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Prediction Model of Aluminized Layer Thickness
Based on X-Ray Fluorescence and Extreme Gradient Boosting

Li Zhuoyue, Wang Cheng, Li Qiuliang, Guo Zhenping, Li Bin, Li Xin

Fundamentals Department, Air Force Engineering University, Xi’an 710051, Shaanxi, China

Abstract As an important means of high-temperature protection for aero-engine turbine blades, the quality of aluminized
coatings is closely related to flight safety. The thickness of the aluminized layer is an essential factor in evaluating its
performance. However, it is not easy to measure it accurately by current nondestructive testing methods. For this
problem, the X-ray fluorescence technology is combined with the extreme gradient boosting (XGBoost) algorithm, and the
feature element extraction by Pearson correlation coefficient screening (PCCS) is used to build a prediction model for the
thickness of the aluminized layer. The average relative error of the prediction results is compared with K nearest neighbor
regression, linear regression, support vector machine, and random forest models. The results show that the PCCS-
XGBoost model had the smallest average error of 1. 60% in predicting thickness compared with other models. The study
provides a new prediction method for nondestructive testing of the thickness of the aluminized layer.
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Fig. 1 Schematic diagram of thickness measuring principle. (a) Microscopic; (b) macroscopic

W98 X Gt 28 26 o 4% J5 A T 7 LR sl ik )2 2T
X SRt 7 5 3 Ak o0 A B AE A AR A XRE 8
AR, WA 1(h) firs o A TR 2 RR I P G BT
R R ™ A 1 XRE 58 B 20 51 4 TR T, % T #AR )
Koz, HRRR A ERIR N
I=1, exp( *;zmdm/cosﬁ), (1)
A, MR RCR B, HAE R XRF WK RE % E
R Bk 0 F W R T RO GE s d, IR E I R
BE 50 0 AT I 5400 Dy 1) 1 e A, ik o B e R
W28 0 A7 B e HL 5 0 i 2 T A BE S A B cos 0 R
B X T HAHY SRR, EA R AR T,
XREF P K B J2 5 B ANAR 0 58— 52 0 1 38 &% ot
R H T R e E R A AT LR B,
XRF R JE X B In (/1) 5B ERERE 4, £ 4
e Rl # A In(1/1)5 d, B RNE A, gtk
SR 2 R B ]
XNFBEE AR TR SBIZTEMOY i
5 B 55 XREF Y58, Wi, B2 % EZ 0 R H
SR A 2 Bl 5 18 2 R O 1) ke AR AR A 8 0 T R &R
B KR AR, S B XRE 38 B 1 2 B B0 A

SR A (D) PR AR . IR e i ) SRR b
BEVBREREEG S, URMERZ , ARITTR YR T F
O], i W R B e TR SRR R T 2 A4
fIEJC 3 XRF 58 & iy % 805 8 2 8 8 22 18] 8 A A= 1
Z e AR M G R, SR H AL 0y Ltk 8105 U 2k 4 DL R
BHAR R R, B XGBoost 5 5k B 45 fiF
o G4 XRF 38 B X S B R R R Z R SR, D
KNS 2R R B

2.2 XGBoost& %

XGBoost & 5 T 88 B 2 FH R R (GBDT) (1) — Fif
Bk 7E GBDT My Al k4T 1T B 28 i) A =L It |
51 TE 0 15 0 Ak % FH Blocks 774k 25 A4 1 Ak 151 2% o5 %%,
G TR A LTI

g W 2R B HE 2 D={(x1,30), -, (2 i)y oo,
(xoy) b xe(a Y, e 2 Hox B8 i B
FE o MR AR BCE , B O FZEn R AR sy AR
BRI XT N 1B R R . A 2 XGBoost H 5 b
BRI KRR H

Oy (@)=> 1y, 3)+ D00 fi), (2)

2134001-2



$£59% F£218/2022 F 11 B/HXEXBETEHE

K0y (0) N H bR BB Dy 5,) R 35825 5B

Qf) R IENALTI ; £ 0 B BB 5y, IR EE 2, B 2R
FE EE 5y MR 2, 0918 )2 R BE TN 5 £, 0 565 R ASAR
FORETEL . 5, 0] GBDT A6 B $2 TR 357w

5= filz)=5." "+ £z, (3)
ol — U IUOR. 4550 (3) R A B BRBRHUT , 18]
0L ()= [y 3 4 fi(2)]+ S04, ()

ERNEER RV R Sy 1
1) BEAT Z B 22 B OT , 25 B R RO, O AL 2k eR
oot H AR R B B 28 I U

n

Oy =>[1(y.3" "+ g fila)+

1
Eh,-f;z(r,)]Jrzﬂ(ﬁ), (5)

g BRI — B ALy 90 ) f BRI
09 B SR (v 3 )
2) %F 30 (5) HEAT I WAL R T, 5 B B0t 75 5
TR7 Ak TF DU A 358 £y I s o
a 1 )
05" =2 Lg filx)t S hf2 (2) I+ 0(f)e (6)

i=1

3) BIF— I IR AR, e B
25 S BB 0] 5 o, BT 5E R R g W R IA =N
filz)=w,(x),0ER", ¢: R“—>{1,---, T}, (7)
Arp, TRRXRWMA Tt 4550 By 425 i
=~ G5 A 50 R 2 R ) Y L2 e A R,

il 5y

D= yT+ Y e, (8)
21y g R T A8 o B 4 5
s A8 AN T L8R ()RR (8) R A H b
B (6) 1t X0 40307 4040, 751

r 1
() — - ) 2
O, ;[(J,w,+ 5 (H,+Ne?]+yT, (9)

