¥ »
;z {‘ HE
zzzzzzzzz
) () ORI

5

fEEEN:

TN (1994-) , 5B,
T4, EENFLRNAE
R FTZIES. EBIG
MEIERARARITIE. B
1E: 15226521229, E-mail:
1084833310@qq.com
BHEE:

REE, 5, R, BT
£S5, E-mail: gyyzhao
@163.com

FESZES: TP39L.9
NEtFRRAS: A

Y EHHS : 1001-4977 2022
03-0340-06

BEamB:
ERBEARIEES( 51774139,
52074128) ; UitE B A
Rl E % ( E2020209014,
E2019209597 ) .

WisHER:

2021-06-21 RIS,
2021-10-14 WEHEITHS .

(R

ol

Vol.71 No.3 2022

ERlE e ERnEEEIR o

AihEe, BEE, PR ¥, EBE, #h 8, K
(4B T AR AR SEFEFR, T1bEL 063210)

WE: REHERIRENRHATIZAR EREEEREEREFRREDRIT TR, B’RT
A mEEITRETRERDTEENZWIE, FXItET20 pum#N20 mmiE g EEIZFIRED
MERZHAIRE . FERFE, 20 um. 30 pum#140 wmiEBAYE E IR EIRLIR E B 5
U972 ms. 11.1 msF114.3 ms, FIPRZFDF)H24135 /s, 146859 /s, 120642 /s, &
PRMAsHEERESE . SR SEANES. 20 mmEHREIERT9.2 s, FIYENEERN194 /s,
R[S B [B)F0 S ENIRERIT K T AV EE

KEE: A, RBED; BEREN

X MAIBI (Selective Laser Melting, SLM ) AR EE— SR ST
2, MIEBEREITRRSIEEDAL’ ~10° K/s, BFHRESHTH, #WuAT
K. EFSMmEt . MEitbREdiETrEEREL T —MRIENEZ IS
2, FAENLRREENRREIIEFEEDNTHME, mzARERINS
A LRIFHINIER S E IZ IR E R .

FEZFEMR TSLMIT 2SN RESRETRERNZN, REACA-FEREE
EEUTABRABRE TS ESLMAFEIREFIREERTHNE, HHRRER
1 000, 1 600FM2 400 mm/sAY, WBEitEFRRSREDHIZIH2 970, 2 270711820
BASHNERL92.5x 10°, 3.2x 10%%03.9x 10° /s, REABRTEARLEEX
FROCAEERESRETRERNTNERE, BELEEEENEX, RESEMNL
MiERFHT AT, RAERTSHEGEBLESHNS EEREEEERE FSLM
FIBTIAUVEERNRERTN, JIEREM] 000 mm/sIESE]1 600 mm/shT, iR
[EREEM5.64x 10° K/cmiZ2E3)1.84x 10° K/em, SEIRZEME.56% 10° K/sIZEF
1.93x 10° K/s¥Y, MREZENEMEES . RIAEEMR IR AT,
ReakE. RENXEERIEEEHAIEINIMIEN, BEMKXEZERIFRET
100, TSANERNEE EERIEINTRE (5—209 ) , BEZERIREmREREN.

ARIOBIT IS SLMAA AT BT FZF AR E DT 7 HEBRIELR, HRHFD
W7 A ERESETRERDNEEESAER, HBEIHBBERMERIBOITE
BitEE TERE, MRBICIRE S BFHEERINEE LD ENEL, &E
N AR TEEAREREEERTWER, HomMAHE RS, SR
ERARMEERASIRAREGIESEX

1 HEFIRE
B AR ACT 128 B AEN, KAPro CASTIHITEHSHREL . HUS.
EEMEEXREAMSHSRENXEML, NELFR. @8, ITEHEEE
MEIEEEEEN1509 |, KIE%EE 1396
iamERSREAR (1) , ERSEFNERNIERBREE .
Pi—l#(ﬂ 9°T aZT)

+ 2L L
at x> 9yt 0

o

o

(1)




‘ Jot5is
e JOYIE

20224 E3MIET1E
36 8000
341 7800
U 32 7600 |
- ”"E
g 30 < 7400 |
. -1s]
B ~d
< 28 = 7200
B #
o 26 & 7000
£
24 6800 [
22 L L L L L L 6600 L L L L L L
0 300 600 900 1200 1500 1800 2100 0 300 600 900 1200 1500 1800 2100
RRE/C LR/
a b
1800 100
1500 | 80
271200 F 60 L
5 900 = 40
53 E
£ 600 20l
300 + 0
0 1 1 1 1 1 1 1 1 1 1 1 1
0 300 600 900 1200 1500 1800 2100 1380 1400 1420 1440 1460 1480 1500 1520
BE/C REE/C
c d

El FEZWIESHEREATCLE

Fig. 1 Curves of different thermal physical properties with temperature
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Table 1 Thermal properties of the iron-based alloys
/ ! kg m® /W mt ! I k} kg*
1100 7550.15 29.56 711.36
1200 7510.24 31.17 779.37
1300 7 460.36 32.99 852.12
1400 7 418.66 34.64 929.93
1500 7 180.02 32.63 1097.94
1600 6 931.67 28.39 1280.23
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Fig. 2 The model of the micro-molten pool
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Table 2 Parameter setting of the numerical simulation
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Fig. 3 Points at the micro-molten pool
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Fig. 4 Temperature variation curves at different points
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Table 3 Temperature changes with time at different
positions in the micro-molten pool

