BLADE DETECTION Hﬁﬁiﬂl\“

AL e )
BRI

E B,F #.ZFT d8,5EE
(A TALE A BAARAT 7T B FE AT AR FEFIET, L% 100076)

[(FE] AT Kt 7 A & EAE 6 Peiko b 4 R BUT AR & ot A e TR 2 ARIE AU TAR A Ao fl B A o0 AR 2R
A FILT K R R B s @ B AT R A R T2 B0 B S 2, A TR mX ek e ann s 2%, AR
THAES R BEARKAER T LRSI, ZAFARMNERAAERGZ LN ENA ZATF S, BER THRBE
K Z A R BRI A H RO IR Sk | 4 A-E et B AR, I 35 AR 8 LT A & 5 iR, B
TAE A —NFARAR R A T Hhgtgsn gt A o R EXE RGBT E, AR ZAFABN TR AE T A G
RN TP ey B ROR, A—AS KA R et i AR A A sk 2, 3FH S AN B BT R F A I B3R AR T i
ot 8GN RE L B IR A TGS R F iR E AR R R A AR E S AR T N B R R0 A B AR A,

FER . dEAEAR; vH B E b Sk AR B AL 2%
DOI: 10.16080/j.issn1671-833x.2018.15.091

E 8

IZWt . SRIREM, ETENE
BEUNXKARREUFETANGHR
Ik,

*E & W B FRM K E KL
(20132X04011-031 ).

TERLZS GO, M o2 K ksl
B A1 RE Y OCHE 1, AN (LU
Z R PR RER i HH T
YEPERE 232 ) A B J LA AR AR
L LA o Gl R B A
MR A 22 S A T B, B T
=4[ i, 2 RS TR
JEAFFIE, HB KR T & 7
KRR FRE T A SiPLRI e
e B R ERTE T €
HARE, T — A A s
AR BE R ) K R L TR
LA AR EOR M SRR A
HAREH R RST R BT AR 4
AR T S B, O 2 BT
RBAFHIN TR P SR, 2k
HRIRAT BT BRI A, X H
AT 0 g 20 P 00 gl B
T A P A B T EL D AR
JE BAHDE A S RORTEE .

I, FE AT A S S 2R T

TAFRIRGN , K2R L GE I = A b
DB, 72 RRAE T R FE 8 B A8
I A A B, SR 3 i R R
I3 AT BOR BN i i) L R
FEARIRZES AL X R T 6 B AR
REAE IR IR e HOASIDRE 2, (B Pl TR
FHT 4 i =G0 Sk, PR T ARG 283K
Gy BTN, T EAFAE DN A
AR 22 Bl X SE TR R A A = Ak AR
I ALAE 2 [8] [y v 00 o g
FHAZ B T ARKBR M, Foid i it
Fr BRI 55, DRI 38 V15 T
TF A B R A S

UTAER, BEFE I AR K A
PEA R Z2 (1 R 12 = Bt
Bl LA B AS il i 0T, 107 HIA3CR
3 RN T R T vk
TV B JRI B o 1R BRI A 28 K ik
FEI K, BT I e T 55 A Sh AL G B
TR UATARFI R IR, B
ST BN e RIS, O HL

20184E 55615515 0] - i & A 91



Hﬁﬁmu BLADE DETECTION

TF R T Rk AR R £, AR
p IR Sy s (S B K
fiefk ™, fhn, f5E Wenzel 23 & HY
e i &4 CORE-DS,
K B — A G SO TR Sk R B
PABGE R il = Sk, wT LASE it
U T ) P T O LSBT, A
T 5 M 1 42 A =0 Sk A 0 5 vt s
A [T 55 50, A Rl s A o — A
AT T PN A RS A
I B R 5 A T TH R AL TR
JEHT B, MRS TR H o

R T SEI A AR s A T A
B JLART TR AR RS A vl v 255 i
ASCIHE T AR Al = 0 e T )
ARG, R T HAEM BT AR % =
A5 F2: 4 A T T B R Y TR
I R G DAL G ) = A BRI AL
RERGES IR B RO
WSk AE iy v {2 e , BEAS ST
TR TET HSCHR ) R R0 RS B AR I, PR A
L A I B, AT DS B
Wi 7 78 T 4 2 A %) JL T 255000
w5 B, ARSON HZ i &R
Gkt FE R 7S & B AL — > KA
KB I 5 AR T T 4 I
i, FRRI RO S e AR g T IT
e, A% 1M e R R Y
Al HER v R A Y
O B 1R 25 D R T O B A
TRZE ML LN IR 2E 528 A
R T UL Tzt 5 R
e e Y T P A A PR AT
I

