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Research on Effect of Different Feed Rate on Machine Tool Error Compensation

ZHOU Qunlong, LIU Huanlao, ZHANG Chuanjing, WANG Yulin
(Guangdong Ocean University, Zhanjiang 524088, China)

[ABSTRACT] Aiming at the phenomenon that feed rate affects the error of machine tool, the influence of feed rate on
the compensation effect of CNC machine tool under error compensation is studied. Taking the X and Y working planes of
CNC machine tools as an example, firstly, the positioning errors of X and Y axes are measured and compensated by a laser
interferometer. Secondly, the X and Y axes of the machine tool are controlled to move in a circular trajectory at different
feed rates, and the double ball bar is used to measure the contour error of the circular trajectory. The results show that
the contour error of CNC machine tools increases with the increase of feed rate, which verifies that the contour error is
proportional to the square of feed rate. At the same time, by comparing the error compensation effect under static state and
different feed rates, it is found that the latter has a poor compensation effect, only reducing the roundness error by 26.6 %,
indicating that the feed rate seriously affects the error compensation effect. Therefore, considering the influence of feed rate
when compensating the error of machine tool can better reflect the actual error of machine tool, improve the compensation
effect, and provide a theoretical basis for the comprehensive error modeling of machine tool.

Keywords: Compensation effect; Double ball bar; Feed rate; Machine tool error compensation; Contour error

DOI: 10.16080/j.issn1671-833x.2025.05.107

IR BB B RAEAURTERER T SRR, W R 2Nk IRZEAMEHA IR IRZEN & RS IR 22
FHIRZE B 11 AR 22 Ak i g 1 weiliﬁﬂ:/z’im HMEESEZ AT, 22 FHBOL T SGHA T E R Bl 3 25
XL PR BE A F e AT CHE , R T AE R BE R AR i AR B DARAFHUR 2 05828 P, DA T 2 i
ﬁlmﬁi,EHUK:EFHT*)U”E‘JWI?@E&&E,IJH:I%%KFHBQ ZERATUNS HUR AT IR 22 AMaS o IR ZE A T2 24 Rl

* BEIWE: R [ RRFIES (52175458 ) 5 | ZRA ARPIAEES (2021A15150110591 ) 5 | AREHE T H (2022ZDZX3006 ).

20254E 55685 S5 ] - M A& EEA 107



‘_‘i.‘ »
Hl:%lﬁx RESEARCH

A NC AU R 240 et 7] BAR IRPLIG o7 & 3
S AL bR B Mt B Fu 26 W FEXS RO A A4
H 3B WA IE A il 32 shr &, SRAHE IE G B NC AR,
SEEL T HAALR P P LT R 22 kM2 R R 25 A
0.1863 mm ¥/ 5] 0.1149 mm, Wu %5 © B T2 IR 2%
AMEEBRCHE T B A S 1) RS [ £ R v R 250D T
79.8% i1 81.4% , #l KA T HLR Il A AS FE . Li
A O I ek ) B IR R G, v IR T 55 K S S Y
Je iR 22, WERRAR T T R R PR 2E . 1
T S VPR T ST IR S AT A4 S R 17 R 22 A
PG, R F R B MR A T S M e G B 4 T
T 90% VI |

b IRAMEE T I AT S LR I TAS B, H B A 34
FI MR . (HIX S 5 R A i S B T S
I HLIRTR 22, A REAR I b S5 WAL PR 7 5 3 AN [R) 1
TS T R, S EULAE IR TR #MERCR
ANHAH . K5 R W, ALK RS BE AN 32 TL AT i
22 PR ZETE  MER IR ZE R PR 7 A IR
ShEh SR 22 R P, A R A R IR &R G Y sh S T
JE T RN TR 22 M — A EE R A U Bh AR 22 K08
T 6 il S R R M R U A A R AR,
B/EBZREEFAEMTIRENEERNE ,HERE
Ze A BN Torh B LR 19 B AR 25 m RS/
e AR 22 2 Aveds W RN ER LS MY SR ERFTAY
PEAT IR B iR 2 A, & 30> 1 4 1B 4 K 31 6000 mmy/
min F1 10000 mm/min BHR ARSI R 22 5 BUR 2219 50%
1 75% 2247, Schmitz 25 U (KR5S 15 H R 22 WX T
BRZE M DT IRAE, & B Y HE 45 B 150 mm/min #2553
8000 mm/min i, BIZIR2ZETLT-HEK 1 4%, Fh%Hiss 1
e s = s (] rp LA T R SRAS B A A 58 3 i 22 3
IR, F WS YRR 25 B W] DA VAR R 1R 25 o B,
2B TTEAENUR 25 B 5 SIS — 2 1 A, (1
A PR X2 B AT L, X P HLR IR 25 R MERL
SRR T AR

