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Micro-milling machine tool, micro-tool
wear and cutting forces in micro-machining

ZHAO Yan , LIANG Ying-chun , BAI Qing-shun , WANG Bo , SUN Ya-zhou,CHEN Ming-jun
(Center for Precision Engineering » Harbin Institute of Technology, Harbin 150001,China)

Abstract: The system construction of a 3-axis precision micro-milling machine tool with overall size
300 mm X 300 mm X290 mm was presented. The control software package integrated with a video col-
lecting system in Chinese was developed to facilitate users operation. This micro-milling machine tool
has been successfully used in manufacturing a micro-groove in film work piece (the film thickness is 65
pm, material removal rate of the micro-groove along the film thickness is 90. 7%, surface roughness
of the bottom of the micro-groove is 0. 365 pum, and the yield is more than 80%). Furthermore, the
experiments with the TiAIN coated and uncoated carbide micro-end-milling tools were carried out to
analyze the mechanical characteristics and wear mechanism of the tool. Finally, the effects of cutting
parameters (spindle speed, cut depth and feed per tooth) on cutting forces were discussed. The works
mentioned above are the foundation of next research on the mechanism of micro-end-milling.
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Fig. 2 Control system of micro-milling machine tool
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Motor #3 Step Move Plot Result:Executed at 15:25:18 2005-11-21
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Fig. 3 Step response curve of system
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Fig. 4 Parabolic response curve of system
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Tab. 2 Tool geometry of micro-milling cutters
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Tab. 3 Material attribute of micro-milling cutter
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Tab. 4 Inherent frequencies of micro-milling cutter
— v [ A A% 42 017 Hz
RS 42 061 Hz
EUNEEEE &S 109 587 Hz
DU [ 5] A 40 % 122 656 Hz

3.1.2 BAZEMHH

BREEIIN T2 — 52 2= 19 U)o R R
FE TI B AL il Jin 4R v 2 AT 23 5 52 bR B0 AH 2%
e, SCHRL10, 11 RECT £k EomaEkn ik il
K 2 g A s 7 Bt AR B W A
METF FIRLIRVIHPRES . A TR B 55LRY)
F AR 0 42 300, SR BT D R A ik L 9 LG 1
BT HI) 2 S 56 0 A5 1 S B AR 30

LI A7 0 AL 2% 4 Kistler9251A A% %
S A AT DA AE R AR AR AR 1 f FL gE A
F, Ffhn J1 F. =AJ5 eIl 77 .

Vo I ECWIEN SRR R IDANTTINE S AR D=
7 TG AR B — e /N DX 38 O P 6, i 70 T AR B — /N B
KI5 T8 K3 5 0 AU B = A8 K8 76 5 T
(18 70 JEL S 458 512 65 v B 3 ARl DX A R 9 2 E
() 3K 3K = A DX I HE AT A% 40 43 )5 o 7E 25 4 L ite
Tz Af 45 5 (1975 T = B RN 1 2 LA El 7.8 i
7N o

A
N
A
N

AN
=L
)

NVAN
=

N

A7
7

Eiaval
VAVAVAY 2/

7Zavzy
4/ AV
7

N

=250
VAV,
75
S

Z2

7577
S
AV
24V
V2524
rZAVAV/Z,

&Z
AN,

e

757

5
) E!
RRENK]
KN

V‘L‘
<
ATy
D)

%

)
I

6 JIORER 73 2840 i i X

Fig. 6 Loading area of tool nose
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Tab.5 Cutting parameters of tool wear experiments
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Fig. 9 SEM photos of TiAIN coated carbide micro-milling cutters with wear

(D WZWE%. BT e fe s, JJH
TR AP 42 ke X0 6 %) TR 8 A Aol A5 0 2 A ) L
AR Z ] 7 2B T e B A8 AR N g s PR A T S ) T
HEL T IRIZIE RS .

(2) P HUB . A i 3 BE 0 A D)) 4 fik X
{1 J) 220 48 i 0 L AN B o TR R A £ 2 T 2 AR [
BF RAAMBEY B ECAE T 0B K 8 A% 45
SER L X (A5 ) H SRR AR I 55 L s T ) 2
Bl B9 (o NIR AP HEH . MK 10 [
REE Ml LA Tioc g g kR, JJ Ak
WHH T CuFe Cr HL R UG ZE LM% .
T EMcEBLC S8R T iMEs ) .

(D JIRMEW . BT gt Hl & ) 2138 4> H
Fe/IN s JI AR 5 BE AR S [ Bk 40 BE 1) Y 75 2 ) AR
AN U R FE 5 90 1A g ] — R BN )

Al

b COW
Or A TiceFe QU
01234567891011121314151617181920

keV

Pl 10 T T A Y RE S 23 B

Fig. 10 Gamma spectrum of rake face with wear

HI 32 BEAR sPAE T AR X8R i LA T AR 45 W
JIZRAL DLW . 114 5] A A5 45 I i » 3X 2 oA 5
J1 5 H HLBE T P SR AN ) 114 T A

il TIAIN Ur J2 8 )5t & 4 St Bt 70 8t i A



ot

g

900

5

% LA

%15 &

BRO2AL2 (Rt B R B A B LS B R B A L R

F2 1 AL B 5

3.2.2 AER BRI AA AR Sl B 4E 2Al2
FIFIE A 0.5 mm, K30 5 i & 4 4% 8 71

FEA A B 1) 2 50T (W3 5) 81 i T 58 47

2A12,

365513 20 KV X2.00 K 15.0 pn|

(a) i JJ
(a) Rake face

365561 20 KV X2.00 K 15.0 pn

(b FJ5 )
(b) Major flank

B SEM FIREIS 43 #7 & (& 11.12) F th, dE i
JEBE A 4 AR BE T BRI AR 4R 2A12 L BR T D
MR B B Z 5k s — A BRI A [ 2Z Ak 5k
AR E, B TFARET ALO, ik
JEEFR AR AP, TT A 485 TIAIN 3R 28k J1 88 g ™o,

365502 20KV X

(o) &5 7]
(¢) Minor flank

F11 AR WRZBE G & AR BT 5 SEM IR 1
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