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There are various micromachining processes available for manufacturing highly integrated and precise parts, each having
its own characteristics and limitations. The degree to which micromachining processes meet the requirements depends on
characteristics of parts that are different, making it difficult to determine the most appropriate process. In this context, the
present study presents an algorithm for determining the optimal micromachining process by applying the Fuzzy AHP-
TOPSIS technique frequently used for multi-criteria decision-making. Fuzzy AHP was employed for calculating weights of
requirements for a given part. Fuzzy TOPSIS was employed for determining ranks of candidate processes based on
weights of requirements and evaluation of processes. Fuzzy logic was applied to handle ambiguous and inaccurate
information encountered in evaluating the relative importance of requirements and performances of processes. The case
study in which the optimal process for micro-hole drilling of a fuel injection nozzle was determined showed that the
proposed method was effective. It could be extended to micromachining of various shapes.
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1. M2
NOMENCLATURE
M, , = Pairwise Comparison Matrix 2 Ay, FAL B o=, A, g TY AbdelA F
S; = Fuzzy Synthetic Extent Value wel ngHstet wAHsR Aok 2ay w5 5 AR Wt

a7 328 S8k QUHL. olefet 2 L ABe o2t

4 (x) = Fuzzy Membership Function mlolaE A W % 23], mo]Z2 ozl @ Ak, o

=~

W = Weight Vector & UBUE U A FA) o gli=r, ojo] A s
ﬁij = Normalized Micro Drilling Evaluation Matrix u|d| 7HE 7€) QFEHh webd uA T 7€) EAE
d; = Distance from Fuzzy Positive Ideal Solution HloFH o 2 o] folA h=H), 11 BIRAM Tk Thett Ha A

- 71 2]2~ Ay T ZR AR 22 T AAA 2 ABAR
d; = Distance from Fuzzy Negative Ideal Solution I A5 7 EE_’ 4 e H S5, elan A8 B A3

, 4 Sl AlRte] At Eof5aL Stk

CC; = Closeness Coefficient

, SEAIgE ofelgt mlA) 7hgel et e F7iet 7l waelE
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Atell A= L FollA = AHP-TOPSIS 75| Fuzzy =25 &
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= 3= s Z1]*]?‘}‘:‘r[5] Hoh Ao 2= vlA 7
tE AE e 7Y 8 23 47 ditt F8EE
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wopollA Tl AR RAIE SiET AllEel Bl (it
[9,10]. L FollA 7heat TE AHES AvEd AS5Ax
(Additive Manufacturing)ol| Al 224 9] 715 2 AEst7] ¢
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Fig. 1 Concept of open manufacturing platform
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Fig. 2 Proposed methodology for prioritizing a micro machining
process by Fuzzy AHP-TOPSIS

o Aty Wl AEES 4R oA AE A Ha
R Fuzzy AHP 7]%& AMgslo] 7t 2A50] 7172
balzt] ARgET. mhXet Aol A Fuzzy TOPSIS 7]

e

/\P%ﬁ}ojl & dANA AL THEAE A DARA 2
Hrhke] AEA7)1, 11 AvE BEYE aEE AR
alA 7he-E gk 229 tﬂ S AAsHA "t o] Il Ab
¥ Fuzzy AHPS} Fuzzy TOPSIS 7|92 t}-Sol| ] Ko} 24|
7

of flo 2 mX Ho
2 rén

ozi

2.2 Fuzzy AHP

AHP= Saaty7} 31QRE tp7|& QAR 7|R{oltH[13]. 7]
o] Fuzzy =2]5 &3l Fuzzy AHPE:= Table 19]4]2} o)
e A T 19 HE 42 Funy £ o] 2
o Yol G v} PSS T Rl of 7
Z} Fuzzy 5= 313k, 2947k, AL (1, m, u) & 012017\]“
o, & A2 Fuzzy 5= 4, = (I, my,uy), Ay = (L, my,uy) 71 9L
= o o]F Afo]o] A4k thEat Zro] A ojHrt.