PRI, AR S F B TF e 1 A R 2 R X 58 25 4 MEEAK

SEM ARG o X HCEa HL IR 118 W P 15 2 AR 2 1) [ i i

AP, I A Fp S RIS R 2R 25 R T iR 22 /MR e
TR 22 (E , TS B S A [R) B4 B R A 25 M
AR, X HEARAG IR 25 P W 22 MR BRI . B
ATV HIR I I, i Bh A 4s A iR ZE MR T
—E MBS .

1 HGERESREMIREXRS M
B UARIE 1 Z2 K Sl HEA T il T R B T, i
HARRA T IV RIIR AL E N M (x, y), W0l 1 P

108 Wiz hEE A - 20254F 55 6845 55 510)

N AH R T A HE AR R B R 22, S B PR N
(x', y") BRI S T8 00 &, RIHAE T il i 48 B s 25
PR RE B G A SGRB I O, 4= I BHELUR

XY PRHER Bl By HE 25 SR XS B R 2E 5 . L, i
M N B[R BT R AN

x2+y2:R2 ( 1 )

x4y = (R +e) (2)
Ao, R AT o AR

MM N BRI R A

x'=x+e,

b )

K, e, e, 730100 XBA Y B ERBER 22 5 v ks
BREE, R, XA Y A R IR 22 A =
e, =v Ik,

{evy =v, /k, (4)
AP, v v, 20500 XA Y Bl E 45 3, mm/min;;
ko ke, 3R XA Y A ER RS 5, mm/ (mm - min ).

X4 ) KT, ATLIS 2] X 3R Y sl 2h R, B

xv,+yv,=0 (5)

XY PRI SIS A R 2R Uy

v= W (6)

fise X, Y SRl RGeSt AR, B &=k, =k,
L) M(3)~ (6 )AL (2) BI 5 A 15

2
\4

F:2Rg+g2 (7)

HIT & ARXS RAR/IN, G5 20 i /i AR IR 2235
V2
&= M ( 8 )
H1 Q8 ) mIRI, 25 HE 23 B2 R AR R R 22 1 R/,
TEPRAIEAR] I R GERGSE AR TR T, MBI 45 &, 7T LI
INERIFRR 22 T k, AN OLT AR R 22 5 ik 4 o -
JiIELE

Y
M(x,y)
N(x, ") SCPREIGTE
&
X
0]
Biib7tous B

1 EREEIRZEXTRERRZE R0

Fig.1 Influence of tracking error on contour error



PN
RESEARCH Hltﬂtex

2 i 5itie
21 RWiEE

T IR FE A LR T 25 30 8 % WL AR 1R 25 R MR
B B ], A SR FHBRATASC A S T e a2 A ) e, R
A1 6 A5 1, 2 ] QC—20 To 4k 3R AT ( Renishaw 2
A, 6 1 & FCRIHLA 00 (R 0 5 3 24 | [R) isH ol
XL—-80 O TIAGI S ATLAR 25l e 6 1 25 , BV A] 345
TRZEAMEEE . MR ER SN 1 s

A YR I BTH ALHLAR S TTTRR B XU & HLR
V545-5AXIIL, H (¥ & 4t i SINUMERIK 840D SL,
RIGET 4, C BRI Bl BRI A2 Sk R e 20 il o ) - 2%
AR HLRAY X A TRE N 820 mm; Y A TREN 520
mm; Z 57N 460 mm,

22 REAR

BRI TE R 4 45 (1) SFERFH O I Bt T 25
R, RSB AT AR At (2) I i SR 25 A MEEAL
W, BB T WA E X, Y PR e AR, 3R
A5 LB 3R 25 R (] [R] BB I EA T4 M, B ERATALTF
Sl G AT FE SR ZEAMERICR, s (3) M AN R iE
R X TR 22 MR S R, B ERFTAY [ shi
[ IS R 1R 22 PR AT AL PR, B AT I 4 X
FMERCR I 5 (4) PEATSEBRUTE] S50 5, 3 E Bk
A R
221 HAFNPFSBE LB

ERJER R ZE FRERFF G T & , 22 AR BRATAS oy
JEE EAEDLR TAE & L, 5% 7E 30 ) T H AR 57 R
Al EAEX S AR o, T AR s BN AT RBSE 2% 5,
SEETUC R E, WAl 2 Fos .