MR BB E S S K

R L2 A ShAL AR Y S RE AN
TARRRRRE T E R A S I AR
IR EN P, B R SIS
MRS 2R 50 e R 21 b 2281, I 114
TY TS A AUBOR A 2, TE LR B
fh 25 EE AR K | 52 A8 B I By AR L
IEZYIPNISE S W e AR e St
Fr RN T AP R T EORHERE o

M H A AR Sk

92 Wiz MG A - 201845 615 55 151]

3 AN A 2, i B S ok HER
W A gAY 4 N U
Bl 1 i A B — AN, 240t A
AbF TAERL B, 35 SR T B il
Gy itk Bk Py B P, i —
BRI (i (B 95 5 1 Wi <3 Y
MR R o M HESG, R Py B
P, 1) —BERSR SR R0 5 140k
I B4 T 1 SR HE A Bk
B Uk — i, Bl P, 2 Py A
G35 T A I B 8 T, S i E
SN EHES D B R g — 1, B
o P, B P, B 3

I R 118 A 1 T A s P PAT 1
FESR IR, HAZ J kgt 7
T PRI EE n TMERE . H AT, KE8
4 ik R I T B e A D
R R IE S EOR FIW T B2 A
& B DI T A R TIRR 7
FE R 1R A A AN R

1) K5 BE e X F b & A
I 45 3R A AR R AR AT, SR
K 3] 0.02~0.08mm ; 1M % T HES,
I RHER A I 3B/ N AL, 0
X0 S 8 R B Ry, L HOEXIE
RIS 0 A 00 A R

(2) P b, A ME
KB, B R B Fh R R AR AR
2, DR o R AT i 48 v I e 1 LA
LR B AR & Rk, 1
TR RCR T T, YC2F A I Sk 3 o 2
Fb A2 ke Sk i 1 2~3 %

(3) Gt 7 7e i &t f2 b &
AT R , 1 R B 4% K
R Y

AT ——

BRIEE
Bl MREENEES
Fig.1 Sections of the blade surface
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Fig.2 Non-contact optical scanning system
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Fig.3 Laser scanning sensor WIZprobe

ST U

BRI
B

AEFR I
BHL

JEUE

LY

E4  WIZprobeill kKl £ JF 2
Fig.4 Measuring principle of WIZprobe

WIZprobe Mk i B =0
5 B 1 B B0 A, OB BE Y
B 30um, RAEAYAAN 50 55/
s, M 43 BN Tum, I 95 [ 4
(50 +5)mm, H 0K 6um, B
FEMEAIA 0.3um, 100 > 1l
PAAHRE T LGRS 2pm (20), AT LA
N TN RS R A
PRZAE, AT DL T2 245 iR
o

BT R RS G 5HOLHE
FHI Sk 2O I B 2R S p I
FEEERT LLAF] 14um (20), HEAS EEIK
e n] LU e Hards K258
R 7 R IAE 55 75K . FERT
AT A A S AR v I R
20 R 0% YA ) 1 o e AR Y BT A
JEE RS, -5 H#E CAD BERLEAT b
Xt AT

H T RAEIZOGSE R R S
P F 45 52 2% i TR A0 e ) S
FHPERE R, A SCRE U A 25 &
SIHLI—A KU I VR Sl x4
FEHL B A R S N RN
FHiZE2 A I e 2 g% 4 A
(48 B S B T EIR I 5, aniEl s
FE i KU A B RS Rt HE AR
825, B BRI A & shpLi F i i
RURHE

e TAEFF UG A, 75 25X
2 4 Dt 3R e AT RS B R
SR, DA ST FR 40 00 45 T ) BE
1515 H LA S BEAS 18 2180 E K i K
Fo TEBLAEREH AR SCR T “BRifEBR
FERL” VB MR o Ho Z bR IR
FLEZH 1 ARERFER 6 MRS
& FRUEBRAG B, Hov, A BRERR 1)
RSH DL B AR AR AR v BR 22 [8] 14 1 5
St AR E PR ARG B R SR
Bk, TEZFRMERRFT M L, B bR
WEBRIY B2y 20mm, T HLAHSS bR e
ERAGBR.C A FE A 70mm, IR T
70 x 5=350mm AYFFIE- S B TR

