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Optimization of DR detection process parameters for aero-engine

turbine blades
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Abstract: In view of the needs of digital radiography (DR) in the industrial field to quickly select
the detection process parameters to obtain high signal-to-noise ratio images, the influences of different
combinations of multi-factor process parameters on the imaging results in DR detection were studied.
Taking the aero-engine turbine blade as the object, the quadratic regression orthogonal rotation test method
was used to establish the quadratic regression equation model between the detection image signal-to-noise
ratio and the tube voltage, tube current, integration time, and different equivalent thicknesses, and the
single test was carried out. The significance of the factors and the interaction among the factors on the
detection image signal-to-noise ratio were also discussed. Using the manual slotted aero-engine turbine
blade combined with the regression equation model, the detection image signal-to-noise ratio was used as
the optimization index, the optimal combination of process parameters was obtained under the condition of

known translucency thickness, and the actual value and calculated value of the signal-to-noise ratio of the
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detected image were compared. The results showed that the actual signal-to-noise ratio was close to the

calculated value under four sets of verification tests, and the error range was 1.4%—5.5%, indicating the

high reliability of the model.

Keywords: digital ray detection; signal-to-noise ratio; aero-engine turbine blades;

quadratic regression orthogonal rotation combination design; process parameters
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Fig. 1 Physical map of DR transillumination layout
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Table 1 Technical indicators of DR system

BiARfE R BRI
BFERAT 3524 x 4288
%2 A1 /um 100
AD i $/bit 16
PRI ES BT it kg 3.2
PRIRRAA AL 1 FEH CsI(TD)
ERUIE Yoy ) e[
BRI TAEIREE/ C 10~35
BRI TAERE % 10~90
SRR AE S K/ um 5
KA R /RV 225
KRB HITR/LA 3000

A SCEAEWFFE Tl DR K [ HE R AT 25 & s
BLIAHE I 7, A el DR JR A5 /5 17 Mg ELASE 2 7y 52 56
Wtk B SLPR T AR R B AN S, i
PR — vk, W 15 M b S0 00 B 1R 22, AE [l
VA TF 22 i e S g ek B oy, T 5 A D T A D A
TR A bR 3 1Y) S e i B R AT 3 RS
BT S S 2 B .

LI B B K 100 mm, B8 8 S0 mm, H S
K 20 mm (M BRZH AL, BT DR BIMRAEHAT

P 100 mm >

50 mm

2 sesmiltit ey E
Fig. 2 Test block design and physical diagram

Jo i P T BRSO 8 B R, T
GRS T — BRI,
PRTE S 56 ) A M, A6 BE BB 1 T 3 AR AR B
& iR R AR T 22 2k, 2228 HARAR
PEARIE NB/T 47013.11-2015 FP il 2 A6 W0 47 A 25 2%
AB G T R U 225 R B, B B AR 5
B L 22 AR N 2 R .

x2 IHEHMEHHIERE
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Table 3 Selection parameters at each step of pre test
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Fig. 3 DR detection images of each step
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Table 5 Design table of quadratic regression orthogonal rotation test

v t h i vt vh it ih th V2 2 s h? R
ST ; - ; -
Z] b4 z3 Z4 Z12p z123 Z12Z4 2223 2024 2324 z) z, z3 zy y