BRIFASGI £ 2 A vp , MUK IR 22 S BRFFAUAR B 1 22
Rz ERAEH, REBORTAGT K &£, I, FEAL
FRERATASCRT A AE AL B B, 2500 BRAT A B 2= B v
P, 2 AR BORS B A BRAT AT AR A i . AR BRAT
ACHE B A F A A v i B0, 41 S R BRSO A AT

®1 NENHEIDSTSH

Table 1 Part parameters of measuring instrument

B S LiE

WK /m 0~80
i’?ﬁiﬁigu KB/ x 107 3

ST HER/um 0.001

FRARE B /mm 100

ERFTAY s

QC-20 SrHER /um 0.1

FAER (k) s 1000

A, W 3 FTR, P, (x;, y) R SEBR S A i
A AR

TE=SAIE O'OP b, AR 52 E AT 44

{r'f =r’+e’ —2recos(6 — )

e:.lexz+ey2 (9)
Ao, r H e 43 R SRR B 2 A bR bty O F O 1)
BT e AU E ;s e Fl e, 435020 X A1 Y J7 [l At
T 6 AERFFAE S EE 5 o O A EE DU S B B2
IHARFRC O BIBEES r, N

r=ecos(0—@)+rF—e(1-cos’@—p))  (10)

FREIULRE e iL/NTEAR, AT LAE A BR S Y
T Ak A5

r=ecos(0—p)+r' (11)

X 1) #EA 7Rk, A

r=r'+(ecosflcos p+esinfsingp)=r'+e cos+e, cost

(12)

A 12) AT RAS 22 Bk i B I BRFTFASUAT AR
fhi,
222 #AREAMERRG N E

FEARYGRI Y, FOMALIR AL T %% P E R B , ST
IRBEIR R HFAE 20 °Co FLRMMLIR X, Y il (g ) 47 A
4390120 780 mm 700 mm , #% HE [E FRFR#E 1SO 230—2 )
LR, XYl A7 15 25 0 e R S 0 )

2 ERAF
Fig.2 Double ball bar centering

BRI s

3 E#uERLS

Fig.3 Eccentricity of circular trajectory

20254E 55685 S5 1] - ML A& EEA 109



,—‘? N »
m%lﬁx RESEARCH

[E]BE A 20 mm., ZEIEEE AR 22 2 1, T MUK LR
FMEEEAEE B X LA A 7 70 3Rl JH 38 38 BT A
4 FER R HAMHLER Y e AR 22 e 72, X4 Y fh
FENIRZE M A5 AN 5 R
WKIEFE T WALECE RS X Y IR 3522 4
PEAH 5 I 1) 1) B AME (R, 7 A IR BE 12 2 | I (][] B b
I, XA Y Sl E SR 2 AN E 6 Bt HhIE S
F16 FIAL, HAIHLIR XY il 32 5o 22 43 5 A 74.6 pm Al
27.3 um F&N 2.2 pm F 3.2 pm, 7] WAMEROR

e |

B4 YHEMCRENESTEE
Fig.4 Measurement of Y-axis positioning error

10
0r —— firﬁj 2
ok i P
g
=
H
i
-800 -600 -400 -200 0
X/mm
(a) Xl (iR 45 R
5 -
— ’il"ﬁ] .
0F  -+-iEf 4
g
=
H
e
_30 -
L L L L 1
-700  -560 420 280 -140 0

Y/mm
(b) Yl AR 45
5 RXHE YHEMRENELHER
Fig.5 Measurement results of positioning error of X-axis and
Y-axis of machine tool

110 WinsBh&EE A - 20254F 55 684 55510

TS AR TRIIE A R AR 2 MR, RS
T A RMEASCR )RR SR BRI i [ s 4 B iR 2% .
FEF I b 35 5] 5 B 360 >R AR 250K H Ay A 359 B
B, FalBERFHG2 sh 3 As b i 0 A K AR L i
FrRAR L BN R iR 2

