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ARTICLE INFO ABSTRACT

Article history:

It have been composed only introducing automatic equipment without analyzing
manufacturing process in many smart factories; hence, productivity does not
improve significantly. In this study, production data obtained from a computerized

NC machining center were analyzed based on the operation and tool costs for each
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process to reduce the tool management cost of the cutting process for the die
manufacturing, which is weak in cost analysis. Tool cost of the minimum cost
required for each process was then modeled using linear programming. We derived
amodeling logic that could manage the life of the medium cutting process using
the programming method and achieved a cost reduction of up to 12% compared
to the operation cost by linking tool cost to the manufacturing per process cost. The
proposed algorithm can be applied to field equipment as a manual cost item one

of the items of the FOM which manufacturing optimization system.
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Table 1 Description of the manufacturing process

DESCRIPTION OF THE MANUFACTURING PROCESS Operation1 | Operaton 2

Oparaton N

Item de scription

Manufacturing s tep coefficient

Des ignation of the operstion

Des ignation of the machine

Commercial name of the machine

The Machine mak er's name

Type of machine : C = Standard capacity; D = dedicated
capacity; PS = product-specific capacity

Number of machine used

[Amount of capital imestment for cne machine:

acquisition cost in guotation cumrency

acquisition cumrency

acquis ition / quotation cumencies rates at the acquisition date|

acquisition date|

ocldness at the scquisition date|

replacement value|

Technical depreciation period (years)

Mumber of operstors at work station

Supplementary pers onnel time (SPT) (%)

W orkstation performances

Number of parts per oycle

Gross cycletime {cmn)

Regular support time {mn)

Mumber of parts produced between 2 regular s upport times (parts )

Production capacity per hour (parts/h.}

U down time (%)
h time {mn}
Number of parts per {product run) (parts)

A ctual production rate per howr {parts/h.)

Manufactring s orap (%)

Reworking parts (%)

Manufacturing costs {in currency of quote)

Cost of direct labour {per part)

Deprecistion of Plant capacity means (per part)

[Cost of supplies (per part)

Energy and fluids cons umption {per part)

cost (per part)

Tool i cost (per part)

Soap cost (per part)

Rework ing cost {per part)

Selling price for the operation

W orkshop de scription

W orks hop availability for production:

number of hours/day

number of daysiyesr

Rate of work station utilization in production for all customers (%)

Mumber of production shifts per week

Mumber of hours' direct lsbour pres ence:

number of presence hours

number of days work ed per yesr

Mumber of howrs" actual work per year by direct labour

A nnual Direct Labour payroll expenses

All rights reserved ©Renault s.a.s. 2008
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5o 9lom, AA, item description(HEWE)OE F8 FJ&

£ manufacturing step coefficient(4] R H]E), designation of
the operation(3-7d2] A3H]), designation of the machine(AdH]2]
82, 371, #4), commercial name of the machine(A3H] 710l
2]), amount of capital investment for one machine(Ad8|g T
7}#), acquisition currency(#|5 E3}), acquisition date(FHE
9), oldness at the acquisition date replacement value(Z7} 2t
9, technical depreciation period (years) (A34] Z7Hd7r 7]
Zr, §), number of operators at workstation(31g 374 QA
4, energy and fluids consumption (per part) (-Z3 ofLi#],
V% anlzhoz gslold Stk
EM, workstation performances(373 ZE)7F 1o Am,
manufacturing costs(7\1]J. J7})E F8 T Fo cross cycle
time( & TEF AE A2t 7kl 22
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tools(3-1-8)2] datad &5t
CNC HAIGAE U 7H3719 34 &
JTA0IN 4 ALEE T A= (endmill)o] 22o]n
o ulgt F& A= (ball endmill), &
d(flat endmill)o] F2 AFEHTE F39
WAIBe 2A 30 AUE B4, B4,
25sto] 7= of71A 71A| 7hsolRt 71A1A,
NUAIE o] &5l 2x=2RE EFRT
75t} Yote 4, A 2 AW BE Ee Zﬂ%
7t HoE gAME LR AATRSo|A Ak
(&€& A=AY ZH= A)olgtalz st HAt 7hgol| 4
AAT W, £ 7H o7t 2 o oAl AL ok
FAEY 71 ARE F71 Aashe Aol 7Haol
& AMEg A st 34 ol & l"'oq w27 7hg
oz gakd] ZA}, 74ako] A}g4ol Hlsl Z
O]q_[ZO]'

