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Sidewall precision analysis of metal part formed
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Abstract; To improve the precision of side wall forming in additive manufacturing of metal parts, a process
method was explored in selective laser melting of metal parts. Some phenomena effecting on sidewall precision
like powder adhesion, molten pool-end bulge, and thermal deformation were analyzed and corresponding
process methods to obviously improve the precision were proposed for different sidewall types. It points out that
the precisions of vertical sidewall and sidewall with upward normal can be improved distinctly by using the al-
ternating direction spiral edge-scanning plus inside-filling scanning strategy and maintaining a lower edge-scan-
ning speed. The precision of sidewall with downward normal is strongly affected by thermal stress, but this
kind of thermal deformation can be avoided through the appropriate design of scanning strategy and sidewall

support. According to process analysis, a metal part with different types of sidewalls was manufactured using
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selective laser melting technology. Test results show that the size precision of this part reaches +0.05 mm/10

mm and the surface roughness R, is 26.7 pm.

Key words: selective laser melting; additive manufacturing; sidewall forming; metal part; precision analysis
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Fig.1 Schematic diagram of SLM
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Fig.2  Single channel pools formed on substrate with

different scanning speeds ( without removing

powder)
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Fig.3 Schematic diagram of relationship between scan-

ning strategy and sidewall shape

DR RN BE 4 B RS JEE , T 5 35 ok ) B v 47
R AN BE AT, 3% AT 38 i e A) s S R J7
ARSI, AU B 1t S FAS 52 W D BN
J& e RGeS BT LA T N R AL B[R] D
Wl VR | Xk T RRBER B VTR R T T 43 IXIRTE
D Ut i S A 00 BE T ) RO ) i 2k s
AIRRE AN L (W 4) o R, BRI AN, FE B
GG T ISR A1 D0 5 BLAh o Bt
Fr NG AbBRS | SR A S RN -5 A R o il 4
PEOCAE NN I AN 55453 A2 fil, DA TG R Al 2 g

$23 46
R
N
[ \
E §: g \
N N
N N
] N
] N N
N N N
N N )
) E
N N
N
N \\\\ NN
N N >
[\ N b4
N ) :-:“-\
\~< \ N\\
EY N b4
% N H
N [~ 4
§ 5 N N
' N H
N N 0N
% A \ 4
N N \ \3

P4 Bt I BE SR TATRS 2 A A2 1l BRI 20 11 + N AR LSS
TR (R LR m Ul AR )

Fig.4 Scanning strategy using alternative direction edge

spiral scanning line and retraction filling scanning

lines (section line means the slice shape)
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(b)Sidewall using alternative direction spiral edge-scanning

plus inside-filling scanning strategy
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Fig. 5 Sidewalls using two different scanning strategies
(Scanning speed: 350 mm/s; laser power; 140
W; layer thickness: 40 pum)

3.3 {RHMUEERI R B A

(AR BE 1] 23 SRy P 2E . — S 1) 8 1 1Y) T
(B 6 h55 A, LM a<180°) ; —2Z WK 6
B iR 1) 5 RO T (181 6 A5 B YA A B >
180°) . ZHUWF5E KM BURMI E 7 £ B 850
SN AR T O R | A RORG R R HELRIE
“E BRI A R T2 R R 2%
SETCTEARATE BRI , 4 (6] R ] Z2 8 A il 3] | i
B4 22 U 58] R e — e ARHI B 1) 4322
JEE BN BCBOR FEB R , (HZ, < B BTSN XA
EY A A S S NE S

L6 AmARHINEE fry o e 2 7
Fig. 6 Two types of sidewall

LR (B 6 Br'5 A) MY RERS
BT B MEE T, AN 7 (a) 7R, JE R )
S0 P00 B T T 0 ) 8 DX P Ry A SRR B R AL T
—JR Y R S A 7T T 2 R 7
Hetf bR L HAR A — RE Y, T LA

SIEERTE B G, IF 3R AT R AF B P Siiib . )
—J7 T, SIS BE AL AR 7 32 DX APy AR H) B
T BB AR v AR O KL ik
ST LUK T 2 B2 e B A SR e X I ZR AR
WS, M T REA 2055 1R AR R R B G , DA T HG A 22
T (14 2 T RELRE JE T 252 15 B o ™ S0, 528 AR
e AL AR S b Rl G S 21 3
T LA AR R A

5. T4 s"
()i (e 9L 0 ] SRRy (45°)

(a)Sidewall with upward normal (45°)

v

(b)) 5 F 00 6 AR (225°)
(b)Sidewall with downward normal (225°)

P 7 T ARHO0) BE T ) B R S R R (OB P
140 W, HH5EFE 350 mm/s, )25 :40 pum)
Fig.7 Two inclined sidewall micrographs (laser power:
140 W; scanning speed:350 mm/s; thickness:
40 pm)

LN R (B 6 brs B) 1E5 @ JR MR
I T B R BIRE X 7S B DR 5 A o2 [ 1A
i, TR TR I R R R Z B R AT
BRI AR R L A 3 A i 22 7
AR R BRACBL R, AT R824 D00 B 1t afy A 7
BRGNP 7 (b) Fros TR, Ay feff g 5
PFM 2 2Z B HA REFIIR S 85E , BOLFBEIRE



