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Abstract: To improve the efficiency and universality of automatic ultrasonic testing for complex

Li Xiongbing® Wang Xianghong'

surface parts,a matching and localization method was proposed when the CAD model of the part to be
tested was given. The position of feature points to match by C—scan ultrasonic measurement data for
artificial defect on the tested part was attained firstly. Then an approximate localization method using
three corner points as feature points was studied;the initial matching matrix was calculated from the
matching of the two local coordinate systems. Lastly,a precise localization was acquired according to
the minimum distance principle from the point to the surface,and it was calculated by the cyclic itera-
tive method and Menq algorithm. The results of an example show that the matching error is less than
0.4mm when selecting six sampling points,which can meet the accuracy requirement in automatic ul-
trasonic testing for complex surface parts.

Key words: complex surface part;ultrasonic testing;surface matching;automatic localization

B A ok . SCHR[5-6 1 & il e H AT
AL AHAZ T R AR RO AN T A H B o
I B A ey ELE M R A L 53 A e 22 Ak i il i 4
PRSI RLIE . Deng 55738 it BRI RFIE 26 R
AL A5 X8 52 i 2 P kA7 DC TG 5L b 5 3k 5 38
=Y AR B A HLANE I K 5 R A A

0 Bl%

52 R TH T A7 A 235 0K LSS A% AL AR
SEEE LA AT B R N, X L M Re aE
ARG 2 i 88 5 4538 47 20 4 B T 5 10 T R
. R R TR AR B A Tl A
BRI 7 T AR F Bz L A R, R

T HER R AR B A BRI S
W i o) T PR O S A 2 R T LA
A4 ) S0 P S, 2 20T AT B T A A I AL A
F 0 EECE . SCHk([3-4 138 i B S I BE O i A
TR il s S AT AL AR TR
2% T TAT A P 00 5 4R 18 — MR ¥ . (HZ%
05 A6 TR IO P o) 5 X A A AR AT
T ) 0 T T R PR A 0 SRR T LA A

W FE B H#I.2011—09—08

EE&TH . {EARBFREES T H (51005252) ; 18 5244
+2E R R WURHIE 3 4 E B3 H (20100162120042) 5 MRS E H
REBFF RS F B HE (10]]5061)

AR S X B IR AT 5T T — i A2 2% Y TG T A
A BRI A DT E RE 32 05 95 M A e
FUBHE SE g T A 5 CAD #865 B i DL JE 7€ {7
VAR i &2 2% B TG T PR 7 A 30 G ) 2505 RAS
JEE  [R) Pk B e B P 1 Sl R AR S Y T T

1 BRABTIWHAEF B BN FE

TETAF CAD BRI R B9 B0 T A SCHE
R A SIS I 7 vk 20 SR AN S AR T
PF BV T T UCRC A R AR . 705 SEARAIE A
AR b N TSR 5 R P G AL A TR B N Tk
B B P 5 5 R 2E AT C 40 AR . B AR AR

+ 195 -



hEBUM LAY 23 %55 2 M1 20124 1 A FEA

Mo BRI LR T2 Bl o7 IE i R A AL A AR AR
0 A8 28 B A B RS R AR AR AR 5 CAD A8 2
Xt IO A Hhe A AT DS B T B L AR A TR AG I A B R
5 CAD BRI AR R R 2 0] RO e e ¢ &2 . fe e o AR
P CAD RIS I A b R FG AL G R RIS BA T
{74 3 T 7R A A AR 2R B A AR 8 L O 8 ad HLA T
12 Bl 0 AT B B A T A R 0 e A T S B
FEA A SR, 1 B R o 2 AR BT T AR S
B AGI B FAE

| SR LI |
(]
[ AFrmesEssn |

[ ATEEN |

[ mmxgs | |
A L
EH%¥

o

| EARIIWT || el |

o (R R
[ BEss |

R

Bl SEXNEIHBEEZRURE
ARG G R L R P ARSI AL B T B 2 A
Kl 2 Jros AL T 2 — 25 B Xz 30 B, — i
5, 3 — i A B O DL 36/ A R R k) . Bl
WFH 5 WIEF (L, L, Ly L, L) .3 MBI
CALVAL VA 2D T (AL VA B G
WAL EA v y.zab TABHHME, K2
oERCSK RN TR Tk d il R K R EE
F I D—H J7 3k R R A bR R ST i JE ) AR
45 DU AL A T 4% OG5 A48 B {E, P AR AR A ]
FUTERTIN AL BR 2R N B 6 28 CRILAR AR BR Sk k), RIAS
FIPULT-I8 B2 B MR L TR 8 75 A D 2R 4k
RN T NI R 2 Al i RP R e B g1 e
R0 A8 B 2R PN B A7 2 L R T AR A5 P ARG 0 AL