4,®4, =

=

>~
oz

(U, my,u) ® (I, my, uy)
= (Il my*my, uy*uy)

a®4, = (a*u,,a*m,a*l)) 2)

Table 1 Triangular fuzzy number for pairwise comparison

Linguistic variables Triangular fuzzy number

Equal 1,1, 1)
Very slightly (1,2,3)
Slightly 2,3,4)
Moderately (3,4,5)
Highly 4,5,6)
Very highly 5,6,7)

1s () A

1
A

Fig. 3 Triangular fuzzy membership function

A= omn)! = (o7 G

A A2} Fuzzy 4= A, = (I, m,u)7b Q2 o 912]9] 7k
2= W x7) Fuzzy Aol 245 e =5 Uehl= Fuzzy
4] ek=(Fuzzy Membership Function) g, (x) = 4](4)e} &
o] FoE=t, ol& TAlC® el Fig. 33 o] F4%k
(my)ell A= 15 7HHA ST 3Rtk (u el = 05 2
Z}eg o] 7t Hrt

¥
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2 oA B B AFY v 7R sl atEE
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sto] a7t 2459 7IAE ALt o] A, Y] 2 =
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TAE o]&sto] -2 4= Sl
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Table 2 Pairwise comparison survey for Fuzzy AHP

Which is more important? Equal

How much more important?

(] Min diameter or [] Max aspect ratio o

[ Very Slightly [J Slightly ] Moderately [] Highly [(J Very Highly

(] Min diameter or [] Feed Rate o [ Very Slightly [J Slightly [] Moderately [] Highly [] Very Highly
[] Surface roughness or [] Commercial availability o ] Very Slightly [ Slightly [] Moderately [] Highly [] Very Highly
Hs(x) A S, S

1

V(S, >S;)

I
'
1
1
1
|
|
|
|
|
1
1
1
-
i
I
1
1
1
1
1
|
|

v

L my li mpuuy

Evaluation variable

Fig. 4 The intersection of fuzzy numbers
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2.3 Fuzzy TOPSIS
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o] ShLjolTH{15]. TOPSISY] 712 gleji A Ae] Az 37
9] 3243 (Positive Ideal Solution, PIS) T}= it 71744 Qo]
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E+= H]8 7]&(Cost Criteria) 22 U131, )& Table 3] AA|IH
ololE o]8sle] Mepr oz Wrlslelof shrh Zlolck Irke
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N l; my; u; N
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Table 3 Triangular fuzzy number for linguistic ratings

Linguistic variables Triangular fuzzy number

Very low 1,2,3)
Low 2,3,4)
Medium 3,4,5)
High 4,5,6)
Very high (5,6.7)

ANISYS A(13), A(1HE H8310] Fr=rh. 4(13), Al(14p]
oF 4= glizol, ot AR R4 sAAe 2 23] 8
= 3578bE Fuzzy 5 909 ko) Holght asgtol
U HE 71 die HithE 3igke] 2agh) 2oigho] ok
. (max vij|i € benefit criteria)
Vv, ={{ ’ }}i= 1,2,...,n(13)

(min vi’j|i € cost criteria)

B (min vijlie benefit criteria)
Vi ={{ }}i= 1,2,...,n (14)

(min v, |i € cost criteria)

T thogE A A9x|e} PIS, NISS| A2l(d), d;)E
ofefle] 2)(15), 2](16)2 o8] Z}2} 3t}

+

dj+: D (vi=vi)
i=1

= S iay - a by - b)Y H(ey- ¢V (9)
i=1

j=12,...,m

n
d; = Z(vl-jfvl-)
i=1

= 3 Jtay-a) (b= H(ey- ) (16)
o i=1,2,...m

upxjako 2 7+ Melx]9] X% A4 (Closeness Coefficient)

£ 02 4S ol gste] 3 Ho, Aktd 2= AE Ul
Papesto] 2E w95 2HsH Hrt
a.
CCi=—4L—,j=12,...,m 17)
4 +d,
3. 993 A

3.1 04| 7K 2 HIE R 27
B AL HAY w7 S 919 Fuzzy-AHP-
TOPSIS o] 3-8 o2 Fig. 50 Hol Zi} e 71&e

Fig. 5 Fuel injection nozzle

X,
o m

N
:

B AHGasoline Direct Injection, GDI) &l 212 A& F<]
A7 3keiek. GDI Il A=et 3715 E3sto] A
Yu o) ohfel dlael g718 Relslo] B
T} GDI 22l 432 §AI5H] i 1= 29

ol
-

Y e

Hi AN =2 o (i n
o I e 5
N

1o

o 4

=
>
N
¥
E

7, Al T0], 29 A7), 7Hs =, BAAE T STHRIE A
kATt Fuzzy AHPS Z-8sto] AAE 7] a4 2719
FTREE AUtslr] flsliAls WA A= Table 29] Al
H| RS whotol gt} ot Aol A=A 1 AiE B
Y2 A 87 208 VM RS RE 2 del FRE
& ol Hiek. ol FRE WrhE Table 19] Aol 77}
= Eoj= s,

