qi. Scanning Path Algorithm and
Optimization Based on Feature Partition in FDM
Process[J]. Journal of Guangzhou Institute of Naviga-
tion, 2009, 17(1): 24—26.

. 3D
[D]. , 2019.
WANG De-peng. Research and Application of 3D
Printing Layering and Path Planning Algorithm[D]. He-
fei: Hefei University of Technology, 2019.

) , . Hilbert
FDM [J.
186—188.
WANG Zhan-li, CHAO Yan-yan, HU Yan-juan, et al.
Application of Improved Hilbert Curve in FDM Path

, 2016(3):

(50]

(51]

(52]

(54]

(55]

Planning[J]. Mechanical Design and Manufacturing,
2016(3): 186—188.

.3D

[D]. , 2015.
WANG Teng-fei. Research and Implementation of
Layering and Path Planning Algorithm in 3D Printing
Technology[D]. Tianjin: Hebei University of Technolo-
gy, 2015.
[J. , 2010(8): 89—92.

ZHU Chuan-min, XU Tian-gui, ZHU Qi-tai. Fused De-
position Manufacturing with Composite Path Filling
Algorithm[J].  Modern Manufacturing Engineering,
2010(8): 89—92.
G [J]. , 2011, 36(3): 123—127.
ZHANG Hong-ping, YE Chun-sheng. Hybrid Path Fill-
ing Algorithm and G-code Implementation for Fuse
Deposition and Forming[J]. Forging Technology, 2011,
36(3): 123—127.

, , . FDM

[J. , 2017, 39(6): 1149—
1154.
FENG Guang-lei, LIU Bin, CHEN Hui-hui. Generation
and Optimization of FDM Compound Path Filling[J].

Computer Engineering and Science, 2017, 39(6):
1149—1154.

(3. , 2019, 48(5):
220—225.

SHAO Tan, LI Yi-feng, WU Qiang, et a. Research on
Scanning Path Generation Algorithm of Robot Arc Fuse
Additive Manufacturing[J]. Thermal Processing Tech-
nology, 2019, 48(5): 220—225.

[D]. : , 2018.
ZHAO Xin-yi. Research on Layering Algorithm and
Scanning Filling Path Planning of Fused Deposition
Molding Technology[D]. Qingdao: Shandong University
of Science and Technology, 2018.



