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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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ol F MEE A FolA 7IFEL FHS 1 AMALH
Aot 1 Ay gstEsta #AHFE FopllA #3 7t 4
Aag2 H=E A8 (Recycling) Al 2=do] FEHUT AT ojATRLZ = A&EHO
2 Ftste H7IES HE¥E F e AHAd =2 E]Ri-T’— ol g o|fF=Z A F
AAAGA ojAed Y HAGARE FAEAE ezte FAIIFH AAA2H
(ECMS ; Environmentally Conscious Manufacturing System )o] A 2% Eof2 AHY
HA HA
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ECMSE AFY AEdAdAREH, A4, Az, &3, AHE, H7ld ol27|7t319 A
F9o A ¥HF7)(Life Cycle)ll 23 873& ndsle A22S gujscH3) s ¥
A3} e FA AdH, AR AFAF5S AAEE N1AFE, 2893 AA(AE T A
o] RE A EolidA #HL 1 HAVEHd AL J|Ego] 843 dF IYH
I o} Sheng¥ Hertwich[25]& 38 T 22 FAIAANAN sute] AFo] A
ALE 774X 9] FA A BA FAFd EHE EF - BASA, o]E& EUE AAHF
) A 4= (HHS;Health Hzard Scores)Zte AL AAE b ch A o]9} 22 AF
E M EFAH EoklAME vt Aottt JtEFTANME A stx] BAC f{Eg
Aol gl o & B9, A4 FAAA H =V 4, HA FTY upRe o=
A3 AAFF H7|EA, AaF AHgo] e 7] 2FF e wE UMY f{IE
A, 28z HAZAF9 A5 HUIEAHE & F Uh

ojg{d AFEL AL AFAHL FFE vA F U7 AE, AHEHE AA,
7, AY T disiFE @3 o zvt 2edth mEa 2 dFaAE ALt
A, B3 "4 71F3FAHAANY &3F9FE 18, o|E& FAAHHHLCALife Cycle
Assessment)gt= $FHI/IETE 4319 B #FIAAHE AxY 5 Je PH
& AAstnA ot

12 875%

o2

AdAute] ZA R A Ayl FLEA GAXNAEAN BHFIFS Folste
Bo] gol dFHAEH, o ATFE FE FI}ITH, 7IATEH 2L A FA
Aol FLstA FAHUJSG el AMFE Addte AAAA dAH 3 mA=
FFS Hristn, 2 HrHEFHE EH3t AAAFE AAstE WRle]l F2 ATHAU
. &A%t A FolA T FAGF] A FAHEN Ar]d qF AT}
guts] APHR Yot 53] HFF AN 49T L Hriste dde o} bold
o fgol vl§ gt wbM FHFELFE Hrtste Wy M o 2FdE @
g FE QA% §F9EHLE 7] JRAE $A HItdAS dAstT dolHe #
¥ Fotste, I dHolgd %e FFH/F WEE AYde Ao TosiT FHIY
Bt s AR ogs Zoh[3](8]
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Critical Volume MethodT 19923 Habertsatter®} Widmerel] 2ol3] 7i2d oir] o4
E4 2 73 o9 Y RaFE FFslstew Aot o] WL HHE AP &
A RS 2 FHY AFE Y8 I7MA Atn JE A 7T 2AFH 29 F
A FEE Hrtste Aolth Hoe=Z XA Je 7] 29 24, £33 249 A
% Z+ 999 Total Critical Volumed 4 (1)2 FEHA}

CV; = 2% 1)
H i,J

CV; = d71(#4) 43 jo Critical Volume(vol/functional unit)

m;; = WN(FA)EE jol Wisse 2 EF i &
(mass/functional unit)

= gi7|(FA)IFEE jd MEdE 29 EH 19 3% 7FE

(mass/functional unit)

A
<
!

