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Effect of Process Parameters in the Laser Rapid Forming on
Deposition Layer

YU Jun, CHEN Jing, TAN Hua, HUANG Wei-dong

(State Key Laboratory of Solidification Processing , Northwestern Polytechnical University, Xi’an, Shaanxi 710072 ,China)

Abstract The most effective factors to the dimensions of deposit layers in the laser rapid forming (LRF) processing
have been achieved through using orthogonal regression design (ORD) and regression analysis method. The most
effective factors on the height of deposition layer are powder feeding rate and scanning velocity. And the most
effective factors on the width are spot diameter, scanning velocity, and interaction between laser power and spot
diameter. The approximate relations between the deposition layer dimensions and their most effective factors are
obtained and validated.
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Table 1 Orthogonal regression design of nondimensional code

Experiment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
number P V PXV D PXDVXDFXQ F PXFVXFDXQRDXFVXQPXQ Q
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 —1 —1 —1 —1 —1 —1 —1 —1
3 1 1 1 —1 —1 —1 —1 1 1 1 1 —1 —1 —1 —1
4 1 1 1 —1 —1 —1 —1 —1 —1 —1 —1 1 1 1 1
5 1 —1 —1 1 1 —1 —1 1 1 —1 —1 1 1 —1 —1
6 1 —1 —1 1 1 —1 —1 —1 —1 1 1 —1 —1 1 1
7 1 —1 —1 —1 —1 1 1 1 1 —1 —1 —1 —1 1 1
8 1 —1 —1 —1 —1 1 1 —1 —1 1 1 1 1 —1 —1
9 —1 1 —1 1 —1 1 —1 1 —1 1 —1 1 —1 1 —1
10 —1 1 —1 1 —1 1 —1 —1 1 —1 1 —1 1 —1 1
11 —1 1 —1 —1 1 —1 1 1 —1 1 —1 —1 1 —1 1
12 —1 1 —1 —1 1 —1 1 —1 1 —1 1 1 —1 1 —1
13 —1 —1 1 1 —1 —1 1 1 —1 —1 1 1 —1 —1 1
14 —1 —1 1 1 —1 —1 1 —1 1 1 —1 —1 1 1 —1
15 —1 —1 1 —1 1 1 —1 1 —1 —1 1 —1 1 1 —1
16 —1 —1 1 —1 1 1 —1 —1 1 1 —1 1 —1 —1 1
17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

18 0 0 0 0 0
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He, = 0.577 —0.165[V] +0. 0391[F7,

He, = 1.002 — 0. 284[V] + 0. 166[ F],
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Hcy, = 1,414 —0.384[V]+0.319[F],
Hc, = 1.804 —0.460[V]+0.393[F],
Hc;, = 2.270 —0.569[V ]+ 0.496[ F],
W =1.890+40.215[D]—0.138[V] —
0.118[P] X [ D],
AT EFERRBE KRN
Hc, = 0.646 —0. 00165V + 0. 0391F,
He, = 1. 322 —0. 00284V + 0. 0488F,
Hc¢, = 1,543 — 0. 00384V + 0. 0938F,
Hc, = 1.924 — 0. 00460V + 0. 1156 F,
He; = 2. 387 —0.00569V + 0. 1459F,
W =—0.184+1.2895D — 0. 0013V +
0.0011P —0.0005P X D,
BT UL 76 B3 PR R 95 0 I 1 T, X UL AR
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EEmREENRE D, HREV . &5ZPMD KR
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FI 7 B % Adjust R square 2 8 B 1 H € R %L, Std.
error of the estimate B9 F MG ITFREIRZE, K
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# R H o] LUE 8 09 BE 5 R LG R AT
RINFESMR.CERTHUEIRTE —
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Table 2 Height° model summary of single layer

Model R R Adjusted R Std. error of
square square the estimate

1 0.624* 0.390 0.352 0.20645

2 0.801" 0.641 0.593 0.16352

a. predictors; (constant), V; b. predictors: (constant), V, F;

c. dependent variable; Hci.
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Table 3 Height® variance analysis of single layer

Model Sum of df Mean F Sig.

squares
1 Regression 0. 436 1 0. 436
Residual 0.682 16 0.043
Total 1.118 17
2 Regression 0. 717 2 0. 358
0
1

square

10.220 0.006°

13.399 0.000°
Residual . 401 15 0.027

Total .118 17

a. predictors: (constant), V; b. predictors: (constant), V, F;

c. dependent variable; Hc.

W ZE T4 R . Sum of square N B ZF-T5 M,
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B ,Residual HFR 2, Total hy —FH 22 Hf. B FH
IKF- @ 0. 05, HHEA p (A5 3 , 49 4038 B A 4y
2H5IIRERERNRERAEE Y B3,

= 4 F I IH R 4 M FR. Unstandardized
coefficients & JE %7 ¥ 1k M 13 &R #t, Standardized
coefficients AFREAL B H R, ¢ HEIHREK B F
TR T ¢ K Ge T B R WA , Sig. o Xf B I HEE p
{H . Collinearity statistics 3L t:i2Wr. B N 4w A
HA&H, Tolerance N BREEMNALE , HFRKHNE
HERZERILLERR, RPEAV 5 He Z[ARE
AR, F 5 He Z[EZIEAR, BV X He B30 L
F 23 NIES A2 W 5 R 0] LUG ) 8] A B 77
e 22 B L S M R) R, Ji (8] 05 2R BU(E P 42 . [ A 3 75 3]
THERMEE A He, = 0.577 — 0.165[V ] +
0.133[F], &1 M A J5 4R R:Hey = 0.646 —
0.00165V +- 0. 0391F,
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Table 4 Height regression coefficients® of single layer

Model Unstandardized Standardized ¢ Sig. Collinearity
B Std. error Beta Tolerance
1 (constant) 0.577 0. 049 11. 862 0. 00
\4 —0. 165 0.052 —0.624 —3.197 0.00 1. 000
2 (constant) 0.577 0.039 14.977 0. 00
\% —0. 165 0.041 —0.624 —4,036 0.00 1. 000
F 0.133 0.041 0.501 3. 241 0.00 1. 000

a. dependent variable: He1.
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Fig. 3 Experimental results of Ref. [9]
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Table 5 Analysis of the experimental results of Ref.,[9]

Aim Demarcate Real Changing Influence

para value rate
P He Maximum 1.3 0.00003  Smaller
Minimum 1. 25
(2300~ W Maximum 4.05 0.0008 Bigger
3900 W) Minimum 2.8
D He Maximum 0.47 0,145 Smaller
Minimum 0. 18
(2~ W  Maximum 3.46 0.34 Bigger
4 mm) Minimum 2. 78
\'%4 He Maximum 1.6  0.077 Similitude
Minimum 0. 25
(2.5~ W  Maximum 4 0.08
20 mm/s) Minimum 2.6
F Hc¢ Maximum 1,625 0.097 Bigger
Minimum 0. 975
(7.6~ W  Maximum 3,935 0.079 Smaller
14. 3 g/min) Minimum 3.4
KN,
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T G 5 R 55 R P 7 S 4 A [B1 15 GE
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Fig. 4 Validation of height function in single layer
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