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Thermal Behavior Analysis of Thin-Walled Cylinder
Structure During Forming Process Based on SLM

DU Shihao, GAO Xueqgiang, LIU Zhao, DING Chenyang, HAN Zhijie
(School of Mechanical Engineering, Hebei University of Science and Technology, Shijiazhuang 050018, China)

Abstract; Considering the difference between thin-walled cylinder and flat structure in selective laser melting( SLM) form-

ing process, this paper established a multi-layer and multi-channel temperature field finite element model of thin-walled cyl-

inder formed by SLM based on ANSYS, and used numerical simulation to study the influence of scanning strategy on temper-

ature field and stress field of thin-walled cylinder model. The dynamic growth process of A17075 metal powder was described

with the technique of “cell life and death” , and the distribution of transient temperature field and stress field was obtained.

The results show that when the length of single channel is sufficient, the formed part of laser has enough time to dissipate

heat, and the temperature field advantage of different scanning strategies becomes weak. The stress advantage brought by dif-

ferent scanning strategies still exists, even when the temperature advantage becomes weak, a reasonable scanning strategy

can still effectively improve the stress state of the printed part. This paper provides an important reference for thermal behav-

ior analysis of thin-walled cylindrical models during molding.
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Fig. 1 Scanning strategy trajectory and special point marking map
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Fig. 2 Finite element algorithm for temperature field and stress field
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Fig. 3 Finite element analysis model of thin-walled cylinder
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Table 1 Model parameters for finite element analysis

Project Description Numeric value
Substrate Long Xwide xhigh 8 mm X8 mm X2 mm
Inner ring X outer ring X 2.287'5 mm X
Layer size et ng - outer ring 2.437 5 mm X
thickness
0.09 mm

Number of layers
and lanes

Number of layers and

cavities in the mold 3 layers and 3 lanes

Thickness of each

layer in the mold Thickness

30 wm
0.4 mm X0.4 mm X

Grid size ( substrate ) 0.4 mm

Long X wide Xhigh
0.025 mm X0.025 mm

Grid size(mold layer) %0.015 mm

Long X wide X high

Number of
nodes and cells

Number of nodes and

. 9 891 and 2 000
elements in the substrate

Number of
nodes and cells

Number of nodes and
elements in the mold layer

196 452 and 33 048
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Table 2 Main chemical composition of Al7075 (w /%)

Element  Si Mg Cr Zn Fe Ti Cu Mn Al

Content <0.01 2.46 0.22 5.45 <0.10 <0.05 1.62 <0.10 Bal.

£33  Al7075 BERMEIE ARG ES E

Table 3 Thermophysical parameters of Al7075 powder materials

Thermal Specific heat

Temperature/K  conductivity/ Demitﬂ/ capacity/
(W-m™-K) (grem™) (J-kg'-K™)
373 142.2 2.75 889.3
473 139.6 2.73 944.2
573 130.7 2.71 1096. 8
673 117.6 2.68 1264. 8
773 115.3 2.65 1246.2
873 101.1 2.58 8426.0
973 66.5 2.43 1123.4
1073 69.1 2.40 1123.6
1173 71.8 2.36 1124.0
1273 74. 4 2.32 1124.3
1373 77.1 2.29 1124.5
1473 77.9 2.27 1124.0
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Table 4 Al7075 powder forming process parameters

Parameters Numerical
Laser absorbance (A) 0.1
Powder thickness (d)/pm 30
Spot radius (R)/pm 37.5
Scanning distance (s)/pm 75
Laser power (P)/W 250 300
Scanning speed (2)/(mm-+s™") 8 001 000
Initial temperature ( 7y)/K 373.15
Powder laying time (1)/s 0.05

x5 AI7075 MEMBH
Table 5 Basic parameters of Al7075

Modulus of Density/ Poisson’s Melting
elasticity/GPa (g-em™) ratio range/K
71.7 2.81 0.33 750.2~908. 2
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Fig. 4 Temperature field simulation cloud map of thin-walled cylinder

under reciprocal scanning strategy

4.2.2 FRl4a#h Rk st A R R E T Fa

PR RS — 2 R R — (SR B 5h) . R —
(B2hESMEIN) | R = (TR MBS X 3 B4 3 5K
W, HN L L AMERR IR SO B AR A M & B 5 TR,
NGB 2SS S5 TR, 3R 27 0 B e e TR 7 5 A5 3