87 EF WYPETOL AFH 49 874 FA vixes 932 gFssis Wy
ot}

873 ¢4 AFEPS) A2 24w A 49, 2499 874 d742 € Volvort
7b FFLE 199149 AFY 873 IF HIE Fuksy] 98 AR Aot o] A&
g2 d5 9 AU A @& 87 R By ojyE, tIdd 209 EF wEd
& 327% FEE FUE 4+ Aok Ad AY, 9% B4, A5, ¥ 5o ds 9y
B39 87 HIIGY(ELU, Environmentally Load Units)2 ANE 374 23 g

(ELV; Environmentally Load Value)& A3tz ot olv, 817 Rsaigo] oy
275 849 d9%E AA HE 74°]‘:1r

ez A4 ddyEe g3 &% FE#AE H3u 73  &F(Carrying
Capacity) 1322 o P38 Hrlaes %‘ﬂziﬂ 2929 YEd=o A gsEn
Aot of WS dA G- dAF FUte 5L A RHaEe NFoz (29 ol
“Eco-Factor"& AF&3t3, AFolY 4 SolA 2vEHE duyx 2 24, viadEs
248 Ed F& o] "Eco-Factor"o] 3] @A 4 (3)3 Zo] Eco- Pomt—— T3
= Wyolth

_ - 1 (. F
Eco— Factor 7y Fk xXC (2)

Fp: 81§ 34 Ra(F33dzn)
F : A& R3s(Fstz3/d3)

C: Fad AF(109

Emission : A4 W& ZFu&3/43)
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Eco— Point = 2,Eco— Factorx Emission 3

gA%a2e At PPe AT AdFolt A YA WEd + dE
A

48 71 29 g0l AN o= AE FRE FEAE Al HIBAE AY
$2, 20 GE 24AA A4 AES ANE F ARE T 24T Pdel Uk

Shengo] A|Al% HHS(Health hazard Score)7]- aZolnt.

HHSE 29842 A8 AAd Jdetd & e $4E Oral Toxicity(0), Inhalation

Toxicity(I), Eye Irritation(E), Dermal Irritation(D), Carcinogenesis(C), Reactivity(R)

-4 77HA 9] WEZ A} 31 4 FHY HY9E 0~IMAR 39 LIAEE YEY
i, aARAL NFEeR 3 9FE Hriste Wy ol th19][201[24](25](26]

A8 £o <E 1>olA Effects FI=E 52 Yebd Rol:, Dose: =& FE
HA42 Vel Aoltt, 281 Effecty} DoseE #§ A o] Oral Tox101ty7} FAoz
et 4 JE AEE JEdO

<E 1> Oral Toxicity(O)[19][20][24]1[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

2. LCA9 78

21 LCAY] B 2 B3

LCA(Life Cycle Assessment ; AZAF7hH& od AF, —"‘o g7 #dd #8737
pogde A4d £, duA 28z 834 wEE HZIES TEsY AFEstd £
A3, o2 g U], EF AlEF &7 wWEY 4FS 557P3P°4 87 MAE A
713 & o} Hrisle ddY AL ofvddt. [113]5]

LCAS 334 2AL §PHo2 AWK A% /A5 B AW A5
AE, 42 A9 AW, Az TH, 4F, &4 FF, W72 A 4L - A 2]
Y 874 09 HaE HagAsT AN B Easen Yok

919 LCAY 2#& EUE LCAY 53 A¥rd 3 AAZ LCAY H¥2 AF,
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AMelz, A 5 8774 gdd 09 FEAE JTHAE ez Ee Aoy, F
A= E—Xéﬂ HAR AFHAX @3, A FAHE ez Hrie AAgdE Aot
A dAE 8355 E Aides FFEdHI dohe Aotk #HAY ] HA £
< LCA H7te EFo| &3/ Ute] =& dvke R ol Hh[113][5][28][30]

2.2 LCAS] WHE

AAF LCA= AZE td2x9 435 d#d U 714 842 FAFHY UH
<9 1>

SE Bl e &It

<ag 1> LCA9Y 718 FA[1]

