LARGE-SIZED STRUCTURE COMPONENT PROCESSING kﬂ%*@1¢m1

KT H SOl AR A
RPN TSGR AR ME Ty ik

3 I A =R AR 2 S8 N 7% <
(1. BFEIERIEMRT EFRELET, BL 710089;
2 ME T GE AT (LR ) AFRFTAEAE, B% 710089;

[HE ]

3. B R FHIR AL, HE 411105 )

W T B AR R 4 b BOF ML — JUAT LR S0 A2 0 B dsAf e TR 2 AEVRIE AR % F R R AME %, 4R

R R My B i W AME @ 7] LR AT B, S i SR T TR MR ZAME S IR R R, AR e
TR AT AE ST, K 25 RA NPT S0 T X AME 7 R EA T §E
KPR GREMN; ASE; I LT iR £ AME
DOI:10.16080/j.issn1671-833x.2017.11.099

BEEEG
IRIM HRAEATCNZ4m
T 8RRl

# BETE : WIr AR TR S &
H (2016GK2014) ; Wi FSARFF NI & 3
AT H (201714055 ) 5 B 448000 i T 125 )

FHE T TR R OIS 2015CTPOS ) ;

R AW AR H (CX2016B231 ),

TERE (A Ay A% DD Y
RIR AR A 22T AR} 2740k
HOREFHTIZ A RAILES A 1 o B e R
WA DL SR ShPL s AR, H
T HERE £ ) 0 SR T S e 1
T2, M TR REARAGIPRE
Z% I BEATS O TG R v AR A
TESEBR AN Tl & 7 A I A, 7™

SEMR T A N TR B LA K 3R 1T I
w1,

AR T AR, e
BAEMBEIN TR, FNIMF 255
X0 AR I 150 2 1 B 2 kM H R 3
Fif5E. EAMEE Depince 5 P %t
S-S T n T AR v T BAR
SRR HAT T FAAMERSE,
IR Z B I okt R R
MEE Zhangm\ Huangw\ Weil 25
I3 R IR 2 2 338 A 5 R R
FBORAEIE T BBk, LU SR NI
FET AR T R, ergic[ﬁ]\ Tungm\
Peng % ¥ JF & T — S0 i ¥ 1B ok
AR R E B T NC ARG Y

JrEXE N TAS G R 22 AT AME . [
N2 BRI O B AR Y N T
AR VEAT 43 M I 48 s e A DI )
SR T RSN T AR T 1R 2%
kA M X i i T AR
TR 22 M KA BE TR vk R B
WM, A BRI TR K A FR
JCA E 5 B0 T B
i BRI T AR R 2%, 7 IE L A
ST T TN T AR AR ZE M)
Mg FOn T IR . X
A5 U PR " ST R AR F
FE T 1R 22 R R I R TR A
SN[, 3 o R FH 2 iR 2= A M T
2, A RO = T R B TS
TR AE U8 A R oG A A R
ANSY'S i 258 Bl 23 i RESS #4144
TARTEHEAT T 4307, 3 ARSI A
R AR L ) AR R A 5E T3
0 rp 4 B AR YRR B BRI — > 2 A
PEI T, R EE T BRLE TR 2%
W B s e M T ik B
P AR PG OR ) HLBGT 1 B A IR

2017 4E55 11 ] - palisE AR 99



kﬁ;éﬁ%ﬂ:bnl“ LARGE-SIZED STRUCTURE COMPONENT PROCESSING

PIJT T ETFIFSE o A SCRE AR AL GE T
I, Xof B T L TR R
PEIMTASEAMETT IR ST 1% 07
TEARIE ELEC I RE LR T AR TE
LRI E 2 PR AUHME 5
CAD 3 [i] it B T3 P54 1 L EUAME T
[l ] R AT I, i 2 T
INTARFEARZEAME I TTLA 5
TR Je T L T B 1 4 R B )
BERWFTT , DL TE T e 37 iR MEE 5 vk
AR

