L 2% Bl 1R

Aeronautical Science & Technology

Dec. 25 2024 Vol. 35 No.12 103-110

LT3 D D% D BRI B 0+

PRILGE " tm , SR %

1L 2SR R BB AR A E A4, PRPE P2 710049

2. P IEUR P e T RHEATBR A\, BRVT ad 710077

W ERHIERMZEG NIRRT N EESR O NESTHRAREMT AF &,

ot e A A MBI ERE

T8 B, AR SC AR T 2 9% O B 2B e SN 4 B AT AME . B 2R A XTI A UK Go o S5 A AR g A5 A, g ) T I B R Z AT o
Mo RENBTHREWREREERN D AMEFERNA . b, RBEAME FTBAF) Z 5 60618 62TTRT 4%

MR 3o, R 2 8 R AT SR 8 7 #2247 T A2 JE SR HI 7 B4 1
R ERKA, HIREMANS 542 A IR ZRATEVER T 6%, (L% =5 # R4 H J

T 4R A My L B A

B HOR BRI RS WA RS, B

5AME A J 09R £ Ky 5.49%, Fr ¥4 B 1 202 7 % VT LOE R AME AR FIURE M n T A2 PR 7 .

KB 16061 4B & 4 SRH 715 R EAHT; AME; R

PESHES:V26 MHERRIRES A

Rt s Tl X A2 ks s 2 (Ui s e shild e At
A HLIF 25 ) g s BRI T H 28 B A T R A A
(TR B R B | A] Sk S PR RB AR A 1) B i (R KT K R, AT
TR R A B R R AR . AR A R — U i R
PURIIZ I RE R 1 , Aok A & e J5 ] BRI
AV BE B E ez 1, I Tl RR e i BE i g
SR 25 LS i 2 1 ok o ) L A 08 2 R 2 il ) 3
APERE . DIk, Wi A R o R A BRI ) XS A
INTRE EERRCR T R

H AT, 22 B0 % B 1000 i s 2R 13k A v i
F 34, SRR 3 AF 5 A A S AN 5 i) B b sh A R 1
2 A e F R Ty o BRI A R R sh A
PERTRE S EAG I R4S AP AEIR 22 . I, S L 1 0 1
AMET I LT

— S I S5 14 A e AR vk e KR
FIFH LR AT S5 LR A5 50 L R i o B A R R
BRI ) AT IR BN . % B AE PVDF ik A J) B 78
NI T RGN SRR T, X RN ) R BT 32 10 8
HI 73 HEA AR ST . Altintas S5 1 T BT U] ) FIALY) ) AR
FH L FESEHI ) TR A T R A SR, TEIR SR )

RFSEHA: 2024-04-30; BISEHA: 2024-08-05; RFAEHA: 2024-10-09

ESWB: SRS E$(20222072070002)

DOI.10.19452/j.issn1007-5453.2024.12.013

FHER BB AL BO TR B AR 0T v O Bt
AR B UEZS R A ER TR . ORI BRI ) 2 A
— A EEEN,

BT 5 N T ASCAE e A B M e 2 ) A, 33 R 34
J" Kalman 31§ 3¢ 75 32 K X I A9 BE B S 47 4% . Scippa
SEUME IR R IR G PRSI RIIN S A, T MR
ELBEEI ). BT Kalman JEHTE T HAFO0 T R H
B AAMESOR (IR T 1275 2 2 R AR T Se 3 R
W WEIMART I L/H PEREFEARFEAR 1 T e s il
s 2200 T BRI AR S LA SR TR S R AR T
PLICI AR AR . SR, 3™ Kalman 5 DU A5 7 i
HMEEE I 3 F) TR P, AR bR A s 8] s A v i S O
W PR3 )7 R PP O S HO I e Tl 105 A 326 R R 1)
(1, XA o 22 BN BB AT BEHI 7 AR HERR T . 38
Ao 05 T o A 0 I T A v e b AR TR e A, AR
ARG AR A M A B 1 7 A

AR SCHE TR A I B A BE R H AT AMEE . T
X 3 AR G RS A R X BRI R ZE Y
VS B s e € e e S /753 3 VA S LI DA A =
e, PRI IR A I A LS 15 5 bR E 1, R S UEBE

SIE#=]: Hou Maxiao, Cao Hongrui, Shi Jianghai, et al. Research on milling force compensation based on inverse filtering[J ]. Aeronautical
Science & Technology,2024,35(12):103-110. (RB%E, EFTm, LI08, F. B ERIREIVHHEI DMEGIF[J ] MESRIFRAR,

2024,35(12):103-110.



104 i 2t BEE B

Dec. 25 2024 Vol. 35 No.12

B 0 R B, A2 5 SO P T
BN BT, S0 T DTS T4 08

1 BEHIDNERES

P 1A T s Z AR A, 0 A5G i e ) )
AN B TR BRI Tk e v, i i BEH) )
R ITEAZE AR AR T SR, 5 000 4%
AR AL A RN A AR B AR T o AR (X R
GELER AT, BEH 3 368 2 T 2% 2 AR A A3 25 I 1 A
PR, 0 SO AN e e LSS BE R o BRAES O R
(s Z PR MR AL R, MR A S 2 AL 00 X% ), I AL £
JIRE T HSLIBEHI 1o SEBn A i3k o EEARAR BUAR X ff
B DAL e g ASCI R B g AT A MR AE SE PR T

TR,
%\ JIHE

T

(P (P (P WAL

e

K1 MRS

Fig.1 Schematic diagram of the dynamometer system
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Fig.2 Dynamometer system
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Fig.3 Hammer test of the dynamometer system
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Fig.5 Amplitude of the coupled frequency response function
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Table 1 Milling tool parameters
g HA/mm K /mm 1 /mm
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Table 2 Milling parameters
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Fig.8 Compensation results for the measured milling force

under milling condition 1
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Fig.9 Compensation results for the measured milling force
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Table 3 Input force and compensated force error analysis
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displacement signal
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Table 4 Milling parameters for high frequency calibration
test of displacement signal
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Fig.15 Milling force measured by dynamometer
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Fig.16 Displacement signals in the X direction during milling
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Abstract: Milling force is an important parameter in machining processes that affects the aerospace part quality and
tool life. Aiming at the distortion problem of dynamometer in the high frequency, this paper compensates the
measured milling force based on the inverse filtering. First, the milling force measurement error is analyzed with
respect to the structure and dynamic characteristics of the dynamometer system. Next, the principle of inverse filtering
and its application to milling force compensation is presented. In addition, 6061 aluminum alloy, which is widely used
in aerospace and other fields, is selected for milling experiments. The inverse filter is used to compensate the milling
force, and the characteristics of the compensated milling force are analyzed. Finally, shaker experiments and high-
frequency calibration experiments of the displacement signal are used to verify the necessity and accuracy of milling
force compensation. The experimental results show that the EVE of the input force and the compensated force is less
than 6%, and the error of the identified milling force and the compensated milling force is 5.49%. The proposed milling
force compensation method can accurately compensate the milling force during the machining process of the parts in
aerospace and other fields.
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