20184E 556155 1500] - i hlER AR 93



Hﬁﬁmq BLADE DETECTION

i

6 BT/ Azt i 2
GERIRS ERE SR . TE RS
FUVF BN BRTE P K AR v BRAT B
BTFTNOARABMOEE X Y. Z%
BB 3 0500 LA e 23 8] 6 F 4k 1
4 ATJ5 L), FE B T7 LA 53 3 X A
WEERFF LA T 3 YR &, T
AHABFRAEER OBk O [E] ., PR i 24 i
FEILIEAT T 105 UREBRCo ] A
SRIG TR AR B 5 hn R AT R

L

350mm

HEAR

_

BE5  #WlRKEE A
Fig.5 Fan blade to be measured
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[ABSTRACT] The NC machining is the most important processing method for the blisk of aero-engine. The NC machin-
ing process is an important step to ensure that the geometric precision of the blisk meets the design requirements. Accord-
ing to the design of three-dimension digital model, the shape of the blade after finish milling can meet the dimensional
tolerance of the drawing, but the flow-up blade surface finishing and strengthening process have different degrees of inful-
lence on the character of the blade shape of the blisk, resulting in final geometric dimensions of the blade shape beyond
design requirements. By analyzing the surface finishing and strengthening process such as polishing process, vibratory
finishing process, shot peening process, the paper determine its influence law and magnitude on the blade shape parameter,
then according to the pre-deformed control technology, revise the machining model and program of the finishing process,
allowing the blade to obtain the shape and position opposite to the deformation law of the subsequent surface finishing and
strengthening process after finishing milling. At last, eliminate these pre-deformations in subsequent processing to achieve
the goal of obtaining a qualified blisk in the delivery state.

Keywords: Blisk blade; Surface finishing; Strengthening process; Deformation law; Pre-deformed control

(Digh  R#)

(E#% 95 )

34(11): 2442-2450.

[9] MM, xintsE, X0k, & oLk
RG2S ) R a7 12 D). 208N S0 T
i, 2015, 44(2): 3775-3781.

BI Chao, LIU Jingliang, LIU Fei, et al.
Calibration method of space vector of beam

for point laser sensor[J]. Infrared and Laser

ARBRIN B AL RS HE5 S B [0]. TR
2015, 35(4): 19-23.

BI Chao, LU Laipeng, FANG Jianguo, et
al. Establishment and realization of the optical
coordinate measuring machine[J]. Journal of
Astronautic Metrology and Measurement, 2015,
35(4): 19-23.

MU LRI R S5, 2017, 23(7): 1502-1510.

ZHANG Junfeng, SHI Yaoyao, LIN
Xiaojun, et al. Process parameters optimization
of flap wheel polishing in leading and trailing
edges of blade[J]. Computer Integrated
Manufacturing System, 2017, 23(7): 1502—
1510.

Engineering, 2015, 44(2): 3775-3781. [11] K44, MR, w/hgs, % . b

[10] e, FoRmG, ek, % Jer  AREZE IO T 2280k 1. 7158 EWRUESE 541, E-mail: 773721278@qq.com.

Study on Measuring Technology of Blade Sections Based on Optical Scanning

BI Chao, WANG Jin, LI Di, FANG Jianguo

(Aviation Key Laboratory of Science and Technology on Precision Manufacturing Technology, Beijing Precision
Engineering Institute for Aircraft Industry, Beijing 100076, China)

[ABSTRACT]

of the blade surfaces in a rapid and accurate manner has become a key segment to improve the manufacturing quality of

Aecro-engine blades have a great influence on the overall performance of the engine. Therefore, inspection

blades, as well as the performance and lifetime of the engine. In order to measure the geometrical shapes and dimensions of
those workpieces with complex surfaces such as blades in a way of high accuracy and efficiency, the study on application
of an optical scanning system in measuring of section parameters of a blade is carried on in the paper. Taking the traditional
coordinate measuring machine (CMM) as the system platform, the optical scanning system is equipped with a new laser
scanning probe, which is based on the measuring principle of circumferention triangulation. Also, combining with the spe-
cial data processing software, the system can be used to inspect and evaluate the geometrical parameters of the specified
sections of a blade, which could serve as an advanced solution for the shape inspection and quality control of blades. For
verifying the application effect of the optical scanning system in the measurement of blade surfaces, a twisted fan blade is
selected as the target. In the measuring procedure, 5 sections of the blade are scanned and measured by the system. After the
model matching, the errors of profile, centroid position and chord angle on every section are derived, which fully manifests
the effectiveness and practicality of the measuring system.

Keywords: Non-contact; Blade surface; Optical sensor; CMM (coordinate measuring machine); Scanning
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