170 p e T Y

23 %

FR T2 EPIR R 7 A 2 [ A 5
i, RN HOARIA , PR3O 55 35 w8 23 B 3
IARIEAN (B 6 F55 1) b BE R AR B2

KBRS (1 6 Bribl 2) , BT Lk S M BE [h 115 2
LG PRI AR R BB G, X 5 B E A
ST EROR LR R N, R % T Y R
THTRELRE B 2 KT e i, 3T TAR R 2

PU8 i qm ) 1 RN BE SRS IR (R 1l £ 212
42252 ,34 544 2400, FHET 11 L Bk 1 S4AD,
HRAR IR A AR 0] SCHEBE 23 5 3 R R
BT 4 5 S m BB AF )

Fig.8  Photos of sidewall parts with downward normal

(Normal angle: No. 1-2,225°; No. 34,240°.
Scanning direction: In addition to No. 1, rest of
the parts have changed edge-scanning direction
in adjacent layers. Support design: supporting
level of No.3 is under top surface of part; sup-
porting level of No. 4 reaches top of part)

UEAh, BT SLM AL 2 $ a7 3 72 Ok R
SRR TR X P 4 R A T T 25 4 I 2 v, PR
TEDX Y AEAE R BERE L oy B . i Pk
FIRDN B TG S T8 A 1 25 R A 1) = 9 B ik i 2 7, A
N TR T W0 5 7= A AR ﬁ,Mﬂﬁ%ﬁﬂﬁfﬂ
i b = A B G A RS2 (TR 8 A 1)
R A sk £ B K, FEAR ]2 RS T rﬁﬂﬁﬂzﬁ
T FRE A, AR R Al I d PRI, 32 )
T AR TR f R ] R RS RG E AG

Vol /3 [ T AR BE AR I ) T LR
TE A TR SIS AR YRR Z
SLM &£ I B A TR R 45, IR R 6 3
AR 6 5% s B R i A B A S M T SIML B2
HAEl v 1) B D RE SIS 1) 2 BB,

%52 ~500 ZEEAHE v,/ (m - sT)

i o B N RE [ RS FE SR T % R A
(g2, (L SE A 2 (R ) 2 S D B
DUV R | 5 A i I 1 502 R e | 5[ 2 A
B 5 R L B A A S ARG | DA T 7 2 R
()2 BRUE S, B R PVETG , 0 S AE A 46
(TR 2 1, 32705 M I A A B R ¢ 1 1 L S
SRR LB (2 A b 0 B e 90°) |, IR AT
P 22 A A B — (30 8 P % 2 BB A 3%
W | T RS T F T R (P 4 BT ) . T
LG AR EAR K (8 h 1,2 B
(R 225°) | UBSRAS T BLAF MR (18 8
PR 2 W) 0 SR AR FEE— AL R4 D (121 8
3 4 R A g 240°) , AT g VR N S 4
25U N g S DB R TEORE P S VRS
L0 [ 02300 o S 10, B 2 0 R e 9
[0S T, 9 1) 0 OO0 O R o R e R 2
PR TR % RS (8 h 4 S ) 5
PRV VT, S 90 PR 6 201 5 4 45 8 D0 B 1 3
[ 0 T (L 8 e 4 ) 7 U0k g T QR
AT T R A I (1R 8 th 3 )
4 ) BE 2z A R AN 4

LA A S BE () RS B IR — AN B %
HMBE R (AP 9 (a) FF /R ) FEHEAT U,
SR 1 R,

x1 EBEHENISH

Tab.1 Processing parameters

SRR ZHUE
HERH#E v, /(m - s") 0.15
WOLYIZE P /W 140

NI HEREEE  0.40
WEHREE  0.32

FEEFE d/mm 0.08
= L 3
FHR S 8/ mm 0.04

IEIEE AN 9 (b) s, B T RT3 Y
FHE RN KA B 2 1 T2 S 80, FA Y 8
B R i ) ) R AR A S IR R R R4
H R R SRS FE A 3] +0. 05 mm/10 mm, & 6
D10 G0 0 3 TR0 A0 ) SR T HEDRE 82, 4 2R 0h



10

SARHE 2  OLIE DR A3 A ) 1 2 7 D BE R RORS JEE 3B 171

R,=29.9 pm J R, =26.7 pm,

M TR T RS S B e i 1 2 14
TR, A 1) 51T M BE AN SZ RN S50 RS
FEAHER  (H 32 S L BRER B A2, R RG
VoA ELABE Kz ok ) ) - A BERS AR, 24 +0. 16 mm/
10 mm , REHIRE LR | IRERM R BRI LG R

(b)hkiﬁ’}?ﬂ—(?&l»ri}ﬁ!:)
(b)SLM Part (support removed)

(a)${+mi(+ﬂ$)
(a)Part model (with support)

K9 —AMEESE &M
Fig.9 Comprehensive side-wall test part
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