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Abstract

The objective of ECMS(Environmentally Conscious Manufacturing Systems) is to
consider environmental effects through the entire product life cycle from product
development stage to design, manufacturing, supplying, using and disposing stage. Recently,
environment-oriented recycling, reusing and manufacturing technologies have been
researched actively in every engineering fields. In the field of chemical engineering,
HHS(Health Hazard Scores) which classifies and analyzes hazardous materials in production
processes has been presented.

Metal cutting processes also have a lot of harmful factors, and especially hazardous
components in cutting fluids have been known to have a bad effect on workers and
working area. However, research works such as HHS have been little accomplished in metal
cutting processes.

In this research, a environmentally conscious machining process is presented by
classifying hazardous components in cutting fluids, by using LCA(Life Cycle Assessments)
and HHS method, and by evaluating environmental effects from cutting fluids.
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A R H2 WE HHE o] FHA AFAA FU FEF FIFHA HHS BAHAY,
HoZE 71&9 AAHo] Y2 odl5o 7= %%’Txﬂ"ﬂ HEax3 9l o3 =g &
A oM ZFELS FHE 1HT AAANEAE AF, ALsA H(uY o A FegFes
B3 F8 ZokllA 3E FEES AEsd NHAYe YAERE F=E A& (Recycling) A=
Hdo] LA AW AP RE ANE&EH oz Frlsle HNES AHIAF £ Qe AH
SEgstA HUR, oleld o|FE AFY AAdA oM AL HAGARY FAHAEAES 19
3t #7438y LA 2" (ECMS ; Environmentally Conscious Manufacturing System )©]
N2 Forz AYHA Ao
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ECMSE AT MAddANARE, AA, AZX FF, AL, Hrld o)&774x9 AFEe A A
g F7)(Life Cycle)ol ZA &74& nsle Al29E oudtcq(3]. st 3 22 Fx 44
I, A AFAFTE AdstE AT, 282 HAAY F AY EE AAECHIA #$F &
RHF AV AL vlgo] E¢d AT AYHI Ik Sheng# Hertwich[4]e 33 F
A3t e FAAFANA site] A Fo] AAEHNAR ] FAHAAN BAH FEG EFAE EF -
B3ty o] & EWZ AAF3)H5(HHS;Health Hzard Scores)Ete AL A A vl dth
stzlgt ole} 2L AT E HEFTAH BokilAME v Ag Aot tFFTANME 98 7A@
el fFald AHZEo] Utk o Eof, A FAHAA e AV &, B4 FFY wtERY 9
2 A7 AAF T HIEA, AR AHgo W& di7] LET old wE AAY FHEA, 2
g HAHAFY 359 HIEAE B F AT

olglg AR EL AJAF HAFAJL 4FES VA F A7) Wi, AHEEHE AA, T, Ay
5ol daiME &4 g st asith g B dFdAes A 33, 53] A 7
FTAANAMY 8HGFE 18, o]EE AFAHH/HLCALife Cycle Assessment)eHe A HIE
T2 3439 2o @A Ho AT 5 e FHS AAFA g

12 A7 5%

At Ao ZA @A Ui Aol FRIA AAXNEA FAHIFES Hrlste Wyo] Bol
AT, o2 ATs F2 383y, 7ATIH 22 Ad ZA AGAA &RsiA F
A=A sy AFE A AfAFd A @A v 9¥E Frretx, 1 JrrE R
£ B3l MAAIGE AMAstE WHol 2 AFHIJ AT T FAA LT E B
dgo] AA FAHLEN A7)0 dist AT/ 43 JPH Yot 53| 7hEFAHAA Y #
AF¢e Hriste g wet dole e f¥e] w¢ vgsit. waN BFFFS Hrtste
U meEld g8 A7E 48 FE Utk @AAFHIE ] HEde ¢4 Hohdgde
AARsT dolele] F8& Hotstd, 1 dHolgd %= FFgPFrt P S A3 Fo] Fa3d
o BAG9EE FYES AHEE a3 2oh[3]8]