F45 AT AR B IS BB Tz shf i

A, f Az
D i

y
CADHUA NI |
]

Lo/
m/ ) /r»/
L
vA,

L.
AL ES a4 ([T
& ft

B2 BEGULWHF
M N T o W A oA 3264 75 R 4R B T 0k
U7 < 5 A TR BT 22 S R AR D

+ 196 -

N T BRBE  nl P 2R DU 98 £ 0 25 A D 2 s A
AN T BRI . F N TBRBE I TR AR N Smm | J&
JEJ 2mm B9 W R, T R T PF T D RC Y
FRAE B R i B S R S SRS S
P ARG I AL T R R Sk B S A R
AN T B I e B S0 B4 P 45 5, ATl A C
FilAR S B N TGl [0 I AR s 6 7 A AL
Bl 32 Bl 5 D AT B R AR L A I A AR R Y
fr %,

2 JCEE AR FE

2806 A 0 A0 R T K AR A AR R
3T CAD BRI AR BR R Qo XY Ze KA T.
1 BT AE BRI AR A R Po XY Zo» WA 3 FT s,
R T AN CAD #5214k B 2 07 25 56 28 nf BRI
A R M R R,

R 0
vy W
T 1

T=1[Ax Ay Az],R=1[r;]l,

ri1 = cosfBcosysri; = cosfsiny,ri; = —sinf,
rs1 = sinasinfcosy — cosasiny,
r2» = sinesinfsiny — cosacosy
ra3 = sinacosf,r; = cosasinfcosy -+ sinasiny,
r3; = cosasinfsiny — sinacosy,ry;; = cosacosfd

AT R I AR AR B A X T CAD A5 Ak bR B B B 48
s Az Ay Az 51T XY Z 05 B PR RS i R A A X
T CAD BB A e 5 B s By 40 B M B8 A b il XY . Z
BT % £ B

7k

BRI T

Py

; _ G

!
j ZL: ‘ re - Y(;
| B R G T
YL, s T
Q Qo Ye

Xo capmmakiE
B 3 B T TR A R I

TSR 0 P M 00 ATy CAD A58 S 1) i T 4K
45 380 A A A A b AR 0% i e SO L B AT AR AR
00 R ARG 0 A A R B A A R DT S B
A, Bk, & 2% A TR R A 3 R
F14) VG E 5 A7 7] 830 58 W] DA B 480 Jli oK fige W A AR A R 2
(] F9 728 A0 6 B MR 45 e 5% B R RITF- 7% 2 [
T),BIsRM# a By Az Ay Az 6 ARSI,



SLZR T T AR A S I v B DS S RE 3 7 B —— W A

U RS

3 BRI %

3.1 HBREEREM

Ry T R DR E AL Y SRR RO, ST W)
GRUCEC . 90 20 AR A A ARG BE MY L ORI T A 1
3SR P, (G =0,1,2) FVCECRAE A, 2R 5 7EXF
N CAD B AL il T B 3 AN 5 37 58 4 5 0L 9 A
Q. - F 35 4N T P 2 B R

e, =P P,/ | PP, |.e; =e XP,P,/ | PP, |

e, = e; Xe
=000/ 100 |:ei=1¢1%X0:0,/ | Q:Qy |
eh= ey X e,

g5 B P Qo s, # A Do) i 2]
e e, e ] Sl eb e ] Sy A bm il i) WG A Jm 35 A
bR, it VEE AL )S , WAL AR R N H 5, FEAR 48
A, 17

Leh e es]"R, = [e; e, e ]" 2)

LRy HWIIGICRCRE 546 B T IV PR, T, =
P, — QR 5P, .Q A M Po Qo TEARTR R H AL H R,

Zead FIRVCEC, 2 24 M TS CAD BiA 2
6] ST 0020 1 28 7 - B2 TS 22 RS DR TRE A2 o7
R,
3.2 RBIEEM

TERE I T A4 b e B m A VT B ARFAIE o, 38 1 if
R BN T Bt B WU e R P R A T 1 BRI m
FRES p, (i =1,2,,m)

i DT IC 2 A7 5] R AT DA R A« <3 4R e i
R FISF-# 46 B T . RIS B 00 T4 b 0 4 40F s 22
A5 5 CAD i X & 2 i) i R 25 5/, BT
TR 19 Fe /N 3 H b R BB /M -

JR,T) = D) | g —poe |7 =
i=1

2 | g — (Repiys +T) |? 3
S T AR b FR5 & VSR CHIAVE R £ — 1) 5R, T,
S 30 h 45 ke VR UG I B T B A R B RS AR B s, o B
THEMS p Gk —1 WRILELS M &g, N p,, Fl CAD
5750 [ AT £ S5 30T B BEAE T (R, T WSS b WRIC L Y
H AR & B 10 T,

AR SR A AR AR B (A A oR BB/ IMEL Y [
R, ] B Ak Sk A 2 PR R R TR) A, RG34 K i D 3R
.

