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Experiment on Ultrasonic Evaluation of Bonding Interface of Dual-alloy Blisk
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Abstract: Defects may sometimes develop within the interface of a diffusion bonded dual-alloy blisk and
the ultrasonic evaluation is the best method of controlling the interface defects. However, the acoustic
impedance difference and complex geometry bring great difficulty to the accuracy and reliability of
ultrasonic evaluation. An evaluation method is proposed in this paper, in which the ultrasonic signal is
introduced into the inner hole wall of the blisk with a 90° acoustic mirror, realizing the ultrasonic evaluation
of bonding interface of dual-alloy blisk. Experiments are conducted to study the evaluation capability of the
proposed method for bonding interface of dual-alloy blisk in terms of sensitivity and SNR, etc. Results
show that the evaluation sensitivity of the proposed method can reach a flat-bottomed hole equivalent of @
2.0 mm, and the ultrasonic evaluation results are in good agreement with those of metallographic analysis,
verifying the reliability of the proposed method.

Key words: dual-alloy blisk; diffusion bonding; ultrasonic evaluation

51 B

el P LE AL W A 458 28 A S AL AP R T XU 4 R A I S 2 A T I R AL R P 1) 9 [ R

HEETB : HEAKB R4 (51505449,51575541) W BT H .
I 5 B #3: 2019-12-30; 4817 H #1:2020-02-26



232 B HRE B L Jowrnal of Data Acquisition and Processing Vol. 35, No. 2, 2020

S, T O LR R ARG B BRI R A S o T BRSPS SR T
T 2 Mk BE AR PR 20 P T AR A

AU <o B MR8 e W B8 7 . 4 — ST 0[] It A7 A AR R A o) B2 o A e A v 2R
A S AR o R MRS S R T A DL R AR R TS S R AN 25 A T BEAE B AR JE A
Je e W AR 5E 42 52 S Y I A IR 3 4 DX A0 LT G 4 , 3k 2 e o 1) 2 Al 9 57 SR A0 14 i A I i
55 ZECHY YT, A XU G B ORI W B0 R AT o DR, O DR UE XU < R i i B0 A i
G AT SENE TR AN W00 A T2 5 SR R 7 A 6 () R AL A SR N A TC ARG TN T vk SR 5 45 T B A ik
A A S5OK D AN AE B IE A

PRy R A I 1Y 3 2 B T A Y4 S TR A ) T AR SR PR IR P ARG I B R A A T B . KL
B 4 45 S TE At R 1% ARG ) e R B ke Y A T 2H RN R S A AN T T — T T, B0 AL A
Ry AR A 8 20 b 2L 2 i PR G ) D i A, H T A B U AE 25 5, 2 R R RO A B PR
< ST T RE S AR B0 ) RO S, R WA B 1R T AR o AN BT AR 9 B T S < LR ek 1O
T HE AR P IO BSOSO R 7 R AR B ) 55, T IR A o 55— O 1T, B AR I A A2 A A A fl
PR Sk DA 1 A 3 s T8, 3 A M) T T ) 7 TR AR M A S 8 B TR A7, TR R DR AN 4 T A
TR A S PR SR A It A L2 S, PR 0 XS < 4 28 5 TR ) e ARG ) LA AR A B B AR M EE

AR SCIL T IEE ST T XA A B R B 4 UL AT AR T8 P A A R e 1 S A S T AR
BURE T 1 R L T A AU B T A R O AT S A SRR T A S B A X < i il
T R R R R R AR R AR A i T AR TR RO BN T B o A — A 90° B R R S B L R R
P T BB B BB A LR T, IR E A SN . SERWESE TR IR R LA B Ty o x5
5 doe 2 T R UL B R R 52 B U 4 B A I 1) R S A I, O 5 < A 0 A 45 SR BE LU IR T 3 9 T
FEME .