221 54 3 Wa4dA

LCAE 97 +8 E3& 983 Foshe 2oz Addc 238 4 99 44 34
< 479 B4, ¥4, 71T & 479 A& 1Fge He To= 7AHY e

g, @79 ZA0 gte ¥y R AXE tiEL 9F E4E A%t A A8E S
HAsAY E5 24U

222 EE EX(Inventory Analysis)

FE BHL 4 2AC dE 48, AV, W&, A7 F9 ¥3 FE(Burdens)S
i g o & gAd dMe <ad 2>9 e Ades e, 4z
gt 4rlel M dHold A&, AUA R Z4F HNECH, &9

olF AF, FAE, HIlE, 2 4F #4249 EFE 5.
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o2t LIFE-CYCLE &7 z= |
_ > QY 25
- UM &S —
/Y —> L’#QQ% 3
—_— A A ’

—> 0% HII2

I NE/MAE/S &2 —

X —>

HES/HIIE &

> JIEtHHE

<a9Y 2 > % Life Cycle stage?] Al2¥ ZHAY 23 € XA

BE1]

of wAdMS Fo BEoRE AR 47, AN 2 AW, a1 FHe AN,
A4, o4 2% Solth Wk B Y97t ARHW 24 B2 Ry

2.2.3 94389 7I(Impact Assessment)

FgYrle= B2 843 943dL PG ol 4 HIE FAIR 9o HFER
Aasle B F(Classification), EFE ZF 9dFE A3 3= EAHEY
(Characterization), 22|31 A ZFstd JLFEE 3ty FHrt dH2 T3 7HAB 7}

(Valuation)Z Y5 F3jdrt.
Qg Frte FA B4 AAHdA IFD 4 FAHE, 4 99 YA, AY AvF F
74 249 RaFES VIFo= Hrse 71, AFH, AHH AAHo|d.

2.2.4 719 7}(Improvement Assessment)

MAB7te 98 Z2ANE & de 718 E Fodsn 24,

ANzde 715 ¥aAA G HE HAA duA, AY 2HE JisEn 8
g AN A dALS Adstn =Y AR E Viestes Yo AF T
2 g5 A FAHd 2 A dg 2 AL 2 3 wEn Bdd B
gL Higsrl AE JFE Hike AAFHY AAHoH d £
oh.[1][31[6]1[121(21][28][30]
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3. @354 44 ¥ A7 - LCAS) A8
3.1 LCA A Aa7tg3Ae] AA
311 Aae Al "2 Fe mw

B dFoAME dasrgel FriEHE AATAHAM AMEsE Aafd dis AR
H7tg AA AT ol& A% U FHLZA <ITYU3DFH L HARFE ALgss
AA7E 2dg o] g3t

AP S s HAsMFAY Hafe 3&L HFE FYste AALFd A
253 ALEE HARE oAl recycling e ZE S22 FHol gt old A f{E oF
7tA FH 2 &= A vk A (Solid), HA(Liquid), o] 2% (Aerosol), % 7](Vapor)
a3 FFES JHEEE YA AYZIE Y 239 53 94 dEHE -9
solid particles $°] ¢t}

JIE CHE
Hegzo A4
DHIL&FT A+ &t =g 2y
et 20 CT =
=Re > T Toum;a HIolE ZE
20 HDN Se =
 o— Al 2|2 ans
Dm=9 2|0 &E Hoz& f ? e
&= %éf bk 271 = siE ue
= 2H
HRE FAR e oo ASE BAR
s 2|
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JIER &g A3
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E a7 AL AAdRE AA4FRdAA 7 Bol 2oli Q¥  Synthetic
Cutting Fluids$} Emulsion Cutting Fluids2 %th. ZF 74848 <E >3 <E 3>
o Jeldich

<¥ 2>Synthetic Cuttng Fluid®] +4 8.4

Max,| wts.

Component CAS # % lused (w)
(*]

Triethanolamine 102-71-6 | 20 0.20
Polyalkylene Glycol| 9038-95-3 | 35 0.35
Tall Qil Fatty Acid| 61790-12-3 | 20 0.20
Boric Acid 100043-35-3] 15 0.15
Benzen 10 0.10

<3 3>Emulsion Cutting Fluide] 7484

Max,| wits.
Co t CAS #
mponen S % |used (w)
Ethanolamine 141-43-5 | 15 0.15

n-decanoic Acid 26869-20-8| 15 0.15
Aminomethlypropanol | 124-68-5 | 15 0.15

Heptanoic Acid 111-14-8 | 15 0.15

water 7732-18-501 40 0.40
<FE >3 <E 3>AM ‘Component's AAFE FAsE TAHL4Aol3 CAS #&
o]0 Z} mE&WBOTh Max, %'E HAARE FAHL e Hd ¥ &E ez,