3000 3000 b 3000
e Point 1 L] L Point 4 v Point 7 [ C
2500 F Point 2 2500+ Point 5 2500 + __ 252819 Point 8
L - - - -Point 3 I 2500.31 - - - -Point9
v i v 2498 31
° 2000 > 2000 B 2000
E | E E:
£ 1500 Point 2 § 1500 £ 1500 Point 8
g | Point 1 | _Point 3 & & Point7 | _ Point9
S 1000 | __PUTTC __ . _ Meltingline 5 1000} _ _ S 1000 | i1 _ _Melting line
= ! | = = T i
500 e | 500} A BN AN
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Time/ms Time/ms Time/ms
3000 3000 3000
.............. Pom' ] d Point 4 e POil’lt 7 f
BOOL e Tfme | 5000 e s =
T 2492.49 “ 77 Pomnt 241539 ~ = Rofnt 2373.69 "7~ Point9
% 2000 E 2000} l
2
5 1500 Point 2 £ 1500 i Point 5 Point 8
g- Point1 | _ Point3 g Point4 | _Point 6 Point7 { _ Point9
51000 |- - - -Meltingling & 1000 | _ _ % _____ T T - - Meltingling .
| § l H i . | .
500 14 soo UL ARG AN RN AR AN ae B s
0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 d L 1 1 1 0 1 1 1 1 1 L 1 1 1
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Time/ms Time/ms Time/ms
3000 3000 h 3000 :
e Point 1 L9 senonenes Point 41 e Point 7 LY
L Point 2 L Point 5 2500 | 2527, Point 8
250 e = - S
% 2000 %0001 : % 2000 ‘
E E E A
£ 1500 Point 2 £ 1500 - Point 5 5 1500 Point 8
=9 =9 : . =Y Point7 | _ Point9
51000 51000 || ’ RS Metinglin 5 1000 ’ —
5001 500 b L 500
0 1 1 1 P 1 1 1 1 1 0 1 I 1 1 1 L 1 1 n 0 1 1 L 1 1 1 1 I n
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180

Time/ms

Time/ms Time/ms

K5 REEAMEA: (a~c)BME—, (d~DFIE, (g~i) FMg=

Fig. 5 Temperature change graph: (a~c) strategy one, (d~f) strategy two, (g~1) strategy three



LERVE |

FEAEIE A5 . BT SLM f0 T BE 54 i) 45 44 R i R AT S 23 A 1041

I, A E R WA 6, FAGH b A AR IO R A R
SEE AN 3%, 1H 518 Z A A 22 5

(1) i AR A

Pl 5a, 5d Fl 5g 735 3 B 5 4 A Gl I RE AZ 4K,
XFECRIR, SR — A = 1 NI Lk e e — B, Pl

T RIS 1. 3% 5 TSR M — N3 O fe LI,
FIE AR EREEN 0. 7%, X UWITERE AR, Hot
o4 ™ A DAL PR 90 ) G 1408 B A L 3108 ) 38 i

IRE

x6 SLM HEMETENSERSRE
Table 6 The maximum temperature of each path in the SLM molding process

Inner channel node temperature/K

Midway node temperature/K

Outer channel node temperature/K

Strategy
Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 8 Point 9
Strategy one 2355.25 2374. 81 2386.52 2397.17 2433. 06 2456 2498. 31 2500. 31 2528.19
Strategy two 2492. 49 2501.02 2508. 84 2415.39 2439.29 2453.65 2379. 69 2396. 77 2409. 11
Strategy three ~ 2355.25 2374. 81 2386. 52 2423. 46 2397.2 2386. 1 2445.31 2489. 33 2527.65
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Fig. 6 Cloud views of deformation (a) and stress distribution (b) of
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Table 7 The amount of deformation of each pass in the first layer
of SLM molding

Strategy (}nner channel Mid(:ot}rse Outer channel

eformation/m  deformation/m deformation/m
Strategy one  8.726x10°°  8.926x10°° 9.146x10°°
Strategy two 8.735%x107° 8.939x107° 9.153x107°
Strategy three  8.726x10™°  8.922x107¢ 9.153x107°
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Fig. 10 Variation curves of total stress in each layer: (a) the first-layer, (b)the second-layer, (c)the third-layer
#8 SLM HERE IR EERNE
Table 8 Stress values for each pass in the first layer of SLM forming
Strat Maximum and minimum values of Maximum and minimum values Maximum and minimum values of
rategy inner channel stress/MPa of midcourse stress/MPa outer channel stress/MPa

Strategy one 852.76, 637.87 883.11, 612.94 808. 34, 647.20

Strategy two 791. 60, 644. 40 883.30, 612.99 883.29, 650.32

Strategy three 852.76, 637.87 881.28, 613.46 802.70, 647.28
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