1 SSWEH

1.1 FEEERHF

R TR R 4 4G 6 T AL (8 TP BT, DA Ok R 2R ORE R ARG I o AR 8 5, i e AT T XA
A ialRE o A o AR R K O 0 P A T bR i A A5 AR 1 BE R, 38 i B SR 5 H (Hot isostatic pressing,
HIP ) ¥ PO A0 L 1 A 42 % 42 7E — B, T J5 7E 95 38 6 & — 0D P R L = 45 5 Ak XX i 25 40 7 7
PLAn P 1 7R o X AP TR HEBR T 88 0 il R SR S5 A PR, Sk B AL T XU A BE A NS 5 T BB A 1Y
MOBHR R |, AT UTE — AN 187 40 1 250 TR R 8 A5 D00 ) £ M L L 3 D 4 2 B 5
1.2 BRI

bR T LR P AN AE S I AR SE PR XA A R B T T B o I D R R S A 4
G L I 111 AN S 4 N 2 £/ S0 5t U o N Y NP4 1 5 By 0 O 20 O 0 Y o VA 5
G Ab , FLAR 53R 0.8,1.2, 2.0 F1 3.2 mm, AN 2 7 (B2 mm) o 33X —30RE K T 52 Bros W 8 0 19
AT W
1.3 MUHFEFEREMNTE

JT FH AR A GE 28 6] 1 USTPA0, BL A 88 3k 45 9\ 8% 14 e 5 i 1t 2 8 52 0 9 (B0 4 1T C 493 418 A%
SR TS FA AR /N R AR KR AR S DL BEE Y 90° 7 R RSk A S B R 1,

G ) Fsf o R S T i S 90° S S S A L A AU S i L . A B OE BB e L A
PR BT E s S P G S I R C R IR 3 R



R A e SRt EE R m g AR AR KB BT R 233

D140
D125

T T
[
1 ¢ 1
I |
[

it

@130
7 (a) ZH4 & (b) KA
FRANTG (a) Ilustration (b) Object

B P il ke

‘ K2 B
Fig.1 Flat dual-alloy sample

Fig.2 Mock-up sample

P—’/Probe
x1 BFLsH 90° mirror Bondline

Table 1 Probe parameters ; ;
( |
A/ MAH IR/ ' '
O . l
MHz %/ mm mm 1l =)
l
1 25 6.3 4R [
(
2 15 6.3 76 ‘ ‘
3 10 6.3 51 P 3 T 9075 Sz 4 B 5 SR A 258 7 A )
Fig.3 Implementation of ultrasonic evaluation of a blisk us-
4 5 6.3 25

ing 90° acoustic mirror

2 AEARERS

T SR PR G YRR R B 1 2 S A e B DL, XS T A AEAUORUS 4 SRR UEAT T I
WAL T M S, A5 R ()R o A 4()n] LUE L TN & 4 L 8UoRE RO AP e BOR 22 5%, 95 1
LHAUTRDRLC B A3 A AN 150 (o (DL 2 40 ) oRE TT 38 1~2 s B3 A S foRE 1 29 4l /), 50~100 pmee 7
AN 8 5] o 7 M — i IR PR BT 22 , o 75 A 47 81 9 T AR IS A AR AR IR S S 5, T P 4 (b)BIT s

20 R AR 58 A0 G I BT, 0T A 0 2R B R W AN R o T 2 SR AR AR R I AR S 1 S R 2 i
AR, AR B K B 80040 al B v I, W) 23 C 40 P AR L i R A R B A B IR RO S

i, M R IN BE T AN KL o DRI AR JER B A 5 R T ARG RE ) L SR AR N R LA B R

Cast alloy | PM alloy 100
X 80
Q
g 60
=
g
< 40 li 9
L 3
2 ) Tl
LY U,
Depth
(a) BHWERE (QF ENE)
(a) Metallography (b) Background reflection of the interface

B4 BG4 e 2L O 4 1B R 75 AR G 2 5
Fig.4 Metallography of the bonding interface and an example of background reflection