Az 79 wZe] AUG AR LA PP 20 Ao 4
o 3 A7a 2o T A7 2T, webA A v
ARolA e 87 AT 1R Jise A4 79 479 1
W AW et SR} o A B AR ol 4 9
o, 5k, Q1R B} o) 7 Zolsh Ao 4] uhgo
2] Eulo] gt FREE ThE gEo] w]s) wef v 7}
2 Aeka o 4 ok 9l9t e 7t 2 27d5e) Ay
FaE8 Tejslo] Table 20 4] vl 8L AT,

AR 79 3G 1R uAl ZBY FREAL AEA
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Table 4 Pairwise comparison survey

Min. diameter

Max. aspect ratio

Surface roughness

Production rate

Economic feasibility

Min. diameter Equal Highly Very slightly Moderately
Max. aspect ratio Equal Very slightly Highly
Surface roughness Very slightly Highly Equal Moderately

Production rate Very slightly Equal

Economic Feasibility Moderately Equal

Table 5 Pairwise comparison table

Min. diameter

Max. aspect ratio

Surface roughness

Production rate

Economic feasibility

Min. diameter (1,1, 1) 4,5,6) (173, 1/2, 1/1) (1,2,3) (3,4,95)
Max. aspect ratio (1/6, 1/5, 1/4) 1,1, 1) (1/6, 1/5, 1/4) (1,2,3) 4,5,6)
Surface roughness (1,2,3) 4,5,6) (I, 1, 1) (1/3, 172, 1/1) (3,4,5)

Production rate (173, 1/2, 1/1)

(173, 1/2, 1/1)

1,2,3)

1,1, 1)

(1/5, 1/4, 1/3)

Economic Feasibility (1/5,1/4, 1/3)

(1/6, 1/5, 1/4)

(1/5, 1/4, 1/3)

(3.4,5)

(1,1, 1

Table 6 Fuzzy AHP result

Min. diameter Max. aspect ratio Feed rate Surface roughness Commercial availability
Si (0.167,0.265,0.415) (0.089,0.151,0.248) (0.092,0.137,0.207) (0.141,0.218,0.346) (0.153,0.229,0.344)
W 0.305 0.127 0.073 0.242 0.253
Table 7 Evaluation of Micro drilling
Twist Spade  D-shaped  Single Laser EDM ECM ECDM EBM  Ultrasonic
Min. diameter Medium Low Low Medium  Medium High Medium Very High  High High

Max. aspect ratio

Medium Medium Very Low  Low

Very High  High High  Very Low Medium High

Feed rate

Very High  Low Low High

High Very low Medium Low  VeryHigh Low

Surface roughness

Medium Medium Medium Medium

Very High ~ High Medium  Medium High  Very Low

kel

Commercial availability High Medium  Medium Low High Medium  Medium Low  Very Low Medium
wob 4 RS AHelof Tk Table 42F 2 ) uliL S WA I, 4(10), A1) ol8ste] Birskiick. T
£ M,, S A4 0, A9 87 27o] jA9 & 2UNL  R: Fuzy AHPIA T8 71FXE A1) B9 15 3
Ry Table 39] <dojd Hr7IE dgstar 7tz ALstc). o|FA ARSI 7227 ALy JFEHE

hyz [y i
&7 A

M oll= RIZES Ygict vtz jEo) a5k 2xio] /o] a7
znc 288 Aol Mol dold BrE dsin
o]z FH7}= Table 39] AHzb
98 e dege

= ojzbal
2A| e E A Bl ulsE= Table 5

3.3 Fuzzy TOPSIS
FUZZy TOPSISo|| AR&-E v]A| 7ol gt 2 240 8 F7}
£ Table 73} 2t} w4 7k REel did RS Ak wA)

=
o

7}3t= Table 83t Zt}. 7hgw Br7EsolA 2](13), 4]
(14)0] whet zF @3 =70l FAA Sl SAMPIS) HA = ol
SHAYMNISYE Zr=t}. X4 A9 A¢ 1 Fto] 2245 £
7] wjEo ECDMo| PIS(0.096, 0.112, 0.134), Spade, D-shaped
7} NIS(0.168, 0.224, 0.336)0|th. BE Q7 2710 T3] PISL}
NISE 3k &, 2](15), 21(16), 2(17)y& A3t = AL
C; & 3 A= Table 92} 2t 2 AA|A =, 2H=E A
F7F 0.854=2 7P 2 oA 7ol a4 2S FHAI=
2|2 7k golet & 4= ol