Critical Volume Method: 1992'd Habertsatter®t Widmerel]l 2lsf 7idd di7] 2 82 2
T3 09 B RiHFS AFEe wyeltt o WL A Y FF s € W9
A7 A8 FHA Asn Jde 84 71T 2AGY 2F EF FEE Hrkste Aolth
Hoz xAHsn Je d7] 29 82, #38 29 23 5 4 999 Total Critical Volume
A1)z gagg

cv; = 22U (1)
? ;’]

CV; = t7lI(+3d) 94 j9 Critical Volume(vol/functional unit)

m;; = WNFA)FEA jol wiEHs 29 2 19 &
(mass/functional unit)

e.;= WI(FA)GFE joll MEHE 249 4 19 & 7F

(mass/functional unit)
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74 @ Volvorbrh 352
ok o] Azge 42 % oy
o me 873 5% WY 5

73 EF PHETOL A73 x99 &% Al v 9%
74 A HEPS) A2FHE 299 A 49, 299 87
219919 AF 874 4F F3E Hrier] 98 AL A
A Avle) wE #7 R By ojlg, tgd 29 3 WE
Ak Ad A, Y EF, AF, FH T ds 9 EFF #$#F RI}DHELU
Environmentally Load Units)2 A4t® 873 338 ZH(ELV; Environmentally Load Value)& A
33t Qo oldf, &3 F3lgtol oW E84F FHd e 49IE vIXA HeE Rolth
A 24 dade Ad3 §48 FEA=Z ESZ 7 &% (Carrying Capacity)7/fd 2.2
2 FE Hrsle WHoEA 2929 UEA=AA JEET o o] HEe 9 A
A -d4F 2719 3HE dA REIFS 7IFo2 H2)9) #o] “Eco-Factor'& AH&3ta, A|Fo]
U 34 FdA 2ulEHE oy 2 AY, siEg="de 29 88 5& ©] "Eco-Factor’el] F3

At 4 (3)3} Zo] Eco-PointE Faluie whgolt).

Eco— Factor = I},k }fk xC 2)

Fy 31§ 87 Rag(Feg/daz)
F : AA Rag(Ratl/ dzh)

C: x4 A+(10%)

Emission : A A #ji&F&3/3Az)

Eco— Point = 2,Eco— FactorX Emission (3)

N

AT FE ST WYL olYA N FAgFoly A A wEFE F de 98 71HA
SH -E4do] QA = HE FFE FEAE Fo3ly FABH L ez, a4 GE ¥
FHJA A AIFES AANE F =S & 2AH wyo] th Shenge]l #Ald HHS(Health
hazard Score)?} Z1R o]t}

HHSE QodEZ=2 Q8 AAd veEgd F v F4E Oral Toxicity(O), Inhalation
Toxicity(I), Eye Irritation(E), Dermal Irritation(D), Carcinogenesis(C), Reactivity(R)2] 77}# ]
HEZ Al ¥ 74 S HAE 0~I7HAZE 39 LFdAEE Yedz, 2RE 7§02
373 9%E Hriste W o)t [19][20][24][25](26]

& E°o <& 1>9A Effecty YFAEE FFE Uetd Aolx, Doser =EFE HF=E
YEtd Zolth. ZE 3 Effect®t DoseE ¥ % Zo] Oral Toxicity’t 5422 Jed + e
AEE Yehdth

<X 1> Oral Toxicity(O)[19][201[241[25](26]

Effect Dose
3 lethal 3 <50mg/kg
2 | moderately serious{lost work time) | 2 50 to 500mg/kg
|1 mild effect(nausea, unpleasant) 1 >500mg/kg
0 no obseved effect

(O) = Effect X Dose
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2. LCA9 718

21 LCA9 A9 ¢ &3

LCA(Life Cycle Assessment ; AFHAAFAF7HF odE AF, T, €53 Bdd 33 4L
AHEE B4, YA aga 8730 wjEd H7ES TH3Y FFsEteg EAS 3, o3 9
Uz, 39 A7 87 &9 9% sl &4 MAS A% 713 E Fo} e o
o #AAL oujgdd. [1](31(5]