BB Bl
1 MIERIREIMERE
TN AR 5% 22 M2 O ik

I AR R L Al SRRt
TRZEFMETEA L, B R IR 2SR M A X
AH A AR SR AR, HA AR, 7]
FRAEE SR AORE AL, BOAR SOR H B Zekb
VLT AR SCAE G . in T AR T iR 22
B A2 2 B A i T AR R Y
B A RS B TR0 [ s A RR
TCH AT N T AR | 39 3
TRZEAMETT XM T IV A IE,
AT 8 2% I T AR R 22 A M, i
TIVHAMER BRI E 1 s fEE
1 R IS AL, BRI DD fih i A7 B
R X g EAL I TASTE &8 U, LA
FAMEAE IE 5 WUl il fi 67 B X, 3
HZIANM R A R UK
X.=X,+U,

2 MIETMIREZTEIMEE

56 A MR AR B — 0 T fi
SR A RME I 525 T AR TE A
AR INT AR 2 5E 4
MR AN 2 s, 2 HRA
FRISHRERAE R SR, 5 T P A
AR Z,, WZ s MR A A
JE Vb 0 X FR A 2, DT 58 AR T
TR — IR TE M, BT
ARG iR A M AR T AT L (R
WA I T AT 5iR 2z ME R
e S RO D OWARIVA BT B e
BEJG B0 TS I 25 25U fih o5
HIGEHI A5 A AR AR AR, TS B08 Y

100 Bz REEEA - 2017 4558 11 19]

(1)

AR /77 A At v
AME G S PR IR 54
a4 LUIR Z M) 5% 4%
—EWIN T AT %24,
BRI T AR 1R 25 %

Yej

&

Mg T8

BIER T8

FEXE LA — UM I T AR .

ARZEHMERIL o
3 ZARMITWIRE Y
ERAMEE
ZRIM T AL R 2%

=

iR dRe R

TN ASIE T

IEACKMERE I 25 1& T
TAE SR ZEAMA R Y

%%f%mmﬁEL

R AL iR 22t 7

Frifeshts. 20T

Fig.1

AT 1)
E1 MIEWMREIMERE
Compensation principle of machining
deformation error

MRS 2R

AR AR ZEIEACAMETL
HANE 3 RN,

RPITIE S iva: i R B
fi 255 #9400 4 25 TR A

Sk

8, XF I HY Ji T AR S R
2N Ao HEATH—IX
WS, T B S5
M AR ™ BT AR TR
A &, X I Fy i T 748
WARZE R Ay, NITEA T
UM . DA HE
AT KM, ELEm
TASE R ZEAL T3 Y
0T BE S L DU
AL
4 BEYHERFFE
BT AR E
2 FHAHMIRE v S5
PR PR A S ) B R
. TR
SCu,v)=(1-v)Cy(u) +vC,(u) (2)
K, Co(u). €, (u) HEA IS4k
u I S5 MELR, u W UEL T5 I 4L,
v NERE T SE, u, v €(0,1),
M ELSCIA S A] 432 Al Jé B 000 FAS
AR ELSCTH AP 5 LAt i
B A R —Fif L, R
AR ELSCTHT , RIVIZ i T E-F-4 Hh e I
B0 2, AT J ELACTH
Z B E ORI CAD 3k

SEBRTIEALE:

ZSTTEALE |\

I TAETE 2

E2 MITEREZTEIMERE
Fig.2 Complete compensation principle of machining

deformation error

PR TR T PR TR

_———

\5] /

2

B3 ZRmITEHIREERIMERE
Fig.3 Iteration compensation principle of multiple

machining deformation error

PR WA MELR L300 u 1) 250 )
4 A EL AT D i 2k, oA
o142 T o e Ry ST T AR
2L 1A R 8 22 JFL T R A
fe o T 7 YR AT [ I T
ELECHAIAN R R BLA0