‘wts. used(w)'= HAISZ FAS=Y AHEE 4 =, ZFERE YEehdoh
32 AAH% LCAS) 54

25 2 99 A4 dAE LCAS #3317 H3A 7Y Fag dAoln. 533
We)e MdAsoryt Holy FHGANANY FFHE FE3L, vl - BY dAINA

B0 %t 2HE d& F U7 dEoH

321 534 % @944
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E Q7o AL HASE Synthetic Cutting Fluid®} Emulsion Cutting Fluid2
3ta1, o] FAIE SAEL <E 2, <E > 2.

2 AFoA ALEE LCA B4 Wy o 2= HHS(Health Hazard Score)9t 713X
£ o]£3% Multi Attribute Decision Making 71§ & o] &3l B4 G Hr}sich

322 BEE4

EEFAE datad] 3F, 4EH €9 T& XA E53) e Aot

A HAHR i%:— <E 2>9 <E 3> detd dAfe THLL2 ¥ o] FH8L
B2 FAUMEE AXEA gastA FHE HEHeH o2 A (Solid), A
(Liquid), ol °] 2 & (Aerosol), %7](Vapor), A v §AHSolid Particle)® g+t

=

3.2.3 9FH7}

FFF7tE B5E £49 AFd #HE TFo|th o] M FPHE EFG EA
sl ZZrey gEvEEe] 874 T U JdEE UEd ¢ AEF AFste A
A Aol

o8| AEES HHSE ol&ste AR AAd F&FE vd F A& 807 A4}
f9 W2 Feo) e BFE 1Y e go

<E & 4749 A¥(hazard)ZEE] dsf H2F9 W& Feo] wepr] Zz)
A48 &9 Phase Matrixo]th. ©] Matrix¥ Shengol]l 93fA AMAHY1, HAH9
B4 9FS Hristed dRbH o2 ALstn Qv BF el ol 47 ¥
o 12 23 wiE e w2t d4E EFSH191[20][24][25]. €& £, &4 wiZE
g eo] W& Oral Toxicity® B Aerosol@VaporE o|E £9 &rte EX3F=ol 9
t Edo] gJoz Bojrte ARY F4HE Aol o B2 "WiEd oolgte #g &7
a‘h:]-

HA4EL RTECSRegistry of Toxic Effects of Chemical Substances) data$}:
MSDS(Material Safety Data Sheet)®] A85E-& Fx3t 33 A h[23][29]
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<E 4> AAF9 vjE ¥ejo] W& Phase matrix

Solid | Lquid |Aerosol| Vapor | Solid Particles
Oral Toxicity 0.3 04 0 0 0.3
Inhaled Toxicity 0 0 05 0.3 0.2
Eve Irritation 0 0 04 04 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 W&y % AFde AAFHC] F 2AH YA AR FL} F F
AQEA, FPxHol Z HAH JeAd w2 1 ¥F F57 @3F Rolth 9
o} & BE 8AES FYFA Husv)e ok ole @ oHEE M ¥
Al olE 829 B v AHEAREE FHAQL $A oHE 223 oA =
% 4 £9E FTHHLE AYsr] YA dvrFHeR ALEHE  Analytic
Hierarchy Process(AHP)E ©] 839 <& 5>¢ & MatrixE AA| 3},

Analytic Hierarchy Process(AHP)v 7t$X& ZA3E 7FEXHY vz B3¢
84 2 Uty AFH Fxo 9 FAE B3] FYI) F= 7)golnh

<¥ 5> Mass Flow Prioritization Matrix
0 I E D C R F

o[ 1 |15 |v10]13 ! 12 |1/20 | 1/2
1 |5 L1 1 lvo] 2 |k s
E | 10|11 16| 2 | 14|15
D | 30| 10| 6
C | 2 |12 1°
R | 20| 5 | 4
F |20 | 5 | 3