TS B R, T 6 ERATA E ST R s
B, FRATH A B, 43 B T ol I (4 R A0 T b
RS T BIERAT AU R AL AR A (12) o, DAEBR
HR i ) R T X B BB 22 0, DA T A5 [ 2ph 3 ]
JEVR 2% TR A3 e XA M RN TG R 1 [ B R 25 A T
FEAER PN B S MR, 25 SR 035 2 TR

DN 2 RTHT, X AL AR #4547 W B 15 2 1 S [ (1] B b
i ] Yol /L 5 2 R 0 A R 2 7 A Y R ol G ) R 4
LR T 60.26%, IEWIRMESICR 3%

Lor —— R
e IR

PR /um

-2.0

-800 -600 -400 -200 0
X/mm

(a) X RikMEER

30
25
2.0
15
10}
o5l )
0

1R 2E/um

_0.5 1 1 1 1
-700 =560 -420 -280 -140 0
Y/mm
(b) YHIkMELE R
6 WK XHE ViHREMEER

Fig.6 Compensation results of machine tool X-axis and Y-axis error
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Fig.8 Five-axis machine tool measurement data

20254E 55685 S5 M) - M EEA 111



,—‘? N »
Hl:jl‘lex RESEARCH

5 mm, 43 A 7EEESE Sl 500 mm/min ., 1500 mm/min #H
3000 mm/min 1251 T UTH], 4l 10 Frzs . XFF91H)
SERLAS R, SR FH A FE R LH6S = ARRil ML 4
PRI B H B B2, N 11 PR
P = ARARIIEEHLIN R AS 21 3 AN R4 3 B N T A

(50 3 e 53] s 25 2R 43314 5.4 pm (5.8 pum F1 6.5 pm,
PA 500 mm/min 345 58 BT DT A (5058 14 15 5 Ay ke
1500 mm/min F1 3000 mm/min #2534 & N B AF R )5
AR LA 3 R 7.41% F1 20.37%., FESZBR N T4, —
PIRZR A TN T R S AR R 255 5 —FkH
FIUM R 2 AR S o (H i F L7158 22 AR 22 FE A
ST AR Al /INES R e A= AR A DR 3 B A R AR
AR TR R —2 3k BN o AR 2 RS 2 2 5 5 —2Fok
A kg AL S8Rk 25 . ik, ks
R s N R 0 5 1R 25 AR A H 451143 Ry 3.70% AN
10.19% , 5 BRAFFASCI £ 1 [ 13 152 25 A8 Ak L 51 2.31% F1I
7.68% BT (1] 9 ), 156 BH S i T rvifh 28 3 J32 5 i b

PR 22 R H S — s AR R LA (H i T e PR 3
JI LR R AR AR A 2R AR (A R 1R AR
b L A8 5 BRATA S £ 245 SR AN

40 ¢
sl 34.94
[ Jerbe
30 -
o 57 2292
= 20
§ sk 14.94
B
10 - 7,647,680 757 [8.34
SE a3 48 ’7
066 ,—|
==
iy 4 28 8. 34
1 1 1

1000 1500 2000 3000 4000 5000 6000 7000
L5/ (mm - min™)
9 AREBAEE TIMERRE

Fig.9 Compensation effect under different feed rates

B 10 EiXEinaE

Fig.10 Circular specimen cutting

112 Wiss & E A - 20254F 55 684 55510

B 11 Z&trEVnE
Fig.11 CMM measurement

3 4ig

(1) 3 3 e A ) b 25 3 B R A7 BRAT G, T 75
B LR AR50 1% 22 Bl A 1E 25 TR A 1 R S 1 ke 34
L 25 SR AR AR T /0N 32 27 R i B AR A R TS T
R 2 S IR R (WF )7 BE EE

(2) B HUAR A TR 12 22 F S 1) () B Mt 70
TR T AMERCR 2 (RN [ 1 2 3 B T A M AR
HH SRR, ¢ IR 20 S B8 T F S M LR TR 2 A MR H
BAEENUR H A R MEAREHOT T ah IR M E AL . 18
I AT RS, % BRSEBR N Iﬁi?&%ﬂ;ﬁﬂ%ﬂu
N A [58]9S R — 2 PR PR DR It e
BRI ELA R B RS N T, T R U T AR [R5 S 1Y)
CRATRZE L, IR TR A ME A BE R A b A R 2
AR, AHUREE AR 2= BRI r e A .

