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Temperature/Stress Field Numerical Simulation of Hollow Blade Produced
by Laser Rapid Forming
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Abstract A transient temperature/stress field finite-element model for the laser rapid forming (LRF) process of a
hollow blade of aeroengine is developed. The deposition process is simulated with the finite element birth and death
technology, the thermo-plastics is analyzed by bilinear isotropic hardening and Von Mises yield criteria, and the
indirectly coupled temperature/stress field evolution during the LRF process of a TC4 alloy hollow blade is
simulated. The results show that during the LRF process of a TC4 alloy hollow blade, the temperature/stress field
in the TC4 alloy hollow blade is dynamically developed with the movement of melting pool and increase of forming
height. For the reason of cooling/constrain effect of the substrate and heating/stress-release effect of the melting
pool, the temperature/stress field gradient distributes along the altitude direction. The temperature declines from
the top to the bottom, and the heat dispersing direction was from the top to the bottom i. e, , from the melting pool
to the substrate. The stress field increases from the top to the bottom, and reaches a maximum at the bottom of the
blade. When the blade was cooled to room temperature, the residual stress distribution is similar to that in the
cladding process, expect for a larger stress at the top of the blade.
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Fig. 2 Surface temperature of melting pool from

infrared measurement
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Fig. 4 Enthalpy of TC4 according to temperature

225 . /N SR R 7S TG A R A AN [ 3. B R
687 A8 R S Y A XA 5 2 0 P R BTG [ A R A 4 [
3R

B JMatPro-demo #4788 TCA (k& &5



9 # BRSCME 45 . 2SR SOb BE Y 3 AR KR /B 5 B E A 1311

BEXRME 4 iR,
N7 3 7 AR 43 A B ] R JES TED R AH 4 B4 8 A0 T
WE 5 Fras.

B 5 R AR o AT R

Fig. 5 Boundary condition of stress/strain analysis

WOt P 3 R 1 A8 o AR TE BRI LA A R
e, IR B o 2 T 2% B 40 AT o B BB MR AR PR R 6
2% e JE IR s N R E B s —.
I 5 SR P BUER M i 0 58k A A5 TR ASE H0 b ek A 4 i , [R] Bt
% JROK TR B AR AE I, I SR A 4 4 Bz 3 £ (Full
Newton-Raphson) J7 2 #4725 48 1% W B %6 P 48
ESR A% .

5.2 HEERSH

SR FH DA b S TR 2 B[] R BB A L S BT VR T 9 R
A BRETT, GE BT B A M RHE AR B, 7 A B
] A7 38 ' 49 4 BT B 7 B IR B P T 2 AR K RO
Eunf . ReRkAEREGSERRAEREGITES L
M R R 7 AR 3, 23 0 B B RS SRR i 7R R
B/ N5 EEITREESERME 6 fin. Hd, (@
~ () NN BT % 23 0 b R OGP B 19IR
AR, (D~ () 518 B 5 X% B e 2028 00 R
WP R 1 SF RN T

FE O R B BUE 1 7 o, BB S 9 B M B
[, FE R R RS e AR = O A
T Ao 2 e YR B R g / N AR FE R A O R R
B 175 78 )2 7 SR UL AR T 3 A5 i AL

ERIE I (11 s B 20, 70 & 6 Ca)) , B R R
FHRUTARE 2 2,/ RERE H1800 C,/BEE
T B JE VR B A , 7E 300 C A2 AT 5 T 55 o 0 h v
Ve FIRRZN A BT R B R GO, o R R
B G. A1.8X10° K/m, #& it 5 1 K- 1 G,
0. 4X10° K/m, 523 /E K AR VLEZE AN GE B Bk
45, RN I E R, P34 R 500 MPaZE fy , e K 5F

K6 z=.0M F RO TRE BT & B R IR E /6 ) 5 R
() 11 s RS ; (b) 288 s MEEY; (o) 734 s Y ; (D 1006 s
W () 21032 s BB (D 11 s AN J7 5 (2) 288 s ZERLNE
J15(h) 734 s AN 15 (D 1006 s ZON ST 5 () 21032 s ZRN A
Fig. 6 Temperature and stress/strain fields evolution
of LRF hollow blade
(a) 11 s temperature field; (b) 288 s temperature field; (c) 734

s temperature field; (d) 1006 s temperature field; (e) 21032 s
temperature fields (f) 11 s stress field; (g) 288 s stress field; (h)
734 s stress field; (i) 1006 s stress field; (j) 21032 s stress field

BB 14706 MPa, H BLTE R B 893k 3 OLE 6 (D H
SMAX) , MiAS R BB ZUTHE RS, i FiE
FmBSER RS EREE AR BB —
T WAL, B TS IE M SO 1 A (L 6
(D SMIND , i & 14 1 19 %% 3 W] LLE 345 o %) 38
— 2RISR 1B BEUE