R

4. 4E

2 AollAe #HA v 7k 8 Ad9E s Fuzzy
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Table 8 Normalized weighted evaluation table

Twist Spade D-shaped Single Laser ECDM EBM Ultrasonic

Min (0.134, (0.168, (0.168, (0.134, (0.134, (0.096, (0.112, (0.112,

diame.ter 0.168, 0.224, 0.224, 0.168, 0.168, 0.112, 0.134, 0.134,
0.224) 0.336) 0.336) 0.224) 0.224) 0.134) 0.168) 0.168)

Max (0.09, (0.09, (0.03, (0.06, (0.149, (0.03, 0.09, 0.12,
aspect r.atio 0.12, 0.12, 0.06, 0.09, 0.179, 0.06, 0.12, 0.149,
P 0.149) 0.149) 0.09) 0.12) 0.209) 0.09) 0.149) 0.179)
(0.031, (0.012,0. (0.012, (0.025, (0.025, (0.012, (0.031, (0.012,

Feed rate 0.037, 018, 0.018, 0.031, 0.031, 0.018, 0.037, 0.018,
0.043) 0.025) 0.025) 0.037) 0.037) 0.025) 0.043) 0.025)

Surface (0.067, (0.067, (0.067, (0.067, (0.048,0 (0.067, (0.056, (0.112,
roughness 0.084, 0.084, 0.084, 0.084, .056, 0.084, 0.067, 0.168,

g 0.112) 0.112) 0.112) 0.112) 0.067) 0.112) 0.084) 0.336)
Commercial (0.051, (0.038, (0.038, (0.025, (0.051, (0.025, (0.013, (0.038,
availabilit 0.063, 0.051, 0.051, 0.038, 0.063, 0.038, 0.025, 0.051,

Y 0.076) 0.063) 0.063) 0.051) 0.076) 0.051) 0.038) 0.063)
Table 9 Fuzzy TOPSIS result
Twist Spade D-shaped Single Laser ECDM EBM Ultrasonic

d; 0.272 0.455 0.559 0.378 0.123 0.339 0.235 0.447

d; 0.574 0.391 0.287 0.468 0.722 0.507 0.611 0.398

CC, 0.678 0.462 0.34 0.553 0.854 0.599 0.723 0.471

AHP-TOPSIS 7% &-8-5h= S AAISHAT. Bt 5144 S7gol ek Bt et ofsfiel Brirt Basiohal & 4 Qlok
o2z v 7k B E AlE B FEY 8 24 47 L AWEA oA Tk B E okt a9t 2HoR )
et $R =5 AHP (Analytic Hierarchy Process) 7|2 ©]-8-5} 22o] AAo] o A Y A= EAlIA Huh At sid
o AAKsE 5, o]& TOPSIS (Technique for Order Performance by HHHS Hr)h &40 2R 4= 9Jo g} 7=} ESF u|A| 7}
Similarity to Ideal Solution) 7|%ell @iAlste] Hzle] mAl 718 B SIe A A= BBl M B4 AL 9Iak A

TAL A WS AT o] TN o 249
SRE BGrtet viAl 7k 349 Hee F7e] Fuzzy =2l &
Hastoan 2+ AR o|EHA Hyh} A& 4=%]of 2|5k

TTHT

B2} ofe} dlojmn RHEE B MRS st A

oty Wb o] AFAL ozl AR £ =2 Al E B gl
PRty

B B0 A A A8t Fuzzy AHP TOPSIS 7|#H-e @31 270]
U AR5 doa S8 24es 4 vk Ado] 9t

L)

oAl =01, d& FY =& ARolA] a4 208 x]—r A=
U 713} 22 271510 u)A] 71E 9PHoE AIM (Abrasive
Jet Machining)S £7}8lle SUst HHS 85te] EAE &
A% 4= Qlrk. E3E, o] WS 2ol Fof - 7Rt of
Yzt 4 718 5 oE 2ol A A8 = k= AA
| St} BlEo] o 2719 Fo% B 7k 389 ARt
7ol oA Frts S8t 2N Bt o] =t
= AHol oot
mEba] 2 AtolA AAE S B H5808

Fasdo] Qltkarl wtE. o] & fJefA= =5 wiAl 7]4‘4—} t]f
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