J
:thj :Gj:zz.el/gﬁ Hj:ElEI]h[o J‘Eﬁ*@@—ﬁ:ﬁ(

FRE IS B L B AR E A
BN G./2
obj——gj; i + 9T, (10)

3 Bd £ AR

3.1 UFBSH

K H DK7725H B K AL VI EIHL YT ERB 80 A,
JH TESCAN VEGA COMPACT #! 45 4 H1 %5 (SEM)
WA AR B ZEE . RAUITE W b X H 4R
H R 19 XAU-4CS B B8 &2 @ 15 X JF 26 98 6 (EDXRF)
% SR A R Ak S A AE OC R ) XRF 5 FE(H . I
WS R R 40 KV 8 i CR IR S AIE 8 X 4oh
Y HL I ) oA 1000 pA s oE ELAS I ELA2 R 1. 3 mm; 5 5530
I E 30 s, B R AE S ICE A . R A
PyThon3. 7. 0 ] XGBoost £, % #4711 25 .
3.2 it

SEI R AR S B R R s LR e i A & A
N DZ22 I AL R MIEAT T B EB A2,
DZ22 4 4 T EA2E B 1 0 i A0 B 35 1 FTR o

#1 DZ224H 40 55

Table 1 Mass fraction of main elements in DZ22 alloy unit: %
Element Content Element Content Element Content Element Content
C 0.120-0. 160 W 11.5-12.5 Nb 0.750-1. 25 Cu <20. 1000
Cr 8.00-10.0 Al 4.75-5.25 Hf 1.40-1.80 Si <20. 1500
Ni balance Ti 1.75-2.25 B 0.0100-0. 0200 S <0.0150
Co 9.00-11.0 Fe <20. 200 Mn <20.0150 P <0.0100

AR XREF R A, o0 2 19 5T 8/ eG4
ob I 5 B A BRI, H XRF 38 B R B 5, Rt AN % &
DZ22 & TR RSB T 2% MILE . D222/ &2
DA Nih FE R, A 2 Fp HoAh T R A B iR A 4 NI
B o R 2 BUOTE 54. 58 % ~63. 12% Z i, M#E 1A A&
LB NIJCEIN, INATTR w505 T 2% B4 Cr.
Co.W. AL TiJtE. BT AIMEFIFEH Z=13,XRF
s E, HAMERBREWERE TR, S0 5K
DZ22 44 h ALJC K i XRF 38 B i A8 K, Kt
PEHU NI Cr.Co W .\ Ti AT EVEN XRF MK ICE .

h F AR [\ JE BE 1 DZ22 % 55k |, I 4 1) )
MUK 34 e DI Atk SR 05 g LA T B i &= 0 o, OF
X 45 A ZOR IR FE M B U1 R B I AR SRR A A B 4R

JZIEJE BEAT SEM LG AR E o K 2 B )2 IR I bs
ERBIE . Horp i g Ry o R 5 TR D B-NiAl

2 BRI KR E
Fig. 2 Area calibration for thickness measurement of

aluminized layer
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Table 2 Thickness value of aluminized sample unit: pm
No. Thickness No. Thickness No. Thickness No. Thickness No. Thickness
1 60. 60 9 79.76 17 83.93 25 87.61 33 90. 25
2 65.78 10 80. 21 18 85.75 26 87.75 34 90. 85
3 68.79 11 81. 36 19 86.02 27 88. 46 35 92.75
4 69.93 12 81.88 20 86. 24 28 88.55 36 93.50
5 75.96 13 81.91 21 86. 29 29 88.79 37 94. 20
6 77.94 14 82.59 22 86. 64 30 88.88 38 95.95
7 78. 46 15 83. 60 23 87.08 31 89.98 39 96. 20
8 78.93 16 83.68 24 87.45 32 90. 00 40 97.25
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Table 3 Pearson correlation coefficient of each feature element
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Table 5 Thickness prediction results

No. .Predicted . Actual Absolute Relative

thickness /um  thickness /um error /pm  error /%
1 81.60 80. 00 1. 60 2.00
2 89. 26 89.15 0.11 0.13
3 89.66 93.25 3.59 3.85
4 93.82 92.85 0.97 1.05
5 93.47 94. 20 0.73 0.78
Average error 1.40 1. 60

P Ni Cr Co W Ti

Ni 1.000  —0.193 0.438 0.629 0.398
Cr —0.193 1.000 0.553 0.430  —0.225
Co 0.438 0.553  1.000 0.811 0.067
w 0.629 0.430 0.811 1.000 —0.046
Ti 0.398 —0.225 0.067 —0.046 1. 000
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Table 4 Hyperparameter of the PCCS-XGBoost model

Hyperparameter Value
Booster gbtree
learing _rate 0.25
max_depth 3
min_child_weight 1
Gamma 0
subsample 0.75
colsample_bytree 0.8
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Fig. 7 Feature importance score of the PCCS-XGBoost model
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Table 6 Error comparison between XGBoost and
PCCS-XGBoost models

Average absolute Average relative

Model
error /pm error / %
XGBoost 2.07 2.42
PCCS-XGBoost 1.40 1. 60
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Fig. 8 Feature importance score of the XGBoost model
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Table 7 Average relative errors of different models

Average absolute  Average relative

MOdCl error /pm error /%
KNN 2.74 3.08
LR 8.25 9.05
SVM 4.49 5. 00
RF 5. 64 6.19
PCCS-XGBoost 1.40 1. 60
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