Aafo] ALE= L1

o
OOE

2L

7]

A=

2oz n

2'17]1-] O:IZ-]O

X ﬂllo -lE

IR

HO
il =

o

ﬂ,
Iy
R o [

lo &L

01:1 x
oxl ok

=

a

rlo
froox RUom

5

ol

}.

AN L
AATrE 5

rlo

1}

re

rE
odk
b
rE

O
ox
1

% old
o
)
ojrl
i)

5§
1
B[
o
o
N
9
do 2
Ho i
2 oL i)
N
i)
EN
Mo
o
i
o,

3
fru
N
off X
ol
o
N
ox,
ol
ok
X,
N
=

[¢]

_0|L

wg rr

o g kI oft
=]

Ho
-
=17
o
P~
ox
i)
[ = )

=k
T;:oﬂl’
& ox

ok
1z
=
R
=(I)L_4‘
2l

o
o,
f

)
&£
£

=)
ol
—-
)
N
—_
of
ol

]_

o
rE

rr

281

AN7IZo] QElos TAES
A S AR 37 ol
H, 7+ A BARE ol3A 713
v eju] g7 nhst o) ¥
et}

R E

AN
23
Oll" _]}?l' og.::",
ol
3o

ox.

—_

A ARES

2102

A BT 015 SES ¥o 712 4
AAA) Qw2150 Bl Wlstel 7kg oAbt WAsh Elo]
o) A w5197 vHiE 74go] o] Rojx]aL
7o) AHoIAE 7hge] e vy
Yol ZFFAA data SE AT
47122 Qi 71A7Igo Hlste] e MASESL o gdER
HIg A, %2 AR AAE, 7HEATe B Som iE
7 A7k AAERS] 2712 B ATE S R ARt
So

o 2uy ZTvw
2 A2 i

e

_]
=2

7}o

=Y

=

l..

o=
[

3
o[N

494, E2 ol

ol
ok

ol
Egaltﬂ‘l N

.

_,4
o}
=
=
I3
o

1)

ol
Eny

}943] go Hxﬂoﬂ e} EV\ XTO]
A&ohe ade TTHIGLR AIES
&2 EoV1S181 59 71 BAolA
AOP, 37], ZgUEE, Zakgtol wet Hak 49
’f_l'x]"‘ 7].4_ Azl cq.e AA

S

x|

Mg, AEe] 9

o
o 1>
o JG

>
%
§)

kd
1p
i)
=
N 5
th r
=,
B =
5
2
o,
B
=
.
2
>,
Ao
4N o
Ho
ﬂ

zg@ ol £

Z }\1-5\_5(1:!1 3174 E1 T ‘—

=217

A= sk Hidol ol$&=(f)= HAT771
T 52 WFoR Yeks =2 LEu
= s(mm/tooth), N(rpm)o|H o]&& e

HEr
*1

o (cemented carbide)

= 3R 7 g



Yong-hong Kim

et al.

TiN TiC Al205
E 1000 |—
g E
£
%]
1 1
10 100
Tool life, min D
Fig. 1 Example of tool-life™
X,
.
N max CTx

feasible
region

> X >

iy

Fig. 2 Formula of linear programming

[18]

