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Design of Phased Array Ultrasonic Transducer for Detection of
Aero Engine Turbine Blade

MA Liyin' ,LI Yang' ,ZHOU Zhenggan'"*
(1. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics,
Beijing 100083, China;2. The Collaborative Innovation Center for Advanced Aero-Engine (CICAAE),
Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract; The phased array ultrasonic detection provide a method for the inspection of surface crack in turbine
blade. A phased array ultrasonic transducer with wedge is designed and fabricated. The transducer is a linear phased
array,its element numbers are 32, center frequency is 5 MHz, the element width is 0. 3 mm and the element space is
0.1 mm. The wedge can couple with the surface of blade completely. The feasibility verification of the transducer
and the wedge design is carried out by using the finite element method. A phased array ultrasonic detection system is
set up to conduct the experiment on the turbine blade sample. The experimental results show that the proposed
transducer with wedge can achieve the inspection of the surface crack in the turbine blade.
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simulation;surface crack

0 FF

Jt s R Sl L R B 45 R 52 2% . S i TR ) XU il T
LoRE -2 LI WA S G (e R N Y N = 2
S IEE AR MR A B R SR S 7 A R
BpE X E I AT S 2 RSl
R0 DX Sl ARG 0 25 TR AR /0N i R ) B8 Rl AL
JEOK o BUAT Y MR GO I 5 3k el TR s A 1Y
AR B0 M Al 2 I R S 3 AR S DX 5 T e
BRI B B A 9 R

R 42 I P 0 52 A R SR 37 4 i P SR i e
REALEAE BMEAE SHIERES T
A ARSNGB T A e

Y fs B #3:2016-11-10

EETE : L5 40 R WHLE BRI 4 9 B 5 H (MJZ-G-2013-05)

SRORT A R G A RS B P T B R B 3 B R A A
SR S e RATRIRA A 1 E BRI R AT )2 1 B
FATT . VRIS T P AR R 4 B 8 75 R B A 1 T
PAS PR ARE VA AL T B A g
S5 0 2% T THT 25 K B R 0 HROAT T R R AR
PRI o AT 56 e P e AR S DX 2 ke o 14 R 4
PRGN 7 vk » B E A B A S B TR X

AR SCAT X I R ARG DX 3R T R ST A L Bt
6 KRG 0 B SR AR 4 el 7 R R A AR R I R T
A PR A B35 X B T 1) 8 BE e AARE Bk k4T 3830k
I o A R A A 4 el P e R i X i R R
PRI I il g 45 2 . Jd A RGO H A
6 BIF 7 98 I s T Y ol AR R ) A A R P e RE A L BE

YEE R A TS ENC1992-) 35 T JA AL T 2 L DA SR R R A T R AT . B AR RIE T (1967 55 L M B N L 3L

2o P A 0 2 DA AR T A I AR BIF S



670 E B 5

= 2017 4F

5 A2 I R AR X ek 3% T 24 4 A
1 FEARER
1.1 HRRERE=4#=ERMNB

TEHEF- TG B0 8 AR A [6) A o (6] 1% 7%
TG A3 K s AL R

sing _ sin 3 _ sin § D
K a Jp 0 53 B A SO T 56 A D m AT S A0
WA BE 50, s w0 23 00 S A S RO T 5 i B
T 5 AU 1 B

TE = Yk 23 18] 8 P AR S () A B =2 1) 9 4% 4%
[Fi) A 07 24 ) L O P SR R R A D TR
5P R T 575 B A A3k ) i N 7E 7] —
TN A L . B, S S A R R UIF

X

K1 2% IR 8 A A = 4k s 1) 1) i

1.2 FiREREHFE

TERR Y- BT P I I i 1Y 9 5 23 R A
D25 5 7= e 5 7R I A AR 3 S 36 AT T DR A k7 I8
R AN R A ot ST N ) 3 A i i, RO T A BT Y
G AR SV SN DR R SN A AN
I NN Eagi

BLH B 1 050 kg/m® , 9 A U5 75 3 43 il ok
2337 m/s fil 1 155 m/s; M 888 M 4 540 kg/m?,
O\ BP0 6 008 m/s FI 2 958 m/s. ZiG
225 SCHRL10 3T 90 B H A G5 31 - - 3% 1 B 114
A IR N N IBE 1 P A IR A SRR AR 2 .
act~ac: SR ES — IR A .

