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Abstract: In order to effectively monitor the physical characteristics in machining processes, accu-
rately determine the abnormal machining conditions, and optimize the machining processes. a self-
developed multi-source information fusion-based smart tool holder and system was introduced. Based on fi-
nite element analysis of force-sensitive components, structure modals and vibrations of tool holders, a sys-
tem for multi-source sensing smart tool holders was constructed. Combined with methods such as time se-
ries neural network modeling of temperature transfer, the online monitoring of cutting forces, vibrations
and tool tip cutting temperature was achieved. Test results show that the system reaches a force resolution
of approximately 21. 1 mN and a relative error of less than 2. 5% in predicting transient temperatures of the
tool tips, validating the good monitoring capabilities for various physical quantities. Meanwhile, based on
the analysis of the characteristics of dynamical physical quantities such as acceleration and force, a probabi-
listic judgment method for the early warning of abnormal tool collisions was proposed, which may improve
the accuracy of judging the normal collision when the tool cuts into the workpiece.

Key words: smart tool holder; cutting force; cutting heat; modal analysis; abnormal warning

s LR R LA R BRI
DI 77 2 Foe B A R0 U IR 285 s i

|

0 5l

B BE JIAR R AR B T AR IS b B 2R T R
R HE AR TIAR ] 38 o I 4% 7 1 LAt 38 4% L SC i
W BRI S a0 B s feiEsl . Tz T
YrFE H #2023 - 09 - 14 EE BHA.2025 - 11 - 04

E&WE . BHEEAULTR(2020YFB2010500) ; T H K FF
£ HEE4 (2022NSCQMSX2038)

- 184 -

“b}iE}'UJ[ITT#FE’H%Eﬁ% PARSY:- i F"F%"EJJHT
FE S AR I R, U gAY 32 T 5
Oy AR e L L A RS R 2. PR
SESSR I I 5 1 B 2Z 1) M SR I 00 )
T+ E% 2 B A e T e I Y AR E A R
1) A HE O T v SO g A% R SRR AR TR N L R



HTZRERELEME MBI E RN BT —RE  REE KA &

AL M RENES W T RGN S
AR 4 R AH ) XK . OE A E
T FnT (] s e 2 2 T S R D) R sh R g
JIAR S 38 3ok e 7 0 A D R ] 42 3 5A 4% O 1) AT
HIl s 8 722 26 5 2OME DL ORTIE HL 25 9 35 e — S0Pk A
WA . 2R SO T R e T U R B T BB
JIEXIIEI I i R A2 45 %A 100 Hz,

Y1 F) 3 s B R 0 TR Y S R 3R X
B o0 T R R 0 T TR RS R B e R
U0 R R R vk A AR AR T i A
2P 3 20 A e A I vk A O R B B 1Y A
o R B A, BT NICr-NiSi i
A EE A ) i 2 1 D R e T ) L iR T R A
30~300 ‘CHY £ P ) A 52 22 /0 T 0.92% H i )i
PR, BBk B T 4 T SRR N T L AT R T Y
T R BE R 1579 °C

VIR 3l 5 00 H B 3R 2 %5 D) A ¢ L SE it i
570 1 iR 2RI I T L U0 RS S 8 e ) HL
PO R IR E, B, H 20 i LR T AR
£ LA AL RS W B R 3h L X R Bl
RS A5 5 R A H I AR B BRI A i e T A%
95 W5 FR GRS A B ) LA SR R AR
TR AL D RIS FER K . BRA 001k 1 =
JIHA 5 e T A% B8 S5t Il 4 2 W 3R g0 mT EE M S T
FOAE PR 22 W A 0k Bl 15 5 59 S Bty L 2R 6 L 2
FpRIR 5 X Se B TR RE 2 17 .

R RE DA DL A P O
i Tl 3 T[] B A 0 22 > S50 7 R A . PR AR
SCER X BE TR 24 i T8 Ak 8 43 A TR
Sty oKW T — 3T R B R AL YD E D) R
Bl 1R U PEE B B BAYE BE TR L LR
) I U T AR B B R S R O B
TR THLRE

1 A a7 R A& Gt 4

BRE I L R G Y RE S BLR 2 AR HE 2R n ] 1
FIE7Rs o F G b A R A | a0 SR 4 1 5
SR RGN, BRI I RE L BRI T
X T R B 4 B CODEI U0 R S T
O R AN B A% S AR 5 T BT ES & LB ] %
SRR — PR A S5 4 5 VTN T3k A ey o 0 4 11 72
P A D AU R A 5 % i 2 000 R B ol AF
oK A B 9 B 2/ B0 AL ) A% i = R RE S R
GCERAL . B RESCRF RGP Sl DB D R

R RRRIIBEME

BARRERGE B Drfgsia

R
e *

SIS

E1 EEEIMINELMEEELR
Fig.1 Logical framework for realizing smart tool

holder function
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Fig.2 Modal analysis of the multi-dimensional

force sensor
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Fig.4 Smart tool holder calibration experiment and

measurement results
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Tab.1 Load calibration and relative error of smart

tool holder
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6 0.197 83 2.00 16 | 58.757 93 —0.05
7 0.491 83 1.48 17 | 68.552 34 0.09
8 0.981 64 0.60 18 | 78.349 21 0.05
9 1.961 83 0.25 19 | 88.144 21 0.04
10 4.901 08 —0.31
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Fig.6 Temperature analysis of tool holder and tool tip
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