M7\ AYG B B oprt FAskA UE 0.6 mm
o] EFYsIH 0.3 mm J=7t o] HEE o] 1

%J T A Al 7HAE Uiro] B A WiAle WC
AL 2AFFCE WC + Co + (&% TiC + TaC) S22 Hof
F AR TiAE 24932 TiICE F4R2E sk, N,
7IE} ao] Bk, S3ET A A= /3= oA
Aﬂ Hd?xﬁ% HEFY 279 & HES sto] Ho| AREst=t
TiN, TIAINGo.=2 FJ=lof gt

s 4 7t FHAE A% =YY 1A dudE A5
93t A2 dataol] T3 A RAA Hz22A, BAGSSS 1A}
o] o]F AL E Fstol 229 siE 1 4 SAth(Fig. 2

RS

FOM data-file!"”'& % 67119] data sete.2 Aol Fo] glom,
A %71999] MES/POP/ERP/Excel 5 raw dataZ 7|8 o2
FOM data-file set& /% 0] l=tl, D Manual qpr_yyyy, @
Manual downtime:B]7}5-821 dlo]€], (3 Manual abnormal: ¥
A3t 2.9l glo]E|, @ Manual reject: £2F22! wlo]E], (& Manual
cost: A1 ZH &7} glojg, ® Manual limit: 3E3H A ojuolE]
47 s}
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FOM Solution

FOM Software

Fig. 3 FOM Solution”!

How to input for raw data of MES/ERP
Manual cost : Transfer excel data to Manual cost

No.| Shift Main Sub-1 Sub-2 Machine Product | Cost
1| day MCT #1 Cutting | Rough-cutting CNC-MCT Pulsator 200,000
2| night MCT #1 Cutting | Mid-cutting CNC-MCT Pulsator 250,000
3| day MCT #1 | Cutting | Fine-cutting CNC-MCT Pulsator 300,000
4| night | MCT #1 | Cutting | Rough-cutting CNC-MCT Pulsator 200,000
5| day MCT #1 Cutting | Mid-cutting CNC-MCT Pulsator 250,000
6| night MCT #1 Cutting | Fine-cutting CNC-MCT Pulsator 300,000
7| day MCT #1 | Cutting | Rough-cutting CNC-MCT Pulsator 200,000
8| night MCT #1 Cutting | Mid-cutting CNC-MCT Pulsator 250,000
9| day MCT #1 Cutting |  Fine-cutting CNC-MCT Pulsator 300,000
10| night MCT #1 Cutting | Rough-cutting CNC-MCT Pulsator 200,000
11| day MCT #1 | Cutting | Mid-cutting CNC-MCT Pulsator 250,000
12| night MCT #1 Cutting | Fine-cutting CNC-MCT Pulsator 300,000

Fig. 4 Mannual cost

FOM solution (Fig. 3)0l] £3j7 &
E2 Fig. 49 Zo] A7 243} wx
giolch, B Ao e o] ZHg
] 2GS A&l
Manual-cost”’9] ¢J& %
S sl g2 Ayl
2 FAJ=|ojZItK(Table 2).

2 0] 2 manual cost®
o HAstet 283 7R
AFgstol 5208 datad] B4
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Table 2 Example of manual cost

Main category| Mid category | Sub category cost

(Factory name)| (Line of fatory) |Factory process i per
process

T-3 As-1s #1 Set up Product A_Set up 5000

T-3 As-is #1 Cutting Product A_Cutting 15000

T-3 As-is #1 Pressing Product A_Pressing | 10000

T-3 As-is #1 Assembly Product A_Assembly 7000

T-3 As-is #1 Inspection | Product A_Inspection 5000

T-3 As-is #1 Package Product A_Package 3000

T-3 To-be #1 Set up Product A_Set up 5000

T-3 To-be #1 Cutting Product A_Cutting 15000

T-3 To-be #1 Pressing Product A_Pressing 10000

T-3 To-be #1 Assembly Product A_Assembly | 7000

T-3 To-be #1 Inspection | Product A_Inspection | 5000

T-3 To-be #1 Package Product A_Package 3000

Fig. 5 RODERS 3asix CNC_milling machining center

(Fig. 69] B)o2 =0} Slrh
2.4 AT CHAF HA J1Z 359

FOM data-file set®} 71574 7t golE&-S &8st 344 7}
T Wt EE2 theat 2k

] AlEE T GoJEl S excel¥A12] manual seto]] %
g, 7129 manual set= TIFPALS ote BE 923 Tof
Aonz FEY AFY 7HE4 dEAes gAY
sto] I AAHE ATt —7““3}-31 4 dat
(Table 3). Table 39] :r“" yes
£ Uehdin o]$4

EE2% A AATolEE FOMOIA H85+= A
o] excel¥A19] manual setd-8317] Y5t0] 7]229] manual set

8319

o
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@ ball end-mill

.

