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Article history:

In precision machining, the condition of cutting tools deteriorates the product
quality, defect rate, and productivity. Most small- and medium-size enterprises
set the cutting tool replacement cycle through experience; however, this
significantly differs from the actual number of tool replacements. To solve this
problem, in this study, based on tool replacement data, FOM-Tool Monitoring,

a smart factory operation management system, was used to perform 4M
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multi-dimensional analysis to analyze Min-Max and deviation in the number
of times of tool use. The tool load waveform trend was also analyzed to verify
the suitability of replacement, optimal replacement cycle, and conduct
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Tool wear/breakage monitoring
according to spindle load change
Test Redult

1

Spindle Load

o

P

BRI '(l;l:‘;
Fig. 1 Tool load waveform type
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sV (downtime/reject)
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Cost
® MES

® ERP
® pop
® Excel

Result Analysis

(KPY, change) ® Prosuct

® Loss cost

Fig. 2 FOM solution process

Table 1 Production indicators management list

Level 1 Level 2

Product volume Total(1100), Product(1200),
(1000) Machine(1300), Worker(1400)

Downtime Total(2100), Product(2200)
(2000) Machine(2300), Worker(2400), Factor(2500)

Defect Total(3100), Product(3200)
(3000) Machine(3300), Worker(3400), Factor(3500)

Abnormal Total(4100), Product(4200)
(4000) Machine(4300), Worker(4400), Factor(4500)
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Table 2 FOM data file set registration

3 2o

Item Detail

Manual qpr file Product type

Downtime type

Manual downtime file

Convert to
Manual cost file Product cost CSV file
Manual abnormal file Abnormal type
Manual reject file Reject type

171



Jae Hoon Jang, Seon Jun Jang, Su Young Kim

Table 3 Tool change history

Table 4 FOM data file set registration

i Tool Qty | Qty Item Detail Choose
Machine e Tool change
No Name use | limited Manual gpr file Product type 0
MOB IS 118 | T01 | 210.0 EM| 1404 | 1200 2023/01/13 Manual downtime file Downtime type X
20:22 Manual cost file Product cost X
2023/01/15
MQB IS 118 | TO1 | ©10.0 EM| 1,516 | 1,200 . Manual abnormal file Abnormal type X
' Manual reject file Reject type 0
MQB IS 118 | TO1 | ©10.0 EEM| 3,192 1,200 202132/2?)/04
’ Table 5 Manual qpr data
2023/02/13
MQB IS 118 | TO1 | @6.0 C/F | 5332 | 1,200 0430 Ttem Detail Note
2023/02/18 Data Tool change data
MQB IS 118 | TO1 | 6.0 C/F | 644 1,200 ; ;
Q 10:26 SHift Change time
Main category Tool marker
d 39 20971#] <F 670€ ©lojE(1,7217)E AFE=9] 712 Middle category Tool name
tlo]e| 2 &85l tH(Table 3). Small category Tool no
Table 33} Zro] Aluj TimAlo]de Mu|, TS, T, Machine name Machine name
A8 31, ARSI & ZAILA) 4ol 73] Alzto) 712 T Pt e
Worker Worker
o] Ak, FuA| AR B S] Ade AFchs v - :
] o Performance Number of uses Production volume
3} 7] =z oF B AZRS o
& 71E0l EH. & 57 B AE 71E2% ool monitoring®] Plan Limited q’ty Replacement quantity
3 25} 5ol ot Au] oI=S ERlslol wAlol Tiat 43 Time 20 br
de H7RRih Efficiency 100%
C/Time X
3.3 FOM data file set 7A 2 code 2 step Downtime X
2] Downtime X
(1) FOM data file set -3 Py . No connection
FOM &£34E& &9517] Yl Z Q3 glojg 7AE Table 4% . J . to tool replacement
7ro] 2ag3ic, Reject quantity X
. Abnormal X
L 7|&o SRR Iagnl 272
Manual gpr dataoll= 7129] 197H1] 55 F1aA F718 Abnormal quantity N
Byelr] WS P2 1171412 Table 59 o] SEaioir}

(2) FOM code &4 step
T4%H FOM data file set& FOM €34 U
BA 7 stepe Sy
Step 1,
Step 2,
Step 3,
Step 4,
Step 5,
Step 6,
Step 7, Q-jump ZEIFEA

A 43k

3l FOM code

(3) FOM code &4
XYL Zit= Table 63 2t}

FOM code step 3 W& Fig. 33 221 code step 4
S U8-2 Table 73+ Zth

7+ step

172

Table 6 FOM code step

Step Content Analysis results Note
Step 1 | Analysis period 2022.09 ~ 2023.03
Step 2 | Analysis scope | Tool name, Tool Number
Step 3 Share Share of tool use
Step 4 | Code analysis |Machine, Workers, Products
Step 5 | Factor analysis Top 3 factor analysis
7% Tool name Share
o 23.0 end mill 11.7%
YT 23.0XR1.5 ball chamber | 10.2%
@6.0%90 chamber 7.5%