LCAS T3 AL #7332 1A% A& 7@ ¢dL 4437 Astd AF, €
A A, Az FF, £F, v €75, W2 AF AL - A9A] L6 R @ 29 F3)
€ Ha2ZA712 A e 2= A

99l LCAS F3XE& EdZ LCAY 5L A¥yEd A AAZ LCAY e AF, Aulx,
A T @743 BvdE W BEAT dTAHE dAeR Ede Rz, F AAE 5SS
BAd HTHA &3, A 4L dBFeE HIE dAgoE Aot A HAE HFE
A@H o AFsstdn e Aoln. vhAH v AA 5L LCA H7te 3o @3N
HWetel =& ltke Aotk [113]I5](281(30]

22 LCAS W&

$HE LCAE A2 H=AT 43 ABY i 7Axe a2z FAH A <2¥ 1>,

g B e & Ot
L3 ]
=y wa

-

SH A YA a8y

i
2s gA
<Z¥ 1> LCAY 718 FA[1]
221 53 2 PA4A
LCAE 4T 3 52& H&3 AYsle Aoz Adn 23 2 ¥ AA AAHAL dF

o 24, 49, 7% B9 A7 Ae BPRE A& Fo2 TAHC Jud, AT 2Ho
2= ¥ R AEE ANED 9% BAE A% 24 ARE £ARAY Y 23WT
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222 2% REX(Inventory Analysis)

22 2Ne 74 gAd U 9=, U, Mz, d72 59 %3 FE(Burdens)@ AT

=23 @ 7 g daiAEe <2¥ 2>9 2& Adez Az, 4749 dY/E¥HE 9
o}t Arldq dFold Ug, o L AF AstEolw, ol AF, FAE, WU,
aga 4E B39 S £k
&= LIFE-CYCLE &2 E:
> oo 23
— AR S —
AX— —— o 23
_ My —
—— DY HIIB
—— | AS/UASRX-m2
— 2ug
o x—>
- TN B —

<Y 2 > & Life Cycle stage?] Al=¥ ZA<} 22 E oA
B &(1]

of @ACIME F2 BEozE A 44, AN 2d9 AL, 2w Az AN, H4, 9
A 2E Folth Wb 2AR Wt HAHW 24 22 I

2.2.3 939 7HImpact Assessment)

AgPrte B2 BHAA JFS Hridg ol & RIE FAS 4P HFEER A
= B E(Classification), 59 2 9%g AF3 st 54 ¥4 (Characterization), 12|31 A F
38 FF=S e Hr a2 F¥ele X H /N Valuation) 2 Wre] g€

g3 Frle A B4 FAAA AFY 2 3AE, 7 49 oA, A 2ulF R 3 L
d RIFSL VFoE Prtae 71ed, AL, ZA4H HAolth

2.2.4 703 7}H(Improvement Assessment)

MdR7te %S F2A2
Alz"e] 75 W3R
A7l $1g e A
Aol 23 A=A} P8 €3
3& Hrtste AAHA AA o=

e 71381& dofstn BM e

W WA oyR, Y A¥E F4rgsa 84 FIE
1 59 EHE Jlgste Yoz AFE FH L €59 A F
o] Alg 2 874 wWE3 BEE 84 9FL FasE] 4 7
& 4 gloh[113](6][12]1[21](28]1{30]

F 9
e
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3. 87333513 A ¥y A7 - LCAS A%
31 LCA W4 712349 4
311 A4 AHg ANIZe] =Y

2 dAFdAe dartEe] FrtsEe AAITAANAM AlLEHE AAfol di& A3Y Hrrs A
Alstgct ol 93 i FHoEAN <aEPH 2L HAFE AHEsE HatE 2dE o]
£33t}

