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Planning of Area-Partition Scanning Path and Its Effect on
Residual Stress of SLM Molding Parts
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Abstract In order to solve such problems as residual stress accumulated within layers being excessive, and warpage
and cracks being easy to occur as a result of the long scanning line when selective laser melting is used to mold
parts, one scheme of area-partition scanning is proposed. The S-shaped orthogonal layer cross scanning strategy and
area-partition scanning strategy are respectively adopted to plan scanning path and the validity of the latter strategy
is experimentally confirmed. The experimental results indicate that, with the area-partition scanning strategy, the
tensile stress at rims of molding parts is effectively reduced, the fluctuation of residual stress at surface is
weakened, and the mechanical property of molding parts is improved.
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Fig. 2 Schematic diagram of path generation. (a) Minimum rectangle bounding box; (b) outer and inner contour offset;
(c) contour section, 45° scanning line; (d) contour section, 135° scanning line; (e) area-partition of N layers;

(f) area-partition of N—+1 layers; (g) scanning path of N layers; (h) scanning path of N+1 layers
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Fig. 3 Examples of area-partition scanning scheme. (a) Scanning line with contour offset; (b) filling lines within region
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Table 1 Chemical compositions of 3161 stainless steel powder (mass fraction, %)

Element C Cr Ni Mo Si Mn O Fe
Content 0.03 17.5 12.06 2.06 0.86 0.3 0.09 Bal.
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Fig. 5 Schematic diagram of S-shaped orthogonal layer cross scanning path. (a) y direction; (b) x direction
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Fig. 6 Schematic diagram of area-partition scanning path. (a) Regional distribution; (b) scanning sequence
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Fig. 7 Schematic diagram of tensile specimen design
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Table 2 Main processing parameters

Laser Scanning Layer Scanning Spot compensation Spot Volume fraction
powder /W speed /(mm/s) thickness /pm  interval /mm amount /mm diameter /pum  of oxygen /%
170 750 30 0.07 0.03 80-100 <20.03
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Fig. 8 Surface morphologies of processing specimens under different scanning schemes.

(a) S-shaped orthogonal scanning; (b) area-partition scanning
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Fig. 10 Schematic diagram of measurement points of residual stress along x direction

Bl 11 Ca) kg PR A8 SR s T R AU o 5 Tl (W BR AR N ) o, IS 25 SR, m LB A R SR R o, 3
PERALW AR . ERIFAG A 20 MPa ZE G0N I s — P im B i .o, ARELREAIR R 0 I B i i% 1k
KR TT . FEZAF AR o, SAAFAE 22 5% .S T IE Q2 5 I T 00 57 7 1) Aot S i 4 K 1Y
FaH e R AH A — 113 MPa, V18 54 N 1 SRS A R E K B s 8K . 4 DA i 20 6 g A ) v
ORI RS ARTENT B A ¢y A0 R ) 3B 00N I Ak S B g s FLBLR S BB 5N IR E ¢ Al g 2
B A X3 o0 R BT 3, AR B AR I e A i 5

B 112U o IR S o, afimEl ., v ER T XN o, 53 fle, 0 AL,
H2 STEIE 2 AN TR — 2020 v i, S A # 8 m & 34 1 o, 8K E 140 MPa,
rfE] R 38 K % — 135 MPa, 3§ R T 8 A I 30 R BE L SF- TSR A B ) 4r A AN AT Ay K o, (HAEE AL
SR 4y F0 DX S8R 10 ¥ R R S RAS L R T 22 i S X R AR 7 B BLAR KRR g HA A B o, {H RN

HAaAis],

100 @ —s=—area-partition scanning ®) ™ area-partition scanning

. —*orthogonal layer cross scanning 60 « orthogonal layer cross scanning
50 F 30}
] < p—7n
ay a 0 LN\ P —u /
g ol g N \/.\\ y
R o -30 *
)] [}
8 -50+ 8 -60f
= =}
n n
-100 | —90r
¥ -1201 °
-150 . - - - .
O tZ LA tG tS th 0 tz t4 tﬁ tS th
Point number Point number

Bl 11 o J5 1 5R AR R T3 53 Aii
Fig. 11 Residual stress distribution along x direction
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Fig. 12 Schematic diagram of measurement points of residual stress along y direction
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Fig. 13 Residual stress distribution along y direction
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