50

00

A4 4% %

3.5% 36% | 36% | 359 M%

3‘1% 34%

il

@3.0End Ml
B3.06R 1.5 Ball Chanfe
26,0490 Chanfer

98.0¢90 Chamfer
310,061 End Vil (3]

3.6 Dril
8.3 Long Drll
@860 Chamer

7,85 Long Dril
B10,0:R1 End Vil
4,06 il

Insert Tap

10.0:R End VIKHS

Fig. 3 Share of tool use

#8320l

34,05 Long Dril
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Table 7 FOM code analysis

Table 8 Sudden break (2022)

(a) Production(machine, product, worker) share Tool name Sudden break Share Select
Code Share @4.05 long drill 28 occurrence 17..8%
Manhine(2000) | F110(19.7%) | F120(15.2%) F109(12.6%) 830 long drill 36 occurrence 22.9% o
Product(2000) K‘ggzgix ;Nagl;?"/z) ISIé%E:/) MS tap 15 occurrence 9.6%
o Prod B l = P = Z10.0 end mill 3 occurrence 1.9% 0
t t X
T (b) Production(tool name 2: marker) share &3.30 drill 12 occurrence 7.6%
pe are &3.60 drill 4 occurrence 2.5%
Tool name @3.0 EM | @3.0xR1.5 C/F Z6.0x90 C/F 537 1 0.6%
(8.7%) (6.7%) (6.2%) .7 reamer occurrence .6%
0,
| T09 To2 T06 &3.973 reamer 3 occurrence 1.9%
Tool no (12.0%) (9.2%) (9.1%) 4.08 reamer 5 occurrence 22.3%
Tool plus 0SG Jang tool 4.6 drill 8 occurrence 5.1%
Tool marker ’
(27.8%) (22.2%) (13.8%) 4.3 drill 2 occurrence 1.3%
5.0 drill 1 occurrence 0.6%
AZ AR 7|8 Q& £ ARl B FLE mlelsto] top 27.85 drill 3 occurrence 1.9%
32 giaez 230 wxF7ol et S mhelstaA} step 4 8.0 end mill 4 occurrence 22.3%
0,
2 ey BNzl whl TIWAoR= 330 end &17.5 step 22 occurrence 14.0%
. 8.0 reamer 9 occurrence 5.7% o
mill(11.7%), ©@3.0xR1.5 ball chamfer(10.2%), @6.0x90
5 cTo] ] 5] 9.0 reamer 1 occurrence 0.6%
0 X o zolx %10 o=z
chamfer(7.5%)2 A=Y sde788Y 24 & Total 157 occurrence 100%

EA 2023 Production ©3.0 E/M
2,500 5,708
1776
2,000 Q\
2,108
1,500
1,824
1,000
S00
“TIM 2M  3M 4M 5M 6M  7M  8M oM 10M 1M 12M
(@) 23.0 end mill
EA 2023 Production ©8.3 Long Drill
1,828 5,29 [ ¢
2,000 1,716
1,500 1,752
1,000
S00
0
M 2M 3M 4M S5M  6M 7M 8M 9M  10M 11M 12M
(c) ©8.30 long drill
EA 2023 Production 8.0 Remaer
} 14,540 @
s 5072
5,000
4,000( 4,668 4,800
3,000
2,000
1,000
™ 2M 3M 4M  5M 6M ™ &M 9M 0M 1M 12M

(e) 8.0 reamer

EA

25,000

20,000

15,000

10,000

5,000

0

(OH)

3,000

2,000

1,000

2023

22,216

20,256

23,076

Production ©3.0 Chamfer

65,548

™ 2M 3M 4M

5M 6M ™ 8M

SM

0M 11M 12M

(b) &3.0xR1.5 ball chamfer

20234

Production ©10.0 E/M

2,596

4/>\v 2,488

1,712

Fig. 4 Tool change (1 M~3 M)

173

s ]
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6.0x90 chamfer(7.5%)< AQJst 20224 39| SRukd (A}
79 £ F vkol] o3 aikto] ohzt TR Yjle® <l
TR El= A)o] @Wol Aojuk= top 3 FFE F7I6IGIT Table
8ollA ElERE AR-&3t 37 TFE Lesto] 8.30 long drill
3671, 210.0 end mill(1.9%), 8.0 reamer(5.7%)S ATt

3.4 37uA Min-Maxe} Hx} ==

AT AREeE HAYots o> 93.0 end mill
(11.7%), @3.0xR1.5 ball chamfer(10.2%), @8.30 long drill(36
7D, 210.0 end mill(1.9%), D8.0 reamer(5.7%) 5 & 5579
TTE tdez A=

