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Analysis of Mechanical Properties and Microstructures of Laser Rapid
Forming Components with Fe314 Alloy Powders

Yan Shixing Dong Shiyun Xu Binshi Wang Zhijian Zhang Xiaodong Liu Weihong

(National Key Laboratory for Remanufacturing, Academy of Armored Forces Engineering, Beijing 100072, China)

Abstract A component is fabricated with Fe314 alloy powders on the substrate of 45% steels. The interlaminar
distributing structures, the microstructure in different regions and mechanical properties of components are
investigated. It is indicated that forming layers are stacked up like ladder shapes in aspect of microstructures which
are mainly constituted of tiny compact equiaxed grains with distribution of some flat grains and columnar grains on the
substrate. Furthermore, the hardness of components is low accompanied with high plasticity and ductility in aspect of
mechanical properties because of the composing phases of austenite. There is no appearance of cracks under 690 MPa
maximum residual stress, which has shown a high crack resistance is obtained through laser rapid forming (LRF)
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with Fe314 alloy powders.

Key words laser technique; laser rapid forming; metallurgical structure; hardness; residual stress

1 5 7

ot TRAE R AN H T 5k, 55 R
ARREEFESRFAERERMANITPERAE
B DL R ME B0 32 T T 0 B 2 T B R Kk
FHRERET . T EOE AR B R i &
REW, BREOCR R B RC AR R TEEEK
FHORE R T B LR SRR TR 1) 2 R HE B PR R
FEHR RS TRBOERE R (LR R Z &

%5 H 81 :2009-02-19; W Z & %55 H # :2009-03-28
BEEWE: —EWBWE (513270102) % BifE .

k. BOLBREREHARNET 20 fih42 80 444
I3, B T E AR KA B PR, LRF & R 22 T %0t
R ZREBRTE =g Kk, A 20 42 90 48
R BEE TR LA By ot % 38 5L A » LRF JF 45 1
DI BV =4 RAR AR B — 4 0 RS o R 52
BREA I 1 R

EHFOCRERE LSBT, i T REREZR R
2, BOBRE B R AR MRS B R AR BUY A

EEE A B A984—), B, LR AL, TENFEMAERRETBHHHR . E-mail. ysxingl 984neu@163. com
SHE - EWIZA9730, 58, B R8T, TENFELEHERERBERN T ENR.

E-mail; syd422@vip. sohu. com GEfEBE R A)



11 EHEX% % . Fe3l4 M RBOLIRERBAR 5 SRR 3075

FRBRER ;TREARNABARDHXRET
YeREIE S - B B0 A BOL RE B A i R R
xR G AT TRE R RAER
MBS AXET L BB, F RS S BOLLE R
T Fe3ld @B RAERBIKRBAER 457 WE
bR BRIE SR, S5 5 e BT R IR A R i
AT T J72E PR RR A A6 I 43 B » HE — 20 B R PR R
TR PR BE S B X A M BRI R

2 BOLPEBRELTE
PRI BT R AR G Fe3l4 & &8 K, B4 30
R1FA. ZRREREDEE EER. SUTFRE
BB . ETWEZFHRT MR SEHE. ERRA
M FE X TR, RRBEXKTHA, BOLAEH
HBEKXE‘S"FR, REPH SRR LR NEF
FERAE, S T-aAHERFHN, BERELRIEHA
BoOLIm TR, #7T —BRIRERE. BObREBRE
R LZSEN - BOLIRIE & R1000 W, SR HEE R
5~10 mm/s, X ¥ B 5. 36 g/min, IF H1£2. 0 mm,
B 20 K HBHEE 4020, R 2, R R

(a)

111

II:

! 2

substrate

MK HAEFO. 45 mm, HSIWE 200 L/ min, B4
B RIE R 225 mmX 25 mm X5 mm,

# 1 Fe3ld & MARBA
Table 1 Components of Fe314 powder

Element C Cr Ni B Si Fe
Mass fraction /% 0.1 15 10 1 1 Bal
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Fig.1 Structure of components with laser rapid forming Fe314 powder

(a) analysis model; (b) practical structure of components
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Fig. 2 Microstructure of components with laser rapid forming Fe314 powder

(a) microstructure in section [ ; (b) microstructure in section |
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Fig. 3 Microstructure in the intermediate components.

