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Controllability Research on Dilution Ratio of Nickel-Based Superalloy
by Laser Cladding Reparation
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Abstract In order to improve the stability of laser cladding reparation property, several single-factor tests are
carried out for GH4169 nickel-based superalloy by controlling the dilution ratio. The result shows that within certain
parameter range, the dilution ratio increases with the increase of laser power or the decrease of feeding speed, and
the scanning speed may have little influence. In order to simplify the study process of dilution ratio, this paper puts
forward the concept of powder-heat-absorption density, which means the laser energy absorbed by a unit mass of
powder during the process of laser cladding, establishes the positive correlation between the powder heat absorption
and dilution ratio with the combination between laser power and power feeding speed. By using the regression
thoughts and with the data analysis about the test results by SPSS software, the relation model between powder heat
absorption and dilution ratio is established and the accuracy is verified, which provides the theoretical references and
test support about the study of stability of laser cladding reparation property of nickel-based superalloy.

Key words laser technique; laser cladding reparation; dilution ratio; process parameter; powder-heat-absorption
density; regression analysis
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Fig. 1 Sketch of laser-cladding cross section
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Table 1 Chemical composition of substrate and powder material (mass fraction, %)

C Si Mn Ti Mo Co Al Cr Ni
Substrate <0.08 <20.35 <0.35 0.65~1.55 2.80~3.30 <1.0 0.20~0.80 17~21 50~55
Powder <0.09 <0. 20 <0.15 3.30~3.70 3.30~3.70 7~9  2.30~3.70 12~14 Etc
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Fig. 2 Sketch of laser-cladding principle
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Table 2 Process parameters of laser cladding

Parameter Value
Laser power P/W 1050 1150 1250 1350
Scanning speed Vs/(mm/min) 500 600 700
Powder feeding rate Vi/(g/min) 19. 28 21.69 24. 1 26.51
Spot diameter /mm 1.0
Gas supply /(L/h) 200
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Fig. 3 Cross-section shapes of single cladding with different laser powers
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Fig. 4 Effect of different laser powers on cladding-zone
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FEF 1 0 B AR B R AN IR AR R L OB T
XS SE NI s I Ol Y i
K AR Rl 8K 2, il G DXUR B B OR 7 R
AERERT . S 5B EBUENH RGBS BEX
(e BEBOR . B OG D 38 0 18 w4 X IR
Wit 5 42 Tt TR LA R i 1) 3 22 T R R AR Ak —
FE IR A R T e 0 O Y R R Y, — B
BIE . By AR 5 & A R A B I B AN s
XA e BE A /N R e, TR U R R SR B A O
Ty S 11 14 T 72 4 1 K .

3.1.2 ik

K5 R T YOI # P=1250 W, 3%k i 32
Ve=24.10 g/min B, A [543 #f 3 B VE R S8 5
TR R 45 R 6T A, BE 2 4 R A 1

0403007-3



P 5 AN [ 41 3 B2 A0 T P s A T TR AR

Fig. 5 Cross-section shapes of single cladding with different scanning speeds
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Fig. 6 Effect of different scanning speeds on cladding-
zone height, fusion-zone depth and dilution ratio
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Fig. 7 Cross section shapes of single cladding with different power feeding rates
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Table 3 Relationship between dilution ratio and powder heat absorption density

x Powder heat absorption density /(k]J/g) 2.61 2.82 2.86 3. 11 3.36 3.46 3. 89
y Dilution ratio /% 41,477 41. 860 43.780 45.471 49.929 50. 520 56. 836
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Table 4 Tests of normality

Shapiro-Wilk
‘f,\'mh d/ ‘fiu,n _fsl:\l. d/ ‘/‘ilg,n
y 0.203 6 0.200C %) 0.877 6 0. 255
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SPSS AR FH P 7 i 6 — 41 Bl E A7 15 Ak
5 %, Kolmogorov-Smirnov Test I Shapiro-Wilk
Test, Hi #5025 BB 8 T REEA AR,
M5 #5dE HTANREAR RS S, A =7, )8 T
INEEA , I e f ] Shapiro-Wilk Test B %y H 4%
Shapiro-Wilk 1T fo. =0. 877, 8 & /K fiig. =
0.255>0. 05, B LR AZ i y IR IEZS 0 A B v 2
IE AR 5 0] DL AT 18] H 434

B e AR B TE AU G B HE I [R] PEA
Py =bo+bix) FaE Ly = boexp(by2) ] X 5 (y =
b + biln ), BT (y = ba").S M [y =

wdm+ﬁﬁ%zﬁﬁﬂﬁ%w%,#wﬁﬁ£

I AT R O AR R PR BB YL ey Ok A7 AR
.o AR R R AR ANER 5 R

# 5 BRME S 2 HG T

Table 5 Model summary and parameter estimates

Model summary

Parameter estimate

Equation

R square F df, dfs, f’,,~ Constant b,
Linear 0.977 211. 808 1 5 0 7.690 12. 485
Logarithmic 0.961 124. 488 1 5 0 1. 827 39. 669
Power 0.970 160. 980 1 5 0 18. 285 0.824
S 0.952 99. 466 1 5 0 4. 677 —2.579
Exponential 0. 980 249. 100 1 5 0 20. 698 0.259
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Table 6 Comparison between theoretical and experimental values by regression analysis

Scanning Pow_der Powder heat Experimental Experimental Experimental Theoretical .

Laser feeding absorption . oo oo Absolute Relative

rate . height depth dilution dilution 0 0

power P /W Ve/ (mm/min) rate density H. Jmm hoo/mm  ratio /% ratio n /% error A,/ % error Ay /%
S / Vp/(g/min) PF/(kJ/g) exp / exp d Nexp/ /0 Vi 0
1250 500 26.51 2.83 0.715 0.524 42.297 43.078 0.781 1. 846
1350 600 26.51 3.06 0.707 0.557 44,072 45,722 1. 650 3. 744
1150 500 21.69 3.18 0.742 0. 606 45.069 47.165 2.096 4,651
1350 500 24.10 3. 36 0. 647 0.598 48. 000 49. 416 1.416 2.950
1350 700 21.67 3.73 0.516 0.608 54.099 54. 386 0. 287 0.531
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