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

<¥ 5> 7} slotd] Y¥E FHEL Rank Valuedti it} o]AL R2 HAI3IH £4
£9d wE AdAHUA FE e G2 Eo, A WA o uisiA ¥Rl Oral
Toxicity® Oral Toxicityd] tiaixE 2L 29 AAo=z lo)gde #E zEt 3}
gk 18 249 AANAE olRYg e g /A UAYdE AL ¢ F U oA
Oral Toxicity2th AtiF oz Ao izt .4 Aol dojd F+ A= A=/ ¥
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|

= AL o,

o] MatrixE 7)% 2 Transport Column Vector F & A4t & 4 Ut F9 82X
EL 4 49 Ze 7adt AHslol oA AA o] A

F;_

R; ,i=1,..k (4)
>R

1
A7 Ri= Al B¢ rank valueol®, R; = (}i X,) *3 ge gAE ARz

4=

A AolA X+ kxk Prioritiztion Matrix X9 8 A42E0o|t}, utgtA k=T7o] €}
wetA 9 #AE o]L#lA transport column vector EE T3,
_F = [0.01 0.05 0.07 0.43 0.03 0.21 0.2017 »} |},

dst e BAET T UE, 2 WS Fejol wk A4S ZZo] Bd HHSE 7
g 4 sloh
HHSE T3t A& thest 2t

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

where,
H;, : AAF FAHR_AE2 iHx HHS subscore
Py ivA AFYETS jpHA wjEF e B ASF

FE : transport column vector

() _Hie 29544 W& HHSY SubscoreZ4 o] &g Fae WYL 74
LHFAAEE TIe FA(LATAAE=EFXFIFAD)A <FE 2>9 <& 3>

Ueld 7tEAE F8 Aotk F HATY subscore HE <& 6>94<E 7> Yehy
A,
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<¥ 6 >Synthetic Cutting Fluid¢]

Subscore
Effect(E) H 3
Oral Toxicity(O) 3.6
Inhalation Toxicity(I) 1.85
Eye Irritation(E) 3.45
Dermal Irritation(D) 2.7
Carcinogenicity(C) 2.45
Reactivity(R) 48
Flammability (F) 2.2
<¥ 7> Emulsion Cutting Fluid ]
Subscore
Effect(E) H %
QOral Toxicity(O) 2.50
Inhalation Toxicity(I) 2.05
Eye Irritation(E) 3.50
Dermal Irritation(D) 1.90
Carcinogenicity(C) 2.35
Reactivity(R) 425
Flammability (F) 3.00

2 (5)& o]&3ste) HHSE T3¥H <X 8>3 ZTh

<E 8> 2o WY eel @& HHS

Sythetic Cutting Fluid |[Emulsion Cutting Fluid
HHS 4 0.25 0.19
HHS 1ipia 1.39 0.49
HHS 4crosol 0.41 0.19
HHS ,z50r i 0.40 0.39
HHS i partice | 0.58 0.28

HHSE ol§ste] 2+ hakse] TALA7 1 W&ol Haky o= J=e| JPg
AAs g Golugt oY ARE wFoz T FFY FAHE WA A
ga9e o, o= o A FTL o Bel WALAE Lotugth & AN
S, ANZIES BAITL Wrter) AN B AFH A=} A e
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A4H ARE A FAst= el e 2 @ F9 syrt Muld
Attribute Decision Makingo]th. o] W2 HAAHQ oJAlZA 2dd HFAHQA 94
S XTEANE & 3, 3 9 E FFHA JAE A HAHA 2AES XEHAL
T e Wyelth

Multi Attribute Decision MakingZ|®HelA #HE2< Hs1x EE t&3 o] el
3 4 urh4]

E; _ zm Si}' ®

where.
Syt 8 jol dig dier io Hrlx
W 29 jol qE 713

o] WL HIA S8 FtFEX WE of2A Fausl b Fog Exold o
2 FAE MAs7] AHA SHFAYS H L3

bA, Brteas AR 57HA wERHE 9. EXE §AH N Frlojn &
Aoli, $FFI}E Hrtste digteZE Synthetic Cutting Fluidg Al&3ls 2R S
S, Emulsion Cutting Fluidg& A}&3t= 33S E2 dA st