MIERIMERERES

1 BETHEYWEHREESFMNT
TR AMERIE T



LARGE-SIZED STRUCTURE COMPONENT PROCESSING kﬂ%*@1¢m1

I T AR 1 22 0 A 3 2 i
b XN Tk AR R A B ) A TORG
T, [ st A A BT 51 s
INTAENE | i R 22 M T EE RN T
TVHATIEIE IR BN T AR 1R 22
BYRME o FR TR R Y BRI i T
MBEH 10 R B T LS80 B
HI R v, g5 5 L YT a,
RHYNE a,.. I, A SGETETTIE
ARG, KT 2 or etk Ay vk ey
BEH AR AR S 4 DTH I
BRI 250 8 U — B 0 -
F=Cy-a,-a’-nw-f"-d-Z (3)
K, Cp AR N T 25 4R 4 4
KRB, a, HHAPIEE, a, N2 mY)
d RIJHAME , Z R ITTHVE x y .z,
u. v SV ZEER AL
TESEBRm T, rde By JJ B A
TR BRI  E 1, DRt (3) AT
faj 1 -
F=C,-a,-a’ n-f' (4)
R RN TS B AR S
Fit tH4 R R 36 1 280y T A 22 T %t 7T
BRSBTS A T T
I R 22 AME I T AR B . S
T T A Y e A kMR Y S, G
K4 B, Py s e B S0 St
— BRI T ik g, BT 8 M
PRI A2 AR TR A A M
T A Tl S il TR O T
TETINEGIR I, WA 3R A M5 1Y 7]
fil s Py’ P, LIS HE AT AR R
BB EAME S 1 T fil s, P
(i=1,2, =, n) WL E, BARRERX
e
P/ =P, +BN(u,v) (5)
KX, B AAMERE S, N (u, v)H
RISV Az~ S IR

S, xS,
N(u,v) = %S| (6)
b, S, 1S, o il S T
u Fl v [ 1] i

HMEE 5 B O itk gk A 2
J Wt S BRRFAE ) A2 T R , IS

o A 1 300 ) s A M T, I
FIH CAM BB AR APT AR65,
e 2 58 1 RE R ST T AR TR b
B FETEAT 35 1] 557 25 TR0 3 D 1T
B, BT AR SCAOTIF 98 X6 G A i R
Ui, H I B 250 CAM #ff
Hr Z N BN T 8E A oh g e R AT
X} ELSUTHT , HCRFAME2 I 1 7 ik 258
HEA T BB T, R ) BT R
AL R CAM B0 A sh g e 45
F. SR ESR N AIE )i, B A
SURMEE AT 1) 58 A 15 7 T A 42 1Y)
Fa 18 ABRENT JR ELECIAT u [ R A5 B R
2 b v S Uil S A T AME R
T4 A5 AMETT 10 R B 45 AN M TR ik
MG Y B BOS AR — AR HE L,
A 3k S B I R e /N — e ik
fras gkl A ™ B Es ) gk
HIBRIE T FE R -
X=X _ Y=Y _ Z—2%
N - R T (7)
ffainT 15 -

x=%(z—z0)+x0=az+b
3

k (8)
y=p@-n)tn=cz+d

X, a=k/k,, b=x,~kzy/ks, c=k,lk;,
d=yy—kzo/kso
[ HZ AT BAE T BRI RN
WA TH Y 58 4%, B0 RT X X A
AT, i THLA T R R R AL
(RS PMEAF AR 22, a2 0075
FH .
Ax =3 (x, - (az + b))
Ay =3 0; - (az+ b

K, xopyz (i=1,2, -, n) 4%
1 fish s A M 5 AR AR, A T SRS
sz B/ MEXT P a . b e, d P
SIS HETWNE .

OAx =ﬁ‘;2x(x,—(az,.+b))><(—z‘)=0

(9)

Opx - 2% (x, — (az, + b)) X (=1) = 0
OAy o

e = 22X (1 - ez + d) X (=2) = 0
I = 52 x(y~ (o +d) X (~1) =0

(10)

AR (10 ) AT RS
23 Xz, — X%
a= i=1 i=1 i=1
ny, Z? - (Z Zi)
i=1 i=1
XX —ayz
b — i=1 i=1
P (11)
23 VT =XV nT
c = i=1 i=1 i:l2
n$a-(5:)
i=1 i=1
DVi—Crz
d — i=1 7 i=1