2 % X

[1] Bt SFATa, 5K, 4 SRR A ME B AR EE
R[N iz il H R, 2022, 65(11): 104-111, 119.

LU Xuehu, GUO Qianjian, WANG Haotian, et al. Summary of
key technologies for error compensation of CNC machine tools[J].
Aeronautical Manufacturing Technology, 2022, 65(11): 104-111, 119.

[2]1 FFF, WA, S BRI LR 2ZEOF T BLRS J
EA[]. fias il FAR, 2021, 64(22): 65-77.

JI Zeping, TIAN Chunmiao, GUO Shijie. Research status and prospect
of geometric error of CNC machine tools[J]. Aeronautical Manufacturing
Technology, 2021, 64(22): 65-77.

[3] SREE. SR EUEIURIE 2 B 25 A R AMERAR
HIWFFE[D]. KA F RS, 2017.

ZHANG Enzhong. Research on error measurement, comprehensive
modeling and compensation technology for multi-axis precision CNC
machine tools[D]. Changchun: Jilin University, 2017.

[4] FUGQ, SHIJH, XIEY P, et al. Closed-loop mode geometric
error compensation of five-axis machine tools based on the correction of
axes movements[J]. The International Journal of Advanced Manufacturing
Technology, 2020, 110(1): 365-382.

[5] WU Y C, SHEN J X. Analysis and improvement of the

positioning accuracy of rotary axes of compound machine tools based on



PN
RESEARCH HI:%ICEI

pitch error compensation[J]. Measurement Science and Technology, 2020,
31(11): 115003.

[6] LIZL,DAIY F, GUAN C L, et al. High-precision machining
method of weak-stiffness mirror based on fast tool servo error compensation
strategy[J]. Micromachines, 2021, 12(6): 607.

(7] 30k, B2ETF, $h 5 T, A SE TR U O vk I O R
PN M 1 58 25 TS R SR MEE(T]. IS8l A 241, 2016,
50(5): 710-715.

FENG Wenlong, HUANG Yigiao, TUO Zhanyu, et al. Modeling of
thermally induced grating positioning error of large machine tools based
on temperature integral method and real-time compensation[J]. Journal of
Shanghai Jiao Tong University, 2016, 50(5): 710-715.

[8] SHEN HY, FUNJ Z, HE Y, et al. On-line asynchronous
compensation methods for static/quasi-static error implemented on CNC
machine tools[J]. International Journal of Machine Tools and Manufacture,
2012, 60: 14-26.

[91 LYUD,LIUQ, LUO SY, et al. The influence of dynamic error
outside servo-loop on the trajectory error[J]. The International Journal of
Advanced Manufacturing Technology, 2021, 113(5): 1517-1525.

[10] KATO N, TSUISUMI M, SATO R. Analysis of circular
trajectory equivalent to cone-frustum milling in five-axis machining centers
using motion simulator[J]. International Journal of Machine Tools and
Manufacture, 2013, 64: 1-11.

(1] ZEN, X%, iR 5T, 55, B TR R 8Os RS &
RZEABTT L[] BHE T, 2016, 34(2): 65-70.

LI Jie, LIU Xinjun, XIE Fugui, et al. A comprehensive error modeling
method for numerical control machine tools based on time-varying
characteristics[J]. Science & Technology Review, 2016, 34(2): 65-70.

[12]  BUA, S, EAE, 35, E By URSh A4 R 3L
RERHE]. Al R, 2022, 65(6): 22-33.

LU Dun, ZHANG Jiahui, WANG Daweti, et al. Technical status and
countermeasures of dynamic accuracy of domestic CNC machine tools[J].
Aeronautical Manufacturing Technology, 2022, 65(6): 22-33.

[13] P, Aatgum, X047, 55 U T g G i 28 A %
SR BT TR, 2019(10): 6-13.

YANG Zeqing, LI Zengqgiang, LIU Qi, et al. Comprehensive error
modeling and experimental analysis of vertical machining centerJ]. Modern
Manufacturing Engineering, 2019(10): 6-13.

[14]  FhEUR, B S, J70E, 8. IOV EOEPUREE & 15222 BT
W TTEERFSE ], DU R 2R (TR ), 2012, 44(6): 197-202.

SUN Huijuan, YIN Guofu, FANG Hui, et al. Research on integrated
error modeling and evaluation method of five-axis machine tools[J]. Journal
of Sichuan University (Engineering Science Edition), 2012, 44(6): 197-202.