1312 H 5]

# * 34 %

I o T v TR 1 5 S S 0 VAT 7 R R R, SR B
B, iE R KAL) KGIREBE G B/, 3
YEE B 5 — )2 (1006 sEFZ], WA 6 () B, IKFFEE
F1a G, K0.26X10° K/m, %5 J5 ¥ 7K 7 19 G.
40, 64X10° K/m, [a] B} BB IR E 5 i = Bl J7 )
T E ) AR A, 3R EOR BE A S B R B
T2 it 3% T 4 SV RN G , (B R (R B O [l 1R 2R L A7)
RN EET, AEM IR, R8T, BEIAE & B3
T, 2k JRE %o} 4 7B 2 B 2 R R/ 5 (] B el T B AR
J2 4 X BT BB )Z B B BUE L, & 0 i B TR
St S R, SR WY = Bl e A b
SRR FE A AR, B K EF RN ) BLAE AR B 2 AR
(INEl 6(g) ~ () H SMAX) , B /NER R J7 H I AE
TRER VA W4k G B 6(g) ~ (D) SMIND, T 518 =
W7 ) I EL AR A A ORI, SRR 1 5 R
EHETRMER EEARERERAIR 2, W
T I 3K R B2 T S RN 7 A X T RE AR S A L
UL, BEERE—Z 006 sBt 2], WE 6
(D) B, SERON I 43 A5 U = b 7 1) B AR W] 43 2R IO B
1R S N T B v » ¥ 850 MPaZifq, HAR EL |
B o, SERN 1A B BEARAE TS 4E 7 £ 600 MPaZs
A Wit AR BB 04 2 =4k, SR T 4k RF
TE400 MPaZe 47, M J T0 AR S5 R b ) e A%, “F- ¥ 0
200 MPaZ:Ay . WSk 3 0 8 B 45 3500 g AE N T B8 3
BB BB R | K EFERL J1 K1000 MPa, Hi Bl 7E I
W R (A 6G)H SMAX),

GBI R & KutE (21032 s BF %), (A 6
(e)) By ¥4 20 1R B B (K [ ) 2 1R, [m) B Bz 7 38 7% Sy 3R
KM RRM A HME 6G)) . SHBERE—E
B 14345 (1006 s %1, WA 6 (D) A EL, ZRAR M H1 5
BB G —ZN 1 R R, R R T
AR S A BT R &, ¥ 8300 MPaZe f5 , 30
HBEBTEM.

BRUR, B TR R ARER, BB

BJE 2500t B IR E R 7/ R AR W = O T R
BEA A BT AN EE T, WA MBI E ., RS
RO 7 5 R 3B 0 7 )22 e Mt v G e B 2 I 0 R R T
YERT i TR S R0 ) ek . BRARD T 55 E i
FRNY 7 43 AR AR B A AH [A] , HJE I i TP 45 280 1
AT

6 4 it

D #oath s BT 25 0 iR B i = Bl

BB BCATT N B R, DA Tt B R, 4
Tt PR 315 32 6 B B v B B 1 B Y 08 o » 98 Tt 7
L R A L OB AR B e R IR KRR SRR R
JEE B BB/

2) Hh Tk Y 2 SRR AT R R Tt X
TR R L1 B BT A R 5 B A3/ L AR = Bl 7 1] S A
JBE 50, I AR A7 BN Ty d K, M TR S5 S8R ) B
6 7 I Sk A0 B8 B S5 RN 1 AR X T IR K
AREPHAR.

3) RN N H IR BERIG — R PS40 A AL 2
AHBIF R TR SE 8L ) A B 32 1 » S 30 RE
PR T 5.

2 £ X #
1 W.P. Jia, C. Jing, H. O. Yang e al..
mechanical properties of laser rapid formed Ti-6Al-4V alloy
[C]. SPIE, 2005, 5629:119~128
2 Wang Zenggiang.

Microstructures and

The development of high-performance

aeroegine manufacturing technology [ J J]. Aeronautical
Manu facturing Technology, 2007, 1:52~55
FHE. BHEEMERAIHERAREHEREST]. AEH
#H K, 2007, 1:52~55

3 Laser Engineered Net Shaping. Sandia National Laboratories.
available at http://www. sandia. gov/mst/pdf/LENS. pdf

4 Weidong Huang, Zhenxia Liu, Xin Lin. A new treatment of
interface condition in temperature field calculation during high
energy beam processing of materials [ J]. Materials Science &
Engineering A, 2000, 292(2) :216~218

5 Y. L. Huang, G. Y. Liang, J. Y. Su. A comprehensive
model of laser cladding by powder feeding [J]. Acta
Metallugica Sinica, 2004, 17(1) :21~27

6 Ehsan Toyserkani. Amir Khajepour, Steve Corbin. 3-D finite
element modeling of laser cladding by powder injection; effects
of laser pulse shaping on the process [J]. Optics and Lasers in
Engineering , 2004, 41,849~867

7 W. Hofmeister, M. Wert, J. Smugeresky et al..
org/pubs/journals/JOM/9907/Hofmeister/ Hofmeister-9907.
html

8 Xi Mingzhe, Zhang Yongzhong, Shi Likai et al..

simulation of 3D transient temperature field in thin-wall metal

WWW, tms.

Numerical

parts fabricated by laser direct deposition [J]. The Chinese
Journal of Nonferrous Metals, 2003, 13(4) :887~892
FEHR L RAR, AT E. BOARERE SR RN =
A SEEGEESEDLT]. TEAF &2 FHH, 2003, 13(4).
887~892
9 K. Dai, L. Shaw. Thermal and mechanical finite element

modeling of laser forming from metal and ceramic powders [J].
Acta Materialia , 2004, 52(1) :69~80

10 A. H. Nickel, D. M. Barnett, F. B. Prinz. Thermal stresses
and deposition patterns in layered manufacturing [J]. Materials
Science and Engineering A, 2001, 317(1) ;59~64