® flat end-mill(RADI)

Fig. 6 Type of tool used in this study

Table 3 Cutting performance data of tools

D : Diameter

) Ler:'gh Z-mn | rm | Feed PN | stock| Time
D R | sut | leng XY z
1] 12 | 05 |15 45 [-1064 | 7200 | 4200 | 5 | 0.2 | 02 | 35755
2 6 |os|® 2 qom| 1100 0| 2 | 02| 02 04st0
3| 10 | 5 [15:50:-330 | 8000 : 3200 | 04 | 0 | 01 04218
4| 10 | 5 [15:5 341 | 900 390 | 03 | 0 | 0 | 04551
51198 | 05 (15| 50 -0.57 | 6000 | 2800 | O | 01| 0 | 12845
61198 | 05 [ 15| 50 -1075 | 6000 | 2800 | O | 02 | 01 | 0:2535
71198 | 05 [15: 50 -1085 | 6000 : 2800 | O | 01| 0 | Q5117
8| 10 | 5 [15:5 ;168 | 8000 ;3200| 0 | 0 |01 12937
9| 99 (49915 50 181 | 900 [ 00| 0 | 0 | 0 | 22625
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Table 4 Cutting man-hours and labour cost rate by cutting

Table 6 Depreciation cost and operating cost per processing

process CNG MCT
—————— Tool Cutting | CNCP/G | Real G/T Deoreciation Operation cost
MNo. ::::‘s% ;'*‘;0"'_ 1;“0:' Tool [ Ws.ec 09:;":"0" No. process | C/T(Sec) | (P/G=2, sec) erF!W (53,000 KRW/ hour)
Rough Al RADS I 5755 4,275 10,160 1 Rough 14275 28,550 211,270 420,319
2 Mici A2 5 RAD! | O4819 2,809 42,680 4 Mid—1 50 130 10,212 20317
3 Mid A3 =] BaLL aaz18 2,538 37,385 5 Mid—2 2:8% b:?% 42:5135 85:3]9
4 Finish A &8 BAaLL o455 2™ 40,50 g Mid=3 124@ 24% 184541 33?143
5 Finish AS 2 RAall 1:2845 5,329 78,286 .
: T 2 Finish—1 9,937 19,674 147,068 292,569
6 Mid AB b Ram 2535 R= 22,999
7| Finish AT 2 RADI | O51:17 3,077 45,300 3 Finish-2 1 2 163 24
a| ma AB 6 |BALL | 129 S 77 79,161 7 Finish-3 8,785 17,510 130,018 258,669
9| Finsh | as 7 | ma 8,785 8 Finish—4 3046 6,090 45,081 89,638
7 Finigh n“ h BAaLL a” — g Finish—5 1,245 2,490 18,426 36,658
B = S 10 | Finish6 1208 2,458 18,189 36,187
e s B — : 11 Finish~7 3116 6,232 46,117 91,749
PP e R - os Total -] s 115,404 853,990 1,699,003
15 | Finish AlS -] 245 8,329
16 Finish AlS 10 229 18,084
17 | Finish | A17 11 3.116 45874 Table 7 Cost savings for tool life management
Total cutting time 57,02 849,502
Tool e e Ratio of tool used
Tool | Cutting e tool ife ime | C/T |tool life time w'm 1o operation
Table 5 Remaining tool life time per cutting process No. |process| (H) before | (H) | (H) after wstff]
pocess process ks
. Remaring 1 | Rougn | 10 7% :
r noug v [-5] %
No. Process Mode Cutrg | Tod ,TOd Tool | tool Ife time T'?Ol .J, - 0 -
process | No, |Ciameter ) price 4 | Mids1 | 10 038 %
