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Tool life evaluation of micro-end mill for PCB machining Using Design of

Experiment
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PCB (Pr |nted Circuit Board)™ 7] HAA4E 7HA= 7|39 PCB7}&ol Atg5E vloldz2 Q= ALE $HS
Eaw 2 gRel @4 AR mEE =4 AW wev] A QR $ES ] s oA Pae
& =74 ARE Pgste] AAZ Aotk PCBE Z2HE  olgEAIUTE oA el Zd AAE Heae
A REES @A AAD o] REE NEF AT YL Has sto] Fdol Aok s HAo Y=
e 22 d3o g}l #Hrkst7] Yske] SNH|(Sinal to Noise ratio)S AF-&3hcl},

T EdAAY, 19 A2 Fo Hd A §
59 2¥stet 7, PCB o] AHEEHE S5 (slot)olu =
(hole)oll thel At Fu~=41 pum Bl A7|o] & AlF
AE 7K 7hse] agrEnh o]E Pl FE ompola® <l
= (micro-endmill)&  AF&3}= CNC(Computer Numerical
Control) 7}& Fu|7} ALgdt} skX|9 PCB 7F&S A3l
A A e = wo]laR HEde] A 7]E9 mlojdg A=
e e 724 EHoE ?léﬂ Bop gk bz
EHL A7 arE A ok
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a) General type b) PCB machining
Fig. 1 Micro-end mill shapes
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Fig. 2 SEM image of broken micro-end mill

SNHI= 919 Als e} 3heo] WlE = yebdit SNHl= 54
SrE Ay FH0 SA wet Aort debA =, &
AFeAA o] &3 5421 7FF Al (machining distance)™ L
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S5 1mmi el = A7t 7k vlolaz wAY
Al2=Hl (Fig. 3)S ol&sk3laL, AREH violam A=d
(WETLO06, NEOTIS, Korea)®] AtY-e Table 1 3} v}, &4t
%] Z-¥+(CCL-HL832HS, Mitsubishi Gas Chemical Company,
Japan)2 WF=A] 97128 7]l BGA (Ball Grid Array)2]
AAFoZ  AMREHE  AFolw, X A(workpiece) =
AFS-3lg T PCBE 123} metsle] Ful H=gS njEsl
gt AgES ABEske] Azl Z1AA kel B
Hape = 2= 9}

Workpiece
#Sacuum Chuck

|
Wacuum valve

Mlcro stage -

Fig. 3 Micro- machlnlng system

Table 1 Specification of micro-end mill

Diameter No. of Flute Material
. . Cemented
Micro-end mill 650um 3 carbide
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Fig. 4 Process of machining

Table 2 Levels of factors

Factor Level 1 2 3
Cutting speed
(m/min) 50 60 70
Feed per tooth
(mm/tooth) 0.002 0.003 0.004
Layer No. of
w);rkpiece © 423mm) 07 05mm) o ngm)
(thickness, mm) : - .

Table 3 Orthogonal arrays and experiment results

Exp. Machining .
A | B c . SN ratio

No. distance (mm)
1 1 1 1 12655 82.05
2 1 2 2 3419 70.68
3 1 3 3 2279 67.16
4 2 1 2 3599 71.12
5 2 2 3 2339 67.38
6 2 3 1 14816 83.41
7 3 1 3 1799 65.10
8 3 2 1 17643 84.93
9 3 3 2 3599 71.12
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A2} 412 (cutting speed, 60m/min), Y& ©]<%3¥(feed pertooth,

0.003mm/tooth), EA} 5ZF(FA0.7mm)2] Z7oAM JIEFES
FYstlom, 239 wHE Aigte @ 3059mmE
gkl E A

A A3 7y =4S vl o R Table 29 o] A3
Aaret FES HASe] Table 301w AuwwjdF
(orthogonal array)& 23 § Ad 2 dF b
HA4S Hysto] vlolaz A=wo] RA7|7A ] 7
Age  FAAer A olgdtel SN wE
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Table 3 o4 AlAtE SNB|E ulgro 2 13k 7z} Qlx}le}

33 &F Z= A 24

FeE &%eE Table 4 ¢ Zvh AVIA FE A
(deviation)= AAFe] FFEH @] Hpd FHAF
2ol gkol™, 7]o]f(percentage contribution)S 42F )9
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Table 4 Response table for SN ratio of the machining distance

Effect -
Factor Deviation | PC (%)
1 2 3
73.29 73.97 73.72 0.68 3.8
B 73.90 74.33 73.90 0.43 24
83.46 70.98 66.55 16.92 93.8
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Fig. 5 SN ratio variation of each factor
SNHle] XA Zherigel 7 & FdFS VA=
AL oA cAul (Fig. 5). CoRFe] 4=5F0] 1 oM 2 =
Wskd wf SNH|O] gFho] dAASA WEH= AS F
Ak, B BE AE REF S e QAE 2 9W
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