Aabzie e %}‘- AAZLEA M A 3L AARE FUsY FarhFd AHEHIT A}
48 FARFE HA recycling 3t ZE2Z Ho itk o A {E 4 1A HHz W&
HA " .T'.X]](Sohd), A A (Liquid), oo} ZZ&(Aerosol), 571(Vapor) 1831 IFEEL 71F3
3 YA A7le A% 2399 594 H9A4 $EHE FHQ solid particles Fo] Atk

NE G E
ezl 24
nze A UBE ¥ 30
pre B (=1 ﬂ =
axng T 1 toozs 400 e
—" |
S0 —pp| HEZH E¢ |z=xsaps
goxa dioiz=
2xg9
SRR @ ;m Ja see s

HES FAR NBE AR

i
v

I A |
E¥D @AX Bm¢ Jgo= VHIIS BHY

=

g #EHS 2 &

<Y 3> Hafe 528

312 Wi dAFe 4

2 AFgA AL AAge Ao 713 ®o] 20l 9l Synthetic Cutting Fluids
¢} Emulsion Cutting Fluids2 3t} 2t FXHRAE <¥F 227 <HF 3>9] et
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<X 2>Synthetic Cuttng Fluid®] 7484 <3 3>Emulsion Cutting Fluid®] #4484
Component cas # |Max| wis. Component CAs ¢ [Max,| wis.

bo % |used (w) pon % |used (w)
Triethanolamine 102-71-6 20 0.20 Ethanolamine 141-43-5 | 15 0.15
Polyalkylene Glycol | 9038-95-3 | 35 0.35 n-decanoic Acid 26869-20-8| 15 0.15
Tall Oil Fatty Acid| 61790-12-3 | 20 0.20 Aminomethlypropanol | 124-68-5 | 15 0.15
Boric Acid 100043-35-3| 15 0.15 Heptanoic Acid 111-14-8 | 15 0.15
Benzen 10 0.10 water 7732-18-50 40 0.40

<E 2>7 <E 3>°A ‘Component'= AA{FE FAsE TAHL4L0ln ‘CAS #5 olg9 &4
TR Eolt ‘Max, %' HARE T332 e Ad v &E JYEU L, ‘wts. usedw)'E A
A E TS A8 E 4 &, 7HFEXE YErdh

32 4% LCAY) 43

24 3 W9 44 VAL LCAE +£937) 984 /b8 Fa% vt 243 ¥ee
Aok dolg FAVANAY THYE TR, wm - B4 AN ZHd 2 A%
g Ae F+ 97 Rl

321 54 % ¥HEA

B d7o 388 AA-{+ Synthetic Cutting Fluid®t Emulsion Cutting Fluid2 3}z, o] &
T 84AES <E 2>, <E >3 24

E dAFoA AEE LCA ¥4 g e 2= HHS(Health Hazard Score)$t 71ExH& o) &
g Multi Attribute Decision Making 718 o] &3t 73938 Hrled.

322 EEEA

E2SEHE daad) 58, 48 &9 52 AT 253 o= ol

dYPArgozE <E 2>9} <E 3>9 yeld "Arfeo pA_AZ Fr) o] FHRAEL HA}
7tEE AXNEA dAZEA] HHZ wlEHEY o)L zA(Solid), HAA(Liquid), d=ZZE
(Aerosol), 7] (Vapor), A 1] BAH(Solid Particle)E 3},

323 9%}
QgPrte B2 BEAe A BAY 7ol o BHA 95 BFR} SNE 7
2ol AeviEEel 87 ATl BE /AEE bl + TS AL AL ol

oleld AEE& HHSE o83t AAR7 dA dFe A + v &UA Af{o W&
Hejo] & EFE Bd oS 2o
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<E 2 7479 Y¥(hazard)FZE0 el Fatfo wiE Fefo oA e F5-E &
23l Phase Matrix©]t}. o] Matrix® Shengol 93lA AA =N, {9 BHAGEFE F713t
Ly dutyd oz A g3tn e BEHF dlold. ot ZA7e H¥E Hu 12 Ru e YH
of wat AFE e TH19]1[20][24][25]. AE B9, 4 W& Fejo]l @& Oral ToxicityE EH
Aerosol#Vapors o1 %9 dluo] T35 e Edo] oz Eorte AEY FYHE
Aol o &7] did ool e &I