(D A k= 1,AIRICEAS 2 R, T, AW
BACHRE B R, T, op, 5 p., o IFITHEE poy XTRLEY
CAD AU T 9 BB AL g, 5 BARBRER T 5

(Dk < k+1;

(3) R A2 AL 46 B R, T, {145 H 45 oRi %K T,
S

(D B R Ty p, o T p.IFIHE p,, RN
9 CAD 5 AU iy T A BRI s g, - THE B AR PREL T4 5

) WHRA—J, /T <8 H T, <06,0,.0, ¥
et 2 /N IE RO L 7E A TR (6) , 75 U 5K A BR
2);

(6) AR 1k, V1O S 28 1 8 B i B R T B
VLN T R AR RO R I K

k
R=|[ R )
i=1

k k
T=[[rRT + [[RT, ++RT +T, &
=3

R R A (3) A oS b M B 3
LB — A A 2 b SR 1 A S R
Menq B30 R A 2000 10 o B 0F — 4 gk

KSR A AT R, -
R, = (PP")"'PQ" 6)
P - [;1 ;2 o ;m:l
0= DI\./« &Z.k ?1,”.J

~

pi = pi—¢, ’in,k — Cu
Krree, HBW T BRGNS E p, WIE O, =

>

m u T
x, %Zy,,‘ %2%] e, NEIT & R IT R
i=1 i=1 i=1
JG pi FTXF N CAD #5580 i im (9 B0 s 2K g, B0,

m

m m
1 1 L .
Cok =[— 2 :I 723’:/ . 2y, 1%
1 ik n1171 ivk

MG (4) (5D 15 2 1 f5c 2 e 5% 6 4 R A
R T BNl 4538 o 8.7 Az Ay Az, Hi ,a,
By FTHRTAM r, IEAXSH .

a = atan[ 2(ry; 21y ]

B = atan[ 2(— ry; sn/rsy + 13y )]
y = atan[2(ry, .7, ) ]

4 Al sz

DAKE — 52 J AU T T YRR 7S E sl T Sk
K 4 iz TR CAD BB, S 1 B 4 b i
VEE & S 812 TAF LA 12mm X 12mm A 8] B 7F
FroRAE BT 14 R AWML 17 %
FERL, VCRECHT TAFRAE S CAD B8 BB fi Y
Xt ECANIET 5 B, B 6 SR DU BE G = 15) Ji& B9 XF
AR

g 7 PEA U B 1R 25, SCEAS AR DR T 1R
22 BPVC L 5 R FE 55 5 CAD #5571 B 38 5 (0 B
Hoe (e, = 6»2"1 +ei1 Jrei ),e»,_r NSNS AN 2
vz TR 2 . R ORIR 2% e, = max(e,)
(t=1,2,-.n) F ¥ J57 B 2 RMSE =

%Eka—%ZaV%@i@mﬁ%mﬁa
t=1 t=1

« 197 -



T E PR TR 23 B 2 W 2012 4F 1 AT EA

B4 HMITHER

— S Ty
190,005 50 x/m®
+ CAD BRI 8 » TSR RrEs
5 MEFIHERFESE CADREIEER

gy To0 150
+ CADBIRUER S - THFSERRRAE A
6 WmEFEIHRESS CAD EHESRA
MBS RCR AR ABCH . 3R 1 4 T IR ECHT 9 R DT
B LK e AN T I RS DE B A 5 22 155 0 5 A B 7
I 9 VE e A2 f0 5 4 rh A e B 1 AP AR
1 CRZEZREERTIBE

— 100
— 2000

emax | RMSE |« B s Ar Ay Az
(mm) | (mm) | (rad) | (rad) | (rad) | (mm) | (mm) |(mm)

VERCAT | 51,121 35.052

&
E;‘E 8.711 | 0.612 |0.203 | 0.066 | 0.234 |26.901|— 30.312| 5. 130
"
(*HIEH(?) 0.416 | 0.399 | 0.182]0.054 | 0.228|23.205|— 32.968| 3.018
m =
C
LA 0.190 | 0.127 | 0.178]0.055 0.226|23.125|— 33.194/ 3.092
(m = 10)
L e

