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Effect of Scanning Methods on Residual Stress Distribution and
Thermal-Stress Couple Field During Direct Laser Metal Deposition Shaping
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Abstract According to the “element life and death” technique of finite element method, with ANSYS parametric
design language (APDL)., we simulated the effects of long edge reciprocating scanning method, short edge
reciprocating scanning method and direction orthogonal changing in different layers reciprocating scanning method to
thermal-stress couple field and residual stress distribution during whole laser metal deposition shaping (LMDS)
process. The dynamic regularities of thermal stress, temperature and residual stress distribution under different
scanning methods are studied in detail. With the same process parameters, the samples fabricated by LMDS show
good agreement with the simulation results.
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Table 1 Thermal physical parameters of TC4

Thermal Specificheat Coetficient of

Temperature o ) Density Modulus of elasticity . Poisson's
conductivity capacity . linear expansion
0/ C o /(kg/m*) E /GPa i ratio p
A/WeKem ¢ /[J/(kg- K] /10 K !

20 17 500 4420 120.0 0. 900 0. 300
200 15 580 4420 110. 0 0.965 0.310
400 15 595 4420 88.0 1.107 0.325
600 16 615 4420 70.0 1. 004 0. 342

1530 20 760 4420 3.5 1.005 0. 380
1650 20.5 840 4420 3.0 1. 006 0. 384
2000 21 730 4420 0.1 1. 008 0. 390
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Fig. 2 Three different scanning methods. (a) Long edge reciprocating scanning; (b) short long edge reciprocating

scanning; (c¢) direction orthogonal changing in different layers scanning
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Fig. 3 Temp-time curves of nodes on different layer under different scanning methods. (a) The nodes under long edge
reciprocating scanning; (b) the nodes under short edge reciprocating scanning; (c¢) the nodes under direction

orthogonal changing in different layers scanning
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Fig.4 Von Miss's thermal stress curves of nodes on each layers under different scanning methods
(a) The first layer; (b) The second layer; (¢) The third layer; (d) The fourth layer
4.3 XFEKR B FHY R 00
K 5 R A7 T &2 XI5 ERYERAR N oA . AT LUR RSO AT &2 X 7y
BRARNESJHN S IF HAS A BE AR /N o R A SR AR O R &2 0 X T 1 B AR N ) W R R
TE X J7 1) A 9 3 5% A% IO 0 1) 728 A R R P 95 3 2 ol T IO A 58 i — 2 5 #E 1 BT — 2 19 46 A7 4k
LA R SE B RS J2 B4R B L T RE R Ve A BT LA RE B TR B 0 BRI B AR R AR AR KL O
AR A A B R A v DX I X 2 A i 7 Y B K A 2 R R S B b TR 2 A R AL
PN ) 2 S A TR R R X AN B FERE R A A2 G TR SR A I A R g 2 AR AR N LR
— A HAR X UL S AE AT T LA RO REARER AR IV ) o T 300 453 T B AR ke A 1 g A A LB L X 2 il T
KA FAAE X T7 10 30k J3E A6 88 72 A R Xof A 156 L LAt 75 ) ~F- 2% , B LA 597 1) 4 17 3 78 A i BEAR /N o T 6 30 1

051405-4



49,051405 MM SYBIZHRE www. opticsjournal. net
T PR B AR IV 7 A R B 2 AR T 3R e T A T ) R AR B A A T R — B .
£ 30 B
g a5t T\ 1 direction orthogonal changing b= 2.0¢ N 1 direction orthogonal changing
=P I‘ 2 short edge reclprocating scanning '@ 1.8¢ 2 short edge reclprocating scanning
fé Cﬁ 20l % 3 long edge reclprocating scanning 7@ 16} )3 long edge reclprocating scanning
E = \ 2 = E ok [\
@A o 2> 12t
£5 150 || ; S
£ 3 T OF
=° 1.0t /w1 =5 0.8}
_g % 0.6 3
E 0.5} (a)l ‘ . : ‘ -q‘”j 8421 3
0 0.005 0.010 0.015 0.020 = 0 0.005 0.010 0.015 0.020
Distance L /m Distance L /m
5 5 1671 drect .
'*g 1.4 3 1 direction orthogonal changing *'_:-," ’ é d}llrelettu:ln onh(;gonaltehangmg xl
-,‘:3 e || 2 short edge reclprocating scanning S 1l4r 315 ‘? e?i ier:}if l:"g(;;iirl:lgssc(;inni g
2 12F 3 long edge reclprocating scanning 5 I r g edg P g g
;_s [a ¥ L __g [a ¥ 12 [
oS 10} S3 t
8 C&) L ’3 0 10 [
52 08F A g2
< L V11 B<08)
350.6- \f*’\,‘/“\‘?'\/-\/\! =° L ,
5 PR \ 5 06¢ 3
g 04 ] (© ‘.2 g 0 b (d) AN
o= . . , . \ & .4
0 0.005 0.010 0.015 0.020 0 0.005 0.010 0.015 0.020
Distance L /m Distance L /m
B S AREM I TRRMAESZE X 7 BT, (0 H—2:(WHE R H=2E (D HUE

Fig. 5 Residual stress distribution under different scanning methods on X direction of each layer

(a) The first layer; (b) The second layer; (¢) The third layer; (d) The fourth layer
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Fig. 6 Residual stress distribution under different scanning methods on Y direction of each layer

(a) The first layer; (b) The second layer; (¢) The third layer; (d) The fourth layer
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Fig. 7 Residual stress distribution at the center of

oy
=2}

14

e~
o w

Residual stress distribution
o0 /(10° MPa)

o =

= (=]