45L& RTECS(Registry of Toxic Effects of Chemical Substances) data®t MSDS(Material
Safety Data Sheet)®] AEE-E F=3le &IFaAoh.[23](29]

<E 4> A2H9 vWlE Yo wE Phase matrix

Solid | Lquid |Aerosol| Vapor | Solid Particles
Oral Toxicity 0.3 0.4 0 0 0.3
Inhaled Toxicity 0 0 05 0.3 0.2
Eye Irritation 0 0 0.4 0.4 0.2
Dermal Irritation [ 0.2 05 0 0 0.3
Carcinogenesis 0 0.3 0.3 0.3 0.1
Reactivity 0 05 0.2 0.2 0.1
Flammability 0.1 0.6 0.1 0.1 0.1

Z+ W2 9% Ave AAAHol I AH A AR #FEE F HoJU=A,
Adzol 2 AAH JeXd wet 1 &3 H5rr @dd Zolt) olet FE EE 84T
< HWAsA HGrrerle olgu o3 F oHE WA YA olFE L4 #Ho] I+
AR RE FHAA $AH £98 &30 ol¥A =& ¢4 ¢HE THHLE AYs
7] A gurd o2 AMEEE Analytic Hierarchy Process(AHP)E o] £3lo <¥ 5>¢ 22
MatrixE A A kot
Analytic Hierarchy Process(AHP)E 71E & ZASI:= 715Uy vz 53 a4 ¥
Hete] AZH Fxo o& EAE B3] A FE 7ot

<¥ 5> Mass Flow Prioritization Matrix
o 1 _E D C R _F
1 1/5 | 1710 | 1/30 | 1/2 | 1/20 | 1/20
5 1 1 1/10 2 1/5 1/5
10 1 1 1/6 2 1/4 1/3
30 10 6 1 15 2 3
2 1/2 12 | 1/15 1 1/5 1/8
20 5 4 1/2 5 1 1

20 5 3 1/3 8 1 1

0:Oral Toxicity, I'Inhaled Toxicity, E:Eye Toxicity, D:Dermal Irritation
C:Carcinogenesis, R:Reactivity, F:Flammability

m I Ogm =0
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<& 5>9 7 sloto] Y= #ES Rank Valuedtil 3t} o]RAL R;Z FAIEY $A4&9d o
€ AdAd #& zed 98 o, A HA o disiA AH R Oral Toxicity: Oral
Toxicityoll A 2 29 @2 Z lolgte #€ Z#EY XU & 29 dAdAME
ojETt &AL g& AL UAvteE AE ¢ F Atk °o]RL Oral Toxicity®2oh Az os 873
o tig 2 Mol dog F de A=V e RS v

o] Matrix® 7]|%Z Transport Column Vector F & A4 & F gtd. F9o 845& 4
Qo & DT At YA AAH Mo

=1,..,k (4)

1
A7 R 1A 99 rank valueol®, R, — (}jl X)) *5 ge BAE AT Uk

A HdlA X,;E kxk Prioritiztion Matrix X9 84 Eolt}. welA k=70] @t}
uwetA 9] #AE ol 88 A transport column vector F& T34,

= [0.01 0.05 0.07 0.43 0.03 0.21 0.20]7 7} €}

et 22 FAE T3 Ud, Z4 & Fejo] o} " S ZzZbe] g HHSE 7% $+ 3

=3
HHSE & A& thew 2.