Fig. 4= FOM £349] EflE 243 €-&3lo] e F-19
INA(1Y, 24, 39 AREE]S4 Folmet U AU ARE Bl
Fo|=& m}ofsto] Min-Max®} AHE-Eo HoiET

Fig. 4(a)ollA 1€ 2,108, 2€¥ 1,776, 39 1,8240]H Min- Max
WAk 322008 Min(2|44h)2 Maxghe] oF 84.3%E AREgHe B
o3, (b)= 19 23,076, 29 22,216, 39 20,2562 Min-Max
WA= 2,8200]1 Min® Max %9 oF 87.8%0°]tT.

=3} ()= Min-Max A= 1102 Min2 Max 759 2F94.0%
£ AREsH, (d)9] Min-Max HAH= 884, Min2 Max %ke] <F
66.0%, THATO. 2 (e)= Min-Max A} 4040]H Min©] Max
9l oF 92.0%% AHEstA QJth

Table 9= AEsh= 379 YA ARES|S & Min/Max 9] H]
&5 HojErh

(@) ML e/ I3+ ARRE4eE Hlasto] Min 36,
Max 320%= 2849] HAIE Min©] Max %9 F11.3%E AL
A HojZeh E3H (b)oll A Min 48, Max 6,2880|H Hil=
6,2400]H Mine Max %9 20.76%3it}.

(o) 37ME7 g 3+ AREESE HIWS|EH Min 24,
Max 3200|H Hah= 2960]H Max 719 9F7.5%S AREst o
A= Ak

(d)2H(e)= MinTt Max2] HE0] oF 6%2} °f4.9%E HoETt.
35 37 715 Fat o 24

HArE AREE] 4o T A&
| 44*(111111) Zti(max) ARERA Al RARSHRL
monitoringg E-& 37 §-519] TPt Adu|] oHIES ZAlsto]
237 TAo] i3t A3Ae FrIEHK(Table 10).

36 37 TN MM HE
Table 109] thAtol] thal tool monitoring®] &+ Hot ohd&
A% A3t Fig. 59 2t

Table 9 Tool replacement status by date
(a) 3.0 end mill

Tool Month Date Min | Max | Rate
name
14| 16 | 103|117 18] vio] 120] 729 [ 1730
January 36 | 320 |11.3%
ol Q) [316] 320 232 [288 [ 200] 132 100 164] 320 | 36
3('10 February| 21 | 277 | 29 [2113[217] 2021 224 1 |0 |3
€N .
L@ty [228] 184 ] 240 [ 172 320[ 312 320 °
March | 32 | 37| 3/8 [3110[314] 317[320( 322
rch 148 | 320 |46.3%
@Qty) [320] 200 188 | 236] 184 148 240 | 308
(b) &3.0xR1.5 chamfer
Tool |\ onth Date Min | Max | Rate
name
13 ] us | v [ v v e[ vnefvaof e 127 131
January 8 |25m| 19%
Qty) | 468 1436 1908|1504 | 48 | 968 [1972 2504|472 10| 232 (1604
P30 conary| 21| 23 | 27 | 28 [210] 11 |13 a6 1821 [ 23024
cham] " 304 |2,164] 14.0%
e | Q) [1456[ 1901 30 [ 4| o | o[ 16| 752 oot 14 [t | 4
March | 31| 36| 39 321323
wch 1,060] 6,288 | 169%
Qty) 23322460/ 1080240 6288
(c) ©8.30 long drill
Tool |\ onth Date Min | Max | Rate
name
13] V4|3 117 119] 1720] 129
January 100 | 320 |31.3%
@Qty) |316] 100] 288] 200] 228 164] 320
P83 February | 21| 27| 209|211 2703 |14 17| V18] 221|223 224
long | " 40 | 276 |145%
oo | (@) [260[ 168]276[ 132] 40 | 132] 18] 136] 156] 176] 144
March | 32| 33 | 37| 38| 3/10| 3/14] 3/16| 3117] 3120[ 3722
! 24| 320 |7.5%
@ty) |320] 116] 84| 80| 224 184] 24 | 140[ 236| 308
(d) ©10.0 end mill
Tool Month Date Min | Max | Rate
name
January | V4 | 1/13] 1/19] 1720
76 | 536 | 14.2%
510 Qty) | 76 | 536 | 444 | 168 ’
o |Febrany| 21 [211[217 21| 222 24 128 ool 12800
o L@y [592 [L000] 368 | 316 | 128 [ 192 ’ 7
March | 32 | 37 | 38 |3/10] 314 | 3/17| 320 | 321 | 323
! 60 |1,000| 6.0%
@ty) [328|204] 96 | 228 | 188 | 156 | 228 | 60 [1,000)
(e) 8.0 reamer
Tool | jonth Date Min | Max | Rate
name
19 [V12[113]1/18] 1730 :
Janwary {880 108 [ 928 [1,500 108 11,500/ 7.2%
280 23 | 206 | 28 | 221|222 224|228 )
reamer] ™ (812492 [ 456 128 324 284 500 284 12,128/ 13.3%
32| 37| 38| 309 [3/11]3/14|3115] 3/16| 318|322 )
March e T 71476 200 484 | 544 ] 168 ] 128 | 560 | 524] 2% |1A476] 87%