=
[\]
T

1 direction orthogonal changing #3
[ 2 short edge reclprocating scanning
[ 3 long edge reclprocating scanning /

0 0001 0002 0003 0004
Distance L /m

(&S I N = = W R R R SR <)

Bk A% L 73 1 13 B A 03 A

sample under different scanning methods

K8 ot M HEER#. () BOLREIE T (b) M B 4T 2 il i

Fig. 8 Frame of LMDS system. (a) Photo of titaninum alloy LMDS; (b) temperature measurement with thermocouple

GRS

Pl 9 Ay foff A Fb A 000 A (31 532 45 €0. 010,0. 005, 0) &b 38 B A8 Ak, A5 B 5 s BC— YRS 30 3 0o 40 A 1
S A 0B 3t R ] A2 1 i 2 (AT 90 g i 1 ATl 2k 2 RS LG L 0T DU B0 A5 R 5 S I B R AR ) 5

WEARKT 1020 0T LA R A B A B sl 518 3 & g2k 1 2 A2y OB IREAR T — 26,

S R TR A 1 I 1 L AR IR AR e A A A R SR R R 25 2R

1 simulation

2 experiment

i) 1.0 [(@) S 1.0 ®)
=08 = 08¢
I~ 1 <
S 06 2 506
=
£ 04 204
- -
é 0.2 1 simulation éo-z
2 i t
g o experimen E o
-50 50 150 250 350 -50 50 150
Time ¢ /s Time t /s

250

350

[(©

DO =

1 simulation
2 experiment

-50 50 150 250 350

Time ¢ /s

B9 P B AR b IR . (2 KA s b A (o A EM

Fig. 9 Measuring the temperature of substrate with thermocouple. (a) Long edge reciprocating scanning;

(b) short long edge reciprocating scanning; (c) direction orthogonal changing in different layers scanning

051405-6

Z‘LS‘C_



49,051405 MM SYBIZHRE www. opticsjournal. net

] 10 g 1=138 s BF£T S LA FT 900 45 0 3 44 4
A U BT (9 T FE B AR T 0 T O A T 20 S i 3 1
W7 A5 BLBE B A AR R A A L3 AR A — S T
RS L BT LA TR SR . 0 0 BT A5 4% SR 5 9 B 4
SERR AR 1690, 5 LB 07 207 12 AT B A 7T L 56
ERLRE 127 5 9 A5 P 1 490 10 TE
5.2 BAEEREHEARSENMNE
5.2.1 B R®E

T o S T AU 1 5% 4 o7 7 485 5 R R FL L 10 =138 s W21 M3 ASC A 000 45 B 32 4l 3 4 O =8
Yo H G R RE PR TR T AT T 5 A A SR, B AL F L AL 6 B2
I R A AR L ZE AL I T 00 TR h el — A ANEL 7 Fig. ‘10 Real-time measuring temperature results of
T FE] B 5 B8 1 1 5T 65 i 08 00 4L @E‘Jﬁjjﬂﬁi region that approach the molten pool at t=138 s
VR 2 75 F L B ST 0 57 725 44 s T LA R S8 g 2 D5 TR 4 /N AL AR B 1 A
5.2.2 B

1) HE 5 H R W e R S T L TR AE RS i
TR ST S SE A R X R 5 T AT 5 B 4 //<
W URIT B Sk 3, -7

2) He 5K T 04 45°, — A5 HY FA JE AG G Jog 725 F =
o A AE /AL L BB SR 0 B 3 mam A
A FL 3 BB R AR B T 11 AR 45°

3) NLE AR 2 mm ., 5 OB I K B L L L 1) B v 4 \\
#2510 mm, 5 B FL 5 7L 2 I (9 5 0

4) Sy i G ol A D SR P S 2498 3 SR 5 R 1L R i s
A5 ZEEEFLIE 40 min(R KD P4 5 min 5K AR Fig. 11 Sketch of strain gauge position
FEROF (.
5.2.3 SF£HZRBITH

12 R R B BB o, 20, BOFRAR I F7 4075 (8 L 1T LA K 0 0 5 4 7 =8 R LA fel 12(b)
() B 1 T2 5% AX L 3 43 A W K BE 3 A 36 AR J 0 o, B A B FEE AN, 02t O T8 T 8 KB o0 A4 R B
LR F7 P W/ O 4 R R F1 78 U L S R K. o, MR R AR I R Rk — 2, 7
120 Hso, SEAR I N W I ST e AN 2 R TR K . o, 5O I . B A 3 A L g
e AR/ . E AT DU S S A R W T 18 B AR e/ X 5 I 5 (D S5 4

436 C 836 C 1236 C 1636 C

R
”V%Y\

= . =] g
S 4l ® 1.8 6f m 1 =
3 b = 4 P =
= 2F =} 2 8
[= L C 2 5 E
23 0f a9 23
1 "I <A 0 oA
g2 lo, g% 75
e 29,  §S N
[} = x
T:‘si -6 o g -6 Y E
€ -8 — T 8 -8 =}
§ oo R NI TN
é 0 0.005 0.010 0.015 0.020 g2 0 0.005 0.010 0.015 0.020 2 0 0.005 0.010 0.015 0.020
Distance L /m Distance L /m Distance L /m

B 12 AR TR X 5 aRR N ). (0 SEEAM: (b KAHEH; (OB HE
Fig. 12 Residual stress distribution under different scanning methods on X direction of surface of samples. (a) Direction
orthogonal changing in different layers scanning; (b) long edge reciprocating scanning; (c) short long edge

reciprocating scanning
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