0.4
NET
% 03 PV
W e
X 02
o
ﬁ 0.1

. %, . %
0 10 20 30 40 50 60
AN/

K2 AR E S R
2 AT fE B RO SR
2.1 HEEBEHRERSHERN
He e A% ZOR BEAE /N 25 18] A 58 O i A ARG

ARSI DR G L 40 BE 28 A0 RS S RE R K. Bb A, i A
(9N 35 75 4 4351 R 6 008 m/s A1 2 958 m/s. R
T P TR G T A T 38 19 e /N Bl o RO 24 O T K 1 —
e R, EEARIERE OSBRI 2 5 BE AE 0. 3 mm L 1Y)
ZLLIRE » 2Re PR D S S 32 a0 A7 ARG T 466 B 8 1
SRR KTF 5 MHz, £54 #eBERS 19 R FR 2K
PP DR 5 MHz 1928 FE 3 BE 2% . MO0 30k
32, BEICFERE R 0.3 mm, [T EE A 0. 1 mm,
2.2 BHRSHEILIT

W 2 T Ry R T P U R R PN S I A A i
PR J s R ARAIE 75 % RE B B AL 7% 2 0 R i R G
AT 5 R 04K T P o 7 B 00 A R 0 I AR R
. LU A I R/ S SR R A st o T R T
S4B A DUKS B L AT SR A8 14 P U B i o i
B 5 AT o () A R A A0k A B AR E A P R R
PR EE A SRR . DU BB A S B L
PAR 2 Ak

1) T A2 A6 D0 48K T PN 7 IR B 05 DA R B A% 4% 3
I 1 5 G T X35

2) VT AR YL (00} 1 08 75 I A v R 9
T

B3 g Rh R R 5 F b B AT ARG 0 i R B
AEE . HCONERER .G ZEM R A B L
FRMFRE LI F & B — A O %5 O N
B gR b C e i B 2w A 7 9 A S S CO
Bk L R SRR R, AR AR R
PLEERLAST A CO Tt 0 OF SR AR BT A B oC
7S AR, AR A R A RS R SRR CO
Prif R OF Jemt B b O a5 il T 32 1) 2 76 /] —F
T P 5 32 I R A 78 35 A B 4 T & 3 (b)) T
A3 O S A Mk & N, 5 O S 7Ent
F 1T A R T 1) N AR TR DU A = s [l
WERETE A INAGHE 25 F L S8 B A5 F R

]

Z

(2) R Y 753 1R A% 16
K3 Bl B
HI &L 2 AT SR A N A AE 297~ AT B
(14 P DB A 3R 375 AT R AT iy R R A R 10 R A R B
TEETCRI AT B AE[ 297, AT JIX T N . St s

(b) AT P 3L



%5 3

A7 EVEE AN R Sl AL B B R A R P 4 E i T T 671

TG 23 [R] B /1N L AL A v BE S BE K K L i i 4 2
RS R COAEFG e K JE H<<30 mm, [A] i}
W2 B P i LR, B R E =
3 mm,

MR 1 A I8 R i 7 (4 AL R 1 T vk R T 1) 1)
M2 FL A 4 mm, BUAG S B2 ey = 4852k, B
JETH 5 i R o8 AR A Hrp — A D 48 T ) AR e 2=
Boange 1 FoR . RHAE M P 4 R A% SRR AE i R
TH] A2 CA B W 4 R .

k1 HRESH

FE/mm  KE/mm H/mm h/mm  RHAEE/ )
8 20. 85 10. 05 3.12 35.53

R

Bl 4 fhieds 52 5 R ZE

3 M BT BB E
3.1 ARTERBET

T Abaqus &, HE 7 A6 I # I A0 0T A58 R
FVBEH ) —AEREAY . S 757 A48 TH SR I ] 4R TR AL
8, UK S 0 A A T DX 3 7 0 Y DX SR AT .
FROCHLAIANIE 5 rs . BEAL B3R 40 sk, R R
ROy . BEHRBY M ORL S 1 050 kg/m’, B
PERELRE N 4.007 7 GPa, JARA Ly 0. 325 My 1 %5 2
4 540 kg/m®, #PERLEE Ry 106, 4 GPa, JHA
0.34; TN 0.5 mm, BN 0.5 mm, Bk
MR e a BRI S 5C B0 . iim
TEME FE#E N 0.1 mm, K 0.3 mm ff) 32 £k
a5 b B R T A R A UL £k B A BB A ORI 1 S
AT J7 17 T TR R T . U AE 5 D s S0 o 9
13 JE I E X5 S thO A 5 MHz, R 1)
R AR TR TR A I DX I, i T S 3R A8 3k U)X g A A
RO HE S HEAT AL AE R

K5 ARk

3.2 HEHEERASH

P B 5035 Sk A Abaqus/Explicit, SR =97
SRR IR HE AT B A% K143 BRI 2
iy CPE3, 4% Rt 0. 04 mm, i i) 3 25 25 K &k
1 ns, PRI K R 25 ps. KA G 15 A0 15 21 1 48
PG5 5 TG B A T A 2 (115 5 i 22 L 15 210 A0 B G
G 6 FTR