HHS; = H; P;-F (5)

where,
_H;: A4 FA8AE9 iU HHS subscore

Py i8R 999ED jMA ME el B8 A5

F : transport column vector

2(5)9] _H, &= 29349 w& HHSY SubscoreZA] ©] & F3l= Wy e 7} o gZ=AA
58 Folv THRASTAAE=2EFXxIFPT)d <X 2>9 <HE 3>d JYgd 71FEXNE F
g Aotk F AAS 9 subscore HE <E 6>9<E 7>o Jehc}.
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<E 6 >Synthetic Cutting Fluid2] <¥# 7> Emulsion Cutting Fluid¢]
Subscore Subscore

Effect(E) H @ Effect(E) H 3

Oral Toxicity(O) 36 Oral Toxicity(O) 2.50

Inhalation Toxicity(I) 1.85 Inhalation Toxicity(I) 2.05

Eye Irritation(E) 3.45 Eye Irritation(E) 350

Dermal Irritation(D) 2.7 Dermal Irritation(D) 1.90

Carcinogenicity (C) 2.45 Carcinogenicity(C) 2.35

Reactivity(R) 48 Reactivity(R) 425

Flammability(F) 2.2 Flammability (F) 3.00

2l (5)8 o] &3l HHSE T34 <X 8>3 Zoh

<E 8> HAfro W& e BE HHS

Sythetic Cutting Fluid |Emulsion Cutting Fluid
HHS s 0.25 0.19
HHS ia 1.39 0.49
HHS perosol 0.41 0.19
HHS 500 0.40 0.39
HHS o4 particle 0.58 0.28

HHSE o] 83l ZF daf9 FA8A7 2 wiEHedd watA o= Ax9 FFS nA=
AE dolu gt o) AAE wgon F FHY HARE AT ALEAE 9, o=
Aol @7 FFIE t ®ol] X E dotrgih ol& HdA A, AT FHIHE
Br7rst7] dallA BSAZ AFAH zse HPL o AANH A85E A E43e Wl
da g, 28§ By F9 37l Multi Attribute Decision Makingo]t}. o] W2 FAA AU
g AAR Bde AFH QAL XTI F Y3, I v E FFHA JALE A FAHA
? 84S XTFAZE F dve Wolrth )

Multi Attribute Decision MakingZ| oA HZ A< H7MX E & v zZo| yvetd & o
t}.[4]

E; - stij )
where.
Syt 8 joll A W<k 9 A
Wi 29l jol B 7hEX

ol e HA S;9 7tFEX WE ARA FI=urt MR T2 EAlh ol EA
g #1237 AAA 7HFAY S HEEA
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2000 AAZBFFHEI EATGEHS

AA, HrlecE AAF9 571K W& PR 3. SEXe SN Hrleln akolx, #
AB3E Hriste wieteZE  Synthetic Cutting FluidE Al43E FAE S, Emulsion
Cutting FluidE Al&3te 4L E2 HA3A

H7l 84 9 dgdEy JtFEx HAL $89 RTECS(Registry of Toxic Effects of
Chemical Substances)9] d®olE ¢ MCSC (Material Safety Data Sheet)& #Z3d<o &3 2
] 24+ Wi gelo] oet AgHez deixrge JFE e AE JEYe 49 Matrix
g FANEYT<E D>

o

<E 9> HAfo wiE P BE +4E9 Matrix

Solid | Liquid |Aerosol| Vapor | Solid Particle
Solid 1 1/5 1/5 1/8 1/6
Liquid 5 1 1/2 1/3 5
Aerosol 5 1 1/2 2
Vapor 8 2 1 1/10
Solid Particle 6 1/5 172 10 1

7 §2o) Zzke] HEYue] hate] o= PEo| JFE vAE AE Yopuy] Astd 7 &
o #& Fon 1 Yoz 4 A4E Ut $HE Assd

PP Z+ 4o Y9 &S F3Y (25 64, 42, 11.95, 83)°] "o}
o] o2 7} 94 E UFo <F 10>34 £ & AUy