— 5 | Mg2 | 0 %
1 74w Fh.lgh b{ttng Hough 1 e 240 [ Mig-3 | 10 593 ne o
e | fewifermaching | Md |8 R ax0 2 |Frisn[ 0| 10 | 5| am| wew| mas] e
3 | LowlyingProcessng | Md [FSFITG 1830 3 |rmsv2| 0| 10 | oo1| 9m| mam| 8| &%
1 Z+e el Frishing Md | 6] B 20 7 |Frisn-3| 10 10 488 12| 1422| 1358 i)
5 | Horizontd Area Cutting | Finsh | 2 12 240 8 |rnisna| 10 10 18 83| 12| 258 B
6 7l Frishing Finsh | 3 0 29310 9 |Finish-5| 10 10 06 931 | 1345f % Fh
7 CL+Check Finsh [IF 0 2m 10 |Firish-6| 10 10 068 9| 125® w ki
8 Fe-machining Finsh | 8 6 14830 11 |Frish-7| 10 10 173 87| 1027 214 D%
9 Re-machining Finsh | 9 4 1480 Total - 32.06 M| 11219 10212 %
0 Re-machining Finsh |10 2 | BALL 0 1350
n Pe-machini Fingh | 11 1 |BAL 0 1230
S 254—?°| HAAZIT} 2ol w2 2{xe| 27 7N TRl
_ . .'.T'__—[L/\ 2 A o}-—y =Z0 }\-]6374 I pd
T H|&& tsto] A7t 9-E(operation cost per hour)S 4wl 3 of Ha® e == ARAY 24
2lo]] AdLslH g o]Ax} o Eﬂ% | AZFS
$3.00099.2 FthTable 6 Jol| A&k we) o)Azt o] 5] BAR4e] HAGS LYol
_ 7t
349 1409l 2 98] 000w TRl BBAB o aus
o]& A 753 Vi< HAE = 3 o]lo
) AH] NCHATY AIE Q] HaF 7F22Rlo] 2ol 2791 o= I& Aoz A5 TL-Xi-1 -Yi< Hag =2 & ¢ 3l
_ 2| AZfo] 00] =™ 3t s B2 L 9lo 717y
o] gat 2Ab AAZFE Ao AR H] 2 DAL, B4 m];:f]—;m ] (z = L\:ﬁj ]? e NOuE WA
_ NS 1 4 Yok o)k
(rough), F8(mid-*) 71BAS] BT UL olgojaA] grop 1w TE T
ojprgol] e F+ F£Yol EFY °]’7]‘—‘°]’7ﬂ eloltt. & Yi = TL-Xi-1-Zi
A AK(finish)7+a2] Aa7bg B oj4m AlZKremaining tool
life time (Hr) before process)x} HAI7}g 1% Zoi4w A7t TL : 3478
(remaining tool life time (Hr) after process)©] 2] Z4=]ojA] Xi-1 : 2 e} £ HofgF
goux AN7NE % Foism Aol sfgEre] 7H4g Fahw Yi: A 2o 99 Aol
A7 & 4 e Hl8(saving effect)o] =EE =T, FAtolu 4 Zi 39 340 AY v
of RolpwARre ZAHA ool A & 4 Sl WgGaving Ol
effectye ©& & 4 QA ot weld A7 7Hs Hlge Aat FARI 7 ool FAR Hojof ofuistA H7|EE T
3749] H1&< Fato] 111,219900] HTk A AL Table 70 B2} &4o] Ao
wolshlt 2R sto] S WF Wols W Sy T AL
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Table 8 Optimization modeling formula for tool life management

.., | Remaning Remaining too
T Tool | Cutting ° tool ifetme | GIT ife time Samg effect ol used
pice |process | .., | (H)before | (H &t KRW cost
H
rocess procsss
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Table 9 Cost savings when applying optimization to tool life
management for modeling based on FOM format
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