B7b 84 FE UbEY JMFA AL 938l RTECS(Registry of Toxic Effects
of Chemical Substances)®] ©l°o]E 9} MCSC (Material Safety Data Sheet)& #x3}
o o3 o] Z+ wiE o wel Aoz AviwrEe gL mAE & UE
Ye $8¢9Y Matrix® FAAEUT.<E 9>

<E 9> A4fro WiEHeo ©E -4¢9 Matrix

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

2 5o 2zte Mol el o= FTo YL PAE N Yolus] 9
sed 2 de) ¥ TEHT 1 BOB Z Y9AE UrE UL AEHY

FEo 2zt o] 49 §& TIE (25 64, 42, 11.95, 8.3)0] Hrh
o] ko2 Z+ 9A2E UFo] <F 10> L &L Ik
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<E.10> A7 e ed B8 1% 2 Matrix

Solid | Liquid |Aerosol| Vapor |Solid Particle.
Solid 004 | 0031 | 0048 | 0010 |  0.020
Liquid 02 | 0156 | 0.119 | 0.028 0.60
Aerosol | 02 | 0313 | 0238 | 0.042 0.25
Vapor | 032 | 0469 | 0.476 | 0.084 0.01
'Solid Particle| 024 | 0031 | 0119 | 0836 0.12

£ o] gEo 4T 1A HEE 4 Yo dedToz i Zo]l & F 4
Ak,

S 0.0298
L 0.2206
A |=]0.2086
Vv 0.2718
S-P 0.2692

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

olgA AN AL JtFA YHE Feld T& wEFed W& HHSY HEFozH
Zt7] & HA4FE Abgste T ToA 84IF AL AL AYE F Y
WA zZpzke] HARFE AMgste I3 wlE FEld ME HHS#HES UehiE <X
11>} o] yehdr.

<E 11> 9= W& eed =& HHS

&y H Cutting Fluid HHS #
Solid Synthetic(S) 0.25
o Emulsion(E) 0.19
Liquid Synthetic(S) 1.39
aw Emulsion(E) 0.49
A | Synthetic(S) 0.41
0S0
er Emulsion(E) 0.19
v Synthetic(S) 0.40
or
ap Emulsion(E) 0.39
Solid Particl Synthetic(S) 058
es
ot Emulsion(E) 028 |
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S, 7 MEPeol me s1EFHE s HHSRHS Aeste], 2 g4 712 ¥
Hel B¢ BHOBH <E 1257 2L HF B49FL g + U

<& 12 > HHSS} 7t54 HEE o8& A4k ddy

HEFREH7
S L A V S-P
7} x) ¥ B 0.0298 0.2206 0.2086 0.2718 0.2692 | %73 g
Synthetic(S) 025 139 041 040 058 | 0665
Emulsion(E) 019 049 019 039 028 | 0335

S:Solid, LiLiquid, A‘Aerosol V: Vapor, S - P ! Solid Particles
324 AXH 7}

3239 9gH7t DA AH=2 & 4 glX°] Synthetic Cutting FluidE Al&3tE=
A27bF BuhE Emulsion Cutting FluidE AMEEE A7 olA @74 98] A A
etttk 5 Aol disiA W& e o0& HHSE 738tx, 4 W&y ed 715X
E Hoste] AA7LFo] ALEEPHE A $ode F et $ Emulsion Cutting Fluid&
AL8-ste HA7hgo] H 2o AMde] At

oleldt AdE Az, AR #E, FFFY Fst ZHA YA Wty
g&td ¢ Aok BEA AVt IS vE £ e 29ES T z;EEle A}
& Adgstes Rol v 3.

E dFdAe #FHHA A Adgsr] 98 HHSS Multi Attribute
Decision Makingolat= 743 W& Algslgth W4 HHSEE SHES o] &3y
AAFE TR AN AR wEged g J=Fre FHIIFS MXN=AE S
3ttt o) A#E ubg o2 Synthetic Cutting FluidgE AM23tE 2 47}3 3 Emulsion
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