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A Study on the Signal Process of Cutting Forces in Turning
and its Application (2nd Report)
- Automatic Monitor of Chip Forms using Cutting Forces -

Do-Young Kim, Eul-Jae Yoon, Suk Namgung

ABSTRACT

In automatic metal cuttings, the chip control is one of the serious problems. So the
automatic detection of chip forms is essential to the chip control in automatic metal
cuttings.

Cutting experiments were carried out under the variety of cutting conditions (cutting
speed, feed, depth of cut and tool geometry) and with workpiece made of steel (S45C)‘,
and cutting forces were measured in-processing by using a piezoelectric type Tool
Dynamometer.

In this report, the frequency analysis of dynaniic components, the upper frequency
distributions. the ratio of RMS values, the numbers of null point and the probability
density were calculated from the dynamic components of cutting forces filtered through
various band pass filters.

Experimental results showed that computer chip form monitoring system based on the
cutting forces was designed and simulated and that 6 types of chip forms could be
detected while in—brocess machining. V
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Fig.1 Influences on the Types of Chip
Formation
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Fig.2 Experimental Set Up
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Fig.4 Schematic Diagram of Analysis System

Table.1 Chip forms to cutting conditions

k| 4 E
Form FiF | HASE Gpm) | ol m/rary | B0
o SNMAL32 465 0.42 0.5
: " 505 " "
A Semasg 750 0.25 0.5
. - - 0.32 -
" " 0.3 "
i N " 0.42 "
] " 0.50 -
§osnmwam " 0.25 -
" " 0.% "
SNM.423 750 0.32 0.5
" - 0.42 -
fees " " 0.50 "
s M " 0.60 "
" " 0.42 1.0
. sg5 - .
H i SNMea32 830 0.25 0.5
& " " 0.32 -
%30 SNMGA31 750 0.50 0.5
i SNMGAd1 750 0.25 0.5
- " 0.32 "
N " 0.3 -
- " 0.42 "
e SNMGAT2 930 0.3 0.5
g i " - 0.42 "
" " 0.50 "
SNGGA32 750 0.21 0.5
" - 0.42 "
- 585 0.21 "
" " " 1.0
5T SNwaase 185 0.42 0.5
i 1 SNaGAa2 585 0.21 1.0
e 3
e SNGGA32 750 0.50 1.0
Rl
8T SNihAa2 100 0.42 0.5

H)HEIMT 3 Magnetic Tape Recorderd} 5|
H(ESFNH, EnH, BXE)7N) 9 EnE &



UiR X

#gstdom 1 & £4 7 (Principal Cutting Forc
e) o] {E5%E 2% 2] Band Pass Filterd] gigss}
I, [Eigol 2719 Al d el HRE BBy B3l
2 €& tA] Multiplexere] 24 0(CH 0) 9}
A1 (CHL) o gifgst gt

YIHIMT Zo d& Chipse B4k, Sampling
Frequency ¥ Data 4#7l 2l B mels)
9 Band Pass Filter®] #8152 20Hz-2KHzE
2, Chipel BEREES Chipse BRE

T3t 20Hz-300Hz #345508 ] Band Pass Filte -

rg Ao r, X e /¥ Band Pass
Filtero] ®fte 29 59 21}

10

@ : 20-2KHz
@ :20-300Hz
@ : 80-300Hz
@ : 1KHz-2KHz

~

o L \
o.on Mooy d

- 10 100 aK 10K

Fig.5 Frequency Characteristics of Band
Pass Filters

Multiplexere] CH 09} CH 19 {88 2
A93}7] £53t4] Binary Counter® ¥t R 8fE
dhow, & 4L 6.4 KHzE Samplings}y)
£3tel 12.8 KHz Clock Pulse® #/Astgch

Multiplexer 2] H77-& 5000 1845 ({5887} Clip¥
HEE 10¥ ®Big) ANJx Maximum Data
Transfer Rate& B389 Direct Memory Ac-
cess TR OZ WHE AU CHOI9l CH1 2] {558
of 22t 40070e] &K & Fisko] EiFslgonz
62. Smsec &<t TWH7l doA}.

