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Key Techniques of Ultrasonic Phased Array Testing Solution Design

and Its Application in Aerospace

ZHOU Zhenggan, LI Shangning , LI Yang
(School of Mechanical Engineering and Automation, Beihang University. Beijing, 100083, China)

Abstract ; Ultrasonic phased array (PA) testing is a multi-channel ultrasonic testing (UT) method. Compared
with the conventional singular-channel water-immersion ultrasonic testing method, the design of PA testing so-
lution is more flexible and more complex. In the design of a PA testing solution for the structures with complex
surface, some mistakes may lead to false detection or missing detection. To design an optimal PA testing solu-
tion for structures with complex surface in aerospace, this paper puts forward a design method of PA testing so-
lution and introduces the involved essential techniques and its applications. Firstly, a general overview of the de-
sign framework is made to indicate its importance and necessity. Then, the essential techniques of five involved
theoretical approaches and their applications are illustrated. Lastly, a PA testing software and hardware plat-
form based on the above techniques is established and applied to the typical structures in aerospace. The results
show that the designed PA testing solution can accurately detect the embedded defects within the structure. The

proposed design method and the adopted theoretical approaches can improve the design efficiency, and have the-

EEWH BZEARP R (51375027 BHHA,

W B #A:2017-05-15; 1817 H #1:2017-06-28

YEE B AIE T, 55,1967 4E A 4 B 1 LA 0. R ZEBE 5807 0] Oy 6 75 JCH0 A D00 760 4 B30 AL D00 4 B R 5 5
MR Tolb B mIRE E 2 84 BRI IC 120 RE .

WIS 1EE B IE T . E-mail: zzhenggan(@buaa. edu. cn,

SIS JRIE T 2R B 2. AR B 8 5 Ao 7 22 BT 0 B B R B A A s A SR 40 sl Ay oy T LT . P A s i KR
K2F2E47,2017,49(4) :461-467. ZHOU Zhenggan, LI Shangning. LI Yang. Key techniques of ultrasonic phased array
testing solution design and its application in aerospace[J]. Journal of Nanjing University of Aeronautics & Astronau-
tics,2017,49(4) .461-467.



462 WO

LI NENEE S

549 B

oretical significance and a broad application prospect on the detection of complex structures in aerospace and oth-

er important fields.
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Fig.1 Test on aluminum 90°curved structure
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Fig. 2 Acoustic field and testing results with different parameters



%4l

JEIE T 2 45 < A 42 190 o 75 A )y S8 180 O B 3 AR o JHC A A 25 0 K 48 A4 i T 463

7 A b AR TR A A 1) T B DR L AE BT A
A o 7 AL I 75 G I IV X R O B P 3 e A
I RES 5 R B A AR A T % P R RE R TR RE RS B
R X3 o 42 B sl 2 DB R AT B AL T o A
AIATALAE BRI o [5) BR AGE I 7 8 B s i R A AE
i ZEE N T TACERAE . R L &8 454 90°
i DI S 491 Sy 1 DR IE TE B Y SRR HR U
AR A 90 AN B Y A A - R BE AT 2
— Bt WER A X G 1A BN AR 2% 1 A i R
SME (e 25 K s AL R 8 A 46 I J7 S8 i) i
KA 2% .

I AR SCHR H — 3 T A 2 2 A ) R
P P R 5 SR BT RR L F 48 5 PR REAS A AL
S RUpIES e N R ES I EINPS <5 % L P
BEL 2 e S AILI R 2 AR DX Sl R AT A 1
XA 5 2R AT 23 B A IR
O 8D 3 i

Bt X B2 23k TR TR 23 A ) A A A R R A I O SR
THRFEMNIE 3 B . 2 A HF e g A it BB
T RO BT T BRI UE SRR
TELARAG I SE 96 96 0E 6 K FR 7> 7RI Ry A
3 )3 FH A RE A 45 1) P S 208 B LR R BE B iR
BT < R 5 W 07 3 A BB 5 R S B AR X A I Ty
SN S BEPR T AT R B SR . 1 AR B A
TRSE B RAE 14 A AR A1 SR FH 0 B i 415 1 41 21
YT B H K AT BT 5 LU AR A 0 0 & 19 JL
AT A5 R SR P S 406 B B0 325 X 4G 0 Jir SR 1T ) A2 e A
BRI IE 19 7 R A SO R AT BT B B
SRAGHIN 75 e K 1 G I DX S o 4 BT s B L R T
A5 4 WY 07 75 SR 325 0 7 SR R S A Wi 4 B S A I Oy
SEEAT B 07 B B0 U R RE A L B R B E A R A
JE I YA A A AT R 5 SR A S A

W

RWTERGE | VUmEROTE
: [ #aemgit | #aemanmEg |
E """""" L """" [l

o[ it |- smenEg |
! ¥ .

[ RAHBRBO R | e R ARTE |

: [ HRRIE | SHERNEER |
: [}

; [ smamk |-7—|

| |

BgrEER |

Pl 3 AR B e Ty 58 R T A R
Fig. 3 Design process of PAUT solution
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Fig. 4 Semi-analytical beam energy calculation process
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