/ms pointl /' point2 [ point3 | point4 /

0 1569 1569 1569 1569

2.04  1508.646 9 1508.647 1508.647 2 1508.647
1433  1392.9559 1392.96 1392.96 1392.9659
16.38 13422928 13422929 13422929 13422928
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Fig. 5 Variation curves of the solid rate at different positions of the

micro-molten pool
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Table 5 Time taken for the numerical simulation and
theoretical calculation
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Table 4 Variation of the solid fraction at different positions
in the micro-molten pool with time 6
pointl point2 point3 point4 Table 6 Cooling rate of the micro-molten pool during
fms % % % % solidification
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Fig. 6 Temperature curves of the molten pool with different sizes
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Fig. 7 Cooling temperature variation curves of the micro-molten pool
with different sizes

FoHr 720 pmAN20 mm)E B EEREITIETRIRED T
g, MMEENERUESEITRIERR.



7 J5x
LAy e
vt

) () ORI

Vol.71 No.3 2022

(R

8920 pmF120 mm}E A B EiRE LTI .

MEBaF I AL, fABEMIENREZHE
HIHEES . NEsbFIEL, BithiEETIIZY
ARETREERA, ZERE TFEREEFIRT/N,
RERENTHRERNTX, BRETHBERSHEID
HE . BiERsER, NMIEREEIS TR,
pointl LAEE FEAE, point2. 3. 44MuERTEE
B—ENTRE, XE2E pointl A ERESRIE A SR
B, BPVERR A, point2. 3. 4AMIBHRIEEESR/)
Fpointl4k, FRLUBERARE . A DERETIZA0H
7, BRETHHEZTAIFE, BHEEINREREE
B, BibREZ@REX, WERhBERERE
AEBRERELF, BRIGHINEESWEREDEMN
PR, RREILERIETG—ERIRN.

20 AR A EUERY R ET I EEE ES
(E8a) , A HESEIIEATAYSENERER /924135 /s,
5ERatBLtt, 20 mmiEitF IO MERILAEBELRESD
BUFFET4 099 ms. 6 501 ms. 7 406 msF17 742 ms, ;SH]
EES42.7 /s, 26.9 /s, 23.6 /sFO24 /s, PO
SRS ENEEROREK . RTAENE BT ANE

1600

-
1550 —e—
—A—
—y

1500 -

&
#1450 -
=
1400
1350
1300 L
0 2 4 6 8
] /ms
a 20 um

R, NERTAIEH, 20 mmiEithAYSENEEZEAF20 mm
JAAYRENERER

&9 51920 pm#120 mmiA A G EEEERZL
. ME9aFEIEE, 20 imiEittAIERERIT(L %
540 imlABEEET (I HLAER, I AEMENE
R HRIBEES, 717.6 msHSEEE D REITRE .

NEObFETEL, N AENVERESEEITRRES M
EG#t1T . pointlbERSEEEE], FHABEHEIERER
R, BEEEEEIEAINET, point2. point3FIpoint4FFin
BEEHTE, BB ™M LBAY9 224 msSeREE NEEE]
JUEE

MiE RS XG0 REREERUXI LS RREA,
A g EFT AT [ omss, MAMSHE—RRESR,
BRI/, BENE ST/ TFRER, HEES
PRIERSH BRI .

7
Table 7 Average cooling rate of molten pool
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Fig. 8 Temperature variation curves at different positions of the molten pool

0 2 4 6 8 10 12 14 16 18
i} [B]/ms
a 20 um

100 |

80

60

[EAZR/%

Y

20

s} E)/s
b 20 mm

Eo IEt R EUERERERT UL

Fig. 9 Variation curves of the solid rate at different positions of the molten pool
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Numerical Simulation and Analysis of Temperature Field in Micro-Molten
Pool During Solidification

SU Xin-lei, ZHAO Ding-guo, CHEN Yang, WANG Shu-huan, SUN Xin, CUI Xiao-jie
(College of Metallurgy and Energy, North China University of Science and Technology, Tangshan 063210, Hebei, China)

Abstract:

Numerical simulation software was used to simulate the temperature field in the solidification process of
micrometer and millimeter scale micro-pool, and the variation rules of the temperature field and solid phase in
the solidification process of the micro-pool were explored and analyzed, and the similarities and differences
of the temperature field and solid phase change in the solidification process of 20 um and 20 mm molten pool
were compared. The results showed that the temperatures of the 20 um, 30 um and 40 um molten pool were
reduced to the solid line temperature for 7.2 ms, 11.1 ms and 14.3 ms, respectively, and the average rates were
24135 /s, 146859 /sand 12 064.2 /s, respectively, indicating that the micro-molten pool had rapid
solidification and rapid cooling features. The solidification time of the 20 mm molten pool was 9.2 s, and the
average cooling rate was 19.4 /s, and its solidification time and average cooling rate were much higher than
that of the micro molten pool.
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micro-molten pool; temperature field; numerical simulation
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