Kl 5 Db B O A LA
IR MRS ALK v 25 AME R
P HI AL ADLG T B B A AT £
e AmZ AR A CAD BRPFEIE
UM, R CATIA #4240
FOAL 1AM LS AT B T 2k
TS SR e
2 ETHHEEMNEEMGMT

TR IMEERE RAE L

W 22 IR AN T AR 1% 22 b

B4 EFHEEHNTEIMEERE
Fig.4 Principle of complete compensation
method based on surface reconstruction

20 0
0 60
0 20
y/mm 20 =20 Hmm

BE5 iMEEESANEEETEE
Fig.5 Fitting line diagram of discrete point
after compensation

2017 435 11 9] - Bl AR 101



an
kﬂéu%ﬁ:bﬂ]: LARGE-SIZED STRUCTURE COMPONENT PROCESSING

205 1 DA B R S R Ny
T LS5 My T A ) R RE R T AR I
AMER LA BRANT -

(1) B RE(F 80w 1. )= 21
g m B2 BEIN T 147 25508 n.
W (=12, -, m))Z%5 i (i=1,
2, o, n) AT I 84 AR )
TN al AR A8 T ST A0 A ) g A 7Y
TR HZ S BEEL T FY

(2) ¥ AR B BEEI F1 R A
7 PR TSR w] T30 A T
55 VRS i A TIE SR U fid e 1)
ASTEAE 67, HR N T A5 T AR 25 b 2
JCER AT R V2 e T A
wMEEBY

(3 )55 25 i ANl S 1%
ST A TR M R, AT A E b
IR BE LR 3AFH
B O] RS HAME S A +1 2
BT A Ui o, TR 2 T A A M Y
Y] ik i 280k i T AL A A R A TR

(4)FIFHABE(3) P ATl & =R
HRMETI 2 CATIA $ds gmfdn i3
AT5 j+1 20 B R0 T, 3 B Y
2 AR PIG g ad™ , DL ERIBURT Y
BeHI ST AR . EE A4
NF BRI ERITR, ER)X
JZ Uil S B KN T AR TR iR 2240 T
A PRI RS EEJEFP , BEis ] 3k A5
BLAMACSF BN T 14 .

IS RN R SN Ny
F 3B 3 S 12) BT IZ A
AT AR 22 Uk AR R Tk 1) AH G D 2
KA RRIA AR

aj =ag +p"
a =al—-¢"
/Lm — a/Cio _ CY/C,'U)
Bi/):ﬂi(/fﬂ +/li(/'fl>
B"=0

/l.-(m — 6;<0)

1<i<n

I<j<m
K, a,” FoRE j RAMESS § 4> 55
) SEBR AR [ DI, HIK A a) L% 6
FORMIIRIN T 10 A5 1 Y0 fish 5

102 BizEREEA - 2017 4558 11 1]

(12)

Hy44 AR IR A S ARSI, vl A
FRIT B, i =C(12) Al it —
A

Weavep?  (13)
IBU‘): _O; 1<l<l’l,]=0
i o I1<i<nl<j<m
(14)
0 & 1<i<n,j=0
A7 = () _ SU-D. : :
6P =67 1<isnl<j<m

(15)
¥ C13)~ (15) WA 45 R A
S RS AR RS
JERAEAE N T ARG iR 25 M2 T B Ak
Sk B 6 iz BRI AR A

T B R AR SCRT ST A i T AR
T RMEE T 1k B SRk ) TE A S A 3K
PR, 7R SC L E ST RE A i %
%o % ST R R B AR R T
K x % x & H: 160mm x 5.5mm
x 160mm, AsHR R Ji s A7 T Z A4 T
iy 11 A T, BB R AR A 4 7075
T651, il 1. # 4 HERMLE-C30U
AR I bt i T RS

—{ )R s R |
| gﬁj}%ﬁﬁw;ﬁﬂmﬁuw |
| ﬁfs&fu@zﬁjﬁmu&ﬂ |
| @%ﬁ%&”m |

¢ 20mm FEARBE 5T A 4 IR A ST 4 )
( AL-2RL-D20.0R3.0-AIR ), 3% %
Boangk 1 s,

Sy ST A5 I g T AL AR o B
SR BEE] J1 89 4 A 2R K R 35
Bl on S L R YITE a, il
VIR a,, B ZRE 4 DIKF, Bt
T Lie (4Y) W YIH1 2k 8. JIF
W% G KISTLER 23 Kistler
9441B M Z A J11X | Kistler 5070
IR 6 RN R BRI )
K- 1EASIRE 2 IR 1)
3 [ R AR AN R 2 PR .