234

B HRE B L Jowrnal of Data Acquisition and Processing Vol. 35, No. 2, 2020

R FH - T8I 84 305 3 B AR I T T AR I S 5 5 0 A A C 41 il G T 28 2R Ay 52 ol , 85 2R B 11 5 877
5 HIP 3% 4 5 ~F- 10 005 S ialRe L 1 AN TR] AR A AL, AL A T X045 4 ST AL (] 5(a)) , B 48UA [F]
JSE R R B o 136 A SR 7K 35 3R AR AR Sk DB R — M X R 1 47 C S G I, 2R 4% P S(b) s 19 C 1
B NIRRT LA Y AN TR RO A9 ALK Tk B Ay A T8 A9 BT, 5 37 L Il A5 5 iR AN )
BEAE , B F I AL AN A A7 B B0 155 o B AT A (] ) e J3E 3 il 2y A0 T ) A B B3 5 S 19

64

@ 0.8 mm @1.2 mm
(a) KW A7 B

(a) Inspection implementation

5

(b) EFCHAMER

(b) Ultrasonic C-scan image
S X R ) R 0 A R 245 4 Sk A C A A T R A

Fig.5 The implementation and outcome of C-scan inspection on the flat surface sample using probe No.2

BT Y/ R BE TR, AR E A A W S E L N 6 R . T RIE B B i A R S
R F 4 40 B, @1.2 mm I FL(Flat bottom hole, FBH) 8] 3 15 1 >4 85% , C 5144 B4 - FL 1 & Bl
ST AT DA e i A 9 MR 5 T 0.8 mim - JEE LAY [l % W R A 55 %4, C 3 4 1 v LR LA i O A

100

80

Amplitude / %

— AT B
100 100
X 80 s 80
§ 60 g 60
§40- g 40
20+ 201
= R B

hew L MMJJ

Depth

(a) @1.2 mmFEFL
(a) @1.2 mm FBH

(b) @ 0.8 mmFEFL
(b) ® 0.8 mm FBH

‘Mfﬂm&v
Depth

Depth
(c) FHi 3

(c) Interfacial reflection

6 A [l for 2 B A 15 5 DR [

Fig.6 Waveform of ultrasonic signals at different positions

SR JTAE W LU 3P f ) 75 G (9 g ) L A2 AN TR Y
R 2% 10 Fn R BORE R L {5 MR LU A DL AN 3R 2 TR .
ALLE R Bk 2 R R R, o T
@0.8mm R JE , 5 ME LK 2.5 dB; Xt T @1.2 mm
REE FM N 6 dB. — B N A R o i B
FE A fi M L 2= /D F5 2 3 dB, IR b ml LS 25598 . 7

x2 AEERLENEIEEMEEE
Table 2 Amplitude and SNR of different probes

Wk WEEE/ Y% SNR / dB
g2 0.8 mm @1.2mm AW $0.8mm 1.2 mm

IRV NI N = A N 8 ¢ —
2 55 85 41 2.5 6
3 Ay 80 52 — 2.5
4 Ao 80 80 1




R A e SRt EE R m g AR AR KB BT R

235

SRS TR L 2R E T ARSI T B AT LA RO 0.8 mm 2 1w LA F BB .

3 HE/AZIN

TE R 7 I KR ARG T R A e A S T il
RO R R AR T A N S A . X
ARIE PORA A SR AL B R
i ©16~®18 mm, Ut /N {1 FL AR Sl 25 fif i
1% 4 B H A AN (5] 35 18 45 A8 09 4% 1 R 2T
e G 00 B Y BRSPS RS R ] 43 B ) A
R AZ B

Y WS A R T SRR A I Y 5 A , WF
FEN G S A FHER AR AL T S B A 0 A I B A
A Sk AE A RE R B 75 3 40 A A B0 . AEBEAT T 3
BT330I 1 S R 0 X R T 3 S R AT T A
A AR S v SR A 0 R b [T 7
iR o

AR B AL S 06 BC O - A ORE D NG L <, AR

Interface

Ni-based alloy

z

L..

i

Water path distance 20 mm

\

R9 mm R62.5 mm

L7 UG 4 A I 2 7 A A 41

Fig.7 Ultrasonic evaluation simulation of dual-alloy blisk
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Fig.13 Ultrasonic evaluation results of a real blisk and the corresponding metallography for dual-alloy blisk
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