CH 09 RMS % (20Hz-300Hz2] RMS g
CH 19 RMS g(20Hz-2KHz2] RMS g el xR
¢] Parameter& 7122 ¥o W, 71& olegfs} o]

EEEL, r19 e Pl 25 = oA RS
o] REANROH & HE &K Tho= key Boa-
rd ¢ Function Key F1& InterruptZ {# fst gk

(1) V1 rms = V2 rms 9 uj
Y1 =100 X V2 rms/ V1 rms
2)Vl rms < V2 rms ¢}
71 = 100 X V1 rms/V2 rms
71 V(M) @ dolx #ektel B (M=1, 800)
VI(N) = V(@2N-—-1)
V2 (N) =V (2N)

400

ES L y12712
V1 rms [400 E} iV1 K) 2]

400

V2 rms = [ 1o 3 V2 (K) )

ol BEE 2MEH ] BRERMF tiste K %
fratglen, o #Re 29 63 2. 29 oA

SCC r—
LCC -
SCA e KW W -
HC
g}g~ o b nm g e
L& —rian 1inn it
RC4 . b ma
20 - 4 | & g0 100

Fig. 6 Relationship between Parameter y1
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Table 2 An Example of Simulated Results

EEXXBXKESEEBEER R A E SRR AR R ERBEER RN RS EARES

CUTTING SPEED (RPM)

FEED (MM/REV.)
TOOL TYPE

DEPTH OF CUT(MM)

185
0.42
SNMA432
0.5

BEXEEEERUA A A SRS RN REARF SR RRRE RS AR N E X XX

V2RMS = 7018942
V2PEAK = 1.641235

14:10:01

VIRMS = .7552799

VIPEAK = 1.71936

GAMMAIL = 9293167

NUMBER OF NULL POINT = 18
#*# SPIRAL CHIP »#«

14:10:07

VIRMS = .7354529

VIPEAK = 1.953735

GAMMAL = 92.36726

NUMBER OF NULL POINT = 16
w«x# SPIRAL CHIP »#=*

V2RMS = 6793177
V2PEAK = 1.56311

14:10:13

VIRMS = .8230329 V2RMS = .7766462
VIPEAK = 2.03186 V2PEAK = 1.71936
GAMMAL = 94.36391

NUMBER OF NULL POINT = 15
«x* SPIRAL CHIP *%x*

3. WEEHR A EE

RFEM(S45C) & EER S HHIH 2 313 HIHIR
t Fde PYEE, B8, VEdel 2 TASS
WLAIA el 1Y 33 22 9fEiH e Chipd
GIHIES S Uk

B AS 4709 BMarSmE st KBS @
W8, Chip iR & HEAMGKRE 17 4719
Parameter& YIHIEH S RS 22 8 4&
4> dchd Chipe] MIR#FS TEEE & UA |k
whald 1§ T ol YIRIERE S M B 4712
o] (LEE MEAFIEA d& GIHIER E5t
B4 0.2 2E Good Correlation& o]&&
Parameter 471& Zo} Chip HiRE #FIste
A HEd 3HE FAt

2w §)IZol7} 0. 25an (SNMA 432, HIHIE
EE 750rpm 2 3% 0.213 0.32mm/rev. 5) 9
TINIE4Q) FiB e Idle A9 B S & NoiseE
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14:10:19

VIRMS = .8172198

VI"EAK = 2.03186

GAMMAL = 92.61649

NUMBER OF NULL POINT = 15
«»x SPIRAL CHIP »#»

V2RMS = 7568802
V2PEAK = 1.71936

14:10:26 -

VIRMS = 7520022 V2RMS = .7050515
VIPEAK = 1.797485 V2PEAK = 1.56311
GAMMAL = 93.75658

NUMBER OF NULL POINT = 17

*«» SPIRAL CHIP #*=

14:10:32

VIRMS = 1.033164 V2RMS = .9733896
VIPEAK = 2.422485 V2PEAK = 2.109985
GAMMAI = 94.21442

NUMBER OF NULL POINT = 16
=% % SPIRAL CHIP »=»=»

Eu S/N 7t UF &t Poor Correlation&
olFA Boz & HEoME MAstATy”
Chip k& A3 BEeH MREY (Microsc
opic) ¢l #LE BR T & Aen, FEHERS B
HIR S AME o] ko WS HEERS S
#y = gloeng 279 Band Pass Filter9]
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H#Estz Chip BT BEKRE BEFstA
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rameter® r1 0. 23}3, 80Hz-300Hz}t 1KHz-2K
Hz& 4dA%o d& Parameterg r2& E#A
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(1)71<50%%) &8+ Ribbon Chip(RC) 3 27
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