TSR AS = ) ) X F AR 1
VIR a, B U1 a, . FREE 3 n B
WA £ LRk mE 1R R
TR G
{ F, = 342.4492n"07% f09052 g 03168 0521

F, = 872.1677n 027 fo4q 02311 g 03955
F, = 302.6913p701%7 f019% g 019 03616
(16)

FETAHBRITHHEAME ANSYS
7. L ST T RE R A R OGRS
ANSYS Z3#r H G IS R AR AR
25 ARG T AR TR 22 M i 1
G JF R, BET CATIA B o) i i

B j JZAMETI BT
BT T IIH A

|

| 5B A mAsN TS |

|
B

|

B

| e

|

| st 50 0 A DA A T A |

A AR o fii i

E6 mMITWMREMMESRIEREETER
Fig.6 Flow chart of iterative algorithm for machining deformation compensation



LARGE-SIZED STRUCTURE COMPONENT PROCESSING kﬂ%*@1¢m1

BT TR, SR 5 5 T
AR FHAME T i 1 IR GE M
1 RIEACAME Y 3 RN 200 in 105
%o KT T ESRH ¢ 20mm 1
HARTE A 4L B ) UIHIB . £
l1 %% 8 >k 10000r/min , Bl 17 ] 18 Ky
Imm, 72 [ VI H 0.5mm, R4 3E 45
#OM 0.06mm/z H TN T 41
FFE ELCHE M S5 x . 2
VA ) 4120 4346, (B & A Smm, H % &
| 7 S0 HERE R AE x 18] 2 [ Y AR TR
e /N, AF y WAL B 110, BA
S SR FH = AR A i 2 A % 1)
AR S T

TEBEH] TR A PR iy 1) 249 B
s e N LSS s & N N S (N R4S
T R 2R B i T AR T i 22 S B PR
PR, H RN a3 A B, HLoR
A 2 S 11 5 I T R A T )
AT de K, SR 5 U IR 7 ] 3 37 D
Ao HRE N AR T 5 25 I i 4
43 B x Lz PRAS T | i 4T R B
& 7 JE R AR A% x J5 ) z=3mm 4k
MR N T AR 15 24 0 i (X He
B, 508 R AR S R 227 3
B4 0.074mm, 5 R AMZERT [R5 227
YI{H 0.255mm A FL Ik 2> T 70.98%,
R 5E A MEE iR 22 E
0.122mm A Fe ¥ /0> T 39.34%, v] WL,
Bl AR B G 2, I T AR R 22
R A A L, HAS AN S x
Ii] {4152 2 T A 63T, A PHAE x 7 T A
FMERCR I Ry

B8~ i iy Tz I
x=78mm A #METJF N T AR TE 15 25
I X6 L P 2 A2 G 3 1 M
KT TR B 50 M 1 BE
TEAR N TAS AR 22 bl = (B 1
TR, B IR B RME S
[ 15 22 5F ¥ {E M 0.037mm, 5 & #b
PERT 15 25 F 41 0.174mm A ik
DT 78.74%, 55— IR e R AMEE
M35 2% - {E 0.086mm AH LI /b T
56.98% , A VLR 5 5 AR 3 £
INTARE R 25 FREE I, H A4S

IR R Z 5 18] B R 22 93 A1 Bl 4%
23, VAT Z J5 [ BN T AL FE ER 25 b
EATRI IR 1 B IR o

H M AT RN, A SCRi ST A4 5 T
BEQF 20 T AL 4 AR M
PR ROt T B S RE Y
AR ZE IR E T 4R e ELSCHRE (T
TN BE A H A — b il 0

WEBEPEIN TSR ZE R AT 0715

&k
(1) 8 EL 5 v B A 1 B A2
M i T ASTE AL A H i T A2
AR ZEAMAN HEUR SOE RS $2 )
LT T A B ERE i AR
TR ZEAMEZTRS , IR MR I T Ab

