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Abstract  Selective laser melting (SLM), the main additive manufacturing process, has been extensively used in
manufacturing. The scanning strategy is one of the key parameters that affects the forming performance. In this study, two of
the most popular scanning pathways were selected as the research objects to show their effect on thermodynamic laws. First,
a thermodynamic coupling simulation model conforming to the characteristics of the SLM process was established, and a
secondary development was performed based on finite element software to realize the simulation development of different
paths. Then, a set of process parameters was used as a simulation example. The results show that the weld pool geometry
and thermal stress of the striped scanning path are bigger than those of the chessboard pattern. Finally, several experimental
datasets, including molten pool morphology and residual stress tests, confirmed that the simulation results were accurate.
This study shows how the scanning trajectory affected the thermodynamics of SLM forming and provided an effective process
simulation technique for engineering practice, which is convenient for SLM forming quality prediction analysis.
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Fig. 1 Trajectory chart of the stripe scanning. (a) Stripe scanning at 0°; (b) stripe scanning at 30°; (c) stripe scanning at 60°; (d) stripe

scanning at 90°%; (e) stripe scanning at 120°; () stripe scanning at 150°

2.2.2 #MEXAHKRZ

Ty — Pl A O 200 B AR B 5, TR
5 B B A R SE T R B S PR S E T BRI, R I
BEEMIA% A X R/ R 2.5 mm, K T 554 92 bRik 4 TAE
JFCERL 5 ELI SR T 2 B A R O X B 2
— G R R . H R R AR A R T AR an & 2
FE7R o
2.3 FE4&RENESH

3 F Simufact Welding 8 4, #% 8 LA B A
THEE 6 3 B A ) AR U806 1 4 B A2 1 32 s B0l T &
SCEL TR ad B Bl A A L, DL AR g T i i A i
7 B IR B 3 5 6 BONE T 3 43 A R 9 AR [ s
Z B A RO RS & 3 BT s o 7E 25,50, 100 s Ak 1Y 5h

A IRUEAS S J 0 il 7 ] 3 (a) ~ (o) BT,
SR A3 53 A A 3(d) ~ (D B s o A8 100 s 5 FL 58 i
Ja L BERL 40 2 58 4 WUE O V% A0 B SR R R R AL Y
R 7RSO BT o L kg B 0 AR g I =2 v A AR
RILTT

H IR Bn an 14 4 fr 7w, 18] 4 (a) iy HARE A
(] B 0. 5 mm J&E B B0y HCRE rp ot AR JLJE S AT Y
i R E Ge it , AT OO AR, 0 R ) el HG R A A5 A B3R
JEE £ TR A A o B S T JE RO IO A s A
107" K/s iy R RGE BRI 0 SRS T — Z0m#,
TRAL AR %2 ARG B0 A & T % T 52 A E R
JENTZ 8. AN, 200 5 20 JLIZ MR S i%)2
I JEE S T R IR 22 0 AT LAk R 4 1 1) A ) L

0914001-3



F£ 605 FE9HI/2023 £ 5 B/ ERBTFEHE

K2 BRI POE E L (a) A 075 (b) #4457 (o) #9075 (d) B AR 13575 (o) #1807 (f) A= 225°
Fig. 2 Trajectory chart of the checkboard scanning. (a) Checkboard scanning at 0°; (b) checkboard scanning at 45°; (c) checkboard

scanning at 90%; (d) checkboard scanning at 135°%; (e) checkboard scanning at 180°; (f) checkboard scanning at 225°
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Fig. 3 Distribution diagram of temperature field and effective stress field (take a stripe scanning as an example). (a) Temperature field at 25 s;
(b) temperature field at 50 s; (c) temperature field at 100 s ; (d) stress field at 25 s; (e) stress field at 50 s; (f) stress field at 100 s
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Fig. 4 Distribution curves of temperature field and stress field at a point of simulation model. (a) Temperature curve; (b) effective

stress curve; (c) stress distribution along height
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Table 1 Main parameters of the samples

Sample Power /W Scanning speed /(mm-+s™") Scanning trajectory Serial No.
1 160 400 Stripe scanning (deflection 30° layer by layer) 11,12,13
2 160 500 Stripe scanning (deflection 30° layer by layer) 21,22,23
3 160 400 Checkboard scanning (grid size is 2. 5 mm) 31,32,33
4 160 500 Checkboard scanning (grid size is 2. 5 mm) 41,42,43
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Fig. 6 Sample test diagram
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Fig. 7 Forming sample stress testing platform
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Fig. 8 Forming trajectory diagram. (a) Stripe scanning at 0°; (b) stripe scanning at 30°; (c) stripe scanning at 90°; (d) stripe scanning at

120°; (e) checkboard scanning at 0% (f) checkboard scanning at 90°

0914001-6



F£ 605 FE9H/2023 £ 5 B/ ERBTFEHE

K9 BB JERGERIEE . (a) P=160 W, V=400 mm/s, &2 ;(b) P=160 W, V=500 mm/s, Z&£;(c) P=160 W,
V=400 mm/s, checkboard;

Fig. 9 Cross sections diagrams. (a) P=160 W, V=400 mm/s, stripe; (b) P=160 W, V=500 mm/s, stripe; (d) P=160 W,
V=500 mm/s, checkboard
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Fig. 10 Comparison of residual stress test value
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