(a) secondary remelting section and sections nearby;

(b) microstructure of secondary remelting section; (c) microstructure in the left secondary remelting section;

(d) microstructure in the right secondary remelting section
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Fig. 6 Residual stress inside of components

i 6 T I, R4 % N7 ) B B RO R AR
B A3 7% AR A DL R F » BE & 3L 07 kR T 2 Py E
BIRBERIE N, N B ARE R 2R SIREK £
TR J7 B /)N, {E A 157 MPa, #6180 pm 4k fi f1 &%
K EA691 MPa; BE R E R 210 pmib R ETHZE
Z I R, AL R A E TR N . HERRER
JRIE R IR BRI S J5 R ER B BB GE B A
Fi Fe314 B AR BIE M ikt 1 R A RAFB 284 .5
P R B T R

5%

D 2 RIRBEHIB W R B4 R
EABEAR K —KERXN KERK, b
FREZAEHTREM.

2) S Ik T B 40 40 2 B ) A/ B B 2
R s AL B T I R LR
1R s HE L SR M — T P TR
HE SRR, 2 RIBRESWEW 65 R
BB RO

9 REAHAREERERHE &S TR R
Bk s M5 2 SR T B O30 B R B 0 2 T IR 2

1) K% R 1 e Ab T B B 15 B A B A B R
IR B R B H 691 MPa, {B Py oK B3
50, E W1 P Fe314 5K RV 1 52 46 45 BB BRI 8
B ¥ | IR AT B Y FF R R

BEL Ut P Fe314 8 o Ot B s 19 55 f 4
HEES A S MR T LR RIFIE A RN,
FIRH L — R HE T Fe31d #5052 #0806 32 4k



3078 H 3} # b 36 %
ﬁiﬂﬁ‘ﬁﬁﬁo process map for consistent build conditions in the solid freeform
fabrication of thin-walled structures [ J ]. Jowrnal of
% Z Wk Manu facturing Science and Engineering, 2001, 123 (4):

1 Xu Binshi, Liu Shican, Dong Shiyun e al.. Theory and
Technology of Remanufactured Equipments Engineering [ M.
Beijing: National Defense Industry Press, 2007. 294~ 300
BELT NS, BiE F. XEEHEIRNERE SEARIMIL
JL3 - B BE Toll 3 R s 2007, 294~300

2 Dong Shiyun, Xu Binshi, Wang Zhijian e al.. Laser
remanufacturing technology and its application [ C]. SPIE,
2007, 6825.68251N

3 Zhong Minlin, Liu Wenjin. Leading areas and hot topics on
global laser materials processing research [J]. Chinese J. Lasers,
2008, 35(11):1653~1659
BER. 4. BEREEHANIHAEN RS HA].
% B # sk, 2008, 35(11):1653~1659

4 Wang Dongsheng, Tian Zongjun, Shen Lida et al.. Research
development of nanostructured coatings prepared by laser
cladding [J]. Chinese J. Lasers, 2008, 35(11):1698~1709
ERABRENEE F. BAREBABHENKREGHREN
WELBLI]. +EB# L, 2008, 35(11):1698~1709

5 Xi Mingzhe, Zhang Yongzhong, Shi Likai ez al. . Investigation on
the fully dense metal part by laser rapid protyping [J]. Journal
of University of Science and Technology Beijing , 2002, 24(4)
441 ~444
Y, KB, AN F. BAERERBBESRTHNMRE
[J]. A kS R, 2002, 24(4)441~444

6 Aditad Vasinonta, Jack L. Beuth, Michelle L. Griffith. A

615~616

7 Chen Jimin, Xu Xiangyang, Xiao Rongshi. Laser Modern
Manufacturing Technology [ M]. Beijing: National Defense
Industry Press, 2007, 184~226
FREkR, & BH, 5 285 BOERARESARIMI. Jbx: BT
A RRAE . 2007, 184~226

8 Huang Weidong, Chen Jing, Li Yanming & al.. Laser rapid
forming technology of high performance dense metal components
with complex structure [C]. SPIE, 2005, 5629:67~75

9 Zhang Qingmao, Liu Ximing, Sun Ning et al.. Investigation on
microstructure and properties of broad-beam laser overlapping
cladding F305 formed by powder feeding method [J]. Hea:z
Treatment of Metals, 2001, 26(4) :13~17
KRR, XNEH.H T %5 ERARFHOLERBE F305 B
HAFERNHAL] 2 B#&LR, 2001, 26(4):13~17

10 Li Zhensheng, Yang Ming’an, Qian Hancheng ez al.. Modern
Surface Engineering Technology [M]. Beijing: China Machine
Press, 2000. 428~429
BiRS . E. SR & ARRTIEREAIMIL JL5 9K
Tk HRRA:, 2000, 428~429

11 Cui Zhongqi. Metallic and Heat Treatment [M]. Beijing: China
Machine Press, 2007. 276~279
ER. 2R RAEIML JuE. YU Tk A4k, 2007,
276~279