F1 p20mMMEEFERAEEHTNEZEILMSE
Bk Bz KB Tt IEE ff) JIRBIE R | B
2 20mm 140mm 20mm 30° 3mm 85mm
R2 BHNEZRBARRIEFHNER
RIS R BGEAE | R | #himbiE N | FN | RN
K% | n/ (re min™") £/ (mm+ z7") a,/mm a,/mm * £ “
1 6000 0.04 0.5 1 282 | 355 36.6
2 6000 0.06 1 2 72.1 752 | 39.1
3 6000 0.08 15 3 1847 | 1764 | 65.1
4 6000 0.1 2 4 324.1 | 2426 | 1137
5 8000 0.04 1 3 101.1 | 812 | 541
6 8000 0.06 0.5 4 1406 | 139.6 | 61.16
7 8000 0.08 2 1 77.8 44 36.2
8 8000 0.1 1.5 2 1643 | 942 | 574
9 10000 0.04 1.5 4 1433 | 1019 | 71.74
10 10000 0.06 2 3 196.7 | 1198 | 957
11 10000 0.08 0.5 2 1004 | 640 | 397
12 10000 0.1 1 1 116.1 | 472 37.9
13 12000 0.04 2 2 754 | 1125 | 398
14 12000 0.06 1.5 1 543 | 417 335
15 12000 0.08 1 4 1759 | 1218 | 664
16 12000 0.1 0.5 3 1572 | 117.1 | 583
035 e AR 030 = Fehfz
g o UM g et
E 0307 . +§ﬁ‘¥k%M‘i - E 025F ° HBUCHME
025 T e ool BUCKME
;K .., w ;% . . -
%\( 0.20 | ﬁ( 0.15
B0 e 2 0.10
E 010, "ty = 005 . N
= ‘7‘\‘1" " e H\ A N " A
E 05 St A = .
-~ = 0

6 16 2IO 3I0 4b Sb 6b 76 8I0
TA% x J5 1) /mm
E7 z=3mmZETHiREITLL
Fig.7 Comparison of deformation error
of z=3mm

10 15 20 25 30 35 40
TA% z J71] /mm
E8 x=78mmAERIRERTLL
Fig.8 Comparison of deformation error
of x=78mm

2017 455 11 9] - BilE A 103



an
kﬂé %,ﬁ:}‘m]: LARGE-SIZED STRUCTURE COMPONENT PROCESSING

P e S S A T T 0 B
ST o A =g 1 g 1) [
FEAE B EEAE b 2R M
R UASE— U n T AR 1R 2%

(2) M B0 0IF A% 3C T A7 i T
AT ATy 1 T AR B A 1 TE w1
JA N ASCLL S0 HREE A N
TR T A G UE S, IR X
Koz 7 ) I T AR T 15 22 4 A7 B A st
11030 . S5, B AR B
W TN T AT IR ER T8
1) B, HLR 2253 A B R 35, kM
R R IR e, IR R 1 AR SCr
ST I LT LT A 1 S RE
TASC R ZEAME T AR 1T o

& X X

[1] 5, s &, 2 45 s 45
TP A A S FCA ] (9], s il H A
2009(6):32-35.

HE Ning, YANG Yinfei, LI Liang, et al.
Machining deformation of aircraft structure
and its control[J]. Aeronautical Manufacturing
Technology, 2009(6):42-47.

[2] DEPINCE P, HASCOET J Y. Active
integration of tool deflection effects in end
milling[J]. International Journal of Machine Tools
and Manufacture, 2006,46(9):945-956.

[3] ZHANG Y, YANG J, JIANG H.
Machine tool thermal error modeling and

prediction by grey neural network[J]. The

International Journal of Advanced Manufacturing
Technology, 2012, 59(9): 1065-1072.