2.0
1.5
1.0 o
e I S
E 05
2
o 0
= -0.5
-1.0
-1.5
-2.0 : ' : :
0 5 10 15 20 25

i ) /us
K6 BRBaRfE S

i B 6 nl . B BT 0 Al B B A A A G R T
AE &% BE % 52 B - - 3R T 280k B 1) P30 RS I
4 IR Rl 2 1 RO B
4.1 THIEREBEIRAERS

AR 5 R4 75 45 R A N B B S O BT
R B B A 45 B T 75 45 BE 2% o B B A — AR 23 i
k. HAEW 50 ) iy 2 i 56 2 5 A& S5 W) I &=

LIRS E 7 s
?Y -

(a) Hrheds I BER 5 B (b) BRI R BE
7 Hergds i EERA
4.2 HBERRSN
K 8 Sy A g i R AT R e R Ge s A . i
A1 R 22 A 30 1A o A 0 DX 38 [ T A i X 3 A
Je T 1 3R 10 S0k I o G A v A A I S Hcn
x2PUR,

AR R
K8 il RGA



672 Eow o5 OF 2017 4
k2 BAMSHK b5 LA B TR, 2014
W% /MHz B fLiakh Bsra (2] PMPEERE. i sl ie B a8 SR T ],
5 392 39 SH fiias & shHl.2002(1) ;23-25.
WY /mm AT/ () WG/ dB SV SUN Huguo, HUO Wujun. Inspection technique for
25 10—70 60 100 turbine blade in aeroengine[ J]. Aeroengine, 2002 (1) :
23-25.

| AEERRMEC B AT, T T IRERIBURE oy s peien, . s o i

AL 1 S 4 B R K AE 2 Bk iy 5 5 5 i 9 W PR L)), T B 58 2% R L 2014, 28 (9) s

i . 925-934.

x10° JIN Shijiu, YANG Xiaoxia, CHEN Shili, et al. Develop-
2.5 ment and application of ultrasonic phased array inspec-
20 tion technology[J]. Journal of Electronic Measurement

g s and Instrumentation, 2014, 28(9):925-934.
% - (4] WIS AR5 HEIRTE L, A, i S0RR 42 e 8 A5 A 0 7 ¥

' 1o (7). 2 4% TR BE 24 . 2015(4) :93-96.
0.5 DONG Shiyun,ZHU Xuegeng . XU Binshi, et al. Ultra-
sonic testing method for the impeller phased array[ J].
1020 39 A/‘r?lmso 60 70 Journal of Academy of Armored Force Engineering,

o (2) SEHHEE 2015(4) :93-96.
(5] ARWE A 77 md, JFIE T e T S LR R L B4
AR [ B P A I L . b O 23 i R R 227 4k, 2015, 41
(6):1000-1006.
XUE Na, HE Fangcheng,ZHOU Zhenggan. Ultrasonic
phased array inspection of L-shaped components based
on dynamic aperture focusing[J]. Journal of Beijing U-
niversity of Eronautics and Astronautics,2015,41(6)
0 5 10 H‘fl‘}a"]s/ps 20 25 30 1000-1006.
(b) BEA S S L6 FNJ5. 75 AH 95 M R 25 T 6 1] i BF 58 [ D], K
G e B R HERAE 2012,

S HG 2 250 i B 5 AR 42 R 7 e e 2 () 1 K %) L7] BRULAD 8 SCHE, Bt AL IR A AL S S 7 AH 455 [ A6
R A 9 Cad i1 ZLECBER 2 i T IR i
FERYLTE . S5 G S F1 R 2 SO BE I 7 155 CHEN Shili, CHANG Wenshuang, JIN Shijiu. Recog-
KB SR A B A5 5 B S, 2 B ST B A R R ) A nition of defect direction in ultrasonic phased array tes-
P55 [ 75 0 BE £ BE 98 S2 B0 X H 3% T 2L B R ting of turbine disc rims[J]. Nanotechnology and Preci-
R sion Engineering,2013,11(4):328-333.

S j{ - [8] CHARLESWORTH C. Phased array ultrasonic in-
G T spection of low-pressure steam turbine rotors-curved
EFXT M i s, T T RS A axial entry fir tree roots [ J]. Insight, 2011, 2 (53):

I SR A P P e BE e AR B ST A IR OT @];ﬁé%iﬁﬁ%#%ﬂiimwﬂﬁfwﬁ

W E P 5 ) 29 A 4 BRI 5 52 DX 74 460 D 3k el SR

FHTZE ORI . IR« T i A 7 0 fiﬁ?]‘?%{W‘Tﬂf’g‘mz(-nf34"39' i

) anghua, NG Zhigui, CHEN Nengjin, et

Ry AHRAHEMEBE A R R SRR RE 650 al. Ultrasonic phased array analysis of railway wheel

H F iR BEAT 30 I R B L 3 B8 &% SR B & i M e flaws[ ] ]. Physics Examination and Testing, 2012(1):

7 BB 05 S T AR % 1 AL R oo

[10] SCHMERR L W. Fundamentals of ultrasonic nonde-

S E 3k
(1] TR LR SIHLAT v Bl b i R A H R BE5E LD .

structive evaluation: a modeling approach[ M]. New
York: Plenum Press,1998.107-115.