[15] SCHMITZ T L, ZIEGERT J C, CANNING J S, et al. Case
study: A comparison of error sources in high-speed milling[J]. Precision
Engineering, 2008, 32(2): 126—133.

[16] Fh>efts, #R, F0T, 55 ZPAAUR AR I ZR ST B BE 1R 22 %0 im
THEERIRI]. fliEH AR SHLR, 2010(6): 76-78.

SUN Xingwei, DONG Wei, WANG Ke, et al. Influence of follow
error of servo system of CNC machine tool on processing contour[J].
Manufacturing Technology & Machine Tool, 2010(6): 76—78.

BIEEE : XV, O, WA I, EZETS 5 T B e s S OH
EIPEE
(Vi 2R )

(E#% 92 W)

[7] CHEN Z, HUANG J B. A vision-based method for the circle pose
determination with a direct geometric interpretation[J]. IEEE Transactions on
Robotics and Automation, 1999, 15(6): 1135-1140.

[8] ZHENG Y Q, MA W J, LIU Y C. Another way of looking
at monocular circle pose estimation[C]//2008 15th IEEE International
Conference on Image Processing. Piscataway, NJ: IEEE, 2008: 861-864.

[9] B4R, BXAE, 5K 4. A AR AR — SCPERY £ E 29
TR, 62 A5 %5 1A, 2010, 18(3): 685-691.

WEI Zhenzhong, ZHAO Zheng, ZHANG Guangjun. Solution
of duality in pose estimation of single circle using Euclidean angular
constraint[J]. Optics and Precision Engineering, 2010, 18(3): 685-691.

[10] MIAO X K, ZHU F, DING Q H, et al. Monocular vision pose
measurement based on docking ring component[J]. Acta Optica Sinica,
2013, 33(4): 0412006.

[11] QUAN L. Conic reconstruction and correspondence from two
views[J]. IEEE Transactions on Pattern Analysis and Machine Intelligence,
1996, 18(2): 151-160.

[12] MOULON P, MONASSE P, MARLET R. Adaptive structure
from motion with a contrario model estimation[M]//Computer Vision—
ACCV 2012. Berlin, Heidelberg: Springer Berlin Heidelberg, 2013: 257-270.

[13] MOULON P, MONASSE P, MARLET R. Global fusion of relative
motions for robust, accurate and scalable structure from motion[C]//2013 IEEE
International Conference on Computer Vision. Piscataway, NJ: IEEE, 2013:
3248-3255.

[14] HUTTON B F, KYME A, LAU Y H, et al. A hybrid 3D
reconstruction/registration algorithm for correction of head motion in
emission tomography[C]//2000 IEEE Nuclear Science Symposium.
Piscataway, NJ: IEEE, 2000: 15/36-15/40.

[15] RADOUX J, DEFOURNY P. Accuracy assessment of forest
stand delineation using very high spatial resolution satellite images[J].
ForestSat 2005, 2005: 84.

[16] MAALEK R, LICHTI D D. Robust detection of non-overlapping
ellipses from points with applications to circular target extraction in images
and cylinder detection in point clouds[J]. ISPRS Journal of Photogrammetry
and Remote Sensing, 2021, 176: 83-108.

[17] LONGUET-HIGGINS H C. A computer algorithm for
reconstructing a scene from two projections[J]. Nature, 1981, 293: 133—135.

[18] MOULON P, MONASSE P, PERROT R, et al. OpenMVG: open
multiple view geometry[M]//Reproducible Research in Pattern Recognition.
Cham: Springer International Publishing, 2017: 60-74.

[19]  SA%7X, sk, R, 55, 1 o] TR A i Tolk B i i
FER TSR] Mizs dil iR, 2018, 61(19): 24-30.

SHI Chuanfei, ZHANG Liyan, YAN Jun, et al. Industrial
photogrammetry technology and its implementation for large-scale
equipment[J]. Aeronautical Manufacturing Technology, 2018, 61(19): 24-30.

[20] GAO D Q,MAIJF, LIN H, et al. Precision analysis of the surface
model based on geomagic qualify[J]. Applied Mechanics and Materials,
2014, 490-491: 649-653.

WSS R, B, 1L, EENFHLE L G A B A
TS o
(Uit t %)

20254E 5568 S5 M) - D& EEA 113