[4] HUANG T, CHANG S, DING C, et al.
Improvement of residual error in hydrodynamic
polishing by recursive error compensation
strategy[J]. Microelectronic Engineering, 2012,
93:27-34.

[5] WEIZ, WANG M, CAIY, et al. Form
error estimation in ball-end milling of sculptured
surface with z—level contouring tool path[J]. The
International Journal of Advanced Manufacturing
Technology, 2013, 65(1): 363-369.

[6] KVRGIC V, DIMIC Z, CVIJANOVIC
V, et al. A control algorithm for improving
the accuracy of five—axis machine tools[]J].
International Journal of Production Research,
2014,52(10):2983-2998.

[7] TUNG C, TSO P L. A generalized
cutting location expression and post processors
for multi—axis machine centers with tool
compensation[]J]. The International Journal of
Advanced Manufacturing Technology,2010, 50(9—
12): 1113-1123.

[8] PENG F, MA J, WANG W, et al. Total
differential methods based universal post processing
algorithm considering geometric error for multi—
axis NC machine tool[J]. International Journal of
Machine Tools and Manufacture, 2013,70: 53-62.

9] RBL. AT, BESCH ., 55 R E AR
TN T AZTE R B AR T P T R BIESE (D).
FFEFUB T AL | 2004, 15(8): 670 —674.

WU Kai, HE Ning, LIAO Wenhe, et al.
Study on machining deformations and their control

approaches of the thin—web in end milling[J]. China

Mechanical Engineering, 2004, 15(8):670 —-674.

[10] A= B T T 185
TEBHAACTr 5K BEFE [D]. W -
TR, 2012,

ZHAN Youren. Research on optimization
method of tool paths and process parameters and
experiments for five—axis NC milling centrifugal
impeller{J]. Xiangtan: Xiangtan Universtity,2012.

(1] XOHE , 2400 BT, 45 s
R BHLHERE RN TAS I 18 25 A MEHOR BT 5
[J1. AU BETT 51 ,2009(10):175-177.

LIU Xiongwei, LI Jieguang, ZHAO
Ming, et al. Research on the compensation of
deformation error in NC machining of thin-walled
blades[J]. Machinery Design & Manufacture,
2009(10):175-177.

[12] P 2t il Ty B 5 )
INTASTEAR 105 SRS (D], TR FH < TR A
YRR, 2013,

SUN Yue. Simulation and experiment for the
twisted thin-walled part of blades of machining
deformation[D]. Shenyang: Shenyang Aerospace
University,2013.

[13]  EEZR A7, YL, 5 L
PRI TASTE 3 Bt Be s 77 5 (01, b AL T
i, 2002,13(2): 114-119.

WANG Zhigang, HE Ning, WU Kai, et al.
Analysis and control methodology of machining
deformation of thin—walled part[J]. China
Mechanical Engineering, 2002, 13(2): 114-119.

BRAEE : 8 1AL, b B AR R,
W57 T i 0ORS 4 Bz n THR S %4

E-mail : iamtxtu@163.com,

Machining Deformation Error Compensation Method of Aluminium Alloy
Thin-walled Parts Based on the Ruled Surface Reconstruction

FAN Jianxun', XU Renqianz, HU Zihua’, QIN Changjiang3, XU Taozhi’
(1. Naval Aviation Military Representative Office at Yanliang, Xi’an 710089, China;
2. AVIC Xi’an Aircraft Industry (Group) Company Ltd., Xi’an 710089, China;

3. School of Mechanical Engineering, Xiangtan University, Xiangtan 411105, China)

[ABSTRACT]

Due to the low-rigidity of the thin-walled parts, it was difficult to guarantee the quality of NC finish ma-

chining by conventional single geometric programming. According to the multi-step iterative compensation method, the

tool path optimization algorithm based on cutting deflection error compensation was proposed by reconstructing compensa-

tory surfaces of ruled surface to correct the original tool paths. Finally, the cutting experiment was carried out based on the

algorithm. The result shows that the method of the machining deformation error compensation is correct and reliable.

Keywords: Thin-walled part; Ruled surface; Machining deformation; Error compensation
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