( 15) 0.104 | 0.093 | 0.179 | 0.055 | 0.225 |23.126|— 33.233| 3. 091
m =15

Hr e 1 Al 0L, WD G IE e, i K5 25 vh DG e A
51.121mm 78 & T 8.711mm, ¥ H # 2 H
35.052mm 28§ T 0. 612mm . ¥ VC i 5 75 3] (14 i
B FIE R SR VT A4S SR O B . S Sk
VERC AR ABE T — AN A B0 LR M, R ORI =

- 198 -

TG A TR R

HL 2 1] W, B SRR AR m (93 K, DT
NS BEAS Bk — P 48 v . (E R I B m B3O
IR 37 SR A 1 B 8] 0 D J5C T 5 % i 1) 0 Bl 2 S K
PRLIH o Ay S TS 711 3l A 0 280 R ARG JEE L m T B
6~10, 41 2 B 6 B, VE T A4 X D7 AR 22 AT 42 1 7
0. 4mm P, B2 T F Sh Rl g 2K,

5 4iE

A A A LI TR Sl G I SR
i FE EE R CAD A B R E A% B0 F A T4
AR S CAD BB X AR 390 DT FE E 37
K DT I RE 437 o AT B S BRI T F 55 CAD #5
T 2 18] f4 E ff DC 0 5E 3 AT AT LR CAD #
TR A, 92 e B T T AR R S O sh ek
A6 I S 4] e WY, 400 D T s T LA 30 Ol 5 B A A
RSP L B RS LG BT RSOR . TR TE
5 DT E R 52 Hh S ST P 1 0 A 0 2 R RO
SRR e — DB IEME . A STHIBETE N5
BLAZ 2R U TP A4 R A Sl I A DT S E
SR A S T2 R T A RS

B2 3

[1] Ma H W,Zhang X H,Wei J. Research on an Ultra-
sonic NDT System for Complex Surface Parts[]].
Journal of Materials Processing Technology, 2002,
129(1/3):667-670.

(2] FRERWE. il &2 G AR TR A A SR I b T ¢
i R) R B 5 CD . AN < 7V K 2% 2009,

(3]  ZRJEUUR, JJ IR 22, Y qd, &5, W 75 4G I v oty 1w o A A
BEAR AR J7 1 AT (], WL K 2 2 4R CT 2 10
2006,40(5) :763-767.

(4] k26T 8 15 45, % g BT, 4l A5 R b 2 2% ith i
BOP AT LT ] B LA T #2005, 16 (8)
686-689.

[5] Shigeo Nishioka,Koji Fushimi. Automatic Ultrason-
ic Testing Apparatus for Detecting Flaws of Struc-
tural Balls: US,5184513[P]. 1993-02-09.

[6] Deemer C M, Ellingson W A, Steckenrider ] S.
Method and Apparatus for Ultrasound Phased Ar-
ray Testing of Bearing Balls: US,7617733[P]. 2009-
01-22.

[7] Deng W,Shark L. K, Matuszewski B J,et. al. CAD
Model — based Inspection and Visualisation for 3D
Non — destructive Testing of Complex Aerostruc-
tures[ J ]. Insight: Non — Destructive Testing and
Condition Monitoring,2004,46(3):157-161.

[8] Corke P 1. A Simple and Systematic Approach to



T ASAP BM By R BIHL ECU FriE RG I K — 4k ig

WM RN

HT ASAP B0 & sl ECU g R4 H &

R

KA ST

RERXRFARIKBEFEREL LR T, RE,300072

WE. AT ASAP £#),3% 3+ FF A T A2L #3E X EHiE  CCP #h3L . KWP2000 L, vk & HEX #7
BEMBRFEL UG, TR TR SR ER SN NENEAINWECURE AL, HALLES
FEEHE MR RRE NG TR IARPRAT R BD, 2R EEREA,EREREAE A LI IAF

EFAFHERLRL,

E 57 . CAN FrZ i ; KWP2000 B ECU #5728 5 /55 & i S8 AL

hESHES . TKL27

DOI:10. 3969/j. issn. 1004 —132X. 2012. 02. 016

Development of ECU Calibration System for Engine Based on ASAP

Zhuang Jihui Xie Hui

Li Susu Zhu Zhongwen

State Key Laboratory of Engines, Tianjin University, Tianjin, 300072
Abstract: This paper presented an ECU (electronic control unit) calibration system for engine
based on ASAP(arbeitskreis zur standardisierung von applikationssystem) architecture,which was ap-
plied to multiple physical layers and protocol layers. A2L data description interpreter and CCP,
KWP2000 components were developed. The given calibration system was applied to the development
of CR diesel engine and EUP(electronic unit pump) diesel engine successfully. The practice shows that
this system is universal and reliable to different ECU which supported common protocol and can used

as an important tool for engine calibration.

Key words: CAN calibration protocol (CCP);

common rail(CR) diesel engine
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