<E 10> H49 wiEg el & 7152 Matrix

Solid | Liquid |Aerosol| Vapor |Solid Particle
Solid 004 | 0031 | 0.048 | 0.010 0.020
Liquid 0.2 0.156 | 0.119 | 0.028 0.60
Aerosol 0.2 0.313 | 0238 | 0.042 0.25
Vapor 032 | 0469 | 0476 | 0.084 0.01
Solid Particle{ 024 | 0.031 | 0.119 | 0.836 0.12

£ o] gHo &3 JtFA HAE = 4 o] AsBFFoE thgH Fo] d& T YU

S 0.0298
L 0.2206
A | =10.2086
|4 0.2718
S-P 0.2692

S:Solid, L:Liquid, A:Aerosol V: Vapor, S - P : Solid Particles
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ARARE 018 E AAH HA PRl

5

AFA AN Ae AFA WEE FAA T WSFelol BE HHSY AEFo2A 27| e
AN4HE AHESE T3 FNH 83980 e AL HYY & Aok

WA zzte] AARHE AHESE A% Wz Felol We HHSEE JEUY <E 11>9 2
o vhehdeh.

<E 11> HiE3 WiEFelol o & HHS

v & & e} Cutting Fluid HHS #

Synthetic(S 0.25
Solid ynthetic(S)

Emulsion(E) 0.19
o Synthetic(S) 1.39
Liquid .

Emulsion(E) 0.49

Synthetic(S) 041
Aerosol .

Emulsion(E) 0.19

Synthetic(S) 0.40
Vapor .

Emulsion(E) 0.39

Synthetic(S 0.58
Solid Particles |7 et

Emulsion(E) 0.28

a9 93, 4 WEFHY B JtEHE e HHS#S A3, & 849 715A dHe §&
FozA < 12>% 2 IF FHFIF¥E & & AX+

<E 12 > HHSS 7132 4B @ o8¢ 244 tete]

873 Y7t
S L A v S:-P
7+ 2 H 0.0298 0.2206 0.2086 0.2718 0.2692 &7
Synthetic(S) 025 139 041 040 058§ 0665
Emulsion(E) 019 049 019 039 028 | 0335

S:Solid, L:Liquid, A:Aerosol V: Vapor, S - P : Solid Particles

324 MBI}

3239 9gH7 dAe Ax=E ¢ £ 9 50| Synthetic Cutting FluidE AH£3t: AA+E
BotE Emulsion Cutting Fluid€ AHS-ste A7 oA @73 9] A Yersth 5 AAH
o disjA w&d e & HHSE T3, Zt wi&elo) 71FAE F o3l AAILZ ALg
39& A$ole F tl¢t 5 Emulsion Cutting Fluidg AH&3le A27Eo] 3 e Meo] @
t}.

olg|g A ArtEz, AR @, AYFY #FEst FFHA e wElA gt
F Ak A AT 9FE UE £ Jdv SUYES F 13 HAHFE M A
o] u}&A 3t}
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2000 A 7B g Hety FAG=dH

B dAFA= BHAsIAHA AU E AdeEEr] 98] HHSS Multi Attribute Decision
Makingolgt+ 715X WS A& At 94 HHSEE WHES o83ty AA/ETAHAA
A wEHe] e oJ=AHE FAIFES vX=AE AESAG. o] AHE vygoR
Synthetic Cutting Fluidg& A}£3+% Z247F33 Emulsion Cutting FluidE AHE3lE AA7LE
o2 ¥ 71A thers AAZ g, Multi Attribute Decision Making”Z1' & o] &3] 2+ di¢tE
of 715 & Fosta digdES vugozH HAdLE A3t

o A#E Hst TH Zo] HFETAA AoiX e FAF A YALHE AtE
1) 7hedys A4FE AYdc
(2) LCAS] 42A & +3¥n.
D 43 44
- LCAE s¥3t= 533 ¥AE 4434
- LCACIAM A8 g7y es Adger

228 _;]
- 49 AR THYRE BRI 22590
3 9%t

- ZEFNAAM EAE HolHE 722 FIdHNE St
- HHS71Y & o] &3t Z} §Eo] et BHIIYAHEE A
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