Fig. 5% tool monitoring FA2 &% MCTAH|(Fanuc)2
7}88351gt & Dag-value(data acqusition value), Al F Z13EE]
E ol&sto] 714, A9 Mo s 43 ARE vAE= WHe
Zro.2 15bit-resolutions ArEsto] AIAE THloJEIE 48 m
sec T2 ANZF F#S ata, 2 20709 tickS E=Fol U
B 02 T04 3.0 end mill Z70] T8-S EAjsh aolc}
JYoN FatEE BEA5HH Max 2 tool monitoring max 41

of &A4sl ot 2YBE FHuA7F Aet Aoz BAECH
olefat W oz T A AHo] 5FES BASH ATk Table 11

r°1'
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Table 10 Tool waveform analysis target

Table 11 Tool waveform analysis result

Type 1 Jan 2 Feb 3 Mar Tool name Suddenly break | Normal wear Note
36 ca 172 ea 148 ea TO4
uantity used . 36 ea, 172 ea | 320 ea, 320 ea
To4 || O 130 213 317 (23.0 end mill) 148 ea 1 e 320 ea
DNS IS-F124
(3.0 Replacement time | 8:33AM | 8:58AM | 9:01PM (DN8 IS-F124)
end mill 320 320 320 123
(DN8 Quantity used e i e (3.0 chamfer) 48 ea - -
IS-F124) Max 1/6 2/24 32 (LD IS-F1110)
Replacement time | 9:24PM | 2:20PM | 10:26PM T03
. 100 ea, 326 ea
Quantity used 48 ea 304 ea | 1,060 ea (8.3 long drill) 40 ea 24 e 326 ea
uan u
T23 | Min /12 2/8 3/9 (DN8 IN F124)
(3.0 Replacement time | 11:26PM | 1:21AM | 4:37PM To1
chamfer) P 001 o | 1600 o 12,460 (210.0 end mill) 128 ca 626;3’ 15 Sgoe:a 1,000 ea
5 ca X ca 5 ea , 1,
(Lm 2 Quantity used (DN8 IN F124)
IN-F110) |Max 1/9 2/18 3/6 T8 1500 ea
Replacement time | 1:30PM | 8:31AM | 4:37PM (8.0 reamer) _ 76 ea, 2,128 ea| 1,500 ea
) " 100 ea 40 ea 24 ea (MQB IS F111) 128 ea, 1,464 ea
antity use
TO3 | pin| MY 1/4 213 3/16
101(15 i‘fﬂl) Replacement time | 9:05PM | 8:58PM [10:50PM T} Jaju} A4 23 w4 o] go|EE BAs|Ew AR
(DN8 Quantity used |02 | 276 e | 320 ea 43 We Aol Bo|u gtk ¥F 41T A0S Hol:
IS-F124) |Max 1/3 2/9 3/2 Ao AT MU AE, AZE BE A =2 BA% 5
5 5 5 = o= T o}-O:] —L;L
Replacement time | 12:23AM | 11:45PM | 10:226PM °ToETe :rLo el ERESCRRS = o
ouun BECEETIEE A 9] AoHd& AEstofF st F47|9] PAldAM = Ad
uantl use
TOl | Min v 1/4 222 321 o] oj¥th
e(ni 1;:18) Replacement time | 9:05PM | 8:39PM | 4:46PM B o Loj| A& o]2f3t BAIE i Asty] 5 ot oA diojeE
(DN8 Quantity used 536 ca | 1,000 ca | 1,000 ea 7Moo 2 AntEF LA He] AJAEIRl FOM-tool monitoring S
ISFL24) | Mox e L AL B ggalo) g ARgSlsol MinMax W WA BAl, 2]
Replacement time | 12:02PM | 1:37AM | 5:02AM A7Ho] 7 Bt 5k Zo|m2 Batek Ast T04(@3.0 end mill
713 3t
. 4 108 ea 76 ea 128 ea K o = = (3.0 end mill,
TO8 | ppin| QALY use 13 1 316 DNBS IS- F124)9] 31 IA| 822 320712 Asin, T03(28.3
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