1 11 1 1 1 1 1 1 1 1 0333 0333 0333 0333 3210

2 11 1 -1 1 S| 1 -1 -1 0333 0333 0333 0333 3530

3 1 1 -1 1 1 -1 1 -1 S| 0333 0333 0333 0333 2740

4 1 11 -1 1 -1 -1 -1 -l 1 0333 0333 0333 0333 3530

5 1 -1 1 1 -l 1 1 -1 -1 1 0333 0333 0333 0333 2729

6 1 -1 1 -1 -l I 1 -1 0333 0333 0333 0333 3020

7 1 -1 -1 1 -1 -1 1 I 0333 0333 0333 0333 2571

8 1 -1 -1 -1 -1 -1 -l 1 1 1 0333 0333 0333 0333 2860

9 -1 1 1 -1 -1 - 1 1 1 0333 0333 0333 0333 2770
10 -1 1 1 -1 -1 - 1 S 0333 0333 0333 0333 3057
11 -1 1 -1 1 -l 1 -1 -1 IS | 0333 0333 0333 0333 2328
12 -1 1 -1 -1 -l 1 I ! 1 0333 0333 0333 0333 2614
13 -1 -1 1 1 1 -1 -1 -1 -1 1 0333 0333 0333 0333 2454
14 -1 -l -1 1 -1 S| S| 0333 0333 0333 0333 2750
15 -1 -1 -1 1 1 1 -1 1 -1 -1 0333 0333 0333 0333 23.60
16 -1 -1 -1 -1 1 1 1 1 1 1 0333 0333 0333 0333 2604
17 2 0 0 0 0 0 0 0 0 0 3333 —0.667 —0.667 —0.667  32.02
18 2 0 0 0 0 0 0 0 0 0 3333 —0.667 —0.667 —0.667 24.86
19 0 2 0 0 0 0 0 0 0 0 -0.667 3333 -0.667 —0.667 30.60
20 0 2 0 0 0 0 0 0 0 0 -0.667 3333 -0.667 —0.667 2540
21 0 0 2 0 0 0 0 0 0 0 -0.667 —0.667 3333 —0.667 29.30
22 0 0 -2 0 0 0 0 0 0 0 -0.667 —0.667 3333 —0.667 23.40
23 0 0 0 2 0 0 0 0 0 0 -0.667 —0.667 —0.667 3333 2540
24 0 0 0 -2 0 0 0 0 0 0 -0.667 —0.667 —0.667 3333 3170
25 0 0 0 0 0 0 0 0 0 0 —0.667 —0.667 —0.667 —0.667 33.82
26 0 0 0 0 0 0 0 0 0 0 —0.667 —0.667 —0.667 —0.667 33.78
27 0 0 0 0 0 0 0 0 0 0 —0.667 —0.667 —0.667 —0.667 33.74
28 0 0 0 0 0 0 0 0 0 0 —0.667 —0.667 —0.667 —0.667 33.65
29 0 0 0 0 0 0 0 0 0 0 —0.667 —0.667 —0.667 —0.667 33.69
30 0 0 0 0 0 0 0 0 0 0 —0.667 —0.667 —0.667 —0.667 33.60
31 0 0 0 0 0 0 0 0 0 0 —0.667 —0.667 —0.667 —0.667 33.50
32 0 0 0 0 0 0 0 0 0 0 —0.667 —0.667 —0.667 —0.667 33.57
33 0 0 0 0 0 0 0 0 0 0 -0.667 —0.667 —0.667 —0.667 33.59
34 0 0 0 0 0 0 0 0 0 0 —0.667 —0.667 -0.667 —0.667 33.57
35 0 0 0 0 0 0 0 0 0 0 -0.667 —0.667 —0.667 —0.667 33.75
36 0 0 0 0 0 0 0 0 0 0 —0.667 —0.667 —0.667 —0.667 33.59
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Table 6 Variance analysis of regression model with signal-to-noise ratio as the evaluation index
75 SR Rl A ¥ F P
71 73.780 1 73.780 4904.929 7.15x 107"
z 37.350 1 37.350 2483.046 5.87 x 1071
73 53.103 1 53.103 3530.350 6.02 x 107
z4 53.580 1 53.580 3562.065 5.68ex 107"
z122 3.534 1 3.534 234.967 1.92x 107"
7123 0.122 1 0.122 8.143 0.018"
z124 0.062 1 0.062 4.155 0.074
2273 10.144 1 10.144 674.390 2.56 x 107'*”
2224 0.046 1 0.046 3.073 0.118
2324 0.0245 1 0.024 1.597 0.250
Z] 42.773 1 42.773 3549.306 244 %1071
z 50.112 1 50.112 4179.574 8.76 x 107"
2 82.807 1 82.807 7001.594 3.38x 107"
EA 41.029 1 41.029 3399.783 3.19x 107
el 504.47 14 36.03 2395.50 1.44 % 107
T4 0.3159 21 0.0150
) 0.2056 10 0.0206 2.05 0.1273
PR 0.1103 11 0.0100
pevil| 504.78 35

R P < 0.05, 2 3 TFIRP < 0.01, SR E

D © 8 g

HAR SR £
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Fig. 4 Schematic diagram of notching grooves in aero-engine

turbine blades

T FRAG I A A M A B4 T A S T A%, 1 AR
& NB/T47013.11-2015 #5 #E o AB 45 2% 1 fie ££ K

R (42 T A 3 R AR A 20%~ 80% = ], 1% & 1.2
SR FOKTE L, W R R s PP E R oK . SR
Ji VA FEAZ AR W LU Sy o 18 A8, ) 38 ] )= A5 78 5k
BUR it T2 S50 R 5 UE SC I AR U8 Tl ik 50 0 2
BAE W B4 T2 280, 2k4% DR K B4 5 78 X
IO 28 RE AN R L S YR JER S M X3 AR R LA
0 TIE S5 320 B AR A S 1 0 8 I i T2 SR
Wk 8 Fim.

H 2% 8 S2 30 2 BUK - 29 30 [, 4 e AR A5
Ll B 3R A U5 45 T 29 0 a4k 5 R SR, R
MATLAB %i 5 WUoc R 7 B AR TP, 15514 8
B e Ko T 45 M8 LA 55 S B fi 18 A X
A5 SR 5 fR, IR 2T Y 1.4%~5.5%. R
i S 06 45 SR HI W, A DR R S bR (s e el 5
(e = PR ) s 15 M L (AR — 0, SRS

x7 MERIVRE KRG EIT R

Table 7 Designed dimensions of grooves in aero-engine turbine blades

é =}
o i
1 2 3 4 5 6 7 8
PRI /mm 10x0.2x 1 10x0.2x 1 5%x02x1 10x02x1 4x02x1 4x02x1 4x02x1 4x02x1
433U /mm 10.5 13 13 10.5 3.5 35 2.5 2.5
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Table 8 Verification of test parameter calculation results

SIBEUKT 1., 4 52 2.3 SLHE 5.6 Sl 7. 8 LA
JEL B ALK 0.833 1.667 -1 -1.833
B AL KT A 0~1 1~2 -2~-1 -2~-15
B FA G 0~1 1~2 —2~-1 -2~-15
FRST ]RS-S 0~1 1~2 —2~-1 —2~-15
FLE R, EhRE/KV 0.783, 148 1,150 -1, 130 -1.5,125
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Fig. 5 Regression model actual workpiece verification
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